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INTRODUCTION 


TO  THE  AETICLES  ON  INOKGANIC  CHEMISTRY. 

It  has  been  thought  advisable  to  inchide  in  an  Addenda  brief  accoiuits  of 
the  chief  work  done  in  descriptive  inorganic  chemistry  since  the  piibUcation  of 
Vols.  I.,  II.,  and  III.,  and  the  printing  ofl'  the  final  proofs  of  Vol.  IV. 

Nothing  bearing  on  organic  chemistry  has  been  included  in  the  Addenda, 
as  to  give  an  account  of  what  has  been  done  in  this  department  since  the  various 
volumes  were  published  would  occupy  man^-  hundred  pages. 

Dates  are  attached  to  the  references  made  to  original  memoirs  in  the 
Addenda  ;  and  references  are  frequently  made  to  abstracts  of  the  memoirs  in 
the  Joiornal  of  the  Chemical  Society. 

M.  M.  Pattison  Mcie. 


INTRODUCTION 


TO  THE  AETICLES  EELATING  TO  OEGANIC  CHEMISTEY. 


The  names  used  to  denote  ring  formulae  are  given  below  for  convenience  of 
reference. 

Since  the  publication  of  the  last  volume  I  have  been  assisted  in  the  vrork  of  reading 
and  making  abstracts  of  original  memoirs  by  Drs.  T.  Cooksey,  T.  A.  Lawson,  Samuel 
Eideal,  Messrs.  J.  Wilkie,  G.  N.  Huntly,  and  J.  T.  Norman.  I  have  also  been  assisted 
by  Mr.  Arthur  G.  Green  and  Mr.  Cecil  W.  Cunnington  in  the  work  of  revising  the 
proof-sheets.  I  have  great  pleasure  in  thanking  these  gentlemen  for  the  energetic  and 
efficient  manner  in  which  they  have  carried  out  their  share  of  the  work. 

H.  FOESTEE  MOELEY. 


^^2\CH,.CH, 


NH<cH:CH 
^^\CH:CH 
^^\CH:CH 


Nomenclature  of  Bing  Formulee, 

Hydrocarbons. 

Trimethylene. 


Tetramethylene. 
Pentamethylenb. 

Nitrogen  compounds 

Pyrrole. 
Pyrasole. 
Glyoxaline. 


riTT  /CH:CH 


Tetrainethervyl. 
Pentamethenyl  hydride. 


CH 

C^H4<^Q-g?^CH  IndonapMhene. 


NH<: 


CH:N 
CH:N 


^CH.NH 
^^^CH:N 


ivTTT/N:CH 
NH<N:CH 


Metapyraeole. 

Triazoli 
Osotriazole. 
Tetrasole. 
Pyrrodiazole, 
Indole. 


CeH4<^^>NH  Indaeir, 


Pseudo-indazine. 


C,H4<§^>C,H4  Acridvne. 
C^i<^  ^  ^CgH^  Phenazine. 
N<^^;^H>CH  Pyridine. 


P  XT  /CH:CH 

p  „  ^  N  :CH 
^6^i<^  N  :CH 

p  „  ^CH:N 
„  „  /CH:N 


-C:N- 


C6H4<Cc(NH).CH  :C.NPh. 


.C(NH).CH:C.NPh. 
 C:N 


Pyridazine. 
Pyrazine. 
Pyrimidine. 
Triazoline. 
Osotetrazole. 
Quinoline. 
IsoquinoUne. 
Quinoxaline. 
QmnazoUne. 
Cinnoline. 
Phentriazine. 
^C^H,  Bosinduline. 


Naphthoros- 
induUne. 


INTEODUOTION. 

Oxygen  compounds. 


vu 


0<^Qg;^^  Fiirfurane. 
^\CH:CH 


^\CH:CH 

0/CH:N 

'^'\CH:N 


Oxazole. 
Iso-oxazole  or  Isoxazole. 
Biazole. 


C^Hj^  Q  ^CH  Coumarone. 


C„H,<;^^^N    Indox  azme. 


Carbisine. 


0<^q^'q^^CH,  Faridane. 

0<^^j^;^^^NH  Pyroxazine. 

0<^^^'^^^CH  Pyroximidinc. 
r  TT  /O —  CH 


S<^^^;^^  Thiophene. 

a /CH:CH 
^>C=C 
^\CH:CH 


Thiophthene. 


Q  -g-  ^Methenyl-mnido-pihenyl-mer- 


Qninoxazine. 

Q  jj  /  0  s.  Q  jj      J  Phenoxaz ine  or  Phcii- 
"  ■'\NH'^  "         l_  azoxine. 

Sidpliur  compounds. 

S<^Qjj.'jV         OiaztJdolc.  Thiobiazole. 

^'^CH    CH  ^'-'■^  Pcnthiazole. 

Piazthiole. 


„ /CH:N 


captan. 
Thiazole. 


CyH.,<^  y  ^C^H.i  Iviido-di-phe7i7jl-sulpMde, 


INITIALS  OF  SPECIAL  G0NTBIBUT0B8. 


S.  A.  SVANTE  AREHENIUS,  Ph.D.,  Professor  of  Chemistry  in  Stockholm.  Contributes 
Solutions  I. 

J.  W.  C.  J.  W.  CAPSTICK,  D.Sc,  M.A.,  Fellow  of  Trinity  College,  and  Demonstrator  in 
Physics  in  the  University,  Cambridge.  Contributes  Capillabitt,  methods  based 
ON ;  and  Viscosity  op  liquids. 

G.  G.  GEORGE  GLADSTONE,  Esq.  Contributes  Optical  methods,  section  Refraction  and 
Dispersion. 

W.  D.  H.  W.  D.  HALLIBURTON,  M.D.,  F.E.S.,  Professor  of  Physiology  at  King's  College, 
London.    Contributes  Pkoteids. 

W.  N.  H.  W.  N.  HARTLEY,  F.R.S.,  Professor  of  Chemistry  in  the  Royal  College  of  Science, 
Dublin.    Contributes  Optical  methods,  section  Spectroscopic  methods. 

E.  A.  L.  E.  A.  LETTS,  Ph.D.,  Professor  of  Chemistry  at  Queen's  College,  Belfast.  Contributes 
Phosphines. 

E.  M.  RAPHAEL  MELDOLA,  F.R.S.,  Professor  of  Che^nistry  in  the  Finsbury  Technical 
College.    Contributes  Photographic  chemistry. 

W.  0.  WILHELM  OSTWALD,  Ph.D.,  Professor  of  Chemistry  in  the  University  of  Leipzig. 
Contributes  Electkic.\i  methods. 

C.  O'S.  CORNELIUS  O'SULLIVAN,  F.R.S.,  Burton-on-Trent.  Contributes  Stakch  and 
Sugars. 

S.  U.  P.    SPENCER  PICKERING,  M.A.,  F.R.S.    Contributes  Solutions  IL 
S.  R.         SAMUEL  RIDEAL,  D.Sc.    Contributes  Tannin. 

W,  A.  T.  WILLIAM  A.  TILDEN,  D.Sc,  P.R.S.,  Professor  of  Chemistry  at  the  Boyal  College 
of  Science,  South  Kensington.    Contributes  Teepenes. 

T.  E.  T.  T.  E.  THORPE,  D.Sc,  Ph.D.,  F.R.S.,  Head  of  the  Government  Laboratories,  Somerset 
House.    Contributes  Speoitic  volumes. 


Articles  by  Mr.  MUIR  are  initialed  M.  M.  P.  M. 

Unsigned  Akticles  are  by  Dr.  MORLEY,  except  those  in  the  Addenda,  which  are  by 
Mr.  MUIR. 


ABBEEVIATIONS 


I.  Journals  and  Books. 

When  an  author  has  been  mentioned  in  an  article,  he  is  usually  referred  to  thereafter 
in  that  article  by  his  initial  only. 

Liebig's  Annalen  der  Chemie. 
Aimales  de  la  Sociedad  Cientifica  Argentina. 
Annales  de  Cliimie  et  de  Physique. 

Proceedings  of  tlie  American  Academy  of  Arts  and  Sciences. 
American  Cliemical  Journal. 
Annales  des  Mines. 
American  Journal  of  Science. 
Journal  of  the  American  Chemical  Society. 
American  Chemist. 
American  Journal  of  Pharmacy. 

The  Analyst. 

Proceedings  of  the  American  Philosophical  Society. 
Archives  ueerlandaises — The  Hague. 
Memoires  de  I'Acad^mie  des  Sciences. 
Archiv  der  Pharmacie. 
Archives  des  Sciences  phys.  et  nat. 
Berichte  der  deutsclien  chemischen  Gesellschaft. 
Eeports  of  the  British  Association. 
Bulletin  de  la  Societe  ehimique  de  Paris. 
Berliner  Akademie-Berichte. 

Biedermann's  Centralblatt  fiir  Agricultur-Chemie. 
Berzelius'  Jahresbericlite. 
Berliner  Monatsberichte. 
Memoirs  of  the  Chemical  Society  of  London. 
Journal  of  the  Chemical  Society  of  London. 
Proceedings  of  the  Chemical  Society  of  London. 
Chemical  News. 

Comptes-rendus  hebdomadaires  des  Seances  de  l'Acad6mie  des  Sciences- 
Paris. 

Chemisches  Central-Blatt. 
Dingler's  polytechnisches  Journal. 
Fresenius'  Zeitschrift  fiir  analytische  Chemie. 
Gazzetta  chimica  italiana. 
Gilbert's  Annalen  der  Physik  und  Chemie. 
Hoppe-Seyler's  Zeitschrift  fiir  physiologische  Chemie. 
Proceedings  of  the  Eoyal  Irish  Academy. 

Jahresbericht  iiber  die  Fortschritte  der  Chemie  und  verwandter  Theile 

anderer  Wissenschaften. 
Jahresbericht  fiir  Cliemische  Technologic. 
Jahrbuch  fiir  Mineralogie. 

Journal  de  Physique  et  des  Sciences  acoessoires. 
Journal  de  Pharmacie  et  de  Chimie. 
Journal  fiir  praktische  Chemie. 
Jahresbericht  iiber  Thierohemie. 
Journal  of  the  Russian  Chemical  Society. 
Jenaische  Zeitschrift  fiir  Medicin  und  Naturwissenschaft. 
Landwirthschaftliche  Versuchs-Stationen. 

Monatshefte  fiu-  Chemie  und  verwandte  Theile  anderer  Wissenschaften. 
Le  Moniteur  Scientifique. 
Memoires  de  la  Society  d'Arcueil. 

M6moires  couronn^s  par  I'Academie  de  Bruxelles. 
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ABBREVIATIONS. 


Nature. 

New  Edinburgh  Philosophical  Journal. 
Neuer  Jahresbericht  der  Pharmacie. 
Neues  Kepertorium  fiir  die  Pharmacie. 
Neues  Journal  von  Trommsdorff. 
Neue  Zeitschrift  fiir  Eiibenzuckerindustrie. 
Philosophical  Magazine. 

Poggendorft's  Annalen  der  Physik  und  Chemie. 

Beiblatter  zu  den  Annalen  der  Physik  und  Chemie. 

Ptiiiger's  Archiv  fiir  Physiologie. 

Proceedings  of  the  Pioyal  Society  of  Edinburgh. 

Pharmaceutical  Journal  and  Transactions. 

Pharmaceutisches  Oentral-Blatt. 

Proceedings  of  the  Koyal  Society. 

Proceedings  of  the  Royal  Institution  of  Great  Britain. 

Pharmaceutische  Zeitschrift  fiir  Eussland. 

Eecueil  des  travaux  chimiques  des  Pays-Bas. 

Kepertorium  fiir  die  Pharmacie. 

Quarterly  Journal  of  Science. 

Schweigger's  Journal  der  Physik. 

Scherer's  Journal  der  Chemie. 

Journal  of  the  Society  of  Chemical  Industry. 

Sitzungsberichte  der  K.  Akademie  zu  Wien. 

Transactions  of  the  Royal  Society. 

Transactions  of  the  Royal  Society  of  Edinburgh. 

Wiedemann's  Annalen  der  Physik  und  Chemie. 

Wagner's  Jahresbericht. 

Zeitschrift  fiir  Chemie. 

Zeitschrift  fiir  angewandte  Chemie. 

Zeitschrift  fiir  Biologic. 

Zeitschrift  fiir  die  gesammten  Naturwissenschaften. 

Zeitschrift  fiir  Krystallographie  und  Mineralogie. 
Zeitschrift  fiir  physikalische  Chemie. 

Zeitschrift  des  Vereins  fiir  die  Eiibenzuckerindustrie   des  deutschen 
Reiches. 

Handbuch  der  organischen  Chemie :  von  F.  Beilstein,  2te  Auflage. 
English  Patent. 
German  Patent. 

Gmelin's  Handbook  of  Chemistry — English  Edition. 
Gmelin-Kraut :  Handbuch  der  anorganischen  Chemie. 
Traits  de  Chimie  organique :  par  Charles  Gerhardt. 
Lehrbuch  der  organischen  Chemie  :  von  Aug.  Kekule. 
Graham-Otto  :  Lehrbuch  der  anorganischen  Chemie  [5th  Ed.] 
Stas'  Eecherehes,  <fec.  ~| 

'  Aronstein's  German  translation  is  re- 
Stas'  Nouvelles  Recherches,  &c.  j        ferred  to  as  Chan.  ProiMrt. 

Thomsen's  Thermochemisehe  Untersuchungen. 


II.  Teems  and  Quantities,  &c.,  frequently  used. 


Water  ;  e.g.  NaOHAq  means  an  aqueous  solution  of  caustic  soda. 
18  parts  by  weight  of  water. 

Residues  of  mono-,  di-,  and  tri-basic  acids.  Thus,  in  describing  the  salts 
of  a  monobasic  acid  NaA',  CaA',.,  AIA'3  may  be  written,  HA'  standing 
for  the  acid.  For  a  dibasic  acid  we  should  write  Na-A",  CaA",  ALA "3  &c. 

Stand  for  bases  of  the  ammonia  type,  in  describing  their  salts.  Thus  the 
hydrochloride  would  be  B'HCl  or  B'"2HC1,  according  as  the  base  is 
monacid  or  diacid,  &c. 

Concentrated. 

Dilute. 

gram. 

milligram. 

millimetre. 

molecule. 


ABBREVIATIONS. 


xi 


oil.  . 
pp.  . 

to  ppt. 

ppg-  • 

ppd.  . 
sol.  . 
insol. . 
V.  e.  sol. . 
V.  sol. 
m.  sol. 
si.  sol. 
V.  si.  sol. 
V.  .  . 
cf..  , 
c.  .  , 

[  °]  ■ 
( °)  ■ 

H.. 

At.  w. 
Mol.w.or 

M.  w. 
D.  .  . 
cor.  . 
uncor. 
i.V.  . 
V.D.  . 
S.G.  . 
S.G.  \? 
S.G.  \' 
S.G.  i2 

S.H.  . 
S.H.Y. 
S.H.p. 
H.C.  . 


H.C.v. 

H.C.p. 
H.F. 


H.F.v. 

H.F.p. 
H.V.  . 


T.C. 

s.v. 


s.v.s.  . 

E.G.  .  . 
C.E.  (10' 
to  20°) 

S.  .    .  . 

S.  (alco- 
hol) 
l^g.    .  . 

flu,  &C.  . 


Ed 


liquid,  nearly,  or  quite,  insoluble  in  water. 

precipitate. 

to  pirecipitate. 

precipitating. 

precipitated. 

soluble  in. 

insoluble  in. 

very  easily  i 

very 

moderately    y  soluble  in. 

slightly 

very  slightly  / 

see. 

compare, 
about. 

a  melting-point, 
a  boiling-point. 
Hardness  (of  minerals). 
Atomic  weight. 
Molecular  weight. 

Density, 
corrected, 
uncorrected, 
in  vap)Our. 

vapour-density,  i.e.  density  of  a  gas  compared  with  hydrogen  or  air. 
Specific  gravity  compared  with  water. 

„         ,,       at  10*^  compared  with  water  at  0'^. 

15°       „  „       „     „  4°. 

,,        ,,        ,,  12°  ;  compared  with  water  of  which  the  temperature  is 
not  given. 
Specific  heat. 

,,        ,,    of  a  gas  at  constant  volume. 
,,        ,,       ,,        ,,        ,,  pressure. 
Quantity  of  heat,  in  gram-units,  produced  during  the  complete  com- 
bustion of  the  mass  of  a  solid  or  liquid  body  represented  by  its 
formula,  taken  in  grams. 
Heat  of  combustion  in  gram-units  of  a  gram-molecule  of  an  element  or 

compound,  when  gaseous,  under  constant  volume. 
The  same,  under  constant  pressure. 

Quantity  of  heat,  in  gram-units,  produced  during  the  formation  of  the 
mass  of  a  solid  or  liquid  body  represented  by  its  formula,  taken  in 
grams,  from  the  masses  of  its  constituent  elements  expressed  by 
their  formuhe,  taken  in  grams. 

Heat  of  formation  of  a  gram-molecule  of  a  gaseous  compound  from  the 
gram-molecules  of  its  elements  under  constant  volume. 

The  same,  under  constant  p)ressure. 

Heat  of  vaporisation  of  a  liquid,  i.e.  gram-units  of  heat  required  to  change 
a  gram-molecule  of  the  liquid  compound  at  B.P.  into  gas  at  same 
temperature  and  pressure. 

Thermal  conductivity  (unit  to  be  stated). 

Specific  volume  ;  or  the  molecular  weight  of  a  gaseous  compound  divided 
by  the  S.G.  of  the  liquid  compound  at  its  boiling-point  compared  with 
water  at  4'. 

Specific  volume  of  a  solid ;  or  the  mass  of  the  solid  expressed  by  its 

formula,  taken  in  grams,  divided  by  its  S.G. 
Electrical  conductivity  (the  unit  is  stated  in  each  case). 
Coefiioient  of  expansion  (between  10°  and  20°). 


Solubility  in  water 
,,         ,,  alcohol 


r  of  a  gas  =  volume  dissolved  by  1  volume  of  water. 
J  of  a  liquid  or  solid 


number  of  grms.  dissolved  by 
In  both  cases  the  temperature 


^  100  grms.  of  water. 
Lis  stated. 
Index  of  refraction  for  hydrogen  line  13. 

„  ,,         ,,  sodium     ,,    D,  &c. 

Molecular  refraction  for  sodium  light,  i.e.  index  of  refraction  for  line  d 
minus  one,  multiplied  by  molecular  weight,  and  divided  by  S.G.  at  15° 
compared  with  water  at  0°. 
The  same  ;  S.G.  being  determined  at  15°-20°  and  referred  to  water  at  4°. 
The  same  for  line  of  infinite  wave-length,  index  being  determined  by 
Cauchy's  formula  (Briihl's  E^). 
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Specific  rotation  for  sodium  light. 

,,  ,,       ,,  neutral  tint,    [a]  = 


100  a 


p 


-.   a  =  observed  rotation  for 
no.  of  grammes  of  active 


where  m  =  molecular 


100  mm.  of  liquid,    d  =  S.G.  of  liquid,  p  = 
substance  in  100  grammes  of  liquid. 

m  X  a 

Molecular  magnetic  rotatory  power  =   , 

°  ^  a  X  a  X  m  , 

weight  of  the  body  of  S.G.  =  d,  a  =  angle  of  rotation  under  magnetic 

influence,  a' =  angle  of  rotation  of  water  under  same  influence,  and 

m'  =  molecular  weight  of  water  (18). 

Acetyl  CHjO. 

Benzoyl  C;H,0. 

Cyanogen  CN. 

Ethyl  C.,H-.  s 
diethyl  CH.,. 

Phenyl  CiH^.  [in  formulsB. 

Normal  Propyl  CH,.  CH.,.  CH3. 
Isopropyl  CH(CH3),.      "  J 
Alcohol  radicles  or  alkyls. 
primary, 
secondary, 
tertiary, 
normal. 

meta — ortho — paia. 
consecutive, 
irregular, 
symmetrical, 
unsymmetrical. 
pseudo. 

attached  to  nitrogen. 

Employed  to  denote  that  the  substituent  is  attached  to  a  carbon  atom 
which  is  next,  next  but  one,  or  next  but  two,  respectively,  to  the 
terminal  carbon  atom.  The  end  to  be  reckoned  from  is  determined 
by  the  nature  of  the  compound.  Thus  CH3.CHBr.CO2H  is  a-bromo- 
propionic  acid. 

denotes  that  the  element  or  radicle  which  follows  it  is  attached  to  a  ter- 
minal carbon  atom, 
indicate  position  in  an  open  chain,  only, 
indicate  position  in  a  ring  only. 

Used  when  a,  0,  &c.  are  employed  in  a  sense  different  from  the  above, 

e.g.  (£i)-di-bromo-camphor. 
Baeyer's  Nomenclature : 
benzene  ring, 
pyridine  ring. 

Thus  {B.  1:3)  dichloroquinoline,  means  a  meta-dichloroquinoline  in 
which  the  chlorine  atoms  are  both  in  the  benzene  ring. 

While  {Py.  1:3)  dichloroquinoline,  means  a  similar  body,  only  the 
chlorine  atoms  are  in  the  pyridine  ring.  The  numbers  are  counted 
from  two  carbon  atoms  which  are  in  different  rings,  but  both  united 
to  the  same  carbon  atom, 
denotes  the  central  ring  in  the  molecule  of  anthracene,  acridines,  and 
azines. 

means  that  the  element  or  radicle  it  precedes  is  in  a  closed  ring. 

,,       ,,  ,,  ,,  ,,  not  in  a  benzene  ring, 

denotes  isomerism  that  is  not  indicated  by  ordinary  formulae ;  thus  maleic 

acid  may  be  called  aZto-fumaric  acid, 
denotes  displacement  of  oxygen  by  sulphur. 

,,     the  group  SO3H,  except  in  the  word  sulphocyanide. 
,,     the  group  SH. 
Tribromonitrobenzene  sulphonic  acid  [1:2:3:4:5]  means  that  the  three 
bromines  occupy  positions  1,  2,  and  3;  the  nitro-  group  the  position  4, 
and  the  sulpho-  group  the  position  5. 

"  Denotes  that  the  formula  to  which  it  is  affixed  has  not  been  determined  by 
analysis.  But  it  by  no  means  follows  that  formula  without  this  mark  are  those  of 
analysed  compounds. 

All  temperatures  are  given  in  degrees  Centigrade  unless  when  specially  stated 
otherwise. 

Wave-lengths  are  given  in  10"'  mm. 

Formulse,  when  used  instead  of  names  of  substances,  have  a  qualitative  meaning 
only. 

Thomsen's  notation  is  used  in  thermochemical  data. 
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PHENYL  -  AZOXAZOLE   ^pij:jj>0.  [30°]. 

Formed  by  the  action  of  CO,  on  an  alkaline 
solution  of  the  oxim  of  phenyl-glyoxal  (Kussa- 
noff,  B.  24,  3503).    Needles,  insol.  water. 

PHENYL  -  BENZAMIDINE  C„H„N„  i.e. 
C,H5C(NH).NHPh  or  C„H,.C(NPh).NH,/  [il2°]. 
Formed  from  benzonitrile  and  aniline  hydro- 
chloride at  230°  (Bernthsen,  A.  184,  348  ;  192, 
33).  Formed  also  from  benzimido-ether  and 
aniline,  and  from  CPhChNPh  and  NH,  (Kobbert, 
A.  26.5,  138).  Nodules  (from  alcohol),  si.  sol. 
water.    Forms  a  crystalline  nitrate. 

Reactions. — 1.  Split  up  by  heat  into  aniline 
and  benzonitrile. — 2.  Dry  H._,S  at  130°  forms 
CjH5.CS.NHPh  and  some  thio-benzamide. — 
3.  CSj  at  100°  forms  thio-benzanilide  and  phenyl- 
benzamidine  sulphocyanide. — 4.  Keduced  by 
sodium-amalgam  to  C„H-,.CH(NH,_,).NHPh.  — 
5.   Nitrous  acid  forms  benzanilide  (Mieran, 

A.  265,  141). 

The  derivatives  C,H-C(N.SO.,Ph).NHPh 
[139°]  and  C,H,(S0,,N:C(NHPh).C,H,)3  [196°] 
have  been  prepared  (Wallach,  A.  214,  214 ; 
Jackson,  Am.  9,  346). 

s  -  Di  -  phenyl  -  benzamidine  C|,,H||_N.,  i.e. 
C,H,.C(NPh).NHPh.  [144°]. 

Formation. — 1.  From  benzanilide  by  treat- 
ment with  PCI5  and  aniline  (Gerhardt,  A.  108, 
219  ;  Hofmann,  Z.  1866,  161  ;  Wallach,  A.  184, 
83). — 2.  Prom  Ph.CCls  and  aniline  with  or  with- 
out ZnCl.,   (Limpricht,  A.  135,  82  ;  Dobuer, 

B.  15,  233). — 3.  A  product  of  the  action  of 
aniline  hydrochloride  at  250°  on  benzonitrile, 
thiobenzamide,  or  phenyl-benzamidine  (Bernth- 
sen, A.  184,  352). — 4.  By  heating  benzanilide 
with  phenyl  cyanate  at  190°  (Kiihn,  B.  18, 
1476). — 5.  By  heating  the  hydrochloride  of 
benzimido-ether  in  alcohol  with  aniline  for  a 
long  time  (Kobbert,  A.  265,  165). 

Properties. — Needles  (from  alcohol),  m.  sol. 
benzene.  Its  alcoholic  solution  is  neutral  to 
litmus.  Not  affected  by  nitrous  acid.  Split  up 
into  aniline  and  benzanilide  when  boiled  for  a 
long  time  with  alcohol. 

Reactions.— I.  Dry  H.,S  at  160°  forms  thio- 
benzanilide.— 2.  CS.,  at  140°  forms  PhCS.NHPh 
and  NPhCS  (Bernthsen,  A.  192,  34).— 3.  Cone. 
HClAq  at  150°  yields  aniline  and  benzoic  acid. 

Salts.— B'HCl,  V.  si.  sol.  water.— B'oH,PtCl,. 
— B'C,H.,N30. :  yellow  needles. 

?t-Di-phenyl-benzamidine 
C„H,.C(NH).NPh,,.   [112°].    Formed  by  heating 
diphenylamine  hydrochloride  with  benzonitrile 
at   180°  for  5  days  (Bernthsen,  A.  192,  5). 
Trimetric  tablets,  v.  sol.  alcohol  and  benzene. 
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Its  alcoholic  solution  turns  litmus  blue.  Cone. 
H^SO,  gives  a  violet-blue  colour  on  warming. 

"  Reactions.— 1.  Dilute  HClAq  at  180°  forms 
NPh,Bz.— 2.  The  free  base  and  its  hydro- 
chloride yield  benzonitrile  and  diphenylamine 
on  heating. — 3.  Nitrous  acid  forms  NPh..Bz 
(Klobbert,  A.  265,  157).— 4.  H.,S  at  130°  forms 
Ph.CS.NH,,  diphenylamine,  PhCS.NPh.,,  and 
NH,.— 5.  CS.,  at  140°  forms  PhCS.NPh.,  and 
HNCS. 

Salts. —B'HCl.  [c.  223°].  Monoclinic 
crystals,  a:&:c  = -529:1: -507  ;  /3  =  85°52'.  V.  sol. 
water,  sol.  alcohol,  insol.  ether. — B'.,H„PtCl(i. — 
B'HNCS.    [203'].    Yellow  prisms. 

PHENYL-BENZAMIDOXIM 
C,H,.C(NOH).NHPh.  [136°].  Formed  by  boil- 
ing CjjH-j.CS.NHPh  with  an  alcoholic  solution  of 
hydroxylamine  (Miiller,  B.  19,  1669).  Needles 
(from  water).  Yields  B'HCl.  ClCO.,Et  forms 
C,^H,„N.,0.,  [167°]. 

DI-PHENYL-BENZAZIDINE  C„H„Nj  i.e. 
C,H,C(N.NHPh).NH.NHPh.  [179°].  Formed  by 
the  action  of  phenyl-hydrazine  on  PhCCl,  or 
on  the  hydrochloride  of  benz-imido-ether  dis- 
solved in  absolute  alcohol  (Pinner,  B.  17,  182  ; 
Marckwald,  C.  C.  1888,  1410).  Dark-red  needles. 

PHENYL-BENZENE  v.  Diphenyl. 

p-Di-phenyl-benzene  C,,H||  i.e.  C^HjPh,. 
Mol.  w.  230.    [207°].    (c.  405°). 

Formation. — 1.  A  product  of  the  action  of 
sodium  on  an  ethereal  solution  of  y-di-bromo- 
benzene,  or,  better,  of  a  mixture  of  j'-di- 
bromo-benzene  with  bromine  (Riese,  Z.  [2] 
6,  192,  735  ;  A.  164,  168).— 2.  Together  with  its 
isomeride,  and  other  products,  by  passing  the 
vapour  of  benzene,  or  of  a  mixture  of  benzene 
and  toluene,  through  a  red-hot  tube  (G.  Schultz, 

B.  6,  415;  A.  174,  230;  203,  118;  Carnelley, 

C.  J.  37,  712).— 3.  Together  with  the  isomeride 
and  other  products,  by  the  action  of  AlCl,  on  a 
mixture  of  MeCl  and  diphenyl  (Adam,  Bl.  [2] 
49,  97;  A.  Ch.  [6]  15,  241). 

Properties. — Needles  (from  benzene),  or  iri- 
descent laminaa  (by  sublimation)  ;  insol.  alcohol, 
V.  si.  sol.  HOAc.  Its  solution  in  benzene  shows 
blue  fluorescence.  Cone.  H.,SO,  gives  a  dirty- 
green  solution  changing  to  purple.  Cr0.j  in 
HOAc  oxidises  it  to  diphenyl  ^3-carboxylie  [210°] 
and  terephthalic  acids.  Does  not  form  a  com- 
pound with  picric  acid.  Not  volatile  with  steam. 
Yields  C,„C1,4  on  exhaustive  chlorination  with 
SbCl,,  (Merz  a.  Weith,  B.  16,  2884). 

References.  —  Bkomo  -  and  Tki-chloeo  -  Di  - 

PHENYL-BENZENES. 

Iso-di-phenyl-benzeneC|,H|,.  [85°].  (c.  370°). 
Formed  as  above.    Slender  prisms,  v.  sol.  al- 
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PHENYL-BENZENE. 


coliol.  Yields  benzoic  acid  on  oxidatioa  by 
CrOj. 

s-Tri-phenyl-benzene  C.,|H|,  i.e.  CgHjPh,. 
Mol.  w.  306.  [171°].  (above  860°).  Formed  from 
acetophenone  by  treatment  with  P.,0,,,  with  alco- 
holic NH3,  or  with  dry  HCl  (Engler,  B.  6,  6.38  ;  7, 
1123).  Formed  also  by  heating  C„H3(C,H,.  C0.,H)3 
with  KOH  (Gabriel  a.  Michael,  B.  11, 
1007).  It  is  also  a  by-product  in  the  action  of 
acetophenone  on  dimethylaniline  in  presence  of 
ZnCl,  (Dobner  a.  Petschoff,  A.  242,  336).  Tri- 
metric  crystals ;  a:h:c  =  '566:1:  -766,  si.  sol.  alcohol. 
Yields  benzoic  acid  on  oxidation  by  CrOs  in 
HOAc  (Mellin,  B.  23,  2533).  By  exhaustive 
chlorination  with  SbClj  it  yields  per-chloro-tri- 
phenyl-benzene  (Merz  a.  Weith,  B.  16,  2883). 
On  heating  with  I  and  red  P  at  275°  it  yields  the 
crystalline  dodeca-hydride  C.,,H3„and  finally  oily 
C,,jH3s  (Mellin,  B.  23,  2534). '  Fuming  H,,SO.,  at 
160°  forms  a  disulphonic  acid,  which  yields  the 
Ba  salt  C„^HjS,OeBa  crystallising  in  needles. 

PHENYL-BENZENE-SULPHAZIDE  v. 
Phenyl-hydrazide  of  Benzene  sulphonic  acid. 

DI-PHENYL-BENZENYL-DI-UKEA 
NHPh.CO.NH.CPh:N.CO.NHPh.  [172°]. 
Formed  from  benzamidine  hydrochloride,  phenyl 
eyanate,  and  NaOHAq  (Pinner,  B.  22,  1607). 
Needles,  insol.  water,  v.  si.  sol.  hot  alcohol. 

PHENYL-BENZIMIDO-ETHER  C.^H^NO  i.e. 
CPh(NPh).OEt.  A  product  of  the  action  of 
aniline  on  benzimido-ether  (Lessen,  A.  265, 138). 
Oil.  Decomposed  by  cone.  HClAq  into  EtCl  and 
benzanilide. 

PHENYL  BENZOATE  v.  Benzoyl  derivative 
of  Phenol. 

PHENYL-BENZOIC  ACID  v.  Diphenyl-caeb- 

OXYLIC  ACID. 

PHENYL-BENZOPHENONE  C,„B.,fii.e.  [1:4] 
C,H3.C,;H,.CO.C,H5.  [104°].  V.D.9-b.  Formed  by 
oxidation  of  p-benzyl-diphenyl  with  chromic 
acid  (Goldschmiedt,  M.  2,  437  ;  Koller,  M.  12, 
601).  Formed  also  from  diphenyl,  BzCl,  and 
Aid,  (Wolf,  B.  14,  2032).  Scales,  sol.  alcohol. 
Yields  benzophenone-^-carboxylic  acid  on  further 
oxidation  by  CrO,. 

Oxi7n.  [194°].  Needles.  When  HCl  is 
passed  into  its  solution  in  HOAc  containing 
Ac.,0  and  the  mixture  heated  in  sealed  tubes 
at  100°,  it  is  converted  into  the  isomeric 
C,H-.C,Hj.G0.NHG„H5  [224°].  The  oxim  is  re- 
duced by  sodium-amalgam  to  the  corresponding 
amine  C,H,.C,H,.CH(NH„).C,H5  [77°]. 

Benzoyl  derivative  of  the  Oxim  [193°]. 
Needles  (from  alcohol). 

Phenyl-hydrazide.  [144°].  Yellow 
needles  (from  dilute  alcohol). 

Di  -  phenyl  -  benzophenone  (C5H5.C„Hi).,C0. 
[229°].  Formed  by  the  action  of  COCLj'  on 
diphenyl  in  presence  of  AlCl,  (Adam,  Bl.  [2]  47, 
688 ;  A.  Ch.  [6]  15,  259).  Got  also  by  oxidising 
CH,(C,H^Ph)„  (Weiler,  B.  7, 1188).  White  needles, 
sol.  acetone,  v.  si.  sol.  alcohol.  Not  attacked  by 
fuming  HNO3  or  by  H,S04  and  HNO3  at  100°. 
By  adding  Na  to  its  solution  in  alcohol-benzene 
it  is  reduced  to  (C„H5.C„H,),CH.0H,  [151°],  S. 
(ether)  5  ;  S.  (alcohol)  1-25  at  15°.  Potash-fusion 
gives  diphenyl-p-carboxylic  acid  [218°]. 

PHENYL-BENZOPHENONE  CAREOXYLIC 
ACID  C„H,Ph.CO.C«H,.CO.H.  [220°].  Formed 
from  diphenyl,  phthalic  anhydride,  and  AICI3 
(Kaiser,  A.  257,  96).    Needles.    Yields  an  oxim 


[140°],  a  phenyl-hydrazide  [194°],  and  a  methyl 
ether  MeA'  [85°-90°]. 

PHENYL-BENZOYL  is  Benzophenone. 

PHENYL-BENZOYL-ACETIC  ACID 
CHBzPh.CO,H.  Methyl  ether  MeA'.  Formed 
from    de-oxybenzoin,   NaOEt,    and  ClCO„Me 
(Kattner,  B.  21, 1316).    Oil,  decomposed  by  dis- 
tiUation  into  C  ,H.,Ph,„  CO.,,  and  HOBz. 

PHENYL-BENZOYL-BUTYRIC  ACID 
CHBzPh.CH,.CH,.CO,,H.  [^)-Desyl-propionic 
acid.  [136°].  "Formed  from  deoxybenzoia, 
NaOEt,  and  j3-iodo-propionic  ether  (Knoevenagel, 
B.  21,  1344).  Needles.  Yields  MeA'  [64°] 
and  EtA'  [34°]. 

The  isomeric  acid  CHBzPh.CHMe.CO,,H 
[215°],  formed  from  j8-bromo-propionic  acid,  is 
less  sol.  alcohol  and  ether. 

PHENYL-BENZOYL-CARBINOL  v.  Benzoin. 

PHENYL-BENZOYL-PROPIONIC  ACID 
CHBzPh.CH,,.CO.,H.    [156°].    Formed  from  de- 
oxybenzoin,  NaOEt,  and  chloro-acetic  ether 
(Meyer  a.  Oelkers,  B.  21,  1295  ;  Knoevenagel, 

B.  21,  1344).    Small  tables  (from  alcohol). 
Di-phenyl-benzoyl-propionic  acid 

CH,,Bz.CPh,.C02H.  [183°].  Got  by  the  action  of 
alcoholic  potash  on  the  lactone  of  oxy-tri-phenyl- 
crotonic  acid  (Japp  a.  Klingemann,  B.  22,  2882). 
Yields  a  phenyl-hydrazide  CsH^oN^O  [185°], 
and  an  oxim  C.,„H„,NOo  [152°]. " 

PHENYL-BENZYL"  ALCOHOL  C,^B.,Jd  i.e. 
CsH,Ph.CH„OH.  Got  from  CsH4Ph.CH3  by  treat- 
ment with  Br  and  alcohoUc  potash  ;  the  resulting 
syrupy  C,H,Ph.CH„OEt  being  treated  with  HI 
(Adam,  Bl.  [2]  49,  97).  Syrup. 

PHENYL  -  BENZYL  -  AMIDO  -  DI  -  PHENYL- 
METHANE  C,,H,3N  i.e.  CH,Ph.C„H,NPh.C,H,. 
Formed  by  heating  NPh.,H  (i  mol.)  with  benzyl 
chloride  (2  mols.)  and  ZnCL  at  210°  (Meldola, 

C.  J.  41,  200).  Solid  ;  v.  sol.  ether,  insol.  alcohol 
and  HOAc. 

PHENYL-BENZYL-AMINE  v.  Benzyl-anil- 
ine. 

A^iirosamiwe  C,H,NPh.NO.  [58°].  Needles 
(Antriok,  A.  227,  360)'.  Yields  benzyl-aniline 
and  benzylidene-aniline  on  treatment  with 
alcoholic  HCl  (0.  Fischer,  A.  241,  328). 

Phenyl-di-benzyl-amine  v.  Di-benzyl-anil- 

INE. 

Di-phenyl-benzyl-amine  NPh^.CHJh.  [87°]. 

Got  from  C„H,,.CSNPh.,  zinc-dust,  and  HClAq 
(Bernthsen  a.  Trompetter,  B.  11, 1761  ;  c/.  Wilm 
a.  Girard,  B.  8,  1196).  Needles,  si.  sol.  cold 
alcohol.  Yields  a  green  dye  on  heating  with 
HClAq  and  arsenic  acid  (Meldola,  B.  14,  1385). 

DI-PHENYL-DI-BENZYL-TETRAZONE 
NPh(CH,Ph).N:N.NPh(CH2Ph).  [109°].  Formed 
from  (a)-phenyl-benzyl-hydrazine,  CHCI3,  and 
HgO  (Michaelis  a.  Philips,  4.  252,  290).  Needles. 

PHENYL-BENZYL-CARBINOL  C„H„0  i.e. 
CH,Ph.CH(OH).C,H,.  Tolmjlcne  hydrate.  [42°]. 
Formed  by  reducing  deoxybenzoin,  and  by  the 
action  of  alcoholic  potash  on  the  same  body 
(Limpricht  a.  Sohwanert,  A.  155,  62 ;  Golden- 
berg,  A.  174,  332 ;  Zagoumenny,  A.  184,  163 ; 
Anschiitz,  A.  261,  298).  Formed  also  [62°]  by 
the  action  of  nitrous  acid  on  CH^Ph.CHPh.NHo 
(Leuckart,  B.  22,  1410).  Long  slender  needles 
(from  alcohol),  insol.  water.  Eeduced  by  HIAq 
to  dibenzyl.    Yields  a  liquid  acetyl  derivative. 

PHENYL  BENZYL  ETHER  v.  Phenyl  ether 
of  Benzyl  alcohol. 


PHENYL  BENZYL  KETONE. 
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PHENYL-BENZYL-ETHYL-THIO-UREA 

CigH.sN.S.  [91°].  Formed  from  ethyl-thio- 
carbimide  and  benzyl-aniline  in  alcohol  (Dixon, 
C.  J.  59,  566).  Kectangular  prisms,  insol.  cold 
water,  v.  e.  sol.  boiling  alcohol. 

An  isomeride  [91°  uncor.]  formed  from 
benzyl-thiocarbimide  and  ethyl-aniline  crystal- 
lises in  oblique  prisms  grouped  in  rosettes. 

PHENYL-BENZYL-HYDRAZINE  C|,H,jN„ 
i.e.  CH,Ph.NPh.NH,,.  [26°].  Formed  from' 
sodium  phenyl-hydrazine  and  benzyl  chloride, 
and  got  also  by  reduction  of  phenyl-benzyl- 
nitrosamine  (Antrick,  A.  227,  361  ;  Michaelis  a. 
Philips,  A.  252,  286).  Needles  (containing  aq), 
decomposed  by  heat.  Benzoic  aldehyde  forms 
CHjPh.NPh.NiCHPh.  [111°].  In  benzene  solu- 
tion it  gives  with  SOCI,  the  thionyl  compound 
C.H,NPh.N:SO  [65°]  (Michaelis  a.  Euhl,  A.270, 
122).  C^HjPCh  forms  C,H,NPh.N:PC„H,  [141°], 
crystallising  from  ether  in  needles. — B'HCl. 
[167°]:  colourless  needles.  Benzene  phos- 
phinate  B'CeH,PH.,0.,  [108°]  (Michaelis,  A. 
270,  135). 

Acetyl  derivative.  [121°].  Scales. 
Benzylo-chloridc  (C-H.).,NPhCl.NH„. 
[154°]. 

PHENYL  -  BENZ YLIDE WE-ALLYL-HYDRA- 
ZINE  NPh(C,H5).N:CHPh.  [52°].  Formed 
from  phenyl-allyl-hydrazine  and  benzoic  alde- 
hyde (Michaelis  a.  Claesson,  B.  22,  2237). 
Needles,  v.  sol.  ether  and  hot  alcohol. 

PHENYL-BENZYLIDENE-AMINE  v.  Benz- 

YLIDENE-ANILINE. 

Phenyl -benzylidene-diamine 
C,H-.CH(NH,,)(NHPh).  [115°].  Formed  by 
reduction  of  phenyl-benzamidine  with  zinc  and 
HCl  (Bernthsen  a.  Szymanski,  B.  13,  917). 
Small  crystals.— B'HCl.  [224°].  Thick  prisms. 
— B'.>H.,PtCl,  :  spikes  or  plates. 

DI-PHENYL-BENZYLIDENE  -  ETHYLENE- 
DIAMINE  CHPh<^^p||>  C,H,,.  [137°].  Formed 

from  benzoic  aldehyde  and  di-phenyl-ethylene- 
diamine  (Moos,  B.  20,  732).  Needles,  split  up 
by  dilute  HCl  into  the  parent  bodies. 

PHENYL  -  BENZYLIDENE  -  ETHYL- 
HYDRAZINE  PhNEt.N:CHPh.  [59°].  Formed 
from  benzoic  aldehyde  and  phenyl-ethyl- 
hydrazine  (Michaelis  a.  Philips,  A.  2.52,  272). 

PHENYL-BENZYLIDENE-HYDRAZINE  v. 
Flmiyl-Jn/rlrazide  of  Benzoic  aldehyde. 

DI  -  PHENYL  -  BENZYLIDENE  -  DI  -INDOLE 
CHPh(C,,H,„N),.    [263°  uncor.].    Formed  from 

benzoic    aldehyde    and  C,H,<^g^CPh  (E. 

Fischer  a.  Schmidt,  B.  21,  1074).  Slender 
leaflets,  v.  si.  sol.  hot  alcohol. 

PHENYL-BENZYL-INDOLE    C.,,H,;N  i.e. 

C„H,<^'^(^,^')^CPh.     [101°].     Formed  by 

heating  the  phenyl-hydrazide  of  di-benzyl 
ketone  with  alcoholic  HCl  (Trenkler,  A.  248, 
112).  Hexagonal  prisms  (from  hot  ligroin). 
Does  not  give  the  pine-wood  reaction. 

PHENYL  BENZYL  KETONE  C,,H,,,0  i.e. 
Ci.Hj.CHo.CO.CijHj.  Desoxyhenzoin.  Deoxyben- 
zoin.  Mol  w.  196.  [G0°].  (322°  cor.).  (177-6° 
at  12  mm.)    (Anschiitz  a.  Berns,  B.  20,  1392). 

Formation. — 1.  By  the  action  of  zinc  and 
HGlAq  on  benzoin  (Zinin,  A.  119,  179  ;  126, 
218 ;  149,  375  ;   Z.   [2]   4,  718  ;   V.  Meyer, 


B.  21,  1296;  Wachter,  B.  25,  1728).— 2.  By 
passing  benzoin  over  heated  zinc-dust  (Lim- 
pricht  a.  Schwanert,  A.  155,  59). — 3.  By  heating 
bromo-di-phenyl-ethylene  with  water  at  190° 
(L.  a.  S.). — 4.  By  distilling  a  mixture  of  calcium 
beuzoate  and  calcium  phenyl-acetate  (Eadzis- 
zewski,  B.  6,  489  ;  8,  756).— 5.  By  the  action  of 
AlCl.,  on  a  mixture  of  phenyl-acetyl  chloride  and 
benzene  (Graebe  a.  Bungener,  B.  12,  1079). — 
6.  From  phenyl-acetic  acid,  benzene,  and  P„0-, 
(Zincke,  B.  9,  1771).— 7.  By  the  action  of  alco- 
holic ammonium  sulphide  (or  KHS)  on  benzil 
(Zinin,  J.  pr.  33,  35  ;  .Jena,  .4.  155,  87).— 8.  By 
dissolving  s-di-phenyl-acetylene  in  H„SOj  and 
adding  water  (Behal,  Bl.  [2]  49,  337). 

Properties. — White  plates  (from  alcohol)  ; 
si.  sol.  hot  water,  volatile  with  steam. 

Reactions. — 1.  On  heating  with  alcoholic 
potash  it  yields  phenyl-benzyl-carbinol  and  '  di- 
ethyl carbobenzonic  '  acid  C|„H|,0.,  [100°],  which 
gives  EtA' (209° at  11  mm.)  (Zagoumenny,^.184, 
163  ;  Anschiitz,  A.  261,  298).  The  acid  C|,H,sO., 
is  converted  by  P  and  HI  into  an  isomeric 
acid  [134°],  by  HNO,  (S.G.  1-18)  into  C,,H|,0, 
[120°],  by  cone.  HNO3  into  C„H„(NO,),b.. 
[156°],  and  by  potash-fusion  into  y8-benzyl- 
isobutyric  acid. — 2.  KOH  in  propyl  alcohol  at 
150°  forms  C..„H,„,0.,  [90°]  and  also  an  isomeride 
[139°]  which  yield's  C,„H,,(NO„),0,,  [176°].— 
3.  KOH  in  isobutyl  alcohol  at  140°  forms  '  di- 
isobutyl-carbobenzonic  '  acid  C.jJI.,^.,  [148°],  S. 
(alcohol)  5.  The  homologous  isoamyl  compound 

C.  ,,H3|,O,,[160]  may  be  gotin  like  manner. — 4.  Re- 
duced by  HI  to  di-phenyl-ethyleneand  di-phenyl- 
ethane. — 5.  Sodium-amalgam  reduces  it  to 
C.,(|H.,|,02  and  finally  to  phenyl-benzyl-carbinol. — 
6.  Nitricacid  (S.G.  1'2)  yields  benzil,  nitro-benzil, 
and  p-nitro-benzoic  acid.  Cone.  HNO3  (S.G. 
1-475)  at  0°  forms  C^H,,  (N0.,)0  [142°],  whence 
CnH,,(NH,,)0  [95°].  The  nitro-  and  amido- 
compounds  yield  oxims  melting  at  107°  and 
141°  respectively.  Fuming  HNO3  (S.G.  1-51) 
at  0°  forms  three  isomeric  di-nitro-  derivatives 
[116°],  [1-26°]  and  [155°]  (Golubeff,  B.  13, 
2403  ;  J.  B.  13,  23).— 7.  Bromine  forms 
C,,,H,,BrO  [65°]  (Knoevenagel,  B.  21,  1355) 
and  C„H-,.C0.CBr,.C„H5  [112°].— 8.  PCI.,  yields 
CHPh:CClPh. — 9.  Alcoholic  potash  and  benzoic 
aldehyde  form  benzamarone  C-„Hj„0,  [215°] 
(Japp  a.  Klingemann,  B.  21,  2934  ;  cf.  Zinin, 
Z.  1871,  127).— 10.  NaOEt  and  nitrous  acid 
yield  the  mono-  oxim  of  beuzil. — 11.  NaOEt 
and  CSCL  yield  golden  (C,H,.C(CS).CO.C,H,)^ 
[286°]  (Bergreen,  B.  21,  350).— 12.  NaOEt  and 
Mel  yield  phenyl  phenyl-ethyl  ketone 
C,H,,.CO.CHMePh.  Other  a'lkyl  iodides  act 
in  like  manner  (V.  Meyer,  B.  21,  1295).  — 
13.  Sodium  acting  on  a  benzene  solution  in 
absence  of  air  forms  C,.H-.C0.CHNa.CjH5,  a  very 
hygroscopic  yellow  substance  converted  by  C0„ 
into  an   acid,  whence  hydroxylamine  forms 

CHPh'cO^^  [160°]  (Beekmanu  a.  Paul,  4.266, 
22).— 14.  CSCL  or  CS.,  forms  desaurin  Cj„H,„N,,0, 
which  is  fiery  yellow,  sparingly  soluble,  and  yields 
a  violet  solution  in  H.,S0j  (Bergreen  a.  Meyer, 
B.  21,  353 ;  Meyer  a.  We'ge,  B.  24, 3535 ;  Wachter, 
B. 25, 1727).  HNO,  and H.,SO, convert  desaurin 
into  Ci.H^SNaO,  ?  [60°].  Fuming  HNO3  forms 
C|,H.,SN36,„  [60°]  and  wi-nitro-benzoic  acid. 
Desaurin  when  heated  for  a  long  time  with 
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aniline  yields  phenyl  benzyl  ketone,  tri-phenyl- 
guanidine,  and  H.,S. 

Oxim  C,H,.CH„.C(N0H).C,H5.  [98°]. 

Phenyl-  hydrazide 
CH.,Ph.C(N.,HPh).Ph.    [106°].    Needles  (from 
alcohol)  (Ney,  B.  21,  2447). 

PHENYL  BENZYL  KETONE-o-CARBOXY- 
LIC  ACID  C.^H.^O^  i.e.  C,H5.C0.CH,.C,H,.C0,H. 
Deoxy-hensoin-carboxylic  acid.  [163].  Formed 
by  heating  isobenzylidene-phthalide  with  NaOH 
(Gabriel,  B.  18,  2446).  Needles,  v.  sol. 
alcohol.  Keduced  by  sodium-amalgam  to 
C|iH5.CH(0H).CHi,.C,H,.C0,H.  Ammonia  forms 
isobenzylidene-phthalimidine.  Hydroxylamine 
hydrochloride  in  alcoholic  solution  at  100° 

forms  C,H,<^^2-^^^'>N  [139°].   AgA' :  pp. 

Anhydride  v.  Isobenzyudene-phthalide. 

Methylamide  CH.,Bz.C„H^.CO.NHMe. 
[144°].  Formed  from  isobenzylidene-phthalide 
and  methylamine  in  alcohol  at  100°  (Gabriel, 

B.  20,  2866).    White  needles. 

Phenyl  benzyl  ketone  o-carboxylic  acid 
CsHs.CHs.CO.C^H^.COsH.  Deoxybcnzoin  carb- 
oxylic  acid.  [75°].  Formed  by  boiling  benz- 
ylidene-phthalide  with  KOHAq  (Gabriel  a. 
Michael,  B.  11,  1018).  Prisms  (containing  aq). 
— AgA' :  crystalline  pp. 

Anhydride  v.  Benzylidene-phthalide. 

Amide  CH2Ph.C0.C,H.,.C0.NH„.  [166°]. 
Formed  from  benzylidene-phthalide  and  alco- 
holic NH3  at  100°  (Gabriel,  B.  18,  2434). 
Needles,  sol.  hot  water,  converted  into  benzyl- 
idene-phthalimidine  by  boiling  with  HOAc. 

Ethyl  amide  CH,Ph.CO.C„H,.CO.NHE  t. 
[140°].  Formed  from  benzylidene-phthalide 
and  alcoholic  NEtH,  at  100°  (Gabriel,  B.  18, 
1258,  2434).    Converted  by  boUing  HOAc  into 

CeH,<^[^^^^)>NEt.    [77°].  Hydroxylamine 

forms  C,H^<;^^^^q)^N  [177°],  which  is  also 

formed  by  the  action  of  hydroxylamine  on 
phenyl  benzyl  ketone  carboxylic  acid. 

Phenyl  benzyl  ketone  dicarboxylic  acid 
CeH,(CO,H).CO.CH,.C,H,.CO,H.  [239°].  Formed 
together  with  an  isomeride  [250°]  by  heating 
phenyl-acetie-o-cai'boxylic  acid  vfith  phthalic 
anhydride  and  NaOAc  at  190°  (Ephraim,  B.  24, 
2821).  Needles.  Gaseous  HCl  acting  on  its 
alcoholic     solution     forms     the  anhydride 

^«^<Cao:CO>^»S^-  ^260°].  Hydroxyl- 
amine    yields  C,H,<;^JJ^^C.C,H,.CO,H 

[230°]  crystallising  in  needles.  Alcoholic  NH3 
forms  crystalline  CuHnNOj. 

PHENYL-BENZYL-METHYL-AMIHE 
CnH.jN  i.e.  NMePh.CH„Ph.     [306°1  (Nolting, 
M.  S.  [3]  13,  39). 

Methylo-chloride  B'MeClaq.  [110°]. 
Formed  from  di-methyl-aniline  and  benzyl 
chloride  (Michler,  B.  10,  2079).  Tables,  v.  sol. 
water  and  alcohol.  Converted  by  successive 
treatment  with  AgSO^  and  baryta  into  a  syrupy 
hydroxide,  which  is  spUt  up  on  distillation  into 
benzyl  alcohol  and  di-methyl-aniline. 

PHENYL-BENZYL-METHYL-THIO-UEEA 

C,  5H„,N,S  i.e.  NPhMe.CS.NHC,H,.  [85°]. 
Formed  from  benzyl-thiocarbimide  and  methyl- 
aniline  (Dixon,  C.  J.  59,  563).  Prisms. 


Isomeride  NHMe.CS.NPhC,H,.  [121°] 
Formed  by  boiling  methyl-thiocarbimide  with 
benzyl-aniline  in  alcoholic  solution  (D.).  Tufts 
of  white  prisms,  v.  si.  sol.  hot  water. 

PHENYL-BENZYL-METHYL-UREA 
CH.,Ph.NH.CO.NPhMe.    [84°].     Form^^d  from 
CH,Ph.NH.COCl  and  methyl-aniline  (Kiihn  a. 
Eiesenfeld,  B.  24,  3817).    V.  sol.  alcohol. 

BENZYL-PHENYL-NITROSAMINE 
C,H,NPh(NO).  Nitrosamine  of  bcmyl-aniline. 
[58°].  Formed  from  benzyl-aniline  (10  g.), 
alcohol  (125  c.c),  H,SO^  (6  c.c),  and  NaNO.,  in 
the  cold,  the  product  being  poured  into  water 
(500  c.c.)  (Antrick,  A.  227,  360).  Pale-yellowish 
needles,  v.  sol.  alcohol  and  ethei'. 

PHENYL-BENZYL-OXIDE  v.  Phenyl  ether 
of  Benzyl  alcohol. 

PHENYL-BENZYL-PHOSPHINE  ? 
CH,Ph.PHPh  or  C.^H^^P,.  [171°].  Formed  by 
heating  C^H^PCU  with  benzyl  chloride  and  zinc 
(Michaelis  a.  Gleichmann,  B.  15, 1961).  Needles, 
converted  by  successive  treatment  with  chlorine 
and  alkalis  into  C,3H,.,P0  or  C,5H„,,P„0,,  [155°]. 

Di-phenyl-benzyl-phosphine  dichloride 
C,H,PCL(C„H,),,.  [187°].  Formed  from  (C,H5).,PC1 
and  benzyl  chloride  at  180°  (Dorken,  B.  21, 
1506  ;  cf.  Michaelis,  B.  18,  2117).  Prisms. 

Di-phenyl-benzyl-phosphine  oxide 
C;H.P0(C„H5),.     [196°].    Formed  by  decom- 
posing the  preceding  body  with  water.    Yields  a 
tri-nitro-  derivative  [206°]. 

DI-PHENYL-DI-BENZYL-SUCCINIC  ACID. 
Nitrile.  CN.CPh(CHjPh).CPh(CH„Ph).CN. 
[235°].  Formed  from  CN.CNaPh(CH2Ph)  and  I 
(Chalanay  a.  Knoevenagel,  B.  25,  290).  White 
crystalline  powder,  si.  sol.  alcohol. 

PHENYL  BENZYL  SULPHONE  CisHijSOj 
i.e.  C,H,.S02.CH2Ph.  [148°].  Formed  from 
OgHj.SO.jNa  and  benzyl  chloride  (Knoevenagel, 

B.  21,  1344).    SI.  sol.  ether,  m.  sol.  alcohol. 
DI-PHENYL-BENZYL  -  THIOSEMICARBAZ- 

IDE  NPh(C,H,).NH.CS.NHPh.  [150°].  Formed 
from  phenyl-benzyl-hydrazine  in  alcohol  and 
phenyl-thiocarbimide  (Michaelis  a.  Philips,  A. 
252,  289).    Crystals,  v.  sol.  hot  alcohol. 

PHENYL-BENZYL-THIO-UREA  ChHhN,S 
i.e.  NHPh.CS.NHCHjPh.  [154°].  Formed  by 
mixing  alcoholic  solutions  of  benzylamine  and 
phenyl-thiocarbimide  (Dixon,  C.  J.  55,  300). 
Prisms  (from  alcohol),  si.  sol.  CS2. 

Phenyl-di-benzyl-thio-urea  C2,H„„N.,S  i.e. 
NPh(C,H,).CS.NH.C,H,.  [103°].  Formed  from 
phenyl-thiocarbimide  and  benzyl-aniline  (D.). 
White  prisms,  v.  si.  sol.  hot  water. 

PHENYL-BENZYL-^-TOLYL-BIURET 

C.  ,.,H„,N302.  [95°-104°].  Needles  (from  dilute 
alcohol)  (Kiihn  a.  Henschel,  B.  21,  504). 

PHENYL-BENZYL-TTREA  C.^Hj^N^O  i.e. 
NHPh.CO.NHCHPh.  [168°].  Formed  by  mix- 
ing benzyl  cyanate  with  aniline  (Letts,  C.  J.  25, 
448).    Needles,  v.  sol.  alcohol. 

Phenyl'-di-benzyl-urea  CiH^jN^O.  [128°]. 
Got  from  (C,H,).,N.C0C1  and  aniline  (Ham- 
merich,  B.  25,  1819).  Silky  needles  (from 
alcohol). 

PHENYL-BISMTJTHINE  v.  vol.  i.  p.  517. 

PHENYL-BIURET  CsHaN^O.,  i.e. 
NHPh.CO.NH.CO.NH_,.    Formed  from  phenyl- 
urea  and  PCI3  (Weith,  B.  10,  1744).  Crystals. 

s-Di-pheuyl-biuret  NH(CO.NHPh),,.  [210°]. 
Formed  by  boiling  allophanic  ether,  biuret,  or 
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ethyl-allophanic  ether,  with  aniline  (Hofmann, 
B.  4,  250  ;  Leuckhart,  J.pr.  [2]  21,  27).  Formed 
also  by  the  action  of  phenyl  cyanate  on  phenyl- 
urea  (Kiihn  a.  Hensehel,  B.  21,  504).  Needles. 

«-Di-phenyl-biuret  NH.,.CO.NPh.CO.NHPh. 
[165°J.  Got  from  di-phenyl  dicyanate  and  alco- 
holic NH.,  (Hofmann).    Prisms,  sol.  alcohol. 

s-Tri-phenyl-biuret  NPh(CO.NHPh),.  [148°]. 
Formed  from  di-phenyl  dicyanate  and  aniline 
(H.)  and  by  heating  phenyl  cyanate  with  di- 
phenyl-urea  at  150°.  Prisms  (from  alcohol). 
An  isomeride  [105°]  was  got  by  Schiff  {B.  'A,  651) 
by  distilling  phenyl-carbamic  ether. 

References. — Di-bromo-di-  and  Oxy-  phenyl- 

BIUEET. 

PHENYL-BORATE  C,H,,BO,.  Formed  by 
heating  phenol  (3  pts.)  with  BoOj  (2  pts.),  or, 
better,  by  heating  tri-phenvl  borate  with  alcohol 
at  150°  (Schiff,  A.  Suppl.  5,  202).   Sticky  mass. 

Tri-phenyl  borate  (C,.H5),B,0,.  Formed  by 
boiling  phenol  with  BoO^.  Glassy  mass,  decom- 
posed by  hot  water. 

Tetra-phenyl  diborate  (C,H5),B,05.  S.G.  2 
1-124.  Formed,  with  the  preceding  body,  by 
heating  C.HjBO.,  at  350°.  Thick  oil,  quickly  de- 
composed by  water. 

Phenyl-boric  acid  C„Hj.B(OH),.  [204°]. 
Formed  from  C^H:,BCL,  and  water  (Michaelis  a. 
Becker,  B.  15,  isi).  Needles,  sol.  alcohol, 
ether,  and  hot  water.  Powerful  antiseptic,  with 
but  slight  physiological  action.  With  HgCl._,  it 
gives  a  pp.  of  PhHgCl.  Reduces  ammoniacal 
AgNO.|,  forming  a  mirror.  On  heating,  it  yields 
the  oxide  C„H,BO  [190°]  (above  360°),  which 
forms  crystals,  sol.  alcohol. 

Salts.— NaA":  dimetric  tables.— CaH.A "2 : 
crystals. — AgHA"  :  yellow  pp. 

Ethyl  ether  mA".    (176°).  Oil. 

Chloride  v.  vol.  i.  p.  531. 

PHENYL  BROMIDE  v.  Bkojio-benzene. 

PHENYL  BROMO-ALLYL  OXIDE  v.  Bromo- 
allyl  derivative  of  Phenol. 

PHENYL  BROMO-BENZYL  KETONE 
CgH^.CO.CHBrPh.    [55°].    Got  by  brominating 
phenyl  benzyl  ketone  (Knoevenagel,  B.  21, 1355). 

PHENYL  BROMO-BUTYL  KETONE 
€,H5.C0.CH,.CH,.CH.,.CH,Br.  [61°].  Formed 
from  phenyl  oxy-butyl  ketone  anhydride  or  its 
carboxylic  acid  and  cone.  HBrAq  (W.  H.  Perkin, 
jun.,  C.  J.  51,  732;  B.  19,  25.59).  Six-sided 
plates,  V.  sol.  alcohol.  Converted  by  warm 
alcoholic  potash  into  the  parent 

cH.<^g;.S>o. 

Phenyl  di-bromo-butyl  ketone 
C,H5.C0.CH,,.CH,.CHBr.CH_,Br.     Formed  from 
aliyl-acetophenone  and  Br  (Perkin,  C.  J.  45, 
188).    Oil.    Bromine  yields  C„H„Br30  [122°] 
crystallising  from  dilute  alcohol  in  prisms. 

PHENYL  BROMO-ETHYL  KETONE 
C„H,.C0.C,H,Br.    Formed  from  phenyl  ethyl 
ketone  and  Br  in  CS„  (Pampel  a.  Schmidt,  B. 
19,  2897).    Oil  with  pungent  odour. 

PHENYL  BROMO-ETHYL  OXIDE  v.  Bromo- 
ethyl  derivcUive  of  Phenol. 

PHENYL  BROMO-ETHYL  SULPHONE 
C,H,.S0„.CHMeBr.  [50°].  Formed  by  boihng 
an  aqueous  solution  of  the  Na  salt  of  the  acid 
CeH..S0..CMeBr.C02H  [134°],  which  is  got  by 
bromiuation  of  C,,H,.S0...CMeH.C0JI  (Otto, 
J.  pi:  [2]  40,  550).    Eectangular  tables". 


PHENYL  BR0M0-IME3ATIN  v.  Isatin. 

PHENYL  -  BROMO-METHENYL-DI-ETHYL- 
TRI  -  SULPHONE  C,H,.S0,.CBr(S0,.C,H3),. 
[135°].  Formed  by  bromination  of  the  sulp'hone 
CH(SO,Ph)(SO,Et),  (Laves,  B.  25,  304).  Plates 
(from  alcohol)  or  needles  (from  Aq). 

TRI-PHENYL-BROMO-METHENYL  TRI- 
SULPHONE  CBr(SO..Ph),.  [255°].  Got  by 
brominating  CH(SO,,Ph).,  (Laves,  B.  25,  351). 
Amorphous  insoluble  pp. 

PHENYL   BROMO-METHYL    KETONE  v. 

CO-BliOMO-.iCETOPHENONE. 

PHENYL  BROMO-METHYL  SULPHONE 

C,H..SO.,.CH.,Br.  [48°].  Formed,  together  with 
C,H-,.SO.,.CHBr,  [76°],  from  C„H,.SO.^.CH,.CO..H 
and  Br  (Otto,  J.pir.  [2]  40,  542).  Both  compounds 
form  monoclinic  tables,  v.  sol.  hot  alcohol. 

PHENYL  BROMO-(a)-NAPHTHYL  KETONE 
C,.Hj.CO.C,„H„Br.  [98 'J.  Formed  by  bromina- 
tion of  phenyl  (a)-naphthyl  ketone  (Elbs  a. 
Steinike,  B.  19,  1966).  Yields  a  crystalline  di- 
nitro-  derivative  decomposing  at  about  90'. 
Yields  C,-H,„Br(SO,H)  [11C°]  on  sulphonation. 

PHENYL  -  BROMO  -  NITRO  -  METHANE  r. 
Bromo-nitro-toluene. 

PHENYL  -  BROMO  -  DI  -  NITRO  -  PHENYL  - 

AMINE  V.  BROMO-DI-NITBO-DI-PriENYL-AMINE. 

PHENYL  -  BROMO  -  NITRO  -  PHENYL- 
HYDRAZINE  C,H,.N,,H„.C,H3Br(N0,).  [3:1:4:. 
[165°].  Formed  from  phenyl-hydrazine  and 
I  C,.H3Br(N0,),  (Willgerodt,  J.  pr.  [2]  37,  453). 
Bed  needles  (from  alcohol). 

PHENYL-p-BROMO-PHENYL-HYDRAZINE 
C,H5.N,H,.C,H,Br.  [115°].  Formed  by  reduc- 
tion of  C|jH5.N„.C,,H_,Br  by  alcoholic  ammonium 
sulphide  (.JanoVsliy,  B.  20,  364).  Tables. 

PHENYL  BROMO-PHENYL    KETONE  v. 

BKOMO-BENZOrHENONE. 

DI-PHENYL  BROMO-PROPYLENE  DISUL- 
PHONE  C,H.,Br(SO..Ph),..  [1(;0°].  Got  from 
CH..Br.CHBr.CH„Br  and  NaSPh  in  alcohol 
(Stuffer,  B.  23,  1411).  Needles. 

PHENYL  BROMO-PROPYL  KETONE 
C„H5.C0.CH,.CH,.CH,Br.   [39°].    Formed  from 
'  benzoyl-triniethj'lene  carboxylic  '   acid  and 
fuming  HBr  (W.  H.  Perkin,  jun.,  C.  J.  47,  844). 
Crystalline  mass,  v.  sol.  alcohol. 

PHENYL-BUTANE  v.  But-s-l-benzene. 

Di-phenyl -butane  CIIPh.CH,.CH,,.CH,Ph. 
[52°].  Formed  by  heating  di-phenyl-butyleno 
with  HI  and  P  at  250°  (Freund  a.  Immerwahr, 
B.  23,  2858).    Crystals,  v.  sol.  alcohol. 

Di  -  phenyl  -  butane  CHMePh.CHMePh. 
[123-5°].  Formed  by  the  action  of  zinc-dust  or 
Na  on  CHMePhBr  (Radziszewski,  B.  7,  142; 
Engler,  B.  7,  1127).    Needles  (from  ether). 

J)i  -  phenyl  -  butane  CPh„MeEt.  [128°] . 
Formed  from  CPhoMe.CO.CH^,  phosphorus,  and 
HI  (Zincke  a.  Thorner,  B.  11,  1990).  Tables  or 
prisms,  m.  sol.  alcohol. 

Di-phenyl-butane  CH3.CH(CH,J'h)o.  (300°). 
!  Formed  by  heating  acetoj)henone  with  HIAq 
;  and  P  at  180°  (Graebe,  B.  7,  1627).  Oil. 

References. — Amido-,  Tri-chloeo-,  and  Tei- 
chloro-di-nitbo-  and  Oxy-  phenyl-butanes. 

PHENYL-BUTANE  TRICARBOXYLIC  ACID. 
Ethyl  ether  C,H,.CH...C(CO..Et).,.CHMe.CO.,Et. 
(338°  cor.).  S.G.      1-1003.  'yUj,  1-4850  at  20°. 
Formed  from    sodium-propane  tri-carboxylic 
I  ether  and  benzyl  chloride  (Bischoff  a.  Mintz, 
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B.  23,  654).  The  free  acid  gives  benzyl- 
methyl-succinic  acid  on  heating. 

Di-phenyl-butane  dicarboxylic  acid 
C6HJCO„H).CH,,.CH„.CH,.CH,,.C6H,.CO.,H. 
[198°].  Formed  by  heating  C,H4(C0.C,H,.C0.,H), 
■with  HIAq  and  P  at  160°  (Gabriel  a.  Michael, 

B.  10,  2208).  Nodules,  insol.  water. — Ag.,A":  pp. 
PHENYL-BUTENYL  ALCOHOL  C,(,H,.,0  i.e. 

C,  H5.C„H(0H).C,H5.  (225°).  S.G.  1^  -gSS."  Got 
from  its  acetyl" derivative  (223°-230°),  formed 
from  CPh-CEt  by  successive  treatment  with  HBr 
and  AgOAc  (Morgan,  C.  J.  29,  162).  Liquid. 

PHENYL-BUTENYL  KETONE 
CH,:CH.CH2.CH,.C0.Ph  (235°-238°)  at  710  mm. 
Obtained  from  allyl-benzoyl-acetic  acid  and 
boiling  dilute  alcoholic  potash  (W.  H.  Perkin, 
jun.,  C.  J.  4:5,  187).  Oil,  smelling  like  camphor. 
Insol.  water.  Combines  with  Br.  Excess  of 
Br  added  to  a  glacial  acetic  acid  solution  forms 
bromo-phenyl-butenyl  ketone  dibromide,  [122°]. 

PHENYL-BTJTINENE  C,„H,„  i.e.  CPh:CEt. 
Phenyl-ethyl-acetylme.  (202°).  S.G.  ^  -923. 
Formed  from  sodium  phenyl-acetylene  and  EtI 
(Morgan,  C.  J.  29,  162).  Liquid. 

Phenyl-butinene  C,„H,„.  (185°-190°).  Got 
from  CHJ'h.CH„.CHBr.CH.J3r  and  alcoholic 
potash  at  180°  (Aronheim,4.'l71,  231).  Liquid. 

Di-phenyl-butinene  CHPh:CH.CH:CHPh. 
[148°].  (320°-340°).  Obtained  by  heating 
CHPhiCH.CHiCPh.COjH  (Kebuffat,  G.  15,  107  ; 
20,  154).    Micaceous  plates. 

References. — Amido  -    and    Oxy  -  phenyl  - 

BUTINENES. 

PHENYL  -  BUTINENE  BICARBOXYLIC 
ACID  CHPh:CH.CH:C(C0.,H)2.  [208°].  Formed 
by  heating  cinnamic  aldehyde  with  malonic  acid 
and  HOAc  at  100°  (Stuart,  C.  J.  49,  366). 
Needles  ;  gives  off  CO.,  when  melted. 

DI-PHENYL-DI-BUTINYL  KETONE 
CO(CH:CH.CH:CHPh)..    [142°].    Formed  from 
cinnamic    aldehyde,    acetone,    and  NaOHAq 
(Diehl  a.  Einhorn,  B.  18,  2325).  Needles. 

PHENYLBUTINYL  METHYL  KETONE 
CH3.C0.CH:CH.CH:CHPh.  [68°].  Formed  from 
cinnamic  aldehyde,  acetone,  and  NaOHAq 
(Diehl  a.  Einhorn,  B.  18,  2321).  Plates  (from 
ether).  Yields  a  dibromide  [174°]  and  a  phenyl- 
hydrazide  [180°]  crystallising  in  plates. 

DI.PHENYL-BUTONENE  C^Jl,.,.  Phenyl 
naphthalene?  [101°].  (346°).  Formed  from 
di-oxy-ethyl-benzene  (styrolene  alcohol)  by 
treatment  with  HoSO,  (16  pts.)  and  water  (9  pts.) 
(Zincke  a.  Breue'r,  A.  226,  23).  Plates,  v.  sol. 
alcohol.  Oxidised  by  KjCr^O,  and  HOAc  to 
CieHiijOj  [110°],  which  crystallises  in  golden 
needles,  m.  sol.  alcohol,  and  is  readily  poly- 
merised by  exposure  of  its  solution  to  light, 
yielding  two  polymerides  [207°]  and  [225°-229°]. 
The  quinone  C,i;H,„02  is  reduced  by  SnCL  to 
the  hydroquinone  C,5H,„(0H).,  [93°]  which  gives 
C,6H,„(0Ac).,  [152°].  The  quinone  C,„H,(,02  is 
reduced  by  aqueous  SO,  at  120°  to  the  quin- 
hydrone  C3,,H,„0,  [133°].  On  heating  the 
quinone  with  NaOHAq  it  is  converted  into  the 
oxy-quinone  C,„H,(OH)0.,  [144°],  which  gives 
C,6Hg(0Ac)0,  [111°],  and  may  be  reduced  to  the 
oxy-quinhydrone  [155°],  and  the  oxy- 
hydroquinone  [73°].  The  oxyquinone  is 
oxidised  by  alkaline  KMnO,  to  an  acid 
CsH.O,  [177°-197°]  whence  BaA"2aq,  K,A", 
Cu2(OH)2A"6aq,  and  Ag,A".     Alcoholic  NH3 


converts  the  quinone  into  C,5H|,N0.,  [174°J 
while  ethylamine,  aniline,  o-  and  p-  toluidine, 
and  naphthylamine  form  compounds  melting  at 
[130°],  [158°],  [108°],  [155°],  and  [148°]  respec- 
tively. The  compound  C,^H„N02  forms  an 
acetyl  derivative  [201°],  and  on  treatment  with 
aqueous  SO.,  at  140°  gives  the  oxyquinone  and  a 
substance  C^ja^fl,  [187°]. 

PHENYL-stfc-BUTYL-ALCOHOL  C.oH.jO  i.e, 
C,H..CHj.CH..CH(0H).CH3.  [68°].  Formed 
by  reducing  styryl  methyl  ketone  with  sodium- 
amalgam  (Engler  a.  Leist,  B.  6,  255).  Crystals, 

Phenyl-feri-butyl  alcoliol  CioHi^O  i.e. 
C,H3.CHj.CMe„.0H.  [22°].  (220°-230°).  Got 
from  phenyl-acetyl  chloride  and  ZnMc  followed 
by  water  (Popoff,  B.  8,  768).  Needles.' 

Tri-phenyl-fcr<-butyl-alcohol  CPhj.CMejOH. 
(above  260°).  Formed  from  CCl3.CMe2.OH, 
benzene,  and  AICI3  (Willgerodt  a.  Genieser, 
J.2)r.  [2]  37,  368). 

DI-PHENYL-DI-ISOBUTYL-TETRAZONE 
C,Hs,NPh.N:N.NPh.C,Ha.     [107°].     Got  from 
phenyl-isobutyl-hydrazine  in  ether  by  treatment 
with  HgO  (Michaelis  a.  Philips,  A.  252,  284). 

PHENYL-BUTYLENE  C,„H,j  i.e. 
C,H,.CH.,.CH:CH.CH3  or  C,H..CH.,.CH,.CH:CH.,. 
(177°).  "  S.G.  -915.  Formed"  from  benzyl 
chloride,  allyl  iodide,  and  Na  (Aronheim,  B.  5, 
1068;  A.  171,  219).  The  same  hydrocarbon 
appears  to  be  formed  by  distilling  the  lactonic 
acid  of  7-oxy-7-phenyl-s-di-methyl-succinic  acid 
(Penfield,  A.  216,  125).  Oil,  yielding  a  liquid 
dibromide.  KNO2  and  HOAc  form  C|„H|2N.,03, 
which  gives  on  reduction  a  base  C,(|H,5N0, 
whence  B'HCl  and  B'.,H,PtCl8  (Tonnies,  B.  11, 
1511). 

(a)-Phenyl-butylene  C„H5.CH:CH.CH.,.CH3. 
(186°).  Formed  by  distilling  C,oH,,Br  obtained  by 
bromination  of  w-butyl-benzene  (Eadziszewski, 

B.  9,  260).  Forms  a  dibromide  C,(,H,.,Br.2  [71°] 
crystallising  in  white  needles.  Probably  identical 
with  the  phenyl-butylene  (187°)  obtained  by 
Perkin  (C.  J.  32,  667 ;  35,  140)  from  phenyl- 
angelic  acid  by  successive  treatment  with  HBr 
and  Na.,C03Aq  or  with  HI  and  KOH.  Perkin's 
phenyl-butylene  forms  a  crystalline  dibromide 
[67°]  converted  by  alcoholic  potash  into  oily 
Ci|,H,,Br,  which  forms  oily  C,„H|,Br3. 

(/3)-Phenyl-butylene  C,H5.CH:CMe.,.  (185°), 
I  Formed  by  heating  benzoic  aldehyde  with  sodium, 
isobutyrate  and  isobutyric  anhydride  for  3  hours 
with  inverted  condenser  (Perkin,  C.  J.  35,  138),. 
and  by  distilling  jS-oxy-jihenyl-valeric  acid  (Fittig 
a.  Jayne,  A.  216,  118).  Oil.  Forms  an  oily 
dibromide  converted  by  alcoholic  potash  into 

C,  „H,iBr,  which  forms  crystalline  C,„H,,Br3 
[63-5°].  Yields  benzoic  and  acetic  acids  on 
oxidation.  Nitrous  acid  forms  C,oH,.,N.,03  [112°] 
(Angeli,  B.  25,  1962). 

DI-PHENYL-BUTYLENE  C,bH„  i.e.  ■ 
C,H,.CH:CH.CH.,.CH„.C„H3.    [39°].    Formed  by 
reduction  of  the  nitrile  of  a-phenyl-/8-styryl- 
acrylic  acid  (Freund  a.  Immerwahr,  B.  23,  2858). 
Crystals,  v.  sol.  alcohol.  Yields  a  dibromide  [83°], 

DI-PHENYL-BUTYLENE-DIAMINE 
C4H3(NHPh).,.  Formed  from  isobutylene  di- 
bromide and  aniline  (Colson,  C.  R.  105,  1014  ; 
Bl.  [2]  48,  800).  Oil.  Yields  a  nitrosamine  [90°]. 
— B"H.,Cl2.  [98°].  S.  10  at  15°.— B'-H^Br^. 
[122°].'  S.  10  at  15°  ;  20  at  100°. 


PHENYL-ISOBUTYEIC  ALDEHYDE. 
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DI-PHENYL-ISOBUTYL-GLYOXALINE 

C,„H,„N,     i.e.    g^J;™>C.CH,Pr.  [223°]. 

Formed  from  benzil,  isovaleric  aldehyde,  and 
NH.,Aq  (Japp  a.  Wynne,  C.  J.  49,  468).— 
B"H,.PtCl,- :  crystalline. 

P'HENYL-ISOBUTYL-HYDRAZINE 
C,H,,NPh.NH,.  (240°-245°).  Formed  from  iso- 
butyl  bromide  and  sodium  phenyl-hydrazine 
(Michaelis  a.  Philips,  B.  20,  2485;  A.  252,  282; 
270,  122).  Liquid,  which  reduces  hot  Fehling's 
solution.  Converted  by  thionyl-aniline  into  oily 
C4H„NPh.N:S0— B'HjSO,, :  plates. 

Acetyl  derivative  C4H„NPh.NHAc. 
[114°]. 

PHENYL  BUTYL  KETONE  C„H,.CO.CH„Pr. 
Mol.  w.  102.  (237°)  at  720  mm.  Got  by  boil- 
ing propyl-benzoyl-acetic  ether  with  alcoholic 
potash  (Perkin  a.  Caiman,  C.  J.  40,  1G2).  Oil. 

Phenyl  isobutyl  ketone  C,lI,.CO.CH.,Pr. 
(228°)  at  720  mm.  S.G.  ^11'  -993.  '  Formed  from 
isopropyl-benzoyl-acetic  ether  (P.  a.  C.)  and  also 
by  distilling  a  mixture  of  calcium  benzoate  and 
calcium  isovalerate  (Popoff,  A.  162, 153).  Liquid. 
Does  not  combine  with  NaHSO^.  Yields  benzoic, 
isobutyric,  and  acetic  acids  on  o.\idation. 

PHENYL  BUTYL  KETONE  CAKBOXYLIC 
ACID  C,H5.C0.CH,.CHEt.C0,H.  Ethijl-bmzoi/l- 
propionic  acid.  [83°].  Formed  by  heating  the 
dicarboxylic  acid.    Small  needles. — CaA',  aq. 

Ethyl  ether  mk.'.  Oil. 

Phenyl  butyl  ketone  carboxylic  ether 
C,H,.CO.CHPr.CO,Et.  Propyl  -  bcmvijl  -  acetic 
acid  (251°  at  300  mm.).  Formed  from  benzoyl- 
acetic  ether,  NaOEt,  and  PrI  at  100°  (Perkin  a. 
Caiman,  C.  J.  49,  160).  Liquid. 

Phenyl  isobutyl  ketone  carboxylic  ether 
CcH,.CO.CHPr.CO,Et.  (237°  at  225 mm.).  ForiBed 
in  like  manner,  using  isopropyl  iodide. 

Phenyl  butyl  ketone  dicarboxylic  acid 
C„H3.CO.CHo.CEt(CO,>H)2.  Bcnzoijl-cthyl-isosiic- 
cinic  ether.  Got  by  saponifying  its  ether,  which 
is  formed  from  sodium-malonic  ether  and  u- 
bromo-acetophenone  (Dittrich  a.  Paal,  B.  21, 
3453).  Crystalline  mass. — (NHJ.A" :  amorphous. 
— K.A"  :  pearly  plates,  v.  sol.  water. — CaA"  aq. — 
Ag.,A"  : plates.    Hydrazine  salt.  [103°]. 

'Phenyl  hydrazidc  C.„H„,N,0,.  [132°]. 

PHENYL  BUTYL  METHYLENE  DIKETONE 
CeHj.C0.CH,,.C0.CH2Pr.  Valcryl-acctophenonc. 
(184°  at  30  mm.).  Oil.  Got  from  acetophenone, 
isovaleric  ether,  and  NaOEt  (Stylos,  B.  20,2181). 

PHENYL  -  BUTYL  METHYL  KETONE 
CARBOXYLIC  ETHER 

CH3.C0.CEt(CH,Ph).C0,,Et.  (c.  297°).  Formed 
from  sodium  benzyl-acetoacetate  and  EtI  (Con- 
rad, B.  11,  1057). 

PHENYL  BUTYL  OXIDE  v.  Butyl  derivative 
of  Phenol. 

PHENYL-ISOBUTYLPHENYL-THIO-UREA 

C,H5NH.CS.C„H,,.CH,Pr.    [152°].  Formed  fro.n 
C„H,,(NH.,).CH,Pr     and  phenyl-thiocarbimide 
(Mainzer,"  B.  16,  2023).    Plates,  sol.  alcohol. 
DI-PHENYL-ISOBUTYL-QUINOXALINE 

C,H3(CH,Pr)<^;^p|'.     [144°].    Formed  from 

benzil  and  isobutylphenylene-diamine  (Gelzer, 
B.  20,  3257).    Needles,  v.  sol.  alcohol.— B'„HC1. 

PHENYL-BUTYL-THIO-ALLOPHANIC  ACID 
NHPh.CS.N(C4H,).CN.  [139°].  Formed  from 
sodium  cyanamide,  phenyl  thioearbimide,  and 


isobutyl  iodide  (Heeht,  B.  25,  822).  Slender 
needles,  v.  si.  sol.  hot  water. 

DI-PHENYL-ISOEUTYL-THIO-SEMI-CARB- 
AZIDE  NHPh.CS.NH.NPh(CH,,rr).  [140°]. 
Formed  from  phenyl-isobutyl-hydrazine  and 
phenyl-thiocarbimide  (Michaelis  a  Philips,  A. 
252,  284).    White  crystals. 

PHENYL-ISOBUTYL-THIO-UREA 
NHPh.CS.NHC.H,  [82°].  Formed  from  phenyl- 
thiocarbimide  and  isobutylamine  (Hecht,  B.  25, 
815).    Needles,  m.  sol.  hot  water. 

PHENYL-BUTYL-THIOHYDANTOIN 

*^S<'^NH.CH(C,H,,)-  uncor.].  Formed 

by  fusing  phenyl-thiocarbimide  with  leucine 
(Aschan,  B.  17,  426).   Minute  colourless  prisms. 

PHENYL-BUTYRIC  ACID  C,„H,.,02  i.e. 
CH,CH,,.CHPhCO,H.  [42°].  (272°).  Formed 
by  saponifying  the  nitrile  which  is  made  by 
the  action  of  EtI  and  solid  NaOH  on  benzyl 
cyanide  (Neure,  A.  250,  153).  Crystalline 
mass. — CaA'„2aq;  groups  of  needles. — AgA'. 

Methyl'ether  MeA'.  (228°). 

Nitrile  PhCHEt.CX.  (245°). 

7-Phenyl-n-butyric  acid 
CH,,Ph.CH,,.CH,.CO,H.  [47-5°].  (290°).  Formed 
from  oxy-phenyl-butyric  acid  and  HI  (Burcker, 

A.  Ch.  [5]  26,  459)  and  from  phenyl-isocrotonic 
acid  by  protracted  treatment  with  sodium- 
amalgam  (Jayne,  A.  216,  107).  Long  flat  plates 
(from  water). — CaA'.> :  amorphous  mass. 

Phenyl-isobutyric  acid  CH.,Ph.CHMe.CO,H. 
Bcnzi/l-mcthyl-acctic  acid.  [3*7°].  (272°). "S. 
•31  at  15°. 

Formation. — 1.  By  heating  benzyl-methyl- 
malonic  acid  (Conrad,  B.  13,  598).— 2.  By 
heating  benzyl-methyl-acetoacetic  ether  with 
cone.  KOHAq. — 3.  By  reduction  of  the  phenyl- 
crotonic  acid  obtained  from  benzoic  aldehyde, 
sodium  propionate,  and  propionic  anhydride. — 
4.  By  reducing  phenyl-angelic  (methyl-cin- 
namic)  acid  with  sodium-amalgam  (von  Miller, 

B.  23,  1888). 

Properties. — Plates.  Converted  by  HoSOj  at 
150°  into  oxy-methyl-indonaphtliene. 

Salt.— AgA'.    S. -248  at  20°. 

Ethyl  ether  EtA'.  (287°).  S.G.  ff  1-05. 
Oil  (Conrad  a.  Bischoif,  A.  204,  177). 

Benzyl  ether  CJl^A'.  (320°-325°).  S.G. 
16-5  1-046.  A  product  of  the  action  of  sodium  on 
benzyl  propionate  (Conrad  a.  Hodgkinson,  A. 
193,  312). 

Amide  CH,Ph.CHMe.CONH,,.  [109°]. 
Formed  by  heating  the  NH.,  salt  (Edeleano,  B. 
20,  618).    Needles,  v.  sol.  alcohol  and  ether. 

Di-phenyl-bntyric  acid 
CH,Ph.CMePh.CO.,H.  [126°].  Got  from  its 
nitrile,  which  is  obtained  from  a-phenyl-pro- 
pionitrile  and  benzyl  chloride  (Janssen,  A.  250, 
137).  Needles,  v.  sol.  ether  and  alcohol. — 
NaA'  7aq  :  long  thin  needles. — CaA'„. — BaA'^. 
— CuA„'.    [73°]. — AgA':  white  insoluble  powder. 

Nitrile  C,,H,,.C^.    (337°).  OiL 

Isomeride  v.  Di-benzyl-acetic  acid. 

References. — Bromo-,  Nitro-,  Nitko-amido-, 
and  OxY-  phenyl-butyeic  acid. 

PHENYL  ISOBUTYRIC  ALDEHYDE 
CH,.CH(CH,Ph).CHO.    (227°).    Formed  by  dis- 
tilling the  corresponding  lime  salt  with  calcium 
formate  (Miller  a.  Eohde,  B.  23,  1080).  Oil. 
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PHENYLrBUTYRIC-CARBOXYLIC  ACID. 


7-PHENYL.BUTYEIC-o-CARBOXYLIC  ACID 

C„H,,0,  i.e.  C„H,(CO.,H).CH,.CH,,.CH.,.CO.,H. 
[139°].  Formed  by  heating  at  180°-190°  the 
double-lactone  of  benzoyl-propionic-o-carboxyhc 

acid  C,H,<~>C<^^^>CH,    with  HI 

and  P  (Eoser,  B.  18,  3118).  Small  plates. 
V.  sol.  alcohol,  si.  sol.  cold  ■water. — A"Ba :  very 
soluble  in  water. 

PHENYL-BUTYEO-LACTONE  v.  Lactone  of 

OXYPHENYL  BUTYRIC  ACID. 

PHENYL-CACODYl  v.  vol.  i.  p.  320. 

PHENYL-CAMPHOKAMIC  ACID  v.  Cam- 
phoric ACID. 

PHENYL-CAMPHYL-THIO-UREA  v.  Cam- 

PHYL-THIO-UHEA. 

PHENYL  CARBAMATE  NH^-CO^Ph.  [143°]. 
Formed  by  the  action,  in  ethereal  solution,  of 
NHj  on  CICO„Ph  or  of  NH.,.C0C1  on  phenol 
(Kempf,  B.  2,  740;  Gattermann,  A.  244,  43). 
Formed  also,  together  with  Et.CO,,  by  heating 
phenyl  ethyl  carbonate  at  300°  (Bender,  B.  19, 
2268).  Needles  (from  water), sol.  alcohol  and  ether. 
Decomposed  by  NaOHAq  into  NH.,,  phenol,  and 
Na.,C03.   NH3Aq  at  150°  forms  phenol  and  urea. 

'PHENYL-CARBAMIC  ACID  NHPh.CO^H. 
Carbanilic  acid.  The  ethers  of  this  acid  are 
got  by  the  action  of  aniline  on  the  chloroformic 
ethers  Cl.CO.OR,  and  also  by  the  action  of  phenyl 
cyanate  on  alcohols.  They  are  decomposed  by 
potash  into  CO,,,  aniline,  and  alcohols. 

Acetyl  derivative  NPhAo.CO.>H.  The  Na  salt 
is  formed  by  passing  C0,_,  over  sodium  acetanilide 
in  the  cold  (Seifert,  B.  18,  1358).  It  is  decom- 
posed by  water  into  acetanilide  and  NaHCOj. 
By  heating  at  140°  under  pressure  it  is  converted 
into  NPhH.CO.CH„.CO.,Na. 

Methyl  ether  NHPh.CO.OMe.  [47°]  (Hent- 
schel,  B.  18,  978).  Prisms.  Converted  by  HNO3 
(S.G.  1-48)  into  C„H,(NO„).,NH.CO„Me  [127°] 
and  [6:4:2  :l]C,H.,(N0o)3.NH.C0,Me  [192°] 
(Van  Eomburgh,  R.  T.  C.  10,  135).  H„SO^ 
forms  SO,H.C„Hj.NH.CO„Me  which  is  converted 
by  bromine  into  CsH3Br.,NH.C0„Me  [96-5°] 
(Hentschel,  J.  -pr.  [2]  34,  "423).  "Distillation 
with  lime  at  260°  gives  aniline,  methyl-aniline, 
di-methyl-aniline,  and  di-phenyl-urea  (Nolting, 
B.  21,  3154). 

Ethyl  ether  NHPh.CO„Et.  [52°].  (238°) 
(Wilm  a.  Wischin,  C.  J.  21,  192).  Formed  as 
above  and  also  by  boiling  the  product  of  the 
action  of  phenyl-urea  on  aceto-acetic  ether 
with  cone.  HCl  (Behrend,  A.  233,  6)  and  by  the 
action  of  sodium  acetanilide  on  chloro-formic 
ether  (Paal  a.  Otten,  B.  23,  2590).  Needles 
(from  water).  Not  affected  by  boiling  cone. 
HClAq,  but  decomposed  by  HClAq  at  150°  into 
COo,  aniline,  and  EtCl.  Boiling  alcoholic  KOH 
gives  aniline  and  ILCO3.  Yields  a  bromo- 
derivative  [81°],  a  di-nitro-  derivative  [110°],  and 
a  tri-nitro-  derivative  [144°].  When  distilled 
with  NaOPh  at  220°  it  gives  phenol  and  di- 
phenyl-urea  [235°]  (Hentschel,  J.  pr.  [2]  27, 
498).  —  NKPh.CO,Et.  Formed  by  dissolving 
phenyl-carbamic  ether  in  alcoholic  potash. 
Hygroscopic  needles,  decomposed  by  water. 

Chloru-ethyl  ether 
NHPh.CO,.CH,.CH,Cl.    [51°].     Formed  from 
aniline  and  C1.C0.6C„H,C1  (Nemirowsky,  pr. 
[2]  31,  174 ;  Otto,  /.  pr.  [2]  44,  15).  Needles, 
si.  sol.  hot  water.    When  boiled  alone  and  after- 


wards with  oonc.KOH  it  yields  NPh<^^g:^^CH2 

[124°],  which  is  converted  by  HClAq  at  17'0°  into 
chloro-ethyl-aniline. 

Ethylene  ether  C.H^A".  [158°].  Formed 
from  ethylene  glycol  and  phenyl  cyanate 
(Snape,  B.  18,  2430;  C.  J.  47,  773).  Prisms. 

Propyl  ether  PrA'.  [59°].  Slender  needles, 
V.  sol.  alcohol  (Homer,  B.  6,  1101). 

Isopropyl  ether  PrA'.  [90°]  (Gumpert, 
J.  pr.  [2]  31,  119;  32,  278);  [43°]  (Spica, 
G.  17,  165).    Needles  (from  dilute  alcohol). 

Di-chloro-propyl  ether  (Otto,  J". ^r.  [2] 
44,  22)  CH.Cl.CHCl.CH.  A'.   [74°].  Prisms. 

Isobutyl  ether  C^H^A'.  [80°].  (216°). 
Needles,  v.  sol.  alcohol  (Mylius,  B.  5,  972).  - 

Heptenyl  ether  C^H^A'.  [85°].  Formed 
by  the  action  of  phenyl  cyanate  on  the  heptenyl 
alcohol  got  by  reducing  suberone  (Markownikolf, 
C.  B.  110,  466).    Prisms  (from  alcohol). 

Glyceryl  ether  v.  Glyceeyl-tki-phenyl- 

TKI-CAEBAMATE. 

Phenyl  ether  NHPh.COJ>h.  [126°]. 
Formed  from  phenyl  cyanate  and  phenol 
(Gumpert  ;c/.  Hofmann,  £.4, 249).  Needles  (from 
benzene).    With  NH3Aq  it  forms  phenyl-urea. 

Phenylene  ethers.  The  0  [165°],97i  [164°], 
and  p  [207°]  compounds  are  got  by  heating  pyro- 
catechin,  resoroin,  and  hydroquinone  respectively 
with  phenyl  cyanate  (Snape,  B.  18,  2428). 

Phenylphenyl  ether  Ci-Hj.CgHjA'. 
[110°].  Formed  from  p-amido-diphenyl  and 
ClCO,Et  (Zimmermann,  B.  13, 1965). 

{a)-Naphthyl  ether  C,„H,A'.  [178-5°]. 
Slender  needles  (Leucliart  a.  Schmidt,  B.  18, 
2340 ;  Snape,  C.  J.  47,  776).  Decomposed  by 
heat  into  (a)-naphthol  and  phenyl  cyanate. 

-Naphthyl  ether  C,„H.A'.  [230°]. 
(L.  a.  S.);  [155°]  (S.).  Thick  prisms.  The 
tetrahydride  C,„H„O.CONPhH  [98-5°]  is 
formed  from  (;8)-naphthol  ac-tetrahydride  and 
phenyl  cyanate. 

Di-phenyl-carbamic  acid. 

Chloride  NPh,.COCl.  [85°].  Formed  from 
COOL  and  diphenylamine  in  CHCI3  (Michler, 
B.  9,  '396).    White  scales  (from  alcohol). 

Ethyl  ether  NPh.,.COJEt.  [72°].  (above 
360°).  Formed  by  heating  diphenylamine  with 
ClCO,Et  (Merz  a.'Werth,  B.  6,  1511 ;  Eager,  B. 
18,  2573).    Large  prisms  (from  benzene). 

Phenyl  ether  PhA'.  [104°].  Formed 
from  the  chloride  and  KOPh  (Lellmann  a.  Bon- 
hofi'er,  B.  20,  2122).  The  compound  C„H.,(NO,)A' 
[114°],  made  in  like  manner  from  o-nitrophenol, 
may  be  reduced  to  C„Hj(NH.,)A'  [191°].  The  m- 
and  nitro-phenyl  ethers  [90°]  and  [116°]  yield 
m-  and  2>  amido-phenyl  ethers  [133°]  and  [146°] 
(Lelhuann  a.  Benz,  B.  24,  2111). 

p-Tolyl-ether  C,B.,A'.    [81°].    (L.  a.  B.). 

References. — Amido-,    Bromo-,  Di-beomo- 

NITRO-,  N1TEO-,  NITBO-AMIDO-,  N1TEO-OXY-,  OXY-, 

OxY-AMiDo-,  and  Niteo-  phenyl-caebamic  acid 
and  ETHER. 

PHENYL-CARBAMINE  C,H,NC.  Mol.  w. 
103.  (167°).  S.V.  121-6  (Lessen,  A.  254,  73). 
Formed  by  distilling  aniline  with  chloroform 
and  alcoholic  potash  (Hofmann,  A.  144,  117). 
Stinking  liquid,  quickly  decomposed  by  acids 
into  aniline  and  formic  acid.  Changes  into  the 
isomeric  benzonitrile  by  heating  at  210° 
(Weith,  B.  6,  210).  Yields  phenyl-thiocarbimide 


DI-PHENYL-CARBINOL. 


on  heating  with  sulphur.  Mixed  with  propio- 
nitrile  and  ether,  it  yields,  by  successive  treat- 
ment with  sodium  and  water,  the  compound 
CPh(NH).CHMe.CN  [97°]  (Von  Meyer,  J.  pr. 
[2]  39,  189). 

Chloride  NPh.CCl,,.  (212°).  Formed  from 
phenyl-thiocarbimide  and  CI  (Sell  a.  Zierold, 
B.  7,  1228).  Pungent  liquid,  with  nasty  smell, 
yielding  s-di-phenyl-urea  when  heated  with 
water  at  100°. 

PHENYL-CARBAZIC  ACID.    The  crystal- 
line  salt  N,H,,Ph.CO.ON,,H,Ph  is  formed  by  the  ! 
action  of  CO,,  on  phenyl-hydrazine  and  water. 
It  is  deliquescent,  and  si.  sol.  water  and  ether 
(Fischer,  A.  190,  121). 

Methyl  ether  NHPh.NH.CCMe.  [117°]. 
Short  prisms  (Heller,  A.  263,  281).' 

Ethyl  ether  NHPh.NH.CO,Et.  [87°]  (F.) ; 
[82°]  (N.).  Formed  from  phenyl-hydra2;ine 
and  ClCO„Et  (E.  Fischer,  B.  22,  1936),  or 
AcC(C0„Et)3  (Nef,  A.  266,  107).  Needles.  Ac.,0 
forms  C,H-.N,HAc.CO.,Et  [103°]  (H.). 

PHENYL-se»u-CARBaZIDE  C-H,N30  i.e. 
NHPh.NH.CO.NH„.  [172°].  Formed  from 
potassium  cyanate  and  phenyl-hydrazine  hydro- 
chloride (E.  Fischer,  .4.  190,  113;  Freund,  B. 
21,  2463).  Formed  also  by  heating  phenyl- 
hydrazine  hydrochloride  (1  mol.)  with  urea  (2 
mols.)  at  160°  for  4  hours  (Pinner,  B.  20,  2358  ; 
21,  2329)  and  by  heating  di-pheuyl-carbazide 
with  urea  (Skinner  a.  Kuhemann,  C.  J.  53,  550  ; 

B.  20,  3373).  Prisms,  v.  sol.  hot  water.  Yields 
di-oxy-plienyl-triazole  [263°]  on  heating  with 
urea.  By  heating  at  160°  it  is  converted  into 
di-phenyi-urazine  C,^H,„N,0,  [264°]  and  other 
products.    COCl.,  forms 'C3H'N,0.,  [167°]. 

Benzoyl  derivative  NPhBz.NH.CO.NH,. 
[203°].  Formed  from  benzoyl-phenyl-hydrazine 
cyanate  (Michaelis  a.  Schmidt,  A.  252,  317). 

Di-phenyl-sfjfti-carbazide 

C,  H5NH.C0.N.,HPh.  [173°].  Formed  from 
phenyl-hydrazine  by  combination  with  phenyl 
cyanate  ;  and  also  by  heating  phenyl-hydrazine 
with  phenyl-urea  (Kiihn,  B.  17,  2884  ;  Skinner, 
C.  J.  53,  552).  Needles  or  plates  (from  alcohol 
or  benzene),  si.  sol.  water.  COCl,  in  benzene 
forms  CHi.NjO,,  [173°]  (Freund,  B'.  21,  2465). 

Di-phenyl-carbazide  CO(N.,H.,Ph),.  [151°] 
(S.  a.  K.);  [164°]  (E.  Fischer, 'U.  22,  1930). 
Formed  by  heating  phenyl-hydrazine  (2  mols.) 
with  carbamic  ether  (1  mol.)  (Skinner  a.  Kuhe- 
mann, C.  J.  53,  550  ;  B.  20,  3372).  Formed 
also  from  phenyl-hydrazine  and  COCl,  (Heller,  A. 
263,277).  Crystalline.  Forms  with  HgCl,  a  crys- 
talline compound  B'HgCl.,  not  melted  at  136". 
Alcoholic  potash  forms  a  red  solution  contain- 
ing di-phenyl-carbazone  N,,H.,Ph.CO.N:NPh 
crystallising  in  orange  needles  [157°].  Benzene 

and  CSCl,  form  CS<Q^^-^=^C.N:NPh  [170'] 

(Freund  a.  Kuh,  B.  23,  2833). 

PHENYL-CARBIMIDE  v.  Phenyl  isocyanatc, 
vol.  ii.  p.  315. 

DI  -  PHENYL  -  DI  -  CARBIMIDO  -  TETRA -p  - 
AMIDO-TETRA-TOLYL-DI-o-SULPHIDE 

p^N=KSi:&S:ic;i::Ni>^=Np^- 

p-tohjl-diphenyl-di-guanidine.  [c.  119°].  Formed 
by  heating  di-thiocarbonyl-tetra-amido-tetra- 
tolyl-di-sulphide  with  aniline  and  HgO  (Truhlar, 
B.  20,  674).    Amorphous  ;  v.  sol.  alcohol. 


DI-PHENYL-CARBINOL  C,,H,,0  i.e. 
Ph3,CH(0H).  Benzhydrol.  Mol.  w.  184.  [68°]. 
(298°).  S.  -05  at  20°.  Lutial  velocity  of  etheri- 
fication  22  (Menschutkin,  R.  1882,  162). 
Formed  by  reducing  benzophenone  with  sodium- 
amalgam  (Linnomann,  .4.  133,  6 ;  Beckmann, 
B.  22,  915)  ;  or  by  heating  benzophenone  with 
zinc  and  alcoholic  KOH  (Zagumenny,  A.  184, 
174).  Slender  silky  needles,  v.  e.  sol.  alcohol 
and  ether.  Converted  into  benzophenone  by 
oxidation  with  chromic  acid.  Bromine  forms  a 
dibromo-benzhydrol  [163°].  Zn  and  HOAc 
form  benzpinacone.  Zn  and  HCl  in  acetic  acid 
solution  reduce  it  to  tetra-phenyl -ethane.  Dis- 
tillation partly  resolves  benzhydrol  into  water 
and  benzhydrolio  ether.  forms  C„,-H,„(SH)., 

[151°]  and  oily  Ph,CH(SH)  (Engler,  B.  11,  922)1 

Ethyl  derivative  C,3H,,0Et.  (288°). 
S.G.  —  1-03.  From  benzhydrol,  alcohol,  and 
H,,SO„  or  from  Ph..CHBr  and  alcoholic  KOH 
(Friedel  a.  Balsohn,  Bl.  [2]  33,  339).  Liquid. 

Isoamyl  derivativeC, ^HifiCJIi,.  (310°). 

Chloride  Ph.,CHCl.  [14°].  From  benz- 
hydrol and  HCl  (Engler  a.  Bethge,  B.  7,  1128). 

Bromide  FliXUBr.  [45°].  From  di-phenyl- 
methane  and  bromine  at  150°  (F.  a.  B.).  Water 
at  150°  decomposes  it  into  benzhydrol  and 
benzhydrolio  ether.  Cone.  NHjAq  forms  mono- 
and  di-benzhydryl-amine  (Friedel  a.  Balsohn. 
Bl.  [2]  33,  .587). 

Aceti/l  derivative  Ph.,CH.OAe.  [42°]. 
(302°).  S.G.  ^  1-49.  Prisms,  v.  sol.  alcohol, 
acetic  acid,  and  ether  (Vincent,  Bl.  [2]  35,  304). 

Benzoyl  derivative  Ph.,CH.OBz.  [89°]. 
Non-volatile.    Trimetric,  a:b:c  =  1 :  -477  :  -068. 

Succinyl  derivative 
(Ph,CH.O),:C,0,:C,H,.   [142°].   Gives,  on  distil- 
lation, succinic  acid  and  benzhydrolene  C|3H,„ 
[210°]. 

Anhydride    C,,H.,„0   i.e.    Ph.C— CPh..(?) 

'\/  ' 
O 

[111°].  (315°)  at  745  mm.  From  benzhydrol 
by  long  boiling  with  water  or  by  treatment  with 
PCI3,  BzCl,  or  diluted  H,S0,.  Monoclinic 
crystals  (from  benzene).  Reduced  by  zinc  and 
HCl  in  HOAc  to  tetra-phenyl-methaue  (Zagu- 
menny, J.  B.  12,  431).  Zincke  a.  ThOrner  {B. 
11,  1398)  obtained  this  anhydride  by  heating 
benzpinacone,  C,^„H.„0.,,  and  consequently 
assume  the  formula  C,^,H.„0. 

References. — Di-ajiido-,  Di-bromo-,  and  Oxi- 

DI-PHENYL-CAKBIXOL. 

Tri-phenyl-carbinol  C,<,H,60  i.e.  CPh^-OH. 
Mol.  w.  260.    [159°].    (above  360°). 

Formation.  —  1.  By  boiling  tri-phenyl- 
methane  with  chromic  acid  mixture  (Hemilian, 
B.  7,  1203).— 2.  From  CPhjBr  and  water.— 3. 
By  the  action  of  water  on  CPh.,Cl  got  from 
AlCl,,  benzene,  and  CCl^,  or  CCI3.COCI  (Friede 
a.  Crafts,  A.  Ch.  [0]  1,  499  ;  Hentschel,  /.  pr. 
[2]  36,  311).— 4.  By  heating  its  dicarboxylic 
acid  with  baryta  (Hemilian,  B.  19,  3073). 

Properties. — Six-sided  ijlates,  v.  sol.  alcohol. 

Acetyl  derivative  CPh,.OAc.  [99°]. 
Prisms  (Allen  a.  Kolliker,  A.  227,' 116). 

Methyl  ether  CVh..,.0'^le.  [82°].  Lamina?. 

Ethyl  ether  CVh.,.Om.  [79°]  (F.  a.  C.) ; 
[83°]  (A.  a.  K.). 

Chloride  v.  Chloko-tri-phenyl-methane. 
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DI-PHENYL-CARBINOL  CAEBOXYLIC  ACID. 


DI- PHENYL -CARBINOL  CAEBOXYLIC 

ACID  V.  Oxy-BENZYL-BENZOIC  ACID. 

Di-phenyl-carbinol  dicarboxylic  acid 

CH(OH)(CsH,.CO,H),.  Formed  by  heating 
benzil  di-o-carboxylic  (dipiithalylic)  acid  with 
KOHAq  (50  p.c.)  at  130°  for  5  minutes  (Graebe 
a.  Juillard,  A.  242,  238).  The  acid  sphts  up  at 
the  moment  of  liberation  into  water  and  anhy- 
dride.— BaA"  aq. 

Anhydride  C,,'El,„0,.  [203°].  S. -022  at 
23°.  Formed  as  above,  and  also  by  reducing 
benzophenone  di-o-carboxylic  acid.  Monoclinic 
crystals  (from  alcohol).  On  heating,  it  yields  a 
white  sulalimate  [172°]  reconverted  by  treatment 
with  NaOHAq  and  HCl  into  the  original  an- 
hydride. Phenyl-hydrazine  gives  C,,H,„N„03. 
H.,SO^  and  HNO3  give  C,5Hs(NO„),04  [c.  275°], 
which  forms  EtA'  [148°].— Ba(C,5H,0 J.,  2iaq.— 
CuA',  3aq.-AgA'.— C,5H,MeA'.  [155°].-EtA'. 
[100°].— C„H503(NH2).    [160°].  Needles. 

Isomeride  v.  Oxy-benzyl-isophthalic  acid. 

Di-phenyl-carbinol  tri-carboxylic  acid 
C(OH)  (CO.,H)  (C„H,.CO„H)„. 

Anhydride  G,,'a,,0^.  [170°].  Formed  by 
heating  benzil  di-o-carboxyUc  acid  with  NaOHAq 
(4  p.c.)  at  112°  for  3  minutes  (G.  a.  J.).  Minute 
crystals,  si.  sol.  cold  water.  Gives  off  CO.2  on 
heating,  yielding  the  anhydride  of  di-phenyl- 
carbinol  dicarboxylic  acid. 

Ethers  of  the  anhydride  Me.A".  [148°]. 
— Et^A".    [108°].    Prisms,  v.  sol.  alcohol. 

Tri-phenyl-carbinol  o-carboxylic  acid 
'<CPh2(OH).C6H^.CO.,H.    The  Na  salt  is  formed 
by  heating  di-phenyl-phthalide  with  NaOHAq, 
but  the  acid  splits  up  on  liberation  into  water 
and  its  anhydride,  di-phenyl-phthalide  (Baeyer, 

A.  202,  50). 

Tri  -  phenyl  -  carbinol  w  -  carboxylic  acid. 
[162°].  Formed  by  oxidation  of  di-phenyl-77i- 
tolyl-methane  with  CrOj  and  HOAc  (Hemilian, 

B.  16,  2369).    Trimetric  plates. 
Tri-phenyl-carbinol  p-carboxylic    acid  (?). 

[187°].  Formed  by  oxidation  of  CHPh„.C,H,,.CHO 
(Oppenheim,  B.  19,  2028)  or  of  di-phenyl-tolyl- 
methane  (Hemilian,  B.  7,  1210).  Needles. — 
BaA'„7aq.    Needles,  v.  si.  sol.  cold  water. 

Tri-phenyl-carbinol  dicarboxylic  acid.  An- 
hydride cph,<-;g"^^(^Qgj>. 

Di-phenyl-phtlialide  carboxylic  acid.  [246°]. 
Formed  by  oxidation  of  di-phenyl-?/-xylyl- 
methane,  di-phenyl-tolyl-methane  o-carboxylic 
acid,  di-phenyl-tolyl-carbinol  7M-carboxylic  acid, 
or  di-phenyl-methyl-phthalide  (Hemilian,  B.  16, 
2372).  Crystals,  v.  sol.  alcohol  and  HOAc. 
Yields  benzophenone  and  terephthalic  acid  on 
fusion  with  potash.  Zinc-dust  and  NaOHAq  re- 
duce it  to  tri-]phenyl-methane  dicarboxylic  acid. 

Tri-phenyl-carbinol  dicarboxylic  acid 
C„H„03  i.e.  CPh,(0H).C,H3(C0^),  [1:3:4]. 
[180°].  Formed  by  oxidation  of  di-phenyl-xylyl- 
methane  with  K..Cr.,0;  and  H^SO^Aq  (Hemilian, 
B.  19,  3072).  Needles  (from  water),  v.  e.  sol. 
alcohol.  On  fusion  it  yields  an  amorphous 
anhydride  C,,H,,04.  On  fusion  with  Ba(0H)2 
it  forms  tri-phenyl-carbinol. — Ag.^"  :  pp. 

Tri-phenyl-carbinol  dicarboxylic  acid 
CPh,(0H).C„H3(C0,H),  [1:2:4].  Anhydride 
C2,H,^04.    Di-phenyl-phthalide  carboxylic  acid. 
[228°].    Formed  by  oxidation  of  the  correspond- 


ing di-phenyl-xylyl-methane  (H.).  Tables  (cur- 
taining EtOH).— CaA'„3aq. — AgA' :  needles. 

DI-PHENYL-CARBISrYLAMINE  Ci^HisN  i.e. 
CHPhj.NHa.  Benzhydrijlamine.  Exo-amido- 
di-phenyl-methane.  (289°).  Formed,  together 
with  tetra-phenyl-di-carbinyl-amine,  by  leaving 
benzhydryl  bromide,  CHPh.,Br,  with  cone. 
NH,Aq  for  48  hours  (Friedel  a'.  Balsohu,  Bl.  [2] 
33,  587).  Got  also  by  reducing  benzophenone- 
oxim  in  alcoholic  solution  by  sodium-amalgam 
and  acetic  acid  (Goldschmidt,  B.  19,  3233). 

Properties. — Alkaline  liquid,  absorbing  CO2 
from  the  air. 

Salts.— B'HCl:  [270°] ;  long  needles,  si.  sol. 
cold  water. — B'.R.PtCle  2aq  :  laneet-like  needles 
(L.  a.  B.) ;  B'HjPtClsaq  (G.).— "B'^H.COj.  [91°]. 

Formyl  derivative  Plu'CH.NH.CHO. 
[132°].  (360°).  Formed,  almost  quantitatively,  by 
iieating  benzophenone  with  ammonium  formate 
at  200°-220°  (Leuchart  a.  Bach,  B.  19,  2129). 

Urea  Ph,CH.NH.CO.NH„.  [143°]  (L.  a.  B.). 

Tetra-phenyl-di-carbinyl-amine  (Ph2CH)2NH. 
[136°].  Prepared  as  above,  crystallises  from 
alcohol  in  slender  needles,  not  affected  by  Mel 
or  AcCl  at  100°  (F.  a.  B.). 

Tri-phenyl-carbinyl-amine  CPhj.NH.,.  [103°]. 
Formed  by  passing  dry  NH3  through  a  solution  of 
CPh,Br  in  benzene  (Hemilian  a.  Silberstein,  Bl. 
[2]  43,  118;  B.  17,  741 ;  cf.  Nauen,  B.  17,  442). 
Needles,  si.  sol.  cold  alcohol.  Yields  B'HCl, 
B'„H.,PtCl,  7iaq,  CPh^NHMe  [73°],  CPh^NMe., 
[97°]^  CPhjNHPh  [145°],  CPh^NHCH.Jh  [110°], 
and  the  acetyl  derivative  CPh^.NHAc  [208°]. 
Forms  a  crystalline  oxalate  [253°]  (Elbs,  B.  17, 
701),  and  the  compounds  C,gH,.NBr„,  B'lji  and 
B'J,. 

PHENYL-CARBINYL  CHLORIDE  v.  Chloro- 

TEI-PHENYL-METHASE. 

TRI-PHENYL  -  CARBINYL  -  MALONIC 
ETHER  CPh3.CH(CO,Et)2.  [133-5°].  Got  from 
sodium  malonic  ether  and  CPh^Br  (Henderson, 
B.  20,  1014).    Needles  (from  alcohol). 

TRI-PHENYL-CARBINYL  SULPHOCYAN- 
IDE  CPhj.NCS.  [137°].  Formed  from  CPh.,Br 
and  ammonium  sulphocyanide  (Elbs,  B.  17, 700). 

TRI  -  PHENYL  -  CARBINYL  -  TOLUIDINE 
CPh3.NHC,H,.  The  o  [142°]  and  p  [177°]  com- 
pounds are  formed  from  CPh,,Br  and  o  and  p 
toluidine  respectively  (Elbs,  B.  17,  706).  The 
p-  compound  yields  a  crystalline  nitrosamine 
[145°-148°]. 

PHENYL-CARBIZINE.    Formyl  deriva- 

tiveCJlJ^-C^^-^^^.    [72°].    (256°).  Formed 

by  the  action  of  COCL  in  benzene  on  the 
phenyl-hydrazide  of  formic  aldehyde  (Freund, 
B.  21,  1240,  2458).  Needles  (from  CS,),  v. 
sol.  alcohol  and  ether.  Decomposed  by  boiling 
Na^CO.jAq  into  C0„,  and  the  phenyl-hydrazide 
of  formic  aldehyde. 

Acetyl  derivative  C0<^^^'^.  [94°]. 

(280°).  Formed  in  like  manner  from  acetic  alde- 
hyde. Monoclinic  prisms  ;  a:b:c  =  l'210:l:l-557  ; 
i8  =  73°  23'. 

Propionyl  derivative.    [63°].  Needles. 

/NBz 

Benzoyl  derivative  CIO<^j^jpj^.  [114°]. 

Needles  (from  alcohol)  or  plates  (from  HOAc). 
PHENYL  CARBONATES. 
Phenyl-carbonic  acid  '  C^H^O.COoH. 


DIPHENYL  CARBOXYLIC  ACID. 
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Sodium  salt  PhO.COoNa.  Prepared  by 
treating  dry  sodium  phenylate  in  the  cold  for  a 
month  with  CO.j  until  it  has  taken  up  the  calcu- 
lated quantity  of  the  gas.  The  product  is  a  very 
hygroscopic  powder. 

Reactions. — 1.  With  water  it  gives  off  half 
its  CO.  in  gaseous  form:  2PhO.CO.,Na  +  H,0 
=  PhONa  +  PhOH  +  NaHC03  +  CO,,.— 2.  At  120° 
it  splits  up  into  CO.,  and  PhONa. — 3.  Heated 
rapidly  to  180°-200°  it  gives  off  smaller  quanti- 
ties of  CO,  together  with  phenol,  the  residue 
being  sodium  salicylate. — 4.  In  a  sealed  tube 
at  120°-130°  for  several  hours  it  changes  com- 
pletely to  sodium  salicylate  :  Cj;H^O.CO.,Na 
=  C,,H,(OH)CO..Na  (E.  Schmilt,  J.  pr.  [2]  31, 
408). 

Di-phenyl  carbonate  C,,H,„0,  i.e.  CO(OPh)„. 
[78T  (Kempf,  J.pr.  [2]  1,404;  Hentschel,  J.  pr. 
[2]  27,  41  ;  36,  315) ;  [88°]  (Kichter,  J.  pr.  [2] 
27,  41).  (303°).  Formed  by  passing  COCl,  into 
an  aqueous  solution  of  NaOPh,  or  into  phenol 
containing  AlCl,.  Formed  also  from  ClCOXCl,, 
phenol,  and  AlCl.,.  Needles  (from  alcohol). 
Alcohohc  potash  forms  phenol  and  K.>CO.,. 
NaSEt  gives  NaSPh  and  (EtS).,CO  (Seiffert, 
J.pr.  [2]  31,  464). 

References. — Di-bkomo-  and  Niteo-  phenyl 

CAEBONATE. 

DIPHENYL  o-CARBOXYLIC  ACID  C.^H,,,©, 
i.e.  C6H,.C„H,.C0,,H  [1:2].  Phenyl-benzoic  acid. 
Mol.  w.  198.  [111°].  Formed  by  potash-fusion 
from  diphenylene  ketone  (Fittig  a.  Ostermaier, 
B.  5,  933  ;  A.  166,  374  ;  Schmitz,  A.  193,  115). 
Formed  also,  together  with  diphenylene  ketone 
oxide,  by  distilling  sodium  salicylate  with  tri- 
plienyl  phosphate  (E.  Eichter,  J.  pr.  [2]  28,  305). 
Small  needles  (from  hot  alcohol),  m.  sol.  hot 
water. — KA'aq. — BaA'.aq. — CaA'.,2aq. — AgA'. 

Ethyl  ether  EtA.'.  (300°-305^). 

Tetrahydride  C,iH5.C,H,„.C0,H.  Phenyl- 
hexamethylene  carhoxylic  acid.  [105°].  Formed 
by  heating  the  corresponding  dicarboxylic  acid, 
and  by  the  hydrolysis  of  phenylhexamethylenyl 
methyl  ketone  carboxylic  ether  (Kipping  a. 
W.  H.  Perkin,  jun.,  C.  j.  57,  319).  Eosettes  of 
crystals  (from  ligroin). — AgA':  amorphous  pp. 

Diphenyl  wi-carboxylic  acid 
CJI,.CJI,.CO^K.  [161°].  Formed  by  oxidation 
by  chromic  acid  and  HOAc  from  [1:3]  CjH|Ph„, 
from  C.HjPhMe,  and  from  C,H^Ph.CH,Br 
(Schmidt  a.  Schultz,  A.  203,  1.32 ;  Adam,  A.  Ch. 
[6]  15,  243).  It  is  also  a  product  of  the  fusion 
of  benzoic  acid  with  potash  (Earth  a.  Schreder, 
M.  3,  808).  Leaflets  (from  alcohol),  si.  sol. 
water.  Yields  isophthalic  acid  on  oxidation. — - 
NaA',  2aq. — CaA'j  3aq. — BaA'„  SJaq  :  needles.  — 
BaA'Uiaq. 

Ethyl  ether 'EtA.'.     (above  360°).  Oil. 

Diphenyl  p-carboxylic  acid  C,,H-.CsH^.CO,H. 
[219°].  Formed  by  saponification  of  its  nitrile, 
which  is  got  by  heating  potassium  diphenyl 
sulphonate  with  KCy  in  a  current  of  dry  CO, 
(Doebner,  A.  172,  109).  Formed  also  by  oxida- 
tion of  [1:4]  C,H,Ph..  or  [1:4]  C.H^PhMe 
(Schultz,  A.  174,  213  ;  Carnelley,  C.  J.  37,  713). 
It  is  also  a  product  of  the  fusion  of  benzoic  acid 
with  potash.  Tufts  of  needles  (from  alcohol), 
V.  si.  sol.  hot  water.  May  be  sublimed.  Yields 
terephthalic  acid  on  oxidation — BaA'.,. — CaA'.,. 

Ethyl  ether  mk'.   [46°].  Prisms. 

Nitrile  C,2H„.CN.    [85°].  Crystals. 


.4?iiZiVZe  C,„H<,.CO.NHPh.  [224°].  Got  by 
heating  C,.,H,.C(N0H).C6H5  with  HOAc,  Ac.O, 
and  dry  HCl  at  100°  (Roller,  M.  12,  503). 

Diphenyl  di-o-carboxylic  acid  C„H|„0.  i.e. 
[2:l]CO..H.C„H,.C„H,.CO.,Hri:2].  Diphcnic  acid. 
Uo\.  w.  242.  [228°].  Formed  by  the  oxidation 
of  phenanthraquinone  or  phenanthrene  (Fittig 
a.  Ostermayer,  A.  166,  361;  Schmitz,  A.  193, 
116).  It  is  also  produced  when  phenanthra- 
quinone is  boiled  with  cone,  alcoholic  potash 
(Anschiitz  a.  Schultz,  A.  196,  50  ;  203,  97). 
Plates  or  prisms,  m.  sol.  hot  water.  May  be 
sublimed.  By  exhaustive  chlorination  with  SbCl^ 
it  yields  perchloro-diphenyl,  together  with  a 
small  quantity  of  perchloro-benzene  (Merz  a. 
Weith,  B.  16,  2872).  Distillation  over  with 
red-hot  CaO  yields  diphenylene  ketone  ;  distilla- 
tion with  Ca(OH)j  gives  diphenyl. 

Salts. — BaA"4aq:  v. sol. water. — CaA"  2iaq. 
— MgA"4aq. — Ag,A"  :  bulky  white  pp. 

Methyl  ethers  Me.A''.  [73-5°].— MeHA". 
[110°].  Plates,  m.  sol.  water.  Got  by  boiling 
the  anhydride  with  Me  OH. 

Ethyl  ethers  Et.,A".  [42°].  Crystals, 
insol.  Aq  (Hummel,  A.  193, 128).— EtHA".  [88°]. 

Anhydride  ch'cO^^-  [21^°]. 
Formed  by  boiling  the  acid  with  AcCl  or  Ac.,0 
(Anschiitz,  B.  10,  1884  ;  13,  1302  :  Graebe, 
B.  20,  848;  A.  247,  261).  Needles,  insol. 
water,  sol.  alcohol.  Decomposed  by  heat  into 
CO.,  and  diphenylene  ketone.  H.,sb4  at  100° 
forms  diphenylene  ketone  carboxylic  acid  [217°]. 
Phenyl-hydrazine  forms  the  crystalline  compound 
CO.,H.C„H,.C,H,.CO.N.,H.,Ph  [174°  cor.]  which  at 

250°  yields  ^'^^'■^Q>N.NHPh  [150°].  Benzene 

and  AICI3  form  an  acid  [148°]. 

Chloride  C,„H,(C0C1).,.  [98°].  Formed 
from  the  anhydride  and  PCI5.  Yields  di-oxy- 
phenanthrene  on  reduction. 

Amide  C,.,Hs(CO.NH.,)„.  [212°].  Formed 
by  warming  the  imide  with  cone.  NH.,Aq. 

Amic  acid  C,.,H,(CO.,H)(CONHJ.  [193°]. 
Got  by  boiling  the  anhydride  with  NH.,Aq. 
Plates  (from  alcohol).  Converted  by  heat  into 
the  imide. 

Imide  ^«^'-^Q>NH.    [220°].    Formed  as 

above,  and  also  by  the  action  of  cone.  HClAq 
on  the  mono-oxira  of  phenanthraquinone 
(Wegerhoff,  A.  '25-2, 18).  Needles  (from  alcohol), 
si.  sol.  hot  water.  Yields  an  acetyl  derivative 
[92°],  and  forms  C„H60.,(NNa),  C,,H,0..(NAg), 
and  C,^H,0,,(NMe). 

Diphenyl  oxi-dicarboxylic  acid 
[2:1]  C0.,H.C„H,.C,H,.C0.,H  [1:3].  Isodiphenic 
acid.  [216°].  Formed  by  fusing  diphenylene 
ketone  carboxylic  acid  with  potash  (Fittig  a. 
Lieppmann,  B.  12,  163;  A.  193,  155;  200,  9). 
Needles  (from  hot  water).  Yields  diphenylene 
ketone  on  heating  with  lime.  Gives  isophthalic 
acid  on  oxidation  with  CrO.,. — BaA"  6aq.  Crys- 
talline.—  CaA"  2aq. — Ag.,A":  pp.,  si.  sol.  hot  water. 

Methyl  ether  Me.,A".  [69-5°]. 

Ethyl  ether  ELA".    Thick  oiL 

Diphenyl  oij-di-carboxylic  acid 
[2:1]  C0.,H.C„H4.C,Hj.C0.,H  [1:4].  [252°]. 
Formed  by  saponification  of  its  nitrile  [153°] 
which  is  got  by  Sandmeyer's  reaction  from  op- 
di-amido-diphenyl  (Eeulaiid,  B.  22,  3018). 
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Diphenyldi-TO-carboxylic  acid,  [above  340°].  [ 
Formed  by  the  action  of  nitrous  acid  on  di-p- 
amido-diphenyl  dicarboxylic  acid   (Griess,  B. 
21,  982).     Small  needles,  almost  insol.  cold 
water. — BaA"  3iaq  :  crystalline  aggregates. 

Diphenyl  di-^J-carboxylic  acid 
[4:1]  C0,H.C,Hj.CsH,.C0„H[l:4].  Formed  by 
saponification  of  its  nitrile,  and  also  by  oxida- 
tion of  i?-ditolyl  (Doebner,  B.  9,  129,  272  ;  A. 
172,  109).  Amorphous  powder,  nearly  insol. 
most  solvents. — CaA"  :  insoluble  pp. — BaA". — 
AgoA"  :  white  pp. 

'Ethyl  ether  Et.,A".    [112°].  Prisms. 

Nitrile  ^..^^(CN)..  [234°].  Formed  by 
heating  potassium  diphenyl  disulphonate  with 
ECy.    Needles  (from  alcohol). 

Biphenyl  dicarboxylic  acid 
Cja.,.C,B.,{GOJl).,  [1:3:5].  [c.  310°].  Formed 
by  heating  benzoic  aldehyde  with  CHj.CO.COoH 
and  baryta-water  (Doebner,  B.  23,  2381 ;  24, 
1750).  Crystals,  v.  si.  sol.  cold  HOAc.  Yields 
diphenyl  on  distillation  with  lime. — BaA"4iaq  : 
needles.— CaA".— CuA". 

Diphenyl  tricarboxylic  acid 
C,5H,„0«  i.e.  CO,H.C6H,.C,H3(CO,H),.  Formed 
by  fusing  diphenylene  ketone  dicarboxylic  acid 
with  KOH  (Bamberger  a.  Hooker,  B.  18,  1035 ; 
A.  229,  IGO).  White  crystalline  powder,  v.  sol. 
alcohol  and  ether,  si.  sol.  hot  water. — Pb3A"'2: 
insoluble  crystalline  pp. — Ag^A"',  white  pp. 

Beferences. — Amido-,  Bkomo-,  Iodo-,  Niteo-, 
and  OxY-  diphenic  and  diphenyl  cabbosylic 

ACIDS. 

PHENYL-CETYL-AMINE  v.  Cetti-aniline. 
PHENYL-CHELIDAMIC    acid   v.  Cheli- 
donic  acid. 

PHENYL-CHLORO-ACETIC  ACID  v.  Chloro- 

PHENYL-ACETIC  ACID. 

PHENYL  CHLOEO-BENZYL  KETONE 

CeHj.CO.CHCl.C.H^.  [65°].  (Curtius,  J.  pr.  [2] 
44,  547).  Formed  by  reducing  phenyl  diehloro- 
benzvl  ketone  with  iron  and  acetic  acid  (Lacho- 
vitch,  B.  17,  1163).    V.  sol.  alcohol. 

Phenyl  di-chloro-benzyl  ketone 
CbHs.CO.CCL.C^Hj.  [71°].  (Zinin,  A.  119, 177) ; 
[61°]   (L.).  "  Formed  from   benzil  and  PCl,. 
Prisms  (from  ether).    Eeduced  by  zinc  and  HCl 
to  phenyl  benzyl  ketone. 

PHENYL  CHLOKO-BENZYL  SULPHONE 
CjHs.CO.CHCl.CsH,.  Formed  by  heating  benzyl- 
idene  chloride  with  CjH^j.SCNa  and  alcohol  at 
150°  (Otto,  J.pr.  [2]  40,  517).    Needles  (from 
HOAc),  si.  sol.  hot  alcohol. 

PHENYL-CHLORO-ETHANE    v.  Chloeo- 

ETHTL-BENZENE. 

PHENYL     CHLORO-ETHYL     OXIDE  v. 

Chloro-ethyl  derivative  of  Phenol. 

PHENYL  CHLORO-ETHYL  SULPHONE 
C,H5.S0,.CH,.CH,C1.    [56°].    Formed  by  the 
action  of  PCL,  or  HCl  on  phenyl  oxy-ethyl 
sulphone  (Otto',  J",  pr.  [2]  30,  197).  Six-sided 
tablets  (from  benzene),  si.  sol.  water. 

Reactions. — 1.  Boiling  with  alcohol  and  Ag.,0 
converts  it  into  C.Hj.SOo.CoH.OH.  —  2.  By 
heating  with  C^H^SO^Na  in  alcoholic  solution  it 
is  converted  into  (C|iH,.S02)„C.,H,. — 3.  Sodium- 
amalgam  reduces  it,  in  alcoholic  solution,  to 
benzene  sulphinic  acid. — 4.  Alcoholic  NaOEt 
forms  CsH5.S0,.G,H,0Et.  —  5.  Converted  by 
heating  in  sealed  tubes  with  dry  Ag,0  and 
benzene  into  (C5H5.SO2.C2HJ.jO.--6.  Ammonia 


I  forms  (C,H5.S0„.C.,H,).NH.— 7.  Alcoholic  KHS 
produces  (CsH5.S02.C,,Hj)2S.  [124°]. 

Phenyl  chloro-ethyl  sulphone 
C,H,.S02.CHC1.CH3.  [52°].    Formed  by  heating 
aqueous  CH^.CClj.COjNa  (1  mol.)  with  sodium 
benzene  sulphinate  (2  mols.)  at  100°  (Otto,  J.pr. 
[2]  40,  532).    Crystals  (from  alcohol). 

PHENYL-CHLORO-IMESATIN  v.  Isatin. 
PHENYL  CHLORO-METHENYL  DI-ETHYL 
TRI-SULPHONE  CCI(SO,Ph)(SO.,Et)„.  [130°]. 
Got  by  chlorinating  CH(Sb.,Ph)(SO.,Et),  (Laves, 

B.  25,  363).    Plates,  si.  sol.  hot  water.  ' 
TEI-PHENYL  CHLORO-METHENYL  TRI- 
SULPHONE   CCl(S0oPh)3.     [260°].     Got  by 
chlorinatuig  CH(S0,,Ph)3  (Laves,  B.  25,  350). 

PHENYL  CHLORO-METHYL  KETONE  v. 
&)-Chloro-acetophenone. 

PHENYL  CHLORO-METHYL  SULPHONE 

C.  Hj.SOj.CHXl.  [53°].  Formed  by  boiling  an 
aqueous  solution  of  CjH,,SO,Na  (2  mols.)  with 
CHCl2.C02Na  (1  mol.),  the  yield  being  nearly 
the  theoretical  quantity  (Otto,  J.  pr.  [2]  40,  527  ; 

B.  2J ,  656).  Formed  also  from  C.H^.SOaNa  and 
CH,,CL. 

iPhenyl  di-chloro-methyl  sulphone 

C„H5.S0.,.CHCU.  [59°].  Formed  by  treatment 
of  C„H,,.SO,.CH2.C02H  with  CI  in  difiused  day- 
light (Otto,  J.  pr.  [2]  40,  541).  Monoclinic 
prismatic  tables,  v.  sol.  hot  alcohol. 

PHENYL-CHLORO-NAPHTHYL-AMINE. 
Benzoyl  derivative  C.H^NBz.CioH.Cl.  [152°]. 
Formed  from  NPhBz.C,(,H,  and  PCl^  (Claus  a. 
Eichter,  B.  17,  1590).    Needles,  sol.  alcohol. 

PHENYL  -  CHLORO  -  NITRO  -  PHENYL  -  HY  - 
DRAZINE  C5H-.N2H2.C„H3C1(N02)  [1:4:6].  [140°]. 
Formed  from  phenyl-hydrazine  and  C,.H3C1(N02)„ 
in  the  cold  (WiUgerodt,  J.pr.  [2]  37,  355).  Bed" 
prisms  (from  alcohol  and  ether). 

PHENYL  TRI  -  CHLORO  -  OXY  -  PROPYL 
KETONE  C,H5.COCHo.CH(OH).CH3.  [66°]  and 
[77°].  Got  from  acetophenone,  chloral,  and 
HOAc  (Koenigs,  B.  25,  795).  V.  si.  sol.  waier. 
Converted  by  H^SO^  into  C6H,.CO.CH:CH.CCl3 
[102°]. 

PHENYL  CHLORO-PHENYL  HYDRAZINE 

C,  H,.N2H,.C„H,C1  [1:4].  [90°].  Formed  by  re- 
ducing CjHj.Nj.C^HjCl  with  alcoholic  ammonium 
sulphide  (Pieumann  a.  Mentha,  B.  19,  1688). 

PHENYL  CHLORO-PHENYL  KETONE  v. 
Chloeo-benzophenone. 

PHENYL-CHLOEO-PROPIONIC  ACID  v. 
Chloro-phenyl-propionic  acid. 

PHENYL  w-CHLORO-^j-TOLYL  KETONE 
C,jH5.CO.C„H,.CH2Cl.  BenzmjlberLzyl  chloride. 
[98°].  Formed  by  chlorination  of  phenyl  j?-tolyl 
ketone  at  110°  (Thorner,  A.  189,  89).  Silky 
needles  (from  dilute  alcohol).  May  be  sublimed. 
On  further  chlorination  at  135°  it  yields  phenyl 
dichlorotolyl  ketone  or  benzoyl  benzylidene 
chloride  C,H5.CO.C„H,,.CHCl2  [95°]  and,  at  155°, 
phenyl  tri-chloro-tolyl  ketone  or  benzoyl-benzo- 
trichloride  CA.CO.C.H^CCl,  [111°],  which  is 
converted  by  PCI,  into  C6H5.CCl2.C,H^.CCl3  [80°] 
crystallising  in  thin  plates. 

PHENYL-CHRYSYL-THIO-UREA 
C,H,NH.CS.NH.C,jH„.    [186°].    Formed  from 
phenyl-thiocarbimide    and  chrysylamine  and 
from  chrysyl-thiocarbimide  and  aniline  in  benz- 
ene solution  (Abegg,  B.  24,  957).  Crystals. 
PHENYL -CINCHONIC    ACID   v.  Phenyl - 

QUINOLINE  CAEBOSYLIC  ACID. 


PHENYL-CUMINYL-UREA. 
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PHENYL -CINCHONIDINE  C,<,H,,PhN,0. 
Formed  in  two  modifications  (an  oil,  sol.  ether, 
and  an  amorphous  powder,  insol.  ether)  by  heat- 
ing cinchonidine  with  aniline  (Glaus  a.  Batcke, 
B.  13,  2194).    Both  give  B"H..PtCl6  2aq. 

PHENYL-CINNAMIC  ACID  C.^H.^O^  i.e. 
CeH5.CH:CPh.C0,H.  [170°].  Formed  by'saponi- 
fying  the  nitrile  or  heating  sodium  jahenyl- 
acetate  with  benzoic  aldehyde  and  Ac.,0  at  150° 
(Oglialoro,  G.  9,  429).  Needles,  sol.  alcohol  and 
ether,  v.  si.  sol.  cold  water.  Eeduced  by  sodium- 
amalgam  to  a/3 -di- phenyl -propionic  acid. — 
BaA'„4aq  :  micaceous  plates. 

Methyl  ether  MeA'.  [78°]  (Cabella,  G. 
14,  114).    Needles  (from  dilute  alcohol). 

Nitrile  C,H,CH:CPh.CN.  Phenyl- stynjl 
cyanide.  [87°].  (360°  cor.).  Formed  by  the 
action  of  benzyl  cyanide  on  benzoic  aldehyde  or 
benzylidene  chloride  in  presence  of  NaOEt  or 
solid  NaOH  (Pvossolymo,  B.  22,  1235  ;  Meyer, 
A.  250,  124;  Janssen,  A.  250,  129;  Neure,  A. 
2.50,  155;  Frost,  A.  250,  157).  White  plates 
(from  alcohol).  Yields  CHPhBr.CPliBr.CN  [130°] 
and  CHPhCI.CPhCl.CN.  [168°]. 

o-Carboxylic  acid.  Imide 

QH,<^^<J^i^^^.  [174°].  Formed  by  heat- 
ing the  imide  of  carbosy-phenyl-acetic  acid  (vol.  i. 
p.  706)  with  benzoic  aldehyde  (Gabriel,  B.  20, 
1205).  Needles. 

References. — Niteo-   and  Oxy-  phenyl-cin- 

NAMIC  ACID. 

PHENYl-CINNAMYL-HYDEAZINE 

CHPh:CH.CH,.NPh.NH,.    [54°].    Formed  from 
sodium  phenyl-hydrazine  and  cinnamyl  bromide 
(Michaelis,  B.  22,  2233).    Crystals.  ! 
PHENYL-CINNAMYL  KETONE  v.  Phenyl  ' 

STYEYL  KETONE. 

PHENYL-p-COUMARIC  ACID  [1:4] 
CeH,(OH).CH:CH.CO,H.  [219°].  Formed  by 
heating  ^j-oxy-benzoic  aldehyde  with  Ac„0  and 
sodium  phenyl-acetate  and  boiling  the  resulting 
acetyl  derivative  with  baryta-water  (Oglialoro, 
0. 13,  173). — AgA' :  nearly  insol.  water. 

Acetyl  derivative.  [170°]. 

Methyl  ether  MeA'.  [170°]. 

Ethyl  ether  F.tA'.  [152°]. 

Methyl  derivative.  [189°].  Vol.iii.p.738. 

PHENYL-COUMARIN  C,-,H,(,0...  [140°]. 
Formed,  together  with  C,H,(0Ac).CH:CPh.C02H, 
by  heating  salicylic  aldehyde  with  sodium 
phenyl-acetate  and  Ac.O  for  8  hours  at  150° 
(Oglialoro,  G.  9,  428).    Prisms,  sol.  ether. 

Mojio-sitlphonic  acid  C|5Hg02(S03H)  2iaq. 
[263].  White  needles  (Curatolo,  G.  14,  257). 
— BaA'j.— PbA'j  4aq  :  needles,  m.  sol.  hot  water. 

Di-sulphonic  acid  C^^'H.g0.j(SOJI).,  6aq. 
[89°].  Deliquescent  crystals. — BaA'^  4aq  : 
white  prisms. — PbA'.,  5aq  ;  needles,  v.  sol.  water. 

PHENYL-CEOTONIC  ACID  C,„H,„0,,  i.e. 
CjHj.CHiCMe.CO.B.  Phenyl-mcthacrylic '  acid. 
{a)-Methyl-cinnamicacid.  [82°].  Formed byheat- 
ing  benzoic  aldehyde  with  propionic  anhydride 
and  sodium  propionate  (Perkin,  C.  J.  31,  391 ;  32, 
661).  Formed  also  by  heating  benzoic  aldehyde 
with  Ac;0  and  sodium  methyl-malonate  ;  and  by  i 
heatingloenzoic  aldehyde  with  sodium  propionate  ' 
and  HOAc  or  Ac,,0  (Stuart,  C.  J.  43,  404; 
Slocum,  A.  227,  57).  Obtained  also  by  oxidation 
of  the  corresponding  aldehyde  (Miller  a.  Kin- 
kelin,  B.  19,  526).    It  is  also  a  product  of  the 


'  action  of  Na  on  benzyl  propionate  (Conrad  a. 
Hodgkinson,  A.  193,  314). 

Transparent  plates  (from  alcohol),  si.  sol.  hot 
water.  When  prepared  by  Perkin's  method  it  ap- 
pears to  be  accompanied  by  an  isomeride  [74°] 
cry  stallising  in  needles,  which  is  converted  into  the 
acid  [82°]  by  frequent  recrystallisation  (Eaikoff, 

B.  20,  3396).  Yields  methi-onol  {q.v.)  when 
heated  with  dilute  H„SOj.  Bromine  forms 
CHPliBr.CMeBr.CO,H[137°]  (KOrner,B.  21,276). 

Salts. — BaA'.,aq:  very  minute  plates. — 
BaA'..,  4aq :  small  white  crystals,  got  by  slow 
cooling.— AgA'.    S.  -374.  Needles. 

Methyl  ether  MeA'.    [39°].  (254°). 

Amide  [128°]  (Edeleano,  B.  20,  619). 

Phenyl-isocrotonic  acid 

C.  .H,.CH:CH.CH,.CO,H.  [86°]  (J.) ;  [88°]  (B.  a. 

D.  ).  (302°).  Formed  by  heating  benzoic  alde- 
hyde with  succinic  anhydride  and  sodium  suc- 
cinate (Perkin),  the  yield  being  2  p.c.  (.Jayne,  A. 
216,  100).  Formed  also  by  heating  phenyl- 
trimethylene  tricarboxylic  acid  C.,H,,Ph(C0.,H)3 
in  a  current  of  C0„  at  190°  (Buchner  a.  Dessa'uer, 

B.  25,  1155).  Prepared  by  heating  benzoic  alde- 
hyde with  sodium  succinate  and  Ac^O  at  125°, 
and  separated  from  phenyl-paraconie  acid  by 
solution  in  CSo.  Long  thin  needles  (from  water) 
or  prisms  (from  CS,.).  When  heated  with  H..S0j 
(4  pts.)  and  w-ater  (4  pts.)  it  changes  to  the 
isomeric  phenyl-butyrolactone  and  an  acid  [179°] 
(Erdmann,  A.  227,  257).  Yields  7-phenyl-7!,- 
butyric  acid  [49°]  on  reduction.  Boiling 
NaOHAq    converts     it    into     the  isomeric 

C,  H,.CH,.CH:CH.C0,H  [65°].  Split  up  by  long 
boiling  into  water  and  (o)-naphthol.  Alkaline 
KMnO,  at  0°  forms  di-oxy-phenyl-butyrie  lactone 
(Fittig  a.  Obermiiller,--!.  208,  44).— BaA'_,  3aq.— 
CaA'.,  3aq. — AgA'  :  bulky  pjj. 

a-Phenyl-crotonic  acid  CH,.CH:CPh.C0,H. 
Methylatrojpic  acid.  [135°].  Formed  by  heat- 
ing sodium  i^henyl-acetate  with  paraldehyde 
and  Ac.,0  (Oglialoro,  G.  15,  514).  Minute 
prisms  (from  water),  sol.  alcohol  and  ether. — 
AgA' :  m.  sol.  hot  water. 

Phenyl-crotonic  acid 
C„H,.CH:C(CH,Ph).CO,,H.      [158°].  Formed 
from  sodium  phenyl-propionate,  benzoic  alde- 
hyde, and  Ac,,0  at  160°  (Oglialoro,  G.  20,  162). 
Needles  (from  alcohol). 

Beference. — Oxy-phenyl-ceotonic  acid. 

PHENYL-CEOTONIC  ALDEHYDE  r.  Phenyl- 

BIETHACEYLIC  ALDEHYDE. 

PHENYL-CTJMAZONIC  ACID 

C„H„N03     i.e.     aH3(C0,H)<g^gpj^  (?). 

[220°].  Formed  by  heating  (3,4,l)-amido-oxypro- 
pyl-benzoie  acid  with  BzCl  at  100°-120°  ("Wid- 
mann,-B.  16,  2585).  Wlrite  crystals.  Sol.  alcohol, 
insol.  water. —  HA'H,>SOj  2aq  :  thin  plates. 

PHENYL-CUMINYL-AMINE    C„H,„N  i.e. 
C„H-.NH.CH.,.C,H^Pr.    [41°].     Formed  by  re- 
ducing C„H-,.N:CH.C,.H^Pr  (Uebel,  A.  245,  289). 
Plates  or  prisms.    Yields  a  nitrosamine 
C,„H„(NO)N  [94°].--B'HCl :  white  crystals. 

PHENYL-CUMINYL-THIO-UREA 
C,H,Pr.CH,.NH.CS.NHPh.  [100°-106°]. 
Formed  from  cuminylamine  and  phenyl-thio- 
carbimide  (Goldschmidt  a.  Gessner,  B.  20,  2416). 

PHENYL-CUMINYL-UEEA  C,-H„„N„0  i.e. 
C„H,NH.C0.NHC,„H,3.  [144°].  Formed  from 
cuminyl  cyanate  and  aniline  (liaab,  B.  8,  1151) 
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PHENYL-CUMINYL-UREA. 


and  from  phenyl  cyan  ate  and  cuminylamine 
(Goldschmidt,  B.  20,  2415).    Small  needles. 

PHENYL-DI-CUMYL-GUANIDINE 
NPh:C(NH.C,iH,(C3H,)[l:4]),,.    Formed  from  di- 
cumyl-thio-urea  and  aniline  (Francksen,  B.  17, 
1226).  Eesin. 

PHENYL  i|/-CUMYL  KETONE  C.^H.^O  i.e. 
C„H3.CO.C,H.,Me3  [1:2:4:5].  (329°).  From 
BzCl,  il^-cumene,  CS„,  and  AICI3  (Elbs,  J.  pr.  [2] 
35,  491 ;  cf.  Claus,  'B.  19,  2881) ;  the  yield  is 
65  p.c.  of  the  calculated. 

Reactions. — 1.  Boiling  produces  small  quan- 
tities of  needles  [180°],  probably  (jB.  2,3)-  di- 
methyl-anthraquinone. — 2.  Cone,  or  fuming 
H2SO,  at  100°  forms  benzoic  acid  and  i|'-cumene 
sulphonic  acid  C,H„Me3(S03H)  [1:2:4:5].— 3. 
Fuming  HNO,  mixed  with  HjS,©,  gives  two 
isomeric  tri-nitro-  derivatives ;  one  [185°]  is 
V.  si.  sol.  alcohol,  the  other  [155°]  is  m.  sol. 
alcohol. — 4.  Dilute  nitric  acid  forms  benzoyl- 
trimellitic  acid,  CBHj.CO.CgH^COoH)^  and 
C,H,.CO.C„H„Me(CO.>H),. 

Phenyl  'cumyl  ketone  CsH^.CO.C^H.Pr. 
(343°)  at  738  mm.  Formed  from  cuminyl 
chloride,  benzene,  and  AICI3  (Smith).  Yields 
two  oxims  [106°]  and  [132°],  the  latter  of  which 
forms  an  acetyl  derivative  [90°]. 

Phenyl  w-cumyl  ketone  CuHj.CO.CjH^Pr. 
^345°  at  716  mm.).  Formed  from  w-cumene, 
BzCl,  and  AICI3  (Smith,  B.  24,  4033).  Prisms. 
Yields  two  oxims  [130°]  and  [104°],  which  yield 
acetyl  derivatives,  melting  at  116°  and  66°. 

PHENYL-if/-CUMYL-METHANE  CAPtBOXY- 
LIC  ACID  [1:2:4]  C,H„Me,.CH,.C,H,.CO.,H  [1:2] 
[186°].  Got  by  reducing  6, B.Me. CO. CJi^.COM 
with  Zn  and  NHjAq  (Gresly,  A.  234,  238). 

DI  -  PHENYL  -  ^  -  CUMYL-  METAPYRAZOLE 
TETRAHYDKIDE  C,jH,,N.,  i.e. 

C^Hh.CH^^pIJ^C^H,.    [125°].    Formed  from 

p-cuminic  aldehyde  and  di-phenyl-ethylene-di- 
amine  at  100°  (Moos,  B.  20,  733).  Silky  needles. 

PHENYL-i|/-CUMYL-XJREA  C,eH,jN„0  i.e. 
NHPh.CO.NHCsH.Me^  [211°].  Formed  from 
i|/-cumidine  and  phenyl  cyanate  (Goldschmidt 
a.  Bardach,  B.  25,  1361).    White  needles. 

PHENYL-CYANAMIDE  v.  vol.  ii.  p.  316. 

Di-phenyl-cyanamide  G,3H,„N2  i.e.  C(NPh)2. 
Carbodiphcnylimide.  Mol.  w.  194.  (331°  cor.). 
Formed  by  warming  a  solution  of  s-di-phenyl- 
thio-urea  in  benzene  with  HgO  (Weith,  B.  7, 
10,  1303;  9,  810).  Syrup,  drying  up  to  a 
vitreous  mass.  Changes  spontaneously  into  an 
opaque  polymeride  [170°]  resembling  porcelain. 

Reactions. — 1.  Boiling  dilute  alcohol  con- 
verts it  into  s-di-phenyl-urea. — 2.  Aniline  yields 
(a)-tri-phenyl-guanidine. — 3.  H„S  passed  into  its 
solution  in  benzene  forms  CS(NHPh)2. — 4.  s-Di- 
phenyl-thio-urea  a.i  150°  forms  phenyl-thiocarb- 
imide  and  (a)-tri-phenyl-guanidine.  —  5.  Di- 
phenyl-urea  at  150°  acts  in  like  manner,  forming 
lahenyl  cyanate  and  tri-phenyl-guanidine. —  6. 
Phenyl-hydrazine  at  120°  forms  the  compound 
C,H,N2:C(NHPh),,  [204°]  which  gives  the  salts 
B'HCl,  B'^HftCl,.,  and  B'H,SO^,  and  is  con- 
verted, by  heating  with  phenyl-hydrazine  at 
185°,  into  C3,H„5N„  [200°],  which  gives  the  salts 
B'3H^Cl4  and  B'32H,PtClg.  The  compound 
PhN,:C(NHPh)2  is  converted  by  heating  with 
phenyl-thiocarbimide  at  190°  into  C.^H^NsS 
[175°],  and  by  heating  with  di-^-tolyl-cyanamide 


into  Cj^HjoNg  [128°],  which  gives  the  salts 
B'gHjCl,  and  BV2H,PtCl„  (Wessel,  B.  21,  2272). 
7.  HCy  passed  into  its  solution  in  benzene  forms 
C^HjiNj  crystallising  from  alcohol  in  prisms 
[137°].  A  little  of  its  solution  in  H^SOj  mixed 
with  water  is  coloured  deep  blue  by  NaOH 
(Laubenheimer,  B.  13,  2155). — 8.  Tolylene-o- 
diamine  at  135°  forms  CjoH^^N^  [161°]  which 
yields  B'JEaClj  [174°]  (Dahm  a.  Gasiorowski, 

B.  19,  3057). 

Salt. — B'HCl.    Needles  (from  benzene). 

Tri-phenyl-di-cyan-di-amide  C,|,H,gNj. 
Formed  from  NHPh.CS.NH.C(NPh).NHPh,  al- 
cohol, and  HgO,  and  also  by  heating  di-phenyl- 
guanidine  at  175°  (Kathke  a.  Oppenheim,  B. 
23,  1673).  Yellow  needles  (containing  EtOH) 
(from  alcohol). — B'HCl.  Needles,  insol.  water. 
— B'jH,PtCl„  2aq.— B'^H^SO^  2aq. 

Reference. — Oxt-phenyl-cyanamide. 

PHENYL  CYANATE  v.  vol.  ii.  p.  315. 

PHENYL-CYANIC  ACID  v.  Cyanic  acid. 

PHENYL  CYANIDE  v.  Benzonitkile  and 
Phenyl-cakbamine. 

Di-phenyl  dicyanide  C,,H,„N2  i.e. 

PhC^^^CPh?    [152°].    Formed  from  benz- 

amidine  and  benzoic  aldehyde  (Pinner,  B.  22, 
1610;  23,  2925).  Prisms.  Changes  at  260°- 
270°  into  cyaphenine. 

PHENYL-CYANUKIC  ACID  v.  Cyanuric 
acid  in  the  article  on  Cyanic  acid. 

PHENYL-p-CYMYL-CARBINOL 
C„H5.CH(OH).C„H3(CH3)(C3H,)  [1:2:5].  (327°  un- 
cor.).    Formed  by  reduction  of  phenyl  p-cymvl 
ketone  (Claus  a.  Elbs,  B.  18,  1798 ;     ^r.  [2] 
35,  497).    Thick  colourless  oil. 

PHENYL  p-CYMYL  KETONE  C„H,<.0  i.e. 

C,  H,.C0.CsH3MePr  [1:2:5].  (224°  at  40  mm.); 
(340°)  at  760  mm. 

Formation. — 1.  From  cymene  by  heating 
with  benzoic  acid  and  P0O5  (KoUarits  a.  Merz, 

B.  6,  546). — 2.  From  cymene,  BzGl,  and  zinc 
(Grucarevic  a.  Merz,  B.  6,  546,  1246).— 3.  From 
cymene,  BzCl,  CS.„  and  AICI3  (Elbs,  /.  pr.  [2] 
35,  494]. 

Properties. — Yellowish  oil,  v.  sol.  alcohol 
and  ether,  m.  sol.  HOAc.  Very  slightly  volatile 
with  steam. 

Reactions. — 1.  Bromine  and  iron  powder  at 
140°  give  benzoic  acid  and  bromo-cymene, 
C^H^BrMePr  [1:2:5]  [232°].— 2.  Cone.  H,,SO^ 
and  KNO3  give  an  amorphous  di-n  itro-deriva- 
tive. — 4.  Dilute  HNO3  gives  benzoyl -tereph- 
thalic  acid. — 5.  Concentrated  H.,SO^  at  100° 
gives  benzoic  acid  and  cymene  sulphonic  acid, 

C,  H3MePr(S03H)  [1:4:2]. 

PHENYL-CYSTEINE  Cj,H„NS02  i.e. 
CH3.C(SPh)(NH,).C0,H.  Formed  by  boiling 
phenyl-mercapturic  acid  with  dilute  HoSO^ 
(Baumann  a.  Preusse,  H.  5,  337).  Plates  (from 
NH3Aq)  or  six-sided  tables  (from  water),  v.  sol. 
acids  and  alkalis,  si.  sol.  cold  water.  Yields 
phenyl  mercaptan  on  boiling  with  NaOHAq. 

Reference. — Bromo-phenyl-cysteine. 

PHENYL-DECOIC  ACID.  Nitrite 
C5HyCH(C,H„).CN.     (328°).     Formed  from 
benzyl  cyanide,  octyl  iodide,  and  NaOH  (Ros- 
solymo,  B.  22,  1237).    Yellow  oil. 

PHENYL-DURYL-CARBINOL 
[6:4:3:2:1]  C,HMe,.CH(0H).C,H5.   (above  360°). 
Formed  by  reduction  of  phenyl  iso-duryl  ketone 
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(Essner  a.  Gossin,  Bl.  [2]  42,  172).  Liquid, 
yields  an  acetyl  derivative  boiling  above 
3(50°  and  a  benzoyl  derivative  [7-5'^]. 

DI -  PHENYL  DURYLENE  DIKETONE 
C.,,H.,„0.,  i.e.  (C,H,.CO)„C,Me,.  [270°].  (above 
380°)'.  Formed  from  durene,  BzCl,  and  AICI3 
(Friedel  a.  Crafts,  A.  Ch.  [6]  1,  512).  Prisms. 

PHENYL  DURYL  KETONE  C,.H,,0  i.e. 
C.H^.CO.C.HMe^.  [119°].  (343°)  at  725  mm. 
Got  from  durene,  BzCl,  and  AlCLj  (Friedel  a. 
Crafts,  A.  Ch.  [6]  1,511).  Acicular  prisms,  v.  sol. 
warm  alcohol.  Eeduced  by  HI  and  P  to  C|,H,„ 
[60-5°]  (310°  at  710  mm.).  Br  forms  C„H,3Br,6 
[225°]  and  other  isroducts. 

Phenyl  isoduryl  ketone.  [63°].  (300°). 
Formed  by  the  action  of  BzCl  and  AICI3  on  the 
isodurene  derived  from  toluene  (Essner  a. 
Gossin,  Bl.  [2]  42,  170).  Successive  treatment 
with  HCy  and  alcoholic  potash  gives  the  acid 
C,HMe^.CPh(OH).CO„H,  sol.  water  and  alcohol. 

PHENYLENE.    The  radicle  C„H.,. 

PHENYLENE-ACETAMIDINE 

C„H,<^H^C.CH3.     [170°]  (H.);   [175°]  (L.). 

Formed  by  boiling  plienylene-o-diamine  with 
HOAc,  or  by  reducing  C„H4(N0,)(NHAc)  with 
tin  and  HCl  (Ladenburg,  B.  8,  677;  Hiibner,  A. 
209,  353).  Needles.— B'HCl.—B'.,H.,PtCl,  aq.— 
B'HNOj.— B'H„SOj. 

Phenylene  -  di  -  acetamidine  C,|,H||N,  i.e. 
[1:4]  C,H,(CH,,.C(NH).NH,,)„.  [182°].  Formed 
by  the  action  of  alcoholic  NH„  followed  by 
NaOHAq,  upon  the  hydrochloride  of  phenylene- 
di-acetimido-ether  (Glock,  B.  21,  2600).  Plates. 

o-PHENYLENE-DI- ACETIC  ACID  C|„H,„0, 
i.e.  [1:2]  C,H,(CH,.C0.,H)2.  Mol.  w.  194.  [150°]. 
Formed  by  saponification  of  its  nitrile  by 
boiling  with  dilute  H,S04  (Baeyer  a.  Pape,  B. 
17,  447).  Slender  needles,  v.  sol.  alcohol,  m. 
sol.  cold  water. — Ag,A"  :  insoluble  pp. 

Nitrile  C,,H,(CH,-CN)„.  [60°].  Formed 
by  the  action  of  KCy  on  di-oi-bromo-o-xylene. 

7(j-Phenylene-di-aceticacidC,,H^(CH,,'.C02H)„. 
[170°].  Formed  by  boiling  its  nitrile  with  alco- 
holic potash  (Kipping,  C.  J.  53,  42  ;  B.  21,  42). 
Needles,  v.  sol.  water. — Ag,A"  :  white  pp. 

Nitrile  C,B.^{CR.,.CNj^.  [29°].  (308°  at 
300  mm.).    From  [1:3]  C,.H,(CH,Br),  and  KCy. 

jj-Phenylene-di-acetic  acid  C,H,(CH,.C02H),,. 
[241°].  Got  from  its  nitrile  (Biedermann,  B.  5, 
703 ;  Klippert,  B.  9,  1766 ;  Kipping,  C.  J.  53, 
44).  Needles,  m.  sol.  water. — CaA"2aq. — 
CaA"3aq. — BaA"2|aq:  needles,  v.  sol.  water. — 
ZnA". — CuA". — Ag.A":  white  amorphous  pp. 

Ethers.— Me._A".    [57°].— Et.,A".  [58°]. 

Chloride.    Oil  (Klippert). 

Amide,    [above  290°].    Plates  and  needles. 

Nitrile  C„H,(CH...CN).„  [96°].  Formed 
by  the  action  of  KCy  on  C„H,(CH„Br),  or 
C„H,(CH,C1)2.  Three-sided  prisms  (from  ether). 
Alcoholic  ammonium  sulphide  at  100°  converts 
it  into  C,H,(CH,.CS.NH,,)2  [206°]  which  crystal- 
lises from  HOAc. 

Di-phenylene-acetic  acid  ^«^^^CH.CO,H. 

[222°].  Formed  by  heating  c'„hV.C(0H).C0..H 
with  HI  and  P  at  140°  (Friedlander,  B.  10,  536). 
Small  crystals  (from  alcohol).  Decomposed  by 
heating  with  soda-lime  into  CO,  and  fluorene. — 
AgA' :  unstable  pp. 


Ethyl  ether  EtA'.  [165°]. 

Reference. — Oxt-diphenylexe- acetic  acid. 

I>PHENYLENE  DI-ACETIMIDO-ETHER 
C„H,(CH,,.C(NH).0Et).,.    The  hydrochloride 
B"2HC1  [above  240°]  formed  by  the  action  of 
alcohol  and  HCl  on  C,;Hj(CH.,.CN).„  crystallises 
in  needles  (Glock,  B.  21,  2660)!  It  is  insol.  ether. 

o-PHENYLENE-DI-ACRYLIC  ACID 
C,H,(CH:CH.C0.,H)„.     [above  300°].  Formed 
by  boiling  C„H^(CH.,.CCl(CO.,Et)..)„  with  alcoholic 
potash  (Perkin,  C.  J.  53,  14" ;  B.'  19,  435).  SI. 
sol.  water,  v.  si.  sol.  alcohol. — Ag.A"  :  pp. 

p-Phenylene  di-acrylic  acid 
C„H4(CH:CH.C0,H),.  [310°].  Obtained  by 
saponifying  the  mono-ethyl  ether  HEtA''  [200°] 
which  is  got  by  heating  ^j-aldehydo-cinnamio 
ether  with  NaOAc  and  Ac.O  (Low,  A.  231,  377). 
Got  also  by  boiling  C,;H,(CHj.CBr(CO,,Et),,),  with 
alcoholic  potash  (Kipping,  C.  J.  53,  41).  Yields  a 
tetrabromide  crystallising  in  needles. — Ag.A". 

PHENYLENE  -  DI  -  ALLYL  -  DI  -  THIO  -  DI  - 
UREA  C,H,(NH.CS.NHC:jH5),.  The  0-  [159°], 
m-  [105°],  and  [200°]  compounds  are  formed 
by  heating  thecorrespondingphenylene-diamines 
with  alcohol  and  allyl-thiocarbimide  (oil  of 
mustard)    at    100°   (Lellmann   a.  Wiirthner, 

A.  228,  201).  The  0-  and  p-  compounds  decom- 
pose when  heated.    They  are  all  sol.  HOAc. 

o-PHENYLENE  -  DI  -  AMIDO  -  DI  -  ACETIC 
ACID  [1:2]  C,.H,(NH.CH.,.CO.,H),.  The  ether 
Et,,A"  [135°]  is  got  from  o-phenylene  diamine  and 
ClCO,£t  (Zimmermann  a.  Knyrim,  B.  16,  515). 

wi-Phenylene-di-amido-di-acetic  acid 
[1:3]  C,H,(NH.CH.,.CO.H).,.    The  ethyl  ether 
Et.A"   [73°]  is  got  by  heating  7»-phenylene- 
diamine    with    CH._,Cl.CO_,Et  (Zimmermann 

B.  15,  518;  16,  514).  It  is  converted  by  cone. 
HClAq  into  crystalline  H,A"H.jCL,  v.  sol.  water. 

p-Phenylene-di-amido-di-acetic  acid.  The 
ethyl  ether  Et^A"  [83°]  and  the  h  y  d  r  o  c  h  1  o  r  i  d  e 
H,A''H2Cl2  are  formed  in  like  manner  from 
25-phenylene-diamine. 

o-PHENYLENE-DIAMINE  [1:2]  C„H,(NH,.).,. 
Mol.  w.  108.  [104°].  (252°).  Prepared  by  ie"- 
ducing  o-nitro-aniline  with  tin  and  HCl  (Zincke 
a.  Sintenis,  B.  6,  123;  Vignon,  Bl.  [3]  2, 
675  ;  Sandmeyer,  B.  19,  2654).  Formed  also 
by  heating  the  corresponding  di-amido-benzoic 
acids  with  baryta  (Griess,  J.  pr.  [2]  3,  143 ; 
Salkowski,  A.  173,  58)  and  by  the  action  of  tin 
and  HCl  on  bromo-o-nitro-aniline  (Wurster, 
A.  171,  63;  Hiibner,  A.  209,  300)  and  on 
o-di-nitro-benzene  (Zincke,  B.  7,  1374).  Plates 
(from  water)  or  tables  (from  chloroform),  v.  e. 
sol.  hot  water,  alcohol,  and  ether. 

Reactions. — 1.  FeClj  added  to  a  solution  of  the 
hydrochloride  fonns  di-amido-phenazine  hydro- 
chloride, which  crystallises  in  ruby-red  needles 

C.  .,H,„N.,HC1  (Fischer,  B.  22,  355).— 2.  Pyro- 
catccliin  at  200°  forms  phenazine  CgHj:N„:C^H4. 
3.  (^)-Naphthoiiuinone  forms  naphtlaophenazine 
C,|,H^:N2:CeH.,. — 4.  Cyanogen  ga.^  forms  C8H8N4a 
yellow  crystalline  powder  [c.  280°],  si.  sol.  water, 
forming  B'._,H.P'tClj;  3aq  and  B'.,H„PtCl,  aq.  By 
heating  with  HCl  it  is  converted  into  CsH.NgO 
[280°]  and  di-oxy-quinoxaline  (Bladin,  Bl.  [2]  42, 
104  ;  B.  18,  672). — 5.  The  sulphocyanide  is  con- 
verted by  heat  into  a  mixture  of  phenylene- 
thio-urea  and  thio-urea  (Lellmann,  A.  221,  8). — 
6.  KNO.,  added  to  a  very  dilute  solution  of  the 
sulphate  forms  '  amidoazophenylene  '  C^H^Nj, 
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■which  crystallises  from  benzene  in  pearly  white  1 
needles  [98-5°]  (Ladenburg,  B.  9,  219).— 7.  ICy 
forms  C,,H|.,N„  which  yields  the  salts  B"H^C1.,, 
B"HC12^aq',  B"2HN03  2iaq,  and  B"H,,SOj  2Aaq, 
and  the  benzoyl  derivative  C,.,H,,BzNj,  and  is 
converted  by  nitrous  acid  into  CijHgNuO,  (Hiibner, 
B.  9,  778  ;  10,  1716).— 8.  The  hydrochloride  is 
converted  by  benzoic  aldehyde  into  dibenzyl- 
idene-phenylene  diamine  (C,H,,(N:CHPh)„  [134°], 
yielding  B'^HJtCl,,  B'HNOa,  BH,S04,  B'Mel, 
and  B'Etl  [213°]  (Ladenburg,  B.  11,  1653). 

Salts. — B''2HC1.  Needles,  v.  sol.  water. — 
B"H,PtCls.— B"2H,S0j.— B"H.S04liaq  :  plates. 

Di-acetyl  derivative  CJI^{NilAc).i. 
[186°].  Long  silky  needles,  v.  sol.  hot  water 
and  alcohol  (Bistrzycki,  B.  23,  1878). 

Benzoyl  derivative  CoHj(NH„)(NHBz). 
[140°].  Got  by  reducing  C5H,(Nd,)(NHBz) 
with  ammonium  suljihide  (Mixter,  Am.  6,  26). 
Minute  crystals,  sol.  water.  When  the  reduc- 
tion is  effected  by  tin  and  HCl  the  product  is 
benzenyl-phenylene-diamine  {q.  v.). 

Dibenzoyl  derivative  C5Hj(NHBz),. 
[c.  300°].  Thin  prisms  (from  HOAc)  (Bistrzycki). 

Di-p-toluyl  derivative 
C„H,(NH.CO.C,H,Me)„.  [228°].  Got,  together 
with  tolenyl-benzamidine  C„H4:N,,H:C.CjH^Me 
[268°],  by  the  action  of  p-toluyl  chloride  on  o- 
phenylene-diamine  dissolved  in  benzene  (Hiibner, 
4.210,  328).  Colourless  needles,  si.  sol.  alcohol. 

m-Phenylene  -  diamine  0,H.,(NH2)„.  [63°]. 
(277°  i.V.).  Prepared  by  reduction  of  m-di- 
nitro-benzene  or  j»-nitro-ani}ine  (Hofmann,  Pr. 
11,518;  12,  639;  Zincke,  B.  5,  792).  Formed 
also  by  heating  s-di-amido-benzoic  acid  with 
baryta  (Wurster,  B.  7,  214  ;  Hubner,  A.  222,  86), 
and  by  the  action  of  tin  and  HCl  on  (4,2,l)-di- 
nitro-benzoic  acid  (Wurster,  B.  7,  149)  and  on 
(l,2,4)-bromo-di-nitro-benzene  (Z.),  Got  also 
by  heating  resorcin  (1  pt.)  with  ammoniacal 
CaClj  (4  pts.  containing  35  p.c.  NH3)  for  eight 
hours  at  275°  (Seyewitz,  C.  B.  109,  814). 
Crystalline,  m.  sol.  water,  v.  sol.  alcohol  and 
ether.  Its  solutions  are  alkaline  in  reaction. 
KNO,  added  to  a  solution  of  a  salt  of  m-phenyl- 
ene-diamine  forms  a  brown  pp.  containing 
C5H,(NH„)„.N,.G,.Hj.NH,.  A  solution  in  dilute 
H2SO4  is  coloured  yellow  by  a  trace  of  nitrous 
acid.  Aldehyde  added  to  an  alcoholic  solution 
of  m-phenyleue-diamine  hydrochloride  forms  an 
orange-red  colour,  with  a  green  fluorescence. 
From  this  liquid  NH3Aq  ppts.  di-methyl-phenan- 
throline  tetrahydride  Ci^Hi^N,  (Girard  a.  Eoques, 
C.  B.  107,  1158;  Schiff,  A.  253,  328).  Benzoic 
aldehyde  in  alcohol  forms  with  the  hydrochlor- 
ide the  base  CHPh(CsH,(NH,),),.  The  hydro- 
chloride of  «i-phenylene-diamine  gives  a  crim- 
son colour  when  boiled  with  oxygenated  water 
(DenigSs)  ;  in  presence  of  ammonia  the  liquid 
becomes  blue,  but  is  turned  red  by  NaOHAq. 
Hydrogen  peroxide  gives  a  bluish-green  tint 
(Cazeneuve,  Bl.  [3]  5,  855),  PbO.  and  dilute 
HOAc  give  a  brown  colour  (Lauth,  C.  B.  Ill,  975). 
Alkaline  NaOBr  gives  a  maroon-red  pp.  (DenigSs, 
C.  B.  107,  662).    CSj  in  alcohol  at  35°  forms 
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yellow  monoclinic  prisms  of  CbH4<^-^jj^CS  and 

several  other  bodies  (Gucci,  6.  17,  623,  2657). 
The  sulphocyanide  is  converted  by  heat  into 
C„H4(NH.CS.NH,,),  (Leilmann,  A.  221,  8). 
w-Phenylene-diamine  is  somewhat  less  poison- 


ous than  the  p-  isomeride  (Dubois  a.  Vignon, 
C.  B.  107,  533). 

Salts. — B"HC1.  Needles,  v.  sol.  water,  si. 
sol.  cone.  HClAq.  —  B"2HC1.  —  B"H,PtCl„ : 
needles.  —  B"H2Sn.,Cl6  (Gerdemann,  Z.  '[2]  1, 
51).— B"H„SnGl8.— B"H,,SO,. 

Hydriodide:  Mills,  C.  J.  17,  153. 

Di-formyl  derivative  C„Hj(NH.CH0)2. 
[155°].    Small  crystals  (Tobias,  B.  15,  2447). 

Mono-acetyl  derivative 
CeHj(NH.,)(NHAc).     Crystalline  solid,  v.  sol. 
water   (Wallach  a.  Schulze,   B.  15,  3020).— 
B'HCl.  [280°]. 

Di-acetyl  derivative  CjH,(NHAc)2. 
[189°]  (Kelbe,  B.  16,  1200  ;  cf.  Barbagha,  B.  7, 
1257). 

Mono-henzoyl  derivative 
C„Hj(NH,)(NHBz).    [125°]   (Bell,  B.  7,  498); 
[260°]  (Hiibner,  4.  208,  298).    Got  by  reducing 
C6H4(NO,).NHBz.— B"HC1.— B'-HoSO,.  Needles. 

Di-benzoyl  derivative  C„Hj(NHBz)2. 
[240°]  (Euhemann,  B.  14,  2651 ;  Hinsberg,  A. 
254,  265).    White  plates. 

m- Amido -benzoyl  derivative 
C„H,(NH2)(NH.C0.C,H,NH.,).    [129°].  Needles 
(from  dilute  alcohol)  (Hugh,  B.  7,  1268). 

o-Oxy -benzoyl  derivative 
C,H,(NH.,).NH.CO.C,H,.OH.     [143°].  Crystals 
(Bell,  C.  J.  28,  1201). 

l)-Phenylene-diamine  C,Hj(NH2)2.  [140°]. 
(267°). 

Formation. — 1.  By  reduction  of  p-nitro- 
aniline  and  of  ^-di-nitro-benzene  (Hofmann, 
Pr.  11,  618  ;  12,  039  ;  Zincke,  B.  7,  871).— 2.  By 
reduction  of  C^H..N.,.C,HjNH„  (Martius  a.  Griess, 
Z.  1866,  136).— 3.  By  distilling  (5,2,l)-di-amido- 
benzoic  acid  (Griess,  B.  5,  201). — 4.  In  the  pre- 
paration of  induline  by  heating  CsH^.No.CgH^.NH, 
with  aniline  hydrochloride  (Witt;  Fischer  a. 
Hepp,  B.  23,  839). 

Preparation. — From  acetanilide  by  nitration 
and  reduction  with  tin  and  HGl. 

Properties.  —  Plates  (by  sublimation)  or 
monoclinic  crystals  (from  water)  changing  in 
the  solution  to  trimetric  plates.  M.  sol.  water, 
v.  sol.  alcohol  and  ether.  Forms  a  hydrate 
C6HsN2  2aq  [80°].  With  PbO.,  and  aqueous  HOAc 
it  gives  a  bright  bluish-green  colour  (Lauth, 
C.  R.  Ill,  975).  p-Phenylene-diamine  is  very 
poisonous  (Vignon,  C.  B.  107,  533).  A  mere 
trace  of  a  mixture  of  m-  and  p-  phenylene-di- 
amine  gives  on  warming  with  HOAc  and  K^Cr^O, 
a  blue  colour,  changing  on  boiling  to  red  (Witt, 
C.  J.  35,  356;  Meldola,  0.  J.  51,  105). 

Beactions.  —  1.  Oxidised  to  quinone  by 
HoSOj  and  MnO..  Quinone  is  also  formed  to- 
gether with  NH.,'  by  oxidation  of  the  sulphate 
with  K„Cr„0,  (Meldola  a.  Evans,  C.  J.  Proc. 
6,  115).— 2".  When  exposed  to  air,  0,  H^Oj,  or 
KjFeCys  p-phenylene-diamine  and  its  salts  are 
oxidised  to  CgH^N,  a  feeble  red  base  with  green 
lustre  [230°]  yielding  C^HjAoNj  [294°]  (Ban- 
drowski,  M.  10,  126).— 3.  Chlorine  passed  into  a 
solution  in  HOAc  forms  tetra-chloro-quinone. 
—4.  FeCls  added  to  a  solution  of  the  hydro- 
chloride saturated  with  H,S  ppts.  Lauth's  violet, 
which  is  V.  sol.  pure  water,  but  ppd.  by  salts 
(Lauth,  C.  R.  82,  1441).— 5.  Potassium  nitrite 
added  to  a  solution  of  the  hydrochloride  forms 
CuH4(NH.jCl)N2Cl,  and  in  presence  of  a  large 
excess  of  ' HCl  it  forms  C„H,(N2C1)2.— 6.  Mixed 
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with  aniline  (2  mols.)  and  oxidised  by  K.fir^Oj 
it  j-ields  plieno-safranine. — 7.  The  sulphocyanide 
is  converted  by  heat  into  CsH^(NH.CS.NH,,),, 
(Lellmann,  A.  221,  8). —  8.  J3leaching-powdcr 
solution  added  to  a  solution  in  HClAq  ppts. 
yellowish -white  quinone  di-cliloro-di-imide  which 
detonates  at  124°  (Krause,  B.  12,  47).— 9.  Aceto- 
■acetic  ether  at  170 '  forms  C,  ,H,sN.,0,  [176°]  which 
is  probably  C,H^(NH.CO.CH„.CO.CH3)2  (Knorr, 

B.  17,  545  ;  19,  3303). 

Salts. — B"H._,Cl2.  Triclinic  tables,  v.  sol. 
water,  almost  insol.  HClAq. — B"H2PtClu. — 
B  'H,Sn„Cl,  (Hiibner,  A.  209,  366).— B"H„Br.,.— 
B"H,S.,63  (Bernthsen,  A.  251,  62).— B"H,SO,. 
Micaceous  plates,  si.  sol.  water  (Vignon,  Bl. 
£2]  50,  152).— B"H,C.,04.    S.  -15  at  15°. 

Di-formyl  derivative  C,,H,{NH.CHO)... 
[204°].    Amorphous  mass  (Wundt,  B.  11,  828)." 

Mono-acctyl  derivative 

C,  Hj(NH,)(NHAc).  [161°].  Formed  by  reduc- 
tion of  C„H,(NO.,).NHAc  with  iron  and  acetic 
acid  (Nietzki,  B.  11,  343).  Needles,  si.  sol.  cold 
water.— B'.,H,PtCl6. 

Di-acetyl  derivative  C„H|(NHAc).j. 
[above  295°] .  Formed  by  boiling  the  base  with 
HOAc  (Biedermann  a.  Ledoux,  B.  7,  1531). 
Small  octahedra,  sol.  HOAc. 

Benzoyl  derivative  CuH|(NH._.)  (NHBz). 
[128°].  Formed  by  reducing  benzoyl-^-uitro- 
aniline  (Hiibner,  A.  208,  295).  Plates,  si.  sol. 
water.— B'HC1.—B',H,S0,.  Needles. 

Bi-benzoyl  derivative  C^H,{NHBz).„ 
[above  300^].  Formed  from  the  base,  IBzCl,  and 
NaOHAq  (Hinsberg,  A.  2.54,  2.54).  Plates. 
Yields  a  nitro-  product  [251°]. 

0  -  O.r  1/ -bc7izoyl  derivative 
C,H.,(NH,)(NH.CO.C,H,.OH).  [158°].  Glittering 
needles  (Bell). 

Hexahydride  C,.H|,i(NH„).j.  Di-amido- 
hexamethylene.  Formed  by  reducing  the  di- 
osim  of  quinone  tetrahydride  in  alcohol  with 
Na  (Baeyer  a.  Noyes,  B.  22,  2172).  Liquid, 
with  faint  ammoniacal  odour,  forming  crystal- 
line salts  and  an  acetyl  derivative  melting  above 
310°. 

References. — Beomo-,  Beomo-niteo-,  Chloeo-, 
NiiEo-,  and  OxY-  phenylene-diamine. 

PHENYLENE-DIAMINE  SULPHONIC  ACID 

V.  Dl-AMIDO-BEXZENE  SULPHONIC  ACID. 

PHENYLENE-DI-AMYL-DIAMINE 

[1:4]  C,H,(NH.C,H,,).,.  [49°].  Colourless  crys- 
tals (Baeyer  a.  Noyes,  B.  22,  2173). 

DIPHENYLENE-AZONE  [150°]. 

C„H,.N 

Formed,  together  with  C,.,H„N„0.,  [240°]  and 
C,.H,N20  [152°]  by  boiling  di-o'-nitro-diphenyl 
with  alcohol  and  zinc-dust  (Tiiuber,  B.  24, 
3081,  3883).  Greenish -yellow  needles  by  sub- 
limation, not  volatile  with  steam.  Almost  insol. 
water,  v.  sol.  alcohol,  m.  sol.  ether,  v.  e.  sol. 
HOAc.  Reduced  by  tin  and  HCl  to  C,„H,„N,HC1, 
which  crystallises  in  white  needles,  rapidly  re- 
oxidised  by  air  to  diphenylene-azone. 

Salts.  —  B'HCl.  Flat  bronzed  prisms. — 
B'HAuClj.  -  B'.,H.,PtCl, :  yellow  needles.  — 
B'H.CrO,.— B'C;H,N30,.  [194°].  Brown  needles. 

PHENYLENE-BENZALDEHYDINE  v.  vol.  i. 
p.  109. 

PHENYLENE-BENZAMIDINE  v.  Benzenyl- 

PHENTLENE-DIAMINE. 

Vol.  IV. 


PHENYLENE-DI-BENZIDENE-DIAMINE  v. 

Di-BEXZYLII)ENE-PHENYLENE-DIAHINE. 

PHENYLENE-BENZYL-»t-DIAMINE 

C„H,(NH^).NHC;H..  Formed  by  reducing  benzyl- 
m-nitro-aniline  (Meldola  a.  Coste,  C.  J.  55,  5'j"7). 
Oil.  — B"2HC1 :  hexagonal  tablets.  FeCLj  colours 
its  solution  red  and  gives  a  white  pp.  on  heating. 

Bi-benzoyl  derivative 
C„H,(NHBz).NBz.C,H,.    [178°].    Sol.  alcohol. 

Phenylene-benzyl-jj-diamine.  [30°].  Got  by 
reducing  benzyl-p-nitro-aniline  (Meldola  a. 
Coste,  G.  J.  55,  590)  or  |)-nitroso-benzyl-aniIine 
(Boeddinghaus,  A.  263,  302).  Wax-like  mass  of 
crystals,  turning  red  in  air.  When  mixed  with 
the  i)i-isomeride  it  yields  di-benzyl-amido- 
indamine  on  oxidation. — B'2HC1.  White  plates, 
v.  sol.  water.  FeCl^  colours  its  aqueous  solu- 
tion green,  changing  to  red.  After  saturation 
with  H.,S  it  gives  a  blue  pp.  with  FeClj. 

Di-acetyl  derivative.    [117°].  Prisms. 

Bi-benzoyl  derivative.  [124°].  Needles. 

Phenylene-di-benzyl-diamine  v.  vol.  i.  p. 
501. 

Pheaylene-tetra-benzyl-w-diamine 

C„H,(N(C,H,),,),.  [81°].  Formed  by  heating 
pihenylene-?»-diamine  with  NaOHAq  and  benzyl 
chloride.    Amorphous  powder,  sol.  HOAc. 

Phenylene-tecra-benzyl  jJ-diamine.  [149°]. 
White  crystalline  powder.  HOAc  and  CrO^j 
form  a  blue-violet  colouring  matter. 

PHENYLENE  -  BENZYLIDENE  -  DI  - 
METHYL-DIAMINE  C,,H„  N„  i.e. 
C,H,.CH:N.C„H,.NMe.,.  "[93°]  (Calm,  B.  17, 
2940)  ;  [101°]  (Kohler,  A.  241,  361).  Formed 
from  i3henyIene-di-methyl-2:>-diamine  and  benzoic 
aldehyde.— B"2HC1. 

PHENYLENE  -  BENZYL  -  DI  -  METHYL  - 
DIAMINE  C,H,CH,.NH.C,H,.NiMe2.  [48  ]. 
Formed  by  reducing  the  preceding  body  in  al- 
cohol with  sodium-amalgam  (Kohler,  A.  241, 
361).    Plates.    Yields  a  nitrosamine  [128°]. 

PHENYLENE-BLUE  or  Bauth's  violet  v. 

AMIDO-IMIDO-DI-rHENYL-SDLPHIDE. 

PHENYLENE  -  BROMO  -  ACETYLENE  - 
KETONE  V.  Beomo-oxy-indonaphthene. 

DI-PHENYLENE-BUTANE    cH^''^h  c^'  • 

Diiihcnmccindcne.  [100°].  Formed  by  heating 
(/3)-di-plienyl-succinic  anhydride  with  HI  and 
P  and  180°"(Koser,  A.  247,  156).    White  needles. 

PHENYLENE-IS0BUTYL-2)-DIAMINE 
C,H,,NH.C,H,,.NH,.    [39°].    Formed  by  reduc- 
tion of  |)-nitroso-isobutyl-aniline  (Wacker,  A. 
243,  299).    Plates  (from  benzene-ligroin). 

PHENYLENE  -  BUTYLIDENE  -o-DIAMINE 

C,H,<^™>CHPr.       [233°].      Formed  from 

phenylene-o-diamine  and  isobutyric  aldehyde 
(Lassar-Cohn,  B.  22,  2724).  Needles  (by  sub- 
limation).-B'HGl.    [184°].— B',H,PtCl„. 

The  isomeric  compouud  from  phenylene-;;;- 
diamine  melts  at  216°,  while  that  from  phenyl- 
ene-p-diamine  is  oily,  and  yields  B'.,H,PtCls. 

DI  -  PHENYLENE  -  ISOBUTYL  -  QXIINOX  - 

ALINE  ^«^'-^:^>C„H,.CH,Pr.  [147°].  Formed 

from  phenanthraquinone  in  HOAc  and  isobutyl- 
phenylene-diamine  in  alcohol  (Gelzer,  B.  20, 
3256).    Yellowish  needles.— B'HCl :  needles. 

o-PHENYLENE-DICAEBAMIC  ETHEK 
C,HiNII.C0.,Et)2.    [88°].    Formed  by  heating 
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o-phenylene-diamine  with  ClCO.,Et  (Snajpe,  C.  J. 
49,  259).    Needles  (from  alcohol). 

7ji-Phenyleiie-dicarbamic  ether.  [145°]. 

^i-Phenylene-dicarbamic  ether.  [193°].  Got 
by  heating  jp-phenylene  dicyanate  with  alcohol 
(Gattermann  a.  Wrampelmeyer,  B.  18,  2605). 

Di-phenylene-dicarbamic  acid.  Ethyl 
ether  C0.,Et.NH.C,H,.C,H,,.NH.C0,J3t.  [230°]. 
Formed  from  benzidine  and  ClCOjEt  or  by  boil- 
ing diphenylene  dicyanate  with  alcohol  (Snape, 
C.  J.  49,  256  ;  Schiff  a.  Vanni,  A.  258,  369). 

Di-phenyl  ether,  [c.  240°].  Made  by 
heating  diphenylene  dicyanate  with  phenol  at 
140°  (Snape).    Tables,  si.  sol.  alcohol. 

DI-PHENYLENE-CARBINOL    C.^H.^O  i.e. 

^«2*>CH.0H.      Fluorene    alcohol.  [153°]. 

Formed  by  reducing  diphenylene  ketone  with 
sodium-amalgam  (Barbier,  A.  Ch.  [5]  7,  504). 
Hexagonal  plates  (from  benzene).  Oxidised  by 
CrO,  to  diphenylene  ketone.  ACoO  at  100° 
forms  an  acetyl  derivative  [75°].  When  heated 
above  its  melting-point,  diphenylene  carbinol 
yields  C^HisO  [290°],  a  nearly  colourless  resin. 

o-PHENYLENE  CARBONATE  C,H,CO,. 
[118°].  (225°-230°).  Formed  from  sodium 
pyrocateehin  and  ClCOjEt  (Wallaoh,  A.  226, 
84).    Four-sided  prisms  (from  alcohol-benzene). 

m-Phenylene     carbonate  CsH4<^q^C0. 

Formed  by  heating  resorcin  with  cyanurie  acid 
and  ZnClo,  and  also  by  the  action  of  COOL  on 
resorcin  (Birnbaum,  B.  14,  1753).  Amorphous 
solid,  sol.  HOAc. 

i»-PHENYLENE  DICARBONIC  ETHER 
C,H,(0.C0,Et)2.  (298°-302°).  Formed  from 
sodium  resorcin  and  ClCO,Et  in  ether  (Wallach, 

A.  226,  84).  The  p-isomeride,  [100°],  (310°),  is 
got  in  like  manner  from  hydroquinone  (Bender, 

B.  13,  697). 
PHENYLENE-CHLORO-OXY  -  ACETYLENE 

KETONE  V.  Chloro-di-oxy-indonaphthene. 

PHENYLENE  -  CINNAMYLIDENE  -  DI- 
METHYL DIAMINE  C,.H,sN,,  i.e. 

C.  H,.CH:CH.CH:N.C„H,.NMe,,.  [141°].  Formed 
from  cinnamic  aldehyde  and  phenylene-di- 
methyl-2)-diamine  (Nuth,  B.  IS,  575).  Needles. 

PHENYLENE  -  CUMINYLIDENE  -  DI  - 
METHYL- DIAMINE  C|8H.,„N2  i.e. 
C3H,.C,H,.CH:N.C,H^.NMe;j     [100°].  Formed 
from  cuminol  and  phenylene-di-methyl-diamine 
(Nuth,  B.  18,  575  ;  Uebel,  A.  245,  299).  Needles. 

«j-PHENYLENE  DICYANATE  C,H,(N:C0)2. 
[51°].  Got  by  distilling  OT-phenylene-dicarbamic 
ether  (Bender,  Bn.  3,  897).  Crystals. 

p-PHENYLENE  DI-CYANATE  C,H,(N:C:0).,. 
[91°].  (231°  at  745  mm.  i.V.).  V.D.  5-79  (for 
5-54).  Prepared  by  passing  a  stream  of  carbonyl 
chloride  COOL  through  jo-phenylene-diamine 
hydrochloride  heated  to  200°--250°  (Gatter- 
mann a.  Wrampelmeyer,  B.  18,  2604).  Colour- 
less needles.  Sublimable.  Pungent  vapour. 
Eeacts  like  phenyl-cy  anate,  forming  di-ureas  with 
amines,  and  di-carbamic  ethers  with  alcohols. 

PHENYLENE  DI-CYANIDE  v.  Nitrile  of 
Phthalio  acid. 

PHENYLENE  ETHVL-ACETAMIDINE 

C„H,<-^^*^C.CH3.    [180°].    Formed  by  the 

action  of  Ac.,0  on  phenylene-ethyl-o-diamine 
(Hempel,  /.  pr.  [2]  39,  200  ;  41,  166).  Plates. 


PHENYLENE-ETHYL-o-DIAMINE 

C„H,(NH„)(NHEt).  (249°).  Formed  by  re- 
ducing o-nitro-ethylaniline  with  tin  and  HCl 
(Hempel,  J.  pr.  [2]  39,  199;  41,  164).  Oil, 
turning  red  in  air  and  light. 

Acetyl  derivative  C„H,N._F:tAc.  [104°]. 

Phenylene-ethyl-)»-diamine 
C„Hj(NH,)(NHEt).  (276°uncor.).  Oil,  formed  in 
hke  manner  (Nolting  a.  Strieker,  jB.  19,  546). 
B"H^,C1., :  white  powder. 

Phenylene-ethyl-^-diamine.  (270°).  Oil, 
sol.  benzene  (Nolting  a.  Collin,  B.  17,  267  ; 
Schweizer,  B.  19,  149 ;  Fischer  a.  Hepp,  B. 
19,  2994 ;  Bernthsen  a.  Goske,  JB.  20,  930).— 
B"H„SO^ :  needles  or  prisms.— B"H„C1.,.  Plates, 
V.  sol.  water.— B"H2PtCl6. 

Pbenylene-di-ethyl-Hi-diamine 
C,Hj(NH,)(NEt,).    (277°).  Formed  by  reducing 
m-nitro-di-ethyl-aniline  (N.  a.  S. ;  Groll,  B.  19, 
200).  Oil. 

Phenvlene-di-ethyl-p-diamine.  (261°  un- 
cor.).  Formed  by  reducing  nitroso-diethyl 
aniline  or  C5H4(NEt.,).N...C,H^.NEt.,  (Lippmann 
a.  Fleissner,  B.  16,  1424).  Oil.— B''JIjCljPtCl,. 
Bed  crystals.  —  B"ZnCl,  2aq.  Converted  by 
treatment  in  aqueous  solution  with  alumi- 
nium sulphate,  Na,S.,03,  and  K.,Cr.,0,  into 
NEt„.C6H3(NH,).S.S0:,H'[229°], whence  by  diazo- 
tisation  C,H3(NEt,,)<|2    |-io70]    may    be  got 

(Bernthsen,  A.  251,  1). 

Phenylene-s-di-ethyl-2j-diamine. 
Nitrosamine    C,,H,(NEt.N0)2.  [90°].  Formed 
from  p-phenylene-diamine  by  successive  treat- 
ment with  EtBr  and  HNO.,  (Nietzki,  B.  16,  465). 
Yellowish  plates  (from  benzene-ligroin). 

Phenylene-tetra-ethyl-p-diamine 
C,H,(NEt,),.  [52°].  (280°  uncor.).  Got  by  heat- 
ing phenyiene-di-ethyl-diamine  orN2(CjH^.NEt,)2 
with  EtI  (Lippmann  a.  Fleissner,  B.  16,  1427  ; 
M.  4,  301).  Monoclinic  plates  (from  dilute  alco- 
hol), a:6:c  =  •99:1:1-833  ;  /3  =  90°30'.— B"H2PtCl6. 
—  B''H.,Hg^Cl|;.  Monoclinic  prisms.  —  B'^l^ : 
black  prisms.— B"2HI.—B"Hl3. 

PHENYLENE-ETHYL-BENZAMIDINE 

C,H,<^-'^j^*^CPh.  [81°].  Got  by  ethylation  of 

phenylene-benzamidine  (Howe,  Am.  5,  421). — 
B'HCl  3aq.— B'^H^PtClg.— B'HNO,  aq  [155°].— 
B'EtOH  [136°].  —  B'Etlaq.  —  B'EtCl  2aq.  — 
B'„Et.,PtCl„.~B'EtHSO,  aq. 

'  PHENYLENE-ETHYLENE-o-DIAMINE 

CfiHj^^^^'^j^.    Quinoxaline  tetrahydride. 

[97°].  (290°). 'V.D.  4-44  (calc.  4-64).  Formed 
by  heating  pyrocateehin  with  ethylene-diamine 
hydrate  at  200°-210°  (Merz  a.  Eis,  B.  20,  1191). 
Formed  also  by  reducing  quinoxaline  with  alcohol 
and  Na.  Plates  (from  water).  FeCl.,  colours  its 
dilute  aqueous  solutions  blue  or  violet.  Alkaline 
K,FeCyu  oxidises  it  to  quinoxaline. — B"„3HC1. 
[above  150°].  Scales.— B"2H„C.,04.  [184°].— 
B",,2C,H3N30,.  [above  120°].'  Yellow  crystal- 
line pp.,  si.  sol.  ether. 

Acetyl  derivative  CJi^.'^.,kc.,:C.^,. 
[144°].  [350°  uncor.).  Granules,  si.  sol.  cold  water. 

Di-phenylene-ethylene-tetramine  v.  vol.  ii. 
p.  491. 

PHENYLENE-ETHYLENE-DISITLPHONE 

CsH^(S02)oC,H,.  Formed  by  heating  ethylene 
bromide  with  potassium  benzene  ??i-disulphinate 
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(Otto,  J.  pr.  [2]  36,  450).  White  plates,  m.  sol. 
couc.  HNO,,. 

PHENYLENE  DI-ETHYL  DIKETONE 
C„H^(CO.C,H,),.     [220^].     Fomied  from  tere- 
phthalio  chloride  and  ZnEt,  in  ether  (IMiinch- 
meyer,  B.  19,  1850).    Needles  (from  ether). 

PHENYLENE  DI-ETHYL  DISULPHONE 
C,Hj(SO,Et),.     [142°].     Obtained  by  heating 
C,.HjS0.'K)„[l:.3]  withEtBr  at  100"  (Otto,  J.  pr. 
[2]  36,  440).    Colourless  plates. 

PHENYLENE-FURFURALDEHYDINE  v. 
vol.  i.  p.  100. 

PHENYLENE-DIGLYCOLLIC  ACID  v.  0.xy- 

DIPHENYLENE-ACETIC  ACID. 

DIPHENYLENE-DIHYDRAZINE  C,,H,  ,N , 
i.(;.N,H3.C,H^.G,,H,.N.,H,.  [167°].  Formed  from 
benzidine  hydrochloride  by  diazotisation  and 
reduction  by  Na^SOj  or  SnCl,  (Arheidt,  A.  239, 
206).  Small  white  plates,  sol.  hot  water.  Aqueous 
potassium  cyanate  forms  the  semicarbazide 
Cj,H|,N„0,,  [307°].  Nitrous  acid  forms  a  di- 
nitrosamineC|„H,„N,,0.,  [112°].  Pyruvic  acid  forms 
C,8H„N^0<  [lO?"'].  Acetone  yields  C,sH,„N, 
[198°],  whence  fusion  with  ZnCl„  yields  di- 
phenyl-di-methyl-indole  C„H|,N,,  [270=]. 

Reference. — Di-oxy-di-phbnylene  dihydraz- 

INE. 

DIPHENYLENE-IMIDE  v.  Caebazole. 

DIPHENYLENE     KETONE  ^'^^'^CO. 

[83°].    (above  300°). 

Formation. — 1.  By  distilHng  phenanthra- 
quinone  or  diphenyl  di-o-carboxylic  acid  with 
CaO  (Fittig  a.  Ostermayer,  A.  166,  373  ; 
Anschiitz  a.  Schultz,  B.  9,  1400).— 2.  By  heat- 
ing anthraquinone  with  lime  (Anschiitz,  B.  11, 
1213). — 3.  By  dry  distillation  of  the  Ag  salt  of 
its  dicarboxylic  acid  (Bamberger  a.  Hooker, 
B.  18,  1034 ;  A.  229,  156).— 4.  By  passing  a 
mixture  of  phenol  and  CS.,  over  hot  copper 
(Carnelley  a.  Dunn,  0.  P'roc.  4,  53 ;  B.  21, 
2005,  who  regard  the  product  thus  obtained  as 
isomeride). 

Properties. — Yellow  needles  or  plates  (from 
alcohol).  Yields  phenyl-benzoic  acid  by  potash- 
fusion.  Distillation  over  zinc-dust  gives  di- 
phenylene-methane  [113°]  (Fittig,  B.  6,  187). 
Forms  a  nitro-  derivative  [220°]  and  a  di-nitro- 
derivative  [290°]  (Schultz,  A.  203,  104).  Alka- 
line KMnOj  oxidises  it  to  phthalic  acid  (Anschiitz 
a.  Japp,  B.  11,  213).  H,,S0.,  forms  at  260°  a 
disulphonic  acid,  whence  CaA"  (Schmidt  a. 
Schultz,  A.  207,  345). 

Oxim.    [192°]  (Spiegler,  M.  5,  195). 

References. — BROMO-,Di-CHLorvO-,  Nitbo-,  and 
OxY-  Diphenylene  ketone. 

DIPHENYLENE    KETONE  CARBOXYLIC 

ACID  [1;2]C,H,<;^^C,H3.C0,H[.^6].  [192°]. 

Formed  by  oxidation  of  fluoranthene  by  chromic 
acid  mixture  (Fittig,  A.  193,  149 ;  200,  0). 
Orange-red  needles  (from  dilute  alcohol). 

Reactiotis. — 1.  Potasli-fusion  gives  diphenyl 
oui-dicarboxylic  acid. — 2.  Yields  diphenylene 
ketone  on  distillation.— 3.  Distillation  with  zinc- 
dust  gives  diphenylene-methane  (fluorene). 

Salt  s.— BaAC4aq.— Ca  A'.,  2aii. — Ag  A' . 

Diphenylene  ketone  carboxylic  acid,  [above 
275°].  Formed  by  heating  the  dicarboxylic  acid 
(Bamberger  a.  Hooker,  B.  18,  1034  ;  A.  229, 


158).    Pale  yellow   needles,   si.  sol.  alcohol. 
May  be  sublimed. — Ba.i'.,. — AgA' :  yellow  pp. 
Diphenylene  ketone  carboxylic  acid 

[1:2]  C„H,<^_^>CA.C0,H[.j3].    [227°  cor.]. 

Formation  (Graebe,  B.  13,  1303 ;  P.  20 
845;  A.  247,  275).— 1.  From  diphenyl  di-o- 
carboxylic  acid  by  heating  with  ET.SO  I  at  120° 
or  witii  POGl.,  or  ZnCl,.— 2.  By"  heating  di- 
phenylene dicarboxylic  acid  with  H.SO^  for  10 
minutes  at  150°. 

Properties.— YeWow  needles,  v.  sol.  hot  al- 
cohol.   Cone.  H^SO,  forms  a  red  solution. 

Reactions. — 1.  Potash-fusion  yields  diphenyl 
di-o-carboxylic  acid.— 2.  PCL  (1  mol.)  forms 

C  H^(COGl)/'^*^  [128°],  which  may  be  crystal- 
hsed  from  ligroin.  —  3.  PCI3  (2  pts.)  at  100° 
yields  c^h.^COCI)  ^^^^^  [^^°]'  which  yields 
fluorene  carboxylic  acid  on  reduction  with  zinc- 
dust  and  dilute  acetic  acid. — 4.  Zinc-dust  and 

ammonia  reduce  it  to  q'jj'^qq  jjj/'CH(0H). — 

5.  HI  and  P  give  fluorene. — 6.   Phenol  and 

SnCl,  at  120°  give  g';JJ^^"^^>C(C,H,.0H), 

[165°],  which  yields  AgA'  and  C,„H„,Ac,0,  [c. 
130°]. — 7.  Resorcin  gives  rise,  on  heating,  to 

CB.\cO..H)/*^^*^'^^^(^''^)-^-'  ^  yellowish-brown 
powder  which  exhibits  green  fluorescence  in 
alkaline  solutions. 

Salts.  —  NHjA' aq.  —  NaA' 6aq  :  yellow 
needles,  v.  sol.  hot  water. — AgA'  :  yellow  pp. 

Methyl  ether  MeA'.    [132°].  Needles. 

Ethi/l  ether  EtA'.    [103°].  Needles. 

Chloride  C,jH,C10.,.  [128°]. 

yliJiide  C„H,(NH,)0,.  [225°J.  Silky  yellow 
needles  (containing  vjHOEt).  Formed  from  the 
chloride,  and  also  by  heating  phenanthraijuinone 
mono-oxim  with  H,S0,  at  100°  (Wegerhoff,  B. 
21,  2357). 

Oxim  C,jH,(C0,H)(C:N0H).  [263°]. 

Phenyl -hydr  a  zide 
C,,H,(CO,H)(C:N,HPh).      [205°].  Brownish- 
yellow  prisms,  m.  sol.  alcohol. 

Diphenylene  ketone  dicarboxylic  acid 

C,H,,<^^*-'>C„H,(CO,H),[23:6].     Formed  by 

oxidation  of  retene-quinoue  and  of  oxyisopropyl- 
diijhenylene-ketone  carboxylic  acid  (Bamberger 
a.  Hooker,  B.  18,  1033 ;  A.  229,  151).  Yellow 
needles  (from  HOAc).  Not  melted  at  270°,  but 
loses  CO.,  at  a  higher  temperature.  Yields  di- 
phenyl on  heating  with  CaO.  Potash-fusion 
forms  diphenyl  tricarboxylic  acid. — BaA".— 
Ag.,A"  :  yellow  pp. 

'Methyl  ether  Me.A".  [184°].  Yellow 
hggcIIgs. 

Ethyl  ether  EtA.".    [115°].  Needles. 
Oxim  C,2H,(C0,H),:C(N0H).    Yellow  pp., 
not  melted  at  2s0°. 

DIPHENYLENE  KETONE  OXIDE 

C0<^^'g'^0.    Xanthone.    [174°].    (350°)  at 

730  mm.  (Graebe,  A.  254,  280).  S.  (alcohol)  -7 
in  the  cold  ;  8-5  at  78°. 

Formation. — 1.  Obtained  by  oxidation  of 

CH,<^^''g^>0  with  CrOj  and  HOAc  (Meiz  a. 

c  2 
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Weith,  B.  14, 192).— 2.  By  the  dry  distillation  of 
salicylide ;  tlie  yield  being  35  p.c.  of  the  theo- 
retical (Pei-kin,  B.  16,  33'J).— 3.  By  distilling 
phenyl  phosphate  with  sodium  m-  or  j?-oxy- 
benzoate  (Eichter). — 4.  By  the  action  of  POCI3 
on  potassium-salioylate  of  ethyl. — 5.  By  dis- 
tilling neutral  or  basic  sodium  salicylate  with 
PoOj. — 6.  In  small  quantities,  when  salicylic 
acid  is  distilled. — 7.  By  strongly  heating  sodium 
o-chlorobenzoate. — 8.  From  sodium  o-phenyl- 
benzoate  and  POCI3. — 9.  To  the  amount  of  12  p.c. 
of  the  theoretical  quantity,  by  the  action  of  o- 
chlorobenzoyl  chloride  on  basic  sodium  salicyl- 
ate.— 10.  By  the  action  of  cone.  H.,SO|  on 
[1:2]  C,H,,(OPh).CO,H  (Graebe,  B.  21,' 503).— 
11.  By  distilling  phenyl  salicylate  (Seiffert, 
J.  :pr.  [2]  31,  479).— 12.  By  heating  salicylic 
acid  (1  mol.)  with  PCI5  (1  moL),  then  adding 
phenol  and  distilling  (Klepl,  J.  pr.  [2]  28,  217.— 
13.  By  distilling  calcium  p-oxy-benzoate  (Gold- 
schmidt,  M.  4,  128). — 14.  A  product  of  the  elec- 
trolysis of  a  solution  of  phenol  in  KOHAq  at 
200=  (Bamberger  a.  Berl6,  B.  24,  3212). 

Preparation. — 1.  Phenyl  phosphate  (20  g.) 
and  sodic  salicylate  (20  g.)  are  distilled  together  ; 
a  violent  action  ensues ;  when  it  is  over  the 
residue  is  distilled  over  at  400°,  best  in  a  current 
of  air.  The  crude  product  is  shaken  with  solu- 
tion of  NaOH  and  distilled  with  steam.  The 
residue  is  extracted  with  alcohol,  from  which, 
on  cooling,  the  ketone  crystallises  (R.  Bichter, 
/.  pr.  [2]  28,  276).— 2.  By  distilling  salicylic 
acid  with  Ac„0,  the  salicylide  which  is  first 
formed  sijlitting  off  CO.,  when  the  temperature 
rises  (Perkin,  C.  /.  43,  35).  In  this  process 
there  is  formed  a  by-product  C^HsOj  [192°] 
which  is  converted  by  boiling  alcoholic  potash 
into  an  acid  C,4H30j  [275°]  (A.  G.  Perkin,  C.  J. 
43,  187). 

Properties. — Long  white  needles,  grouped 
concentrically.  M.  sol.  ether,  alcohol  and 
benzoline,  more  sol.  benzene  and  chloroform, 
insol.  water.  The  solution  in  cone.  H.^SO^  shows 
blue  fluorescence  (Graebe,  JB.  15,  1679).  Does 
not  react  with  hydroxylamine  or  phenyl-hydraz- 
ine (Spiegler,  B.  17,  808). 

Reactions. — 1.  Eeduced  by  «iMC-dust  or  by 

HI  to  CH,<^^''^^>0  [100-5°]  but  no  further.— 

2.  Potash-fusion  converts  it  into  salicylic  acid 
and  phenol. — 3.  If  the  fusion  be  stopped  when 
the  mass  is  pasty  (at  about  200°),  dissolved  in 
water  and  ppd.  by  HCl,  di-oxy-benzophenone 
is  obtained,  CO(CsH,|OH).^. —  4.  Sodium-amal- 
gam reduces  the  di-phenylene-ketone  oxide 
(in  dilute  alcohohc  solution)  to  C„,;H^p.,  [200°]. 
This  body  crystallises  from  CHCI3  in  prisms. 
It  is  split  up  by  chromic  acid  into  di-phenylene- 
ketone  oxide  and  diphenylene  methane  oxide,  so 
that  it  is  perhaps  a  molecular  compound  of  these 
two  bodies.— 5.  Bromine  at  200°  forms  a  di- 
bromo-  derivative  [212°].— 6.  Fuming  HoSO^ 
gives  a  disulphonic  acid  which  forms  BaA"  aq, 
crystallising  from  hot  water  in  needles  (A.  G. 
Perkin,  C.  J.  43,  192). 

Isomeride  C.^H.O..  [91°]  (E.) ;  [96°]  (G.). 
A  product  of  the  action  of  POCl,  on  sodium 
salicylate  (Eichter,  J",  pr.  [2]  28,294).  Formed 
also  by  heating  the  sulphate  of  o-diazobenzoic 
acid  with  phenol  (Griess,  B.  21,  981).  Needles, 
V.  e.  sol.  ether.    Yields  diphenyl  on  distillation 
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with  zinc-dust.  Br  gives  Ci^H^BrO.,  [193°]. 
H.^SOj  yields  a  disulphonic  acid,  which  gives 
BaA"aq  crystallising  in  needles. 

Dixanthone    C,H,<^>C,H,<;(,^>  C.H^. 

[256°].  Occurs  in  the  product  of  the  action  of 
salicylic  acid  on  resorcin  (Kostanecki  a.  Seid- 
mann,  B.  25,  1654).  It  crystallises  from  HOAc 
in  groups  of  needles,  and  its  solution  in  H^SOj 
shows  greenish  fluorescence. 

References.  —  Di-amedo-,  Niteo-,  and  Oxt- 

DI-PHENYLENE  KETONE  OXIDE. 

PHENYIENE    MERCAPTAN    v.  Di-thio- 

EEsoKciN  and  Di-thio-htdeoquinone. 

Diphenylene  mercaptan  CsH,(SH).CsH/SH). 
[176°].  Formed  by  diazotising  benzidine,  and 
treating  the  product  with  potassium  xanthate 
and  alcoholic  potash  successively  (Leuckaii, 
/.  pr.  [2]  41,  212 ;  cf.  Gabriel,  B.  13,  390). 
White  plates  (from  alcohol). 

Di-methyl  ether  Me,A".   [184°].  Plates. 

Di-ethyl  etherm.A"'.    [135°].  Plates. 

00-DIPHENYLENE-METHANE    V.  Fluoe- 

ENE. 

/-I  TT 

(7)  -  Diphenylene  -  methane  CH^<^^''jj*. 

Methylene-cliphcnyl.  [118°].  (295°  uncor.).  V.D. 
84  (calc.  83).  Occurs,  together  with  the  (5)- 
isomeride,  among  the  products  of  the  passage  of 
a  mixture  of  benzene  and  toluene  through  a 
red-hot  tube  (Carnelley,  C.  J.  37,  708).  Pearly 
plates  (from  alcohol),  si.  sol.  cold  alcohol,  v.  sol. 
ether.  Its  alcoholic  solution  shows  faint  blue 
fluorescence.  CrOj  and  HOAc  oxidise  it  to 
C,.,H^02  [281°  cor.].  Bromine  in  ether  gives 
Ci-iHgErj  [162°].  Picric  acid  forms  a  compound 
C,.,H,oC|;H3N30,  crystallising  in  blood-red  needles 
[81°]. 

(5)-Diphenylene-methane  C,3H,„.  [205°]. 
(320°).  V.D.  86-2  (calc.  83).  Formed  as  above. 
Pearly  plates  (from  alcohol).  Oxidised  by 
CrOj  in  HOAc  to  C,3H„0,  [288°  cor.]  which 
sublimes  in  white  needles. 

DIPHENYLENE-METHANE  OXIDE 

CH,<;;p''g'>0.    [100°].    (315°  cor.).  Formed, 

to  the  amount  of  2  p.c,  in  the  preparation  of 
Ph.,0  by  heating  phenol  with  AICI3  (Merz  a. 
We'ith,  B.  14,  191).  Formed  also  from  di- 
phenylene ketone  oxide  by  heating  with  fuming 
HIAq  at  160°  or  by  distilling  with  zinc-dust 
(E.  Eichter,  J.  pr.  [2]  28,  280  ;  Graebe,  A.  254, 
282)  ;  and  by  distilling  euxanthone  over  heated 
zinc-dust  (Wichelhaus  a.  Salzmann,  B.  10, 
1399  ;  Graebe  a.  Ebrard,  B.  15,  1678).  White 
plates  (from  alcohol). 

Reactions. — 1.  Oxidised  by  CrOj  or  dilute 
HNO3  to  diphenylene  ketone  oxide. — 2.  PCI3 
forms  HCl  and  a  product  whence  water  at  0° 
produces  Ci3H,0.P0(0H)„  [255°-260°]  an  acid 
forming  Ag.A"  and  (NHJ.A".— 3.  Br  forms 
CijHjBr.O  and  C,3H3Br,0  [136°]. 

DIPHENYLENE  -  METHANE  SULPHIDE 

CH2<^^<^^^>S.    [128°].     (342°).     Formed  by 

reducing  CO<;p''g'>S  with  HI  and  P  at  170°; 

and  also  by  passing  phenyltolyl  sulphide  through 
a  red-hot  tube  (Graebe  a.  Schultess,  A.  263,  12). 
Needles,  si.  sol.  cold  alcohol,  v.  e.  sol.  CHCI3. 
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DIPHENYLENE  -  METHANE  SULPHONE 

CH„<^'^g*>S02.    [170'J.    Formed  by  heating 

C0<^«g^>S02  with  HI  and  P  at  170°  (Graebe 

a.  Schultess,  -rl.  263,  15).  Needles,  v.  sol.  hot 
alcohol. 

PHENYLENE-METHENYL-AMIDINE 

C,H,<;-^j^^-'^CH.  [167°].  (above  360^).  Formed 

by  boiling  phenylene-o-diamine  with  formic 
acid  (Wundt,  B.  11,  826  ;  Fischer,  B.  22,  645). 
Trimetric  crystals  (from  alcohol). — B'HCl  aq. — 
B'HAuCl,.  Yields  on  methylation  C^H^N^  [33°] 
(278°  at  730  mm.). 

Carboxylic     acid  CO,H.C,H,<^-'™^CH. 

Formed  by  reducing  the  formyl  derivative  of 
(2,l,4)-nitro-amido-benzoic  acid  (Zehra,  B.  23, 
3634).  White  needles,  blackening  without 
fusion  when  heated. — BlA'HCl :  white  needles. 

m  -  PHENYLENE  -  METHYL  -  DIAMINE 
[1:3]  C„H,(NH,).NHMe.  Metlujl  -  phcnylciie  - 
diainine.  Ainido-mcthyl-anilina  (265°-270° 
uncor.).  Formed  by  reduction  of  «i-nitro- 
methyl-aniline  (Nolting  a.  Strieker,  B.  10,  518). 
Oil.  Gives  a  methyl-chrysoidine  with  diazo- 
benzene  chloride. 

25-Phenylene-methyl-diaiiiine 
[1:4]  G,H,(NH,)(NHMe).  (258°  uncor.).  Formed 
by  reduction  of  j3-nitroso-methyl-aniline  (Fischer, 
B.  19,  2992)  or  of  C„H|(NHMe).N.,.CJ-l.,.SO,H 
(Bernthsen  a.  Goske,  B.  20,  929).  "Oil,  v.  sol. 
water.  FeClj  gives  a  red  colour,  which  on  suc- 
cessive treatment  with  HCl  and  H.S  becomes 
blue  (dimethylthionine).  — ■  B',,H.,SO^ :  white 
needles  (from  water). 

?)!.-Phenylene-di-methyl-dianiine 
[1:3]  C,Hj(NH,.)(NMe.,).  (209°)  at  740  mm. 
S.G.  ^  -995  (Groll,  B.  19,  200) ;  (258°)  (Staedel 
a.  Bauer,  B.  19,  1945).  Formed  by  reduction  of 
j)i-nitro-di-methyl-aniline.  Oil.  With  nitrous 
acid  it  yields  a  colouring-matter  closely  resem- 
bling Bismarck  brown.  With  diazobenzene 
chloride  it  yields  a  di-methyl-chrysoidine  which 
dies  a  somewhat  redder  shade  than  chrysoidine. 
PbO.,  and  aqueous  HOAc  gives  a  yellowish- 
brown  colour  (Lauth,  C.  It.  Ill,  975).— B'HCl. 

Acetyl  derivative  C,H,(NMe.,)(NHAc). 
[87°]. 

p-Phenylene-di-methyl-diamine 

[1:4]  C„H,(NHJ(NMeJ.  [41°].  (257°  i.V.). 
Prepared  by  reduction  of  nitroso-di-methyl 
aniline  and  of  (C,H,NMe.,).,N„0  by  tin  and  HCl 
(Sohraube,  B.  8,  616;  Wurster,  B.  12,  522; 
Weber,  B.  10,  760).  Prepared  also  by  reduction 
of  C,H,(NMe3).N.,.C,H,.S0,H  (E.  Fischer,  B.  16, 
2235).  Formed  also  together  with  di-chloro-|)- 
phenylene-diamine  and  di-chloro-p-phenylcne- 
di-methyl  diamine  by  boiling  nitroso-di-methyl- 
aniline  with  HCl  (S.G.  1-2)  (Mohlau,  B.  19, 
2010). 

_  Properties. — Long  white  needles  or  short 
prisms,  v.  sol.  water,  alcohol,  and  ether.  PbO. 
and  aqueous  HOAc  give  a  magenta-red  solution 
changing  to  violet-black  (Lauth,  G.B.  Ill,  975). 
Colours  wood,  and  paper  made  from  wood, 
crimson  (Wurster,  B.  20,  808). 

Reactions. — 1.  Yields  quinone  on  oxidation 
with  MnO.,  and  H,SO,.— 2.  Bromine  in  HOAc 
forms  C^HiiNjBr,  which  crystallises  from  its  red 


alcoholic  solution  in  green  scales  [146°] 
(Wurster  a.  Sendtner,  B.  12,  1603).— 3.  H.S 
and  an  oxidising  agent  (e.g.  FeCL)  gives 
methylene-blue  {v.  vol.  iii.  p.  265).  Methylene- 

red   S,<;^''^>NMe,Cl      is     a  by-product 

(Bernthsen,  A.  230,  137  ;  251,  1).— 4.  Na.,S.,0,, 
and  CrO:,  give  C,H;,(NMe.,)(NH,)S.SO,H,  which 
yields  methylene-blue  on  further  oxidation. — 

5.  Aldehydes  and  ketones  form  products  of  con- 
densation, e.g.  C,H,(NMe..).N:CHPh  [93°]  (Calm, 
B.  17,  2938),  C,H^(NMe„).N:CH.C,H,OH  [1:2] 
[134°],  and  C„H^(NMe,).N:CH.C,H,.OMe  [1:4] 
[148°]  (Nuth,  B.  18,  574;  Steinhart,  A.  241, 
343).  Benzil  and  alcoholic  KOH  form 
CPhBz:N.C,H,NMe,  [139°]  ;  benzoyl-acetone 
forms  in  like  manner  CHd3z.CMe:N.C,H,NMe., 
[136°]  (Vogtherr,  B.  25,  635).  Benzoin  gives 
CHPh(0H).CPh:N.C,H,NMe2  [127°]  on  heating, 
while  deoxybenzoi'n  forms  C^oH^.^N.^  [139°].  — 

6.  Oxalic  ether  forms,  on  heating,  the  ether 
C„H,(NMe.,).NH.CO.CO,Et  [117°]  which  yields 
a  corresponding  acid  [192°]  and  amide  [259°] 
(Sendtner,  B.  12,  530). 

Salts. — B"2HC1.  Very  deliquescent  plates. 
— B"H,SnCl,.    Cubes.— B'''H,PtCl,. 

Acetyl  derivative  C,,H^(NMe..)(NHAc). 
[130°].    (355°).    Small  leaflets  or  needles. 

2)-Phenylene-tri-methyl-diamine 
[1:4]  C„H,,(NMe,)(NMeH).  (265°).  Obtained  by 
reduction  of  its  nitrosamine,  which  is  formed  by 
the  action  of  nitrous  acid  on  ^-phenylene-teira- 
methyl-diamine  (Wurster  a.  Schobig,  B.  12, 
1809).  Oil. 

Acetyl  derivative.    [95°].  Prisms. 

Nitrosamine  C,H,(NMe,)(NMc.NO).  [99°]. 
Leaflets  or  tables,  si.  sol.  cold  water. 

j/i-Phenylene-tetra-metliyl-diamine 
[1:3]  C„H,(NMe,,),.  [-2°].  (266°  i.V.).  S.G.  i5 
•992.  Prepared  by  heating  phenylene-)u-diamine 
with  methyl  alcohol  and  HCl  at  190°  (Wurster 
a.  Morley,  B.  12,  1814).  Purified  bv  distilling 
with  Ac,0  (Komburgh,  B.  T.  C.  7,  2).  Oil,  si. 
sol.  water.  HOAc  and  nitric  acid  give 
C6H(N0„).,N.,Me,N0  [132°].  s-Tri-nitro-benzene 
forms  B'''C„H,(N0„)3  [121°].  wt-Di-nitro-benzene 
gives  B"C,.H,'(NO,),,  [58°]  crystallising  in  needles. 
Bromine  forms  oily  C|„H,  |Br.,N„.  NaNO..  and 
dilute  HClAq  give  oily  C,H,(NO)(NMe,,),,,  which 
forms  a  hydrochloride  B'HCl,  crystallising  in 
dark-red  needles  (Witt,  B.  18,  877). 

Salts. — B"H.^Cl„2aq:  hygroscopic  crystals. 
— B"HjFeCy,,  aq.  Pearly  plates  (Wurster  a. 
Eoser,  B.  12,' 1826). 

Methyl  iodide  WUitl.  [192°].  Crystals, 
v.  sol.  water. — B"MeHI,. 

Di-mcthylo -di-iodide  B"Me,,L.  Plates, 
V.  sol.  water  (Hofmann,  Pr.  12,  639). 

jj-Phenylene-tetra-methyl-diamine 
[1:4]  C,H,(NMe,).,.  [61°].  (260°  i.V.).  Prepared 
by  heating  j:)-phenylene-di-methyl-diamine  with 
MeOH  and  HClAq  at  200°  (Wurster,  B.  12,  526, 
1803,  1827).  White  leaflets,  si.  sol.  cold  water, 
V.  sol.  alcohol.  Its  aqueous  solution  becomes 
violet-blue  on  exposure  to  air  or  addition  of 
oxidising  agents.    The  blue  substance  appears 

only  to  exist  as  a  salt,  e.g.  CJi^<^^^^^^^^Cil., 

(Wurster,  B.  19,3195;  20,  256;  21,  921).  It 
becomes  colourless  on  further  oxidation. 

Reactions. —  1.  Bromine  in  HOAc  forms  a 
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blue  colouring  matter  CioHj^N,,  wliich  forms 
blue  solutions  in  water  and  alcohol. — 2.  KjFeCyg 
added  to  a  solution  of  the  sulphate  forms 
C]oH,jNo2HjFeCys  crystallising  in  lustrous  blue 
needles.  —  3.  Sodium  nitrite  and  hydrochloric 
acid  give  C,H,(NMe..)(NMeNO)  [98°]  and 
C6H3(]SIO„)(NMe.,).NMe.NO  [87°]. 

Salts.— B"2HC1 ;  crystals.— B"H„PtCl,.— 
B"2H.,S0,.— B"HjreCy, :  white  needles. 

Methvlo-iodides  B"MeI.  [above  270°]. 
Leaflets  (W.).-B"Me2l,.    Plates  (Hofmann). 

Reference.  —  Nitbo-phenylene-di-biethyl-di- 

AMINE. 

PHENYLENE  -  DI  -  METHYL  -  DI  -  AMINE 
SULPHONIC  ACID  C,,H3(NH,)(NMe,).S0.,H. 
Got  by  reduction  of  jj-nitro-di-methyl-amido- 
benzene  sulphonic  acid  (Michler  a.  Walder,  B. 
14,  2176).  Large  rhombohedra,  v.  sol.  water. — 
BaA'„. — CaA'o :  plates. 

p  -  PHENYLENE  -  DI  -  METH  YL-DI  -  ETHYL- 
DIAMINE  C,,Hj(NMe.,)(NEt„).  {264°).  Formed 
from  [1:4]  C,H,(NEt,)(NH„),'  MeOH,  and  HClAq 
at  200°  (Lippmann  a.  F'leissner,  M.  4,  791). 
Liquid.    Coloured  blue  by  oxidising  agents. 

Methylo-iodide  B"2MeL  [218°].  Yields 
B"Me.,PtCl„  B"Me„AuCl3,  B"Me„CdIj,  and 
B"Me2(C,H,,N30,).  [235°]. 

0- PHENYLENE  -  METHYL  -  ETHYLENE  - 


DIAMINE  C,H,<;^'^^®>aH,, 


v-Mothyl-qtdn- 


oxaline  tctrahydride.  (274°).  Formed  by  heat- 
ing phenylene-ethylene-diamine  with  Mel  at 
110°  (Ris,  B.  21,  381).  Liquid.  Its  aqueous 
solution  is  coloured  blue  by  PeClj. 

Methylo-iodide  B'Mel.  [above  200°]. 
Crystals.— B'„Me,,PtCl„.    Yellow  needles. 

DIPHENYLENE  -  METHYL  -  FDKFUKANE 

C:i::c:^.c5e-  ^121°].  Got  by  reducing 
g,H,.g(OH).CH,Ac  ^j^pp  ^  Klingemann,  B.  21, 
2932). 

PHENYLENE  -  DI  -  METHYL  -  DI  -  MALONIC 
ACIDS  C,H.,(CH,.CH(CO,H),)„.  The  ethers  of 
these  acids  are  formed  by  the  action  of  zinc- 
dust  on  the  acids  C,Hj(CH.,.CCl(CO,Et).,),  which 
are  formed  from  sodium  chloro-malonic  ethei' 
and  oi-di-bromo-xylenes  (Perkin  a.  Kipping,  C.  J. 
53,  16 ;  B.  19,  437  ;  21,  36).  The  o-  and  m- 
ethers  are  oily,  the  p-  ether  is  crystalline  [51°]. 
The  ethers  form  deliquescent  sodium  derivatives 
NajCjoH.sOs,  and  the  o-  compound  of  this  formula 
is  converted  by  iodine  into  the  tetrahydride  of 
naphthalene  tetracarboxylic  ether.  The  m- 
acid  is  a  liquid  v.  sol.  water,  the  p-  acid  is 
crystalline  [195°].  The  p-  acid  forms  Ag^A", 
and  when  heated  splits  up  into  C0„  and 
C,H,{CHo.CH2.C0,H),  [223°]. 

PHENYLENE METHYL  -  METHENYL  - 


AMIDINE  C,H,<-'^'^^^CH. 


[33°].    (278°)  at 


730  mm.  Formed  from  phenylene-methenyl- 
amidine,  Mel,  and  MeOH  at  100°  (0.  Fischer, 

B.  22,  644).    Prisms.— B'HAuCl^.  Needles. 
DIPHENYLENE-METHYL-PYKAZINE 

C,  H,.C.N:CMe 
C„H,.C.N:CH  " 
thraquinone  and  propylene-diamine  (Strache, 
B.  21,  2362).   White  needles.— B',H,PtCl,. 


[128°].    Formed  from  phenan- 


f-p-DIPHENYLENE-TETRA- METHYL -DI- 
PYRKOLE  C.,^H.,,N,  i.e. 

CH:CMe\^  ■  „  ^CMe:CH  ^ 
CH:CMe>^-^«^^-°A-^<-CMe:CH-  ^^^^  ^■ 
Got  by  heating  an  alcoholic  solution  of  acetonyl- 
acetone  (2  mols.)  and  benzidine  (1  mol.)  (Paal 
a.  Schneider,  B.  19,  3158).  Colourless  tables. 
Sol.  alcohol,  ether,  benzene,  and  ligroin. 

DIPHENYLENE -METHYL- ftUINOXALINE 
C,,H„N2  i.e.  C,H3Me<^^:^-^«g^  [213°].  Formed 

from  (l,3,4)-tolylene-diamine  and  phenanthra- 
quinone  in  HOAe  (Hinsberg,  B.  17,  323).  Yel- 
low hair-like  crystals,  v.  sol.  benzene. 

DIPHENYLENE  -  NAPHTHOQUINOXAL  - 


INE  C,„H<j;gg^|.. 


[273°].     Formed  by 

boiling  an  alcoholic  solution  of  (l,2)-naphthyl- 
ene-diamine  with  phenanthraquinone  in  HOAc 
(Lawson,  B.  18,  2426).    Small  yellow  crystals. 

The  sulphonic  acid,  got  by  mixing  a  hot 
aqueous  solution  of  naphthylene-o-diamine  sul- 
phonic acid  with  phenanthraquinone  dissolved 
in  NaHSOjAq  with  addition  of  NaOAc,  forms  a 
yellow  crystalline  Na  salt,  sol.  hot  water,  but 
ppd.  by  alkalis  (Witt,  B.  19, 1719,  2791).  When 
fused  with  KOH  it  yields  the  insoluble  eurhodol 

CiA<^>C,„H,(OH)  [2  4],  which  forms  a 

scarlet  hydrochloride. 

m  -  PHENYLENE  -  DI  -  -  NAPHTHYL  - 
DIAMINE  C,Hj(NHC,„H,),.  [126°].  Formed 
by  heating  m-i)henylene-diamine  with  (;3)- 
naphthol  (Ruhemann,  B.  14,  2654).  Felted 
needles,  sol.  alcohol  and  ether. 

^3-Phenylene-di-(/3)-naphthyl-diamiiie 
C,H,(NHC,„H.),,.  [235°].  (over  400°  in  vacuo). 
Formed  by  heating  ^j-phenylene-diamine  with 
0)-naphthol  at  200°  (Rueff.B.  22,  1080).  White 
plates,  almost  insol.  boiling  alcohol,  v.  sol. 
nitro-benzene.  KNO,  added  to  its  solution  in 
cone.  H2SO4  gives  a  greenish-violet  colour, 
changing  to  blue.— B'2CsH3N30,.    [c.  217°]. 

Acetyl  derivative  C6Hj(NAc.C,oH,)2. 
[210°].    Plates  (from  benzene). 

Benzoyl  derivative  C,5H|8Bz.,N„.  [220°]. 

Reference.  —  Nitbo-phenylene-naphthyl-di- 

AMINE. 

PHENYLENE  -  NAPHTHYLENE  -  AMINE 

C„H„N  i.e.  ^gigj     ^^>NH.  Phenyl-naphthyl- 

carbazole.  [330°]. '°  (454°)  (Schweizer,  A.  264, 
195).  S.  (alcohol)  -25  at  78°  ;  S.  (toluene)  -5  at 
111°  (Bechi,  B.  12,  1978).  Occurs  in  crude 
anthracene,  from  which  it  may  be  got  from  the 
residues  after  sublimation  of  the  anthracene 
(Graebe  a.  Kneoht,  B.  12,  341,  2242  ;  A.  202,  1). 
Formed  by  passing  phenyl-(^)-naphthyl-amine 
through  a  red-hot  tube.  Colourless  plates,  v.  si. 
sol.  HOAc.  Its  solutions  show  blue  fluorescence. 
Oxidation  by  K^Cr^O,  and  H„S04  forms  the 

quinone  q  jj^  q  ^NH  [307°]  which  crystallises 

from  HOAc  in  reddish-yellow  needles,  and  is 

accompanied  by         q  _^0  which  crystallises 

from  benzene  in  red  prisms. 

Acetyl  derivative  CigHj^NO.  [121°]. 
Nitrosamine  C^H.^N^O.  [240°]. 
Tetrahydride     CuHuN.      Formed  by 
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reduction  with  HIAq  and  P  at  210°.  Syrup. — 
B'HI.    Long  needles. 

Phenylene-naphthylene-amine 

p-l]  c' h'/"-^^-    P^''"]-    'Formed  by  heating 

S<^n"  ^?'">^^'H  with  reduced  copper   at  240° 

^Kym,  B.  23,  2465).  Greenish-yellow  plates,  si. 
sol.  cold  benzene,  v.  sol.  hot  alcohol. 

PHENYLENE  -  NAPHTHYLENE  -  KETONE 

OXIDE  CO^^'-^^^O.     [155°].    Formed  by 

boiling  {c!)-naphthyl  salicylate  (Graebe  a.  Feer,  B. 
19,  2612).  Formed  also  by  heating  (a)-naphthol 
with  salicylic  acid  and  HOAc ;  and  by  distilling 
(l,2)-(a)-naphthol  carboxylic  acid  with  salicylic 
acid  (Kostanecki,  B.  25, 1043).  Crystals,  si.  sol. 
cold  alcohol.  Its  solution  in  H._,SO,  shows  green 
fluorescence.  Converted  by  potash-fusion  into 
o-(a)-di-oxy-phenyl-naphthyl-ketone  (Phomina, 

A.  257,  92). 

Isomeride.  [140°].  Formed  in  like  manner 
from  (/3)-naphthyl  salicylate ;  and  by  heating 
(2,l)-(^)-naphthol  carboxylic  acid  with  salicylic 
acid.     Needles.     Keduced    by    zinc-dust  to 

CH,<g>»J5';>0.  [80°J. 

2). PHENYLENE -DI-(/3)-NAPHTHYL  -  DI - 
METHYL-DIAMINE  C,H,(NMe.C,„H.).,.  [180°]. 
Formed  from  C,H,(NHC,„H.)„,  Mel,  'and  MeOH 
at  140°  (Rueff,  B.  22,  1080).  Plates. 

PHENYLENE  -  NAPHTHYLENE  OXIDE 

^e^^^O.  [178°].  Formed  by  distilling  a  mixture 

of  phenol  and  (a)-naphthol  with  PbO  (Arx,  B. 
13,  1726  ;  A.  209,  141).  Yellow  needles,  si.  sol. 
alcohol.  H„SO^  forms  a  tetrasulphonic  acid 
which  gives  Ba,C|BH|.S|0,:,4aq.  CrO.,  and  HOAc 
formC„H,0,  [140°].— C,„H|„02C,H,N,0-.  [165°]. 

Isomeride  C„.H,„0.  [296°]  (A.)  ;  [300°]  (G. 
a.  K.).  Formed  in  like  manner  from  (^)- 
naplithol  (A.).  Got  also  by  distilling  the  com- 
pound Cj^HgOa  (from  phenylene-naphthylene- 
amine)  with  zinc-dust  (Graebe  a.  Knecht,  A. 
202,  15).    Plates,  v.  sol.  toluene. 

References. — Di-bhomo-,  Di-chlobo-,  and  Di- 

NITEO-  PHENYLENE-NAPHTHYLENE  OXIDE. 

PHENYLENE  OXIDE  C,H,0?  [103°].  A 
product  of  the  distillation  of  o-oxy-benzoyl-o- 
oxy-benzoic  acid  (Marker,  A.  124,  249).  Silky 
needles  (from  alcohol).  HNO,  yields  the  nitro- 
compound C,H,,(NO,)0  [150°].' 

Diphenylene  oxide  C|,,H,0  i.e.  c^h'/"^' 
[87°].    (283°)  (Galewsky,  A.  264,  188). 

Formation. — 1.  By  distilling  Ph,,P04  over 
lime,  MgO,  or  PbO  (Lesimple,  A.  138,  375; 
Hoffmeister,  Z.  [2]  7,  24  ;  ^.159,  211 ;  Kreysler, 

B.  18,  1720).-2.  By  distilling  phenol  (2  pts.) 
with  PbO  (3  pts.)  (Behr  a.  Dorp,  B.  7,  398; 
Graebe,  A.  174,  190).— 3.  By  distilling  Ca(OPh)., 
(Niederhausern,  B.  15,  1120).— 4.  By  the  action 
of  red-hot  lime  on  di-phenylene-ketone  oxide. — 
5.  One  of  the  products  of  the  action  of  HCl  on 
mucic  acid  at  150°. 

Properties. — White  plates  (from  alcohol). 
Converted  by  AcCl  into  CH,.CO.g,H,>^Q  ^-gj^oj^ 

which  yields  an  oxim  [146°]  and  a  phenyl- 
hydrazide  [133°].  H.,SO,  forms  a  deliquescent 
disulphonic  acid,  which  yields  BaCioH^S^O,  aq. 


Picric  acid  c ompound  C,„H,OC,.H,N.,0.. 
[24°].  Yellow  crystals  (Goldschmiedt  a.  Schmidt, 
M.  2,  14). 

References. — Amido-,  Bromo-,  Tetra-chlop.o-, 
Di-ioDO,  DiNiTEO-  Phenylene  oxides. 

0  -  PHENYLENE  -  OXY  -  BENZAMIDINE 

C,,H,<^^^^C.C,H,.0H.     [223°].     Formed  by 

reducing  salicyl-o-nitro-aniline  with  tin  and 
HCl  (Mensching,  A.  210,  345).  Needles.— 
B'HCl  aq.— ]5'.,H  .SO,  4aq.    Needles,  si.  sol.  Aq. 

o-PHENYLENE-PHENYL-DIAMINE.  The 
snlphotiic  acid  which  gives  the  barium  salt 
BaA'o2aq  may  be  got  from  its  anilide  [1:2:4] 
C,H,,(NHPh)(NH„).SO„NHPh  [157°]  which  is  got 
by  reduction  of  C,H,(NHPh)(NO.,).SO.,NHPh,  and 
yields  B'HCl  [182°]  (Fischer,  B.' 24,  3794). 

j)-Phenylene-phenyl-diamine 
C,JI^(NHPh).NH„.  Aiiiido-diphcnijlaminc.  [67°] 
and  [75°].  (354°). 

Formation.  —  1.  By  reduction  of  nitro- 
diphenylamine  (Nietzki  a.  Witt,  B.  12,  1401). 
2.  From  ^j-nitroso-diphenylamine  by  boiling 
with  alcoholic  potash,  by  reduction  with  tin 
and  HCl  (Ikuta,  A.  243,  279),  or  by  treatment 
with  phenyl-hydrazine  in  ether  (O.Fischer,  B. 21, 
2615). — 3.  Together  with  azophenine,  by  heating 
|5-nitroso-diphenylamino  with  aniline  and  aniline 
hydrochloride  (0.  Fischer  a.  Hepp,  B.  20,  2480). 
4.  By  reducing  C,H^(NHPh)N.,CJi^SO,Na 
(Hess  a.  Bernthsen,  B.  13,  092). 

Properties. — Plates  or  needles,  si.  sol.  water, 
V.  sol.  alcohol.  Melts  at  75°  after  crystallisation 
from  ligroin.  FeCl,  added  to  a  solution  of  its 
salts  gives  a  red  colour,  turned  green  by  excess. 
Yields  quinone  on  oxidation. 

Salt.— B'„H.,SOj.  Plates. 

Nitr  OS  amine  CigH^N^O.,.    [c,  130°]. 

Acetyl  derivative  C,,HuN,0.  [158°]. 

Benzoyl  derivative  (Lellmann,  B.  15, 
826). 

Sulplionic  acid. 
[1:4:2] C,H,(NHPh)(NH„).SO,H.    Formed  by  re- 
ducing C„H,,(NHPh)(NO.,).SO,H  (Fischer,  B.  24, 
3800).    Yields  BaA'..  aq"  and  an  anilide  [171°], 
which  gives  B'HCl  [215^]. 

5)i-Phenylene-di-phenyl-diamine 
C,;Hj(NHPh),,.  [95°].  Formed  by  heating  res- 
orcin  (2  mols.)  with  aniline  (8  mols.),  CaCL, 
(8  mols.)  and  ZnCl.  (1  mol.)  for  35  hours  at  210° 
(Calm,  B.  16,  2792).  Flat  needles,  v.  sol.  ether. 
Oxidising  agents  give  a  green  colour  passing 
to  bluish  violet.  Amyl  nitrite  and  alcohol  HCl 
form  the  jj-nitroso-  derivative  CisHj^NjO,  crys- 
tallising in  brown-red  prisms  and  yielding 
B"2HC1  (Fischer  a.  Hepp,  A.  255, 14.5).  B"2HC1 : 
needles  decomposed  by  water. 

Acetyl  C,H.,(NPhAc),.  [163°]. 

Benzoyl  derivative  C^H,(NPhBz)„. 
[184°]. 

Nitrosamine  C,iHj(NPh.NO),.  [102°]. 
Yellow  needles,  forming  a  violet  solution  in 
H,SO,. 

2;-Phenylene-di-phenyl-diamine 

C,H^(NHPh).,.  [132°]  (Bandrowski,  M.  8,  475) ; 
[141°]  (Limpricht,  B.  22,  2910)  ;  [145°]  (0. 
Fischer,  B.  21,  2615);  [152°]  (Calm,  B.  16, 
2803).  Formed  by  heating  hydroquinone  (5  pts.) 
with  aniline  (17  iDts.),  CaCl.,"(20  g.),  and  ZnCL 
(5  g.)  for  18  hours  at  210°.  'Formed  also  by  the' 
action  of  phenyl-hydrazine  on  nitroso-diphenyl- 
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amine  in  alcohol,  and  from  the  hydrochlorifle 
of  amido-salioylic  acid  and  aniline.  Plates,  v. 
sol.  hot  benzene.  HNO3  added  to  its  solution 
in  H,.S04  gives  a  blue  liquid,  changing  to  red. — 
B"iHCl :  needles,  decomposed  by  water. 

Acetyl  derivative  C^H.^iiPhkc)^.  [192°]. 

Benzoyl  derivative  CsH,{NPhBz)„. 
[219°]. 

Nitrosamine  C,sH,,,N,0„.    [c.  120°]. 
Phenylene-di-phenyl-diamine 

CeH|(NH,,).NPh.,.  Formed  by  reducing  nitro- 
tri-phenyi-amine  (Herz,  B.  23,  2537).  Crystal- 
line.— B'HCl :  silvery  needles. 

Acetyl  derivative  C6H4(NHAc).NPh,. 
[197°]. 

o-PHENYLENE-PHENYL-GUANIDINE 

C,H,<^g>C:NPh.    [190°].    (440°- 450°). 

Formed  by  heating  phenylene  o-diamine  with 
di-phenyl-cyanamide  at  215°  (Keller,  B.  24, 
2499).  White  needles  (from  benzene)  or  prism.s 
(from  alcohol).  Phenyl-cyanate  forms  the  com- 
pound NPh<^^Q>N,(CNPh)C,Hj.      [266°].  — 

B'HCl.-B'jHjPtCl^.— B'H,SOj :  long  needles. 

Mono-acetyl  derivative.  [160°]. 

Bi-hcnzoyl  derivative.  [171°].  Needles. 

PHENYLENE  -  DI- PHENYL-  DIHYDRAZ- 
INE.  Hexahydride  C5H,„(NH.NHPh), 
[148°].  Formed  by  reducing  the  di-phenyl-di- 
hydrazide  of  quinone  with  sodium  and  alcohol 
(Baeyer  a.  Noyes,  B.  22,  2175).  Crystalline,  si. 
sol.  alcohol. — B'H„C,0,aq. 

77J-PHENYLENE'  DI-PHENYL  DIKETONE 
C„H,,(CO.C5H3),.  IsojMJLalophcnone.  [95°]  (M.); 
[100°]  (A.),  (above  360°).  Formed  from  iso- 
phthalyl  chloride,  benzene,  and  AICI3  (Ador,  Bl. 
[2]  33,  56 ;  B.  13,  320  ;  Mitnehmeyer,  B.  19, 
1848).  Plates  (from  alcohol).  Yields  a  mono- 
oxim  [201°]  (Nolting  a.  Kohn,  B.  19,  146),  a 
dioxim  [70°-75°],  and  two  di-nitro-  derivatives 
[260°]  and  [c.  100°]. 

^j-Phenylene  diphenyl  diketone 
CsH.,(C0.C,H,)2.    [160-].    Formed  from  tere- 
phthalic  chloride,  benzene,   and  AICI3  (M.). 
Yields  a  dioxim  [235°]. 

Diphenylene  di-phenyl  diketone 
C,,Hs(CO.CbH,),.    [218°].    Got  from  diphenyl, 
BzCl,  and  AlCl^  (Wolf,  B.  14,  2031).  Crystals. 

DIPHENYLENE-PHENYL-METHANE 

C,„H,,  i.e.  ^«g^>GHPh.   [145-5°].  Formed  by 

the  action  of  PoO^or  AICI3  on  a  mixture  of  benz- 
ene and  diphenylene-oarbinol  ;  and  also  by 
heating  CPh^Cl  at  200°  (Hemilian,  B.  11,  202, 
837  ;  Bl.  [2]  34,  325).  Formed  also  in  small 
quantity  in  the  distillation  of  calcium  benzoate 
or  phthalate  (Kekul6,  B.  5,  910 ;  Miller,  B.  12, 
1489).  Needles,  si.  sol.  ether.  Yields  o-benzoyl- 
benzoic  acid  on  oxidation. 

Reference. — Di-beomo-di-phenylene-phenyl- 

METHANE. 

V  -m-  PHENYLENE  -  DI  -  PHENYL  -  DI  - 
METHYL  -  DI  -  PYRROLE  DI  -  CARBOXYLIC  - 
ETHER  C3,H3„0  ,N2  i.e. 

CO.,Et.C:CMe\>j  p  „  „/CMe:C.CO.,Et 
HC:CPh  /  ^  \  CPh:CH 

[185°].  Obtained  by  mixing  together  in  acetic 
acid  solution  acetophenone-aceto-acetic  ether 
(2  mols.)  andm-phenylene  diamine  (1  mol.),  and 
allowing  the  mixture  to  stand   a  long  time 


(Paal  a.  Schneider,  B.  19,  3161).  Slender  white 
needles.    V.  sol.  ordinary  solvents,  except  Aq. 

f -p-Diphenylene  -  di  -  phenyl  -  di  -  methyl  -  di  - 
pyrrole  di-carboxy lie-ether  C^oHijO  ,No  i.e. 
CO.,Et.C:CMe\T,^  ^  „  n  tt  xT/CMe:C.CO.,Et 

'  HC:CPh>^-^»"^-^«^^-'^\CPh:CH  " 
[179].  Obtained  by  mixing  together  in  acetic 
acid  solution  acetophenone-aceto-acetic  ether 
(2  mols.)  and  benzidine  (1  mol.),  and  allowing 
the  mixture  to  stand  for  a  long  time  (P.  a.  S.). 
Hair-like  needles.  Sol.  alcohol  and  acetic  acid, 
V.  sol.  ether,  chloroform,  and  petroleum-spirit. 

p  -  PHENYLENE  -  TETRA  -  PHENYL  -  DI  - 
PYRROLE  DICARBOXYLIC  ACID 
CO..H.C:CPh\„  „  „  ,,/GPh:C.CO.,H     -  , 

■HC:CPh>^-C^S^-^<CPh:CH  '  ' 
300°].    Formed  by  saponification  of  its  ether 
[250°]  which  is  got  from  phenacyl-benzoyl- 
acetic  ether  and  phenylene-^J-diamine  (Paal  a. 
Braikoff,  B.  22,  3095).    Small  grains. 

Hi-PHENYLENE  DI-PHENYL  SULPHONE 
C,H,(S0,Ph)2.  [191°].  Formed  by  heating 
benzene  with  PoO,  and  benzene  )»-disulphonic 
acid  or  di-phenyl  sulphone  »«-sulphonic  acid 
(Otto,  B.  19,  2421 ;  20,  185).  Minute  needles 
(from  HOAc).  Alcoholic  potash  at  170°  forms 
0(G,H,.S0,,Ph)2  [70°]  and  C.H^.SO.^K. 

Di-phenylene  di-phcnyl  trisulphone 
S0.,(C,H^.S02CbH-)„.     [193°].     Formed  from 
SO.,(0,H.,.S03H)2,  benzene,  and  P.,0,  at  200° 
(Otto  a.  Bossing,  B.  19,  3127). 

PHENYLENE  -  DI  -  PHENYL  -  DI  -THIO  -  DI- 
UREA  C„Hj(NH.CS.NHPh),.  Formed  from 
phenylene-diamine  and  phenyl  thiocarbimide  in 
alcohol  (Lellman  a.  Wiirthner,  A.  221,  28;  228, 
200).  The  0-  and  p-  compounds  are  decom- 
posed by  heat  into  di-phenyl-thio-urea  and 
phenylene-thio-urea ;  the  in-  compound  melts 
at  161°,  and  the  0-  isomeride  at  about  290°.  They 
are  insol.  ether. 

wi-PHENYLENE-DI-PHENYL-UREA 
CsH,(NH.CO.NHPh)„.   Formed  from  )u-phenyl- 
ene-diamine  and  phenyl  cyanate  (Kiihn,  B.  18, 
1478).  Amorphous. 

PHEN  YLENE-PROPENYL-DIAMINE 

CeH,<^™-^CEt.    [169°].    (above  360°).  Gk)t 

by  boihng  o-phenylene-diamine  with  propionic 
acid  (Wundt,  B.  11,  829),  and  by  reducing  pro- 
pionyl-o-nitro-aniline  with  tin  and  HOAc  (Smith, 
Am.  6,  172).  Plates  (from  water).— B'HCl.— 
B'HgCl,.— B'jHoPtCls  2aq.— B',,H„Cr„0,. 

PHENYLENE-DI-PROPIONIC  ACIDS 
C6H,(CH„.CH„.C0„H)„.  Formed  by  heating 
C,HjCH*.CH(CO„H)„).,  (Perkin  a.  Kipping,  C.  J. 
53,  8,  32';  B.  21,  27',  40).  The  0-  acid  [162°] 
forms  Ag.,A".  The  m-  acid  [147°]  forms  Me„A" 
[51°]  and"Et,A"  (250°  at  60  mm.).  The^)-  acid 
[224°]  forms  AgjA"  and  Me.A"  [115°]. 

^-PHENYLENE-PROPYL-DIAMINE 
C6H,(NBL,)(NHPr).    (281°).    Got  by  reducing 
p-nitroso-propyl-aniline  with  SnClj  (Wacker,  .4.. 
243,  294).  Plates.— B"2H01.  Plates,  v.  e.  sol.  Aq. 

o-PHENYLENE-PROPYLENE-DIAMINE 


[72°].    (283°).    Formed  by 


heating  pyrocatechin  with  propylene-diamine  at 
200°  (Ris,  B.  21,  382).  Plates  (from  ligroin). 
— B',3HC1.— B'o2C,H3N,0,.    Thin  needles. 


PIIENYLENE-DI-TOLYL-DIAMINE. 
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DIPHENYLENE-PYKAZINE.  Dilujdride 

n    XT    XT      •         C„H,.C.N.CHo  1  , 

C|6H,..N2  I.e.  ^'■jj'  Q     ^^jj-.     Formed  from 

phenanthraquinone      and  ethylene-diamine 
(Mason,  B.  19,  112 ;  20,  2G7).— B'.,H„PC1,.. 
(a)-PHENYLENE-PYS.IDYL-KE'TONE 

C,.H,<^g-^5:CH-  Formed  by  dis- 

tilling the  dicarboxylic  acid 
C,H,0<g5(C0.H)^H^^^   [284°],   which  is 

formed  by  oxidising  (a)-styryl-()3)-naphthoquin- 
oline  carboxylic  acid  (Doebner  a.  Peters,  B.  23, 
1241).     Yields   a  picric  acid  compound 
[197°].    The  dicarboxylic  acid  yields  Ag.A". 
(;S)  -Pheny  lene-pyridyl-ketone 

C,H,<;^--;-^;^i^.    [129°].    Formed  in  like 

manner  from  the  corresponding  dicarboxylic 
acid  [264°]  which  is  got  by  oxidising  (a)-styryl- 
(a)-naphthoquinoline  carboxylic  acid  with 
KMnOj.  Needles.  Yields  li'.H.PtCl,  2aq.  The 
dicarboxylic  acid  forms  Ag.,A"  as  a  pp. 

PHENYLENE  -  QUINOLYLENE  KETONE 

OXIDE  Ci.H.NO.,  i.e.  0<^''g'j^>CO.  Plieno- 

quinoxantlione.    [188°].    Formed  by  distilling 

j)-oxy-quinoline  with  salicylic  acid.  Needles 
(from  alcohol). — B'HCl  :  needles. 

DIPHENYLENE-QUINOXALINE  C,„H,,N,, 

C^h'  c  N-^^'^''^^'  [■■^■'■^^]-  Grot  from  phenylene- 
o-diamine  and  phenanthraquinone  (Hinsberg,  A. 
237,  340).    V.  si.  sol.  alcohol. 

DIPHENYLENE-STYRYL-OXAZOLE 

^•^g^-^-^^C.CHiCHPh.    [172°].    Formed  from 

phenanthraquinone,  cinnamic  aldehyde,  and 
alcoholic  NH.,  at  100°  (Wadsworth,  C.  J.  57, 
11).    Yellow  needles. 

p-PHENYLENE  BISULPHIDE  C,H,S,. 
Formed  by  oxidising  ditliiohydroquinone  v.'ith 
an  alkaline  ferricyanide  solution  (Leuckart, 
J.pr.  [2]  41,  206).  Chars  without  melting  at 
300°,  insol.  ordinary  solvents.  Is  reduced  by 
fusing  with  potash  to  ditliiohydroquinone. 

Diphenylene  sulphide  ^"h'>S.  [97°].  (333° 

i.V.).  Formed  by  passing  Ph„S  through  a  red- 
hot  tube  (Stenhouse,  A.  156,  "332;  Graebe,  A. 
174,  185).  Needles,  m.  sol.  alcohol.  Yields  on 
oxidation  the  sulphone  C|,H„SO,  [230°]. 

Diphenylene  -  disulphide  C,H^<^g>C,H, 

[154°].  (366°).  A  product  of  the  distillation  of 
sodium  benzene  sulphouate  (Stenhouse,  Pr. 
17,  62  ;  A.  149,  252).  Formed  also  by  heating 
phenol  with  P,S,  (Graebe,  A.  174,  185;  179, 
178),  by  heating  benzene  with  S  and  AlCl^  at 
80°  (Friedel  a.  Crafts,  A.  Ch.  [6]  1,  530;  14, 

439),  and  by  heating  CsH4<^g^N  (Jacobsona. 

Elley,  B.  22,  910).  Prisms  (from  CS„).  Cone. 
H.jSO,,  forms  a  purple  solution.  CrO,  in  HOAc 
gives  the  sulphone  C,..H,S..04  [325°]  and  the 
sulphoxide  C^H^SA  [241°],  si.  sol.  cold  benz- 
ene. _  Br  forms  CiofigS^Br,  crystallising  from 
CS2  in  small  black  prisms. 

m-PHENYLENE  SULPHOCYANIDE 
C,H,(SCN)2.    [54°].    Formed  by  heating  the 
lead   salt  of   di-thio-resorcin   with   ICy  and 


alcohol  at  100°  (Gabriel,  B.  10,  184).  Needles, 
V.  e.  sol.  hot  alcohol.  Yields  a  nitro-  compound 
C,H,(NO,.)(SCN).,  [150°1. 

DIPHENYLENE  SULPHONE  v.  Diphenyl- 
ene SULPHIDE. 

DIPHENYLENE  SULPHONE  KETONE 

C,H4<^^q2>  C,H,.  [185°].   Formed  by  heating 

benzophenone  with  fuming  H.SO^  (Beckmann, 

B.  0,    1112;    8,    992),    and    by  oxidising 

CsH4<^gQ^ CgH^  (Graebe  a.  Schultess,  A.  263, 

10).    Yellowish  needles,  v.  sol.  alcohol. 

PHENYLENE  DITHIOCARBAMIC  ETHERS 

C,  H,(NH.CO.SEt),,.  Formed  by  boiUns  from 
phenylene-thiocarbimide  with  alcohol  (Billeter 
a.  Steiner,  B.  20,  230).  The  m-  compound 
[116°]  and  thep-  compound  [197°]  are  crystalline 
and  yield  Ag.>A"  as  wliite  pps. 

PHENYLENE-DI-THIO-CARBIMIDE 
CjH,(NCS).,.    Formed  from  phenylene-diamine 
and  CSCl,  (Billeter  a.  Steiner,  B.  20,  231).  The 
0-  compound  [59°],  m-  compound  [53°]  (250°), 
and2>  compound  [130°]  all  ci'ystallise  in  needles. 

Dt-PHENYLENE  -  DI  -  THIO  -  DIGLYCOLLIC 
ACID  C„H,(SCH,,.CO,H),.  [127°].  Formed 
from  di-thio-resorcin  and  ClCH,_.CO.jH  (Gabriel, 

B.  12,  1639).    Microcrystalline  powder. 
Diphenylene-di-thio-di-glycoUic  acid 

C,  ,H4S.CH,.C0,H),.  [252°].  Formed  from 
C|..Hg(SH).,,  NaOHAci,  and  chloro-acetic  acid 
(Gabriel,  B.  13,  390). 

o-PHENYLENE-THIO-UEEA 

C,H,<^!g>CS.     [298°].    Formed  by  heating 

o-phenylene-diamine  hydrochloride  with  am- 
monium sulpliocyanide  and  water  at  130° 
(Lellmann,  B.  15,  2140;  A.  221,  9).  Formed 
also  from  o-pheny]ene-diamine  and  CSCL, 
(Billeter  a.  Steiner,  B.  20,  231).  Plates  (froni 
dilute  alcohol,  si.  sol.  water).  The  crystalline 
wi-isomeride  is  got  by  heating  7)j-phenylene-di- 
amine  with  CS.,  and  some  alcohol  at  150°  (Gucci, 
G.  17,  524).    The  p-isomeride  melts  at  271°. 

Phenylene-di-thio-di-ureas 
C„H,(NH.CS.NH,),.  m.  [215°].  p-  [220°]. 
Formed  by  heating  phenylene-diamine  hydro- 
chloride with  ammonium  sulpliocyanide  (Lell- 
mann, A.  221,  11  ;  B.  15,  2840).  The  p-  com- 
pound is  also  formed  from  p-phenylene  di- 
thiocarbimide  and  alcoholic  NH,  (Billeter  a. 
Steiner,  B.  20,  230). 

Diphenylene  -  thio  -  urea  C  h'  NH-^^'^' 
[238°].  Formed  by  heating  di-op-amido-diplienyl 
with  alcohol  and  CS..  (Reuland,  C.  J.  58,  167  ; 
B.  22,  3014). 

o-PHENYLENE-TOLENYL-AMIDINE 


C,H,Me.C<^jf>C,H, 


[268°].    Formed  from 

o-phenylene-diamine  and  j.'-toluic  chloride,  and 
also  by  reduction  of  ^-toluyl-o-nitro-aniline 
(Hiibner,  A.  210,  328 ;  of.  Bruckner,  A.  205, 115). 
Prisms  (from  alcohol).— B'HCL— B'.,H.,PtCl,.— 
B'HNO,.— B'.,H,,SO,  :  slender  needles". 

PHENYLENE-DI-2>T0LYL-j)i-DIAMINE 
C.,„H,„N.,  i.e.  C„H,(NH.C,H,Me).,.  [137°]. 
Formed  by  heating  resoroin  with  p-toluidinc, 
ZnCl.,,  and  CaCl.,  (Hatschek  a.  Zega,  J.  pr.  [2] 
33,  218).  Needles.  Yields  a  di-nitrosamine 
Co(|H,,Nj02   [c.   150°],  a  di-acetyl  derivative 
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CdHigAcNj  [176°],  and  a  di-benzoyl  derivative 
a„H„Bz',N„  [152°].— B"2HC1;  crystalline 
powder,  decomposed  by  "water. 

Phenylene-di-o-tolyl-p-diamine  [135°]. 
(420°).  Formed  by  heating  hydroquinone  with 
o-toluidine  and  CaCl„  at  290°  (Philip,  J.  pr. 
[2]  34,  65).  Plates  (from  HOAc).  Yields  a  di- 
nitrosamine  [140°].  Yields  C.,„H,8Bz„N.,  [235°] 
and  C,,„H„Ac.,N,,  [189°].— B"2HC1:  needles. 

Phenylene-di-p-tolyl-^-diamine.  [182°]. 
Formed  by  heating  hydroquinone  or  phenyl-jj- 
amido-phenol  with  ^j-toluidine  and  ZnCl,  at 
220°  (H.  a.  Z.) ;  Calm,  B.  16,  2810).  Plates. 
Yields  a  di-nitrosamine  [152°],  a  di-acetyl  de- 
rivative [173°],  and  a  di-benzoyl  derivative 
[222°].— B"2HC1. 

PHENYLENE-TOLYLENE-KETONE  OXIDE 

C6H^<^^^>C,H3Me.  Methyl-xantlwne.  [105°]. 

Formed  by  boiling  jj-tolyl  salicylate  (Graebe  a. 
Feer,  B.  19,  2612  ;  cf.  Seifert,  J.  pr.  [2]  31, 478). 

Isomeride  C.H.^^^^^C.HjMe     l].  [176°]. 

Made    by    heating   C„H3Me(0H)C0.,Ph  [49°] 
(Weber,  B.  25,  1745).    Crystals  (from  alcohol). 
o-PHENYLENE-p-TOLYL-GUANIDINE 

C6H4<^^H>C:N.C,.H,Me.    [209°].    Formed  by 

heating  o-phenylene-diamine  with  di-^-tolyl- 
cyanamide  at  210°  (Keller,  B.  24,  2509).  Tables. 
Yields  a  mono-acetyl  derivative  [152°],  a  di- 
benzoyl  derivative  [191°],  and  a  nitrosamine 
CnH„(N0)N3  [150°-160°].  Phenyl  cyanate  forms 

C„H,N<^^Q>N„(C,HJ:C:NC,H,Me  [254°]  crys- 
tallising from  benzene  in  small  needles.  T)i-p- 
tolyl-cyanamide  at  210°  forms  the  compound 
(NHC-H,),C:N.,(C,Hj):C:N.C,;H,Me  [188°]. 
Salt  s.— B'HCL— B',,H,PtCl„.— B',,H.,SO^. 

diphenylene-to'lyl-metha'ne  C,oH,6 

i.e.  ^•'^'^CH.C.H.Me.   [128°].    Formed  by  the 

action  of  P.2O5  on  a  mixture  of  diphenylene- 
carbinol  and  toluene,  or  of  AICI3  on  diphenylene- 
carbiuyl  chloride  dissolved  in  toluene  (Hemilian, 
B.  11,  203  ;  Bl.  [2]  34,  325).    Silky  needles. 

PHENYLENE-DI-p-TOLYL-DI-METHYL-wi- 
DIAMINE  C„H,(NMe.O„H,Me)„.  (c.  400°).  Got 
by  heating  phenylene-di-jp-tolyl-7rt-diamine  with 
Mel  and  KOH  at  150°  (Hatschek  a.  Zega,  J.  pr. 
[2]  33,  223).    Liquid  smelling  like  geraniums. 

The  isomeric  phenylene-di-o-tolyl-di-methyl- 
^-diamine  (385°-390°)  and  phenylene-di-p-tolyl- 
di-methyl-diamine  [153°]  may  be  prepared  in 
like  manner  (Philip,  J.pr.  [2]  34,  57 ;  H.  a.  Z.). 

o-PHENYLENE-UREA  C,H,<^^g>CO. 

[308°].  Formed  by  heating  o-amido-phenyl- 
carbamic  ether  at  90°  (Rudolph,  B.  12, 1296),  by 
heating  o-amido-di-phenyl-urea  (Lellmann  a. 
Wurthner,  A.  228,  220),  by  heating  its  ethyl 
derivative  with  HCl  (Sandmeyer,  B.  19,  2654), 
and  by  the  action  of  COCL,  in  toluene  on  a 
solution  of  o-phenylene-diamine  hydrochloride 
at  100°  (Hartmann,  B.  23,  1046).  Leaflets,  si. 
sol.  water. — B'HCl.    Decomposed  by  water. 

Ethyl    derivative  C„H^<^-'^^C.OEt. 

[160°].  Formed  from  o-phenylene-diamine  and 
NH:C(0Et)2.  Plates. 


wi-Phenylene-urea.  [above  300°].  Formed 
by  similar  methods  (Michler  a.  Zimmermann, 
B.  14,  2177  ;  L.  a.  W.).    Insoluble  powder. 

p-Phenylene-urea.  [above  320°].  Got  by 
heating  j5-amido-di-phenyl-urea  (L.  a.  W.). 

Isomeride.  [130°].  Got  by  boiling  an  alco- 
holic solution  of  oxy-phenyl-thio-urea  with  HgO 
(Bendix,  B.  11,  2264).    Tables,  sol.  water. 

Phenylene  -  di  -  ureas  C,H.,(NH.GO.NH„),. 
0-  [290°].  m-  [above  300°].  Formed  fro'm 
phenylene-diamine  hydrochloride  and  potas- 
sium cyanate  in  cold  aqueous  solutions  (Warder, 
B.  8,  1180  ;  Lellmann,  A.  221,  13  ;  B.  16,  592). 

The  p-  compound  can  be  heated  to  carbonisa- 
tion without  melting. 

References. — Amido-  and  Nitko-  phenylene- 

UREA. 

PHENYL-ENNOIC  ACID. 

Nitrile  C,H-.CH(C,H„).CN.  (327°).  Formed 
from  CH„Ph.CN,  heptyl  iodide,  and  NaOH  (Ros- 
solymo,  B.  22,  1237).    Yellow  oil. 

DI-PHENYL-ENNYL  TRICYANIDE 
C„H|„C.,N3Ph.,.    [c.  38°].    (c.  293°  at  15  mm.). 
Formed  from  decoic  chloride,  benzonitrile,  and 
AlCl,  (Krafft  a.  Koenig,  B.  23,  2384). 

PHENYL-ENNYL-THIO-UREA  C,„H..  N,,S  i.e. 
NHPh.CS.NHGgH,„.  [60°].  Formed  from  ennyl- 
thiocarbimide  and  aniline  (Freund  a.  Schonfeld, 

B.  24,  3359).  Tables,  v.  sol.  alcohol  and  ligroin. 
PHENYL-ENNYL-UREA  C„H„6N,0  i.e. 

NHPh.CO.NHCgH.g.  [63°].  Formed  from 
phenyl  cyanate  and  aniline  in  alcohol  (Freund 
a.  Schonfeld,  B.  24,  3358).    Long  prisms. 

s-DI-PHENYL-ETHANE  CnH„  i.e. 
CH.,Ph.CH.,Ph.    Dibenzyl.  Mol.  w.  182.  [53°]. 
(277°).  S.V.S.  174-2  (Schiff,  A.  223,  261).  H.F. 
-31,200.    H.C.v.  1,828,300.    H.C.p.  1,830,200 
(Berthelot  a.  Vieille,  Bl.  [2]  47,  866). 

Formation. — 1.  By  the  action  of  Na  on 
benzyl  chloride  (Cannizzaro  a.  Eossi,  A.  121, 
250;  Fittig,  A.  137,  257).— 2.  From  ethylene 
chloride,  benzene,  and  AICI3  (Silva,  C.  B.  89, 
606  ;  A.  Ph.  S.  18,  345).— 3.  From  CHBr:GHBr, 
benzene,  and  AlCl.,  (Anschiitz,  A.  235,  155). — 
4.  From  acetylene,  benzene,  and  AlCl,  (Varet  a. 
Vienne,  Bl.  [2]  47,  919).— 5.  By  heating  benzyl 
chloride  with  copper  powder  (Onufrovitch,  B. 
17,  833). — 6.  A  product  of  the  action  of  Na  on 
o-bromo-benzyl-bromide  (.Jackson  a.  White,  Am. 
2,  390).— 7.  By  adding  sodium  (70  g.)  to  an  alco- 
holic solution  of  phenyl-cinnamonitrile  (Freund 
a.  Eemse,  B.  23,  2859). 

Properties. — Long  colourless  needles,  sol. 
alcohol,  ether,  and  CS^. 

Reactions. — 1.  Yields  toluene  and  di-phenyl- 
ethylene  when  passed  through  a  red-hot  tube 
(Otto,  Z.  [2]  6,  22  ;  A.  154,  176  ;  Barbier,  C.  R. 
78,  1769). — 2.  Chlorine  passed  into  fused  s-di- 
phenyl-ethane  forms  first  CHPh:CHPh  and  then 

C,  H^C1.CH:CH.C,H,C1  (Kade,  J.pr.  [2]  19,  466). 
In  presence  of  I,  chlorine  forms  p-di-chloro-di- 
phenyl-ethane  in  the  cold.  Exhaustive  chlorin- 
ation  yields  CCl,  and  Cfi\  (Merz  a.  Weith,  B. 
16,  2877).— 3.  K.SOj  forms  a  disulphonic  acid 
C,4H,„(S0.,H),  5aq,  which  yields  K.,A"  2aq, 
BaA"  Aaq,  and  PbA"  aq  (Kade,  B.  6,  953).  A 
tetra-sulphonic  acid,  Ci.,H, ,,(80311)4  3aq,  is  also 
formed. 

M-Di-phenyl-ethane  CHs.CHPh,.  (270°)  (0.) ; 
(286°)  (H.). 

Formation. — 1.  From  CCla.CHPh,,  alcohol, 
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and  Na  (Goldsclimiedt,  B.  6,  1501).— 2.  From 
CH.,Ph.CH._,Br,  benzene,  and  zinc-dust  (Kadzis- 
zewski,  B.  7, 110). — 3.  From  paraldehyde,  benz- 
ene, and  H,,SO,  (Baeyer,  B.  7,  1190).— 4.  To- 
gether with  ethyl-benzene  and  di-methyl-anthra- 
cene  dihydride  by  heating  ethylidene  chloride 
with  benzene  and  AlCl,  (Silva,  Bl.  [2]  41,  448  ; 
Ansohiitz,  B.  17,  165).— 5.  By  distilling  its 
dicarboxylic  acid  (Haiss,  B.  15,  1481). 

Properties.  —  Oil,  with  blue  fluorescence. 
Solidifies  in  a  freezing  mixture.  Yields  benzo- 
phenone  on  oxidation.  Fuming  HNOj  added  to 
its  solution  in  HOAc  forms  benzophenone, 
CPh2(0H).CH,.0.N0.,  [I07°],  di-phenyl-vinyl 
nitrite  [87°],  and  a  body  [148°]  which  yields  di- 
phenyl-acetonitrile  on  reduction  (Anschiitz  a. 
Eomig,  A.  233,  329). 

Tri- phenyl -ethane  CH.Ph.CHPh.,.  (above 
360°).  Formed  from  CH„Cl.CHC1.0Et,  benz- 
ene, and  AlCl.,  (Waas,  B.  "l5,  1128).  Liquid, 
with  violet  fluorescence.    Insol.  cold  alcohol. 

s-Tetra-phenyl-ethane  C„„H.,„  i.e. 
CHPh,,.CHPh,.   Mol.  w.  334.   [210°].   S.  (benz- 
ene) 14  at  80°.  _  S.  (95  p.c.  alcohol)  -8  on  boil- 
ing. 

Formation. — 1.  By  distilling  benzoyl-  and 
succinyl-  di-phenyl-carbinol  and  by  distilling  di- 
phenyl-carbinol  with  succinic  acid  (Linnemann, 
A.  133,  24). — 2.  By  distilling  benzophenone  with 
zinc-dust  (Staedel,  B.  6,  1401). — 3.  By  reducing 
benzpinacone  CPh.,(OH).CPh,.(OH)  with  HI  and 
P  (Graebe,  B.  8,  1055).— 4.  From  di-phenyl- 
carbinol,  glacial  HOAc,  cone.  HClAq,  and  zinc 
(Zagumenny,  A.  184,  176;  Bl.  [2]  34,  329). ^5. 
By  reducing  (/3)-benzpinacolin  CPh.,.CO.C(,H- 
with  HI  and  P  (Zincke  a.  Thorner,  B.  11,  67).— 
6.  By  boiling  (CHPh,),S,,  with  alcohol  and 
copper  powder  (Engler,  B.  11,  926). — 7.  By  re- 
ducing CPh.,:CPh,,  (Friedel  a.  Balsohn,  Bl.  [2] 
33,  338).— 8".  From  CHPh,,Cl  and  Na  (Engler). 
9.  By  the  action  of  benzene  and  AlCI,  on 
CBr,.GH,Br,  onCHBr.,.CHBr.„on  CPhHBr.CHBr„, 
on  CPhBr,,.CPhBr2,  and  on  CHPliBr.CHPhBr, 
the  yield  in  the  last  case  being  excellent  (An- 
schiitz, A.  235, 196).— 10.  By  distilling  CPh„HCl 
(Anschiitz,  A.  235,  220). 

Properties. — Needles  (by  sublimation),  si. 
sol.  alcohol.  Crystallises  from  benzene  with 
C|;Hg.  Yields  a  crystalline  tetra-nitro-  derivative, 
a  crystalline  tetra-sulphonic  acid,  wliich  gives 
Ba^Ai"  and  C,,.H,8(0H)^  [248°]. 

M-Tetra-phenyl-ethane  CPh,j.CH,Ph.  [140°]. 
Formed  from  CPlijK  and  benzyl  chloride 
(Hanriot,  C.  B.  108,  1119). 

References. — Amido-,  Bromo-,  Bromo-amido-, 

Dl-BROMO-DI-NITRO-,   ChLORO-,  PeNTA-CHLORO-DI- 

NITRO-,  NiTRo-,  and  Oxy-,  Phenyl-ethanes. 
PHENYL-ETHANE  DICARBOXYLIC  ACID 

V.  CARBoxY-pnEXYL-pROPioNic  ACID  and  Phenyl- 

SUCCINIC  ACID. 

Phenyl-ethane  tricarboxylic  acid 

CHPh(CO,,H).CH(CO,,H),.  [171°].  Got  by  sa 
ponifying  its  ether,  which  is  made  by  the  action 
of  a-cliloro-  or  a-bromo-  j)henyl-acetic  ether  on 
sodium  malonic  ether  (Spiegel,  A.  219,  31; 
Alexander,  A.  258,  71).  Small  tablets,  v.  sol. 
hot  water.  Decomposed  on  fusion  into  C0,_,  and 
phenyl-succinic  acid.  Salts. — Ca^jA'"; lOaq. — 
Ca,A"'.,  5aq:  ppd.  from  aqueous  solution  by  alco- 
hol.— AgjA'";  crystalline  pp. 


I  Etliyl  ether  Et.,A"'.  [46°].  (202°  at 
10  mm.).    Needles  (from  dilute  alcohol). 

Di-phenyl-ethane  o-carboxylic  acid  C,-H||0., 
i.e.  C,;H-,.CH,,.CH,,.G„H,.CO,H.  [131°].  Formed 
by  the  action  of  HI  and  P  at  200°  on  iso- 
benzylidene-phthalide,  and  on  deoxybenzoin 
carboxylic  acid  (Gabriel,  B.  11,  1019  ;  18,  2446). 
Tablets  (from  dilute  alcohol).— AgA' :  pp. 

Isomerides  v.  Di-phenyl-propionic  acid. 

Di-phenyl-ethane  di-o-carboxylic  acid 
C,„H,,0,    I.e.  CO.,H.C,Hj.CH.,.CH.,.C„H,.CO.,H. 
[186°]  (H.) ;  [229°]  (D.). 

Formation. — 1.  By  heating  diphthalyl  with 
HI  and  P  (Graebe,  B.  8,  1055).— 2.  By  the 
action  of  HI  and  phospliorus  on  the  acid 

CO<;^«|^'>CH.CH,.C„H,.CO,H  (Wislicenus, 

B.  17,  2181;  Hasselbach,  A.  243,  254),  and  on 
diphthalylic  acid  (Dobreff,  A.  239,  66). 

Properties. — Small  needles,  v.  sol.  alcohol 
and  dilute  HOAc.  KMnOj  in  alkaline  solution 
forms  diphthalylic  acid  [263°].  Distillation 
over  soda-lime  forms  s-di-phenyl-ethylene. 

Salts.— (NH,).,A"  (dried  at  100°).— CaA' 
(at  100°).  —  BaA".  —  Cu..A"0.  —  Pb„A"0.  — 
Zn.A"0.— AgHA". 

Methyl  ether  Me.A".  [101°]. 
I       Ethyl  ether  Et,A".    [71°].  Converted 
by    alcoholic    NH,    into    the    amic  ether 

C.  H,(C,H,.CO,Et)(C„H,.CONH,)  [c.  67°]. 
I       Di-phenyl-ethane  dicarboxylic  acid 

I  C,;H,.CH,.CH(CO,,H).C,;H,.CO.,H  [1:2].  [1.54°]. 
(above  300°).  Formed  by  heating  the  nitrile 
with  cone.  HCl  at  220°  (Eichelbaum,  B.  21, 
2082).    Small  prisms,  sol.  alcohol,  insol.  ether. 

Nitrile  C,H,.CH,.CH(CN).C,H,.CN.  [110°]. 
(above  300°).  Formed  from  benzyl  chloride 
and  [1:2]  C,H,(CN).CH,,.CN.  Plates,  insol. 
water,  alkalis,  and  acids. 

Amido.  [224°].  Formed  by  the  action  of 
cone.  H.,S04  on  the  nitrile.  Converted  by  cone. 
HCl   (S".G.   1-19)    at   100°    into    the  imide 

^-^^Kco— ^^'^''^^  ^^^^^'^ 

Di-phenyl-ethane  di-carboxylic  acid 

CH3.CH(C„H,.C0,H),.  [275°].  Got  by  heating 
the  tri-carboxylic  acid  (Haiss,  B.  15,  1481). 
Long  needles.    May  be  sublimed. — CaA". 

Isomeride  v.  Di-phenyl-succinic  acid. 

Di-phenyl-ethane  tri-carboxylic  acid 
CO,,H.CMe(CsH,.CO,H),.     [255°].     Formed  by 
oxidation   of    di-a-tolyl-propionic  acid  with 
KMnO,  (Haiss,  B.  15,  1479).    Sol.  alcohol  and 
ether. — Ag.HA'".— Ag.,A"'. 

Di-phenyl-ethane  tri-carboxylic  acid 
C„H,,0,  i.e.  CHPh(CO.,H).CPh(CO.,H).,. 

Amide  CHPh(Cb.,H).CPh(Cb.,H).CONH.. 
[190°].  Got  from  CHPh(C0,J3t).CPh(CN).C0,Et 
[105°]  which  is  got  by  heating  o-chloro-phenyl- 
acetic  ether  with  alcoholic  KCy  on  a  water-bath 
(Poiipe,  B.  23,  114). 

Mono-nitrile 
C0,,H.CHPh.CPh(CN).C0,H.  The  ethers  Me,,A" 
[101°]  and  Et._,A"  (v.  svpra)  are  got  from  a- 
chlovo-phenyl-acetic  acid  and  KCy  in  MeOH  or 
EtOH.  Cone.  H,,SO^  converts  Et.,A"  into 
CO  Et.CHPh.CPh(CO,Et).CONH,  [157°]  crystal- 
lising in  aggregates  of  needles. 

References. — Nitro-  and   Osy-  Di-phenyl- 

1  ETHANB  carboxylic  ACID. 
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PHENYL-ETHENYL-AMIDINE  v.  Phentl- 

ACETAMIDINE. 

PHENYL  - ETHENYL - AMIDO  -  PHENYL  - 
MEECAPTAN  C„H„NS  i.e. 

C,H,<^|^C.CH,Pli.     Formed     by  heating 

phenyl-aoetic  chloride  with  o-aniido-phenyl 
mei'captan  (Hofmann,  B.  13,  1234).  Oil,  sol. 
alcohol  and  ether.  On  fusion  with  potash  it 
yields  jihenyl-acetic  acid  and  amido-phenyl 
mercaptan. — B'HCl. — B'.,H,.PtClg  5aq  :  needles. 

PHENYL-ETHENYL'-AMIDOXIM  CsH,„N.,0 
i.e.  C,Hj.CH2.C(N0H).NH.,.  Phmyl-acetamid- 
oxim.  [67°].  Got  by  heating  x^henyl-aceto- 
nitrile  with  a  solution  of  hydroxylamine  in  dilute 
alcohol  (Knudson,  B.  18,  1068,  2482).  Thin 
prisms,  v.  sol.  water.  Converted  by  phenyl 
cyanate  into  CsH5.CH,..C(NH.C0.NHPh):N0H 
[123°].— B'HCl.    [155°].    White  prisms. 

Acetyl  derivative.    [124°].  Plates. 

Benzoyl  derivative  C,H,.C(NOBz).NH.. 
[144^].    Prisms,  v.  sol.  alcohol. 

Ethyl  ether  C,H;.C(N0Et).NH2.  [58°]. 
Converted  by  potassium  cyanate  into 
CH„Ph.C(NOEt).NH.CO.NHPh  [148°]. 

Benzyl  ether.    [55°].  Prisms. 

Phenyl-ethenyl-amidoxim 
CH,,.C(NOH).NHPh.  [121°].  Formed  by  heat- 
thioacetic  anilide  with  hydroxylamine  solution 
at  100°  (Miiller,  B.  22,  2408 ;  cf.  Nordmann,  B. 
17,  2746).  Satiny  plates,  v.  sol.  alcohol. 
FeCl,  gives  a  violet  colour,  changing  to  olive 
green  and,  on  heating,  to  red. — B'HCl:  needles. 
— B'.,H2PtCl, :  yellow  needles. 

Benzoyl  derivative  C.,R,(NOBz).NHPh. 
[110°].    White  needles  (from  dilute  alcohol). 

PHENYL-ETHENYL-AZOXIM  v.  Azoxims. 

PHENYL-ETHENYL  -  DI-ETHYL  -TEI  -  SUL- 
PHONE  CH3.C(S0..Et)„(S0.,Ph).  [109°].  Got  by 
oxidation  of  CH,,.C(SPh)(SO.^t)j  (Laves,  B. 
25,  364).    Needles,  v.  sol.  alcohol. 

TKI-PHENYL  ETHENYL  TRISULPHONE 
CH3.C(SO,Ph)3.  [182°].  Formed  by  the  action 
of  alcoholic  NaOH,  and  Mel  on  CH(S0.JPh)3.  Got 
also  by  oxidation  of  CH,,.C(SPh)3  by  KMnO^ 
(Laves,  B.  25,  352).    Needles,  v.  sol.  CHCI3. 

DI-PHENYL-ETHENYL-DI-UREA 
NHPh.CO.N:CMe.NH.CO.NHPh.  [169°].  Formed 
by  adding  aqueous  NaOH  (2  mols.)  to  an 
aqueous  solution  of  acetamidine  hydrochloride 
(2  mols.)  shaken  with  phenyl  cyanate  (1  mol.) 
(Pinner,  B.  23,  2923).  Needles,  m.  sol.  alcohol. 
Converted  by  boiling  dilute  (50  p.c.)  acetic  acid 
into  acetyl-phenyl-urea  [183°]. 

PHENYL  ETHER  v.  Di-phenyl  oxide. 

a-PHENYL-ETHYL  ALCOHOL  C,H,„0  i.e. 
CH3.CHPh.OH.  Mol.  w.  122.  (203°).  S.G. 
1-013.  Formed  from  CH^.CHBr.QH^  by  suc- 
cessive treatment  with  AgOAc  and  NaOH  (Kad- 
ziszewski,  B.  7,  141 ;  Berthelot,  Z.  1868,  589). 
Got  also  by  reducing  aoetophenone  with  sodium- 
amalgam  (Emmerling  a.  Engler,  B.  6,  1005). 
Yields  an  acetyl  derivative  CgHgOAc  (217°-220°) 
which  yields  styrene  on  treatment  with  alcoholic 
potash. 

Ethyl  ether  C^Ufim.  (186°).  S.G.  5= -931. 
Formed  from  CHi.CHBr.CsH,  and  alcoholic 
NH3  at  100°  (Thorpe,  Z.  1871,  131). 

^-Phenyl  -  ethyl  alcohol  CH.,Ph.CH.,OH. 
Benzyl-carbinol.  (212°).  S.G.  Si  1-034.  Formed 
by  reducing  phenyl-acetic  aldehyde  with  sodium- 


amalgam  (Eadziszewski,  B.  9,  373).  Oil.  Ac,0 
at  150°  converts  it  into  an  acetyl  derivative 
C^HgOAc,  (224°),  S.G.  1-029. 

PHENYL-ETHYL-ALLOPHANIC  ETHER 
C,„H„N,03  i.e.  C,H„.NH.CO.NH.CO,Et.  [106°]. 
Formed  from  phenyl-ethyl-urea  and  ClCOjEt 
(Neubert,  B.  19,  1825).    Needles  (from  water). 

PHENYL-ETHYL-ALLYL-GUANIDINE 
C,,H,.N3  i.e.  CN3H,PhEt(C3H5).     Formed  by 
boiling  ethyl-allyl-thio-urea  with  NHPh.HgCl 
and  alcohol  (Forster,  A.  175,  41).— B'HgClj  aq. 

PHENYL-ETHYL-ALLYL-THIO-UREA 
NH(C3H5).CS.NPhEt.    [c.  26°].    Formed  from 
allyl-thiocarbimide  and  ethyl-aniline  (Gebbardt, 

B.  17,  3037).    Colourless  very  soluble  crystals. 
PHENYL  -  ETHYL-«-AMIDO  -  AOETOPHEN- 
ONE C„H,,NO  i.e.  C,H5.C0.CH,.NPhEt.  [95°]. 
Formed  from  co-bromo-acetophenone  and  diethyl- 
aniline  (Weller,  B.  16,  26).  Needles. 

PHENYL  ETHYLAMIDO  -  ETHYL  SUL- 
PHONE  CBH5.S0,.C.,H^.NHEt.     Formed  from 

C,  H^(S0,.C,H-,)2  and"  ethylamine  at  85°  (Otto, 
J." j3r.  [2]' 30, '337).— B'HCl.    [130°].  Needles. 

PHENYL  -  ETHYL  -  AMIDO  -  (a)-NAPHTHO- 
QUINONE  C,„H,(NPhEt)0,.  [155°].  Formed 
by  heating  (a)-naphthoquinone  (2  pts.)  with 
ethyl-aniline  (3  pts.)  and  HOAc  (5  pts.)  (Els- 
bach,  B.  15,  1810).  Violet  needles  (from  alco- 
hol).—B'HCl.  [c.  230°].  Yellow  needles,  de- 
composed by  water. 

Phenyl  -  ethyl  -  amide  -  (fi)  -  naphthoquinone. 
[165°].  Formed  by  heating  (j3) -naphthoquinone 
with  ethyl-aniline  and  alcohol  (Elsbach,  B.  15, 
691).  Dark-red  needles  (from  ether).  Decom- 
posed by  boiling  HClAq  into  ethyl-aniline  and 
oxy-naphthoquinone. 

PHENYL-ETHYL-AMIDO-PHENOL.  Ethyl 
ether  C,„H,s,NO  i.e.  NPhEt.C,H,.OEt.  (319°). 
Formed  by  heating  phenyl-|)-amido-phenol  with 
alcoholic  potash  and  EtI  (Philip  a.  Calm,  B.  17, 
2434).  Oil. 

a-PHENYL-ETHYL-AMINE  CsH„N  i.e. 
CH.,.CHPh.NH„.  (187-5°  i.V.).  S.  4-166  at  20°. 
Formed  by  reducing  the  phenyl-hydrazide  or 
the  oxim  of  acetophenone  in  alcoholic  solution 
with  HOAc  and  sodium-amalgam  (Tafel,  B.  19, 
1929;  22,  1856;  Kraft,  B.  23,  2783).  Formed 
also  from  acetophenone  and  sodium  formate 
(Leuckart  a.  Janssen,  B.  22,  1413).  Liquid, 
miscible  with  alcohol  and  ether. — B'HCl.  ri58°]. 
— B'„H„PtCl,.-B',H,SO,.  [170°].— B'.H„C,0,. 
[238°].  Prisms,  almost  insol.  alcohol. — 
B'HoC.Oj.    Plates,  m.  sol.  boiling  alcohol. 

Isomerides  :  —  Asiino-PBEisiYL-ETHANE  and 
Ethyl-aniline. 

Di-phenyl-ethyl-amine  C,jH|,N  i.e.  NPh„Et. 
Ethyl  diphcnylamine.  (296°)  (Girard,  Bl.'  [2] 
23,  3) ;  (286°)  (Lippmann  a.  Fleissner,  M.  4, 
797).  Got  by  heating  diphcnylamine  with 
alcohol  and  HClAq.  Oil. 

Di-phenyl-ethyl-amine  CHPhj.CHsNH.. 
Formed  by  reducing  di-phenyl-acetonitrile  in 
alcohol  with  Na  (Freund  a.  Immerwahr,  B.  23, 
2845).    Oil.— B'HCl.   [255°].  V.  sol.  water. 

Di-phenyl-ethyl-amine  CR.Ph.CHPh.NH,. 
(310°)  at  737  mm.  Formed  by  heating  deoxy- 
benzoin  (1  pt.)  with  ammonium  formate  (2  pts.) 
at  225°  (Leuckhart  a.  Janssen,  B.  22,  1409). 
Liquid,  si.  sol.  water.  Potassium  cyanate  forms 
C.,H3Ph.,.NH.C0.NH„  [99°].  Phenyl thiocarbimide 
forms  the  corresponding  C.HjPhjNH.CS.NHPh 


PH  EN  YL-ETH  YLENE . 


29 


[170°] ;  while  phenyl  cyanate  gives  the  com- 
pound C,H3Ph,,.NH.C0.NHPh  [129].— B'HCl.— 
B'.H.PtCls.— B'HNO^ :  needles.— B'H.SO,. 

Acetyl  derivative.    [148°].  Needles. 

Benzoyl  derivative.    [178°].  Needles. 

Di-phenyl-di-ethyl-amine  NH(CH,.CH,Ph).,. 
(330°  at  C03  mm.).  Formed,  together  with 
NH,.CH.,.CH2Ph  and  N(CHj.CH,Ph)3  by  the 
action  of  zinc  and  HClAq  on  phenyl-acetonitrile 
(iSpica,  G.  9,  5G7).  Formed  also  by  distilling 
CH„Ph.CH„.NH3Cl  (Fileti  a.  Piccini,  G.  9,  294). 
Liquid,  si.  sol.  water.— B'HCl.  [270°].  Pearly 
scales. — B'„H„PtClg,  m.  sol.  water. 

Tri-phenyi-ethyl-amine  CPh,.CH,,.NH.,. 
[116°].  Formed  by  reducing  CPh,.CN  with  zinc 
and  HClAq  (Elbs,  B.  17,  700).— B'HCl.  [247°J. 

Tii-phenyl-tri-ethyl-amine  N(CH,,.CH2Ph).,. 
A  product  of  the  action  of  zinc  and  HCl  on 
phenyl-acetonitrile  (Spica,  G.  9,  567).  Oil. — 
B'HCl.    [138°].    Needles,  si.  sol.  water. 

PHENYL-ETHYL-AESINE  v.  vol.  i.  p.  321. 

PHENYL-ETHYL-TRIAZOLE  CARBOXYLIC 

ACID  ^^^^^C.CO,H.      [145°].      Got  by 

saponifying  its  nitrile  (Bladin,  B.  18,  1548  ;  25, 
175).  Melts  at  123°  when  crystallised  from 
water  or  alcohol,  but  at  145°  when  crystallised 
from  benzene.  — B'HCl  :  plates. — CuA'.^  3^aq. — 
AgA' :  crystalline  pp. 

Methyl  ether  MeA'.  [41°]. 

Ethyl  ether  EtA'.  Oil. 

Nitrile  C„H,„Nj.  [38°].  Formed  by  the 
action  of  propionic  anhydride  on  phenyl-hydraz- 
ine dicyanide.  Converted  by  alcoholic  NH, 
and  H.S  into  C,,N3PhEt.CS.NH,,  [150°]  which 
crystallises  in  yellow  prisms. 

Amide       C,N,,PhEt.C0.NH2.  [152-o°]. 
Formed  from  the  nitrile,  alcoholic  potash,  and 
H,0.,.    Small  prisms,  si.  sol.  water. 
"  BI-PHENYL-DI-ETHYL-DITRIAZYL 

C,„H,„N,  i.e.  Sp1>C.C<g-f^E*.  ^^g^,^_ 

Formed  by  boiling  phenyl-hydrazine  dicyanide 
with  propionic  anhydride  (Bladin,  B.  22,  3115). 
Groups  of  prisms. — B"2HC1 :  minute  prisms, 
decomposed  by  water. 

PHENYL-ETHYL-CARBAMIC  CHLORIDE 
NPhEt.COCl.  [c.  52°].  Formed  from  ethyl- 
aniline  and  CO.,  (Michler,  B.  9,  396).  Needles. 

PHEN  YL-ETHYL-SEMICARBAZIDE 
a,H,.,N,0  i.e.  NHPh.CO.NH.NHEt.  [112°]. 
Formed  from  ethyl-hyi.lrazine  and  phenyl 
cyanate  (E.  Fischer,  A.  199,  295).  Thin  plates, 
m.  sol.  hot  water.  Yields  a  crystalline  nitros- 
amine. 

Phenyl-ethyl-semicarbazide 
NHEt.CO.NH.NHPh.  [151°].  Formed  from 
phenyl-hydrazine  and  ethyl  cyanate  (Fischer, 
A.  190,  109).  Monoclinic  tables  (from  dilute 
alcohol)  a:6:c  =  •827:1:1-146  ;  /8  =  61°.  Gives 
a  bluish-black  pp.  with  cold  Fehling's  solution, 
and  Cu,0  on  warming.  Its  nitrosamine  crystal- 
lises from  acetone  in  yellow  needles  [86'5°]. 

PHENYL  ethyl"  CARBONATE  C,H,„03  i.e. 
C„H,0.C0.0Et.  (c.  234°)  (P.).  S.G.  ^  1-1134 
(P.).  Formed  from  KOPh  and  ClC0,Et  (Fatianoff, 
Z.  1864,  77).  Formed  also  by  the  action  of 
AICI,  on  a  mixture  of  phenol  and  ClC0._,Et  (Paw- 
lewski,  B.  17,  1205).  Liquid.  By  long  heating 
at  300°  it  is  split  up  into  Vh..c6.,  and  Et.,C03 
(Bender,  B.  19,  22G8). 


Befercnce. — Nitro-phentl  ethtl  carbonate. 
PHENYL-ETHYL-CYANAMIDE.  Formed 
by  boiling  phenyl-ethyl-thio-urea   in  benzene 
with  PbO  (Weith,  B.  8,  1530).    Vitreous  mass. 

DI-PHENYL-ETHYL-TRICYANIDE 
C^N^PKEt.  V.D.  129.   [67°].  (234°  at  15  mm.). 
Formed  by  the  action  of  AICI3  on  a  mixture  of 
benzonitrile  and  propionyl    chloride   at  70° 
(Kialft  a.  von  Hausen,  B.  22,  806).- B"H.,PtCl,. 
PHENYL-ETHYLEHE  v.  Styrene. 
s-Di-phenyl-ethylene  C,  ,H,.„  i.e.  CHPh:CHPh. 
Stilbenc.    Mol.  w.  180.     [124°].    (307°  i.V.). 
H.C.v.  1,775,600.    H.C.p.  1,777,300  (from  dia- 
mond) (Berthelot  a.  Vieille,  A.  Ch.  [10]  4,  50) ; 
I  1,773,331  (Ossipoff,  Z.  P.  C.  2,  646). 

Formation. — 1.  By  the  dry  distillation  01 
benzyl,  or  benzylidene,  sulphide  (Laurent,  B.  J. 
25,  616;  Maercker,  A.  136,  91;  Anschiitz,  A. 
235,  206). — 2.  By  distilling  benzoic  aldehyde 
with  Na  (Williams,  Z.  1867,  432).— 3.  By  heat- 
ing benzoic  aldehyde  with  phenyl-acetic  acid 
and  NaOAc  at  250°  ;  the  yield  being  55  p.c. 
(Michael,  Afu.  1,  313). — 4.  From  s-di-phenyl- 
,  ethane  and  CI  (Kade,  J.  pr.  [2]  19,  465).— 5.  By 
i  heating  benzylidene  chloride  with  Na  or  with 
alcohol  and  zinc-dust  (Limpricht,  A.  139,  318  ; 
Lippmann,  J.  1877,  405). — 6.  By  passing  s-di- 
phenyl-ethane  through  a  red-hot  tube  (Otto  a. 
Dreher,  A.  154,  177). — 7.  By  heating  benzoin 
with  zinc-dust  (Limpricht,  A.  155,  80). — 8.  By 
passing  toluene  over  heated  PbO  (Behr  a.  Dorp, 

B.  6,  754). — 9.  By  heating  di-phenyl-acetylene 
with  HI  and  P  at  175°  (Barbier,  J.  1874,  421).- 
10.  By  distilling  lead  phenyl-acetate  with  sul- 
phur (Eadziszewski,  B.  6,  390).— 11.  Together 
with  benzonitrile  by  the  action  of  zinc-dust  and 
HCl  on  C^H^.CSNH,  (Bamberger,  B.  21,  55).— 
12.  By  heating  di-phenyl-fumarate  or  di-phenyl- 
cinnamate  (Anschiitz,  B.  18,  1945). — 13.  By 
heating  CHPhBr.CHPhBr  with  alcoholic  KSH 
in  a  sealed  tube  at  100°  (Auwers,  B.  24,  1779). 
14.  By  heating  thio-benzoic  aldehyde  at  190' 
(Baumann  a.  Klett,  .B.  24,  3308). 

Prq/je?-ii(?s.— Monoclinic  plates,  v.  sol.  ether, 
si.  sol.  cold  alcohol.    Combines  with  N.,Oj  form- 
ing   C,,H;Ph,N,04    [c.  300°]    crystallising  in 
I  needles,  si.  sol.  hot  alcohol  (Gabriel,  B.  18, 
2438).     Picryl  chloride  forms  a  combination 

C,  ,H,2C,H.,(N0..)3C1  [71°]  (Liebermann,  B.  8, 
378). 

Reactions. — 1.  Yields  phenanthrene  and 
toluene  when  passed  through  a  red-hot  tube 
(Graebe,  B.  6,  126).— 2.  Eeduced  by  HIAq  at 
150°  to  s-di-phenyl-ethane  (Limpricht  a. 
Schwanert,  A.  145,  333).— 3.  Bromine  added  to 
an  ethereal  solution  forms  a  product  con- 
taining C„HsBr„0„  [121°]  which  gives  rise  to 
i  C,,H,Br,0,  [150°]'  and  CnH.Br.O,  [206°]  and 
when  dissolved  in  alcohol  and  reduced  by  so- 
dium-amalgam yields  C,,H|„0,,  crystallising 
from  alcohol  in  iiat  plates  [172°],  whence  PCL, 
forms  C,,H,C10.,  [58°],  C^HjCl^O.,  [87°],  and 
C,jHjCljO.,  [190°]  (Limpricht  a.  Schwanert,  A. 
153,  i21).— 4.  Fuming  HNO3  added  to  an  ethereal 
solution  forms  C|,H|,N,0„  [220°],  which  is  con- 
verted by  boiling  alcohol  intoC.,,H,„N30,  [67°-73°] 
(Lorenz,  B.  7,  1097  ;  8,  1050). 

«-Di-phenyl-ethylene  CH.,:CPh2.  (277°); 
(162°  at  15  mm.).  Formed  by  boiling  CHPh,.CHoCl 
with  alcoholic  potash  (Hepp,  B.l,  1409).  Formed 
also  by  the  action  of  benzene  and  AICI3  on 
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CH,:CBr2  and  on  CHBr:CBr„  (Demole,  B.  12,  ! 
2245  ;  AnscMitz,  A.  235,  154.  "Liquid.  Oxidised 
by  CrO.,  to  benzophenone.  Combines  with  Br, 
forming  CPh.,Br.CHJ3r,  which  readily  gives  off 
HBr,  and  forms  bromo-di-phenyl-ethylene  [40°] 
(c.  170°  at  11  mm!). 

Isomeride.  [190°].  A  product  of  the  action 
of  alcoholic  potash  on  cico-chloro-di-phenyl- 
ethane  (Hepp,  B.  7,  1412).  Small  plates  (from 
ether),  v.  si.  sol.  alcohol. 

Tetra-phenyl-ethylene  CjjH.d  i.e.  CPh.,. 
Mol.  w.  332.    [221°].    (193°  a't  30  mm.). 

Formation. — 1.  By  heating  CPh.,CL  with 
finely-divided  silver  (Behr,  B.  3,  751 ;  5,  277).— 
2.  By  heating  benzophenone  with  zinc-dust 
(Staedel,  B.  6,  178;  A.  194,  307).  — 3.  By 
strongly  heating  chloro-di-phenyl-ethane  (En- 
gler  a.  Bethge,  A.  174,  194).— 4.  From  CPh„Br. 
by  repeated  distillation  (Friedel  a.  Balsohn,  Bl. 
[2]  33,  337). — 5.  A  by-product  in  the  prepara- 
tion of  tri-phenyl-methane  from  benzene, 
chloroform,  and  AlCl^  (Schwarz,  B.  14,  1526). 

Preparation. — 1.  By  adding  Br  to  di-ishenyl- 
methane  and  warming  the  resulting  CHPh„Br ; 
the  yield  is  80  p.c.  (Boissieu,  Bl.  [2]  49,  681).— 
2.  By  heating  di-phenyl-methane  (20  g.)  with 
sulphur  (8  g.)  for  9  hours  to  250°,  and  finally  for 
one  hour  to  290°,  exhausting  with  ether,  and 
recrystallising  the  residue  from  benzene ;  the 
yield  is  75  p.c.  (Ziegler,  B.  21,  780). 

Properties. —White  needles,  v.  sol.  hot  benz- 
ene and  CS.,,  v.  si.  sol.  ether.  Yields  benzo- 
phenone (2  mols.)  on  oxidation  (Anschutz,  A. 
235,  221).    Yields  a  tetrasulphonic  acid. 

Isomeride  C,3H,„  ?  [244°].  Formed  by  heat- 
ing (a)-benzpinacolin  with  soda-lime  at  370° 
(Zincke  a.  Thorner,  B.  11,  1397).  Needles  (from 
alcohol).    Perhaps  identical  with  the  preceding. 

References. — Di-amido-,  Bkomo-,  Di-chloro-, 
Di-ioDO-,  NiTRO-,  NiTRo-AMrDo-,and  Oxy-  Phenyl- 
ethylene. 

PHENYL-ETHYLENE-DIAMINE  C,H,„N2 
i.e.  C,H5NH.CH,.CH2.NH,.  (262°  uncor.). 
Formed  by  boiling  phenyl-amido-ethyl-phthal- 
imide  (got  from  bromo-ethyl-phthalimide  and 
aniline)  with  cone.  HClAq  (Gabriel,  B.  22, 
2224).  Liquid,  miscible  with  water,  forming  an 
alkaline  solution.  Absorbs  COj  from  the  air, 
forming  a  crystalline  carbonate. — B"2HC1: 
small  greenish  needles,  acid  in  reaction. — • 
B"HC1.  Neutral  to  methyl-orange.— B"H.j3r„. 
— Picrate  [143°].    Flat  yellow  tables. 

Di-acetyl  derivative  CgHmAcjNj.  [116°]. 
Crystals,  v.  e.  sol.  Aq  (Newman,  B.  24,  2193). 

Di-bemoylderivative.  [143'6°].  Prisms. 

Pheny  1-di-eth  ylene-triamine 
CsH5N(C.,H,.NH,)„.  (above  300°).  Formed  by 
the  action  of  boiling  cone.  HI3r  upon  its  di- 
phthalyl  derivative  NPh(C2H,.N:CsH,0,),,  [211°], 
which  is  a  product  of  the  action  of  aniline  on 
bromo-ethyl-phthalimide  at  100°-180°  (G.). 
Thick  ammoniacal  liquid,  miscible  with  water. 
Absorbs  CO.,  from  the  air. — B"H.,Br2. — Picrate. 
[202°].    Needles  (from  alcohol).' 

Di- phenyl -ethylene -diamine  CuHi^Nj  i.e. 
CoH,,(NHPh)2.  [63°].  Prepared  by  heating 
ethylene  bromide  (1  mol.)  with  aniline  (4  mols.) ; 
the  yield  being  80  p.c.  of  the  theoretical  (Mor- 
ley,  B.  12,  1794;  cf.  Hofmann,  Pr.  10,  104; 
Gretillat,  M.  S.  [3]  3,  383).  Plates,  v.  sol.  alcohol. 
Yields  a  di-nitrosamine  C,H^(NPh.NO).  [157°]. 


Reacts  with  benzoic  aldehyde  forming  the  com-- 
pound  C,H,(NPh)„:CHPh  [137°],  while  cuminic, 
salicylic,  anisic,  isobutyric,  and  heptoic  aldehydes 
yield  corresponding  compounds  [125°],  [116°], 
[164°],  and  [95°]  respectively  (Moos,  B.  20, 
732).— B"2HC1.— B"H,PtCl,. 

Mono-acetyl  derivative.  [128°].  Got 
by  heating  the  base  with  chloro-acetic  acid  and 
NaOAcat  170°  (Bischofi  a.  Nastvogel,  B.  22, 
1783). 

Di-acetyl  derivative.  [158°].  Crystals. 
Di-phenyl-ethylene-diamine  C,4H,(;N.,  i.e. 
CHPh(NH,).CHPh(NH,).  [121°].  Formed,  to- 
gether with  benzoic  aldehyde,  by  the  action  of 
boiling  HClAq  on  Cj^HjiN.,,  which  is  a  product 
of  the  action  of  Na  on  amarine  (Grossmann, 
B.  22,  2299).  Formed  also  by  the  action  of 
ammonia  on  the  hydrocyanide  of  benzoic  alde- 
hyde (Limpvicht  a.  Mtiller,  A.  Ill,  142).  Is  per- 
haps identical  with  lophine.  Plates  (from  hot 
water).  Eeacts  with  benzoic  aldehyde  forming 
CHPh:N.CHPh.CHPh.N:CHPh  [164-],  ?)i-nitro- 
benzoic  aldehyde  forming  CjsH^oNjOj  [161°], 
with  salicylic  aldehyde  forming  C.sHojNjO, 
[205°],  and  with  cuminol  forming  a  compound 
[168°].— B"2HG1.  White  needles  (from  hot 
water). — B"H2PtCl|;  :  dark-yellow  crystals. 
Di-acetyl  derivative,  [above  350°]. 
Phthalyl  derivative 
C„H,:G,0.,:N,H,,:C,H,Ph,.  [213°].  Minute  crys- 
tals. 

Di-phenyl-di-ethylene-diamine  Cj^HisNo  i.e. 
C  H 

NPh<;^g-jj'^NPh.    Diphenylpiperazi^ie.  Di- 

phenylpyrazine  hexahydride.  [163°].  (c.  300°). 
Prepared  by  heating  ethylene  bromide  (1  pt.) 
with  aniline  (1  pt.)  and  NaOAc,  and  by  the  action 
of  ethylene  bromide  on  di-phenyl-ethylene-di- 
amine at  120°  (Morley,  B.  12,  1795  ;  Bischoff, 
B.  22,  1777  ;  cf.  Hofmann,  Pr.  9,  277  ;  10, 104  ; 
Lehmann  a.  Schleich,  B.  22,  1387  ;  Bischoff,  B. 
22,  1778).  Formed  also  by  heating  pyrazine 
hexahydride  (1  pt.)  with  bromo-benzene  (11  pts.) 
at  270°  (Schmidt  a.  Wichmann,  B.  24,  3239). 
Needles,  sol.  alcohol  and  ether.  Its  solutions  are 
neutral  to  litmus.  Yields  a  crystalline  di-nitroso- 
j  derivative  which  may  be  reduced  by  tin  and  HCl 

to  C,H,(NH,)N<^j^;;;^JJ=>NC,H3NH„  which, 

when  diazotised  and  combined  with  naphthyl- 
amine  sulphonic  acid,  yields  a  colouring  matter 
which  dyes  cotton.— B"2HCl.—B"H,PtCl,. 

Ilethyl-iodideB'Mel.  Crystalline.  Yields 
B'^Me^PtCl,. 

'  Ethylo-iodide  B'Etl.  [100°].  Yields 
B'jEtjPtCls. 

References. — Nitko-  and  Oxy-  Di-phenyl- 
ethylene-diamine. 

DI-PHEN  YL  -  ETHYLENE  -  DI-  BENZ  YL-DI- 
AMINE  CHPh(NHCH,Ph).CHPh(NHCH„Ph). 
[153°].  Formed  by  reducing  the  compound 
CHPh(N:CHPh).CHPh(N:CHPh)  [163°],  which 
is  itself  got  by  reducing  amarine  with  Na 
(Grossmann,  B.  22,  2301).    White  needles. 

DI  -  PHENYL  -  ETHYLENE.  DICARBAMIC 
ACID  C.3H,(NPh.C0.,H),. 

Ethyl  ether  Et,A".    [88°].  Needles. 
Chloride       C.,H,,(NPh.C0Cl).  [183°]. 
Formed  from  di-phenyl-ethylene-diamine  and 
COCL  (Hanssen,  B.  20,  781).  Prisms. 
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DI-PHENYL-ETH7LENE  DI-o-CARBOXY- 
LIC  ACID  C,H^(CO.,H).CH:CH.C,H,.CO,H. 
[264°].  Formed  by  heating  for  four  hours  at  215° 

CO<^"^^>CH.CH,.C,H^.CO,,H   (2  pts.)  with 

KCy  (5  pts.)  (Hasselbach,  A.  243,  258).  Small 
needles  (from  dilute  HOAc).  Changes  on  heat- 
ing into  the  parent  acid  [19G°].  Reduced  by 
cone.  HIAq  to  C2H,{C,Hj.C0,H),  [185°].— Ag.A.". 
Flocculent  pp. 

Ethyl  ether  Et.A".    [80°].  Needles. 

Isomeride  v.  Di-phenyl-maleic  acid. 

Bcfcnnccs.—NiTRO-  and   Oxy-  Di-phenyl- 

ETHYLENE   C;UlBOSYLIC  ACIDS. 

DI  -  PHENYL  -  ETHYLENE  -  DI  -  ETHYL  - 
DIAMINE  C„H,^N,  i.e.  C.H,(NPhEt),,.  [70°]. 
Formed  from  di-phenyl-ethyleue-diamine  and 
EtI  (Hofmann,  Pr.  10,  104).— B"2HI.— 
B"H.,PtCl„:  needles. 

P'HENYL-ETHYLENE-GLYCOL   v.  Di-oxy- 

ETHYL-BENZENE. 

DI-PHENYL-ETHYLENE-DI-HYDRAZINE 

C,jH,sN^  i.e.  C,H,(NPh.NH,),.  [90°].  Formed 
from  sodium  phenyl-hydrazine  and  ethylene 
bromide  in  benzene  (Burchard  a.  Michaelis,  B. 
21,  3202;  A.  254,  116).  Prisms  or  plates. 
Aldehyde  forms  C,H^(NPh.N:CHMe).,  [82°]. 
Benzoic  aldehyde  forms  an  analogous  body  [193°]. 
Acetone  and  acetophenone  form  analogous  com- 
pounds [72°]  and  [118°].  Phenyl-thiocarbimide 
forms  NH.,.NPh.C.,H,,.NPh.NH.CS.NHPh  [164°] 
and  C.H^(NPh.NH.CS.NHPh),  [194°].  Yields  a 
crystalline  nitroso-  derivative  [160°].  SOCl, 
forms  C.,H,(NPh.N:SO).,  [123°1  (Michaelis  a' 
Euhl,  A.  170,  122).— B"H.,C1.,.  [212°].  Needles, 
si.  sol.  HClAq.— B"H.,SOj— B"2HN03  [173°].— 
B"H,C,0,  [183°]. 

Acetyl  derivative  C,_,H„Ac.>N2.  [222°]. 

Siiccinyl  derivative  C^J3.^^N./.C^R,0.,. 
[c.  126°]. 

Succinoxyl  derivative 
C2H,(NPh.NH.C0.C,H,.C0.,H),,.  [203°]. 

Oxalyl  derivative  Ci,H,„N„:C.,0.,.  [c. 
183°].  "  " 

Di-phenyl-di-ethylene-dihydrazine 
(C2HJ,(N,HPh),,.      [178°].     Got    by  heating 
phenyl-hydrazine  with   C„H|Br.,  and  alcohol 
(Marckwald,  C.  C.  1888,  1410). 

DI-PHENYL  ETHYLENE  DIKETONE 
C,H..CO.CH,.CH,,.CO.C,H,.  Diphenacyl.  Succi- 
nophcnone.  [134°]  (A.)  ;  [140°]  (C.) ;  [142°-145°] 
(P.).  Formation.— 1.  Together  with  the  isomeric 
CH  CO 

CH^'cPh  action  of  succinyl  chloride 

and'AlCl'J,  on  benzene  (Auger,  A.  Ch.  [6]  22, 
312  ;  Claus,i?.  20, 1374).— 2.  From  acetophenone 
by  treatment  with  fuming  HNO3  and  reduction 
of  the  resulting  CieH,„N.,0^  by  zinc-dust  and 
HOAc  (HoUemann,  B.  20,  3.361).— 3.  By  the 
action  of  KOHAq  on  di-benzoyl-propionio  acid 
suspended  in  alcohol  (Paal,  B.  21,  3056). 

Projjcriie.'!.  — Needles,  v.  sol.  ether. 

Oa;i»i  C,H,(CPh:NOH)„.  [204°]. 

Phenyl-hydrazide  '  C..H^(CPh:N2HPh)„. 
[180°].    Needles,  v.  sol.  ether." 

DI-PHENYL  ETHYLENE  DIKETONE 
CARBOXYLIC    ACID    v.  Phenacyl-benzotl- 

ACEIIC  ETHER. 

Di-phenyl-ethylene  diketone  di-o-carboxylic 
acid  C,sH,  ,0,  i.e.  C,H,(CO.C„H,.CO,B),  [172°]. 
Obtained  by  boiling  di-phthalyl-ethane  with 


alkalis  (Gabriel  a.  Michael,  B.  10,  1561,  2199  ; 
Eoser,  B.  17,  2622  ;  18,  803,  3115  ;  Baumann,  B. 
20,  1486).  Prisms  (from  water),  v.  sol.  alcohol. 
Eeconverted  by  cone.  H.^SOj  into  di-phthalyl 
ethane  C,H„(C._,OXgH|),.  A  boiling  alcoholic 
solution  of  phenyl-hydrazine  forms  C3(|H„„NjO.. 
[237"].    Hydroxylamine  at  100°  gives  rise  to 

C,H,(C<.^«Q^>C0)2  [270°]  (Baumann,  20, 

1492). — Ag„A":  small  plates,  si.  sol.  hot  water. 

(a)- Anhydride  C|,H,.0..  [230°].  Got  by 
heating  the  acid  alone,  or  together  with 
diphthalyl-ethane,  by  heating  it  for  a  short 
time  with  HCl.    Needles  (from  alcohol). 

(&)-Anhydride  C,„H„0,.  [202°].  Formed 
by  more  prolonged  heating  of  the  acid  with  HCl, 
and  also,  together  with  the  (a)-isomeride,  by 
heating  the  acid  by  itself.  Prisms  (from 
alcohol).  Both  anhydrides  are  reconverted  into 
the  acid  by  boiling  alkalis,  and  into  di-phthalyl- 
ethane  by  elimination  of  H.^O. 

Isomeride  v.  Di-benzoyl-sdccinic  acid. 

PHENYL-ETHYLENE   OXIDE  ^2j,j^>0. 

(260°  at  50  mm.).  Formed  by  heating  di-oxy- 
ethyl-benzene  with  dilute  H..SO4  (Breuer  a. 
Zincke,  B.  11,  1402).  Oil.  Converted  by  PBr. 
into  CHPhBr.CH.Br. 

Tetra-phenyl-ethylene  oxide  v.  Benzpixaco- 

LIN. 

PHENYL-ETHYLENE  SULPHIDE 

CHi>h^^-  ~  Formed  from 

PhCHBr.CH._,Br  by  successive  treatment  with 
alcoholic  KSHAq  (Spring  a.  Marsenille,  Bl.  [31 
7,  13).  Oil  with  strong  smell,  sol.  alcohol-ether. 
Oxidised  by  CrOj  to  benzoic  acid. 

Di-phenyl-ethylene  sulphide  cjjjph'^''' 
[169°].  A  product  of  the  distillation  of  benzyl 
sulphide  (Barbier,  J.  1876,  421).  Needles. 

Di-phenyl-ethylene  diculphide  C.,H,(SPh).,. 
[65°].  Formed  from  NaSPh  and"  C.,HjBr._, 
(Ewerlof,  B.  4,  716).    Needles,  insol.  water. 

DI-PHENYL-ETHYLENE  DISULPHONE 
C„H,,(S0,AH5),.  [180°]. 

Formation. — 1.  By  oxidation  of  C.,H^(SPh).^ 
(Ewerlof,  B.  4,  717). — 2.  By  boiling  sodium  benz- 
ene sulphinate  (100  pts.)  with  CH^Br.,  (58  pts.) 
in  alcohol  (Otto,  B.  13,  1279  ;  J.'])r.  [2]  30,  174). 

3.  By  adding  CH^.CCL.Ca.Na  (1  mol.)  to 
C^H^.SOjNa  (2  mols.)  in  weak  alcoholic  solution, 
kept' neutral  by  Na.CO,  (Otto,  J.  pr.  [2]  40,  531). 

4.  By  heating  CH3.CCI3  with  C,H,.SO„Na  at 
160"  (Otto,  B.  21,  1691). 

Properties. — Triclinic  needles  or  plates,  si. 
sol.  water,  m.  sol.  alcohol,  v.  sol.  HOAc. 

Reactions. — 1.  Sodium-amalgam  reduces  it 
to  alcohol  and  C„HjSO.,Na,  which  is  finally 
reduced  to  CgHjSNa. — 2.  Chlorine  in  diffused 
daylight  forms  C^H^Clo  and  benzene  sulphonic 
chloride.  In  sunlight  the  products  are  C.^H|C1._,, 
SO^Clj,  and  chlorinated  benzenes. — 3.  Boiling 
aqueous  KOH  splits  it  up  into  C,.H,SO.,K  and 
C„H,.SO,.C,,H,.OH.  Cone.  KOHAq  forms  a 
compound  [88°]  crystallising  from  alcohol.— 4. 
Aqueous  NH,  forms  C„H,.SO.ONH^  and 
(C,H,.SO„.CH„.CH.,),NH  [78°]  which  yields 
B'HCl  [193°],  B'^HoPtCl,,  a  nitrate  [190°],  and 
the  derivatives  (C,H-.S0„.CH.,.CH.,)2NMe  and 
(C,H . .  S0,.CH.,.CH,)2N  MeHCl  [22 1  °]  .—5.  Aqueous 
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ethylamine      forms      C^H^-SCNH^Et      and  | 
C,H3.S02.C.,H,NHEt,  an  oil  which  yields  B'HCl 
[130°].— 6.  Alcoholic  KCy  forms  C^H^SO^K  and 
C,H,(CN),. 

PHENYL-ETHYIENE-THIO-UEEA 
CS<^-^^>C,H,.  [155°].  Formed  from  phenyl- 
ethylene-diamine  and  CS.j  (Newman,  B.  24, 

2191)  .    White  plates,  v.  sol.  alcohol. 
Di-phenyl-ethylene-if/-thio-urea 

C,H,<;^g^>C:NPh.     [136°].     (above  300°). 

Formed  by  heating  di-phenyl-thio-urea  with 
ethylene  bromide  (Will,  B.  14,  1490 ;  15,  343). 
Plates  (from  alcohol).  KCIO.,  and  HClAq  form 
C^Hj^N^SO,  [187°]  (Andreasch,  M.  4,  134).— 
B'H2S04 :  thick  prisms,  v.  sol.  water. 

Di-phenyl-etliylene-di-thio-di-urea 
C,„HisN,S2  i.e.  C,H4(NH.CS.NHPh),.  [193°]. 
Formed  from  C.^H.|(NH.J2  and  phenyl-thio-carb- 
imide  in  alcohol  (Lellmann  a.  Wiirthner,  A.  '228, 
234).  White  scales,  insol.  alcohol,  si.  sol.  HOAc. 
Decomposed  by  heat,  giving  di-phenyl-thio-urea 
and  a  crystalline  body  [1G4°]. 

PHENYL-ETHYLENE-UREA 

C,H,<;^^>CO.  [161°].  Formed  from  phenyl- 
ethylene-diamine  hydrochloride  and  potassium 
cyanate,  NH.,  being  given  off  (Newman,  B.  24, 

2192)  .    Plates,  v.  sol.  alcohol,  insol.  cold  water. 

Di  -  pienyl  -  ethylene  -  urea  ch'  NPh^^*"*' 

[209°].  Formed  by  the  action  of  COCl,  in  benz- 
ene on  C2Hj(NHPh),> ;  an  intermediate  body  being 
C^H^sN^Cl^Oj  (Miciiler  a.  Keller,  B.  14,  2183 ; 
Hanssen,  B.  20,  784).  Plates. 

PHENYLETHYL-ETHYL-PYRIDINE 

C„H,N  i.e.  N<^g^|^^-gg.    (316°  cor.). 

S.G.  I  1'016.  Formed  by  reducing  styryl-ethyl- 
pyridine  with  HIAq  at  165°  (Plath,  B.  21,  3093  ; 
22,  1057).  Oil,  V.  si.  sol.  water,  v.  sol.  alcohol 
and  ether,  volatile  with  steam.  Yields  C,5H,,,Br,N 
[128°]  whence  AgOAc  forms  C,-,H,5(OAo).;N 
(315°-320°).  —  B'.,a,PtCl,.  [168°].  Yellow 
needles.  —  B'HHgClj.  [136°].  Needles.  — 
B'HAuCl^  aq  :  crystalline  mass. 

Hexahydri'de  C,3H„,N.  (314°).  S.G.  2 
•9663.  Got  by  reducing  the  preceding  body  in 
alcohol  with  Na.  Oil,  si.  sol.  water,  niiscible 
with  alcohol  and  ether. 

PHEN  YL-ETHYL-F  DRFTJEANE 
C,H5.CH,.CH2.C,H30.  (241°).  A  product  of 
the  action  of  Na  on  an  alcoholic  solution  of 
C^HjO.CH-.CPh.CN,  which  is  formed  by  conden- 
sation of  furfuraldehyde  with  phenyl-acetonitrile 
(Freund  a.  Immerwahr,  B.  23,  2848).  Oil, 
smelling  like  CH,Ph.,. 

DI-PHENYL-ETHYL-GrANIDINE 
C.sHijNj  i.e.  NHEt.C(NPh).NHPh.     Got  from 
phenyl-ethyl-cyanamide  and   aniline  at  100° 
(Weith,  B.  8,  1531).  Crystalline.— B',H„PtCl,. 

PHENYL-ETHYL-HYDANTOIN  C„H,2N.,0., 

i.e.  CHPh<^^°^-^Q*.     [94°].     Formed  from 

phenyl-hydantoin,  alcoholic  KOH,  and  EtI 
(Pinner,  B.  21,  2325).  Prisms,  v.  sol.  alcohol, 
si.  sol.  cold  water.  Decomposed  by  baryta  into 
ethylamine  and  phenyl-amido-acetic  acid. 


Pheiiyl-etliyl->(/-liydanto'iii 

CHPh<^Q^'^^g-.     Separates  from  a  dilute 

alkaline  solution  of  the  preceding  isomeride  on 
standing.  Slender  needles,  insol.  water,  nearly 
insol.  alcohol.  Decomposed  by  heating  with 
baryta-water  into  NH^,  NH^Et,  and  a-oxy- 
phenyl-acetic  acid. 

M-PHENYL-ETHYL-HYDRAZINE  C,H,„N., 
i.e.  NPhEt.NH,.  (230°).  Formed  by  reducing 
the  nitrosamine  of  ethyl-aniline  with  zinc-dust, 
HOAc,  and  alcohol  (Fischer,  B.  8, 1642 ;  A.  199, 
325  ;  Philips,  B.  20,  2485).  Formed  also  from 
EtBr  and  NPhNa.NH.,  in  benzene  (Michaelis  a. 
Philips,  4.  252,  270).  'Oil.  Reduces  Fehling's 
solution  on  warming.  Oxidised  by  HgO  to 
diphenyl-di-ethyl-tetrazone  NPhEt.N:N.NPhEt 
[108°].  SOClj  forms  oily  NPhEt.N:SO  (Mi- 
chaelis, B.  22,  2231).— B'HCl.  Plates. 

Acetyl  derivative  NEtPh.NHAc.  [80°]. 

Ethylo-bromide  NH,.NPhEt2Br.  Tri- 
metric  prisms  (from  alcohol) ;  a:h:c  =  -822:1:  -827. 
V.  e.  sol.  water,  insol.  ether.  Decomposes  at 
193°.  Insol.  KOHAq.  Converted  by  moist 
Ag.,0  into  a  caustic  hydroxide.  Yields  also 
(NH...NPhEt2)3H,Fe.,Cy,„2aq  (Fischer,  A.  190, 
187). 

Ethylo-chloride  NH.,.NPhEt.,Cl.  [198°]. 
Needles,  v.  e.  sol.  water. -B\Et.,PtCi,. 

Ethylo-iodide  NR^NPhEt.,!.  [145°]. 

s-Phenyl-ethyl-hydrazine  ,  NHPh.NHEt. 
Formed,  together  with  the  preceding  isomeride, 
by  heating  phenyl-hydrazine  with  EtBr.  The 
crude  product  is  dissolved  in  water  mixed  with 
NaOHAq,  and  the  ppd.  oil  extracted  witli  ether. 
The  ethereal  solution  is  freed  from  phenyl- 
hydrazine  by  HCl  and  the  filtrate  oxidised  by 
HgO.  On  addition  of  HCl  it  deposits  di-phenyl- 
di-ethyl-tetrazone,  and  the  mother-liquor  yields 
by  steam-distillation  oily  C,H,.N:NEt  (175°- 
185°).  TheNPh:NEtis  then  reduced  by  sodium- 
amalgam  (Ehrhardt  a.  Fischer,  B.  11,  613). 

Properties. — Oil,  sol.  alcohol  and  ether. 
Eeadily  reduces  Fehling's  solution  and  HgO. 
Zinc-dust  and  HOAc  yield  aniline  and  ethyl- 
amine.—B'H.jC.^Oj  :  needles,  v.  sol.  hot  water. 

DI-PHENYL-ETHYLIDENE-DIAMINE  v. 
EtUylideyie-di-aniline,  vol.  ii.  p.  496. 

DI  -  PHENYL  -  ETHYLIDENE  -  DI  -  ETHYL- 
DIAMINE  C,,H.,,N,,i.e.  CHMe(NPhEt)2.  Formed 
from  ethyl-aniline  and  aldehyde  ^Schiff,  A.  140, 
95;  cf.  Schultz,  B..16,  2601).  Thick  liquid.— 
B'.H.,PtCl,,. 

'  PHENYL-ETHYLIDENE  DI  ETHYL  DI- 
SULPHONE CH3.CPh(S02Et)2.  [101°].  Formed 
from  benzylidene  di-ethyl  di-sulphone,  Mel,  and 
EtONa  (Fiomm,  A.  253,  154).  Needles. 

PHEKYL-ETHYLIDENE-HYDKAZINE 
CH.,.CPh:N.NH2.    (255°).    Formed  from  aceto- 
phenone  and  hydrazine  hydrate  (Curtius,  J.  pr. 
[2]  44,  540).  Liquid.  Yields  CH3.CPh:N.N:CHPh 
[59°]  and  N.,(CPh.CH3)2  [121°]. 

:  DI-PHENYL  ETHYLIDENE  DISULPHONE 
CH3.CH(S02Ph)2.  [102°].  Got  by  oxidising 
CH3.CH(SPh)2  or  CH3.C(SPh)2.CO.,H  with  dilute 
(1  p.c.)  KMnO^  (Escales  a.  Baumann,  B.  19, 

^  2815).    Needles  or  thin  lamellsE,  insol.  water, 

I  acids,  and  alkalis,  si.  sol.  alcohol  and  ether. 

I  Not  attacked  by  alcoholic  potash  at  140°. 

PHENYL  -  ETHYLIDENE  -  DI  -  THIO  -  DI - 

I  GLYCOLLIC     ACID  CH3.CPh(S.CH,.C02H)2. 


PHENYL-ETHYLPHENYL-ETHYLENE. 
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[136°].  Got  by  the  action  of  ZnCl,,  on  a  mix- 
ture of  acetophenone  and  thioglycollic  acid 
<Bongartz,  B.  21,  483).  Needles,  sol.  hot 
water,  CHCI3,  and  HOAc. 

PHENYL-ETHYL-IMESATIN  v.  Di-jihemjl- 
di-ethi/l-diumide  of  Isatin. 

PHENYL  ETHYL  KETONE  Cc,H,„0  i.e. 
CHj.CO.C.H-.  Propiophenone.  [21°].  (218° 
cor.)  (M.  a^  G.).    V.D.  4-64  (obs.).    S.G.  2  1-009 

Formation. — 1.  By  distilling  a  mixture  of 
calcium  benzoate  and  propionate  (Barry,  B.  6, 
1006). -2.  From  Bz^Cl  and  ZnEt.,  (Freund,  A. 
118,  20  ;  Kalle,  A.  119,  166). -3.  By  the  action 
of  Na  on  a  mixture  of  BzCl  and  EtI  (Bechi,  B. 
12,  463). — 4.  By  the  action  of  propionyl  chloride 
on  benzene  in  ]n-esence  of  AlCl^  (Morley  a. 
Green,  B.  17,  3018 ;  Pampel  a.  Schmidt,  B.  19, 
2896). — 5.  By  the  decomposition  of  propylene 
phenyl-ethyl-ketate  by  HI  or  H.,SO,  (Morley  a. 
Green).— 6.  By  oxidising  CHPhEt.OH  (Wagner, 
J.  R.  16,  325). — 7.  From  benzoyl  cyanide  and 
ZnEt,,  either  directly  or  by  oxidising  the  product 
{Frankland  a.  Louis,  C.  J.  37,  74.5).— 8.  From 
phenylallylene  (Korner,  B.  21,  277). 

Properties. — Tables.  Does  not  combine  with 
NaHSO.,.  Yields  benzoic  acid  on  oxidation. 
Eeduced  by  sodium-amalgam  to  CHPhEt.OH 
(211°). 

Oxim  CPhEt:NOH.  Oil. 

Phenyl  hydra zidc.  Oil. 

Phenyl  ethyl  diketone  C.Hs.CO.CO.CjHj. 
Propionyl-bcmoyl.  (239°).  Got  by  distilling 
its  mono-osim  (obtained  from  ethyl  benzoyl- 
acetic  ether)  with  dilute  H._,SO<  (Mulier  a.  Pech- 
mann,  B.  22,  2131).  Pungent  liquid,  volatile 
with  steam,  m.  sol.  water. 

Referoice. — Nitro-  and  Oxy-  Phenyl  ethyl 

KETONE. 

PHENYL  ETHYL  KETONE  DIBROMIDE  v. 

Dl-BROMO-CTJMENE. 

PHENYL-ETHYL  KETONE  o-CAEBOXYLIC 
ACID  C,,H..CO.C,,H,.CO,H.  Propionyl-henzoic 
acid.  [92°].  Formed  by  boiling  phthalyl-pro- 
pionic  acid  with  KOHAq  (Gabriel,  B.  11,  1014  ; 
19,  840).    Needles  (from  dilute  alcohol).— AgA'. 

[69°]. 


Anhydride  C,H,<;g{^^™^)>0. 


Formed  by  heating  plithalic  anhydride  with 
succinic  acid  and  NaOAc  (G.).  Formed  also  by 
distilling  the  anhydride  of  the  dicarboxylic  acid 
(Roser,  S.  18,  3117).  Plates  (from  water).  Com- 
bines with  N.,0,  forming  C,(,H,N„0,  [90°]. 

Amide  '  C,H,(C0.NH,).C0'C,,H-,.  [1.59°]. 
Formed  from  the  anhydride  and  alcoholic  NH,. 

Isomerides  v.  Benzoyl-propionic  acid,  vol.  i. 
p.  487. 

Phenyl  ethyl  ketone  dicarboxylic  acid 

C„H,.C0.CH,.CH(C0,H)„.  ^-Benzoyl-isosuccinic 
acid.  [180°].  Obtained  by  saponifying  its  ether 
which  is  formed  from  w-bromo-acetophenone 
and  sodium  malonic  ether  (Bisohot'f,  B.  16, 
1044;  19,  95;  Kues  a.  Paal,  B.  18,  3324). 
Needles,  v.  sol.  alcohol  and  ether.  Yields  fi- 
benzoyl-propionic  acid  when  heated.— Ag„A"  : 
needles.— EtjA  "  :  oil. 

Phenyl  hydrazide 
C,H-.C(N,HPh).CH,,.CH(C02H),.  [120°]. 

Phenyl  ethyl  ketone  dicarboxylic  acid 
C,H,(C02H).C0.CH,.CH,,.C0,,H.  [137°].  Formed 
by  boiling  its  dilactone  with  water  or  aqueous 

Vol.  IV. 


alkalis.  Small  six-sided  prisms,  re-converted  by 
heat  into  the  dilactone. — CaA".— BaA". — Ag.,A''. 

Dilactone  ^a,5>C<'^^;^§--  [120°].  A 

product  of  the  action  of  phthalic  anhydride  on 
succinic  acid  and  NaOAc  at  250"  ('Koser,  B.  17, 
2770;  18,  804,  3115).  Needles,  'si.  sol.  cold 
water.    At  260°  it  gives  off  CO^  and  changes  to 

^^(J)>C:CHMe.    HIAq  and  P  at  190°  reduce  it 

to  C„H,(C0,H).CH,.CH,,.CH2.C0.,H.  ColdNH.,Aq 

forms  ^;^j;jjj>C:CH.CH.,.CO,H  [225°].  Boiling 

alcoholic  NH.,  forms  C„H„NO.,  [c.  205°].  Sodium- 
amalgam  reduces  it  to  phthalyl-propionic  acid 
C,,H,,|0,,.  Phenyl  hydrazine  forms  C|;HuN.,0;j 
[210°]  which  gives  CaA'^  aq. 

Isomeride  v.  Benzoyl-succinic  acid. 

Phenyl  ethyl  ketone  tetracarboxylic  acid 
C,H,(C0.,H).C0.C(C0.,H),,.CH„.C0,H.  Formed 
by  the  action  of  chloro-acetic  ether  on  C,,H|,,NaO- 
which  is  got  from  phthalyl-malonic  ether  and 
NaOEt  (Wislicenus,  A.  242,  58).    Oil.— Ag.A'^'. 

PHENYLETHYL  METHYL  KETONE  r. 
Benzyl-acetone. 

Diphenylethyl  methyl  ketone 
CH,.CPlvCO.CH,.    [41°].    (311°  i.V.).    A  pro- 
duct of  the  action  of  zinc  and  HCl  on  an  alco- 
holic   solution    of   acetophenone    (Zincke  a. 
Thorner,  B.  11,  1989).    Prisms  (from  alcohol). 

PHENYLETHYL-METHYL-PYRIDINE 
C,,H,-,N  /.('.  C.H.Ph.CHjMeN.  (290°-29.5°). 
S.G.  J  l-0'283.  Formed  by  reducing  styryl- 
methyl-pyridine  with  HIAq  at  160°  (Bacher,  B. 
21,  307G).  Oil,  volatile  with  steam.— B'..H,.PtCl,. 
[168°].-B'HHgCl3  aq.  [95°].  Silky 'needles. 
— B'C„H.,N,,0..    [156°].    Yellow  needles. 

Hexahy'dride  C,.;B..,,'ii.  (c.  288°).  S.G.J 
•9775.  Got  by  reducing  styryl-methyl-pyridine 
in  alcohol  with  Na.    Liquid,  v.  si.  sol.  water. 

PHENYL-ETHYL-(/3)-NAPHTH0TRIAZINE 

DIHYDRIDE    C,„H„N,    i.e.  C,„H„<JJ;§^J^ 

[219°].  Formed  by  adding  jiropionic  aldehyde 
to  benzene-azo-(/3)-naphthylamine  in  alcohol 
(Goldschmidt  a.  Poltzer,  B.  24,  1006).  White 
needles,  v.  sol.  alcohol.— B'HCl.  [258°].- 
B'oHoPtCl,.    Small  yellow  crystals. 

'  PHENYL-ETHYL-OXAMIDE  C,„H,  ,N.,0..  i.e. 
NHPh.CO.CO.NHEt.  [170°].  Formed  by  the 
action  of  ethylamine  on  phenyloxamic  ether 
or  of  aniline  on  ethyloxamic  ether  (Wallach, 
A.  184,  66  ;  214,  259).  Needles  (from  alcohol). 
Converted  by  PCI,  (2  mols.)  into  a  base  which 
forms  the  salt  (C,„H,N.,Cl).,H2PtCls. 

Di-phenyl-di-ethyl-oxamide  v.  vol.  iii.  p.  654. 

PHENYL  -  ETHYL  -  PHENOL  v.  Oxy  -  di  - 
phenyl-etiiane. 

PHENYL -p  -  ETHYL  -  PHENYL  -  ETHANE 
C„H,.CH,,.CH,.C,H,.C.,H,.  (294°).  Formed  by 
reduction  of  CsH,.CH.,.C0.C,H,Et  with  HI  and 
P  (Sollscher,  B.  15,  1681).  Liquid. 

Isomeride.  Got  by  the  action  of  zinc-dust 
on  a  mixture  of  ethyl-benzene  and  a-bromo- 
ethyl-benzene  (Eadziszewski,  B.  6,  811 ;  7, 
140).  Gives  ^J-benzoyl-benzoic  acid  on  oxida- 
tion. 

PHENYL-ETHYLPHENYL-ETHYLENE 

C,H..CH:CH.C,H,Et.  [90°].  Formed  by  boil- 
ing 'CH.,Ph.CH(0H).C„H,Et[l:4]  with  diluta 
H.,SO,  (Sollscher,  B.  15,  1681).  Plates. 
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PHENYL  ETHYLPHENYL  KETONE. 


PHENYL  p-ETHYLPHENYL  KETONE 

C5H;,.C0.C,HjEt.  (331°)  at  720  mm.  Prepared 
by  the  action  of  AICI3  on  a  mixture  of  BzCl  and 
ethylbenzene  (Sollscher,  B.  15,  1682  ;  Smith,  B. 
24,  4029).  Liquid,  sol.  alcohol  and  ether.  Yields 
two  oxims  [108°]  and  [142°],  both  giving  the  same 
acetyl  derivative  [95°]. 

PHENYL-ETHYL-PHENYL  METHANE  v. 
Benztl-ethyl-benzene. 

PHENYL  -  ETHYLPHENYL  -  THIO  -  UREA 
NHPh.CS.NH.C„H,Et.  [104°].  Formed  from 
^-ethyl-phenyl-thiocarbimide  and  aniline  in 
alcohol  (Mainzer,  B.  16,  2020).  Plates. 

PHENYL-DI-ETHYL-PHOSPHINE 
PEt.,C„H,.  (222°  cor.).  S.G.  i2  -957.  Formed 
from  C.HjPCl,  and  ZnEt,  (Michaelis,  B.  8,  493; 
A.  181,  345).  Oil.  Absorbs  oxygen  from  air, 
yielding  OPEt-.C^H^  [56°].  Combines  also  with 
CI  and  S  forming  crystalline  C,„H,5PC1„  and 
C,„H,3PS.  —  B'2HC1.  —  B'.,H,PtCl„.  —  B'HI.  — 
B'Etl.  [115°].-B'.,Et.,PtCl,.— B'Mel.  [95°].— 
B',Me„PtCl,. 

"  Di-'phenyl-ethyl-phosphine  PEtPh,,.  (298°). 
Formed  from  Ph.,PCl  and  ZnEtj  (Michaelis  a. 
Link,  A.  207,  214).  Liquid,  sol.  alcohol  and 
ether.  Yields  OPEtPhj  on  oxidation.  EtI  yields 
Ph„PEt.,I  [204°]  which  gives  (Ph,PEt„Cl)„PtCl, 
[218°].  '  Mel  gives  Ph.,PEtMeI  [181°]  S.  i-5  at 
22°;  50  at  100°,  which  gives  (Ph.,PEtMeCl)2PtCl4 
[220°]  and  Ph.,PEtMe.O.C,H,(Nb2)3  [86°]. 

Di-phenyl-ethyl-phosphine  oxide  PEtPhoO. 
[121°].  Formed  as  above,  and  also  by  the 
action  of  Ag^O  on  Ph.jPEtI  (Michaelis  a.  Soden, 
A.  229,  317).    Prisms,  sol.  ether  and  ligroin. 

PHENYL-DI-ETHYL  PEOPENYL  TRISUL- 
PHONE  PhSO.,CH.,.CMe(SOoEt).,.  [128°].  Got 
from  EtSH  and  PhS.CH2.Cb.CH3,  the  product 
being  oxidised  (Autenrieth,  B.  24,  169).  Plates. 

Di-phenyl  ethyl  propenyl  trisulphone 
EtSO.,.CH.,.CMe(SO.,Ph)„.   [139°].  Made  in  like 
manner  from    PhSH  "and  EtS.CH^CO.CHj. 
Needles  (Autenrieth,  B.  24,  1513). 

TRI  -  PHENYL  -  ETHYL  -  PROPYL-DI-THIO- 
BIUKET  C^SjNjPhsEtPr.  The  (a)-  compound 
[166°]  is  formed  by  the  action  of  di-phenyl- 
propyl-thio-urea  on  ClCS.NPhEt,  while  the  (3)- 
compound  [165°]  if  got  from  di-phenyl-ethyl- 
thio-urea  and  ClCS.NPhPr  (Billeter  a.  Strohl, 
jB.  21,  109).  Both  crystallise  in  needles,  v.  sol. 
hot  alcohol. 

DI  -  PHENYL  -  ETHYL  -  PROPYL  -  THIO- 
UREA NPhEt.CS.NPhPr.  [66°].  Formed  by 
the  action  of  CSCI2  on  propyl-aniline  followed 
by  ethyl-aniline  or  vice  versd  (Billeter  a.  Strohl, 
£.21,  103). 

PHENYL-ETHYL-PYRAZOLE  C„H,„N2  i.e. 

NPli<N  =  CH-  ~  Fo™ed 

from  phenyl-hydrazine    and  propionyl-acetic 
aldehyde  (Claisen  a.  Stylos,  B.  21,  1148).  Oil. 
PHENYLETHYL-PYRIDINE 

CH'^^g^^^C.CH^.CH.J'h.      [-3°].  (289° 

cor.).  S.G.  5  1-0465.  Formed  by  reducing  styryl- 
pyridine  with  HI  (Baurath,  B.  21,  821).  Liquid, 
si.  sol.  water,  volatile  with  steam. — B'^HoPtClg. 
[186°].— B'HAuCl,.  [150°].  Long  yellow' needles. 
— B'HHgCl,.  [149°]. 

Hexahydride  C,3H,gN.  (288°  cor.).  S.G. 
J  •9874.  Got  by  reducing  the  preceding  base  in 
alcohol  with  Na.     Liquid,  smelling  like  piper- 


idine,  si.  sol.  water.  Turns  moist  litmus  blue. 
Has  toxic  properties  similar  to  those  of  coniine. 
Forms  an  oily  nitrosamine.  Yields  pyridine 
carboxylic  acid  on  oxidation. — B'HCl.  [155°]. 
— B'.,H,PtCl,.  [189°].— B'HAuCl^.  [134°]. 
TETRA-PHENYL-ETHYL-PYEROLE 

^■^KcPh-CPh-  ^'ormed  by  heating 

bidesyl  with  aqueous  NEtH,  at  150°  (Fehrlin, 
B.  22,  555).  Needles  (from  chloroform)  or 
plates  (from  HOAc). 

DI-PHENYL-ETHYL-PYRROLE  DI-o-CARB- 
OXYLIC  ACID  C.,„H„NO,  i.e. 

NEt<gj^g:S!ii;6H-    t220°].    Formed  by 
heating  C.,H4(C0.C,Hj.C0,H).,  with  ethylamine 
solution  (Baumann,  B.  20, 1488).    Yellow  plates 
(from  alcohol),  insol.  water. — Ag,A". 
PHENYLETHYL-QUINOLINE 

^6H4<™"^       Qjj  pjj.    [c.  30°].    Formed  by 

reducing  styryl-quinoline  with  HI  (Heymann  a. 
Konigs,  B.  21,  1426).  Crystals.— Pi  crate,  [c, 
130°].    Yellow  prisms,  si.  sol.  alcohol. 

PHENYL-ETHYL  SULPHIDE  Ph.S.Et- 
(204°  i.V.)  at  744  mm.  S.G.  :l-032.  Formed 
by  heating  PhSNa  with  EtI  in  sealed  tubes  at 
120°  (Beckmann,  J.  pr.  [2]  17,  457).  Obtained, 
also  by  the  action  of  H,,S  at  50°  on  C„H,.SO.OEt 
(Otto  a.  Kossing,  B.  20,  2275)  and  by  the  action 
of  EtSH  on  C,H3.N,,C1  (Stadler,  B.  17,  2078). 
Liquid,  with  nasty  smell. 

Sulphonic  acid  C,H,.S.C„H,.SO:jH. 
Formed  by  boihng  C.H.S.No.C.H^.SOjNa  with 
alcohol. — ISfaA' :  plates. 

Phenyl  ethyl  disulphide  PhS,,Et.  Formed 
together  with  Et,S„  by  heating  C^H-SCH  with 
EtSH  at  100°  (Otto  a.  Bossing,  B.  19,  3135  ;  20, 
189).  Heavy  oil.  Decomposed  by  alcoholic 
potash  into  EtSH,  ¥hS.„  C^H^SO.H,  and  ethane 
sulphinic  acid. 

PHENYL  ETHYL  SULPHONE  C,H,„S02  i.e. 
CsHj.SC.C^s.  [43°].  (above  300°).  Formed 
from  C^HsSb^Na  and  EtBr  or  CH3.CBr.,.G0..Na 
(Otto,  B.  13,  1274  ;  J.  pr.  [2]  40,  535).  Formed 
also  from  CH3.CH(S0,Ph).C0.,H  by  the  action 
of  alkalis  and  by  oxidising  PhSEt  with  dilute 
KMnO,  (Beckmann,  /.  pr.  [2]  17,  458).  Mono- 
clinic  plates  (Fock,  B.  19,  1230),  sol.  hot  water^ 
v.  sol.  alcohol. 

a-Carboxylic  acid  C„H5.SO,.CHMe.C02H. 
Pliemjl  sulplwno -propionic  acid.  [116°].  Formed 
by  saponifying  its  ether,  which  is  got  from 
C^H.SO.Na  and  CH3.CHBr.C0,Et  (Otto,  J.  pr, 
[2]  40,  548).  Groups  of  needles,  v.  sol.  hot 
water. — NaA'. — BaA'2  2aq  :  leafy  aggregates. 

Ethyl  ether 'Rik.'.    [c.  17°].  Oil. 

;8-Carboxylic  acid  C„H,.S02.CH.,.CH2.C02H. 
[124°].  Formed  from  benzene  sulphinic  acid 
and  j3-iodo-propionic  acid  (Otto,  B.  21,  95). 
Plates,  si.  sol.  cold  water,  m.  sol.  ether. 

PHENYL-ETHYL-THIAZOLE  C„H,,NS  i.e. 

^"NCPh  CH-  ^°i"°ied  from  thio- 

propionamide  and  bromo-acetophenone  in  alco- 
hol (Hubacher,  A.  259,  231).  Oil.— B'.,H.,PtCl,. 
[129°].— B'HBr.    [70°].    White  needles. 

TRI-PHENYL-DI-ETHYL-DI-THIO-BIURET 
NPhEt.C(NPh).S.CS.NPhEt.  [158°].  Formed 
from  NPhEt.CS.Cl  (2  mols.)  and  aniline  (1  mol.> 
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(Billeter  a.  Strohl,  B.  21,  lOS).  Yellow  needles, 
si.  sol.  alcohol. 

PHENYL-ETHYL-THIOCARBAMIC  ACID 

NPhEt.CS.OH. 

Elhi/l  ether  EtA.  [18°].  (14,3°  at  12 
mm.).  S.G.  1^1-066.  Formed  from  NPhEt.CS.Cl 
and  NaOEt  (Billeter  a.  Strohl,  B.  20,  1629  ;  21, 
104).  Crystals. 

Phenyl-ether  FhA'.  [69°].  Formed  from 
the  chloride  and  phenol.    Flat  needles. 

Chloride  NPhEt.CS.Cl.  [.57°].  Formed 
from  ethyl-aniline  and  CSCl.,.  Prisms  (from 
ligroin).  Converted  by  alcoholinto  (NPhEt.CS).,0 
[143°],  S.  (alcohol)  7  at  15°. 

Phenylethyl-thiocarbamic  acid.  Phenyl- 
ethylamine  salt 

C.HiPh.NH.CS.SNH^.C.H.Ph  [130°].  Formed 
fromphenylethylamine  and  CS._,  (Neubert,  B.  19, 
1825).    Sol.  hot  water  and  alcohol. 

Phenyl-ethyl-di-thio-carbamic  acid 
NPhEt.CS.SH. 

Ethyl  ether  EtA'.  [67°].  (305°-315°). 
Formed  by  heating  NPh:C(NPhEt).SEt  with 
CS.,  at  160°  (Bernthsen  a.  Friese,  B.  15,  56.s, 
153'3).  Formed  also  from  NPhEt.CSCl  and 
NaSEt  (B.  a.  S.).  Prisms  (from  ether).  Forms 
a  crystalline  compound  with  Mel. 

Phcni/l  ether  I'hX'.  [127°].  Formed  from 
NPhEt.CS.Cl  and  PhSH  (B.  a.  S.).  Needles. 

PHENYL- ETHYL-THIO-SEMI-CARBAZIDE 
NHEt.CS.NH.NHPh.  [122°].  Formed  from  ethyl- 
thiocarbimide  and  phenyl -hydrazine  (Dixon, 
C.  J.  55,  302).  White  crystals,  v.  si.  sol.  water. 
FeClj  gives  a  red  colour  changing  to  blackish- 
green. 

Isomeride  NHPh.CS.NH.NHEt.  [110°]. 
Formed  fx'om  phenyl-thiocarbimide  and  ethyl- 
hydrazine  (Fischer,  A.  199,  296).  Needles. 

Di-phenyl-ethyl-thio-semi-carbazide 
NPhEt.NH.CS.NHPh.     [149°].     Formed  from 
M-phenyl-ethyl-hydrazine     and  phenyl-thio- 
carbimide (Michaelis  a.  Philips,  A.  252,  273). 

PHEN  YLETHYL-THIO  C  AEBIMIDE 
CJliPh.NCS.    Formed  from  phenylethyl-amine 
by  successive  treatment  with  CS.,  and  HgCI, 
(Neubert,  B.  19,  1825).    Yellow  oil." 

PHENYL  ETHYL  DITHIOCARBONATE 
CS(OEt)(SPh).  Formed  by  mixing  solutions  of 
C5H,^.N.,C1  and  potassium  ethyl  dithiocarbonate 
at  6°  (Leuckart,  J.  pr.  [2]  41,  186).  Eeddish- 
yellow  oil,  si.  sol.  water,  slightly  volatile  with 
steam.  Converted  by  heating  with  alcoholic 
NH3  into  phenyl  mercaptan  and  ammonium 
sulphocyanide. 

PHENYLEIHYL-THIOHYDANTOiN 

C„H,,>N„SO      i.e.     C,H,Ph.N:C<^|jj  ^q-  or 

^^<Nh'— Co  '-  hydrochloride  B'HCl 

[188°]  is  formed  from  phenylethyl-thio-urea  and 
chloro-acetic  acid  (Neubert,  B.  i9,  1822). 

PHENYL-ETHYL-THIOPHENE  C,,H,,,S  i.e. 

S<^^^^;^^j_.     [40°].     Obtained    by  heating 

CH._J3z.CHEt.C0,,Na  with  (Dittrich  a.  Paal, 
B.  21,  3457).  Small  plates.  Gives  a  cherry- 
red  colour  with  isatiu  and  H.SOj  and  a  bluish- 
green  colour  with  phenanthraquinone  and 
HOAe. 

j(-PHENYL-ETHYL-THIO-UREA  C„H,„N,S 
i.e.NPhEt.CS.NH.,.  [113°].  Formed  from  ethyl- 


aniline  hydrochloride  and  potassium  sulpho- 
cyanide (Gebhardt,  B.  17,  2094).  Large  pearly 
prisms  (from  alcohol). 

Benzoyl  derivative  NPhEt.CS.NHBz. 
[134°].  Formed  from  ethylaniline  and  benzoyl- 
thioearbimide  (Dixon,  C.  J.  56,  306).  Pale 
lemon-yellow  prisms,  insol.  water,  sol.  alcohol. 

s-Phenyl-ethyl-thio-urea  NHPh.CS.NHEt. 
[99°].  Formed  from  phenyl-thiocarbimide  and 
NH.,Et  and  from  ethyl-thiocarbimide  and  aniline 
(Weith,  B.  8,  1524  ;  'Michael  a.  Palmer,  Am.  6, 
260).    Monoclinic  crystals. 

Phenylethyl-thio-urea  NH,.CS.NH.C,,HjPh. 
[123°].  Formed  from  phenylethyl-amine  "hydro- 
chloride and  potassium  sulphocyanide  (Neubert, 
B.  19,  1822).    Plates  (from  dilute  alcohol). 

Phenyl-ethyl-;|/-thio-urea  NHPh.C(SEt):NH. 
Formed  from  phenyl-thio-urea  and  EtI  (Bertram, 

B.  25,  56).  Yields  mercaptan  on  treatment  with 
alkalis.— B'Hl.    [103°].— B'C^HjN^Oj.  [196°]. 

Phenyl-di-ethvl-i|'-thio-urea 
NPhEt.C(SEt):NH.   Formed  from  the  preceding 
body  and  EtI  (B.).— B'HL— B'.iI„PtCl,.  [148°].— 
B'C,,H;,N,0,.  [170°]. 

Pheiiyl-tri-ethyl-;|<-thio-urea 
NPhEt.C(SEt):NEt.    (e.  275°).    Got  from  the 
preceding  and  EtI  (B.).— B'C.HjNjO,.  [c.  96°].— 
B'..H.PtCl,.  [135°]. 

Di-phenyl-ethyl-thio-urea  NHPh.CS.NPhEt. 
[89°].  Formed  from  phenyl-thiocarbimide  and 
ethyl-aniline  (Gebhardt,  B.  17,  2090).  Crystals. 

Di-phenyl-ethyl-i|/-thio-urea 
NHPh.C(SEt):NPh.  [79°].  Formed  from  di- 
phenyl-thio-urea  and  EtBr  (Eathke,  B.  14, 
1776)  and  by  the  action  of  mercaptan  on 
C(NPh),  in  the  cold  (Will,  B.  15,  1308).  Needles 
(from  dilute  alcohol).  Decomposed  by  heat 
into  C(NPh).  and  EtSH.  CI  passed  into  a  solu- 
tion of  its  hydrochloride  yields  ethane  sulphonic 
acid.— B'HCL— B'„H,,PtCl,  2aq.— B'HI  aq. 
[157-5°]  (Bernthse'n,  B.  15,  266,  567). 

Di-phenyl-di-ethyl-thio-urea  CS(NEtPh),,. 
[75-5°].  Formed  from  NPhEt.CSCl  and  ethyl- 
aniline  at  100°  (Billeter,  B.  20,  1631).  White 
tables  (from  ligroin)  or  needles  (from  alcohol). 

Di-phenyl-di-ethyl-thio-urea 
CS(NH.C,H,Ph),.   [84°].  Formed  from  phenyl- 
ethyl-amine and'  alcoholic  CS._.  (Neubert,  B.  19, 
1824).    Plates  (from  alcohol),  insol.  water. 

Acetyl  derivative  C,„H,,„N.,SO.  [73°]. 

Di-phenyl-di-ethyl-if'-tliio-urea 
NPhEt.C(SEt):NPh.     Oil.    The  hydro-iodide, 
got  by  heating  di-phenyl-ethyl-i|<-thio-urea  with 
EtI  at  130°,  is  crystalline  (B.  a.  F.). 

M-PHENYL-ETHYL-UEEA  NPhEt.CO.NH,. 
[62°].  Formed  from  ethyl-aniline  hydrochloride 
and  potassium  cyanate  (Gebhardt,  B.  17,  2095). 

s-Phenyl-ethyl-urea  NPhH.CO.NEtH.  [99°]. 
Formed  from  ethyl  cyanate  and  aniline  (Wurtz, 

C.  E.  32,  417).  Needles  (from  dilute  alcohol). 
Yields  a  nitrosamine  NPhH.CO.NEt.NO  [60°] 
crystallising  in  monoclinic  prisms  (E.  Fischer, 
A.  199,  286). 

Phenylethyl  -  urea  NH,.CO.NHC,H,Ph. 
[112°].  Formed  from  ;8-phenyl-ethyl-amine  and 
potassium  cyanate  (Spica,  G.  9,  568).  Flat 
prisms,  m.  sol.  cold  water. 

Phenyl  -  di  -  ethyl  -  urea  NHPh.CO.NEt,,. 
[86°].  Formed  from  phenyl  cyanate  and  NHEt., 
(Gebhardt,  B.  17,  3039).  Needles. 
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PHENYL-ETHYL-UREA. 


Di  -  phenyl  -  ethyl  -  urea    NHPh.CO.NPbEt.  1 

[91''-'].    Got  from  jshenyl  cyanate   and  ethyl- 
aniline  (Gebliardt,  B.  17,  2093).  Prisms. 

s  -  Di  -  phenyl  -  di  -  ethyl  -  urea  CO  (NPhEt).,. 
[79°].  Formed  from  NPhEt.COCl  and  ethyl- 
aniline  at  130°  (iVIichler,  B.  9,  712).  Crystals. 

M-Di-phenyl-di-ethyl-urea  NPK.CO.NEt.^. 
[54°].    Formed  from  NPh.,.COCl  and  NHEt,. 

Diphenyldiethyl-urea  NH,,.C0.N(CoH,P'h)2. 
[109°].  Formed  from  diphenyldiethylamine 
hydrochloride  and  potassium  cyanate  in  aqueous 
solution  (Spica,  G.  9,  568).  Prisms,  sol.  hot  Aq. 

Tri  -  phenyl  -  ethyl  -  urea  NPh,,.CO.NPhEt. 
[89°].  Formed  from  NPhXCCl"  and  ethyl- 
anihne  (M.).  Formed  also  from  NPhEt.COCl 
and  diphenylamine  (Kaufmann,  B.  14,  2185). 

PHENYL-FORMAMIDE  v.  vol.  ii.  p.  568. 

DI-PHENYL-FORMAMIDINE  C„H,2N.,  i.e. 
CH{]SIPh)(XHPh).  Di-plienyl-mctheyitjl-cliamine. 
Mol.  w.  196.  [138°]. 

Formation. — 1.  By  heating  chloroform  with 
aniline  for  12  hours  at  190°  (Hofmann,  Pr.  9, 
229). — 2.  By  heating  aniline  with  phenyl-carb- 
amine,  with  ortlioformic  ether,  or  with  formic 
acid  (Weith,  B.  9,  454;  Wichelhaus,  B.  2, 
116). — 3.  By  passing  gaseous  HCl  into  heated 
formic  anilide  (Wallach,  B.  15,  208).— 4.  From 
formic  anilide  and  PCI  (Wallach,  A.  214,  233). 
5.  From  CH(NPh)SEt  and  aniline  (Wallach 
a.  Wiisten,  B.  16,  146). — 6.  From  aniline  and 
CH(NH,,Cl)OEt  (Pinner,  B.  16,  358). 

Properties. — Needles  (from  ether).  Yields 
B'HCl  and  B'.,H.,PtCl,. 

PHENYL-FORMAMIDOXIM  C,H,NO  i.e. 
CH(NOH).NHPh.  [116°].  Formed  from  thio- 
formanilide  and  hydroxylamine  (Mtiller,  B.  22, 
2411).  Needles,  m.  sol.  water.— B'HCl :  needles. 
— B'.,H.,PtCls:  yellow  needles. 

Beiizoyl-derivative  CH(NOBz)(NHPh). 
[145°].    Needles,  m.  sol.  alcohol  and  ether. 

DI-PHENYL-FOEMAZIDINE  Cj^H^N^  i.e. 
CH(N.,HPh).N„H.,Ph.  [185°].  Formed  from 
CH(NH.,Cl).OEt  and  phenyl-hydrazine  (Pinner, 
B.  17,  2002).    Yellow  plates,  v.  sol.  hot  alcohol. 

PHENYL-FORMYLACETIC  ETHER 
CHO.CHPh.CO,Et.  (145°  at  16  mm.).  Got, 
together  with  an  isomeride  [71°],  by  the  action 
of  NaOEt  on  a  mixture  of  formic  and  phenyl- 
acetic  ethers  (Wislioenus,  B.  20,  2931).  Liquid. 
FeClj  colours  its  alcoholic  solutions  bluish- 
violet.  Phenyl-hydrazine  forms  oxy-di-phenyl- 
pyrazole. 

DI-PHENYL-FUMARAMIC  ACID  v.Fumakic 

ACID. 

PHENYL-FUMAEIC  ACID  Cf^Kfi,  i.e. 
CO,H.CPh:CH.CO,H.  [161°].  Got  by  heating 
bromo-cinnamic  ether  with  alcoholic  KCy  for 
8  hours  at  150°  (Barisch,  J.  pr.  [2]  20,  186). 
Got  also  by  heating  C0,H.CPh(0H).CH2.C02H 
(Alexander,  .4. 258,  82).  Nodules  (from  water).— 
BaA"  ;  scales. — Ag.A"  :  amorphous  pp. 

Di-phenyl-fumaric  acid 
C02H.CPh:CPh.C0,H.  [c.260°].  Formed  from 
its  ether,  which  is  got,  together  with  di-phenyl- 
maleic  ether,  by  the  action  of  Na  on  a-bromo- 
phenyl-acetic  ether  (Eiigheimer,  B.  15,  1626).  ' 
Crystals,  decomposing  at  260°  into  water  and 
di-phenyl-maleic  anhydride.  j 

^iiriZe- CN.CPh:CPh.CN.  [158°].  Got  by  j 
adding  alcoholic  NaOEt  to  a-chloro-phenyl-  j 
acetonitrile  (Michael  a.  Jeanpretre,  B.  25,  1680).  j 


DI-PHENYL  FURAZANE  5p|j:jJ>0.  [94°]. 

Formed  by  heating  the  (a)-di-oxim  of  benzil  with 
water  at  210°  (Dodge,  A.  264,  180).  Crystals. 
At  300°  it  forms  di-henzenyl-azoxim.  HjSO^ 
and  PINO3  give  a  di-nitro-  derivative  [220°]. 

DI-PHENYL-FTJRFTJRANE  cH-CPh^*^" 

[91°].    (345°).    Formed  by  heating 
CPh:C.CH(CO.,H).CO.CsH,  or  CHjBz.CH^Bz  with 
cone.  HClAq  at  160°  for  3  hours  (Kapf  a.  Paal, 

B.  21,  1490,  3057).  Got  also  by  heating  its 
dicarboxylicacid  (W.  H.Perkin,  jun.,  a.  Schlosser, 

C.  J.  57,  954).    Plates,  insol.  water. 
Tetrahydride  C,„H„30.    (321°).    Got  by 

reducing  with  Na  and  alcohol.  Oil. 
Oc io 7tj/dritZe  C„-H,„0.  Oil. 
Tri-phenyl-furfurane  C^Ji^Jd  i.e. 

CPh-CPh^^-    1^^^°^-  ^-  '^^^  Eaoult's 

method  (calc.  296).  Formed  by  boiling 
CPhBz:CHBz  with  HIAq  (Japp  a.  Klingemann, 
C.  J.  57,675).  Got  also  from  desyl-acetophenone 
by  successive  treatment  with  H.,SO^  and  water 
(Smith,  C.  J.  57,  645).    Needles '(from  alcohol). 

Tetra-phenyl-furfurane  v.  Lepiden. 

DI-PHENYL-FTTRFURANE  CARBOXYLIC 
^pjj,  CO,]Lg:CPh^Q_     [217°].     Formed  by 

boiling  CPh:C.CHBz.CO.,H  with  cone.  HClAq 
and  alcohol  (Kapf  a.  Paal,  B.  21,  1489,  3059). 
Formed  also  by  heating  the  dicarboxylic  acid 
(W.  H.  Perkin,  jun.,  a.  Schlosser,  C.  J.  57,  952). 
Needles  (from  alcohol),  insol.  water.  May  be 
distilled.  Br  yields  G^.^^Jixfi^. — NaA' :  needles. 

Ethyl  ether  EtA'J  [82°].  Formed  by 
boiHng  CHjBz.CHBz.CO.,Et  with  alcohol  and 
HClAq.  Crystals  (from  ether).  Yields  on  re- 
duction a  tetrahydride  which  does  not  react 
with  AcCl. 

Di-phenyl-furfurane  dicarboxylic  acid 
C,„H„0,  i.e.  co:H:C:OPh>°-  ^238°].  Formed 
by  dissolving  di-benzoyl-succinic  ether  in  H^SO  j 
and  boiling  the  product  with  alcoholic  potash 
(W.  H.  Perkin,  jun.,  G.  J.  47,  262  ;  49,  168  ;  57, 
951).  Needles,  sol.  alcohol  and  ether.  FeCl^ 
gives  an  orange  colour  in  its  alcoholic  solution. 
Yields  acetophenone  on  distilling  with  soda- 
lime. — Ag.,A". 

Ethyl  ether  :EUA.".  [86°].  Formed  from 
dibenzoyl-succinic  acid  and  H2SO4.  Yellow 
prisms,  v.  sol.  alcohol.  Its  solution  in  HjSOj 
turns  violet  on  heating. 

Anhydride  C^JIifii.  [255°].  Formed  by 
heating  the  acid  alone  or  with  Ac^O.  Plates, 
si.  sol.  hot  alcohol.  Its  alcoholic  solution  ex- 
hibits violet  fluorescence. 

PHENYL  -  FURFURYL  -  ACRYLIC  ACID. 
Nitrile.  C,H,O.CH:CPh.CN.  [43°].  Formed 
from  phenyl-acetonitrile,  furfuraldehyde,  and 
NaOEt  in  alcohol  (Frost,  A.  250,  159).  Yields 
C.HaO.CHBr.CBrPh.CN  [114°]  crystallising  in 
orange  plates. 

Reference. —  Nitro-phenyl-fcefubyij-aciiylic 

ACID. 

PHENYL  -  FURFURYL  -  (;8)  -  NAPHTHO  - 
TRIAZINE.       Dihydride      C^H^NjO  i.e. 

C"S'^<N.NPh^'^'^-  [241°].  Formed  by 
warming  benzene-azo-(;8)-naphthylamine  with 


PHENYL-GLYOXAL. 
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furfuraldeliycle  in  alcohol  (Goldschmidt  a. 
Poltzer,  B.  24,  1007).  Needles.— B'HCl :  plates. 
— B'oH.,PtClg.    Light-yellow  crystalline  pp. 

(B)  -  PHENYL  -  (7)  -  FURFURYL  -  PROPYL  - 
AMINE  C,H30.CH,,.CHPh.CH„NH2.  (283°). 
Formed  from  plienyl-acetonitrile  and  furfur- 
aldehyde,  the  product  of  condensation  of  these 
bodies  C.H^O.CHrCPh.CN  being  reduced  by  Na 
and  dry  alcohol  (Freund  a.  Immerwahr,  B. 
23,  2850).  Oil,  with  alkaline  reaction.  Con- 
verted by  nitrous  acid  into  the  liquid  alcohol 
CjH30.CH.,.CHPh.CH,0H.  Phenyl  thiocarbim- 
ide  forms'  C^H30.C,H,Ph.NH.CS.NHPh  [113°]. 
—B'HCl.  [17C°].  Crystalline,  v.  sol.  water. 
Eeaots  with  potassium  eyanate  forming 
C.HjO.CjHjPh.NH.CO.NH,  [101°].  —  Mercury 
double  salt:  [175°];  needles. —  Picrate 
[152°].    Yellow  crystalline  powder. 

PHENYL-FURIDANE.  DUiydridc 

CPh^Q^-^y->CH,.      (250°   at    721  mm.). 

Formed  by  heating  its  carboxylic  acid  at  200° 
(Perkin,  C.  J.  51,  731).  Oil.  HBr  forms 
CH..CO.C,H„Br. 

PHENYL-FURIDANE  DIHYDRIDE  CARB- 
OXYLIC      ACID  COoH.C<^p^Q^->CH,. 

PhcmjldcUydmliexonc  carboxylic  acid.  [c.  144°]. 
Formed  by  saponifying  its  ether,  which  is  got 
by  the  action  of  NaOEt  on  a  mixture  of  tri- 
methylene  bromide  and  benzoyl-acetic  ether 
(Perkin,  C.  J.  51,  726).  Monoclinic  prisms 
(from  ether);  o:6:c  =  2-638:l:3-398  ;  ;8  =  74°  44'. 
— AgA' :  needles  (from  water). 

Ethyl  ether  EtA'.    [60°].  Prisms. 

PHENYL-GLUTARIC  ACID  C^H.^O,  i.e. 
CHPh(CH,.CO„H)„.  [138°].  Formed  by  heating 
sodium  nialonic  ether  with  alcohol  and  cinnamio 
ether  at  100°,  saponifying  the  resulting  ether 
CH(C0,.Et)„.CHPh.CHNa.C02Et,  and  heating 
the  acid  at  110°  (Michael,  J.  pr.  [2]  35,  352  ; 
Am.  9,  116).  Needles,  si.  sol.  water,  m.  sol. 
alcohol. — AgA' :  amorphous  pp. 

Di-phenyl-glutaric  acid  CH.,(CHPh.C0,H),. 
[164°].  Formed  by  saponifying  its  nitrile 
(Zelinsky  a.  Feldmann,  B.  22,  3292).  Needles. 

Nitrile  CH.,(CHPh.CN)2.  [71°].  Formed 
by  heating  CH.,Ph.CN  with  CH„I,and  dry  NaOH. 

PHENYL-GLYCERIC     ACID     v.  Di-oxy- 

I'HENYL-l'KOPIONIC  ACIU. 

TRI-PHENYL    GLYCERYL  TRIKETONE 

CHJ3z.CHBz.CH,Bz.  Tri-bemoyl-jyrcfjxiur. 
[137"].  Formed  from  tricarballylic  chloride, 
benzene,  and  AlCl^  (Emery,  B.  24.  601).  Straw- 
yellow  needles.  Yields  a  phenyl-hydrazide 
[57°-60°]. 

PHENYL-GLYCIDIC     ACID     CJi.O,,  i.e. 

'^'\^^QQll-    Phoiyl-pyruvic  acidi  [155°] 

Formed  by  boiling  benzoyl-imido-phenyl-propi- 

onic  acid  NBz-^^^^^q  ^  with  aqueous  HCl 

or  with  KOH  (Plochl,  B\  16,  2817  ;  19,  3167). 
Formed  also  by  boiling  phenyl-oxalacetic  acid 
with  dilute  H,,SO<  (W.  Wislicenus,  B.  20,  592). 
Plates,  V.  e.  sol.  alcohol  and  ether.  FeCla 
colours  its  alcoholic  solution  green.  Sodium- 
amalgam  reduces  it  to  a-oxy-phenyl-propionic 
acid.  Yields  an  oxim  and  a  phenyl-hydrazide 
CH,,Ph.C(N,HPh)CO,,H  [161°].  Tolylene-o-di- 
amine  forms  a  quinoxaline  (Erlenmeyer,  jun.. 


B.  19,  2576  ;  20,  2465  ;  22,  1482).  Aniline  forms 

C, ,H,Ph(NHPh)(OH).CO,H. 

(g)-Phenyl-glycidic  acid.  Formed  from 
C„H5.CH(0H).CHC1.C0,H  and  cold  alcoholic 
potash  (Glaser,  A.  147,  98).  Oil,  crystallising 
at  0°.  Decomposes,  even  at  15°,  into  phenyl- 
I  acetic  aldehyde  and  CO.,.  Boiling  dilute  H..SO, 
forms  CHPh(0H).CH(6H).C0,H  and  phenyl- 
acetic  aldehyde  (Erlenmeyer  a.  Lipp,  A.  219, 
181).  Yields  j8-oxy-phenyl-propionic  acid  on 
reduction  with  sodium-amalgam. — NaA'. — KA'. 
— AgA' :  crystalline  powder. 

Ethyl  ether  EtA'.    (280°  cor.).  Oil. 

References. — Nitro-  and  Oxy-  phexyl-gly- 

CIDIC  ACID. 

PHENYL-GLYCOCOLL     v.  Phenyl-amido- 

ACETIC  ACIU. 

PHENYL-GLYCOL  v.  Di-oxy-kthvl-eenzene. 
PHENYL-GLYCOLLIC    ACID    v.  Plicnyl- 
dcrivative  of   Glvcollic  acid  and  Ma.ndelic 

ACID. 

j       Di-phenyl-glycollie  acid  ?'.  Benzilic  acid. 
i       PHENYL-GLYCOLLIC   ACRYLIC   ACID  v. 

\  Carboxij-inctliiil  derivative  of  Cucmaric  acid. 

!  PHENYLGLYCOLYL-TROPEINE  C„H,,NO.,. 
Hoino-atropinc.      [98  ].      I'ormed  by  heating 

\  tropine  mandelate  with  HClAq  (Ladenburg,  A. 
217,  82).  Deliquescent  prisms  (from  ether),  m. 
sol.  water.    Less  poisonous  than  atropine. — 

;  B'HAuCl^.— B'HBr.-B'C,H,N30,.  Yellowplates. 
TETRA-PHENYL-GLYCOSINE  v.  Glycosine. 

j       PHENYL-GLYOXAL   C,H,.C0.CH0.  (142° 

,  at  125  mm.).  Formed  by  allowing  a  mixture  of 
its  mono-oxim  (30  g.)  with  NaHSOj  (120  g.  of  a 

1  35  pi.c.  solution)  to  stand  till  all  is  dissolved, 
and  then  adding  H.SO^  and  distilling  (Miiller  a. 
von  Pechmann,  B.  20,  2904;  22,  2557).  Oil. 
Forms  a  crystalline  hydrate  [73°].  Converted 
by  HNOj  into  phenyl-glyoxylic  acid,  and  by 
potash  into  mandelic  acid.  Ammonia  forms 
C.oHi^NjO  or  CooHi-N.jO  crystallising  in  plates 
[193°i  which  can  be  distilled.  Hydroxylamine 
gives  CisHi^NsO,,  [219°],  sol.  alkalis. 

Mono-oxim  CjH^.CO.CHiNOH.  Nitroso- 
acetophenone.     [128°].     Formed   from  aceto- 

'  phenone,  isoamyl  nitrite,  and  alcoholic  NaOEt 
(Claisen,  B.  20,  "656,  2194;  Braun,  B.  22,  556). 
Monoclinic  tables  (from  chloroform),  si.  sol. 
cold  water,  v.  sol.  alkalis.  Yields  C.H^.CO.CN 
on  warming  with  Ae^.  Boiling  NaOHAq  forms 
NaCy  and  NaOBz.  Its  acetyl  derivative  is  con- 
verted by  NaOHAq  into  CHBz(OH).CO.CO.C,H, 

j  [170°]  crystallising  in  minute  needles  (Soder- 

I  baum,  B.  24,  1386,3034). 

Di-oxim  C,H5.C(N0H).CH(N0H).  Anti- 
Xilicmjl-ainphi-glyoxim.  [162°]  (S.)  ;  [168°]  (E.). 
Formed  by  the  action  of  hydroxylamine  on  the 
mono-oxim,  or  on  mono-  or  di-bromo-  acetophen- 
one  (Schramm,  B.  16,2183;  Strassmann,  B.  22, 
419  ;  Kussanoff,  B.  24,  3501).  Small  needles,  v. 
sol.  alcohol,  insol.  CHCl, ;  subliming  below 
160°.  NjO^  gives  C,H5.C,HN20„  [c.  90°]  crystal- 
lising in  colourless  prisms  (Scholl,  B.  23,  3504). 

!  By  dissolving  in  ether  and  treating  with  HCl  it 

1  is  converted  into  an  isomeride  [180°].  This 
body,  called  phenyl-anti-glyoxim,  is  v.  sol.  Ac.O 
and  yields  a  di-acetyl  derivative  [92°].  Phenyl- 
anti-glyoxim  is  only  stable  in  acid  solutions 
being  readily  re-converted  into  the  original  di- 
oxim  [168°].  By  treatment  of  the  di-oxim  [168°] 
NaOHAq  and  CO^  at  - 10°  there  is  formed  a 
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second  isomeride  [148°-lo4°]  called  plienyl-syn-  ! 
glyoxim  which  yields  an  oily  di-acetyl  deriva- 
tive.—AgOsH-N^O.,.    Curdy  pp. 

Phenyl-hydrazide  C,H5.C(N.,HPh).CH0. 
[143°].    Yellow  plates  (M.  a.  P.). 

Phenyl-hydrazide  CeH^.CO.CH:N,HPh. 
[129°].  Formed  by  the  action  of  warm  dilute 
KOHAq  on  the  compound  got  by  treatment  of 
sodium  benzoylacetic  ether  with  diazobenzene 
chloride  (Stierlin,  B.  21,  212.3).    Yellow  plates. 

2)-Toltjl-hydrazide  CHBz:N,H.C,H^Me. 
Got  in  like  manner,  using  p-diazotoluene 
chloride.    Yellowish-brown  plates,  v.  sol.  ether. 

Di-phcnyl-di-hydrazide 
C,H-,.C(N„HPh).CH(N,HPh).  [152°].  Got  by 
heating  phenyl-glyoxal  or,  better,  the  phenyl- 
hydrazide  of  benzoyl-carbinol  with  phenyl- 
hydrazine  hydrochloride  and  NaOAc  at  100° 
(Laubmann,  A.  243,  247).    Yellow  plates. 

Di  -  p  h  eny  I  -  di  -  ine  t  hy  I  -  di  -  hy  dr  a  z  i  d  e 
C,H-.C(N,,MePh).CH(N.,MePh).   [151°].  Formed 
from  cu-bromo-acetophenone  and  phenyl-methyl- 
hydrazine  (Culmann,  B.  21,  2597).  Prisms. 

Di-phenyl-glyoxal  v.  Benzil. 

PHENYL-GLYOXALINE  C.K.N^  i.e. 

C,H5N<^|;g^.     [13°].     (276°).    Formed  by 

warming  sulphydro-phenyl-glyoxaline  [181°] 
with  dilute  HNO3  or  HClAq  (Wohl  a.  Marck- 
wald,  B.  22,  576,  1353).  Crystalline,  miscible 
with  aleohol.-B'HAuClj.— B'.,H.,PtCl5.  —  Pi- 
crate  B'C^H^NjO,.  [152°].  Yellow  needles  (from 
alcohol).— B,,AgN03.—B'MeI.  Syrup. 

Phenyl-glyoxaline  NH<^^j^g^.  [148°]. 

(c.  340°).  Formed  by  distilling  its  dicarboxylic 
acid,  which  is  got  from  di-nitro-tartaric  acid, 
benzoic  aldehyde,  and  NH3  (Maquenne,  C.  R. 
Ill,  742).  Plates  (from  benzene).— B'.,H.,C.,0^. 
Needles.— B'.,H,PtCl6. 

Di-phenyl-g-lyoxaline  CH^^^-^^J.  [227°]. 

Formed  by  the  action  of  formic  aldehyde  and 
ammonia  on  benzil  (Japp,  C.  J.  51,  559).  Di- 
morphous. Crystallises  with  di-phenyl-methyl- 
glyoxaline  as  (C3N,H.,Ph,)C3N,HMePh„  [218°]. 
— B'^H^PtClg :  small  flat  yellow  needles. 

Tri-phenyl-glyoxaline  v.  Lophine,  vol.  i. 
p.  474. 

PHENYL-GLYOXIM  v.  Oxim  of  Phenyl- 

GLTOSAL. 

PHENYL-GLYOXYLIC  ACID  CgH.O,  i.e. 
C.Hj.CO.COoH.    Benzoyl-fm-mic  acid.  [66°]. 

Formation. — 1.  From  benzoyl  cyanide  and 
cone.  HClAq  in  the  cold  (Claisen,  B.  10,  429, 
844,  1663  ;  12,  626,  1505)  or  HOAc  saturated 
with  HCl  (Buchka,  B.  20,  395).— 2.  From  di- 
oxy-ethyl-benzene  (phenyl -glycol)  and  nitric 
acid  of  S.G.  1-38  (Zincke,  A.  216,  305).— 3.  By 
saponifying  its  ether,  which  is  got  by  heating 
COCl.CbjEt  with  HgPh,  for  several  hours  at 
150°  ;  the  yield  being  40  p.c.  of  the  theoretical 
(Claisen  a.' Morley,  B.  11,  1596).— 4.  By  oxidis- 
ing acetophenone  with  alkaline  KMnO^  at  0°  ; 
the  yield  being  20  p.c.  of  the  theoretical  amount 
(Gliickmann,  M.  11,  248). 

Prop>crties. — Prisms,  v.  e.  sol.  water  and 
ether.  Decomposed  by  distillation  into  benzoic 
acid  and  CO,  and  partly  also  into  benzoic  alde- 
hyde and  CO.^.  Phenyl-hydrazine  added  to  its 
solution  in  dilute  HCl  forms  a  bulky  yellow  pp. 


!  of  phenyl-hydrazide  (Ebers,  A,  227,  340).  When 
mixed  with  benzene  (containing  thiophene)  it 
gives  with  cone.  H.,SOj  a  red  colour  changing  to 
violet.  On  adding  water,  the  layer  of  benzene 
becomes  crimson. 

Reactions. — 1.  Sodium-amalgam  reduces  it 
to  mandelic  acid.— 2.  HI  and  P  at  160°  reduce 
it  to  phenyl-acetic  acid. — 3.  Ph.enyl  mercaptan 
and  gaseous  HCl  form  C,H5.C(SPh),.C0.,H 
[142°],  si.  sol.  benzene  (Baumann,  B.  18',  891). 
Phenyl  mercaptan  alone  forms  a  crystalline 
powder  C„H,.C(0H)(SPh).C0„H  [69°]. 

Salts. — NaA'. — KA'aq:  dimetric  tables. — 
NH,A'. — CaA'.,  aq :  flat  prisms. — BaA'„. — SrA'2aq. 
— CuA'„.— ZnA',,2aq.— PbA'„.— PbACaq.— AgA'. 
Methyl  ether  MeA'.  (248°). 
Ethyl  ether  mk'.  (257°).  S.G.  Ill' 1-121. 
Forms  a  crystalline  compound  with  NaHSO^. 
Reacts  in  alcoholic  solution  with  hydrazine 
hydrate  forming  CsH,.,N,O.,[120°]  and  C.,„H.,„N.,0^ 
[135°]  (Curtius,  /.  pr.  [2]  44,  566). 

n-Propyl  ether  FiA.'.    (174°  at  60  mm.). 
Isobutyl  ether.    (174°  at  38  mm.). 
Isoamyl  ether.    (182°  at  40  mm.). 
(o)-^wtde  CbHj.CO.CONH.,.  [91°].  Formed 
from  benzoyl  cyanide  and  cold  HClAq.  On 
solution  and  re-ppn.  by  CO.,  it  forms  an  unstable 
hydrate  C„H.NO„  aq  [65°]  (so-called  (;8)-amide). 
(y)- Amide  (C„H,NO,,),.     [134°].  Formed 
1  by  adding  an  alcoholic  solution  of  the  (a) -amide 
to  dilute  HClAq  (Claisen).  Formed  also,  together 
with  the  (a)-amide,  by  the  action  of  HOAc 
saturated  with  HCl  uponBzCy  (Buchka).  Prisms. 
Nitrite  V.  Benzoyl  cyanide. 
(a) -Oxim  C,H,.C(NOH).CO,H.  Isonitroso- 
phenyl-acetic  acid.     [127°].     Formed  by  the 
action  of  hydroxylamine  on  the  Na  salt  (A. 
Miiller,  B.  16,  1617)  or  on  the  acid  at  0° 
(Hantzsch,  B.  23,  2333  ;  24,  42).    Thick  prisms, 
v.  e.  sol.  water.    Yields  a-amido-phenyl-acetic 
acid  on  reduction. — KA'aq  :  very  soluble  crystals. 
— BaA'2  liaq.— AgA'. 

Acetyl  derivative.  [119°].  Prisms. 
{B)-Oxim  C,.H,.C(NOH).CO,H.  [145°]. 
Formed  by  the  action  of  HCl  on  an  ethereal 
solution  of  the  (a)-oxim.  Formed  also  by 
warming  phenyl-glyoxylic  acid  with  hydroxyl- 
amine and  potash.  White  needles  composed  of 
dimetric  prisms. 

Acetyl  derivative.    [125°].  Tables. 
Methyl  ether  of  the  oxim 
CPh(NOH).CO.,Me.    [139°].    Got  from  the  Ag 
salt  and  Mel  (Miiller,  B.  16,  2987).  Converted 
by  NaOEt  and  Mel  into  CPh(NOMe).CO,Me 
[56°],  sol.  alcohol,  insol.  alkalis. 

is  thy  I  ether  of  the  oxim 
CPh(NOH).CO.,Et.  [113°].  Formed  from  phenyl- 
glyoxylic  ether  and  hydroxylamine  (Gabriel,  B. 
16,  519).    Needles  (from  hot  water). 

Nitrite  of  the  oxim  C„H,.C(NOH).CN. 
[129°].  Formed  from  phenyl-acetonitrile,  amyl 
nitrite,  and  alcoholic  NaOEt  (Frost,  A.  250, 163  ; 
Meyer,  B.  21,  1306).  Formed  also  by  the  action 
of  hydroxylamine  on  dibromo-acetophenone  in 
dilute  alcohol  at  60°  (Eussanoff,  B.  24,  3505). 
Thin  plates,  v.  sol.  alcohol.— C,H,.C(NONa).CN : 
yellow  powder,  v.  sol.  water.  Yields  an  acetyl  de 
rivative  [68°].— KA'.— CuA'^.— Pb.^'.,0.— AgA'. 

Phenyl  hydrazide  C,H5.C(N.jiPh).C0.>H, 
[153°].  (F.) ;  [153°-164°]  (Von  Pechmann,  B. 
25,  1054).   Yellow  needles,  si.  sol.  hot  water 
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(Fischer,  B.  17,  578  ;  Ebers,  A.  227,  340).  May 
be  reduced  to  C,H,.CH(N.,H,Ph).CO,H  [158°], 
and  finally  to  aniline  and  a-amido-phenyl-acetic 
acid. 

P  lieny  I -methyl  -  hydra  zide 
C,H..C(NilePli).CO..H.    |116°].    Plates  (from 
alcohol).     Its  amide  C„H,.C(N,MePh).CONH, 
[156*^]  is  crystalline. 

Ph  enyl  -  ethi/l-hy  dra  zide 
C  H-.C(N.,EtPh).CO..H.'  [109=].  Formed,  to- 
gether with  its  amide  C„H,.C(N,EtPh).CO.NH,, 
[111°],  by  the  action  of  phenyl-ethyl-liydrazine 
in  dilute  HOAc  on  phenyl-glyoxylic  acid. 
Yellovt'  plates,  si.  sol.  water.  Yields  ethyl-ani- 
line and  benzoic  aldehyde  when  heated  with 
cone.  HClAq. 

References.  ■ —  Amido-,    Niteo-,    and  Oxy- 

PHENYL-GLYOXTLIC  ACIJ). 

PHENYL  -  GLYOXYLIC  o  -  CARBOXYLIC  i 
ACID  C,H^(C02H).C0.C0,H.  [140°].  Formed 
by  oxidising  the  oxyquinone  C|„H|„03  or  indo- 
naphthene  dihydride  carboxylic  acid  with  alka- 
line KMnOj  (Scherks,  B.  18,  378;  cf.  Zincke, 
A.  226,  58  ;  240,  142).  Yields  CO.,  and  phthalic 
anhydride  on  heating.  May  be  reduced  to 
phthalide  carboxylic  acid. — K.,A". — BaA"  2aq. 
— CuA"(OH)„  6aq. — Ag.A'' :  crystalline  pp. 

PHENYL-DIGUANIDE  ChH,,N,  i.e. 
NH:C(NHPh).NH.C(NH,):NH.  [c.237°].  Formed 
by  the  action  of  alcoholic  ammonia  and  AgNO, 
or  HgCL,  on  guanyl-phenyl-thio-urea  (Bam- 
berger, B.  13,  1582).  Formed  also  by  heating 
aniline  hydrochloride  with  di-cyan-di-amide  in 
alcohol  at  100°  (Smolka  a.  Friedrich,  ilf.  9,  232). 
Plates,  V.  sol.  water  and  alcohol ;  absorbs  CO., 
from  air.  When  boiled  with  baryta-water  it 
yields  NHj,  aniline,  phenyl-urea  [147°],  phenyl- 
guanidine,  guanidine,  and  urea  (Emich,  M.  12, 
15). — B'HCl :  prisms.  Yields  phenyl-carbamine 
when  warmed  with  alcoholic  potash  and  CHCI3. 

Salts.  —  B'HNOj.  [209^].  —  B',,H,SO,.  — 
Cu(C,H,„N5)o  liaq  :  red  powder,  sol.  hot  water. 
—  CuA'.,H,,Ci:iiaq.  —  CuA'.,H.,SO,  liaq.  — 
CuA'„H.,CrO,aq.  —  NiA'.,.  —  NiA-.^JCl,,.  — 
NiA'„H:SO,  IrUq.— CoA',  llaq.— CoA',;H.]CL  ^aq. 
— CoA'-BoSO^  aq  :  crimson  needles. 

(a)-Di-phenyl-diguanide  C||H,,N5  i.e. 
OTh:C(NHPh).NH.C(NH,,):NH.  Formed  by  the 
action  of  AgNOj  and  aniline  on  guanyl-phenyl- 
thio-urea  (Bamberger,  B.  13,  1584).  White 
solid,  m.  sol.  water  and  alcohol,  alkaline  in  re- 
action.—B'HNO^.    [231°].    White  needles. 

(^)-Di-phenyl-diKuanide 
NH:C(NPh.,).NH.C(NH,):NH.  [e.  162°].  Formed 
liy  heating  dipbenylamine  hydrochloride  with 
•di-cyan-di-amide  (Emich,  M.  12,  21).  Thin 
needles,  with  alkaline  reaction.— B'HNOa.  [203°]. 
Prisms.— B'„3H,S04. 

Tri-plienyl-d"iguanide  Co„H„N5.  [138°]. 
Formed  from  guanyl-tri-plienyl-thio-urea,  NH.„ 
and  AgNOj.  Formed  also  from  di-jihenyl- 
^uanidine  and  phenyl-cyanamide  [78°]  in  ether 
(Eathke  a.  Oppenheim,  B.  23,  1672).  Prisms 
{from  alcohol).  With  CS.,  at  100°  it  yields  tri- 
phenyl-thio-ammeline  C.,,H,-N,S.  —  B'HCl: 
prisms,  v.  sol.  alcohol.— B'„H„PtCl,. 

PHENYL-GUANIDINE"  C.H„n!,  i.e. 
NH:C(NH,,)(NHPh).    Formed  by  desulphuration 
of  phenyl-thio-urea  in  presence  of  alcoholic 
NH3  (Feuerlein,  B.  12,  1602).    Formed  also  by 
the  action  of  baryta-water  on  phenyl-diguanide 


(Emich,  M.  12,  11).  Decomposes  on  standing 
into  phenylcyanamide  and  ammonia.  —  P  i  - 
era  B'CgHjN^O,.  [208°-214°]  (Prelinger,  11. 
13,  99). 

Di-phenyl-guanidine  C|.,H|.,N,  i.e. 
NH:C(NHPh).,.  Melaniline.    [147°].  S.  (90  p.c. 
alcohol)  9-25  at  21°. 

Formation. — 1.  From  aniline  and  CyCl  or 
CyBr  (Hofmann,  A.  67,  129;  74,  8;  Weith  a. 
Ebert,  B.  8,  912).— 2.  By  the  action  of  PbO  on 
a  solution  of  di-phenyl-urea  in  alcoholic  NH., 
(Hofmann,  B.  2,  452,  688  ;  Weith,  B.  7,  937  ; 
Kathke,  B.  12,  772).— 3.  By  boiling  phenyl-thio- 
urea with  HgCl(NHPh)  and  alcohol  (Forster,  B. 
7,  294;  A.  175,  35).— 4.  Together  with  thio- 
urea, by  the  action  of  aniline  on  mercuric  ful- 
minate (Steiner,  B.  7,  1244;  8,  518).— 5.  By 
combination  of  di-phenyl-cyanamide  with  NH3 
i  (Weith,  B.  7,  10). 

Properties. — Monoclinic  prisms  (Arzruni,  P. 
152,  284),  si.  sol.  cold  water. 

Reactions. — 1.  Ac.^O  at  100°  yields  acetyl- 
phenyl-urea  [183^].  At  150°  the  product  is 
acetyl-di-phenyl-urea  [115°]  (McCreath,  B.  8, 
1181). — 2.  Phenyl  thiocarhimide  forms,  in  the 
cold,  NHPh.CS.NPh.C(NH).NHPh  [150°],  a 
weak  base,  si.  sol.  benzene. —  3.  HClAq  at  250° 
forms  COo,  NH.„  and  aniline. — 4.  Cyanogen 
passed  into  its  alcoholic  solution  forms  Ci^Hi^Nj 
which  crystallises  from  alcohol  in  yellowish 
needles  [154°],  decomposed  by  HClAq  into 
crystalline  melanoximide  C|,,H||N.,0.j,  which  is 
split  up  by  alcoholic  potash  into  oxalic  acid  and 
diphenylguanidine,  and  by  alcoholic  HCl  into 
NH3  and  di-phenyl-parabanic  acid. 

Salts.  — The  hydrochloride  is  gummy. 

—  B'HAuCl,:  golden  needles.  — B',H,PtCl„. — 
B'HBr  :  stellate  groups  of  needles,  v.  sol.  water. 

—  B'HI.  —  B'HNOs.  —  B'.AgNOj :  geodes.  — 
B',,H.,SOj :  stellate  groups  of  plates.— B'H,C,0,. 
— Sulphocyanide  :  [115°];  m.  sol.  water. 

Di-bemoyl  derivative  C.,.Ho|N30.,. 
[102=].    Monoclinic  (McCreath,  B.  8,  383). 

Tri-phenyl-guanidine  C|„H|.N3  i.e. 
NPh:C(NHPh)„.    Mol.  w.  287.'  [143°];  [147°] 
(F.  a.  W.).    S.'(alcohol)  4-5  at  0°. 

Formation. — 1.  By  adding  I  to  an  alcoholic 
solution  of  di-phenyl-thio-urea  alone  or  mixed 
with  aniline  (Hofmann,  B.  2,  453). — 2.  From  di- 
phenyl-thio-urea  and  HgCl(NHPh)  (Forster,  B. 

7,  294).— 3.  From  di-pheuyl-cyanamide  C(NPh).^ 
and  aniline  (Weith,  B.l,  10).— 4.  Together  with 
phenyl-thiocarbimide  by  heating  di-phenyl- 
cyanamide  with  di-phenyl-urea  (Weith,  B.  9, 
810). — 5.  By  boiling  di-phenyl-urea  with  inverted 
condenser  (Barr,  B.  19,  1765). — 6.  By  heating 
di-phenyl-thio-urea  with  aniline,  with  Cu,  or 
with  PbCl„  (Merz  a.  Weith,  Z.  [2]  4,  513,  609  ; 
5,  583,  659";  Gir.-Md,  Bl.  [2]  46,  506),  or  with 
HgCU  at  145°  (Buil,  B.  2,  498).— 7.  By  heating 
di-phenyl-cyanamide  (2  mols.)  with  phenylene- 
o-diamine  (1  mol.)  at  210°  (Keller,  B.  24,  2505). 

8.  By  the  action  of  aniline  on  CCl,  or  chloro- 
picrin  (Hofmann;  Basset,  C.  J.  18,  31).— 9.  By 
the  action  of  PCI3  (1  mol.)  on  a  mixture  of  di- 
phenyl-urea  (3  mols.)  and  aniline  (3  mols.). — 
10.  By  the  action  of  PCI,  (2  mols.)  and  C0_. 
(3  mols.)  on  aniline  (9  mols.)  at  170°  (Merz  a. 
Weith,  Z.  [2]  6,  160).— 11.  By  fusing  di-phenyl- 
urea  with  NaOH  (Hentschel,  J.pr.  [2]  27,  500). 
12.  From  phenyl-thiocarbimide  by  chlorinating 
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and  heating  the  product  NPhiCCl^  with  aniline 
(Sell  a.  Zierold,  B.  7,  1231).  The  base  got  is 
possibly  an  isomeric  tri-phenyl-guanidine. — 
13.  A  product  of  the  action  of  CSCl,  on 
CS(NHPh)2  and-  benzene  (Freund  a.  Wolf,  B. 
25,  1464). 

Properties. — Trimetric  six-sided  prisms  (from 
alcohol)  ;  a:6:c  =  ■670:1:  -558,  nearly  insol.  boiling 
water.  Occurs  also  in  an  amorphous  form 
(Giraud,  Bl.  [2]  46,  505).  Decomposed  above 
250°  into  aniline  and  C(NPh),.  KClOj  (li  pt.) 
and  HCl  give  a  greenish  solution,  depositing 
dark  flakes  which  dissolve  in  alcohol  with  violet 
colour. 

Reactions.—!.  CS^  at  170°  forms  CS(NPhH)2 
and  phenyl  thiocarbimide.  —  2.  H.^S  passed 
through  it  at  170°  forms  aniline  and  di-phenyl- 
urea  (Merz  a.  Weith,  Z.  [2]  6,  72).— 3.  Water 
at  175°  forms  aniline  and  di-phenyl-urea. — 4. 
Cone.  KOHAq  or  cone.  HClAq  yield  aniline  and 
CO2  on  heating. — 5.  Cyanogen  passed  into  the 
alcoholic  solution  forms  crystals  of  C.2,H,,Nj 
which  is  decomposed  by  HClAq  into  NH,  and 

the  oxa  lyl-derivative  C(NPh)<^^J|;g^  [c. 

230°]  which  is  itself  decomposed  by  boiling  with 
alcohol  and  HClAq  into  aniline  and  di-phenyl- 
parabanic  acid  (Hofmann,  B.  3,  764  ;  Stojentin, 
J.  pr.  [2]  32,  1). — 6.  Chloro-glijoxylic  ether 
COCl.COjEt  forms  a  carbonyl  derivative 

C(NPh)<;^p^>CO  which  forms  the  salts  B'HCl 

[190']  and  B'HNOj  [185°]  (Stojentin).  —  7. 
COCl,  forms  the  above  (?)  carbonyl  derivative 
C^iiHijN^O,  which  crystallises  from  CS^  in  tables 
[134"i  and  forms  a  hydrate  B'  aq  [141°]  (Michler 
a.  Keller,  JS.  14,  2181). 

Salts.— B'HCl  aq.  [242°]  (Weith,  B.9,810); 
[245°]  (F.  a.  W.).  S.  2  at  0°.— B'HNO, : 
laminaj.— B'^^PtCl,.  S.  -09  at  0°.— B'H.SO, : 
broad  needles. — B'HOAc. — B'H,>C.,Oj :  laminfe. — 
B'C,H3N,0,.  [178°].  S.  -0082  at  i5°  (Prelinger, 
M.  13,  98). 

Acetyl  derivative  C(NPh)(NPhAc)2. 
[131°].    Crystals  (MacCreath,  B.  8,  383). 

Benzoyl  derivative  C(NPh)(NPhBz)2. 
[185°].    Plates  (from  alcohol). 

(/3)  -Tri-phenyl-guanidine 
C(NH)(NHPh)(NPh,).  [131°].  Formed  by 
heating  phenyl-cyanamide  (cyanilide)  CN.NHPh 
with  diphenylamine  at  125°  (Weith  a.  Schroder, 
B.  8,  912).  Eegular  tablets,  nearly  insol.  water. 
Its  solution  in  cone.  H^SOj  becomes  violet  on 
heating. 

Reactions. — 1.  Cone.  HClAq  or  KOHAq  at 
260°  forms  CO^,  NH3,  anihne,  and  NHPh^.— 2. 
CS._,  at  160°  forms  the  sulphooyanide,  H^S, 
phenyl-thiocarbimide  and  NHTh.,. 

Salts.— B'HCl  aq.  S.  (of  B"'HC1)  28-4  at 
23°.— B'^HaPtCl, :  crystalline. 

Dicyanide  C2,H,.Nj.  [173°].  A  product 
of  the  action  of  cyanogen  as  an  alcoholic  solu- 
tion of  aniline  (Hofmann,  A.  66,  129 ;  B.  3, 
763).  Got  also  by  boiling  the  compounds  of 
cyanogen  with  di-phenyl-guanidine  or  (a) -tri- 
phenyl-guanidine  with  aniline  hydrochloride 
(Landgrebe,  B.  10,  1593  ;  11,  973).  Dark-brown 
needles  (containing  iaq)  with  violet  iridescence 
(from  alcohol). — B'HCl  3aq  :  brown  needles. 

Tetra  -  phenyl  -  guamdine  C(NH)(NPh.^).,. 
[131  ].    Formed  by  pa.-isiDg  gaseous  cyanogen 


chloride  through  diphenylamine  at  160°  (Weith, 

B.  l,  843).  Pyramids  (from  ligroin),  insol.  water, 
V.  sol.  alcohol  and  ether.  Cone.  HjSOj  forms  a 
colourless  solution  turned  violet-red  by  heat.- 
CS„  at  260°  forms  tetra-phenyl-thio-urea.  Solid 
KOH  at  200°,  and  cone.  HClAq  at  340°,  yield 
NH„  CO.,  and  NHPh^. 

Salts. — B'HCl  5aq.  Efflorescent  tablets. — 
B'„H.PtCI,.— B'HNOj. 

References.  -Di-bromo-,  Di-chloeo-,  Di-iodo-, 
and  NiTKO-  Phenyl-guanidines. 

DI-PHENYL-GUANIDINE  CARBOXYLIC 
ACID  C(NH)(NHPh).NH.C„H,.CO,H.  Phenyl- 
guanido-henzoic  acid.  [165°].  Formed  by  heat- 
ing ;)f-cyanamido-benzoic  acid  or  cyancarbimido- 
amido-benzoic  acid  with  aniline  (Traube,  B.  15,. 
2120;  Griess,  B.  16,  336).  Crystals  (containing 
aq),  nearly  insol.  alcohol  and  ether,  sol.  hot 
water,  aqueous  alkalis  and  acids. — HA'HCl  aq. 

Referetice.  —  Ajiido  -  di  -  phenyl  -  guanidinb 

;  CAKBOXYIilC  ACID. 

PHENYL-GUANIDO-ACETIC  ACID 

!  C^H.iN^O,    i.e.  C(NH)(NHPh).NH.CH,.CO,H. 
j  [260'  uncor.]    Formed  from  phenyl-cyanamide 
1  and  glycocoU  (Berger,  B.  13,  992).  Crystals. 
1       DI-PHENYL-DI-GUANIDO-DI-TOLYL  -  SUL- 
■  PHIDE     S(C,H,.NH.C(NH).NHPh),.  Thio-p- 
•  tolyl-di-phenyl-di-guanidine.    [153°].  Formed 
I  by  heating  di-phenyl-di-uramido-di-tolyl  sul- 
phide with  alcoholic  NHj  and  HgO  (Truhlar,  B^ 
20,  675).     Small  white  needles  (from  ether- 
ligroin).    V.  sol.  alcohol,  benzene,  and  ether. — 
B''H„CLPtCl4 :  yellow  amorphous  powder. 

Tetra-phenyl-di-guanido-di  tolyl-sulphide 
S(C,H„.NH.C(NPh).NHPh),.  Thio-p4olyl-tetra- 
phenyl-di-guanidine.    [106°].  Formed  by  heat- 
ing di-phenyl-di-uramido-di-tolyl  sulphide  with 
!  aniline  and  HgO  (T.).    Amorphous  powder. 
PHENYL-HEPTADECYL-THIO-UREA 

C,  H,NH.CS.NHC,,H3,.  [79°].  Formed  by  boil- 
ing heptadecyl-thiocarbimide  with  aniline  and 
alcohol  (Turpin,  B.  21,  2491). 

PHENYL  -  HE  PTADECYL  -  UREA  C^Hj.N.a 
i.e.  C,H,NH.CO.NHC,;H35.  [99°].  Formed  hy 
heating  heptadecylamine  hydrochloride  with 
COCl,  in  benzene  at  100°,  the  product  being 
heated  with  aniline  (Turpin,  B.  21,  2492). 

PHENYL-HEPTANE  v.  Hbptyl-benzene. 

Di-phenyl-heptane  C^Hi^.CHPh^.  [14°]. 
(191°  at  13  mm.).  Formed  from  C,;H,3.CHC1„ 
benzene,  and  AICI3  (Auger,  Bl.  [2]  47,  48 ; 
Kraftt,  B.  19,  2986).  Needles. 

PHENYL-HEPTENOIC  ACID  C^H^Oj  i.e. 
Ph.CEt:CEt.C03H  (?)  Oil.  Got  by  passing  CO 
over  a  heated  mixture  of  NaOEt  and  sodic 
cinnamate  (M.  Schroeder,  A.  221,  52). 

PHENYL  HEPTYL  KETONE  CARBOXYLIC 
ACID  C,H5.CO.CH2.CH(CjH„).CO,H.  [103°]. 
Formed  by  heating  phenacyl-isoamyl-malonic 
acid  (Paal  a.  Hofmann,  B.  23,  1504).  Plates; 
insol.  water,  si.  sol.  ligroin.  On  repeated  dis- 
tillation it  yields  an  oily  lactone  (310^-320°). 

Ethyl  ether  EtA'.    (260°).  Oil. 

PHENYL-HEXINENE  v.  Bdtenyl-styeene. 

DI-PHENYL-HEXOIC  ACID.  Nitrite. 
CH,,Ph.CPhPr.CN.  [03°].  (330°-340°).  Formed 
from  CjHj.CHPr.CN,  benzyl  chloride,  andNaOH 
(Eossolymo,  B.  22,  1236).  Needles. 

TETRA-PHENYL-HEXUNENE 

^^J>CH.CH<gJJ.   [269°].  Formed  by  heat- 
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ing  di-benzyl-carbinol  with  Mel  at  205°  (Bogda- 
nowska,  B,  25,  1273).  Needles,  insol.  alcohol 
and  ether,  sol.  CHCl,. 

PHENYL-HEXYL-TRIAZOLE  CARBOXYLIC 

ACID  CH,(CH,),C<5J:^^'^  jj.  [120°].  Ob- 
tained by  saponifying  its  nitrile,  which  is  got 
from  phenyl-hydrazine  dicyanide  and  heptoic 
aldehyde  (u;nanthol)  (Bladin,  B.  25,  180).  Sil- 
very plates,  V.  sol.  alcohol.  — CuA'„  aq. — HA'HCl. 

Amide.    [82-5°].    White  plates. 

Thio-amide  CnH^Nj.CS.Ntt,.  [77°]. 
Formed  from  the  crude  nitrile  and  alcoholic 
ammonium  sulphide.  Yellow  plates,  sol.  alcohol. 

DI-PHENYL-HEXYL-TRICYANIDE 


(205°  at 


15  mm.).  Got  from  heptoyl  chloride,  benzo- 
nitrile,  and  AICI3  at  70°  (Krafft  a.  Hanssen,  B. 
22,  80S). 

PHENYL  HEXYL  KETONE  C^Hj.CO.C.H,,. 

[17"].     (207°)  at  7-10  mm.     Formed  by  the 
action  of  AlCl.,  on  a  mixture  of  benzene  and 
heptoyl  chloride  (Auger,  Bl.  [2]  47,  50  ;  Krafl't, 
B.  19,  2087).    Leaflets.    Yields  an  oxim  [55°]. 
PHENYL-HEXYL-(/3)-NAPHTH0TRIAZINE. 

Dihydride  C,^,J:i,  i.e.  C,„H,<^;§^^^«^". 

[170*5°].  Formed  by  heating  benzene-azo-(/3)- 
naphtliylamine  with  oBnanthol  and  alcohol 
(Goldschmidt  a.  Poltzer,  B.  24,  1007).  Needles, 
sol.  alcohol.— B'HCl.  [220°].  White  needles. 
— B'„H.PtCl,.    [225°].  Granules. 


/-ITT  ri^CH— CH 
^6ii,3-l-<KPh.N  • 


(319"). 


Formed  from 


heptoyl-acetic  aldehyde  and  phenyl-hydrazine 
(Claisen  a.  Stylos,  B.  21,  1149).  Oil. 

PHENYL-HEXYL-THI0-UREAC,3H2„N2Si.c. 
CS(NHPh).NH.CH,.CHEt,.  [63°].  Formed 
from  hexylamine  and  phenyl-thiocarbimide 
(Freund  a.  Herrmann,  B.  23,  195).  Prisms. 

PHENYL-HEXYL-UREA  C,3H.,„N.,0  i.e. 
CO(NHPh).NH.CH,.CHEt,.      [70^].  '  Formed 
from  hexylamine  and  phenyl  cyanate  (Freund  a. 
Herrmann,  B.  23,  194).  Needles. 

PHENYL-HOMO-ITAMALIC  ACID  v.  Oxy- 

BENZYL  PYROTARTAMC  ACITi. 

PHENYL-HYDANTOIC  ACID 

NH,.C0.NH.CHPh.C0,,H.  [178°].  Got  by  boil- 
ing (a)-plienyl-hydantoiu  with  baryta  (Pinner, 
B.  21,  2320).    Prisms,  si.  sol.  cold  water. 

Amide  NH,.CO.NH.CHPh.CO.NH,.  [223°]. 
Formed  by  adding  the  compound  got  from  urea 
and  the  cyanhydrin  of  benzoic  aldehyde  to  H,,SO., 
and  pouring  into  water  at  0°  (Pinner  a.  Spilker, 
B.  22,  097).  Prisms  (from  dilute  alcohol). 
Yields  phenyl-hydantnin  on  heating. 

PHENYL-HYDANTOiN  CgHsN,0,  i.e. 

C0<^^^j^'^g.    [192°].    Formed  by  fusing  urea 

with  phenyl-amido-acetic  acid  (Schwebel,  B.  10, 
2045).    Needles,  v.  si.  sol.  water,  sol.  alkalis. 

(a)-Phenyl-liydantoin  CO^^'^^^^pj^.  Di- 

vxy-phenyl-cjlyoxaline.  [178°].  Formed  by 
heating  the  cyanhydrin  of  benzoic  aldehyde 
with  mandehc  nitrile  at  100°  (Pinner,  B.  21, 
2321).  Formed  also  from  phenyl-uramido- 
acetic  ether  and  KOH  (Kossel,  B.  24,  4150). 
Needles  (from  HClAq).    KOH  and  Mel  yield 


CgH;MeN.,0,,  [102°],  crystallising  in  needles.— 
KA' :  needles,  v.  sol.  water. 

Acetyl  derivative  G^'K-kd^.Jd.i.  [145°]. 
Small  needles  (from  benzene),  insol.  water. 

Phenyl-^-hydantoin  C(NH)<^H-CO^^^ 

[above  300°].  Got  by  dissolving  (a)-phenyl- 
hydantoin  in  alcoholic  potash  and  then  adding 
HCl.    Crystalline. — K.\' :  almost  insol.  water. 

Acetyl  derivative  C(NH)<;^Q^^^pj^. 

White  prisms  (Pinner  a.  Spilker,  B.  22,  098). 
Decomposes  at  about  290°. 

PHENYL-HYDRAZIDO-ACETIC  ACID 

C,H3NH.NH.CH,.C0,H.  [159-].  Formed  by 
reducing  the  phenyl-hydrazide  of  glyoxylic  acid 
(Fibers,  A.  227,  353).  Formed  also  by  reducing 
phenyl-osotriazole  carboxylic  acid  with  sodium- 
amalgam  (Pechmann,  A.  202,  288).  Hexagonal 
tables,  sol.  hot  water.  Re-oxidised  by  Fehliug's 
solution  to  NHPh.N:CH.CO,H. 

tt-Phenyl-hydrazido-acetic  acid 
NH,,.NPh.CH,,.CO,H.    [131°].    Got  by  saponify- 
ing its  ether  [127°],  which  is  formed  by  heating 
phenvl-hydrazine  with  chloro-acetic  ether  at 
100°  (Reissert  a.  Kayser,  B.  24, 1519).  Needles. 

PHENYL-HYDRAZIDO-BUTYRIC  ACID 
C,oH,,N,0,  i.e.  CHEt(N,H,Ph).CO,H.  Formed 
by  reducing  the  phenyl-hydrazide  of  ethyl-gly- 
oxylio  acid  (Japp  a.  Klingemann,  A.  247,  217). 
Needles  (from  MeOH).    Softens  at  105°. 

Phenyl-hydrazido-isobutyric  acid 
CMe,(N,H,Ph).CO,H. 

Anhydride  N,HPh<^^Q®=.  [175°].  Got  by 

gently  heating  the  nitrile  with  H.SOj  and  pour- 
ing into  water  (Reissert,  B.  17, 1458).  Crystals, 
V.  sol.  alcohol. — B'HCl :  crystals. 

Nitrile  CMe,,(N.,H,Ph).CN.  [70°].  Got  by 
lieating  the  cyanhydrin  of  acetone  with  phenyl- 
hydrazine  at  100°.    Needles,  v.  sol.  alcohol. 

Imidc     (CMe,(N,,H,,Ph).CO),NH.  [117°]. 
Got  by  passing  HCl  into  an  alcoholic  solution 
of  the  nitrile. — B"'H.,C1.,  :  crystals. 

Phenyl-hydrazido-butyric  acid 
NH,.NPh.CHMe.CH,,.CO.,H.  [111°].  Formed 
from  potassium  /3-bromo-butyrate,  phenyl- 
hydrazine  and  NaOAc  in  aqueous  solution 
(Lederer,  pr.  [2]  45,  87).  Plates  (from  alco- 
hol), V.  sol.  hot  Aq.  Converted  by  cone.  H.^S04 
into  oxy-phenyl-methyl-pyrazole  dihydride. 

PHENYL  -  /8  -  HYDRAZIDO  -  CROIONIC 
ETHER  CH,.C(NH.NHPh):CH.CO,Et.  [50-]. 
Formed  from  acetoacetic  ether  (1  mol.)  dissolved 
in  ether  by  adding  phenyl-hydrazine  (Nef,  .4. 
200,  70;  cf.  Knorr,  .4.  238,  147).  Colourless 
needles,  v.  e.  sol.  ether,  si.  sol.  ligroin.  Turns  yel- 
low in  air.  Split  up  by  cone.  HClAq  into  phenyl- 
hydrazine  and  acetoacetic  ether.  When  heated 
in  vacuo  at  200°  it  changes  to  oxy-phenyl- 
methyl-pyrazole.  Cone.  H.^SOj  followed,  after 
10  minutes,  by  water  forms  methyl-indole  carb- 
oxylic ether  [134°].  HgO  oxidises  it  to  the  azo- 
coiiipound  CH,,.C(N,,Ph):CH.CO,Et  crystallising 
from  light  petroleum  in  red  needles  [51°].  AcCl 
forms  a  di-acetyl  derivative 
CH,.C(NAc.NAcPh):CH.CO,Et  (245°-250°  at 
150  mm.). 

PHENYL-HYDRAZIDO  -  METHYL-QUINOL- 

INE  C,_,H,MeN(N.,H.,Ph).    [197°].    Formed  from 
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{Fy.  3)  methyl-quinoline  and  phenyl-liydrazine 
(Ephraim,  B.  24,  2820). 

PHENYL  -  HYDRAZIDO  -  METHYL  -  THI- 
AZOLE.    Dihijdride  G^^H,.,'SjS  i.e. 
QHMe.S^Q  jjjg- .j^jjpj^^  pji^^j^yl.p^Q^yylene-ili- 

thio-seviicarbazide.  [93°].  Formed  by  heating 
phenyl-allyl-tliio-urea  with  cone.  HClAq  at  100° 
(Arenarius,  B.  24,  2G9).  Yellowish  plates  (from 
ligroin). — B'HCI.  [202°].  Concentric  crystals. 
— Picrate.  [167°J. 

PHENYL  -  H  YDR  AZID  0  -  PHENYL  -  ACETIC 
ACID  Ci^H.^NjOo  i-e-  NHPh.NH.CHPh.CO„H. 
[158°].  Got  by  reducing  the  phenyl-hydrazide 
of  phenyl-glyoxylic  acid  (Elbers,  A.  227,  345). 
Crystalline,  v.  si.  sol.  cold  water,  v.  sol.  alcohol. 

PHENYL-HYDRAZIDO-PROPIONIC  ACID 
C„H,,N,0,  i.e.  NH„.NPh.CHMe.CO,H.  [187°]. 
Formed  by  boiling  its  amide  with  NaOHAq 
(Reissert,  B.  17,  1454;  20,  3110;  22,  2924). 
The  ether  is  got  by  heating  lactic  ether  with 
phenyl-hydrazine.  Needles.  Yields  phenyl-a- 
amido-propionic  acid  on  reduction. 

Ethyl  ether  mA'.    [11(5°].— EtA'HCl. 

Nitrite.    [58°].    Formed  by  heating 
CH3.CH(0H).CN  with  phenyl-hydrazine  at  100°. 

Amide.    [124°].    White  crystals. 

Phenyl-hydrazido-propionic  acid 
NHPh.NH.CHMe.CO„H.  [172°].  Formed  by 
reducing  the  phenyl-hydrazide  of  pyruvic  acid 
with  sodium-amalgam  (Fischer  a.  Jourdan,  B. 
16,  2244 ;  Japp  a.  Klingemann,  B.  20,  3284  ;  A. 
247,211).  Needles  (from  MeOH).  Re-oxidised  by 
cold  Fehling's  solution  to  NHPh.N:CMe.CO„H. 

PHENYL-HYDRAZIDO-QUINOLINE 
C,H,N.NH.NHPh.  [191°].  Formed  from  (Py.  3)- 
chloro-quinoline  andphenyl-hydrazine  (Ephraim, 
B.  24, 2818).  Needles,  V.  sol.  chloroform.  Reduced 
by  HI  and  P  to  (Py.  3)-amido-quinoline. 

PHENYL-HYDRAZINE  C,H,N„  i.e. 
NHPh.NH,.    [23°].    (241-5°  i.V.)"at  750  mm. 
S.G.      1-697  (E.  Fischer,  A.  236,  198).  H.C.v. 
S05,240.    H.C.p.  806,300.    H.F.  34,200  (from 
diamond)  (Petit,  A.  Ch.  [6]  17,  168). 

Formation.— {E.  Fischer,  B.  8,  589,  1005, 
1641 ;  9,  111,  880  ;  A.  190,  67).— By  the  action 
of  zinc  and  HOAc  on  diazo-benzene  anilide  or 
diazo-benzene  diethylamide. 

Preparation. — 1.  A  cold  solution  of  7^  pts. 
of  sodium  nitrite  in  50  pts.  of  water  is  slowly 
added  to  a  well-cooled  mixture  of  10  pts.  of 
aniline  and  200  pts.  of  HCl  (30  p.c).  To  the 
diazo-benzene  chloride  solution  so  prepared  a 
cold  solution  of  45  pts.  of  stannous  chloride  in 
45  pts.  of  HCl  is  now  added,  when  the  mixture 
immediately  becomes  a  thick  magma  of  phenyl- 
hydrazine  hydrochloride,  which  is  filtered  off, 
basitied,  and  distilled  (Meyer  a.  Lecco,  B.  16, 
2976).— 2.  Aniline  (28  g.)  is  dissolved  in  K,C03 
{21  g.)  and  water  (500  c.c.)  by  passing  in  SO.,. 
The  solution  is  mixed  with  a  cold  solution  of 
NaNO,  (25  g.)  exactly  neutralised  by  HOAc. 
After  two  hours  the  product  is  warmed  till  dis- 
solved, acidified  by  HOAc,  and  reduced  with 
zinc-dust  and  HClAq  (Reychler,  B.  20,  2463). 
By  adding  diazo-benzene  nitrate  to  a  cold 
aqueous  solution  of  KHSO^,  heating  the  result- 
ing CuH5.Nn.SO3K  with  excess  of  KHSO3,  and  de- 
composing the  C^Hj.NH.NH.SOjK,  thus  formed, 
by  heating  with  HClAq. 


Properties. — Oil,  solidifying  to  monoclinic 
tables ;  v.  si.  sol.  hot  water,  almost  insol.  KOHAq. 
Miscible  with  alcohol,  ether,  benzene,  and  CHCI3. 
Volatile  with  steam.  Reduces  Fehling's  solution 
in  the  cold,  N,  aniline,  and  benzene  being  formed. 
When  heated  for  a  long  time  at  150°  it  is  gradually 
split  up  into  aniline,  NH,, benzene,  and  N  (Reissert 
a.  Kayser,B.23,3703).  Reduces  SeO.,to  Se(Hins- 
berg,  A.  260,  42).  Gives  benzene  and  N  when 
boiled  with  CUSO4.    It  is  very  poisonous. 

Reactions. — 1.  H.,0„forms  benzene  and  diazo- 
benzene  imide  PhN',  (Wurster,  B.  20,  2633).— 

2.  Yellow  HgO  added  to  its  ethereal  solution 
forms  aniline,  N,  and  HgPh,  (Fischer,  A.  199, 
320).  HgO  added  to  a  solution  of  the  sulphate 
forms    diazo-benzene  sulphate  and  imide. — 

3.  SOCljin  ether  forms  in  the  cold  NPhH.N:SO, 
which  crystallises  in  yellow  prisms  [105°] ;  v.  sol. 
ether,  volatile  with  steam.  Thionyl-phenyl-hy- 
drazine  is  hardly  attacked  by  HCl,  but  is  con- 
verted by  NaOHAq  into  phenyl-hydrazine  and 
Na,S03.  Br  forms  NPhBr.NBr.,.  AcCl  forms 
diazo-benzene  chloride,  S,  and  HOAc  (Michaelis, 
B.  22,  2228  ;  A.  270,  115).— 4.  SO.,  passed  into 
an  ethereal  solution  of  phenyl-hydrazine  forms 
NHPh.NH.^SO._,  as  a  crystalline  pp.  SO,  passed 
into  an  alcoholic  solution  of  phenyl  hydrazine 
forms  (NHPh.NH,) ,,S0.,;  v.  sol.  water  and  alcohol, 
insol.  ether,  crystallising  in  tables  which  shrink 
together  at  70°,  but  decompose  at  a  higher  tem- 
perature (Michaelis  a.  Euhl,  B.  23,  474).  SO, 
passed  into  a  benzene  solution  at  75°  forms 
NHPh.N:SO,  which  when  heated  with  phenyl- 
hydrazine  gives  PhjSo,  benzene,  and  N. — 5.  Dry 
CO.,  forms  solid  phenyl-hydrazine  phenyl-carb- 
azate  (NHPh.NH,.).,CO.,or  N.,PhH,.CO.O.N.,PhH„ 
which  is  crystalline  ;  si.  sol.  water  and  ether,  de- 
composed by  hot  water.— 6.  CS.,  forms  the  corre- 
sponding N,PhH„.CS.S.N.,PhH4  [97°],  which  at 
110°  splits  up  into  H,,S  and  di-phenyl-thiocarb- 
azide.  COS  forms  crystalline  C0S(N..,H3Ph)2 
(Fischer,  B.  22,  1935). — 7.  Zinc-dust  and  cone. 
HClAq  slowly  form  aniline  and  NH3. — 8.  Excess 
of  phenyl-hydrazine  acts  upon  iodine,  forming  HI, 
aniline, and PhNj  (Fischer,  B.  10, 1335).  Excess  of 
I  forms  iodo-benzene,  N,  and  HI  (E.  von  Meyer, 
J.pr.  [2]  36,  115).  This  reaction  may  be  used 
for  the  volumetric  estimation  of  phenyl- 
hydrazine. — 9.  Sulphur  &hove  80°  forms  aniline, 
H„S,  N,  Ph.,S,„  Ph.,S,  PhSH,  benzene,  and  NH,.— 
10'.  Nitrous  acid  forms  PhNj.  KNO,  added  to 
the  hydrochloride  at  0°  forms  a  yellow  crystal- 
line pp.  of  NPh(NO)NH_,.— 11.  Alcoholic  potash 
a,ndchloroform  form,  on  heating,  C^HioNj  [180°], 
mol.  w.  236.  This  body  crystallises  in  white 
needles;  sol.  alcohol,  scarcely  affected  by  HClAq 
at  200°,  and  yielding  crystalline  CijH^N^.NO.,  and 
C„H|,Nj.S03H  (Ruheuiann  a.  Elliott,  C.  J.  53, 
850).— 12.EtBrformsNPhEt.NH2,NPhH.NHEt, 
and  NPhEtJBr.NH.^. — 13.  Aqueous  diazobenzene 
nitrate  added  to  a  cold  solution  of  the 
hydrochloride  ppts.  PhNj,  aniline  nitrate  re- 
maining in  solution. — 14.  Reacts  with  aldehydes 
and  ketones,  forming  phenyl-hydrazides ;  e.g. 
(Fischer,  B.  17,  572)  CHj.CHO  +  NPhH.NH, 
=  H,0  +  CH3.CH:N.NHPh.  Thus  a  solution  of 
phenyl-hydrazine  hydrochloride  (2  pts.)  and 
crystallised  sodium  acetate  (3  pts.)  in  water  (20 
pts.)  gives  a  pp.  of  the  phenyl-hydrazide  when 
added  to  an  aqueous  solution  of  an  aldehyde 
or  ketone,  either  in  the  cold,  or,  in  the  case 
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of  aromatic  compounds,  on  warming.  These 
phenyl-hydrazides  are  decomposed  by  acids 
into  the  original  components,  and,  in  alcoholic 
solution,  by  sodium-amalgam  and  HOAc  into 
aniline  and  a  base.  The  phenyl-hydrazides 
of  ketones  are  converted  by  ZuCl,  into  deriva- 
tives of  indole.  The  phenyl-hydrazides  of 
aldehydes  and  ketones  are  described  under  the 
aldehydes  and  ketones  from  which  they  are 
derived. — 15.  Diketoncs  containing  the  group 
CO.CHX.CO  yield  derivatives  of  phenyl-pyr- 
azole.  Saturated  7-diketones  in  ethereal  solution 
usually  form  a  mono-  or  di-  phenyl-hydrazide  ; 
in  HOAc  the  product  is  the  anhydride  of  the 
mono-phenyl-hydrazide,  a  derivative  either  of 

CH.,.CH:N  £  CH:CH\    xTTTTiu  /t7i- 

CH-:CH.NPh      °*  CH:CH>N-NHPh  (Khnge- 

mann,  A.  269, 108). — 16.  Acctoacctic  ether  forms 
a  phenyl-hydrazide,  which  at  140°  changes  to  oxy- 
CO  CH 

phenyl-methyl-pyrazole  NPh<^j^  -CMe  '^y  1°^^  °^ 
alcohol.  Acchil-]rropionic  add  forms  the  com- 
pound CH3.C(N,HPh).CH,,.CH,.C0,H  [108°]. 
Benzoylacetic  ether  forms  two  compounds  [132°] 
and  [165°]  (Bender,  B.  21,  2495).— 17.  Keacts 
with  sugars  as  with  aldehydes  ;  thus  a  solution 
of  glucose  gives  CH,(OH).(CH(OH)).,.CH:N.>HPh 
[145°]  on  heating  with  phenyl-hydrazine,  while 
galactose  gives  C„H,,0,(N,,HPh)  [158°]  (Fischer, 

B.  20,  824).  On  heating  these  compounds 
with  aqueous  phenyl-hydrazine  acetate  at  100° 
'  osazones  '  are  formed,  e.g.  phenyl-glucosazone 
CHpH.(CH.OH).,.C(N,HPh).CH:N,,HPh  [204°] 
and  the  isomeric  phenyl-galactosazone  [c.  191°]. 
18.  By  heating  with  phenyl-hydrazine  hydro- 
chloride and  NaOAc  arabinose  is  converted  into 
C„H,„N,03  [158°] ;  formose  into  C„H,„,N,Oj  [c. 
144°]" ;  acrose  (the  product  of  the  action  of 
NaOHAq  on  glyceric  aldehyde)  into  C,sH.„,N^O^ 
[c.  217°]  and  an  isomeride  [159°]. — 19.  Phenyl 
hydrazine  acetate  reacts  with  the  product  of 
oxidation  of  glycerin  with  Na.^COjAq  and  Br 
forming  glycerosazone  C|5H,„N|0  crystallising 
from  benzene  in  yellow  plates  [131°]  (Fischer  a. 
Tafel,  B.  20,  1089,  3386).— 20.  Erythrite,  after 
oxidation  by  dilute  HNO^,  yields  with  phenyl- 
hydrazine  hydrochloride  and  NaOAc  the  com- 
pound C,H60,(N,HPh)„  [167°].— 21.  Mannite  on 
oxidation  with  HNO.j  yields  levulose  (mannitose) 
and  mannose,  which  with  phenyl-hydrazine 
forms  C,oH,sN,,05  [195°-200°]  (Fischer,  B.  21, 
1805). — 22.  The  acetate  reacts  with  the  product 
of  oxidation  of  dulcite  by  bromine  and  NaoCOjAq 
with  formation  of  the  '  phenyldulciteosazone  ' 
C„H.,,N^O^  [206°].— 23.  Isodulcitc  heated  with 
phenyl-hydrazine  hydrochloride  and  sodium 
acetate  at  100°  forms  'phenyl-isodulcite-osazone ' 

C,  aH,,N,03  orC,,H,„O,(N,Hi'h),,[180°].  Solutions 
of  isodulcitc  and  phenyl-hydrazine  form,  on 
mixing,  C,.H,.,0,(N.,HPh)  '[159°]  (Fischer  a.  Tafel, 

B.  20,  2574;  Kaymann,  Bl.  [2]  47,  760).— 24. 
Sorbin  heated  with  aqueous  phenyl-hydrazine 
hydrochloride  and  NaOAc  at  100°  forms  the 
osazone  C,sH„.,N^O,  [164°].— 25.  Milk  sugar 
heated  with  aqueous  phenyl-hydrazine  hydro- 
chloride and  NaOAc  forms  C.,,H,.,N^Oc,  [200°] 
and    C2,H5„N,0„   [224°].— 26.  'Maltose  forms 

C,  ,,H3,N,0,  [191°].— 27.  The  acetate  gives  with 
glyoxylic,  phenyl -glyoxylic,  and  pyruvic  acids 
the  corresponding  phenyl-hydrazides  [137°], 
[153°],  and   [192°]   respectively.— 28.  Phenyl- 


hydrazine  in  HOAc  (50  p.o.)  gives  with  a  dilute 
solution  of  gluconic,  galactcniic,  and  arabinose 
carboxylic  acids  compounds  C,.H|,O^.N.,H,Ph 
[200°],  [203°],  and  [216°]  respectively  (Fischer 
a.  Passmore,  B.  22,  2730).  These  compounds 
are  m.  sol.  hot  water.  Saccharic  acid  gives  a 
similar  compound  C,jH,,05N2H,Ph  [165°]  which, 
as  well  as  the  compounds  from  mucic  and  meta- 
saccharie  acid,  is  almost  insoluble.  The  com- 
pound from  mucic  acid  melts  at  240°.  All  these 
compounds  contain  the  group  CO.NH.NHPh. 
Compounds  containing  this  group  are  also 
obtained  by  the  action  of  phenyl-hydrazine  and 
dilute  HOAc  at  100°  on  formic,  succinic,  malic, 
tartaric,  cinnamic,  and  gallic  acids,  but  not 
from  glycollic,  lactic,  and  glyceric  acids.  The 
compounds  got  from  succinic,  malic,  gallic,  and 
tartaric  acid  melt  at  218°,  223°,  187°,  and 
240°  respectively.  Acetyl-phenyl-hydrazine  is 
produced  when  aqueous  phenyl-hydrazine  ace- 
tate is  heated  at  130°;  and  a  similar  reaction 
occurs  with  benzoic,  glyceric,  and  lactic  acids. 
Compounds  containing  the  group  CO.NH.NHPh 
give  a  reddish-violet  colouration  with  HnSO^ 
and  a  little  FeClj,  and  they  are  readily  decom- 
posed by  KOHAq  and  by  baryta  into  phenyl-hy- 
drazine and  a  salt  of  the  acid  (Fischer,  B.  22, 
2728). — 29.  Glucose  carboxylic  lactone  yields 
C,H|30;.N„H„Ph  [172°],  while  mannose  carboxylic 
acid  gives  an  isomeric  body  [223°].—  30.  The 
acetate  gives  with  rliamnose  carboxylic  acid 
the  compound  C;H,30,N,,H,Ph  [c.  2l6°],  while 
31.  Malonic  acid  heated  at  100°  with  phenyl- 
hydrazine  and  dilute  HOAc  forms  CpHj^^NiOj 
[143°]  and  CO,H.CH,,.CO.N,H,,Ph  [154°],  which 
when  heated  with  water  and  phenyl-hydrazine 

at  200°  yields  CH3<^^^>N,,HPh    [128°].  —  32. 

Lactic  ether  forms,  on  heating,  phenyl-hydraz- 
ido-propionic  ether.  a-Oxy-butyric  acid  at 
160°  forms  C,„H,,N..O.,  [152°],  while  mandelic 
acid  yields  CnHiXO"  [182°]  (Reissert  a. 
Kayser,  B.  22,  2924).  —  33.  y-Oxy-valeric 
lactone  at  100°  forms  C^H^CN^PhH, 
[79°]  (Wislicenus,  B.  20,  402).— 34.  Bensoyl- 
carbinol  gives  N.,HPh:CPh.CH..OH  [112°] 
and  the  'osazone  N.,HPh:CPh.CH:N.,HPii 
[192°]  (Laubmann,  A.  243,  244).  — 
35.  Boiling  aqueous  itaconic  acid  forms  the 

acid  NHPh.N<^^--^g^^-^  [194°]  (Scharfen- 

berger,  A.  254,  150). — 36.  Cinnamic  acid  forms 
C,3H,jN..O  [183°],  which  on  distillation  yields 
C„H,,N,"0  [251°]  (Knorr,B.  20,  1107).— 37.  Acro- 
lein reacts  forming  phenyl-pyrazole  dihydride 

^^^"XCH  CH  ['^^"^  (Fischer  a.  Knoe- 

venagel,  A'.  239",  194).— 38.  Mesityl  oxide  yields 
phenyl-tri-methyl-pyrazole  NPh<^^j^ 

(P.  a.  K.). — 39.  Chloro-acetone  in  alcoholic  solu- 
tion at  - 18°  forms  C,>jH,,„N,,  [158°]  which  yields 
an  acetyl  derivative  C24H2.AcN„  [220°]  (Bender, 

B.  21,  2496).  s-Tctra-chloro-acetone  forms 
C„H,.,N^  [126°]  converted  by  fuming  HNO3  into 
C|'.H,"„N„0,  [235°]  and  by  SnCl.,  to  two  bases 

C,  ,H,,N,,  [77°]  and  [193°]  (Levy  a".  Witte,  A.  252, 
343  ;  Zincke  a.  Kegel,  B.  22,  1478).— 40.  Tetra- 
bromo-di-bcmyl-ketone  heated  with  alcoholic 
phenyl-hydrazine  at  150°  forms  C3Ph.,(NjPh)„ 
[70°](Bourcart,B.22,1369).— 41.i)i-67w«"o-accto- 
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fhencme  forms  N.HPhiCPh.CHtNJBPh  [148°], 
crystallising  from  alcohol  in  yellow  prisms  (B.). 
42.  Bromo-acctyl-propionic  etlier  mixed  with  an 
alcoholic  solution  of  phenyl-hydrazine  forms 
CH3.C(N.HPh).CH:CH.C0.,Et  [117-5°],  which  on 
reduction  with  tin  and  HCl  forms  methyl-indole 
carboxylic  acid  (Bender).  Bromo-acetyl-pro- 
pionic  acid  forms  CH3.C(N2HPh).CH:CH.C02H 
[157°]  (Decker,  B.  21,  2937).  —  43.  Di-chloro- 
■malcic  imide  at  100°  forms  Cj02(N2HjPh)oNH 
crystallising  from  acetone  in  orange-red  needles 
(Ciamician,  B.  22,  2495). — 44.  Amides  react 
thus :  N.JijPh  4-  E.CO.NH,  =  NH,  +  E.CO.N^H^Ph 
(Just,  B.  19,  1201). — 45.  Carbamic  ether  forms, 
on  heating,  di-phenyl-carbazide  CO(NH.NHPh)., 
[151°]  (Skinner  a.  Kuhemann,  B.  20,  3372).— 
46.  Eeduces  alloxan  to  alloxantin,  N  and  benzene 
being  formed  (Pellizzari,  G.  17,  254).  In  this 
reaction  the  first  product  is  the  compound 

CO<;^|[-^Q>C(OH).N,H,,Ph  (Skinner  a.  Euhe- 

mann,  C.  J.  53,  550). — 47.  Parabanic  acid  with 
phenyl-hydrazine  hydrochloride  and  NaOAc 
yields  CisH^oNeO^  [170°],  which  on  boiling  with 
water  forms  NH2.C0.NH.C0.C0.N,H,Ph  [215°] 
(S.  a.  K.). — 48.  Urea  heated  with  phenyl- 
hydrazine  hydrochloride  at  160°  forms  phenyl- 

urazole  NPh<;^Q [263°].  —  49.  Eeduces 

nitroso-aniline  to  ^-phenylene-diamine  and 
C|jH,,N,0  (Fischer,  B.  21,  2610). -50.  The 
acetate  (2  mols.)  acting  on  nitroso-dimethyl- 
aniline  (3  mols.)  forms  C,,,H„NjO  [103°].  An 
ethereal  solution  of  phenyl-hydrazine  converts 
nitroso-di-methyl-aniline  into  di-methyl-amido- 
benzene-azo-di-methyl-aniline  and  phenylene- 
di-methyl-diamine.  In  alcoholic  solution  there 
is  formed  NHPh.C„H,.NMe„  [130°]  which  yields  a 
nitrosamine  CnHi^N^O  [116'°]  (0.  Fischer,  B.  21, 
2609). — 51.  Di-nitroso-acetone  (1  mol.)  mixed 
with  phenyl-hydrazine  (1  mol.)  in  hot  alcoholic 
solution  forms  CH(NOH).C(N„HPh).CH(NOH) 
[145°].  Di-nitroso-acetone  boiled  with  excess 
of  phenyl-hydrazine  acetate  forms  C|,H|.>N^ 
crystallising  in  yellow  plates  [122°]. — 52.  Diazo- 
acetic  ether  at  100°  gives  off  N  and  forms  a 
colourless  compound  [136°].  —  53.  p-Diazo- 
benzene  sulphonic  acid  forms  the  compound 
N3C6H4.SO.,N2HjPhaq  crystallising  in  plates 
(Griess,  B.  20,  1528).  —  54.  Di-acetyl-succinic 
ether  fused  with  phenyl-hydrazine  at  100°  forms 
CO,Et.CH(CMe:N.,PhH).CHAc.CO„Et  [91°]  and 
C02Et.CH(CMe:N,,PhH).CH(CMe:N.,PhH).C0.,Et 
which  on  heating  with  toluene  at  180°  gives  di- 
oxy-di-phenyl-di-methyl-dipyrazyl  (q.v.).  —  65. 
Dioxims  form  additive  compounds  ;  e.g.  glyoxim 
yields  C.,H„(NOH).,N.,H,Ph  [110°],  di-phenyl- 
ghjoxim  yields  C,,Pho(NOH),,N2H3Ph  [150°], 
while  the  di-oxim  of  {0}-7taphthoqiiinone  forms 
C,„H6(NOH)2N2H3Ph  [138°]  (Polonowsky,  B.  21, 
182). — 56.  Phloroglucin  kept  for  five  days  with 
an  alcoholic  solution  of  phenyl-hydrazine  in  the 
cold  forms  C,H3(OH)(N2H,Ph),  [144°]  which  may 
be  oxidised  by  FeCl,  to  C,H,(bH)(NJ'h)2  [177°] 
(Baeyer  i3.22,  2891).— 67.  Thio-acetoacetic  ether 

forms  S(CH<;;^^~.|J^^),  [183°],  together  with 
the  compounds  NHPh.N:C<^^^'^^-^^  [156°], 
S2(CH<^^^g.^-^^)2    and  di-oxy-di-phenyl-di- 


methyl-dipyrazyl  (Sprague,  C.  J.  59,  332).— 58, 
Cyanogen  passed  into  an  emulsion  of  phenyl- 
hydrazine  in  cold  water  forms  the  dicyanide  {v. 
infra}.— 59.  Cyanogen  passed  into  an  alcoholic 
solution  forms  PhN„H,.C(NH).C(NH).N2PhH, 
[225°],  crystallising  in  white  plates  (from 
alcohol).  The  same  compound  is  formed  by  the 
action  of  phenyl-hydrazine  on  cyananiline.  It 
gives  a  rose-red  colour  with  alcohoUc  NHj. 
Cone.  H0SO4  is  coloured  indigo-blue.  Dry  HCl 
forms  the  hydrochloride  C„H„N62HC1  [188°]. 
Dilute  HCl  forms  PhN.NH„.CO.C(NH).NHNHPh 
[180"]. — 60.  Cyananilijie  in  chlorofonn  solution 
forms,  after  boiling,  matted  needles  of  the  com- 
pound C„,H,,N„CL  [200°-212°].  This  body  is 
perhaps  '  (PhH„CCHCl.C„H„N6)2HCl  (Senf, 
J.  pr.  [2]  35,  5"33").— 61.  PCI,  in  ether  forms 
amorphous  NHPh.N:P.NH.]SIHPh  converted  by 
water  into  (NHPh.NH)„POH,  a  yellowish-white 
powder  [92°]  which  reduces  Fehling'.?  solution 
in  the  cold  (Michaelis  a.  Oster,  A.  270,  126). 
This  body  is  split  up  by  acids  into  phenyl- 
hydrazine  and  H3PO3,  but  is  attacked  by  alkalis 
with  difBculty.  Benzoic  aldehyde  produces 
NPhH.N:CHPh  and  H3PO3.— 62.  POCI3  forms 
P0(NH.NHPh)3  [196°],  easily  decomposed  by 
acids  and  alkahs  (Michaelis,  A.  270,  135). — 
63.  PSCI3  forms,  in  like  manner,  PS(NH.NHPh)s 
[154°].— 64.  AsClj  forms  (N2PhH3)3AsCl3,  an  amor- 
phous powder  decomposed  at  236°. — 65.  BCI3 
forms,  in  like  manner,  (N„PhH3)3BCl3,  v.  sol. 
water,  decomposed  at  242°.— 66.  C^HsPCL  in 
ether  forms  NHPh.N.PCgHj  [152°]  crystallising 
from  EtOAc  in  plates  (Michaelis  a.  Oster,  A. 
270,  129).  It  reduces  hot  Fehling's  solution, 
and  is  split  up  by  acids  into  PhPO^H,  and 
phenyl-hydrazine. 

Salts. — B'HCl.  Plates,  m.  sol.  water.  Got 
by  ppg.  an  alcoholic  solution  of  the  base  by  HCl, 
and  washing  the  pp.  till  it  is  colourless. — 
B'HBr.  Needles  (from  water).— B'.JI„SO,. 
Plates,  V.  sol.  water.— E'CgHaNjO,.  "Yellow 
needles.— B'.,H„C.,04.  Plates. — Benzene  sul- 
phinate;  '[13"l°]  (Escales,  B.  18,  895).— Di- 
nitro- (a) -naphthol  sulphonate:  light- 
brown  needles,  si.  sol.  hot  water  (Eichardson, 
C.  N.  58,  39). — Sulphocyanide  :  sparingly 
soluble  plates.  Changes  at  160°-170°  into 
phenyl-thio-semicarbazide.  —  B'HjPOj.  [118°] 
(Michaelis, .4. 270, 127, 133).-B'.,H3P03.  [121°]. 
— B'C.HjPH.O^.  [135°]. 

Sodium  derivative  CsH^NNa-NHj.  Formed 
by  dissolving  8  g.  of  sodium  in  70  g.  of  warm 
phenyl-hydrazine.  The  H  evolved  reduces  some 
of  the  phenyl-hydrazine  to  NH,  and  aniUne ; 
when  the  reaction  is  complete  the  aniline  and 
excess  of  phenyl-hydrazine  are  distilled  ofi  by 
heating  the  product  in  an  oil-bath  to  200°-210° 
(not  higher)  in  a  current  of  H.  It  is  a  yellow 
hygroscopic  powder.  When  finely  divided  it 
sometimes  takes  fire  in  the  air.  Decomposed  by 
water  into  phenyl-hydrazine  and  NaOH.  Eeadily 
reacts  with  alkyl  haloids,  giving  unsymmetrical 
phenyl-alkyl-hydrazines  (Michaelis,  B.  19, 
2448  ;  A.  252,  266). 

Forinyl  derivative  NHPh.NH.CHO. 
[145°].  Formed  by  heating  formamide  with 
phenyl-hydrazine  at  180°.    White  scales. 

Acetyl  derivative  NHPh.NHAc.  [128-5°]. 
Formed  by  heating  phenyl-hydrazine  with  HOAe 
or  acetamide  (Fischer,  A.  190,  129 ;  Just,  B. 
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19,  1201).  FoniKid  also  from  the  sodium-  deri- 
vative and  Ac.O  at  0°  (Micliaelis  a.  Schmidt,  A. 
252,  301).    Six-sided  prisms,  si.  sol.  cold  water. 

Di- acetyl  derivative  NPhAc.NHAc. 
[108°].  Formed  from  NPhNa.NH,,  and  AcCl  in 
ether.  Tables  or  needles,  v.  e.  sol.  alcohol. 
Completely  reduces  hot  Fehling's  solution. 

Chloro-accfyl  derivative 
NHPh.NH.CO.CH.Cl.     [115°].     Formed  from 
the  base  and  CH..C1.C0C1  in  ether  (Gattermann, 
B.  25,  1081). 

Propionyl  derivative  NHPh.NH.CO.Et. 
[158°]  (Freund  a.  Goldschmidt,  B.  21,  2461). 

n-Butyryl  derivative.  [114°].  Scales, v. 
sol.  ether  (Michaelis  a.  Schmidt,  A.  252,  308). 

Isovaleryl  derivative 
NHPh.NH.CO.CH.Pr.    [101°].    Formed  from 
the  base  and  aceto-valeric  anhydride  (Auten- 
i-ieth,  B.  20,  3190).  Plates,  v.  si.  sol.  cold  ligroin. 

Hexoyl  derivative.    [117°].  Needles. 

s-Benzoyl  derivative  NHPh.NHBz. 
[169°].  Formed  from  phenyl-hydrazine  by  add- 
ing BzCl  in  ether  at  0°  (Fischer,  A.  190,  125),  or 
by  heating  with  benzamide  (Just,  B.  19,  1203). 
Formed  also  by  warming  phenyl-hydrazine  with 
BzCy  (Hausknecht,  B.  22,  329).  Prisms,  si.  sol. 
hot  water.  Yields  NPhMe.NHBz  on  methylation. 
Keduces  HgO.  Phthalic  anhydride  at  180° 
forms  an  addition-compound  C.,,H|,;N.,Oj  [172°], 
crystallising  from  alcohol  in  prisms.  It  is  pro- 
bably COjH.C.H^.CO.NPh.NHBz.  At  250°  it 
splits  up  into  benzoic  acid  and  (/3)-phthalyl- 

phenyl-hydrazine  G^^.G^O.\  \ 

"\NPh 

u-Benzoyl  derivative  NPhBz.iSIH„. 
[70°].  A  product  of  the  action  of  BzCl  in  benz- 
ene on  NPhNa.NH..  at  0°  (Michaelis  a.  Schmidt, 
B.  20,  43,  1718  ;  A.  252,  310).  Needles  (from 
water).  Eeduces  hot  Fehling's  solution  but  not 
HgO.  Cone.  HCl  at  150°  gives  HOBz  and 
phenyl-hydrazine.  HNO.^  forms  in  acid  solution 
benzanilide  and  N„0,  but  in  neutral  solution  it 
forms  NjPh  and  HOBz.  Eeacts  like  phenyl- 
hydrazine  with  aldehydes  and  ketones ;  thus 
acetone  yields  NPhBz.N:CMe,  [115-5°],  aceto- 
phenone  forms  NPhBz.N:CMePh  [124°],  and 
benzoic  aldehyde  gives  NPhBz.N:CHPh  [122°]. 
Salts.— B'HCl.  [202°].  Needles,  m.  sol.  HClAq. 
— NPhBz.NHNa.  White  pp.,  decomposed  by 
water.— B'.H.,SO^.  [191°].  Needles,  si.  sol.  cold 
water.— B'HNOj.    [145°].— E'CsH^NjO,.  [122^]. 

Di-benzoyl  derivative  NPhBz.NHBz. 
[178°]  (Fischer,  A.  190, 128  ;  M.  a.  S.).  Prisms, 
V.  si.  sol.  water,  sol.  alkalis.  On  methylation  it 
yields  NPhBz.NHBz.— NPhBz.NBzNa  :  plates. 

Benzoyl  -  acetyl  derivative 
NPhBz.NHAc.    [153°].    Got  from  NPhBz.NH„ 
and  Ac,0.    Needles  (from  dilute  alcohol). 

p-Nitro-benzoyl  derivative 
NHPh.NH.CO.C,H,.NO.,.  [198°].    Formed  from 
phenyl  -  hydrazine   and   C,Hj(NO,.)CN  (Haus- 
knecht, B.  22,  328).    Yellowish-red"  needles. 

o-Amido-henzoyl  derivative.  [170°]. 
Got  by  warming  phenyl-hydrazine  with  an 
alcoholic  solution  of  isatoic  acid  (Meyer,  J.pr. 
[2]  33,  20).    Yellow  needles,  v.  si.  sol.  ether. 

m-Amido-ben  zoyl  derivative 
NHPh.NH.CO.C,H,.NH,.    [151°].     Formed  by 


heating  phenyl-hydrazine  (1  mol.)  with  7)j-amido- 
benzoic  acid  (1  mol.)  at  165°  (Pellizzari,  G.  16, 
200).    Scales,  insol.  cold  alkalis,  sol.  acids. 

Aviido-toluyl  derivative  [3:6:1] 
C,H,Me(NH.,).CO.N.,H,Ph.  [198°].  Formed  from 
methyl-isatoic  acid  and  phenyl-hydrazine  (Pan- 
aotovitch,  J.  pr.  [2]  33,  68).     Prisms  (from 
chloroform),  si.  sol.  ether. 

Phenyl-acetyl  derivative 
N^.,Ph.CO.CH,Ph.    [169°].     Got  by  heating 
phenyl-acetic   acid  with  phenyl -hydrazine  at 
130°  (Billow,  A.  236,  196).    Needles  (from  alco- 
hol), si.  sol.  water. 

Cinnamoyl  derivative 
N.,H.,Ph.CO.C.Jl,Ph.  [258°].  Got  by  heating 
cinnamic  acid  with  phenyl-hydrazine  at  190° 
(Knorr,  B.  20,  1108).  Forms,  on  distillation,  a 
compound  C,5H|,N.,0  [258°],  crystallising  in 
needles  with  green  fluorescence. 

Oxalyl  derivative  C.,0.,[^M.fi\L)i.  [278°]. 
Described  in  vol.  iii.  p.  655. 

Etlii/l  -inalonyl  derivative 
CHEt(Cb.N,,H.,Ph)2.  [233°].  Got  by  heating 
ethyl-malonic  amide  with  phenyl-hydrazine  at 
220°  (Freund  a.  Goldsmith,  i^. 21, 1242).  Needles 
(from  HOAc).  Converted  by  COCU  into 
C,,,H„N,0,  [113°]. 

Siiccinyl  derivative 
CJl,:C,0,:{N,Jl.^h)^.  [218°].  Formed  from 
succinyl  chloride  (1  mol.)  and  phenyl-hydrazine 
(2  mols.).  Formed  also  by  heating  C.2H.,:C.,0,_,:S 
with  phenyl-hydrazine  and  HOAc  (Zanetti,  Rend. 
Accad.  Line.  [4]  5,  i.  225).  Plates  (from  HOAc) 
(Freund,  B.  21,  2456  ;  Fischer  a.  Passmore,  B. 
22,  2734).  When  succinic  anhydride  is  heated 
with  phenyl-hydrazine  at  160°  there  is  formed 
C.,H,:C„0.,:N.NHPh  [155°],  which  yields  a  nitros- 
amine  C.JEIj:C..0./.N„Ph.N0  [84°]  (Hotte,  p-. 
[2]  35,  293). 

(a)  -  Phthalyl  derivative 
CsH^:C.,0.,:N.NHPh.  [179°].  Formed  from  phenyl- 
hydrazine  and  phthalyl  chloride  in  ether  (Pickel, 
A.  232,  233).  Formed  also  by  heating  phenyl- 
hydrazine  (1  mol.)  with  phthalimide  (1  mol.) 
at  120°  (Pelhzzari,  G.  16,  203  ;  Just,  B.  19, 1204) ; 
or  with  phthalic  anhydride  (1  mol.)  at  150° 
(Hotte,  J.  pr.  [2]  33,  99  ;  35,  268).  Prepared  by 
boiling  an  alcoholic  solution  of  phthalic  anhy- 
dride with  phenyl-hydrazine.  Colourless  needles 
(from  alcohol),  insol.  water  and  alkalis.  Cone. 
il.jSOj  forms  a  violet  solution,  turning  brown. 
Reactions. — 1.  Converted  by  boiling  alcoholic 
potash  into  N.,H.,Ph.C0.C,H,.C02H  [166°],  an 
acid  of  which  the  benzoyl  derivative 
NHPh.NBz.CO.C„H^.CO.,H  [172°]  is  formed  by 
heating  NHPh.NHBz  with  phthalic  anhydride  at 
180°.— 2.  Boiling  aqueous  KOH  orHClAq  at  160° 
splits  it  up  into  phthalic  anhydride  and  phenyl- 
hydrazine. — 3.  Benzoyl  chloride  at  160°  forms 
C,H,:C.,0.,:N.NPhBz  [193°].-- 4.  Nitrous  acid 
liassed  into  its  solution  in  diluted  HOAc  forms 
the  nitramine  C,H^:C.,0.,:N.NPh.NO.,  [148°]  ;  but 
in  boiling  HOAc  it  forms  the  di-nitro-  derivative 
C,,,Hj,NjOs  [182°].  Nitrous  acid  passed  into 
phthalyl-phenyl-hydrazine  suspended  in  ether 
forms  the  nitrosamine  C„H,:C.,0„:N.NPh(NO) 
[154°].— 5.  Alcoholic  NH.,  at  80°  forms  unstable 
NH,.CO.C,H,.CO.NH.NHPh  [146°],  which  de- 
composes at  170°  into  NH^  and  (/3) -phthalyl- 
phenyl-hydrazine  [210°]. 
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(13)  -  P  hthalyl  derivative 

CsH^:CA<^Pli-    [210°].    Formed  at  the  same 

time  as  the  (a)-isomei'ide  by  heating  phenyl- 
hydrazine  with  phthalimide  or  phthahc  an- 
hydride, being  the  chief  product  when  the  tem- 
perature is  above  163"  (Pellizzari,  G.  16,  204; 

17,  278  ;  Hotte,  J.  pr.  [2]  35,  284).  Monoclinic 
tablets  (from  benzene)  or  prisms  (from  alcohol), 
V.  sol.  alkalis.  Ammoniacal  AgN03  ppts. 
C6H^:C,0,,:N„PhAg. 

Reactions.— 1.  NaOMe  and  Mel  at  100° 
form  C„Hj:C.,0,:N,>PhMe  [125°],  which  is  de- 
composed by  cone.  HClAq  into  phthalic  acid 
and  NHPh.NHMe.— 2.  KOEt  and  EtI  give 
CsH^CiN^PhEt  [106°].— 3.  BzCl  at  200°  forms 
C,H,0.:N>hAc  [122°]. 

P hthalyl  derivative 
C,H^(CO.NH.NHPh),,.  [191°].  Formed  by 
heating  phenyl-hydrazine  (2  mols.)  with  phtha- 
lic anhydride  (1  mol.)  at  150°  (H.).  White 
tables.  At  170°  it  gives  the  (;8)-phthalyl  deri- 
vative [210°]. 

Nitrosamine  NH„.NPh.NO.  Formed  by 
adding  NaNO._,  to  an  aqueous  solution  of  phenyl- 
hydrazine  hydrochloride  at  0°  (Fischer,  A.  190, 
92).  Pale-yellow  plates.  Very  poisonous.  Con- 
verted by  hot  alcoholic  potash  into  diazobenzene- 
imide.  Alcoholic  HCl  acts  in  like  manner. 
Exhibits  Liebermann's  reaction. 

Dicyanide  CgHgNj  i.e. 
NH.,.NPh.C(NH).CN  ?    Separates  as  colourless 
flakes  when  cyanogen  is  passed  into  an  emulsion 
of  phenyl-hydrazine  and  cold  water  (Bladin,  B. 

18,  1544).  Monoclinic  laminfe,  v.  sol.  alcohol 
and  ether.  Decomposes  above  160°.  Yields  a 
formyl  derivative  C,H;(CHO)N,  [193°]. 

Reactions. — 1.  By  heating  with  Ac,,0  it  is 
converted  into  CinHgN^  [108°],  which  on  saponi- 
fication yields  an  acid  CioH^NjO,,  [177°],  which 
on  heating  loses  CO,.,  leaving  oily  CaH,,N03  (c. 
240°). — 2.  By  heating  with  prqptojtic  anhydride 
it  is  converted  into  C|,H|„jSl4  [38°]. — 3.  By  treat- 
ment with  nitrous  acid,  followed  by  boiling  with 
water,  it  yields  CgH^Nj,  crystallising  in  needles 
[66°],  v.  si.  sol.  water. — 4.  Acetic  aldehyde  in 
alcohol  and  HCl  give  CH3.CH:N.NPh.C(NH).CN 
[96'5°],  crystallising  in  pale-yellow  plates,  v.  e. 
sol.  alcohol  and  ether,  insol.  water ;  converted 
by  alcoholic  AgNO.,  into  phenyl-methyl-triazole 
carboxylic  nitrile  [109°]  (Bladin,  B.  25,  184).— 

5.  Benzoic  aldehyde  forms  the  corresponding 
CHPh:N.NPh.C(NH).CN  [129-5°],  crystallising 
from  alcohol  in  prisms,  oxidised  by  FeCl,  to 
C„H,„N4    [156°]    (Bladin,    B.    22,    796).  — 

6.  Pyruvic  acid  in  alcohol  forms  the  above 
phenyl-methyl-triazole  carboxylic  nitrile  on 
■warming  gently  (Bladin,  B.  19,  2598).— 7.  Boil- 
ing acetoacctic  ether  forms  the  compound 
CO,H.CH,.CMe:N.NPh.C(NH).CN  [209°],  the 
oily  ether  of  this  acid,  and  phenyl-methyl- 
triazole  carboxylic  nitrile  N.^^p^-^  ^^^^  [109°] 

(Bladin,  B.  25,  190).  The  acid  forms  the  salts 
KA'and  NH^A',  and  is  converted  by  nitrous  acid 
into  CO,H.C(NOH).CMe:N.NPh.C(NH).CN 
[218°],  and  by  potash  into  the  compound 
CO,H.CH,.CMe:N.NPh.CO.CN  [188°],  from 
which  potassium  nitrite  and  HClAq  form 
C02H.C(N0H).CMe:N.NPh.C0.CN  [209°]. 


References. — Amido-,  Iodo-,  Nitro-,  and  Oxy- 
Phenyl-hydhazine. 

«-Di-phenyl-hydrazine  NPh,,.NH.,.  [34-5°]. 
(220°  at  40  mm.)  (Stahel,  A.  258',  243').  Formed 
by  reducing  di-phenyl-nitrosamine  NPh.,.NO  in 
alcoholic  solution  with  zinc-dust  and  HOAc  (E. 
Fischer,  A.  190,  174).  Monoclinic  tables  (from 
ligroin),  partially  decomposed  on  distillation 
into  diphenylamine  and  NH3.  Cone.  H^SO^ 
forms  a  deep-blue  solution.  Decomposed"  by 
nitrous  acid  into  NPh„.NO  and  N.,0.  Eeduces 
HgO,  forming  in  the  cold  crystalline  tetra- 
phenyl-tetrazone  NPh,.N:N.NPh,  [123°],  but  if 
the  temperature  rises  the  products  are  N  and 
diphenylamine.  Benzoic  aldehyde  forms 
NPh,.N:CHPh  [122°].  With  salicylic  aldehyde, 
furfuraldehyde,  glucose,  mannose,  galactose,  and 
rhamnose  it  forms  di-phenyl-hydrazides,  melt- 
ing at  139°,  90°,  c.  162°,  c.  155°,  157°,  and  134° 
respectively. 

Salts. — B'HCl.  Needles,  v.  si.  sol. cold  water. 
— B'2H.,S0j :  needles,  m.  sol.  dilute  H„SO^. 

Formyl  derivative  NPh^.NH.CHO. 
[116-5°].  Formed  by  boiling  the  formyl  deriva- 
tive of  phenyl-hydrazine  with  ammoniacal 
CuSO,  (Gattermann,  B.  25,  1075).  Needles,  si. 
sol.  hot  water  and  ligroin,  v.  sol.  alcohol. 

Acetyl  derivative  NPh„.NHAc.  [185°]. 
Formed  by  boiling  NHPh.NHAc  with  HOAc  and 
Cu(OAc)„  (Tafel,  B.  25,  413). 

Propionyl  derivative.  [178^].  Needles. 

Benzoyl  derivative  NPh^.NHBz.  [189°] 
(G.);  [192°]  (Fischer,  A.  190,  "l78).  Needles 
(from  acetone),  m.  sol.  alcohol. 

Phthalyl  derivative  C^HjO.jrN.NPho. 
[155°].  Formed  by  heating  di-phenyl-liydrazine 
with  phthalic  anhydride  at  160°  (Hotte,  J.pr. 
[2]  35,  271). 

s-Di-phenyl-hydrazine  NHPh.NHPh.  Hy- 
drazo-benzenc.  Mol.  w.  184.  [131°].  H.C. 
1,598,000  (from  diamond)  (Petit,  A.  Ch.  [6]  17, 
163).  S.  (alcohol)  5  at  16°  (Mo)tschanowsky, 
C.  J.  42,  965).  Prepared  by  passing  H,S  into  a 
solution  of  azobenzene  Ph.N^.Ph  in  alcoholic 
NHj  (Hofmann,  Pr.  12,  576). '  Formed  also  by 
reducing  nitro-benzene  with  sodium-amalgam 
or  zinc-dust  (Alexejeff,  Z.  1868,  497 ;  Glaser,  A. 
142,  364).  Laminae,  si.  sol.  water,  m.  sol.  alco- 
hol and  ether.  Yields  aniline  and  azobenzene 
on  distillation. 

Reactions. — 1.  HClAq  converts  it  into  the 
isomericdi-p-amido-diphenyl (benzidine).  H.,SO, 
acts  in  like  manner.— 2.  Readily  oxidised  to 
azobenzene,  even  by  moist  air. — 3.  Nitrous  acid, 
passed  into  an  alcoholic  solution  at  0°,  yields  a 
nitroso-  compound  which,  when  warmed,  vio- 
lently decomjioses  into  NO  and  azobenzene 
(Baeyer,  B.  2,  683).— 4.  On  heating  with  BzCl  it 
yields  di-benzoyl-di-^-amido-diphenyl ;  formic 
acid  gives  di-formyl-di-^)-amido-diphenyl  (Stern, 

B.  17,  379) :  and  phthalic  anhydride  yields  di- 
phthalyl-di-amido-diphenyl  (Bandrowski,  B.  17, 
1181). — 5.  Boiling  benzoic  aldehyde  forms  azo- 
benzene, but  benzoic  aldehyde  and  ZnCL  gives 

C,  .,H,(N:CHPh),,  (Cleve,  Bl.  [2]  45, 188).  Benzoic 
aldehyde,  heated  with  hydrazobenzene  at  120°- 

150°,  forms '  benzhydrazoin '  CHPh<^^p^  [55°]. 

The  o-nitro-  derivative  C6H^(N02).CHN.,Ph,  of 
this  body  melts  at  66°. — 6.  Furfuraldehyde  forms 
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CjHjO.CH^^pjJ  [59°]  (Cornelius  a.  Homolka, 

B.  19,  2240).— 7.  Phenyl  ajanatc  (2  mols.)  and 
some  benzene  at  150°  forms  the  compound 
NHPh.CO.NPh.NPli.CO.NHPh  [220°]  (Gold- 
schmidt  a.  Kosell,  B.  23,  490). 

Acetyl  derivative  NHPh.NPhAc.  [159°]. 
Formed  from  s-di-phenyl-hydrazine  and  Ac„0  in 
the  cold  (Stern,  B.  17,  380).  Needles  (from 
alcohol).  Decomposed  by  heat  into  acetanilide 
and  azobenzene. 

Di-acetyl  derivative  NPhAc.NPhAc. 
[105°].  Formed  from  s-di-phenyl-hydrazine  and 
Ac.O  (Schmidt  a.  Schultz,  B.  12,  485  ;  .4.  207, 
326).  Yellowish  trimetric  crystals  (from  alco- 
hol); a:6:c  = -67:1: -56,  not  affected  by  dilute 
HClAq. 

Chloro-  derivatives 
CeH^NH.NHC,  H  ,01.    [90°] .— N,H..(C,H^C1[1 :3] ).. 
[94°].— N.,H.,(C,H,C1[1:4])..  [122=^]  (Claus  a.  Heu- 
mann,  B.  13,  1181,  19,  1G88 ;  Laubenheimer, 
jB.  8,  1624). 

Bromo-  derivative  C„H5.NH.NH.C,,H,Br. 
[115°].  Formed  from  benzene-azo-^j-bromo- 
benzene  and  alcoholic  ammonium  sulphide 
(Janowsky  a.  Erb,  B.  20,  304).  Tables.  Con- 
verted by  H,SOj  into  bromo-benzidine. 

Di- bromo-  derivatives  N.,H„(C,jHjBr.)„. 
0.  [82°].  m.  [109°].  J}-  [130°]  (J.  a'.  E'.  ;  Gabriel, 
B.  9,  1406  ;  Werigo,  A.  165,  192). 

lodo-  derivatives  v.  vol.  iii.  p.  41. 

Nitro-  derivatives  v.  vol.  iii.  p.  607. 

Oxy-  derivatives  v.  vol.  iii.  p.  743. 

Chloro-nitro-  derivative 
NHPh.NHC,H3Cl(N0,)  [1:3:6].  [135°-140°]. 
Formed     from     chloro-di-nitro-benzene  and 
phenyl-hydrazine    in   alcohol   (Willgerodt  a. 
Ferko,  J.jpr.  [2]  37,  355).    Eed  prisms. 

p- Ainido-  derivative.  The  compound 
NHPh.NH.CsH,.NHAc  [146°]  is  got  by  treating 
CsH-,.N„.C,jHjNHAc  with  alcoholic  ammonium 
sulphide  (Schultz,  B.  17,  463).  Yellowish 
plates  (from  dilute  alcohol).  Ee-oxidised  to  the 
azo-  compound  by  air. 

Di-m-aniido-  derivative 
N,H,,(C,H,.NH,),.  [141°]  (Gebek,  A.  251,  193). 
Got  by  treatment  of  9«-nitro-aniline  with  alco- 
holic potash  and  zinc-dust  (Graeff,  A.  229,  341), 
or  with  sodium-amalgam  (Haarhaus,  A.  135, 
164).  Golden  needles  (from  alcohol).  Yields 
CiJIgBr^N,  [150°]  and  0,„H,.,Ac.,N,  [247°].— 
B"H.C1,.— B"H,PtCl,.— B"2HN63.-B"H,S0,.— 
B"H,C,,04.    Prisms,  v.  si.  sol.  water. 

Di-p-aviido-  derivative.  [145°].  Got 
by  reducing  Nj(C,;H,.N0.,)2  with  alcoholic  am- 
monium sulphide  (Gerhardt  a.  Laurent,  A.  75, 
74;  Lermontoff,  B.  5,  232).  Yellow  crystals. 
Yields  quinone  on  oxidation.  —  B"H,,C1.,.  — 
B"2HN03.  '  " 

Di-diphenyl-hydrazine  v.  Hydrazo-diphenyij. 

PHENYL-HYDRAZINE  o-CARBOXYLIC 
ACID  CjHgNA  i.e.  NH_,.NH.C,,H^.C02H.  Hy- 
drazido-bcnzoic  acid.  Formed  from  o-amido- 
benzoic  acid  by  diazotising  and  treating  the  pro- 
duct with  Na.,SO;,  (E.  Fischer,  B.  13,  679  ;  A. 
212,  333).  Needles,  sol.  hot  water.  Reduces 
Fehling's  solution  in  the  cold.  —  HA'HCl : 
needles,  sol.  hot  water. 

4  w7j C,H„N,,0.  [242°].  Formed  by 
heating  the  acid  at  220°.  Monoehnic  plate's 
(from  alcohol) ;  a:b:c  =  1-072:1:  -664  ;     =  75°  18'. 


Sublimes  in  white  needles. — NaC.H,,N.,0  xa,q  : 
silvery  plates.  —  B'HCI :  white  needles.  — 
B'HgCL, :  needles  (from  water).  Yields  an  acetyl 
derivative  C,H,Ac,,N,,0  [112°]. 

Phenyl-hydrazine  iK-carboxylic  acid 
N.,H3.C,H,.C0..H.  [186°].  Formed  by  the  action 
of  tin  and  HClAq  on  C,.H,(C0.,H).N:N.S03K, 
which  is  got  by  warming  the  nitrate  of  wt-diazo- 
benzoic  acid  with  aqueous  K„SO,,  (Griess,  B.  9, 
1657 ;  Roder,  A.  236, 164).  Plates',  si.  sol.  hot  Aq. 

Reactions. — 1.  Acetone  forms  C|oH|.,N.,0., 
[150°],  which  gives  EtA'  [91°].— 2.  Benzoic'aldc- 
lujde  forms  CHPh:N.NH.C„H,.CO.>H  [172°].— 
3.  Pyruvic  acid  reacts  with  formation  of 
CO,,H.CMe:N.NH.C„H,.CO,H  [208°],  which  forms 
whetstone-shaped  crystals  (containing  acj),  and 
gives  EtA'  [102°]. — 4.  Glucose,  heated  with  the 
hydrochloride  and  NaOAc,  gives  Cv(,H.,„N,08 
[208°].  —  5.  Phenyl-thioearbimidti  forms  the 
compound  CnHi^N^SO.,  [205°]. 

Salts.— HA'HCl.-BaA,'  4aq.  Nodules. 

Phenyl-hydrazine  ^'-carboxylic  acid 
N,H,.C„H,.CO,H.    [220°-225°].    Formed,  in  the 
same  way  as  its  isomerides.from/'-amido-benzoie 
acid  (Fischer,  A.  212,  337).    Needles  or  plates 
(from  water). — HA'HCl :  si.  sol.  cold  water. 

s-Di-phenyl-hydrazine  di-o-carboxylic  acid 
C„H,„N.,0^  i.e.  CO.,H.C,H,.NH.NH.C„H,.CO..H. 
Mol.  w.  272.  [205°].  Formed  by  reducing 
o-azoxy-benzoic  acid  with  sodium-amalgam 
(Griess,  B.  7,  1609  ;  Homolka,  B.  17,  1904). 
Small  colourless  plates.  Oxidised  by  moist  air 
to  o-azobenzoic  acid. 

s-Di-phenyl-hydrazine  di-?«-carboxylic  acid. 
Hijdrazo-bcnzoic  acid.  Formed  by  boiling  ;;i-azo- 
benzoic  acid  with  FeSO^  and  NaOHAq  (Strecker, 

A.  129,  141).  Insol.  water,  si.  sol.  hot  alcohol. 
In  alkaline  solutions  it  absorbs  O,  being  oxidised 
to  azobenzoie  acid.  Boiling  cone.  HClAq  forms 
azobenzoic  acid  and  amidobenzoic  acid.  Yields 
orange-red  crystals  of  BaA".  On  warming  with 
SnCl,  and  HClAq  at  100°  it  yields  di-amido-di- 
phenyl  dicarboxylic  acid  and  two  other  acids. 
One  of  these  Cj^H^N.^O.,  crystallises  from  hot 
water  in  yellowish  needles  and  forms  BaA'.,  7aq 
and  HA'HCl.  The  other  acid  C„H,,N,0,  crystal- 
lises in  yellow  needles  melting  above  21)0°,  and 
forms  NaA'4aq,  BaA',.  2aq,  HA'HCl,  HA'HBr, 
and  (HA'),H,S0j  (KusseroH,  B.  23,  913). 

s-Di-phenyl-hydrazine  di  j^j  carboxylic  acid 
CuH|;N„0|.  Formed  by  boiling  ^.(-azobenzoic 
acid  with  FeSO,  and  NaOHAq  (Reichenbach  a. 
Beilsteiu,  .4.  132,  137;  Billfinger,  .4.135,  152). 
Needles  (from alcohol),  easily  oxidised  in  alkaline 
solution. 

s-Di-phenyl-hydrazine  tetra-carboxylic  acid 
[l:4:2]C,H,(CO.,H).,.NH.NH.C,H,(CO.,H).,  [2:1:4]. 
Formed  by  reducing  azoxyterephthalic  acid  in 
alkaline  solution  with  sodium-amalgam  (Homolka 
a.  Low,  B.  19,  1092).  White  crystalline  pp.,  v. 
sol.  alcohol  and  ether. 

PHENYL-HYDRAZINE  ;)i-SULPHONIC 
ACID  C,H,(N.,H.,).SO.,H.  Formed  from  «t-amido- 
benzene  sulphonio  acid  by  diazotisation  and 
subsequent  reduction  by  SnCL  at  0°  (Limpricht, 

B.  21,  3409).  Crystals  (containing  2aq),  si.  sol. 
cold  water,  nearly  insol.  alcohol.  Converted  in 
alcoholic  solution  by  nitrous  acid  into 
NjC.HiSO.H. 

Phenyl -hydrazine  23-sulphonic  acid 
[1:4]C,H,(N.,H3).S03H. 
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Fm'ination. — 1.  From  diazobenzene  p-sul- 
phonic  acid  by  ^'arming  with  aqueous  K..SO3 
followed  by  HCl  (E.  Fischer,  A.  190,  74).— 2.'  By 
heating  phenyl  hydrazine  sulphate  with  C1S0.|H 
at  160°  (Limpricht,  B.  18,  2196).— 3.  Together 
with  alcohol,  by  heating  phenyl-hydrazine  ethyl- 
sulphate  at  160°. — 4.  By  heating  phenyl-hydraz- 
ine (1  pt.)  with  H.,SO^  (6  pts.)  at  100°  (Gallinek 
a.  Kichter,  B.  18,  3172). 

Properties. — Needles  (containing  iaq),  si.  sol. 
water.  By  boiling  with  CuSOj  it  is  neatly 
oxidised  to  N  and  benzene  sulphonic  acid.  With 
acetoacetic  ether  and  dilute  (50  p.  c.)  HOAc  at 

155°  it  forms  CMe<^^j^^^«^<-^*^^^  (MoUen- 

hoff,  B.  25,  1849),  which  crystallises  with  aq. 

Salts.—  NaA'  l^aq.— NH^A'.— BaA'.  5aq.— 
PbA'2  2aq.— ZnA'2  4aq  :  minute  tables. 

Phenyl-hydrazine  y-sulphonic  acid.  Potas- 
sium salt.  CsH.NH.NH.SOjK.  Formed  from 
diazobenzene  nitrate  and  K2SO3  (Romer,  Z.  1S71, 
481)  and  also  by  heating  phenyl-hydrazine  with 
K^SjO,  (Fischer,  A.  190,  97).  Crystals  (contain- 
ing aq),  si.  sol.  cold  water  and  alcohol.  Oxidised 
by  HgO  to  CsHj.Nj.SO.K.  Split  up  by  boiling 
HClAq  into  phenyl-hydrazine  and  KHSO^. 

Phenyl-hydrazine  disulphonic  acid 
NH„.NH.C„H3(S03H),.    Two  acids  of  this  for- 
mula are  got  by  further  sulphonation  of  the  m- 
and  ])•  sulphonic  acids  resijectively  (L.).  They 
both  yield  BaA"  and  BaHjA",. 

s-Di-phenyl-hydrazine  i7t-suIphonic  acid 
C,H5.NH.NH.C,H,.S03H._  Formed  by  heating 
the  disulphonic  acid  with  water  at  200°  for 
3  days  (Limpricht,  B.  11, 1048).  Yellow  needles 
(containing  2^aq).  —  KA' 4aq.  —  PbA'jSaq.  — 
IBaA'o  4aq  :  yellow  plates,  v.  sol.  water. 

Chloride  Ci^HnN^SO^Cl.  [240°]. 

Di-hromo-  derivative 
C,H^Br.NH.NH.C,H3Br.S03H.    Formed  as  a  by- 
product in  the  oxidation  of  C^H.,Br2(NH.,)S0.jH 
[1:3:6:4]  by  KMnO,,  (Limpricht,  B.  18,  1425).— 
KA'  aq  :  long  needles. 

s-Di-phenyl-hydrazine  di-)n-sulphonic  acid 
N,,H„(C6Hj.S03H),.  S.  -079  at  22°.  Formed  by 
reduction  of  nitro-,  azo-,  or  azoxy-  benzene-sul- 
phonic  acid  (Limpricht,  B.  11,  1048  ;  21,  3409; 
23,  1057 ;  Brunnemann,  A.  202,  344  ;  Mahren- 
holz  a.  Gilbert,  A.  202,  337;  Neumann,  B.  21, 
3419).  White  needles,  v.  e.  sol.  water,  almost 
insol.  alcohol  and  ether.  Readily  reduces 
ammoniacal  AgNO^  and  Fehling's  solution. 
HClAq  immediately  forms  benzidine  disulphonic 
acid.— KjA"  aq.— BaA"  2aq. 

.4«iideNH(CjH,.S0.,NH„).NH.C,H^.S0.,NH.,. 
[248°].  Formed  by  reducing  N.,(C,H.,.SO,NH,); 
with  zinc-dust  and  NHjAq  or  HOAc  (Limpricht 
a.  F.  Meyer,  A.  268,  132).  White  needles  (from 
50  p.  c.  acetic  acid) ,  almost  insol.  water,  ether,  and 
toluene.  Reduces  ammoniacal  AgNO^  forming 
a  mirror.  HClAq  converts  it  into  the  amide 
of  diamido-diphenyl  (benzidine)  disulphonic 
acid,  7«-amido-benzene  sulphonic  amide  and 
N„(C,H^.S0,NH2),.  —  N.,H,(C,H^.S03NHK)2liaq. 
Thin  needles  or  plates  quickly  oxidised  by  air. — 
N2H.,(CsH,.S0jNHNa).,2iaq  :  needles. 

s-Di-phenyl-hydrazine  di-p-sulphonic  acid 
N2H2(CgH4.SO.,H)2.  Obtained,  in  the  same  way 
as  the  preceding  acid,  from  amido-benzene 
2J-sulphonic  acid. — BaH„A"2. — BaA":  crystalline. 


Isomeride. — V.  Benzidine  tetrasulphonic 
ACID,  vol.  i.  p.  174. 

DI  -  PHENYL  -  HYDRAZINE  iz-DI-THIO- 
CARBOXYLIC  ACID  NPh„.NH.CS.SH.  [c.  109°]. 
Formed  by  dissolving  NPhj.NH^  in  CS.,  (Stahel, 

A.  258,  249).  Golden  prisms,  v.  sol.  alcohol, 
insol.  water. 

s-Di-phenyl-hydrazine  di-m-thiosnlphonic 
acid  N2H2(CsHj.SO„SH)„.  Formed,  together  with 
N,2(C,,H,.S02.SH)2,  by  adding  N2(C«H,.S02C1)2  to 
a  cold  saturated  solution  of  I5a(SH)2  (Limpricht, 

B.  18,  1470;  A.  220,  854).  White  amorphous 
pp.,  becoming  sticky  on  boiling  with  water. 
Oxidised  by  KMnO^  to  N2(C,H^.S03H)2.  — 
BaA"  2aq :  minute  needles,  si.  sol.  cold  water. 

TRI  -  PHENYL  -  HYDRAZOIN  is  Bem- 
hydrazo'Ln,v.  s-Di-phenil-htdrazine,  Reaction5. 

DI-PHENYL-HYDROQUINONE  C„H„02  i.e. 
CgH2Ph2(OH)2  [5:2:4:1].  [219°].  Formed  by  re- 
ducing di-phenyl-quinone  with  aqueous  SO2 
(Mtiller  a.  Pechmann,  B.  22,  2131).  Colourless 
cubes  (from  dilute  alcohol). 

PHENYL-IMESATIN  v.  Isatin. 

PHENYL-IMIDO-DIACETIC  ACID 
NPh(CH2.C02H)2.  [150°-155°] .  A  product  of 
the  action  of  aniline  on  chloro-acetic  acid  (P. 
Meyer,  B.  14,  1325  ;  Hausdorfer,  B.  22,  1796). 
Formed  also  by  heating  phenyl-amido-acetic 
acid  with  chloro-acetic  acid  and  NaOAcat  120°- 
130°  (H.).  Needles,  v.  sol.  hot  water  and  alcohol. 
NPhHjA'.  Needles  (from  alcohol).  Decom- 
poses at  151°. 

Mo7io-anilide 
CO2H.CH2.NPh.CH2.CO.NHPh.  [213°].  Formed 
together  with  the  dianilide  by  heating  the  acid 
with  aniline  at  175°.  Needles.  Its  ether 
CO2Et.CH2.NPh.CH2.CO.NHPh  [122°]  is  got  by 
heating  the  anilide  of  phenyl-amido-acetic  acid 
(q.v.)  with  ether  and  NaOAc  at  140°. 

Di-anilide  NPh(CH2.CO.NHPh)2.  [213°]. 
Needles,  v.  si.  sol.  alcohol. 

TRI  -  PHENYL  -  TRI  -  IMIDO  -  BENZENE 
CjiHjiNj  i.e.  C„H3(NHPh)3.  [242°].  Formed  by 
warming  C,;H^Cls  with  aniline  (Mohr,  M.  11,  22). 
Golden  plates,  v.  sol.  chloroform,  insol.  water 
and  alcohol.  Cone.  HjSO,  gives  a  dark-blue 
colour  changed  to  violet  by  potash. 

PHENYL  -  IMIDO  -  BENZYL  -  MALONIC 
ETHER  C,.H5.C(NPh).CH(C0.Et),.  [75°]. 
Formed,  together  with  (C,H3.C(NPh))2C(C02Et)2, 
by  the  action  of  sodium  malonic  ether  on  the 
compound  Ci.H^.CChNPh  (Just,  B.  18,  2624). 
Decomposes  at  150°  into  alcohol  and  oxy- 
phenyl-quinoline  carboxylio  ether. 

Di-PHENYL  IMIDO-DI-ETHYL  DISUL- 
PHONE  NH(CH.,.CH2.SO„.C„H5)2.  [78°].  Got 
by  heating  C.,H^(S02.C„H5)„  with  NH.,Aq  is  sealed 
tubes  (Otto,  J.pr.  [2]  30,  324).  Triolinic  plates 
(from  alcohol).— Nitrate:  [190°].— B'HCI. 
[193°].— B'.,H2PtCl„ :  plates,  si.  sol.  water. 

PHENYL  -  IMIDO  -  METHENYL-o-AMIDO- 

PHENOL       C„H^<;^Q^>C:NPh.      [c.  230°]. 

Formed  by  heating  CgHj<:^-^^CO  with  anil- 
ine at  210°  (Von  Chelmicki,  J.  pr-  [2]  42,  440). 
Needles,  insol.  water,  si.  sol.  cold  alcohol. 

DI-PHENYL-DI-IMIDO-NAPHTHOL  v.  (0)- 
Naphthoquinone,  Reaction  5. 

PHENYL-IMIDO-DINAPHTHYL  v.  Phentl- 

DINAPHTHYLENB  AinNB. 
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PHENYLIMIDO  -  PHENYL  -  METHYL  -  THI  - 

AZOLE    DIHYDEIDE     NPh<^^[^J'^'-^g.  . 

[138°].  Formed  from  di-phenyl-thio-urea  and 
chloro-acetone  (Traumann,  A.  249,  51).  Yel- 
lowish prisms,  insol.  water,  v.  sol.  etlier. 

DI  -  PHENYL  -  DI  -  IMIDO  -  DI  -  PHENYL  - 
OIAZTHIOLE  TETEAHYDRIDE  C;^H.,„N,S  i.e. 

^<C(NPh):lph  •  oxidising  di- 

phenyl-thio-urea  with  H.,0.,  (Hector,  B.  23,  357). 

PHENYL-IMIDO-PEOPIONIC  ACID 
CH.,.C(NPh).CO,Jl.  Anilpyruvic  acid.  [122°]. 
Formed  from  aniline  and  pyruvic  acid  in  ether 
(BOttinger,  B.  16,  1924  ;  A.  188,  336  ;  263,  126). 
Crystals,  v.  sol.  water.  Decomposed  by  boiling 
water.    Br  yields  C„H,3Br3N„0,,  [264°]. 

Isomeride  v.  Imido-phenyl-propionic  acid. 

PHENYL-IMIDO-SUCCINIC  ACID 
CO,H.CH,,.C{NPh).CO,H.    [150°].    Formed  by 
the  action  of  dilute  (1  p.c.)  KMnOj  on  '  pyranil- 
pyroic  '  acid  (Anschiitz,  B.  22,  738  ;  c/.  Reissert, 
B.  21,  1942).    Decomposed  on  fusion. 

PHENYL-IMIDO-THIAZOLE  DIHYDEIDE 

C(NPh)<^^g^g.    [124°].    Formed  from 

CH,Cl.CHC1.0Et  and  phenyl-thio-urea  (Niif,  A. 
265,  125).    White  needles,  sol.  alcohol.  Yields 
a  nitrosamine  C,H,(NO)N,S  [58°]. 
Di-phenyl-imido-thiazole  dihydride 

C(NPh)<^^~^g.    [105°].    Formed  from  di- 

chloro-di-ethyl  oxide  and  di-phenyl-tliio-urea. 
DIPHENYLINE  v.  Di-amido-diphenyl. 
PHENYL-INDAZINE  C.^Hj^Nj  i.e. 

C6H,<^jj>NPh.  [84°].  (345°uncor.).  Formed 

by  reducing  o-nitro-benzyl-aniline  with  tin  and 
HClAq  (Paal,  B.  23,  2640;  24,  961).  Needles 
{from  alcohol).  Not  affected  by  distillation  over 
red-hot  zinc-dust.  Reduced  to  a  dihydride  [98°] 
by  adding  Na  to  its  alcoholic  solution.  Yields  a 
methylo-iodide  B'Mel  [188°]. 

PHENYL-INDOLE  C,H,<;^pj^^CH.  (327° 

1.  V.).  Formed  by  heating  its  carboxylic  acid 
[176°]  (Fischer  a.  Hess,  B.  17,  567 ;  PfiUf,  A. 
239,  221).  Oil,  V.  sol.  alcohol.  Its  solution  in 
HClAq  colours  pine-wood  intensely  violet. 

Phenyl-indole  C,H,<;^g^CPh.  Methyl- 

flieymnthridinc.    [186°].    (above  360°). 

Formation. — 1.  By  boiling  w-bromo-aceto- 
phenone  or  phenyl-to-amido-acetophenone  with 
aniline  (Mohlau,  B.  14, 173  ;  15,  2480  ;  18, 165). 

2.  By  heating  the  phenyl-hydrazide  of  aceto- 
phenone  or  of  phenyl-acetic  aldehyde  with  ZnCI., 
at  180°  (Fischer,  B.  19, 1565  ;  21, 1071  ;  ^.236^ 
135). — 3.  By  passing  benzylidene-o-toluidine 
through  a  red-hot  tube  (Etard,  Bl.  [2]  39,  531). 
4.  By  the  action  of  zinc-dust  and  NH.,Aq  on 
C,H,(N0„).CH,.C0.C,H5  (Pictet,  B.  19,  1065). 

Properties.— Colourless  plates,  insol.  water. 
May  be  sublimed.  Colours  pine-wood  violet- 
blue.    Yields  B'C.HjN.O,  [127°].    Nitrous  acid 

forms  a  nitroso- derivative  C,,H^<^^l^g^^CPh 

[c.  258°],  which  yields  B'HCl,  B'HNO,,  and 
NaC,jH„N,0,  and  may  be  reduced  to  amido- 
phenyl-indole  [174°]. 

Dihydride  C,,,H,3N.    [46°].    Formed  by 
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boiling  phenyl-indole  with  zinc-dust,  alcohol, 
and  HCl.  Colours  pine-wood  orange.  Yields  a 
nitrosamine. 

Phenyl-indole     C,H,<^^^'^CH.  [89°]. 

Formed  by  the  action  of  alcoholic  HCl  on  the 
phenyl-hydrazide  of  phenyl-acetic  aldehyde 
(Fischer,  B.  21,  1811).  White  plates  (from 
ligroin),  v.  sol.  alcohol.  Converted  by  heating 
for  fifteen  minutes  with  ZnCl,  into  the  preceding 
isomeride  [186°].    Yields  a  jiicrate  [107°]  and  a 

nitrosamine  C,H^<^^t^j^qj^CH    [61°]  which 

gives  Liebermann's  reaction  (Ince,  A.  253,  37). 

Di-phenyl-indole  C,H,<^^^^CPh.  [123°]. 

Formed  by  heating  the  phenyl-hydrazide  of  de- 
oxybenzoin  with  ZnCl,  (Fischer,  B.  19,  1566  ;  A. 
236,  136).  Colourless  crystals,  v.  sol.  alcohol. 
Does  not  give  the  pine-wood  reaction.  Its  picrate 
crystallises  in  dark-red  needles. 

Di-phenyl-indole  C,H^<^^^CPh.  (above 

360°).  Got  by  heating  the  M-di-phenyl-hydrazide 
of  acetophenone  with  ZnCL  at  175°  (Pfiilf,  -4. 
239,  223).  Oil.  Colours  acidified  pine-wood 
bluish-violet. 

PHENYL-INDOLE  CARBOXYLIC  ACID 

C„H„NO,  i.e.  C,H,<^(g^jg)^CH.  [176°]. 

Formed  by  heating  the  di-piienyl-hydrazide  of 
pyruvic  acid  with  HOAc  and  HClAq  (E.Fischer, 
B.  17,  567).  Needles,  v.  si.  sol.  water,  v.  sol. 
alcohol.    NaOCl  in  the  cold  forms  pihenyl-<f'- 

isatin  C,H,^j^pj^\.CO.    [134°]  (Pfulf,  A.  239, 

222). 

PHENYL     INDOXAZINE  C,H,<^^^N. 

[84°].    Got  from  o-bromo-benzophenone  and  an 
alkaline  solution  of  phenyl-hydrazine  (Cathcart 
a.  V.  Meyer,  B.  25,  1498).    Large  crystals. 
PHENYL-INDULINE  C.,,H„N3  i.e. 

6fNPl^:^a6:NPh>CA.  [231°].  Mol.w.(by 
Raoult's  method)  320-370  (calc.  347).  Formed 
from  amido-phenyl-induline  [152°]  by  treatment 
with  nitrous  acid  (Fischer  a.  Hepp,  A.  262,  257  ; 
266,263).  Reddish  tables,  with  blue  reflex;  v. 
sol.  benzene,  insol.  ligroin.  Heated  with  HOAc 
(5  pts.)  and  HClAq  (25  pts.  of  20  p.c.)  at  165° 
for  six  hours  it  forms  :  (a)  G^jHigNjO  crystallis- 
ing from  benzene  in  steel-blue  plates  [218°], 
forming  a  brownish-red  solution  in  HClAq,  and 
converted  by  cone.  HClAq  at  200°  into  a  com- 
pound C,sH,  ,N.-,0.,;  (b)  the  compound  CigHnNoO, 
[c.  280°]  which  crystallises  from  benzene  or 
alcohol  in  brownish-yellow  prisms  or  plates,  and 
is  both  base  and  phenol.  Its  hydrochloride 
crystallises  from  cone.  HClAq  in  prisms  with 
green  lustre  ;  (c)  beiizolindone  C,„H|.,N20  ;  (d)  a 
body  which  dissolves  in  benzene  with  fiery  brown 
fluorescence,  and  is  perhaps  carbazole-tluor- 
indine  (Fischer  a.  Hepp,  A.  266,  249). 
Benzoliudoue  CuHijNjO  i.e. 

CO  CH  C  NPh^^'*'^'"  Fo™ed  by  heating 
phenvl-induline  with  HOAc  and  HClAq  at 
160°-200°  (Fischer  a.  Hepp,  A.  266,  263). 
Lustrous  brown  plates,  insol.  alkalis,  sol.  dilute 
HClAq,  forming  a  rose-coloured  solution.  Its 

E 


60 


PHENYL-INDULINE. 


solution  in  cone.  H2SO4  is  green.  Yields 
phenazine  on  distillation  with  zinc-dust. 

PHENYL  IODIDE  v.  Iodobenzene. 

PHENYL  lODOMETHYL  SDLPHONE 

CjH^.SO^.CHJ.  [64-5°].  Formed  from  benzene 
sulphinic  acid,  NaOEt,  and  CHJ^  at  100° 
(Michael  a.  Palmer,  Am.  6,  253).  Prisms  (from 
alcohol).  NaOEt  at  75°  gives  phenyl-methyl 
sulphone  and  products  of  oxidation  (Otto,  B.  21, 
654). 

PHENYL-ITACONIC  ACID 

CHPh:C(CO.H).CH2.C02H.  [172°].  Formed  by 
the  action  of  Na  or  NaOEt  on  phenyl-paraconic 
acid  (Fittig,  A.  256,  68).  Prisms,  si.  sol.  cold 
water.  Yields  phenyl-isocrotonic  acid  [179°] 
and  7-oxy-phenyl-butyric  lactone  [37°]  when 
boiled  with  diluted  H^SO,  (1:1).  Br  gives  bromo- 
phenyl-paraconic  acid  C,,H;,Br04  [99°]  and  an 
isomeride  [144°].— BaA"  2iaq.— CaA".— Ag.,A". 

EtJnjl  ether  EUA".    (315°  uncor.).  Oil. 

Di-PHENYL-KETONE  v.  Benzophenone. 

Di-phenyl  diketone  v.  Benzll. 

Di-phenyl  triketone  CsH5.CO.CO.CO.CeH5. 
[70°].  (248°  at  40  mm.).  Formed  by  distilling 
CBZjBr.OAc  in  vacuo.  Formed  also  by  adding 
aqueous  NaNO,  to  a  solution  of  the  mono-oxim 
in  HOAc,  and  boiling  (Pechmann,  B.  22,  852; 

23,  3375).  Hygroscopic  golden  needles  (from 
ligroin),  v.  sol.  all  solvents.  Give  a  blue  colour 
with  H2SO4  and  benzene  that  contains  thio- 
phene. 

Reactions. — 1.  Alkalis  decompose  it,  forming 
benzoin,  benzoic  acid,  and  CBzPh(0H).C02H 
[118°]. — 2.  PJienyl-hydrazine  forms  a  phenyl- 
hydrazide  C2,H||^Nj02  [c.  135°],  benzene-azo-tri- 

phenyl-pyrazole  CH^.N^.C^g^^jg^^  [157°], 

and  a  third  compound  [223°]. — 3.  Anilijie  gives 
rise  to  CPh(NPh).C(OH),.COPh  [100°]  and 
C(0H).(CPh:NPh)2  [148°].  " 

Hydrate  Bz2C(OH)2.  [90°]. 

Mono-oxim  Bz^CiNOH.  [146°].  Formed 
from  BzjCHo  and  nitrous  acid. 

Tri-oxim  (C,H5.C(N0H))-,C:N0H.  [186°]. 
Formed  from  the  triketone  and  hydroxy lamine. 

Di-phenyl  tetraketone 
C.Hj.CO.CO.CO.CO.CeHj.    The  hydrate  [88°]  of 
this  body  is  formed  by  the  action  of  cone.  HNO3 
on  phenyl-glyoxal  (Abenius  a.  Soderbaum,  B. 

24,  3034). 

DI-PHENYL-KETONE  CARBOXYLIC  ACID 

V.  Benzoyl-benzoic  acid. 

Di-phenyl  ketone  dicarboxylic  acid  v.  Benzo- 
phenone DICARBOXYLIC  ACID. 

Di-phenyl  diketone  o-carbozylic  acid 

CsH^.CO.CO.CeH^.COjH.  Formed  by  oxidising 
deoxybenzoin  o-carboxylic  acid  with  alkaline 
KMnOj  (Graebe,  B.  21,  2003  ;  23, 1344).  Occurs 
in  a  yellow  modification  [141*5°]  and  a  white 
variety  [125°-130°] .  The  yellow  modification  is 
nearly  twice  as  sol.  alcohol  and  chloroform  as 
the  white  variety,  and  is  converted  into  the 
white  variety  by  dissolving  in  alkali  and  ppn. 
by  acids.  The  white  modification  changes  into 
the  yellow  one  at  115°-125°. 

Dicarboxylic  acid  v.  Diphthalylic  acid. 

DI-PHENYL-KETOXIM  v.  Oxim  of  Benzo- 
phenone. 

PHENYLLACTIC  ACID  v.  Oxy-phenyl-pro- 

PIONIC  ACID. 

PHENYL-LACTIMIDE  v.  vol.  i.  p.  180. 


PHENYL-LUTIDINE-CARBOXYLIC  ACID  v. 

PHENYL-DI-METHYIi-PYRrDINE-CAEBOXYLIC  ACID. 

PHENYL-LUTIDONE     v.  Oxy-phenyl-di- 

METHYL-PYRIDINB. 

PHENYL-MALEiC  ACID  C,„Hs0,  i.e. 
C02H.CPh:CH.C0,H.    Formed  by  dissolving  its 
anhydride  in  water  and  extracting  with  ether 
(Alexander,  A.  258,  77).    Prisms,  m.  sol.  water. 
]3egins  to  lose  water  below  100°. 

Anhydride  cph  CO^^"  Formed 
by  distilling  phenyl-malic  acid.  Needles,  insoL 
water,  v.  sol.  chloroform  and  ether. 

Di-phenyl-maleic  acid  C02H.CPh:CPh.C02H. 
Stilbene  dicarboxylic  acid.  Formed  by  saponi- 
fication of  its  nitrile.  Its  ether  is  formed^ 
together  with  di-phenyl-fumaric  ether,  by  the 
action  of  Na  on  o-bromo-phenyl-acetic  ether  in 
ether  (Eeimer,  B.  14,  1800  ;  Eiigheimer,  B.  15,. 
1626).  The  free  acid  splits  up  at  once,  on 
liberation  from  its  salts,  into  H,0  and  anhy- 
dride. On  distillation  with  lime  it  yields  s-di- 
phenyl-ethylene. — KjA"  :  needles,  v.  sol.  water. 
— Ag.,A"  :  amorphous  pp. — AgHA"  :  needles. 

Ethyl  ether  Btr,A".    [54°].  Prisms. 

I7nide  C,6H,„02(NH).  [213°].  Needles,, 
almost  insol.  water,  v.  sol.  alcohol. 

Phenylimide  C,eH,o02(NPh).  [175°]. 
Formed  by  heating  the  anhydride  with  aniline 
at  120°  (Anschiitz  a.  Bendix,  A.  259,  63). 

Nitrile  CN.CPh:CPh.CN.  Dicyanostilbene, 
[158°].  Formed  by  heating  a-bromo-phenyl- 
acetonitrile  alone  or  vnth  alcoholic  KCy  (Reimer, 
B.  14,  1798).    Plates  (from  benzene). 

Isonitrile.  [242°].  Occurs  in  small 
quantity  in  the  preparation  of  the  nitrile  by 
heating  the  product  of  bromination  of  phenyl- 
acetonitrile.  Golden  needles  (from  alcohol). 
Yields  an  acid  [222°]  on  saponification. 

Anhydride  cphCO^^' 
at  15  mm.).  Formed  by  adding  HCl  to  solu- 
tions of  salts  of  the  acid,  or  by  heating  di-phenyl- 
fumario  acid  at  260°  (Reimer,  B.  13,  742).  Tri- 
metric  needles  (from  dilute  alcohol),  a:b:a 
=  •693:1: -385,  insol.  water,  sol.  CS,.  May  be 
sublimed.  Its  alkaline  solution  reduces  AgNOj. 
Not  changed  by  NaOHAq  into  the  fumaroid 
form  (Delisle,  A.  269, 91).  NaOHAq  (15  p.c.)  at 
100°  forms  a  polymeride  melting  much  above 
250°,  insol.  water  and  other  solvents. 

Reactions. — 1.  Reduced  in  alcoholic  solution 
by  zinc-dust  and  HCl  to  a  mixture  of  the  two  di- 
phenyl-succinic  acids. — 2.  Fuming  HNO3  gives 
rise  to  an  amorphous  di-nitro-  derivative 
{Cfi^{^0.^).f!lfi3•—i■p-Tolyl-acetic  acid  forms 
C4Ph202:CH.C,H,  [165°],  crystaUising  in  yeUow 
needles. — 4.  Phenyl-acetic  acid  and  NaOAc  at 

225°  form  cPhCO^^^^^^  ^176°],  which  may 

be  reduced  by  HI  and  P  to  benzyl-di-phenyl- 

maleide  §p^co.^^fj^^O  [128°]  (Gabriel  a. 

Cohn,  B.  24,  3228,  3854).  The  compound 
C4Ph202(CHPh)  combines  with  Br,  forming 
C4Ph^r02(CH:BrPh)  [154°],  which  splits  up  at 
155°-160°  into  HBrand  C,Ph202(CBrPh)  [165°]. 
The  compound  C4Ph„H02(CH2Ph)  is  converted 
by  potash  into  C02H.C2Ph2.CH(OH).CH2Ph 
[174°],  and  by  an  alcoholic  solution  of  NEtH2into 
CO(NHEt).C2Ph2.CH(OH).CH2Ph  [196°].  The 
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compound  C^Ph.O^CHPh)  is  converted  by  KOH 
into  C4Ph„02(OH).CH2Pli  [185°],  and  in  benzene 
solution  by  HNO,  into  CjPh,0,(0H).CH(N02)Ph 
[125°]  (which  yields  an  acetyl  derivative  [1G6°^,), 
and  the  compound  C.,PhA(NO,,).CH(NO,,)Ph 
[146°],  which  is  converted  by  boiling  alcohol  into 
C,Ph,,0,:C{N02)Ph  [177°],  a  body  that  may  be 
reduced  by  HI  and  P  to  iso-benzyl-diphenyl- 
maleide  [118°].  Benzyl-di-phenyl-maleide  is 
converted  by  alcoholic  NHg  at  180°  into 
gPh.CH(CH^X_j^jj  [170°],  which  yields  a 

nitrosamine  [13(5°]. 

PHENYL-MALIC  ACID  v.  Oxy-phenyl-suc- 

CINIC  ACID. 

PHENYL-MALONAMIC  ACID   v.  Malonic 

ACI1>. 

DI  -  PHENYL  -  MALONIC  ACID.  Ethyl 
ether  of  tlie  nitrite  Cl'h..(CN).C0J3t.  [59°]. 
Formed  from  CPh„Cl.CO..Et  and  HgCy^  at  125° 
(Bickel,  B.  22,  1537).    YeUowish  tables. 

Reference. — Di-NiTno-PHENYL-MAXoNic  ethee. 

PHENYL  -  MANDELIC  ACID  v.  Phenyl 
derivative  of  Mandelic  acid. 

PHENYL-MELAMINE  v.  vol.  ii.  p.  322. 

PHENYL  MERCAPTAN  C.HjSH.  Thio- 
phcnol.  Flicni/l-sulj>hydrate.  Mol.  w.  110. 
(168°)  (L.)  ;  (172°)  (F.  a.  C).    S.G.  ^  1-078. 

Formation. — 1.  A  product  of  the  dry  distilla- 
tion of  sodium  benzene  sulphonate  (Kekul6,  Z. 
1867,  194  ;  Stenhouse,  A.  149,  248  ;  Pr.  17,  62). 
2.  Together  with  Ph.^S  and  diphenylene  sulphide 
by  heating  benzene  with  S  and  AICI3  at  75° 
(Friedel  a.  Crafts,  C.  Ii.  86,  884  ;  A.  Ch.  [6]  14, 
437).— 3.  By  distilling  phenol  (10  mols.)  with 
P„Sj  (1  mol.),  the  yield  being  6  p.c.  of  the  phenol 
used  (Kekule,  Z.  [2]  3,  193,  306;  Beckmann, 
J.  pr.  [2]  17,  456).— 4.  From  Ph„S.,  and  K,.S  in 
alcohol  (Otto  a.  Rossing,  B.  19,  3129).— 5.  By 
distilling  CsH3.S0.,Na  with  NaSH  (Stadler,  B. 
17,  2080). 

Preparation. — Phenyl  ethyl  dithiocarbonate, 
or  a  mixture  of  diazobenzene  chloride  solution 
and  potassium  ethyl  dithiocarbonate  (xanthate) 
is  boiled  with  alcoholic  potash  until  the  solution 
remains  clear  on  addition  of  water.  The  alco- 
hol is  then  distilled  off  and  the  residue  dissolved 
in  water,  mixed  with  a  little  HjSO,  and  zinc- 
dust  (to  prevent  oxidation),  and  distilled  with 
steam.  The  distillate  is  extracted  with  ether. 
The  yield  is  75  p.c.  of  the  theoretical  (Leuckart, 
pr.  [2]  41,  187). 

Properties.— Oil,  v.  sol.  alcohol  and  ether. 
Smells  like  garlic.    Attacks  the  skin.  Cone. 

forms  a  violet  solution,  changing  on 
warming  through  cherry-red  to  blue  (Baumann, 
H.  5,  321 ;  cf.  Brunner,  B.  4,  984). 

Reactions. — 1.  Eeadily  oxidised  to  Ph,.S,. — 
2.  CH3CCI3  and  dilute  (20  p.c.)  NaOHAq'form 
CH3.C(SPh)3,  crystallising  in  white  plates ;  v. 
sol.  hot  alcohol  (Laves,  B.  25,  353).— 3.  Accto- 
acetic  ether  and  dry  hydrochloric  acid  form 
CH3.C(SPh)2.CHj.CO,,Et  [58°],  crystallising  from 
alcohol  in  plates.  Not  attacked  by  boiling  HClAq, 
but  decomposed  by  alkalis  into  alcohol,  PhSH, 
and  CH3.C(SPh):CH.C0,,H  [177°]  (Escales  a. 
Baumann,  B.  19,  1790).— 4.  NH^.COCl  forms 
NH,.CO.NH.CO.SPh  [218°]  (Gattermann,  A. 
244,  43).— 5.  Acetotie  and  HCl  in  the  cold 
give  Me,C(SPh),  [56°]  (Baumann,  B.  19, 
2804),  which  is  oxidised  by  KMnO,  and  HSO^ 


to  Me.,C(SO,Ph),,  [97°].  —  6.  Chloro  ■  acetone 
reacts  on  PhSNa  in  ether,  forming  acetonyl- 
phenyl-sulphide  PhS.CH.,.C0.CH3  [35 "]  (269°) 
S.G.  J  1-244  (Delisle,  A.  260,  252).  This  body 
crystallises  in  prisms,  si.  sol.  hot  water,  v.  sol. 
alcohol ;  combines  with  KHSO3,  yields  a  phenyl- 
hydrazide  [82  5°],  and  is  converted  by  oxida- 
tion into  Ph.S0,.CH,.C0.CH3  [57°].  Acetonyl- 
phenyl  sulphide  may  be  converted  by  successive 
1  treatment  with  HCy,  alcoholic  hydrochloric 
acid,  and  alcoholic  potash  into  the  acid 
PhS.CH,.CMe(OH).CO,H  [97°],  which  yields 
CaA'.,  aq,  BaA'o  aq,  and  AgA',  and  is  oxidised  by 
KMnb,  to  Ph.SO.,.CH,.CMe(OH).COjH  [121°].— 
7.  Chloral  forms  CCl,.CH(OH)(SPh)  [53°],  de- 
composed by  heat  into  its  components  (Baumann, 
B.  18,  886). — 8.  Combines  with  pyruvic  acid, 
forming  CH3.C(0H)(SPh).C0,H  [87°],  but  in 
presence  of  gaseous  HCl  it  forms  the '  mercaptol ' 
CH3.C(SPh),.C0.,H  [117°]  which  is  not  attacked 
by  boiling  HClAq  or  alcoholic  potash. — 9.  Phenyl- 
glyoxylic  aczd forms C,H..C(0H)(SPh).C02H con- 
verted by  HCl  gas  into  C„H5.C(SPh),..CO,,H[143°] 
(Escales  a.  Baumann, £.19, 1789).— 10.  h- Acetyl- 
propionic  acid  does  not  combine  directly,  but 
in  presence  of  hydrochloric  acid  it  forms 
CH3.C(SPh)2.CH,.CH„.CO„H  [69°],  which  is  not 
attacked  by  alkalis,  but  is  decomposed  by 
dilute  acids  into  PhSH  and  acetyl-propionic 
acid  (E.  a.  B.).— 11.  CH3.C0.CH,.SPh  forms 
CH3.C(SPh)2.CH,,.SPh  [55°],  crystallising  in 
cubes ;  v.  sol.  alcohol,  insol.  -water ;  converted 
by  oxidation  in  CH3.C(SPh)(S0,Ph).CH.,.S0,,Ph 
[157°],  crystallising  in  needles,  si.  sol.  cold 
alcohol,  split  up  by  alkalis  into  Ph.SO.,.CH.,, 
PhSH,  and  Ph.SO.H  (Autenrieth,  B'.  24, 
170).— 12.  CBr,(SO.,Et)..  and  NaOHAq  form 
PhS.CH(SO,^;t),,  [86"°],  crystallising  in  tables; 
V.  si.  sol.  hot  water,  v.  sol.  alkalis  ;  converted  by 
alcoholic  NaOH  and  Mel  into  PhS.CMe(S0,.Et)2 
[113°],  crystallising  in  white  needles  ;  m.  80I. 
hot  alcohol  (Fromm,  A.  253,  166  ;  Laves,  B.  25, 
361).  —  13.  NaSPh  reacts  with  isobutylene 
bromide,  forming  NaBr,  Ph„S.,,  and  isobutylene 
(Otto,  B.  23,  1052). 

Salts. — NaSPh.  When  Na  is  dissolved  in 
an  ethereal  solution  of  PhSH  containing  phenol, 
a  pp.  of  NaSPh  is  got  while  NaOPh  remains  in 
solution. — Hg(SPh)., :  colourless  needles  (from 
alcohol).— ClHgSPh":  plates.— Pb(SPh),,:  yellow 
crystalline  pp.,  split  up  on  distillation  into  PbS 
and  PhjS. — Cu(SPh)„ :  pale-yellow  powder. — 
AgSPh  :  pale-yellow  crystalline  pp. 

Methyl  ether  PhSMe.  (188°).  Formed 
from  Pb(SPh).,  and  Mel  (Obermeyer,  B.  20, 
2926). 

Ethyl  ether  PhSEt.  (204°)  at  744  mm. 
Formed  from  NaSPh  and  EtI  at  120°  (Beck- 
mann, J.pr.  [2]  17,  457),  and  by  the  action  of 
PhSH  on  PhN,,Cl  (Stadler,  B.  17,  2078).  Liquid 
with  unpleasant  smell. 

Allyl  ether  v.  Phenyl  allyl  sulphide. 

Acetyl  derivative  PhSAc.  (229°).  Formed 
from  phenyl  mercaptan  and  AcCl  (Michler,  A. 
176,  177).  Oil. 

References.  —  Amido-,  Bromo-,  Chloro-, 
Chloeo-nitro-,  Niieo-,  and  Oxy-  Phenyl- 
uercaptan. 

PHENYL-MERCAPTUKIC  ACID  C„H,3NS03 
i.e.  NHAc.CMe(SPh).C02H.  [143°].  Formed 
by  reducing  bromo-phenyl-mercapturic  acid  with 
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sodium-amalgam  (Baumann,  B.  15,  1732 ;  18, 
258  ;  H.  5,  335  ;  8,  190).  Tetrahedra,  m.  sol. 
alcohol.  L«vorotatory  in  alcoholic  solution. 
Solutions  of  its  salts  are  dextrorotatory.  De- 
composed by  dilute  HjSO^  into  HOAc  and  phenyl- 
cystein. — BaA',  3aq :  needles. 

References. — Bromo-  and  Chloro-  Phentl- 

IIERCAPTCKIC  ACID. 

PHENYL-MESITYL-CARBINOL  v.  Phenyl- 

TKI-METHTL-PHENYL-CARBINOL. 

PHENYL-MESITYL-CARBINOL  CARBOXY- 
LIC    ANHYDRIDE    v.    Tei  -  methyl- phenyl- 

PHTHALIDE. 

PHENYL  MESITYL    KETONE  v.  Phenyl 

TRI-METHYL-PHENYL  KETONE. 

PHENYL-METHACRYLIC  ACID  v.  Phenyl- 

CEOTONIC  ACID. 

PHENYL-METHACRYLIC  ALDEHYDE 

CHPh:CMe.COH.  (150°  at  100  mm.).  Formed 
by  adding  NaOHAq  to  a  mixture  of  benzoic 
aldehyde  and  propionic  aldehyde  (Miller  a.  Kin- 
kelin,  B.  19,  525).  Oil.  Eeduces  ammoniacal 
AgNO;;.  Combines  with  bisulphite.  Yields  a 
phenyi-hydrazide  [137°]. 

PHENYL-METHANE  v.  Toluene. 

Di-phenyl-methane  C13H12  i.e.  CH.,Ph.,.  Mol. 
w.  168.    [25°].    (c.  263°). 

Formation.— 1.  Together  with  CsH,(CH2Ph),, 
by  boiling  benzyl  chloride  with  benzene  and 
zinc-dust  (Zincke,  B.  4,  298  ;  C.  J.  24,  508,  688). 
2.  By  the  action  of  HoSO^  and  HOAc  on  a  mix- 
ture of  benzene  and  benzyl  alcohol  (Meyer  a. 
Wurster,  B.  6,  963). — 3.  By  heating  benzo- 
phenone  with  zinc-dust  (Staedel,  B.  6,  1401 ;  7, 
1480;  c/.Barbier,  C.  B.  79,  812),  or  by  reducing 
it  with  HI  and  P  (Graebe,  B.  7,  1624),  or  Zn 
and  H,SO,  (Zincke,  B.  10,  1473).— 4.  From 
benzene,  CHjCL,  and  AICI3  (Friedel  a.  Crafts, 
Bl.  [2]  41,  324;"yl.  Ch.  [6]  11,  264).— 5.  From 
CH„(OMe)„,  benzene,  HOAc,  and  H^SO^  (Baeyer, 
B.  6,  221).— 6.  By  distilling  barium  di-phenyl- 
acetate  with  soda-lime  (Jena,  A.  155,  86). 

Preparation. — By  adding  AlCl,  (35  g.)  to  a 
mixture  of  benzyl  chloride  (100  g.)  and  benzene 
(500  g.)  (Friedel  a.  Crafts,  A.  Ch.  [6]  1,  478  ;  Bl. 
[2]  33,  337). 

Properties. — Prisms,  v.  sol.  alcohol  and  ether, 
smelling  like  oranges.  According  to  Keissert 
(B.  23,  2242)  it  melts  at  23°.  Oxidised  by 
chromic  acid  mixture  to  benzophenone.  Yields 
diphenylene-methane  when  passed  through  a 
red-hot  tube  (Graebe,  B.  7,  1623).  Prolonged 
treatment  with  CI  in  presence  of  I  forms  CCl^ 
and  C.Clg  (Ruoff,  B.  9,  1048). 

Tri-phenyl-methane  C,pH,g  i.e.  CHPhj.  [92°1. 
(330°)  (Schwarz) ;  (355°)  (K.  a.  F.). 

Formation. — 1.  By  heating  PhCHCl^  with 
HgPh,  at  150°  (Kekul6  a.  Franchimont,  B.  5, 
907).— 2.  By  heating  Ph.,CH(OH)  with  benzene 
and  PjOj  at  135°  (Hemilian,  B.  7,  1203).— 3. 
By  heating  (j8)-benzpinacolin  CgH^jO  with  soda- 
lime  at  300°  (Thorner  a.  Zincke,  'B.  9,  65).— 4. 
Together  with  a  little  CH^Ph^  by  adding  AICI3 
to  a  mixture  of  chloroform  and  benzene  (Friedel 
a.  Crafts,  J.  pr.  [2]  16,  233  ;  A.  Ch.  [6]  1,  496). 
5.  With  other  products,  by  the  action  of  AICI3 
on  benzene  mixed  with  CH„C1,,  with  CCl^,  with 
PhCCl,,  and  with  CPhHBr.CPhHBr  (Magatti,  B. 
12,  14(38;  Schwarz,  B.  14,  1526;  Anschiitz,  vl. 
235,  208). — 6.  By  heating  benzoic  aldehyde 


(100  g.)  with  benzene  (147  g.)  and  ZnCl,  (100  g.) 
at  260°  for  7  hours  (Griepentrog,  B.  19,  1876  ; 
^.242,  329). 

Preparation. — AICI3  (500  g.)  is  slowly  added 
to  a  mixture  of  benzene  (1400  g.)  and  chloroform 
(400  g.).  The  mixture  is  finally  heated  on  the 
water-bath,  water  is  carefully  added,  and  the 
oil  dried  and  fractionally  distilled.  It  is  finally 
purified  by  conversion  into  the  compound  with 
benzene  (Allen  a.  KoUiker,  A.  227,  108 ;  cf. 
Fischer,  A.  194,  252  ;  Schwarz,  B.  14,  1516). 
If  the  benzene  contains  toluene  the  product  will 
contain  a  homologue  (Hanriot,  Bl.  [3]  1,  773). 

Properties. — Plates  (from  alcohol),  v.  sol. 
benzene,  ether,  and  CHCI3,  m.  sol.  cold  alcohol. 
Crystallises  from  benzene  in  efflorescent  rhombo- 
hedra  OHPhjCsH,  [76°].  Oxidised  by  chromic 
acid  to  tri-phenyl-carbinol  [159°].  AICI3  at 
120°  decomposes  it,  but  below  80°  it  forms 
CH^Ph,  (Friedel  a.  Crafts,  C.  B.  100,  692).  On 
exhaustive  chlorination  with  SbCl,  it  yields  CCl^ 
and  C,C1,.  (Merz  a.  Weith,  B.  16,  2876).  Na  has 
no  action  at  300°,  but  K  at  200°  forms  a  red 
substance  (CKPh3).  K  at  250°  forms  a  dark 
mass,  whence  HClAq  liberates  C,9H,4  [148-5°] 
(360°)  (Hanriot  a.  Saint-Pierre,  C.  B.  108,  1119  ; 
Bl.  [3]  1,  774).  The  potassium  derivative  CKPh, 
absorbs  CO,  at  200°,  yielding  CPh3.C02H  [264°]. 
Benzyl  chloride  acting  on  CKPhj  forms  the  com- 
pound CPh3.CH,Ph  [140°].  BzCl  forms  C,_,M,gO 
[172°]  which  may  be  reduced  by  HI  and  P  to 
C,,H,,„  [234°]. 

References.  ■ —  Amido-,    Bbomo-,  Chloro-, 

MeTHYL-AMIDO-,     NITKO-,     N1TEO-AMIDO-,  OxY- 

AMIDO-,  and  OxY-  Phenyl-methane. 

DI-PHENYL-METHANE  DI-o-CARBOXY- 
LIC  ACID  CH..(C,H,.C02H),.  [255°].  Formed 
by  reducing  the  lactone  of  CH(0H)(CsH4.C0„H)., 
with  HI  and  P  (Graebe  a.  Juillard,  A.  242,  253)'. 
Crystals  (from  alcohol).  Yields  anthraquinone 
on  heating  at  280°.— BaA"  6aq.    S.  4-7. 

Methyl  ether  M.e.A".  [44°]. 

Isomeride  v.  Benzyl-isophthalic  acid. 

Di-phenyl-methane  tricarboxylic  acid 
CO,H.CH(C,H,.C02H)2.  [220°].  S.  -095  at  25°. 
Got  by  heating  the  lactone  of  the  oxyacid 
C0.,H.C(0H)(C,H,.C0.,H)2  with  HI  and  P  at 
170°  (Graebe  a.  Juillard,  A.  242, 235).  Crystals 
(containing  aq).  At  270°  it  forms  a  red  com- 
pound C,6H,04  [261°]. 

Methyl  ether  Me.,A"'.  [145°]. 

Tri-phenyl  methane  o-carboxylic  acid 
CHPh^.C^H.-CO^H.  [162°]. 

Formation. — 1.  By  the  action  of  NaOH  and 
zinc-dust  on  di-phenyl-phthalide  (Baeyer,  B.  12, 
644  ;  A.  202,  52).— 2.  By  heating  phenyl- 
phthalide  with  benzene  and  AICI3  (Gresly,  A. 
234,  242). — 3.  By  saponifying  the  nitrile,  which 
is  obtained  from  CHClj.CgH^.CN,  benzene,  and 
AICI3  (Drory,  B.  24,  2572). 

Properties. — Needles  (from  alcohol),  insol. 
water.  May  be  sublimed.  Yields  tri-phenyl- 
methane  when  heated  with  Ba(0H)2.  CrOj  in 
HOAc  oxidises  it  to  diphenyl-phthalide. 

iVariZe  CHPh2.C,H,.CN.  [89°]. 

Tri  -  phenyl  -  methane  -p  -  carboxylic  acid. 
[162°].  Obtained  by  saponifying  the  nitrile, 
which  is  obtained  by  Sandmeyer's  reaction  from 
p-amido-tri-phenyl-methane  [84°]  (Fischer  a 
Friinkel,  A.  241,  364 ;  Otto  a.  Fischer,  B.  24, 
729).    Needles,  v.  sol.  alcohol  and  ether. — AgA'. 
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An  isomeric  acid  melting  above  3G0°  was  ob- 
tained by  Oppenheimer  {B.  19,  2029)  by  oxidising 
tiie  corresponding  aldehyde  with  Ag.,0. 

Tri-phenyl-methane  dicarboxylic  acid 
CHPh,.C,H3(C0,H)„  [1:2:5].  [280°].  Formed 
by  reduction  of  the  lactone  of  tri-phenyl-carbinol 
dicarboxylic  acid  by  zinc-dust  and  NaOH  (He- 
milian,  B.  16,  2375).  Needles  (from  HOAo). 
Cone.  H2SO4  forms  a  greenish-yellow  solution, 
which  on  heating  changes  through  green,  blue, 
and  violet  to  purple. — BaA"4aq. — Ag^A":  pp. 

Tri-phenyl-methane  dicarboxylic  acid 
CHPh,.C„H.,(CO,,H),  [1:3:4].  [278°].  Formed 
by  boiling  di-phenyl-phthalide  dicarboxylic  acid 
with  zinc-dust  and  NaOHAq  (Hemilian,  B.  19, 
3068).  Needles  (from  dilute  alcohol).  May  be 
sublimed.  Yields  CHPhj  when  distilled  with 
Ba(OH),.  Ke-oxidised  by  alkaline  KMnO^to  di- 
phenyl-phthalide  dicarboxylic  acid. — CaA"  2aq  ; 
needles. — Ag,A"  :  curdy  pp. 

Reference.—  Oxy  -  di  -  phenyl  -  methane  caeb- 

OXYLIC  ACID. 

DIPHENYL  -  METHANE  DISULPHONIC 
ACID  C„H|„(SO;,H),.  [59°].  Got  by  sulpliona- 
tion  (Doer,  B.  5,  796).  Deliquescent  plates. 
— K,_A"  aq  :  prisms  (from  dilute  alcohol). — BaA". 
— CuA"  :  green  plates. 

Tri-phenyl-methane  trisulphonic  acid 
C,<,H,.,(SO,H).,.  Formed  by  warming  CHPhj  with 
fuming  HoSO,  (Kekule  a.  Franchimont,  B.  5, 
908;  Hemilian,  B.  7,  1205).  —  Ba,,A"',8aq : 
needles,  ppd.  by  adding  alcohol  to  its  aqueous 
solution. 

DI-PHENYL-METHAZINE     C,,H,,0,  i.e. 

CHPh<^>CHPh.    [93°].    Formed  by  shaking 

a  dilute  solution  of  hydrazine  with  benzoic  alde- 
hyde (Curtius,  J.  pr.  [2]  39,  44).  Light-yellow 
prisms,  v.  sL  sol.  hot  water,  v.  sol.  hot  alcohol. 
Decomposed  by  boiling  into  CHPh:CHPh  and 
nitrogen,  and  by  boiling  dilute  acids  into  benzoic 
aldehyde  and  hydrazine.  Eeduced  in  alcoholic 
solution  by  sodium-amalgam  to  di-benzyl-hy- 
drazine,  and  by  excess  of  Na  to  benzylamine. 
PHENYL-METHENYl-AMIDINE  v.  Benz- 

AMIDINE. 

Diphenyl-methenyl-diamine  is  described  as 

Dl-PHENYL-FOEJIAJIIDINE. 

PHENYL-METHENYL-AZIDINE  C.H^N,  i.e. 
NH„.CH:N,HPh.  [225°].  Formed  from  phenyl- 
hydrazine  and  HCy  (Fischer,  B.  22,  1934). 
Insol.  water,  v.  sol.  hot  alcohol.  The  nitrate  and 
hydrochloride  are  crystalline. 

PHENYL  METHENYL  DI  ETHYL  TRISUL- 
PHONE  C„H3.S0„.CH(S0.,.C.,H,),.  [166°].  S. 
2  at  15°.  Formed  by  oxidising  PhS.CH(SO,.Et).> 
with  alkaline  KMn04  (Fromm,  A.  253,  167  ; 
Laves,  B.  25,  362).  Snow-white  needles,  v.  sol. 
alkahs. — KA' :  prisms.~BaA'; :  tables. 

TRI-PHENYL  METHENYL  TRIKETONE  v. 
Tei-benzoyl-methane. 

TRI-PHENYL  METHENYL  TRISULPHONE 
CH(S0„Ph)3.  [215°].  Formed  by  oxidising 
PhS.CH(S02Ph),  with  alkaline  KMnO,,  (Laves, 
B.  25,  348).  Tables,  v.  sol.  alcohol,  insol.  ether, 
m.  sol.  water.— KA'  :  tablets.— BaA'.,.— AgA'. 

DI  -  PHENYL  -  DI  -  METHYL  -  ACETYLENE 
TETRAKETONE      v.  Di-benzoyl-iii-acetyl- 

ETHANE. 


PHENYL-METHYL-ACRIDINE  C,,H,5N  i.e. 
^  „ /CPh.C.CH:CMe      .i.^x^m      -r,  "      ,  u 

iXN  C.CH:CH  •     t^^*^  ]•     Formed  by 

heating  phenyl-|j-toluidine  with  benzoic  acid 
and  ZnCl.^  at  260°  (Bonna,  .4.  239,  02).  Needles, 
si.  sol.  water.  Its  alcoholic  solution  shows 
greenish-blue  fluorescenee.  Yields  phenyl- 
acridine  carboxylic  acid  [253°]  on  oxidation. — 
B'HCl:  yellow  needles.— B'KI.-B'.,H.,«03.— 
B'C,  H,N30;.    lied  needles. 

Phenyl-methyl-acridine  dihydride 

^^H<NMr>^«H^-  ^10^°^-        '^y  "^-^ 

action  of  Mel  on  phenyl-acridine  dihydride  ;  or 
by  reduction  of  the  methylo-chloride  of  phenyl- 
acridine  with  zinc-dust  (Bernthsen  a.  Bender, 
B.  16,  1816).  White  needles  or  prisms.  On 
oxidation  with  nitrous  acid  it  gives  the  methylo- 
hydroxide  of  phenyl-acridine. 

PHENYL-METHYL-ALLYL-PYRROLE 

CH:CPh>^^^H,.    [52°].    (278°).    Formed  by 

heating  the  carboxylic  acid  [158°]  (Lederer  a. 
Paal,  B.  18,  2595).  Large  colourless  plates. 
Blue  fluorescence.  Extremely  sol.  all  ordinary 
solvents. 

PHENYL  -  METHYL  -  ALLYL  -  PYRROLE 

CARBOXYLIC    ACID  cO,H.C=CMe>^'C3H, 

[158°].  Obtained  by  saponification  of  its  ether, 
which  is  formed  by  the  action  of  allylamine  upon 
acetophenone-acetoacetic  ether  (Lederer  a.  Paal, 

B.  18,  2594).  Short  glistening  prisms.  V.  sol. 
alcohol,  ether,  benzene,  and  acetic  acid. 

PHENYL-METHYL-AMI  DO-ACETIC  ACID 

C,  H,,NO,  i.e.  CH,(Nl'hMe).CO,H.  Phrnyl- 
mctliyl-glycocoll.  Formed  by  heating  chloro- 
acetic  ether  with  dimethylaniline  and  saponify- 
ing the  product  by  boiling  HClAq  (Silberstein, 
B.  17,  2661).    Liquid.— HA'HCl :  prisms. 

Amide  CH.,(NPhMe).CO.NH.,.  [163°]. 
Formed  by  heating'  CH,C1.C0NH,,  with  NPhMe, 
or  NPhMeH.  Crystals,  sol.  hot  water.  Its 
hydrochloride  forms  easily  soluble  prisms. 

Methylo-chloride'CR„(V,Vh  Me,,Cl) .  CO.B. 
Formed  %  warming  chloro-acetic  acid  with 
NPhMe,^  in  ether  (Zimmermann,  B.  12,  2206). 
Needles.    Moist  AgoO  forms  an  hydroxide. 

Amide  of  the  mctliylo  -  chloride 
CH,(NPhMe,Cl).CO.NH,,.    Formed  by  heating 
chloro-acetamide  with  dimethylaniline  in  alco- 
hol (S.).    Crystals,  decomposed  by  heat  into 
MeCl  and  CIi.(NPhMe).C0.NH... 

PHENYL  ■-  METHYL  -  c  -  AMIDO  -  ACETO- 
PHENONE  C,Hj.C0.CH,.NPhMe.  Phcnacyl- 
mctliyl-aniUne.  [120°].  Formed  by  the  action 
of  NPhMeH  or  NPhMe.,  on  w-bromo-acetophen- 
one  (Staedel  a.  Siepermann,  B.  13,  842  ;  14,  983  ; 
21,  2196).  Prisms  (from  alcohol).  A  solution 
of  its  hydrochloride  gives  a  red  pp.  with  dilute 
HNO3  (Weller,  B.  16,  27).  ZnCl„  forms  C.^HijN 
[102°].— B',H2PtCl6 :  tables.— B'Mel.  Crystals. 
— B'MeOH.  'strongly  alkaline. 

PHENYL  -  METHYL  -  AMIDO  -  BENZENE 
PHOSPHINIC  ACID  NPhMe.C,H4.P(OH),. 
1150-5°].  Formed  by  the  action  of  NaOHAq  on 
the  oily  chloride  NPhMe.C.H^.PCl.,,  which  is 
formed  by  the  action  of  AlCl^  on  a  mixture  of 
NPh,Me  and  PCI,  (Michaelis,  A.  260,  37).  Small 
needles  (from  water)  or  plates  (from  alcohol). — ' 
NaHA"2aq.    [265°].    Plates,  v.  e.  sol.  water. 
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PHENYL-METHYL-AMIDO-BENZOIC  ACID 

C,,H,3N0.,  i.e.  C,H^(NPhMe).CO.,H.  [184°]. 
Formed  ±Vom  NPh.,Me  and  COCl.,  (Michler  a. 
Sarauw,  B.  14,  2180).  Plates.— BaA'^ :  pearly 
plates. — AgA' :  ■white  pp. 

PHENYL-METHYL-AMIDO-ETHANE  SUL- 
PHONIC  ACID  NPhMe.CH^.SO^H.  Formed 
from  CH,C1.CH„.S03H  and  methylaniline  at  160° 
(James,  j.  pr.  [2]  31,  417).  Silky  crystals  (from 
alcohol). 

PHENYL  -  METHYL  -  AMIDO  -  ETHYL  - 
PHTHALIMIDE  C9H,0.,:N.C.,Hj.NPhMe.  [105°]. 
Formed  from  bromo-ethyl-phthalimide  and 
methyl-aniline  at  105°  (Newman,  B.  24,  2199). 
Greenish-yellow  four-sided  tables,  v.  e.  sol.  G^H^. 

PHENYL  -  METHYL  -  AMIDO-METHENYL- 
AMIDO-PHENOL  CnH,„N„0  i.e. 

C^H^^Q^CNPhMe.     (above  360°).  Formed 

from  C^Hj-c^^Q^C.SH     and  methyl-aniline 

(Kalckhoff,  B.  16,  1825).  Syrup,  with  blue 
fluorescence. — B'„H.,PtClg :  prisms. 

PHENYL  -  METHYL  -  AMIDO-DI-METHYL- 

PYRROLE  C.jH^N,  i.e.  NPhMe.N<;^^^^;^^ . 

[41°].  (310°).  Formed  by  heating  its  dicarb- 
oxylic  acid  at  231°  (Knorr,  A.  236,  310).  Crys- 
talline mass,  V.  sol.  alcohol.  Volatile  with 
steam. 

Phenyl-methyl-amido-di-methyl-pyrrole  di- 
carboxylic  acid  C,5H,„N.Pj.  Formed  by  saponi- 
fication of  its  oily  ether,  which  is  formed  from 
diacetyl-succinic  ether  and  phenyl-methyl- 
hydrazine  (K.).  Prisms,  decomposing  at  231°. 
— AgA' :  flocculent  pjj. 

PHENYL  -  METHYL -p  -  AMIDO  -  PHENOL. 
Methyl  derivative'SiFhMe.CJI^.OMe.  (313°). 
Formed  from  phenyl-^J-amido-phenol,  KOH,  and 
Mel  (Philip  a.  Calm,  B.  17,  2433).  Oil,  insol. 
NaOHAq. 

PHENYL  -  TETEA  -  METHYL  -  TRI-AMIDO- 
DI-PHENYL-NAPHTHYL-CARBINOL 

C33H33N.,0  i.e.  NPhH.C,oHe.C(OH)(C,Hj.NMeJ,. 
[9.5°].  Base  of  Victoria  Blue  B.  Formed  by 
heating  tetra-methyl-di-amido-benzophenone 
{10  pts.)  with  phenyl-(a)-naphthylamine  (9  pts.), 
and  POGI3  (7  pts.)  at  110°  (Nathansohn  a. 
Miiller,  B.  22,  1890).  The  base  is  set  free  by 
NaOHAq.  Brick-red  powder,  v.  sol.  alcohol  and 
benzene.  —  (C,,3H,„N3Cl).,PtCl,:  violet  needles. 
— C33H3,N3C,H.,(NO,)30H  :  dark-blue  pp. 

Phenyl  -  penta  -  methyl-tri-amido-di-phenyl- 
naphthyl-carbinol  C-nHj^NiO  i.e. 
NPhMe.C,„H,;.C(OH)(C,Hj.NMe„),.  [77°].  The 
chloride  C3,H3jN3Cl,  '  Victoria  Blue  i  B,' formed 
by  the  action  of  methyl-phenyl-(o)-naphthyl- 
amine  on  CO(CuHjNMeJ.,  in  presence  of  POCI3 
is  V.  sol.  hot  water  (Nathansohn  a.  Miiller, 
B.  22,  1892).  The  carbinol  is  a  brick-red  pp., 
V.  sol.  alcohol.  It  forms  (Cj^Hj^NaC^^PtClj  and 
C34H33N3CjH2(NO,,)30H  crystallising  in  very  small 
dark-blue  needles. 

PHENYL  -  TETRA  -  METHYL  -  TRI-AMIDO- 
DI-PHENYL-NAPHTHYL-METHANE  C33H33N3 
i.e.  NHPh.C,„H„.CH(C,H,,.NMe,),.  [125°]. 
Formed  by  reducing  the  carbinol  (v.  supra) 
(Nathansohn  a.  Miiller,  B.  22, 1891).  Flocculent 
pp.,  V.  sol.  hot  alcohol.  Yields  B"'„HiPtCl|;  and 
B"'C8H3N30„  both  being  crystainne". 


Phenyl-penta-methyl  -  tri  -  amido  -  di-phenyl- 
naphthyl-methane  G3,H35N3  i.e. 
NPhMe.C,„H,.CH(C,H,NMe2)2.    [87°].  Formed 
by  reducing  the  carbinol  (N.  a.  M.).  Amorphous. 
Yields  crystalline  B'" .,Yl^7tC\  and  B"'C6H3N30-. 

PHENYL  DI  -  METHYL  -  AMIDO  -  TOLYL 
KETONE  C,H5.C0.C,H3Me.NMe„.  [67°].  (350°- 
360°).  Formed  from  benzoic  acid,  di-methyl-o- 
toluidine,  and  P.A  (0.  Fischer,  A.  206,  91). 

PHENYL-TETRA  -  METHYL-DI-AMIDO-DI- 
TOLYL-METHANE  C„-H3„N„  i.e. 
CHPh(GsH3Me.NMe2).j.''  [109°].  Formed  by 
heating  di-methyl-7rt-toluidine  with  benzoic  alde- 
hyde and  ZnCl„  (Fischer,  B.  13,  807).  Prisms. 
— B"H2PtCl„  2aq  :  small  yellow  crystals. 

PHENYL-METHYL-AMINE  v.  Methyl-anil- 
ine. 

Phenyl-di-methyl-amine  v.  Di-methtl-anil- 

INE. 

Methyl-di- 


Tei-phenyl- 

C2,H,s 
Obtained 


Di-phenyl-methyl-amine  v. 

PHENYL-AMINE. 

Tri-phenyl-methyl-amine  v. 

CABBINYLAMINE. 

PHENYL-METHYL-ANTHRACENE 

i.e.  C„H3Me<^J''>C,H,.  [119°] 

by  distilling  phenyl-methyl-anthranol  with  zinc- 
dust  (Hemilian,  B.  16,  2367).  Yellow  pointed 
crystals.  Dissolves  in  alcohol  and  ether,  with  a 
strong  greenish-blue  fluorescence.  By  CrOj  in 
acetic  acid  it  is  oxidised  to  phenyl-methyl- 
oxanthranol. 

PHENYL-METHYL-ANTHRANOL  C^Hi^O 

i.e.  C,H3Me<;^|'Qjj^>C,H^.    [157°].  Obtained 

by  heating  di-phenyl-tolyl-methane  carboxylic 
acid  with  H.SO^  (HemiUan,  B.  16,  2365). 
Yellow  glistening  tables.  Sol.  ether,  boiling 
alcohol  and  acetic  acid,  insol.  cold  alkalis,  but 
dissolves  on  boiling  to  a  yellow  solution.  On 
oxidation  it  gives  phenyl-methyl-oxanthranol. 

PHENYL-DI-METHYL-ARSINE  v.  vol.  i.  p. 
320. 

DI  -  PHENYL  -  DI  -  METHYL  -  AZIMETHYL- 

ENE  N,(CMePh)„.     [121°].     Formed  by  the 
action  of  acetophenone  on  hydrazine  hydrate  or 
on  CPhMe:N.NH.>  (Curtius,  J.  pr.  [2]  44,  542). 
PHENYL-METHYL-BIAZOLE  DIHYDRIDE 

^<^CMe  N^^-  Formed  by  the  action 

of  tin  and  HCl  on  0<^jj^:^^^  [122°],  which  is 

made  by  the  action  of  COCL  on  acetyl-phenyl- 
hydrazine  (Freund  a.  Kuh,  B.  23,  2838).  Yel- 
lowish plates. 

PHENYL-METHYL-TRIAZOLE  C^HgNj  i.e. 
N  NPh\ 

CMe  N^^^'  ^'o™isd  by  heating  its  carb- 
oxylic acid  to  180°  (Bladin,  B.  19,  2602).  Oil. 
B'jH^PtCle  aq.    [124°].    Lemon-yellow  tables. 

PHENYL-METHYL-TRIAZOLE  CARBOXY- 
LIC ACID  ^j^J'^^C.COsH.    [177°].  Formed 

by  saponifying  its  nitrile,  which  is  got  by  the 
action  of  Ac.^O  on  phenyl-hydrazine  dicyanide 
and  also  by  gently  warming  phenyl-hydrazine 
dicyanide  with  an  alcoholic  solution  of  pyruvic 
acid  (Bladin,  5.  18,  1544;  19,  2598;  22,1749; 
25,  185). 

Salts.  —  CuA'jliaq.  —  PbA'.,2iaq.  — 
AgA'  liaq.— HA'HCl :  tables  (from  HClAq). 
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Ethyl  ether  EtA'.  Oil. 

Nitrite.    [109°].  Prisms. 

Amide  C.NsPhMe.CO.NH..  [170°].  Prisms, 
m.  sol.  watnr  and  alcohol. 

Amidoxim  Q,N,PhMe.C(NH,):NOH.  [210°]. 
Formed  from  the  nitrile  and  hydroxylamine  in 
alcohol.  Plates  (from  alcohol),  v.  si.  sol.  water. 
FeCl3  colours  its  alcoholic  solution  deep  red. 
Yields  B'HCl  and  B'.,H„PtCl,  [201°].  Ac.,0 
forms     C,,N3PhMe.C(NHJ:N0Ac    [U8°]  and 

C.,N3PhMe.C^^j;j*^^CMe  [105-5°].    BzCl  forms 

C,N3PhMe.C(NH2):NOBz  [183-5°]  converted  by 

heat  into  C,N3PhMe.C<^'^j;j*^^CPh  [107°]. 

DI-PHENYL-DI-METHYL-TETRAZONE 

NPhMe.N:N.NPhMe.  [137°].  Formed  by  oxidising 
phenyl-methyl-hydrazine  (Fischer,  A.  190,  152  ; 
Tafel,  B.  18, 1744).  Monoclinic  plates.  With  I  in 
CHCl3it  forms  C,,,H,^N,I|,  a  black  crystalline  pp. 
DI-PHENYL-DI-METHYL  DI-TRIAZYL 

N.NPh^^  „ /NPh.N  rooQOn  1  I 

CMe.N>C-C<N-CMe  ^o^edby 
heating  the  cyanide  of  phenyl-hydrazine  with 
Ac.O  (Bladin,  B.  21,  30G3).  Prisms  (from  al- 
cohol).—B"H„CU.—B"H.,PtCl,  iaq.  Plates. 

DI-PHENYL-'METHYL-BENZAMIDINE 
C,.H3.C(XMe).NPh,.     Formed  by  heating  di- 
phenyl-benzamidine  with  Mel  at  130°  (Bernth- 
sen,  A.  192,  17).  Syrup.— B'..H„PtCl„ :  yellow  pp. 

PHENYL  p-METHYL-BENZYL  KETONE 
CsHs.CO.CHo.C^H^Me.   [94°].    Formed  from  p- 
tolyl-acetic  chloride,  benzene,  and  AICI3  (Strass- 
mann,  B.  22,  1231).    Yields  an  oxim  [109°]. 

PHENYL-METHYL-BENZYL-UREA 
NHPh.CO.NH.CH,C„H,Me.     [131°].  Formed 
from  ??i-methyl-benzylamine  and  phenyl  cyanate 
(Bromme,  B.  21,  2700). 

TRI-PHENYL-METHYL-BROMIDE  v. 
Bromo-tf.i-phenyl-methane. 

PHENYL-METHYL-CARBAMIC  ACID. 

Ethyl  ether  NPhMe.CO.OEt.  (244°). 
Formed  from  methylaniline  and  Cl.CCEt  (Geb- 
hardt,  B.  17,  .3042).    Yellow  oil. 

Chloride  NPhMe.COCl.  [88°].  (280°). 
Got  by  passing  C0C1„  into  a  solution  of  methyl- 
aniline  in  benzene  (Michler  a.  Zimmermann,  B. 
12,  1165).  Tables  (from  alcohol),  insol.  water. 
Reacts  with  toluene  and  aluminium  chloride, 
forming  NPhMe.CO.C.H^Me  [70°]  while  AlCL, 
and  0-,  m-,  and  p-  xylene  give  rise  to  the  com- 
pounds NPhMe.C0.CeH3Me.,  melting  at  78°,  54°, 
and  74°  respectively  (Lellmann,  B.  24,  2114). 

Phenyl  ether  NPhMe.CO.OC,,H,.  [58°]. 
Formed  from  the  chloride  and  KOPh  in  alcohol 
(Lellmann  a.  Benz,4.  24,  2108).  Large  crystals. 

Nitro-phenyl  ethers  C^H,(NO.,) A.'.  The 
0-,  m-,  andp-  nitro-phenyl  ethers  melt  at  110°, 
105°,  and  70°  respectively.  They  yield  on  re- 
duction the  corresponding  amido-phenyl  ethers 
melting  at  103°,  94°,  and  104°  respectively. 

p-Tolyl  ether  C,H,MeA'.  [(52°]. 

PHENYL-METHYL-SEMI  CARBAZIDE 
NPhMe.NH.CO.NH,,.  [133°].  Formed  from 
phenyl-methyl-hydrazine  hydrochloride  and 
potassium  cyanate  (Fischer,  A.  190,  164). 
Crystalline  mass,  m.  sol.  hot  water.  Yields  a 
nitrosamine  NPhMe.N(N0).C0.NH2  [77°]. 

Phenyl-di-methyl-semi-carbazide 
NMe,.NH.CO.NHPh.     [108°].     Formed  from 
phenyl-cyanate  anddi-methyl-hydrazine(Renouf, 


B.  13,  2172).  Pyramids.  Decomposed  by  HCl 
into  the  parent  substances. 

Di-phenyl-di-methyl-carbazide 

CS(NH.NPhMe),.  [c.  168°].  Got  by  heating 
phenyl-methyl-hydrazine  with  CS,  (Stahel,  A. 
258,  250). 

PHENYL-METHYL-CYANIDE  v.  Nitrile  of 
Phenyl-acetic  acid. 

Di-phenyl-methyl-cyanide  v.  Nitrile  of  Di- 

PHENTL-ACETIC  ACID. 

Di-phenyl-methyl    dicyanide   01^11,3X3  i.e. 

N<^^pj^;^!^CPh.    [110°].    (227°  at  15  mm.). 

Formed  from  benzonitrile,  AcCl,  and  AlCl, 
(Krafft  a.  Hansen,  B.  22,  803;  23,  2382). 
Needles,  sol.  alcohol  and  ligroin.  Decomposed 
by  diluted  HoSO,  into  benzoic  acid,  acetic  acid, 
and  NH3.  Oxidised  by  alkaline  KMnO^  to 
C3N3Ph..CO.,H  [c.  192°]  which  on  heating  yields 
CsNjPh.H  [75°]  (205°  at  9  mm.). 

Salts.— B'HCl :  needles.— B^H^PtCl,. 

DI  -  PHENYL  -  METHYLENE  -  p  -  AMIDO- 
BENZOIC  ACID  CPh2:N.C,H^.C0,H.  [240°]. 
Formed  from  Ph  .CCl,,  and  p-amido-benzoic  acid 
(Hantzsch  a.  Krafft,  B.  24,  3522).  Short  prisms. 

PHENYL-METHYLENE-AMINE  CH,:NPh 

or  CH,,<^^p|^>CH,  ?  [140°].  Formed  by  add- 
ing aniline  to  a  solution  of  formic  aldehyde 
(WeUington  a.  Tollens,  B.  18,  3309).  Formed 
also  from  trioxymethylene  and  aniline  (Kolo- 
toff,  J.  1885,  777).  Long  slender  needles.  De- 
composed by  water  at  100°  into  trioxymethylene 
and  aniline. 

Phenyl-trimethylene-diamine 
NHPh.C3H„.NH,.  (282°  cor.).  S.G.  g  1-0356. 
A  product  of  the  action  of  Na  on  an  alcoholic 
solution  of  phenyl-pyrazole  (Balbiano,  G.  18, 
354  ;  19,  688  ;  Rend.  Accad.  Line.  [4]  4,  ii.  44). 
Formed  also  by  boiling  phenyl-7-amido-propyl- 
phthalimide  with  HClAq  (Goldenring,  B.  23, 
1169).  Oil.  Sulphide  of  carbon  forms 
NHPh.C3H,j.NH.CS.SNH,Ph.C3H„NH„  crystal- 
lising from  alcohol  in  white  plates.— B"2HC1 : 
tufts  of  needles,  v.  e.  sol.  water.  When  heated 
it  gives  off  NH3  and  NPhiCjH,;,  which  forms 
(C,H,,N).a;,PtCl6.— C,H,^N.,2CXN30,.  Greenish 
crystals,  decomposing  at  195°. — Succinate 
[100°]. 

Phenyl -di-trimethylene-triamine 

NPh(CH,.CH„.CH„.NH„)„.  Formed  by  heating 
its  phthalyl '  derivative'  with  HClAq  at  240° 
(Goldenring,  B.  23,  1170).  —  B"'3HC1.  — 
B,,"'3H2PtCl6. 

Di-phthalyl  derivative 
NPh(CH.,.CH,.CH„.N:C,H,0,,),  [145°].  Formed 
from  7-bromo-propyl-phthalimide  and  aniline. 

Di-phenyl-methylene-amine  CPhoiNH. 
Formed  by  heating  CPh.,CL,  with  carbamic  ether 
at  130°  (Hantzsch  a.  Krafft,*B.  24, 3517).  Colour- 
less liquid. — B'HCl :  snow-white  powder. 

Di-phenyl-methylene-diamine  CH,.(NHPh)... 
[49°].  Formed  by  mixing  a  large  excess  of  an 
aqueous  solution  of  aniline  with  formic  aldehyde 
solution  (Pratesi,  G.  14,  351  ;  cf.  Lermontoff,  B. 
7,  1255).  Four-sided  tables,  sol.  alcohol.  Its 
hydrochloride  is  unstable. — B"H,PtClj. 

Di-phenyl-trimethylene-diamine 
CH,(CH.,.NHPh)„.     Formed  from  aniline  and 
trimethylene  bromide  (Hanssen,  B.  20,  781). 
Thick  brown  liquid.— B"H,,SO^.  [156°].  Keedles. 
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mtrosamine  CH2(CH„.NPh.N0)„.  [87°]. 
DI-PHENYL-METHYLENE-ANILI'NE 

NPh:CPh,.  [109°].  (above  360°).  Formed 
from  CPhjClj  and  aniline  (Pauly,  A.  187,  199). 
Yellow  tables  (from  ether).  Split  up  by  HClAq 
into  aniline  and  benzophenone. 

TETRA  -  PHENYL  -  DI  -  METHYLENE  - 
TETRAZONE  Nj(N:CPh2)2.  Formed  by  shaking 
a  benzene  solution  of  NHj.NrCPhj  with  HgO 
(Curtius  a.  Eauterberg,  J.  pr.  [2]  44,  200).  Eed 
needles.  Decomposes  readily  into  nitrogen  and 
CPh,:N.N:CPh„.  Gaseous  HBr  forms  CPh,HBr 
[38°]. 

DI  -  PHENYL  -TRIMETHYLENE  -  DI  -  CARB- 
AMIC  ACID. 

Ethyl  ether  CH,(CH2.NPh.C0.,Et),,.  [56°]. 
Formed  from  the  chloride  and  NaOEt  (Hanssen, 

B.  20,  783).  Crystalline. 

Chloride  ^^(CH^.NPh.COCl)^.  [102°]. 
Formed  from  CH2(CH2NPhH),,  and  COCl^  in 
benzene.  Needles. 

PHEN  YL-TRIMETHYLENE  DICARBOXYLIC 

ACID  CHPh<^g^Q^.  [175°].  Got  by  sapo- 
nifying its  ether.  Prisms,  m.  sol.  water,  v.  sol. 
alcohol  and  ether  (Buchner  a.  Dessauer,  B.  21, 
2646  ;  25,  1152).  When  heated  in  vacuo  it  yields 
an  anhydride CiiHA  [134°].— NaHA" :  needles. 

Di-methyl  ether  Me^A".  [63°]. 

Ethyl  ether  Et.A"  (257°  at  120  mm.). 

Formed  by  distilling  C02Et.CH<^^'^g^^ 

in  vacuo.    Thick  oil. 

Phenyl-trimethylene-tri-carboxylic  acid 
C3H,Ph(CO.iH)3.  [188°].  Got  by  saponifying  its 
ether  (B.  a.  D.).    Crystals  containing  4aq. 

Methyl  ether  Me,A."'.  [47°].  (210°  at 
20  mm.).  Formed  from  NaOMe,  methyl  ma- 
lonate,  and  methyl  di-bromo-phenyl-propionate. 

PHENYL  METHYLENE  ETHYL  DIKETONE 

C,  -H5.CO.CH2.CO.C„H5.  Propionyl-acetophmow. 
(277°).  S.G.  1-081.  Formed  from  aceto- 
phenone,  propionic  ether,  and  NaOEt  (Stylos, 
B.  20,  2181).  Liquid. 

DI-PHENYL-METHYLENE-HYDRAZINE 
CPhotN.NHj.  [98°].  (c.  227°  at  55  mm.). 
Hydrazide  of  hemophenone.  Formed  by  heat- 
ing benzophenone  (5  g.)  with  hydrazine  hydrate 
(1-8  g.)  and  alcohol  (1  g.)  at  150°  (Curtius  a. 
Lauterberg,  J.  pr.  [2]  44,192).  Prisms '(from 
alcohol).  Beduces  alcoholic  AgNOj  forming  a 
mirror.  Eeduces  Fehling's  solution  on  warm- 
ing. Boiling  dilute  HjSOj  splits  off  hydrazine. 
Eeacts  readily  with  ketones. -B'HCl.  [183°]. 

Acetyl  derivative.    [107°].  Prisms. 

Benzoyl  derivative.    [116-5°].  Prisms. 

Tetra-phenyl-di-methylene-hydrazine 
CPhjiN.NiCPh,,.  Di-phenyl-ketazine.  [162°]. 
Formed  by  boiling  CPhjiN.NHj  with  iodine  in 
alcohol.  Yellow  prisms,  v.  si.  sol.  hot  water, 
sol.  alkalis.  Decomposed  by  boiling  dilute 
HjSOj  into  benzophenone  and  N^HjH^SO,. 

Phenyl  -  trimethylene  -  hydrazine  CgHj^Nj. 
[53°].  Got  from  phenyl-hydrazine  and  tri- 
methylene bromide  (Marckwald,  C.  G.  1888, 
1410).  Converted  by  trimethylene  bromide  on 
further  heating  into  (PhNj)2(C3H6)3  [226°]. 

DI-PHENYL  METHYLENE  DIKETONE 
CH2(CO.C6H5)2.      Benzoyl-acetophenone.  Di- 
benzoyl-niethane.    [81°].    (over  200°). 


Formation. — 1.  By  boiling  di-benzoyl-acetie 
acid  with  water  (Baeyer  a.  Perkin,  jun.,  B.  16, 
2134;  G.  J.  47,  240).— 2.  By  the  action  of 
malonyl  chloride  and  AICI3  upon  benzene  (Auger, 
A.  Gh.  [6]  22,  348). 

Preparation. — By  adding  dry  sodium  ethyl- 
ate  to  a  mixture  of  acetophenone  and  benzoic 
ether,  the  reaction  taking  place  with  spontaneous 
heating.  The  crystalline  mass  is  extracted  with 
cold  water,  finally  with  dilute  NaOH,  and  from 
the  solution  of  the  sodium  salt  the  ketone  is 
precipitated  by  means  of  COj ;  the  yield  is  c.  50  p.c. 
of  the  acetophenone  used  (Claisen,  B.  20,  655). 

Properties. — Trimetric  plates,  v.  sol.  alkalis. 
Yields  products  of  substitution  by  treatment 
with  NaOEt  and  alkyl  iodides. 

Beactimis. — 1.  Bromine  (1  mol.)  in  CHCI3 
forms  Bz,CHBr  [93°],  which  on  heating  with 
HOAc  and  KOAc  yields  BzjCHOAc  [94°],  which 
on  further  bromination  gives  Bz.,CBr.OAc  [102°] 
which  is  split  up  by  heat  into  Ph.CO.CO.CO.Ph 
and  AcBr. — 2.  Excess  of  bromine  (2  mols.)  in 
CHCI3  forms  BzoCBr.  [95°]  whence  HOAc  and 
KOAc  form  di-phenyl  triketone. — 3.  Amylnitrite 
and  alcoholic  HCl  give  Bz,.C:NOH  [146°],  con- 
verted by  nitrous  acid  into  the  triketone  (Neuf- 
ville  a.  Peehmann,  B.  22,  852  ;  23,  3376).— 4. 
Phenyl-hydrazine  forms  tri-phenyl-pyrazole 
(Japp  a.  Klingemann,  B.  22,  2886). 

PHENYL  METHYLENE  METHYL  DI- 
KETONE V.  Benzoyl-acetone. 

PHENYL  METHYLENE  METHYL  SUL- 
PHONE-KETONE  C.H^.SOo.CH^.CO.CHa.  Ace- 
tonyl  phenyl  sulphone.  [57°].  Formed  by  oxi- 
dising PhS.CHoAc  with  KMnOj  (Delisle,  A.  260, 
262).  Formed  also  from  chloro-acetone  and 
C^H^.SOjNa  (Otto,  B.  19,  1642  ;  21,  1871 ;  23, 
756  ;  J.  pr.  [2]  36,  402).  Plates,  sol.  water  and 
alcohol.  Yields  a  phenyl-hydrazide  [129°]  and 
an  oxim  [148°].  Ammonia  yields  the  compound 
NH:CMe.CH2.S0.,Ph  [111°].  Phenyl  mercaptan 
yields  (PhS)jCMe.CIL,S02Ph  [104].  Potash 
yields  phenyl  methyl  sulphone.  Br  forms  a 
bromo- derivative  [96°]  and  a  di-bromo- derivative 
[114°]. 

PHENYL-METHYLENE-PHTHALIMIDINE 

C„H„N0  i.e.  C,H^<^jJ'^>NPh.  [100°]. 

Formed  by  heating  acetophenone  o-carboxylie 
anilide  at  230°  (Mertens,  B.  19,  2372).  Prisms, 
V.  sol.  alcohol.  An  isomeride  [265°],  got  by 
treating  acetophenone  o-carboxylie  anilide  with 
cone.  H.,S0|,  is  si.  sol.  alcohol. 

DI-PHENYL  METHYLENE  DISTTLPHONE 
CH2(S0.,Ph).,.    [119°].    Formed  by  oxidation  of 
CH„(SPh)„  which  is  got  by  boiling  CH„C1„  with 
NaSPh  (P'romm,  A.  253,  161).    Needles,  v.  sL 
sol.  boiling  water. 

DI- PHENYL -DI- METHYLENE  DI- SUL- 
PHONE KETONE  C,5H„S„05i.e.CO(CH„S02Ph).,. 
[150°].  Got  from  CHBr.CO.CH,.SOJ'h  anJ 
C.Hs.SOjNa.  Got  also  from  CO(CHCl2)2  and 
CsHj.SOjNa  (Otto,  B.  19, 1542 ;  22,  1967).  Small 
crystals  (from  HOAc).  Yields  an  oxim  [137°] 
and  a  phenyl-hydrazide  [171°].  PhSH  forms 
(PhS)2C(CH2.S02Ph)2  [191°]. 

DI  -  PHENYL-METHYLENE-DI-THIO-GLY- 
COLLIC  ACID  CPh2(S.CH2.CO„H),.  [176°]. 
Formed  by  heating  benzophenone  with  thio- 
glycollic  acid  and  ZnCl^  (Bongartz,  B.  21,  483). 
Needles  (from  dilute  HOAc),  insol.  hot  water. 


PHENYL-METHYL-FUEFURANE. 
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PHENYL-TRIMETHYLENE-THIO-UREA 

CS<^pjj-C§;';>CH,.  [215°].  Formed  by  boiling 

NHPh.C3Hs.NH.CS.SNPhH2.C,H6.NH.  with 
water  (Goldenring,  B.  23,  1172).    Wiiite  prisms. 
Di-phenyl-methylene-il'-tMo-urea  CuHj^N^S 


Formed  from 


i.c.  S<^g^^>NPh.  [68°]. 

di-phenyl-thio-urea  and  CHjIa  (Foerster,  B.  21, 
1872).  Thin  needles,  v.  e.  sol.  alcohol. — 
B'.,H,>PtCl„.    Crystalline  pp. 

Di-phenyl-trimethylene->p-thio-urea 

^'\CH^CH~Ch'-  f^^^^^-  ^0'™"!  from  di- 
phenyl-thio-urea  and  trimethylene  bromide  (F.). 

Di-phenyl-trimethylene-di-thio-di-urea 
CH.,(CH.,.NH.CS.NPhH),.  Formed  from  phenyl- 
thiocarbimide,      trimethylene-diamine,  and 
alcohol  (Lellmann  a.  Wiirthner,  A.  228,  236). 
Plates  [115°]  or  nodules  [60°],  v.  sol.  alcohol. 

Tri-phenyl-trimethylene-di-tMo-di-urea 
NHPh.CS.NH.CH,.CH.,.CH:,.NPh.CS.NHPh. 
[145°].  Formed  by  heating  phenyl-trimethylene- 
diamine  (1  g.)  with  phenyl-thiocarbimide  (2  g.) 
and  alcohol  (15  c.c.)  (G.).    Slender  needles. 

DIPHENYL-METHYLENE-fi-TOLUIDINE 
^C.H^MeNiCPh,.    (above  360°).     Formed  from 
Ph.CCI,  and  _p-toluidine  (Pauly,  A.  187,  214). 
Oil,  split  up  by  acids  intop-toluidine  andbenzo- 
phenone. 

PHENYL-TRIMETHYLENE-UEEA 

*^^<^NH^  CHp>^^2-  [215°]-  Formed  by  heating 
phenyl-amido-propyl-urea  at  240°  (Goldenring, 
.B.  23,  1173).    Yellowish  plates,  si.  sol.  hot  Aq. 
Di-phenyl-trimethylene-urea 

CO<^^||^-^^->CH,,.  [156°].   Formed,  together 

with CHj(CH2.NPh.C0Cl),  [102°], from di-phenyl- 
trimethylene-diamine  and  COCl,  in  benzene 
(Hanssen,  B.  20,  782).  Plates. 

Tetra-phenyl-trimethylene-di-urea 
CH,(CH.,.NPh.CO.NHPh).,.      [153°].  Formed 
from  CH,(CH.,.NPh.COCl).,  and  aniline  (H.). 

PHENYL  TRIMETHYLENYL  KETONE 

C,H3.C0.CH<^|=  or        CH^>0-  Benzoyl- 

trimethylene.  Phenyl-furfurane  dihydridc 
(239°)  at  720  mm.  V.D.  5-27  (calc.  5-04).  Formed 
by  heating  its  carboxylic  acid  at  200°  (Perkin, 
jun.,  B.  16,  2140;  C.  J.  47,  842).  Oil  with 
aromatic  odour.  Alcoholic  hydroxylamine  forms 
the  oxim  in  the  cold,  but  by  heating  the  ketone 
with  alcoholic  hydroxylamine  hydrochloride  at 
135'-"  there  are  formed  C33H,_,,N30.j  (a  red  amor- 
phous powder)  and  CajHosNjOj  (a  black  brittle 
mass  which  forms  deep-blue  B"H2Cl2  and 
B"H.,PtCl,). 

Oxim.    [87°].    Colourless  plates. 

PHENYL     TRIMETHYLENYL  KETONE 

CARBOXYLIC  ACID  ^^->CBz.CO,H.  [149°]. 

Formed  by  saponification  of  the  ether.  Mono- 
chnic  prisms;  a:6:c  =  2-330:l:2-132  ;  ;3  =  83°4'. 
M.  sol.  ether,  si.  sol.  water.  Decomposed  by 
water  at  110°  into  phenyl  oxypropyl  ketone 
CHjOH.CHj.CHjBz,  which  when  extracted  with 
ether  and  dried  over  K.^COj  is  found  to  have 
split  off  water,  the  resulting  anhydride  being 
possibly  phenyl  trimethylenyl  ketone  (Perkin, 
C. /.  51,837).— AgA' :  flocculent  pp. 


Ethyl  ether  Et.,A".  (282°)  at  720mm. 
Formed  from  benzoyl-acetic  ether,  ethylene 
bromide,  and  NaOEt  (Perkin,  B.  16,  2138  ;  C.  J, 
47,  841).  Oil. 

Reference. — Niteo  -  phenyl  -  trimethylenyi. 

KETONE  CAKBOXTLIC  ACID. 

PHENYL-METHYL-ETHYLENE-DIAMINE 

NH2.CH.,.CII,.NPhMe.  (255°).  Formed  by  the 
action  of  HCl  on  C,H,:C,,0,,:N.C,H<.NPhMe 
(Newman,  B.  24,  2200).  Liquid,  v.  sol.  water 
and  alcohol.— B'C,H,(NO,),OH.  [173°].  Needles. 

Di-phenyl-di-methyl-ethylene-diamine 
C,H,(NPhMe),.  The  methylo-bromide  B"MeJBr,, 
got  by  heating  di-methyl-aniline  with  ethylene 
bromide  (Hiibner,  A.  224,  346),  crystallises  in 
deliquescent  prisms  and  yields  B"Me.,(OH).,, 
B"Me.,Cl2,  B"Me,PtCl„  B"Me,Cl.,3HgCL  '[174°], 
B-'Me^L,  B"Me.,Cr.,0„  and  B"Me2(C,H,NjO-).. 
[124°].  -  -  - 

PHENYL -METHYL -ETHYLENE  DIKE- 
TONE    V.    ACETOPHENONE-ACETONE.       ItS  Carb- 

oxylic  acid  is  described  as  Acetophenone-aceio- 

ACETIC  ACID. 

DI  -  PHENYL  -  DI  -  METHYL  -  v  -ETHYLENE- 
DI-PYRROLE-DI-CARBOXYLIC  ACID 

C03H.C:CMes^^  „  „  ^ /Cx\Ie:C.CO,H  on 
HC:CPh/^^-^2  <-  ^\CPh:CH  "  L^oJ- J. 
Obtained  by  saponification  of  its  ether,  which 
is  formed  by  mixing  acetophenone-aceto-acetie 
ether  with  ethylene-diamine  (Paal  a.  Schneider, 
£.19,3158).  CrystaUine  solid.  SI.  sol.  alcohol, 
acetic  acid,  and  cone.  HCl,  insol.  other  ordinary 
solvents.  On  heating  above  180°  it  evolves  CO.^, 
giving  the  free  base. 

Di-ethyl-ether  Et,A"  :  [197°];  plates; 
distillable  under  ordinary  pressure  ;  sol.  alcohol, 
benzene,  chloroform,  and  acetic  acid,  insol. 
water  and  petroleum-spirit. 

PHENYL  -  METHYL-ETHYL-OSOTRIAZOLE 


^^■^^\N:CEt 


(270°).  Formed  by  condensa- 
tion of  the  oxim  -  phenyl  -  hydrazide  of 
CH3.CO.CO.C2H5  (Pechmann,  A.  262,  312). 
Needles.  Yields  a  di-nitro-  derivative  [113°]. 
Oxidised  by  alkaline  KMnO,  to  phenyl-methyl- 
triazole  carboxylic  acid. 

PHENYL  -  METHYL  -  ETHYL  -  PYRAZOLE 

^^KcEt:CMe-  S.G.     1-0476.  Got 

by     the     action    of    phenyl-hydrazine  on 
C,,H5.C0.CHMe.CH0  (Claisen,  B.  22,  3276). 
Reference. — Oxy  -  phenyl  -  methyl  -  ethyl  - 

PYBAZOLE. 

TRI  -  PHENYL  -  METHYL  -  ETHYL  -  THIO- 
BIURET  C,,S..N,,Ph3MeEt.  [157°].  Formed  from 
di-phenyl-e'thyl-thio-urea  and  NPhMe.CSCl 
(Billeter  a.  btrohl,  B.  21,  108).  An  isomeride 
[156°]  is  formed  from  di-phenyl-methyl-urea 
and  NPhEt.CSCl.  Both  bodies  crystallise  irk 
needles,  si.  sol.  alcohol. 

PHENYL  -  METHYL  -  ETHYL  -  THIO  -  UREA 
CS(NHMe).NPhEt.  Got  from  methyl  thio- 
carbimide  and  ethyl-aniline  (Gebhardt,  B.  17, 
3037).    Crystalline  solid. 

Di-phenyl-methyl-ethyl-tMo-urea 
CS(NPhMe).NPhEt.      [49-5°].     Formed  from 
methyl-aniline  and  NPhEt.COCl  (Billeter,  B.  20, 
1632).    Monoclinic  crystals. 

PHENYL-METHYL-FURFURANE  C,iH,„0, 

CH-CPh/"*^    '^^  Oxyphcnyl-pentametJienyl 
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PHENYL-METHYL-FURFUKANE. 


liydride'^^^!^^yC0.  [40°].  (c.  238").  Formed 

by  heating  phenytbronic  acid,  and  prepared  by 
warming  acetophenone-aoetone  with  fuming 
HClAq,  the  yield  being  65  p.c.  (Paal,  B.  17, 
2769  ;  Fittig,  B.  21,  2134 ;  A.  250,  222).  Needles 
or  prisms,  insol.  water  and  alkalis,  volatile 
with  steam.  Br  forms  CiiHgBr^O  [210°].  Phenyl- 
hydrazine  forms  a  compound  [165°-175°],  crys- 
tallising from  alcohol  in  golden  spangles. 

Tetrahydride'^^'-^^f^yO.    (c.  230°). 

Formed  by  reduction  in  alcoholic  solution  by 
Na.    Oil,  miscible  with  alcohol  and  ether. 

PHENYL-METHYL-FUKFUKANE  CARB- 

OXYLIC  ACID  C„H,„03  i.e.  HC:CPh>°- 
[181°].  Formed  by  boiling  dehydro-aceto- 
phenone-acetoacetic  ether  (c/.  vol.  i.  p.  36)  with 
HClAq  (Paal,  B.  17,  2762).  Needles.  Boihng 
Ac.,0  forms  an  acetyl  derivative  C,JI,.,Of  [83°], 
reconverted  by  NaOHAq  into  the  parent  acid. — 
KA'.— AgA' :  crystalline  pp. 

Phenyl-methyl-furfurane  carboxylic  acid 
/-I  XT  /-V  •  CH:CMe\  r\ 

<^AOz^■e.  C0,H.C=CPh>° 

^^'"^'CH  CO [145°]. 
Formed  by  heating  phenytbronic  acid  (Fittig,  B. 
21,  2134).  Its  ether  is  obtained  from  cbloro- 
acetone  and  sodium  benzoyl-acetic  ether  (Cole- 
fax,  C.  J.  59,  190).  Long  silky  needles. — 
CaA'o  2aq. — BaAj'aq. — AgA' :  amorphous  pp. 
Phenyl-methyl-furfurane  dicarboxylic  acid 

C,3H,A    i-e.     ^^^-l^-^l^yCCOM  or 

C0'HC-CPh/'°-  P^^enythronic  acid  [193°]. 
Formed  by  saponifying  its  ether  with  boiling 
baryta  (Fittig,  4. 250,  216).  Silky  needles,  m.  sol. 
hot  water,  v.  sol.  alcohol. — CaA"  3aq.  S.  6. — 
BaA"  aq. — Ag,A"  :  crystalline  pp. 

Mono-ethyl  ether  EtHA".  [112°]. 
Formed  by  the  action  of  ACoO  on  a  mixture  of 
sodium  succinate  and  benzoyl-acetic  ether. — 
Ca(EtA")2:  crystalline  nodules  (from  alcohol). — 
Ba(EtA")2. — AgEtA"  :  white  amorphous  pp. 

Di-ethyl  ether  Et.,A".  [44-5°]. 

PHENYL-METHYL-GLYCOCOLL  v.  Phenyl- 

METHTL-AMrDO-ACETIC  ACID. 


[159°].  Formed  by  heat- 
ing phenyl-methyl-oxazole  with  alcoholic  NH3 
at  230°  (Lewy,  B.  22,  2195).  Needles,  v.  si.  sol. 
alcohol.  Salts.— B'HCl.  [242°].  Needles.— 
B'jHoPtClg  2aq.    [212°].    Yellow  prisms. 

Phenyl-di-methyl-glyoxaline    C,,H,2N2  i.e. 

^^^<NH.CMe-      [230°_234°].      Formed  by 
heating  diacetyl  with  benzoic   aldehyde  and 
alcoholic    NH,,    (Wads worth,   C.  J.    57,  8). 
Needles  (from  benzene). — B'jH.^PtCl^:  needles. 
Di-phenyl-methyl-glyoxaline 

CMe<^^g^pj^.  [235°].  Formed  by  the  action 

of  aldehyde  and  NH3  on  benzil  (Japp,  G.  J.  49, 
466;  51,  557;  C.  J.  Proc.  3,  34).  Trimetric 
crystals;  a:6:c  =  l-207:l:l-929.  CrystaUises  with 
diphenylglyoxaline  (1  mol.),the  compound  melt- 
ing  at  218°.  j 


PHENYL-METHYL-HYDANTOIC  ACID 

C,H,.NH.CO.NH.CH(CH3).C02H  [170°].  Formed 
by  the  combination  of  phenyl  cyanate  with 
alanine  and  boihng  the  product  with  alcoholic 
KOH  (Kiihn,  B.  17,  2884).    Glistening  scales. 
PHENYL-METHYL-HYDANTOIN 

CHPh<^^° -^^^  [162°].    Formed  from  phenyl- 

hydantoin,  KOMe,  and  Mel  (Pinner,  B.  21, 
2325).    Needles,  si.  sol.  cold  alcohol. 
s-PHENYL-METHYL-HYDEAZINE 

C^HsNH.NHMe.  Hydrazo  -  phenyl  -  methyl. 
Got  by  saponification  of  its  dibenzoyl  derivative, 
which  is  formed  by  heating  NPbBz.NBzH  with 
NaOMe  and  Mel  (Tafel,  B.  18,  1740).  Obtained 
also  by  the  action  of  alkalis  on  nitroso-antipyrin 
(Knorr,  A.  238,  137).  Oil,  oxidised  by  HgO  to 
PhN:NMe.  Eeduces  Fehling's  solution  and 
ammoniacal  AgNOj  in  the  cold. — B'2H2S04. 
[180°]. — Oxalate:  white  needles. 

Di-benzoyl  derivative  PhNBz.NMeBz. 
[145°].    Crystals,  v.  sol.  alcohol  and  ether. 

ti  -  Phenyl  -  methyl  -  hydrazine  NPhMe.NHo. 
(227°  i.V.)  at  745  mm.  Formed  by  converting 
methyl-aniline  into  phenyl-methyl-nitrosamine, 
and  reducing  this  body  (5  pts.)  by  zinc-dust 
(20  pts.),  HOAc  (10  pts.),  and  water  (35  pts.)  at 
0°  (E.  Fischer,  A.  190,  152;  236,  199). 

Properties. — Colourless  oil,  turning  brown  in 
air  ;  m.  sol.  hot  water,  miscible  with  alcohol. 

Reactions. — 1.  Nitrous  oci«£yieldsNPhMe.NO, 
water,  and  NjO. — 2.  Diazobemene  nitrate  solu- 
tion forms  PhNg  and  methyl-aniline  nitrate. — 
3.  HgO  added  to  its  solution  in  chloroform  pro- 
duces NPhMe.N:N.NPhMe  [137°].— 4.  Reacts 
with  aldehydes  and  ketones  in  the  same  way  as 
phenyl-hydrazine,  forming  products  of  con- 
densation ;  thus  benzoic  aldehyde  forms 
NPhMe.N:CHPh  [104°]  (Ebers,  A.  227,  340), 
acetophenone  forms  NPhMe.N:CMePh  [50°], 
acetone  forms  C,„H,^N2  (216°)  (Degen,  A.  236, 
152),  propionic  aldehyde  yields  CnH,,N„  (198°  at 
170  mm.),  glucose  yields  C,H,„0,:N.NPhMe  [171°], 
while  benzil  yields  Ph.CO.CPhiNjPhMe  [56°]  and 
N,J>hMe:CPh.CPh:N2PhMe[180°](Kohlrausch,4. 
25"3,16;  Fischer,  B. 22, 87).— 5.  CS^at  100°  forms 
CS(NH.NFhMe)2  [c.  168°]  (Stahel,4.258,250).— 
6.  Nitroso-aniline  forms  CiaHj^N^O  [151°],  while 
nitroso-dimethylaniline  gives  Ci^HjgN^O  [141°] 
(O.  Fischer,  B.  22,  622).— 7.  With  PhN:SO  it 
forms  PhNMe.N:SO  [77°]  crystaUising  from  alco- 
hol in  yellow  needles  (Micbaelis,  A.  270,  120). 

Salt . — B'2H2S04 :  plates,  v.  e.  sol.  water. 

Acetyl  derivative  NPhMe.NHAc.  [93°]. 
Prisms,  m.  sol.  hot  water.  Converted  by  Na  and 
Mel  into  NPhMe.NMeAc  [68°],  which  is  not  de- 
composed by  alkalis,  but  gives  methylaniline 
when  boiled  with  HClAq. 

Benzoyl  derivative  NPhMe.NHBz. 
[153°].  Formed  by  heating  NPhH.NHBz  vrith 
NaOMe  and  Mel.    Needles  (Tafel,  B.  18,  1743). 

Sulphonic  acid  S03H.C,HjNMe.NH2. 
Formed  by  heating  with  fuming  HjSO,  (Pfiilf,  A. 
239,219).    Plates. — NaA'aq:  slender  needles. 

PHENYL-METHYL-IMESATIN  v.  Anilide 
of  Methyl  Isatin. 

DI  -  PHENYL  METHYLIMIDO  -  Dl  -  ETHYL 
DISUIPHONE  NMe(C2H4.S02Ph)..  Formed  by 
heating  NH(C„H,.SO.,Ph)  with  alcohol  and  Mel 
at  115°  (Otto,'j.pr.  [2]  30,  335).— B'HCl  [221°]. 


PIIENYL-METHYL-OXANTHRANOL, 
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PHENYL-METHYL-INDOLE    C.^HisN  i.e. 

C,H^<^^^Jg^CPh.  [101°].    Formed  by  heating 

the  phenyl-hydrazide  of  acetophenone  with 
ZnCl,  at  130°  (Fischer,  B.  19,  1565  ;  Degen,  A. 
236, 155).  Formed  also  by  heating  CH.,Bz.NMePh 
with  ZnCU  at  180°  (Staedel,  B.  21,  2196  ;  Cul- 
mann,  B.  21,  2596),  and  by  heating  the  isomeric 

C,H^<;^j|g^CH  with  ZnCl,  at  220°  (Ince,  A. 

253,  40).  Needles  (from  alcohol).  Colours  pine- 
wood,  moistened  with  HCl,  dark-red. 

Acetyl    derivative  C^^'(^^^^CVh. 

[136°].  Formed  byheating  CH.,Ac.CPh:N.NMePh 
with  ZnCI,at  150°.  Needles  (from  dilute  HO  Ac). 

Phenyl-methyl-indole  C,H^<^^,^^^CH. 

[65°].  Formed  from  phenyl-acetic  aldehyde  and 
phenyl-methyl-hydraziue  (Ince,  A.  253,  38). 
Crystals,  v.  sol.  benzene.  Colours  acidified  pine- 
wood  reddish-violet.— B'C^HjN^O,.  [90=]. 

Phenyl-methyl-indole  C,H,<^^^^CMe. 

[60°].  Formed  by  heating  the  phenyl-hydrazide 
of  benzyl  methyl  ketone  with  ZnCl.,  (Trenkler, 
A.  248,  110).  Prisms  (from ligroin). — Picrate  ; 
[142°] ;  V.  sol.  benzene. 

PHENYL  METHYL  KETONE  v.  Aceto- 
phenone. 

Phenyl  methyl  diketone  C6H,.CO.CO.CH3. 
Acetyl-benzoyl.  (217°).  S.G.  1-1041.  S.  -26  at 
20°.  Formed  by  distilling  its  oxim  Bz.C(NOH)Me 
with  dilute  H,,SO^  (Von  Pechmann,  B.  21,  2119  ; 
22,  2129)  or  with  isoamyl  nitrite  (Manasse,  B. 
21,  2177).    Heavy  oil,  volatile  with  steam. 

Oxi7n  C,H,.C0.C(N0H).CH3.  Nitroso-pi-o- 
pioplLcnone.  [114°].  Formed  by  the  action  of 
isoamyl  nitrite  and  HCl  or  NaOEt  on  the  ketone 
(Claisen  a.  Manasse,  B.  22,  529).  Prepared  by 
the  action  of  nitrous  acid  on  benzoyl-propionic 
ether  (1  niol.)  and  KOHAq  (3  mols.)  (P. ;  Gude- 
man,  B.  22,  562).  Needles  (from  hot  water), 
forming  a  deep-yellow  solution  in  alkalis.  SnCl._. 
and  HCl  yield  hydroxylamine  and  phenyl  methyl 
diketone.  Reduced  by  sodium-amalgam  to  a 
base  which  crystallises  from  alcohol  in  needles 
[108°]. 

Di-oxim  Ph.C(NOH).C(NOH).Me.  [236°]. 
Formed  from  the  mono-oxim  and  hydroxylamine 
hydrochloride.    Needles  (from  dilute  alcohol). 

Phenyl   hydrazide  C,5H,,N,0.  [14.5°] 

Di-phenyl-di-hydrazide 
CMe(N„HPh).CPh(N„HPh).      [105°].  Yellow 
crystals,  v.  sol.  ether. 

Oxiin-]}heny  l-hydrazide 
CPh(NjHPh).CMe:NOH.  [202°].  White  needles. 

Phenyl  methyl  triketone.  Mono-oxim 
C,H5.CO.C(NOH).CO.CH3.  [124°].  Formed  by 
the  action  of  nitrous  acid  on  phenyl  methylene 
methyl  diketone  (Ceresole,  B.  17,  814).  Needles, 
V.  sol.  benzene,  sol.  alkalis. 

Di-oxim  C„H,.C(N0H).C(N0H).C0.CH3. 
[178°],  Formed  by  heating  the  mono-  oxim  with 
hydroxylamine  hydrochloride.  Needles,  insol. 
cold  water,  sol.  alkalis. 

PHENYL-METHYL-KETONE  CARBOXYLIC 
ACID  V.  Benzoyl-acetic  acid  and  Acetophenone 

CAEBOXTLIC  ACID. 

PHENYL-METHYL-MALONIC  ACID  v.  Ben- 
zyl-malonic  acid. 


Tri-phenyl-methyl-malonic  ether 
CPh3.CH(C0,,Et),.  [133-5°].  Formed  from 
CPhjBr  and  sodium  malonic  ether  (Henderson, 
B.  20,  1014  ;  C.  J.  Proc.  2,  251).  Needles  (from 
alcohol).  Yields  tri-phenyl-propionic  acid  when 
heated  with  alcoholic  potash. — NaA'aq:  needles. 
— BaA'2  aq. — AgA' :  minute  white  crystals. 

PHENYL  -  DI  -  METHYL  -  NAPHTHALENE 
TETRAHYDRIDE  v.  Methkon..l. 

PHENYL  -  METHYL  -  (;3)-NAPHTH0TRIAZ- 
INE  DIHYDRIDEC„H„N3  i.e.  C,„H,<JJ;^gMe_ 

Formed  by  adding  aldehyde  to  a  mixture  of 
benzene-azo-(0)-naphthylamine  and  alcohol 
(Goldschmidt  a.  Poltzer,  B.  24,  1004).  Plates, 
V.  sol.  hot  alcohol.- -B'HCl.  [252°].— B'.,H.,PtCls. 
Yellow  needles.— B'Mel.  [244°].— B'^Me.PtCls. 
[260°].    Yellow  needles. 

PHENYL  -  METHYL-(8)-NAPHTHYL-THI0- 
UREAC„H,5N,,St.(,'.NPhMe.CS.NHC,„H,.  [127°]. 
Formed  from  (j3)-naphthyl  thiocarbimide  and 
methyl-aniline  (Gebhardt,  B.  17,  2091).  Yellow 
needles. 

PHENYL  -  METHYL  -  NITROSAMINE  r. 

Nitrosamine  of  Mei  hyl-aniline,  vol.  iii.  p.  285. 
PHENYL-METHYL-OSOTRIAZOLE 

^^^<N:CMe-      C-^^')-      ^-^^     ^  I'^O^l- 
Formed  by  oxidising  the  diphenyl-hydrazide  of 
pyruvic  aldehyde  and  warming  the  resulting 
NPh.N:CH      „        1     7      i,  tv, 
NPh  N-CMe'    ••^o^'^^^'^'i  ^'^o  "1         action  of 

NaOH  on  CH3.C(N.,HPh).CH:N0Ac  (Pechmann, 
B.  21,  2751  ;  A.  262,  279).  Oil.  Yields  a  tri- 
nitro- derivative  [138°],  and  a  sulphonic  acid,  of 
which  the  Na  salt  crystallises  in  hexagonal 
plates. 

Phenyl-di-methyl-osotriazole 

NPh<j;:gJ^.     [35°].     (354°).     Formed  by 

heating  the  phenyl-hydrazide-oxim  of  diacetyl 
with  Ac.O  (P.).  Crystalline,  insol.  water,  sol. 
cone.  HClAq,  but  reppd.  by  water.  Yields  a  di- 
nitro-  derivative  [139°]  anda  tri-nitro-  derivative 
[227°]. 

PHENYL-METHYL-OSOTRIAZOLE  CARB- 

OXYLIC     ACID      NPh<^^;^^^iQ  g.  [198°;. 

Formed  by  oxidising  phenyl-di-methyl-oso- 
triazole with  KMnO^  (Pechmann,  A.  262,  308). 
Needles,  v.  si.  sol.  water. — AgA' :  white  pp. 

PHENYL-METHYL-OXAMIDE  C,H,„N.,0. 
i.e.  NHPh.C„0.,.NHMe.  [180°].  Formed  from' 
NHMe.C,0,,-OEt  and  aniline  (Wallach,  A.  184, 
70).  Needies. 

PHENYL-METHYL-OXANTHRANOL 

C„H„0.,  i.e.  C,.H,Me<gQ^^'^^^>C„H,.  [195°]. 

Formed  by  oxidation  of  phenyl-methyl-anthra- 
nol  with  K„Cr.p,  and  HOAc  (Hemilian,  B.  16, 
2366).  Trimetric  tables,  v.  sol.  hot  alcohol, 
insol.  alkalis.  Cone.  H.^SO^  forms  a  purple 
solution. 

Isomeride  [l:j]c,H3Me<g^''(Q^)>C„H,. 

[213°].  Formed  by  oxidising  di-phenyl-tolyl- 
methane  o-carboxylic  acid  with  K..CrO|  and 
cone.  H.SO,  (Hemilian,  B.  19,  3064).  Prisms, 
insol.  alkalis.  Eeduced  by  zinc-dust  to  a 
pheuyl-methyl-anthranol. 


CO 


PHENYL-METHYL-OXAZOLE, 


PHENYL-METHYL-OXAZOLE  C,„H,NO  i.e.  ] 
^<CM^:N^-  Formed  by  heat- 

ing acetamide  with  bromo-acetophenone  at  125° 
(Bliimlein,  B.' 17,  2578;  Lewy,  B.  20,  2576; 
21,924).  Needles  (from  alcohol).  Yields  benz- 
oic acid  on  oxidation.  Na  and  alcohol  form  an 
oily  tetrahydride  C,„H,3N0  (251°),  which  yields 
crystalhne  C|„H,,BzN6  [140°].  HI  and  P  give 
oily  C,iiH|5  (c,  275°).  Cone,  nitric  acid  forms 
C,„Hs(NOJNO  [157°],  which  may  be  reduced  to 
C,„H„(NH„)NO  [115°J.  Hydroxylamine,  phenyl- 
hydrazine,  and  hot  zinc-dust  have  no  action. — 
B'HCl.— B'jHjPtCls  2aq.— B'C^HjNjO;.  [134°]. 

Phenyl-methyl-oxazole  0<^^jjg;^jj.  (240°). 

Formed  by  boiling  benzamide  with  cliloro- 
acetone  (Lewy,  B.  21,  2193).  Oil  with  fruity 
odour.— B'jH^PtCl,  2aq.  [170°].  Yellow  needles. 

Dihydride  0'\cHi\Ie  CH  "  Formed 
by  the  action  of  KOH  on  bromo-propyl-benz- 
amide  in  hot  aqueous  or  alcoholic  solution,  the 
product  being  distilled  with  steam  (Gabriel  a. 
Heymann,  B.  23,  2499).  Liquid.  Partly  con- 
verted, by  evaporation  with  excess  of  HClAq  (or 
HBrAq),  into  /3-chloro-  (orbromo-)  propyl-benz- 
amide  [78°]  (or  [73°]).  Boiling  with  an  equiva- 
lent of  HClAq  yields  )3-amido-propyl  benzoate. 
— B'jH^PtCl,.— B'„H„Cr.,0,.— B'C,H3N30,.[167°]. 

PHENYL  -  TEi  -  METHYL-PHENYL-CARBI- 
NOL  C,eH,80  i.e.  CHPh(0H).C„H,Me3.  Phenyl- 
mesitylene  carbinol.  [34°].  (330°).  Formed 
by  reducing  benzoyl-mesitylene  with  sodium- 
amalgam  (Louise,  Bl.  [2]  45,  231 ;  A.  Ch.  [6]  6, 
209).  Prisms.  Boiling  diluted  H^SOj  (1:1) 
converts  it  into  (C,sH,.)..0  [137°]. 

Ethyl  ether  C,ji^lEtO.    [32°].  Prisms. 

Acetyl  derivative  C,6H,,AcO.  [52°]. 

Benzoyl  derivative.    [94°].  Crystals. 

DIPHENYL  TRIMETHYLPHENYLENE  DI- 
KETONE  (C,H5.C0)..C6HMe.,.  [117°].  Formed 
by  heating  C^H^.Cd.C.HjMej  with  BzCl  and 
AICI3  (Louise,  C.  R.  98,  151 ;  A.  Ch.  [6]  6,  236). 
Prisms,  sol.  alcohol  and  ether. 

Di-phenyl  tetramethylphenylene  diketone 
CeMe^(CO.C„H5)2.     [270°].     A  product  of  the 
action  of  BzCl  and  AICI3  on  durene  (Friedel  a. 
Crafts,  C.  R.  88,  880).     Minute  prisms,  sol. 
benzene,  almost  insol.  boiling  alcohol. 

PHENYL  METHYLPHENYL  KETONE  v. 
Phenyl  tolyl  ketone. 

Phenyl  dimethylphenyl  ketone  v.  Phenyl 

STLYL  KETONE. 

Phenyl  trimethylphenyl  ketone 

C„H5.CO.C6H„Me3[l:2:4:6].  Benzoyl-mesitylene. 
Phenyl  mesit'yl  ketone.  [35°].  (319°).  V.D.  8-18. 
Formed  from  BzCl,  mesitylene,  CS.„  and  AICI3 
(Elbs,  J.  pr.  [2]  35,  485  ;  c/.  Louise,  A.  Ch.  [6] 
6,  200;  C.  R.  96,  499;  Claus,  B.  19,  2879). 
Prisms  (from  alcohol),  sol.  acetone  and  ligroin. 
Does  not  react  with  hydroxylamine  (Smith,  B. 
24,  4052). 

Reactions. — 1.  Cone.  H._,S04  or  H^S.^O,  at 
100°  gives  benzoic  acid  and  mesitylene  sulphonic 
acid. — 2.  Cone.  H^SOj  at  50°  forms  phenyl- 
mesityl-ketone  sulphonic  acid  CnjHjjO.SOjH. — 3. 
A  mixture  of  fuming  HNO3  and  H^SjO,  forms 
two  trinitro-  derivatives  [188°]  and  [145°]. 
4.  HNO3  (S.G.  1-1)  at  200°  forms  benzoyl-uvitic 
or  phenyl-tolyl-ketone  dicarboxyUc  acid. — 5. 


Potash-fusion  gives  mesitylene  and  KOBz. — 6. 
HI  reduces  it  to  benzyl-mesitylene. — 7.  Sodium- 
amalgam  yields  the  carbinol. — 8.  Chromic  acid 
oxidises  it  to  C„H,.C0.C,K,Me2.C0,H. 

Phenyl  tetra-methyl-phenyl  ketone 
C,H5.C0.C,HMe^.  [119°].  (343°)-  Formed  by 
heating  durene  with  BzCl  and  AlCl,  at  120° 
(Friedel,  Crafts,  a.  Ador,  C.  R.  88,  980).  Crys- 
talline. Decomposed  by  potash-fusion  into 
benzoic  acid  and  durene.  Eeduced  by  HIAq 
and  P  at  240°  to  CHJh.C.HMe^  [60-5°],  (310°). 

Isomeride  C.H^.CO.C.HMe^.  [63°].  (300°). 
Formed  from  BzCl  and  isodurene  (got  from 
toluene,  MeCl,  and  AICI3).  Crystals  (Essner  a. 
Gossin,  Bl.  [2]  42,  171). 

PHENYL  TRIMETHYLPHENYL  KETONE 
o-CARBOXYLIC  ACID  C,H.,Me3.CO.C,H4.C02H. 
[212°].  Formed  from  phthalic  anhydride, 
mesitylene,  and  AICI3  (F.  Meyer  a.  Gresly,  B. 
15,  639  ;  A.  234,  234).    Needles  (from  alcohol). 

Phenyl  tetramethylphenyl  ketone  earboxylic 
acid  V.  Tetea-methtl-benzoyl-benzoic  acid. 

PHENYL  -  TRIMETHYLPHENYL  -  THIO- 
UREA NHPh.CS.NHCjILMej.  [193°].  Formed 
by  heating  methyl-thiocarbimide  with  an  alco- 
holic solution  of  aniline  (Eisenberg,  B.  15, 1014). 

PHENYL-DI-METHYL-PHOSPHINE 
PMe,Ph.    (192°  cor.).    S.G.  ii  -977.  Formed 
from  PCLPh  and  ZnMe,  in  benzene  (Michaelis, 

A.  181,  359).  Liquid,  oxidised  by  air.  Com- 
bines with  CSo  forming  PMe^PhCSs  crystallising 
in  red  plates  and  yielding  B'jHjPtClg  (Czimatis, 

B.  15,  2017). 

Salts. — B'HCl :  crystalhne,  si.  sol.  ether,  v. 
e.  sol.  alcohol.— B'2HC1.    Liquid.— B'oH.ftClB. 

Methylo-iodideFMe^'Phl.  [205°]. 

Bromo  -ethylo-bromide 
PMe„Ph(C,JijBr)Br.  [173°].  Formed  from 
PMelPh  and  CH^Br,  (Gleichmann,  B.  15,  199). 
Yields  (B'(C,H4Br)Br)2PtCl4  and  the  unstable 
B'C.HjBrj.  An  alcoholic  solution  of  phenyl- 
di-methyl-phosphine  forms  (PMe.,Ph).,C2HjBr2 
[above  300^],  S.  (alcohol)  2  at  21°,"  which  gives 
unstable  (PMe.,Ph).,C..H4Brs  [171°]. 

Di-phenyl-methyl-phosphine  PMePh.,.  (284°). 
S.G.  ^  1-08.  Formed  from  PClPh.,  and  ZnMe^ 
(Michaelis  a.  Link,  A.  207,  210).  Liquid.  Yields 
PMe.,Ph.,I  [241°],  (PMe„Ph„)2PtCl,  [218°],  and 
PMePh„b  [112°]  (Micha'ehs  a.  La  Coste,  B.  18, 
2116;  A.  229,  316). 

PHENYL  -  DI  -  METHYL-PHOSPHINE  p- 
CARBOXYLIC  ACID  C„H,(CO.,H).PMeo.  The 
methylo -chloride  C5H4(C02H).PMe3Cl,  'formed 
by  oxidation  of  the  methylo-chloride  of  p-tolyl- 
di-methyl-phosphine,  crystallises  in  prisms 
(Michaelis,  B.  15,  2018).  It  yields  the  com- 
pounds B'Me.,PtCl„  C,H4(C02H).PMe30H  2aq, 
and  C,H,(C0„H)PMe3.S0,H. 

Oxide  CX(C0.,H).P0Me2.  [243°].  Formed 
by  oxidation  of  the  ethyleno-bromide  of  tolyl-di- 
methyl-phosphine.    Colourless  prisms. 

PHENYL  METHYL  PROPYLENE  DI- 
KETONE C.Hj.CO.CHEt.CO.CH,.  (265°-270°). 
Formed  from  benzoyl-acetone,  Na,  and  EtI 
(Claisen  a.  Lowman,  B.  21,  1152).  Liquid. 

PHENYL  -  METHYL-PROPYLENE-.|/-THIO- 

TTREA^g'^'I^CNPhMe.    (c.  300°).  Formed 

by  heating  methyl-aniline  with  allyl  thiocarb- 
imide  and  HClAq  at  100°  (Prager,  B.  22,  2996). 
— B'^H-^tCl,.    [184°].-B'C,H3N30,.  [125°]. 
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TRI-PHENYL-METHYL-PROPYL-DI-THIO- 
BIURET  C.,S,,N3Ph,,MePr.  [110°].  Formed  from 
NPhMe.CS'Cl  and  di-phenyl-propyl-thio-urea 
(Biileter  a.  Strohl,  B.  21,  109).  Small  yellow 
pyramids.  An  isomeride  [111°]  is  formed  from 
NPhPr.CSCl  and  di-phenyl-methyl-thio-urea. 

DI  -  PHENYL  -  METHYL  -  PROPYL  -  THIO- 
UREA NPhMe.CS.NPhPr.  [56°].  Formed  from 
CSClo,  propyl-aniline,  and  MeCl  or  from  CSClj, 
methyl-aniline,  and  PrCl  (Biileter  a.  Strohl,  B. 
21, 103).    Colourless  prisms. 

DI-PHENYL-DI-METHYL-PYRAZINE 

CMe-^^P^^^^^CMe.     [124°].    Formed  when 

phenyl  amido-ethyl  ketone  is  allowed  to  stand 
with  NHjAq  (Schmidt,  B.  22,  .3253).— B'HCl : 
needles.— B',,H„PtCl,. 

Di-phenyl-methyl-pyrazine  dihydride 

^'<cS.CHMe>N-  t"2°].  Formed  from 
benzil  and  propylene-diamine  (Strache,  B.  21, 
2363).    Needles,  v.  sol.  benzene,  m.  sol.  alcohol. 

Di-phenyl-tetra-methyl-pyrazine  dihydride 
C,.H,,N,  i.e.  NPh<^j;^:CMex,NPh.  [io8°]. 

(281°).  Formed  by  heating  ;8-bromo-/3-acetyl- 
propionic  acid  (1  pt.)  with  aniline  (3  pts.)"at 
95° ;  the  yield  being  70  p.c.  of  the  theoretical 
amount  (Wolff,  B.  20,  429).  Satiny  plates,  v. 
sol.  ether  and  cone.  HClAq. 

References. — Nitro-    and  Oxy-di-phenyl- 

METHYL-PYTvAZINE. 

PHENYL-METHYL-PYRAZOLE 

NPh<(^=^^^    [37°].   (255°).  S.G.i^  1-085. 

Formation. — 1.  By     heating  oxy-phenyl- 

methyl-pyrazole  NPh<^^=^g®  with  zinc-dust 

(Knorr,  A.  238,  199).— 2.  From  acetoacetic  alde- 
hyde, phenyl-hydrazine,  and  HOAc  (Claisen,  B. 
21,  1147  ;  24,  1888).— 3.  By  heating  its  carb- 
oxylic  acid  at  210°  (Ach,  A.  263,  55).— 4.  From 
oxy-phenyl-methyl-pyrazole  dihydride  and  P,S. 
(Knorr  a.  Duden,  B.  25,  766). 

Properties. — Needles,  v.  sol.  alcohol  and 
ether  ;  volatile  with  steam.  Oxidised  by  KMn04 
to  phenyl-pyrazole  carboxylic  acids  [146°]. 

Salt. — B'HjPtClg:  orange  needles. 

Dihydride      NPh<^~^JJ®.  [75°]. 

Formed  by  reducing  the  base  in  alcoholic  solu- 
tion with  Na.    Flat  needles,  m.  sol.  alcohol. 

Phenyl-methyl-pyrazole   NPh<^^jj^.^^ . 

(262°).  Formed  by  distilling  its  dicarboxylic 
acid  (Knorr  a.  Laubmann,  B.  22,  178).  Got 
also  from  acetone,  oxalic  acid,  and  phenyl- 
hydrazine  (Claisen  a.  Koosen,  B.  24,  1890). 
Yields  phenyl-pyrazole  carboxylic  acid  [183°]  on 
oxidation  by  KMnO^.- B'.H.PtCls  2aq.  [147°]. 
Phenyl-di-methyl-pyrazoie 

NPKcEch'-  (273°  i.V.).  Formed  by 
heating  its  carboxylic  acid  (Knorr,  B.  20,  1103) 
and  by  warming  acetyl-acetone  with  phenyl- 
hydrazine  (K. ;  Combes,  Bl.  [2]  50,  145).  Oil, 
volatile  with  steam.— B'2H2PtCl6  4aq.  Decom- 
poses at  186°. 

Methylo-iodide  B'Mel.  [190°].  Crystals, 
V.  sol.  water.— B'oMe^PtClj.  Decomposes  at  220°. 


Dihydride 


NPKci^6H:-(290°i.V.). 


Formed  by  adding  Na  to  a  boiling  alcoholic 
solution  of  the  base. 

Phenyl- tri-methyl-pyrazole.  Dihydride 
NPh<^^j^jg  CH^'  "^y  beating  mesityl 

oxide  with  phenyl-hydrazine  (Fischer  a.  Knoe- 
venagel,  A.  239,  203).  Oil,  v.  e.  sol.  ether  and 
alcohol,  si.  sol.  water.  Its  solution  in  dilute 
HCl  gives  a  violet  colour  with  K,Cr,,0,. — 
B'^H^PtCle :  crystalline  pp. 

Di-phenyl-methyl-pyrazole  Ci^HuN,  i.e. 

-M  PPli 

NPh<^^j^j^.g^''.  [63°].  (335°  or  355°).  Formed 

by  heating  its  carboxylic  acid  at  250°,  and  also 
by  warming  benzoyl-acetone  with  phenyl-hydraz- 
ine (Knorr,  B.  18,  314 ;  Fischer,  B.  18,  2136). 
Insol.  water,  v.  sol.  alcohol.  Weak  base.  Yields 
C„H,3BrO„  [75°].  —  B'.,H.,PtCl,  aq.  —  B'Mel. 
[187°].— B',,Me„PtCl„.  [241°].  Orange-red  needles. 

Dihydride  CfJi^^'N.,.  [109°].  Long  prisms 
(from  ether).  Its  acid  solution  is  coloured  in- 
tensely red  by  nitrous  acid. 

Di-phenyl-methyl-pyrazole     Ci^Hi^Nj  i.e. 

NP^<CPh:CMe-  t^^'^'  (^'^5°).  Formed  by 
heating  its  carboxylic  acid,  and  also,  together 
with  its  dihydride,  by  distilling  the  phenyl- 
hydrazide  of  benzylidene-acetone  (Knorr,  B.  18, 
931 ;  20,  1100).  Weak  base.— B'„H.,PtCls :  red 
prisms.— B'I\IeI.   [192°].— B',Me^'tCl,.  [229°]. 

Dihydride  C|,,H„N,.  [114°].  (c.  350°). 
Prisms.  Its  solutions  tiuoresce  blue  and  give  a 
blue  colour  with  nitrous  acid. 

Tri  -  phenyl  -  methyl-pyrazole.  Tetrahy- 

dride    NPh<™^j^-ggP^.    [110°].  Formed 

by  the  action  of  Na  and  boiling  alcohol  on  tri- 
phenyl-pyrazole  methylo-iodide  (Knorr  a.  Laub- 
mann, B.  21, 1205).  Insol.  water,  v.  sol.  alcohol. 
Eesinified  by  cone.  HNO3. 

References. —  Oxy-amido-   and  Oxy-phenyx- 

JIETHYL-PYRAZOLE. 

PHENYL  -  METHYL  -  PYRAZOLE  CARB- 
OXYLIC ACID  NPh<;^^^^^*-*-^.  [106°]. 

Formed  from  acetone,  oxalic  acid,  and  phenyl 
hydrazine  (Claisen  a.  Koosen,  B.  24,  1891). 

Methyl  ether  MeA'.    (256°  at  109  mm.). 

Amide.  [146°]. 

Phenyl-methyl-pyrazole  carboxylic  acid 

NPh<^^^'^^=^^2*^.  [166°].  Formed  by  heat- 
ing NPh<^Q=^|^^^>CH  with  HClAq  at  170° 

(Ach,  A.  253,  54).    Needles,  sol.  hot  alcohol. 

Phenyl-methyl-pyrazole  dicarboxylic  acid 
C,,H,„N,0,    i.e.    NPh<N-J-CO.H  ^^gg„^_ 

Formed  by  oxidising  phenyl-di-methyl-pyi-azole 
carboxylic  acid  with  alkaline  KMnO,  (Knorr  a. 
Laubmann,  B.  22,  177).    Needles  (from  water). 
Phenyl-di-methyl-pyrazole  carboxylic  acid 

NPl<CMi^C.CO„H-  Got  by  saponify- 

ing  its  ether,  which  is  obtained  from  ethylidene- 
acetoacetic  ether  and  phenyl-hydrazine  (Knorr, 
B.  20,  1102).    Needles,  v.  si.  sol.  water.— KA'. 
Ethyl  ether  EiA.'.  [68°].  (286°at 260 mm.). 
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Di-phenyl-methyl-pyrazole  earboxylic  acid 

C„H„N,0,  i.e.  NPh<N-CPi^Q  ^205°]. 

Got  from  its  ether,  which  is  obtained  by  the 
action  of  phenyl-hydrazine  on  benzoyl-aceto- 
acetic  ether  (Knorr  a.  Blank,  B.  18,  311).  Sol. 
alkalis  and  cone.  HClAq,  insol.  water. 

Ethrjl  ether  EtA'.  [122°]. 

Di-phenyl-methyl-pyrazole  carhoxylic  acid 

^^^^CcPlTcMe^'^-  1^^'^*°^-  ^0™^'^  its 
ether,  which  is  got  by  mixing  benzylidene-aceto- 
acetic  ether  with  phenyl-hydrazine  (Knorr  a. 
Blank,  B.  18,  931).  Crystalline,  v.  sol.  alkalis 
and  acids. 

Ethtjl  ether 'EtA'.  [110°]. 

References. — Nitko-  and  Oxy-phenyl-methyl- 

PYEAZOLE  CABBOXYLIC  ACID. 

PHENYL-DI-METHYL-PYEIDAZINE.  Di- 

hydride    NPh^^^^i^^^^CH.    [82°].  (176° 

at  730  mm.).  Formed  by  heating  the  dicarb- 
oxylic  acid  at  220°  (Knorr,  B.  18,  304,  1568). 
Volatile  with  steam.  Insol.  water  and  alkahs, 
sol.  cone.  HClAq.  Colours  pinewood,  dipped  in 
HClAq,  red.  H^SOj  added  to  its  solution  in 
HOAc  containing  phenanthraquinone  gives  a 
deep-red  colour. 

Dicarboxylic  acid  of  the  dihydride 
CnHjjNjO,.    Obtained  from  its  ether,  which  is 
formed  by  mixing  acetic  acid  solutions  of  di- 
acetyl- succinic    ether    and  phenyl-hydrazine. 
Keedles  (from  HOAc).— BaA". 

Ethyl  ether  EtA".    [127°].  Prisms. 

Reference. — Oxy-phenyl-methyl-pykidazine. 

PHENYL-DI-METHYL-PYRIDINE 

N<^^^;^g>CPh.    [55°].    (287°)  at  731  mm. 

Formed  by  distilling  its  dicarboxylic  acid  with 
lime  (Bally,  B.  20,  2591).  Prisms  (from  ether). 
—B'HC13aq:  needles.— B'2H2PtCI(i4aq:  needles. 
—  B'HNOj.  [177°].  Needles.  —  B'H,,Cr,0,. 
Needles.— B'C,H3N30,.    [222°].  Needles. 

Methylo-iodide  B'Mel.  Granules,  si.  sol. 
water.— B',Me.,PtCl,.  [250°]. 

Hexahydride  C^NH^MeaPh.  (274°)at731 
mm.  Got  by  adding  Na  to  an  alcoholic  solution 
of  phenyl-di-methyl-pyridine.  Liquid.  Does 
not  give  a  pp.  with  picric  acid. — B'HCl. — 
B'HNOa.    [210°].— B'.,H,PtCl,.    [237°].  Plates. 

References. — Nitko-     and  Oxy-phenyl-di- 

METHYL-PYRIDINE. 

PHENYL  -  METHYL.  PYRIDINE  DICARB- 
OXYLIC  ACID  CnH„N0^  i.e. 

C0^.C,H,.C<^^Qgj;§^^*'.    [201°].  Formed 

by  oxidising  methyl  -  ()3)  -  naphthoquinoline 
by  KMnOj  in  acid  solution  (F.  Seitz,  B.  22, 
257).  Needles  (containing  aq)  or  anhydrous 
prisms.  FeSOj  colours  its  aqueous  solution 
lemon-yellow.  —  Na^A"  2aq.  —  ZnA"  l|aq.  — 
CuA"  l^aq  :  minute  bluish-green  plates. 

Phenyl-di-methyl-pyridine  carboxylic  acid 

N<CMe— °&H>*^^^-  tl90°J.  Got  from  its 
ether,  which  is  formed  by  heating  the  mono- 
ethyl  ether  of  the  dicarboxylic  acid  (Hantzsch, 
B.  17,  2911).  Small  prisms  (containing  2aq),  v. 
sol.  hot  water. — CuA'.^. —  (HA')2H2PtCl5  aq. 

Ethyl  ether  EtA'.  (316°-320°).  Thick 
liquid.    Yields  (EtA'j^iytCls  [196°]  and  also 


EtA'Mel  [c.  206°],  which  is  converted  by  alco- 
holic potash  into  CisHisNOj  [161°],  split  up  by 
HClAq  at  180°  into  acetic  acid  and  oxy-phenyl- 
di-methyl-pyridine  [112°]. 

Phenyl-di-methyl-pyridine  dicarboxylic  acid 
T^/CMe:C(CO..H)v,^„, 
^<CMe.C(CO,:H)>CPl^- 

Mono -ethyl  ether  HEtA".  [180°]. 
Formed  by  boiling  the  di-ethyl  ether  with  alco- 
holic KOH  (1  mol.)  (H.).    Cubes  (from  alcohol). 

Di-ethyl  ether  Et,A".  [67°].  Formed 
by  oxidising  its  dihydride  with  nitrous  acid. 

Dihydride  of  the  di-ethyl  ether 

by  heating  a  mixture  of  benzoic  aldehyde,  aceto- 
acetic  ether,  and  alcoholic  NH3  (Schifl  a.  PuUti, 
B.  16,  1607  ;  Bally,  B.  20,  2591).  Formed  also 
by  mixing  benzylidene-acetoacetic  ether  with  ;8- 
imido-butyric  ether  (Beyer,  B.  24,  1666).  Co- 
lourless crystals,  sol.  alcohol. 

(/3)-Phenyl-di-methyl-pyridine  dicarboxylic 

acid  [l:2]C0,H.C,H,.C^^JJ^Q^ig.y^>CMe. 

Formed  by  oxidising  di-methyl-(;8)-naphtho- 
quinoline  with  KMnOj  (Eeed,  J.  pr.  [2]  35,311). 
Syrup. — AgA'. 

Reference. — Oxy-phenyl-di-methyl-pyridine 

CAEBOXYLIC  ACID. 

PHENYL  TRI-METHYL-PYRIDYL  KETONE 
CARBOXYLIC  ETHER 

^^CMe'clcO^Ph)^^^"^®'  -^o™®^  '^y  action 
of  nitrous  acid  on  its  dihydride.  —  B'HNOa : 
white  plates.  —  B'HCl.  [192°].  Prisms.  — 
B'.,H.,PtCl, :  needles. 

i)i%dr^^aNH<gMe:C(CO,Et)>CHMe. 

[187°].  Formed  from  ethylidene-acetoacetic 
ether  and  C,H,.C0.CH.,.C(NH).CH3  (Beyer,  B. 
24, 1667).    Yellowish  plates. 

Methyl  derivative  of  the  dihydride 

NMe<S:;c!co!p?)>CHMe.  [87°].  Formed, 

in  like  manner,  by  the  action  of  the  methylimide 
of  benzoyl-acetone  on  ethylidene-acetoacetic 
ether  (B.).    Yellowish-white  needles. 

PHENYL-METHYL-PYRIMIDINE  C„H„N2 

i.e.  CPh<^^;^g®^CH.     [74°-78°].  Formed 

by  distilling  the  oxy-  derivative  (from  benzamid- 
ine  and  acetoacetie  ether)  with  zinc-dust  (Pinner, 
B.  18,  2850).  Colourless  needles.— B'.H.CLPtCl^. 
[190°]. 

References. — Oxy-  and  Oxy-amido-phenyl- 

METHYL  PYEIMIDINE. 

PHENYL-METHYL.PYRROLE  C,,H„N  i.e. 

NH<^^p^:^g.    [101°].    Got  by  heating  aceto- 

phenone-acetone  CHjBz.CH^c  with  alcoholic 
NH3  at  150°;  the  yield  being  70  p.c.  of  the 
theoretical  (Paal,  B.  18,  367).  Plates,  v.  sol. 
alcohol.  May  be  sublimed.  Gives  a  purple-red 
colour  with  isatin  and  H._,S04. 

Phenyl-di-methyl-pyrrole  CijHjjN  i.e. 

NPh<g^^;gg.     [52°].    (252°).    Formed  by 

distilling  its  dicarboxylic  acid  at  244°  (Knorr,  A. 
236,  306). 
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DI-PHENYL-METHYL-PYRROLE  C„H,3N 

i.e.NPh<^^jjg:^y.  [84°].  Formed  by  heating  the 

carboxylic  acid  [226°]  to  above  its  melting-point 
(Lederer  a.  Paal,  B.  18,  2596).    Large  tables. 
Tetra-phenyl-methyl-pyrrole 

NMe<^^J;^^J.    [214°].    Formed  by  heating 

bidesyl  CHojO,^  [255°]  with  aqueous  methyl- 
amine  at  150°  (Fehrlin,  B.  22,  554).  Groups  of 
minute  needles,  sol.  hot  alcohol  and  ether. 

Reference. — Oxy  -  tki  -  phenyl  -  methyl  -  pye- 

KOLE. 

PHENYL-METHYL-PYRROLE  CARBOXY- 
LIC ACID  NH<pp]^;^^^-^.    [c.  190°].  Got 

by  saponification  of  its  ether,  which  is  formed 
by  allowing  acetophenone-acetoacetic  ether  to 
stand  with  excess  of  NH,,Aq  (Lederer  a.  Paal,  B. 
18,  2593).    Flat  needles  (from  HOAc). 

Ethyl  ether  EtA.'.    [120°].  Needles. 

Phenyl-di-methyl-pyrrole  carboxylic  ether 

C„H„NO,  i.e.  ^^iKcPh-xin^"^^-  tll2°]. 
Formed  from  acetophenone  acetoacetic  ether 
and  NMeH^Aq  (L.  a.  P.).  Plates  (from  alcohol- 
ether),  V.  e.  sol.  alcohol. 

Phenyl-di-methyl-pyrrole  »i-carboxylic  acid 

C02H.C,H,.N<;pjj®:^^.    [135°].    Formed  by 

heating  acetonyl-acetone  with  m-amido-benzoic 
acid  and  alcohol  (Paal,  B.  19,  558).  Flat  crys- 
tals, si.  sol.  water,  v.  sol.  alcohol. 

Phenyl-di-methyl-pyrrole  di-carboxylic  acid 

CO,H.CH,.N<gJ^j^:g--g*^=^.    [152°].     Got  by 

saponifying  its  ether.  Small  needles  (from  alco- 
hol), si.  sol.  water. 

Ethyl  ether  Et^K".  [131°].  Got  by  allow- 
ing acetophenone-acetoacetic  ether  to  stand  with 
glycocoll  and  HOAc  (Paal  a.  Schneider,  B.  19, 
3160).    Needles  (from  HOAc),  si.  sol.  water. 

Phenyl-di-methyl-pyrrole  dicarboxylio  acid 

NPh<^^^^;^'^Q^g.  Got  from  its  ether.  Powder, 

decomposing  at  224°  into  CO^  and  phenyl-di- 
methyl-pyrrole. — CaA". — CaH,,A."2 :  prisms. 

Ethyl  ether  Et,,A".  [38°].  (280°)  at  500 
mm.  Formed  by  warming  di-acetyl-succinic 
ether  with  aniline  and  HOAc  (Knorr,  A.  236, 
305).  Crystals. 

Di-phenyl-methyl-pyrrole  carboxylic  acid 

NPKcMe;c.?0,H-  [226°].  Obtained  by 
saponification  of  its  ether,  which  is  formed  by 
boiling  acetophenone-aceto-acetic  ether  with  an 
acetic  acid  solution  of  aniline  (Lederer  a.  Paal, 
B.  18,  2595).     Small  needles  (from  acetic  acid). 

Ethyl  ether  Mm-.  [100°];  prisms. 

Di-phenyl-methyl-pyrrole  di-o-carboxylic 
acid  NMe<C(CeH.CO,H):gH  ^g^oj. 

from  C2H,(CO.C6H4.C02H)2  and  methylamine  in 
alcohol  at  100°  (Baumann,  B.  20,  1489).  Deep- 
yellow  plates,  insol.  water,  si.  sol.  ether. 

Di-phenyl-methyl-pyrrole  dicarboxylio  acid 

C02H.C,H,.N<^^j^:ggO^.    [210°].  Formed 

by  saponifying  its  ether,  which  is  got  from 
acetophenone-acetoacetic  ether,  w-amido-benz- 


oic  acid,  and  HOAc  (Paal  a.  Schneider,  B.  19, 
3162).    Needles  (from  dilute  alcohol). 

Ethyl  ether  mA.'.    [160°].  Needles. 

Reference. — Oxy  -  phenyl  -  jiethyl  -  pyrrole 

CAEBOXYLIC  ACID. 

PHENYL-METHYL-QUINAZOLINE  DIHY- 

DRIDE  CH^N,,  i.e.  C,H,<^-g^f^.  [60°]. 

Formed  by  reduction  of  the  acetyl  derivative  of 
o-nitro-benzyl-aniline  with  tin  and  HClAq  (Paal 
a.  Krecke,  -B.  23,  2638).  Eosettes  of  white 
needles,  insol.  water,  m.  sol.  ligroin.  The  tin 
double  chloride  melts  at  122°.— B'HCriaq. 
[257°].— B'.,H,PtCl6.  Flat  orange  needles.  De- 
composes at  223°. 

Reference. — Oxy  -  phenyl  -  methyl  -  qtjinaz- 

OLINE. 

(Py.  1,3)  -  PHENYl-METHYL-QUINOLINE 

^<.^<N  =  CMe-  [1°°°]- 

an  alcoholic  solution  of  o-amido-benzophenone 
with  acetone  and  KOHAq  (Geigy  a.  Konigs,  B. 
18,  2406 ;  19,  2428).  Obtained  also  from  par- 
aldehyde, acetophenone,  HCl,  and  aniline,  and 
by  heating  benzoyl-acetone-anilide  C,^H,jNO 
with  H„SO,  on  the  water-bath  (Beyer,  J.  pr.  [2] 
33,  420";  B.  20,  1771).  Tables  (from  ether).— 
B'H„SO^.  [236°].— B',H,PtCl„2aq.  [225°].  Its 
acid  solutions  fluoresce  blue.  By  heating  with 
phthalic  anhydride  and  ZnCl,  at  150°  it  is  con- 
verted into  the  phthalone  G^HisNO,  [270°], 
which  crystallises  from  alcohol  or  HOAc  in 
sparingly-soluble  orange-red  crystals. 

(Py.  3,l)-Phenyl-methyl-quinoline  C,^H,3N 

i.e.  C,H,<^^^pj^.  Flavoline.  [65°].  (374°). 

V.D.  7'7  (calc.  7'6).  Formed  by  distilling  flave- 
nol  with  zinc-dust.  Prepared  by  adding  a  little 
dilute  (10  p.c.)  NaOHAq  to  a  solution  of  equi- 
molecular  quantities  of  o-amido-acetophenone 
and  acetophenone,  and  then  heating  on  the 
water-bath  (Fischer,  B.  15,  1503;  16,  68;  19, 
1037).  Thick  tables.  Yields  flavaniline  on 
nitration  and  reduction.  Salts. — B'HCl  2aq. — • 
B'JELPtCls:  reddish-yellow  needles.— B'Mel. 
[185°]  (Bernthsen  a.  Hess,  B.  18,  34).  Con- 
verted by  KOHAq  into  a  strongly  alkaline  solid 
'  methyl-fiavolinium  hydrate.' — B^Me.PtCl^. 
(Py.  3,2)-Phenyl-methyl-quinoline 

CA<N=CPh'  (above  300°).  Formed 

by  heating  a  mixture  of  CHPh:CMe.CHO,  anil- 
ine, and  cone.  HClAq  at  200°  (Miller  a.  Kinke- 
lin,  B.  19,  527).  Trimetric  prisms,  v.  sol.  alco- 
hol and  ether. — B'JI,PtCl,.:  orange  plates. — 
B'C^H^NjO,.    [202°]".  "Large  yellow  plates. 

(B.  2)-Phenyl-(P^/.4)-methyl-quinolinetet^a- 
v  ^  o  XT  XT  •  CPh:CH.C.CH,,  .CH, 
hydride  C,,H„N  i.e.  :CH.C.NM'e.CH,; 
Formed  by  reducing  (B.  2)-phenyl-quinoline 
methylo-chloride  with  tin  and  HClAq  (La  Coste 
a.  Sorger,  A.  230,  24).  Amorphous  powder, 
insol.  cold  water.— B'HCL— B'HI.-B'C.H.NjO,. 
[147°].— B'Mel  aq.   [195°].  Yellow  plates. 

(Py.  3)-Phenyl-(B.  4)-methyl-quiiioline 

dicLdSS^h-  [50°J-  Formed  by  distil, 
ling  its  (Py.  l)-carboxyUc  acid  with  soda-lime 
(Doebner  a.  Giesecke,  A.  242,  299).  Plates 
(from  alcohol).— B'.,HoPtCls.    Brick-red  needles. 
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(Py.  3)-Phenyl-(B.  2)-inethyi-quinoliiie 
CHlcKcS^-CTh-    t68°].  (above  360-).  Got 
by  distilling  its  carboxylic  acid  with  soda-lime 
(D.  a.  G.).    Small  yellow  needles  (from  dilute 
alcohol). — B'.,H„PtCl6 :  golden  needles. 

References. — NiTEO-andOxT-PHENYL-METHYL- 

QUINOLINE. 

(Py.  3)-PHENYl-(B.  4)-METHYL-QUIN0L- 
INE  (Py.  1) -CARBOXYLIC  ACID  C„H,3N0,,. 
[2-15°].  Formed  by  heating  equi-molecular  pro- 
portions of  o-toluidine,  benzoic  aldehyde,  and 
pyruvic  acid  in  alcoholic  solution  on  the  water- 
bath  (Doebner  a.  Giesecke,  A.  242,  298).  Small 
yellow  crystals  (from  alcohol),  v.  si.  sol.  hot 
water. — CuA'„aq. — AgA'aq:  needles  (from  Aq). 

(Py.  3)-Plieiiyl-(B.  2)-metliyl-quinoline  (Py. 
l)-carboxylic  acid.  [228°].  Formed  in  like 
manner  from  p-toluidine  (D.  a.  G.).  Yellow 
needles  (from  alcohol). — CuA'.,. — PbA',. — AgA'. 
— H„A'.,H2PtCls :  golden  needles,  v.  si.  sol.  hot  Aq. 

Beference. — Osy  -  phenyl  -  methyl  -  quinoline 

CAEBOXYLIC  ACID. 

PHENYL  (Py.   3)-METHYL-(B.  2)-QUIN- 

OLYL  KETONE  C,H,.C0.C,H3<g^^g.  [68°]. 

(above  300°).  Formed  from  amido-benzophen- 
one,  paraldehyde,  and  HClAq  at  100°  (Hinz,  A. 
242,  323).  Needles  (from  water)  or  plates  (from 
alcohol).— B'2H,PtCls2aq.—B'„H,Cr20,.—B'MeI. 
[220°].    Small  dark-green  needles  ;  v.  sol.  water. 

Phenyl (P?/.3)-methyl-(B.4)-quinolyl  ketone. 
[108°].  Formed  by  boiling  o-amido-benzophen- 
one  with  dilute  H._,S04  and  paraldehyde  (Geigy 
a.  Konigs,  B.  18,  2406).  Matted  needles  (from 
dilute  alcohol). 

PHENYL  -  DI  -  METHYL-QUINOLYL-THIO- 
UKEA  NHPh.CS.NH.C„H,„N.  [159°].  Formed 
by  heating  phenyl-thiooarbimide  with  amido-di- 
methyl-quinoline  (Marckwald,  B.  23,  1025). 
Prisms,  v.  sol.  hot  alcohol. — B'.,H .JtClj :  pp. 

PHENYL-METHYL-ftUINOXALINE 
CMe:CH.C.N:CPh    r_„oi    17       ;i        ;i  • 
CH-CH.CN-CH'  Formed  by  reducmg 

C,H3'Me(N62)'.NH.CH,Bz  with  SnCl.,  and  HCl 
(Lellmann  a.  Donner,  B.  23,  171).    Needles,  v. 
sol.  alcohol.— B'HgCl,.    [223°].    White  needles. 
Phenyl-methyl-quinoxaline 

CH^CH.C.N:CPh-  [135°]  •  Formed,  together  with 
the  preceding  isomeride,  by  the  action  of  chloro- 
acetophenone  on  tolylene-o-diamine  (Hinsberg, 
A.  237,  370).  Formed  also  by  warming  phenyl- 
glyoxylic  aldehyde  CgHj.CO.CHO  with  tolylene- 
o-diamine  sulphate  and  NaOAc  (Pechmann,  B. 
20,  2905).  Needles,  v.  sol.  hot  alcohol  and  ether. 
Phenyl-di-methyl-quinoxaline 

C,H3Me<^:^^j^.    [48°].     Formed  by  boiling 

phenyl  methyl  diketone  with  tolylene-o-diamine 
in  ether  (Miiiler  a.  Pechmann,  B.  22,  2130).  V. 
sol.  most  solvents. 

Di-phenyl-methyl-quinoxaline  CjiHi^Nj  i.e. 

C,H3Me<;^:^p^.    [111°].   Formed  by  heating 

benzil  with  tolylene-o-diamine  in  alcohoUc  solu- 
tion (Hinsberg,  B.  17,  322).     Silvery  plates. 
May  be  distilled.    Weak  base.  Nearly  insol.  Aq. 
Di-phenyl-jz-methyl-quinoxaline  dihydride 

C,H,<^^-^^^^.    [133°].  Formed  by  heating 


phenylene-methyl-o-diamine  with  benzoin  at 
165°  (Fischer  a.  Busch,  B.  24,  2682).  Yellow 
needles,  m.  sol.  alcohol.  Its  solutions  fluoresce 
greenish-yellow. 

Beferetice.  —  Osy  -  phenyl  -  methyl  -  quin- 

OXALINE. 

PHENYL-METHYL-ROSINDULINE 


[232°]. 


C,„H,(NPh)<Jpj^>C,H3Me 

Formed  from  benzene-azo-p-tolyl-(a)-naphthyl- 
amine  (Fischer  a.  Hepp,  A.  256,  243).  Eeddish- 
brown  bronzed  plates.  Split  up  by  cone.  HClAq 
at  200°  into  aniline  and  methyl-rosindone. 

PHENYL-METHYL-SUCCINIC  ACID  v. 
Phenyl-pyeotabtaeic  acid. 

Phenyl-tri-methyl-suecinic  acid  CijHjgO^  i.e. 
CH2Ph.CH(CO.,H).CMe,.C02H.  [140°].  Formed 
from  bromo-isobutyric  ether  and  sodium  benzyl- 
malonic  ether,  the  resulting  ether  (200°-220°) 
being  saponified  (Bischoff,  B.  24,  1060).  Short 
needles  (from  water),  v.  sol.  alcohol  and  ether. 

Di-phenyl-di-methyl-succinic  acid.  Nit  rile 
CPhMe(CN).CPhMe.CN.  [227°].  Formed  from 
CHPhMe.CN  by  treatment  with  NaOEt  and  I 
(Chalanay  a.  Knoevenagel,  B.  25,  289).  Insol. 
benzene,  si.  sol.  alcohol. 

PHENYL-METHYL-SULPHAMIC  ACID 
NPhMe.S03H.  Formed  from  CISO3H  and 
methyl-aniiine  in  chloroform  (Traube,  B.  24, 
362).— NH^A'.  Turns  violet  in  air.  Decom- 
posed by  boiling  HClAq  into  methyl-aniline  and 
HjSOj.  The  potassium  salt  is  a  crystalline 
powder,  si.  sol.  alcohol,  v.  sol.  water. 

PHENYL-DI-METHYL  SULPHAMIDE 
SO„(NMe.,)(NHPh).     [85°].      Formed  from 
NMe.,.SO.,Cl  and  aniline  (Behrend,  A.  222,  128). 
Needles  (from  ether).  Yields  SO.,(NMe,)(NPhNa) 
crystallising  in  needles,  v.  sol.  water  and  alcohol. 

PHENYL  METHYL  SULPHIDE  PhSMe. 
(188°).  Formed  from  Pb(SPh),  and  Mel  at  100° 
(Obermeyer,  B.  20,  2926).  Liquid. 

PHENYL  METHYL  STTLPHONE  CjEgSO^i.e. 
C^Hj.SOo.CH,.  [89°].  Formed  from  benzene 
sulphinic  acid,  NaOEt,  and  Mel  at  100°,  and 
also  by  boiling  CsH5.SOo.CH2.CO2H  with  alco- 
holic potash  (Michael  a.  Palmer,  Am.  6,  254  ; 
7,  65;  Otto  a.  Eossing,  B.  18,  156;  21,  652; 
22,1449,1452;  23,755).  Plates  (from  hot  water), 
v.  e.  sol.  alcohol  and  ether. 

PHENYL  METHYL  SULPHONE  a. -CARS- 
OXYLIC  ACID  t).  Phenyl-sdlphoko-acetic  acid. 

PHENYL-METHYL-THIAZOLE  C.oHgNS  i.e. 

■^^CPh's^'  ^^^"^ 
benzamide   and   chloro-acetone    in  alcohol 
(Hubacher,  A.  259,  236).  Oil. 

Phenyl-methyl-thiazole  ^"^CMe  S 
[68-5°].  (284°  cor.).  Formed  from  thioacet- 
amide  and  oi-bromo-aoetophenone  (Hantzsch,  B. 
21,  943;  A.  250,  269).  Weak  base.  Not  at- 
tacked in  boiling  alcoholic  solution  by  sodium 
(Schatzmann,  A.  261,  7).— "B'HCl :  si.  sol.  Aq. 

Pheny  I-methyl-tliiazole.  Dihydride 

^'^CPhS^'^^''-  ^o"^™^"^  boiling  propylene 
bromide  with  thiobenzamide  (Gabriel  a.  Hey- 
mann,  B.  24,  785).  Yellowish  liquid. — Pi  crate 
B'C,H„N,0, :  crystalline. 

l-  \  \  .t.  ,  *v.-  1  T.T.^CPli:CPh 
Di-phenyl-metnyl-thiazole      ^"^CMe  S 
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•f52°].    Formed  from  thioacetamide  and  bromo-  ' 
deoxybenzoin  in  alcohol  (Hubacher,  A.  259, 
Stellate  groups  of  needles,  insol.  water. 
— Hydrochloride:    [97^];    white  crystals 
(from  dilute  HClAq). 

PHENYL-METHYL-THIAZOLE  CARBOXY- 

IIC  ACID  N<^^^^=§-^^-^.    [203°].  Formed 

by  saponifying  its  ether.    Needles,  si.  sol.  ether. 

Ethyl  ether  EtA'.  [43^].  Formed  from 
thiobenzamide  and  chloro-aoetic  ether  (Hubacher, 

A.  259,  237). 

PHENYL  (a)-METHYL-THIENYL  KETONE 
CsHj.CO.CjHJIeS.  [124°].  Formed  by  heating 
C^H„Me(HgCl)S  with  BzCl  at  100°  (Volhard,  A. 
267,'l81;  c/.  Ernst,  5. 19,  3280).  Needles  (from 
ligroin). 

TRI  -  PHENYL  -  DI  -  METHYL  -  DI-THIO- 
BIUilET  0,^a;,N,S„  i.e.  NPh(CS.NPhMe),  or 
CS(NPhMe).S.C(NPh)(NPhMe).  [202°].  Formed 
from  Cl.CS.NPhMe  and  aniline  (Billeter  a. 
Strohl,  B.  21,  108).  Needles,  v.  si.  sol.  cold 
alcohol. 

PHENYL  -  METHYL  -  DI-THIO-CAEBAMIC 
ACID    NPhMe.CS.SMe.  [88°]. 
Formed  by  heating    NPhMe.C(NMe).SMe  or 
NPhMe.C(NH).SMe  with  CS.,  at  1G0°  (Bertram, 

B.  25,  54).  Plates. 

PHENYL  -  METHYL  -  THIOCARBAMIC 
CHLORIDE  NPhMe.CS.Cl.  [35°].  Formed 
from  methyl-aniline  and  CSCL  (Billeter,  B.  20, 
1631).  Yellowish  crystals.  Converted  by  alco- 
hol into  (NPhMe.CS).,0  [116-5°]. 

PHENYL  -  METHYL-THIO-SEMI-CARBAZ- 
IDE  NHPh.NH.CS.NHMe.  [89°].  Formed  from 
methyl-thiocarbimide  and  phenyl-hydrazine 
{Dixon,  C.  J.  57,  262).  Trimetric  prisms,  v.  si. 
sol.  cold  water.  HjSO,  forms  an  azure-blue 
solution.  CuSO.,  gives  a  deep-blue  colour,  and 
FeCl,,  a  greenish-blue. 

Phenyl-methyl-thio-semi-carbazide 
NHPh.CS.NH.NHMe.     [143°].     Formed  from 
methyl-hydrazine    and  phenyl-thiocarbimide 
(Briining,  A.  253,  11).    Prisms  (from  alcohol). 

Di-pheayl-methyl-thio-semi-carbazide 
NPhMe.NH.CS.NHPh.    [154°].     Formed  from 
phenyl-methyl-hydrazine  and  jihenyl-thiocarb- 
imide  (Fischer,  A.  190, 166).   V.  sol.  hot  alcohol. 

PHENYL-METHYL-THIOCARBIZINE 

^^^NMe"    [123°].    Formed  from  phenyl-thio- 

earbizine  and  Mel  at  100°  (Fischer,  A.  212, 
330).  Tables  (from  water).  Not  attacked  by 
nitrous  acid. 

PHENYL-METHYL-THIOHYDANTOICACID 
NHPh.CS.NH.CHMe.CO,H.  Formed  from 
alanine  and  phenyl-thiocarbimide  in  alcohol 
(Marckwald,  B.  24,  3280;  cf.  Aschan,  B.  17, 
421). — KA' :  minute  needles. 

PHENYL-METHYL-THIOHYDANTOIN 

^^<NH'-CHMe-  ^y  treating 

phenyl-methyl-thiohydautoic  acid  (y.  sitpra) 
with  HCl.  Small  prisms  (from  alcohol).  Split 
up  by  HClAq  at  150°  into  aniline,  alanine,  CO,, 
and  CS,. 

Phenyl-di-methyl-thiohydantoin 

CS<:^^g^'^^j^  .    [67°].    Formed  from  phenyl- 
thiocarbimide    and     a-amido-isobutyrie  acid 
(i^Iarckwald,  B.  24,  3282).    Crystals,  si.  sol.  Aq. 
Vol,  IV, 


PHENYL-METHYL-THIOPHENE  C,,H,„S 

i.e..  S<™j^:^|.    [51°].    (271°  unoor.).   Got  by 

heating  acetophenone-acetone  with  P^S^  at  125°, 
the  yield  being  70  p.c.  of  the  theoretical  amount 
(Paal,  B.  18,  367).  Needles,  volatile  with  steam. 
Gives  the  indophenine  reaction. 

Phenyl-methyl-tliiopheiie  S<^^g*^:^pj^. 

[73°].  Formed  by  heating  CHAcCHPh'-CO^Na 
with  P2S3  or  P2S3  (Paal  a.  Puschel,  B.  20,  2558). 
Plates,  V.  sol.  hot  alcohol.  Gives  the  indophen- 
ine reaction  on  warming.  Br  forms  C^H^Br^S 
[137°\ 

s-PHENYL-METHYL-THIO-UREA  C,H„,N.S 
i.e.  CS(NHPh)(NHMe).  [113°].  Formed  froni 
methyl-thiocarbimide  and  aniline  (Gebhardt,  B. 
17,3038).  Six-sided  tables.  Yields  NH^Me  and 
CS(NHPh).^  on  boiling  with  aniline. 

?(-Phenyl-methyl-thio-urea 
CS(NH,,)(NPhMe).  [107°].  Formed  from  methyl- 
aniline  hydrochloride  and  potassium  sulpho- 
cyanide  (Gebhardt,  B.  17,  2094).    Tables  (from 
alcohol)  or  prisms  (from  hot  water). 

Pheiiyl-methyl-4/-thio-urea 
MeS.C(NH)(NHPh).  [71°].  Formed  by  warm- 
ing phenyl-thio-urea  with  Mel  and  alcohol 
(Bertram,  B.  25,  49).  Colourless  crystals,  si. 
sol.  hot  water.  Converted  by  dilute  H.,S04  at 
160°  into  MeS.CO.NHPh,— B'HI.  [i47°].— 
B'H,SO,.  [171°].— B'2H..S0,.  [171°].— B'HNO,. 
[113°].— B'HOAc.  [115'].— B'.JI,PtCl„.  [184°J. 
— B'CsH,,(NO,).,OH.  [175°].  Yellow  plates. 

Phenyl-di-methyl-thio-urea 
CS(NHMe)(NPhMe).     [114°].     Formed  from 
methyl-thiocarbimide  and  methyl-aniline  (G.). 

Phenyl-di-methyl-i|/-tMo-urea 
MeS.C(NH)(NPhMe).  Formed  from  phenyl- 
methyl-4'-thio-urea  and  methyl  iodide  (B.). 
Oil.  Converted  by  dilute  H.,SO,  at  160°  into 
MeS.CO.NPhMe  [54°].  —  B'HI.  [184°].  — 
B'CgHjNjO,.    Small  prisms. 

Phenyl-tri-methyl-if-thio-urea  C,uH|,N.,S  i.e. 
MeS.C(NMe)(NPhMe).  Mcthyl-imido-mcthyl- 
phenyl-carbamic  tliiic  methyl  ether.  Formed  by 
methylation  of  phenyl-di-methyl-,j/-thio-urea 
(B.).— B'HI.  [c.  184°].— B'.,H,>PtCls.  [c.  174°]. 
— B'C8H,jN.,0,.    [126°].    Lemon-yellow  crystals. 

Di-phenyl-methyl-thio-urea 
CS(NHPh)(NPhMe).  [87°].  (205°).  Formed 
from  phenyl-thiocarbimide  and  methyl-aniline 
(G.).  Prisms,  v.  sol.  hot  alcohol.  Decomposed 
into  the  parent  substances  by  distillation  with 
steam.  Boiling  aniline  yields  CS(NHPh).,  and 
methyl-aniline. 

Di-phenyl-methyl-<|'-thio-urea 
MeS.C(NPh)(NHPh).     [110°].     Formed  from 
CS(NHPh)2  and  Mel.    Cone.  HClAq  at  150° 
yields  aniline  and  methyl-mercaptan.— B'HI. 

Di-phenyl-di-methyl-tMo-urea  CS(NPhMe).,. 
[72-5°].  Formed  from  NPhMe.CS.Cl  and  methyl - 
aniline  (Billeter,  B.  20,  1631).  Prisms  (from 
ligroin). 

Di-phenyl-di-methyI-i|/-thio-urea 

MeS.C(NPh)(NPhMe).    (above  300°).  Formed 
from  CS(NHPh)(NPhMe)  and  Mel  (Bertram,  B. 
25,  57).    CSj  at  160°  forms  NPhMe.CS.Me.— 
B'HI.    Crystalline  meal,  si.  sol.  hot  water. 
Bcfere7ice. — Ojcy  -  di  -  r  uenyl  -  methyl-i{'-thio- 
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PHEN  YL-METHYL-URE  A. 


PHENYL-METHYL-UEEA  C„H,„N20  i.e. 
C0(NH2)(NPhMe).  [82°].  Formed  from  methyl- 
aniline  hydrochloride  and  potassium  cyanate 
(Gebhardt,  B.  17,  2095).    Thin  crystals. 

Pheayl-di-methyl-urea  C0(NMe2)  (NPhMe) . 
Formed  from  NMe^.COCl  and  aniline  (Michler 
a.  Escherich,  S.  12,  1163).  Crystals  (from 
alcohol). 

Di-phenyl-methyl-urea  CO(NPhMe)(NHPh). 
[104°].  (204°).  Formed  from  phenyl  cyanate 
and  methyl-aniline  (G.).    Small  needles. 

Di  -  phenyl  -  di  -  methyl-urea  CO(NPhMe).,. 
[121°].    (c.  350°).    Formed  from  NPhMe.COCl 
and  methyl-aniline  (Michler  a.  Zimmermann, 
£.  12,  1166).    Tables  (from  alcohol). 
PHENYL-(/3)-NAPHTHACRIDINE 

[297°].    S.  (alcohol)  -04 


at  15°;  S.  (benzene)  -29  at  18°.  Formed  by 
heating  a  mixture  of  di-(5)-naphthylamine  with 
BzCl  or  -with  benzoic  acid  and  P.^Oj  or  ZnCL, 
(Glaus  a.  Eichter,  B.  17, 1595  ;  Eis,  B.  17,  2029  ; 
Klopsch,  B.  18,  1586).  Needles,  v.  sol.  hot 
benzene.— B'HCl.—B'.^aPtCl, :  yellow  needles. 


Got 


from  benzoic  aldehyde  (1  mol.)  and  (/8)-naphthyl- 
amine  (2  mols.)  in  presence  of  condensing 
agents  (Claisen,  A.  237,  273).  Oxidised  to 
phenyl-naphthacridine. 

(B)-PHENYL-NAPHTHALENE  C,sH,2  i.e. 
C,„H,.C,H5.  [102°].  V.D.  7-12  (calc.  7-05). 
Formed  by  passing  a  mixture  of  naphthalene 
and  bromo-benzene  through  a  red-hot  tube 
(Watson  Smith,  B.  12,  2049;  C.  J.  39,  546; 
C.  J.  Proc.  5,  70).  Formed  also  by  the  action 
of  H.,S04  (80  g.)  diluted  with  water  (44  g.)  on 
CHPh(OH).CH,OH  (Zincte  a.  Breuer,  A.  226, 
23;  240,  137).'  Fluorescent  plates.  May  be 
sublimed.  Gives  rise  on  oxidation  to  a  quinone 
C„H,A  [110°]. 

A  hydrocarbon  C,cH,2  [104°]  got  by  distilling 
chrysoquinone  with  soda-lime  is  perhaps  identi- 
cal with  the  above  (Graebe,  B.  6,  66  ;  7,  792 ; 
Schmidt,  J.p^:  [2]  9,  285). 

(a)-Phenyl-naphthalene  dihydride  v.  Ateon- 

ENE. 

Befereiice. — Oxy-amido-phexyl-naphthalene. 

DI-PHENYL-NAPHTHAMIDINE  CsHi^Nj 
i.e.  C,„H,.C(NPh).NHPh.  [183-5°].  Formed 
from  (a)-naphthoic  acid,  aniline,  and  PClj 
(Bossneck,  B.  16,  642).    Needles  (from  alcohol). 

PHENYL-(/3)-NAPHTHIND0LE  C,sH,3N  i.e. 

Ci„H,<^^^^CPh.  [130°].  Formed  by  heat- 
ing the  (/3)-naplithyl-hydrazide  of  acetophenone 
with  ZnCL  at  170°  (Ince,  A.  253,42).  Crystals, 
V.  sol.  alcohol  and  ether.  Colours  pinewood 
green.— E'C^HgNjO;.    [166°].    Brown  needles. 

Phenyl-(^)-naphthinaole  C,„H,<^^g^^CH. 

[211°].  Formed  by  the  action  of  alcoholic  HCl 
on  the  (S)-naphthyl-hydrazide  of  phenyl-acetic 
aldehyde  (I.).  Needles,  suddenly  decomposed 
on  fusion.  Colours  pinewood  green.  ZnClj  at 
170°  converts  it  into  the  preceding  isomeride. 
— B'CsH,N,0,.  [120°].  Eeddish-brown  needles. 
PHENYL-NAPHTHOTRIAZINE.  Dihij- 

dride  C„H,3N3  i.e.  C,„H,<^;g5^.  [184°]. 

J'ormed  by  heating  benzene-azo-(;8)-naphthyl- 


amine  with  formic  paraldehyde  at  140°  (Gold- 
schmidt  a.  Poltzer,  B.  24,  1002).    Plates  (con- 
taining §  aq).— B'HCl.    [254°].— B'^H^PtCls. 
Di-phenyl-(c!;8)-naphthotriazine  C23Hi,N3  i.e. 

^i»^<N.NPh  ^  •    tl94°].    Got  by  heating  a 
solution  of  CHPh:N.C,„H,.N2Ph  in  HOAc  (Mel- 
dola,  C.  J.  57,  330).    White  flattened  needles. 
PHENYL-NAPHTHOPHENANTHBAZINE 

c'h^'cHN/'^"'^'''  ■^^^  phenylo-nitrata 
B'PhN03,  formed  by  boiling  phenanthraquinone- 
with  phenyl-naphthylene-diamine  in  HOAc  and 
then  adding  HNOj  crystallises  in  dichroie 
needles  or  prisms  (Witt,  B.  20,  1185). 

{Py.  3)  -PHENYL-  (a)-NAPHTHOQiriNOLINE 

C„H,3N  i.e.  C,„H,<g2^^j^.    [68°].  Formed 

by  heating  its  {Py.  l)-carboxylic  acid  with  soda- 
lime  (Dobner,  A.  249,  114).  Yellow  needles 
(from  alcohol-ether).  Yields  a  syrupy  tetra- 
hydride.  Salts.— B'.,H,PtCl,2aq.—B'H2Cr,0,.— 
B'CgHjNjO,.  [167°].  Thin  needles  (from  alcohol). 

[Py.  3)-Phenyl-(/3)-naphthoquinoIine.  [188°]. 
Formed  by  heating  its  carboxylic  acid  with  soda- 
lime  (D.).  Needles  or  plates,  insol.  water,  v.  sol. 
alcohol.— B'^HjPtCl^  aq.— B'C^HsNsO,.  [250°]. 
Yellow  plates,  si.  sol.  ether. — B'JEiCr^O.. 

Ethylo -iodide.  [233°]."  Plates,  insoL 
ether. 

(P2/.3)-PHENYL-(a)-NAPHTHOQUINOLINE 
{Py.    1)-CAEB0XYLIC    ACID   CjoHijNO^  i.e. 

C,„H,<g(££?51=gpi^.     [300°].     Formed  by 

heating  (a)-naphthylamine  with  pyruvic  acid 
and  benzoic  aldehyde  in  alcoholic  solution  (D.). 
Yellow  needles  (from  alcohol-acetone).  May  be 
reduced  to  a  tetrahydride.  Produces,  on  oxida- 
tion, di-jjhenyl-pyridine  tri-carboxylic  acid  and 

C02H.C5NHPh<^«^''.—  NaA'  ^aq.  —  CaA'24aq. 

—  ZnA'2. — PbA'j. — AgA' :  insoluble  powder. 

Ethyl  ether  ^M.    [103°].  Needles. 

{Py.  3)-Phenyl-(j3)-naphthoquinoline  {Py.  1)- 
carboxylic  acid  C2„H,3N02.  [296°].  Formed  in 
like  manner  from  (/8)-naphthylamine  (D.). 
Needles,  v.  si.  sol.  alcohol. — KA'  5aq. — NaA'  5aq. 
— CaA',  6aq. — ZnA'.,2aq. — CUjA'j  aq  (?). — AgA'. 

PHENYL-NAPHTHOQUINOXALINE 

Ci(|Hs<^^;^^j^.    The  phenylo-bromide  B'PhBr, 

formed  from  phenyl-naphthylene-diamine  and 
bromo-acetophenone,  crystallises  in  yellow 
plates,  and  is  converted  by  NaOH  into  B'PhOH 
[148°],  which  crystallises  in  prisms,  and  yields 
B'PhNOs  (Fischer  a.  Busch,  B.  24,  1873). 
Di-phenyl-naphthoquinoxaline 

C,„H,<^:gJJ.    [147°].    Formed  by  heating 

naphthylene-(l,2)-diamine  hydrochloride  with 
benzil  in  alcohol  (Lawson,  B.  18,  2426).  Light- 
brown  plates,  V.  sol.  alcohol  and  ether. 
Phenylo-hydroxide 

C.oH6<^5J(5^.5p^.     [167°].     Formed  by 

oxidation  of  C!ioH<i<CN^CHPh  [^^^^'  ^^'^'^^ 
got  by  heating  phenyl-naphthylene-o-diamine 
with  benzoin  at  200°  (Fischer,  B.  24, 722, 1871). 
Formed  also  from  naphthylene-phenyl-diamine 
and  benzil  (Fischer,  B.  24,   2679).  Yellow 
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prisms,  insol.  water,  v.  sol.  ether. — B'HNOj. — 
B'HCl  :  dark-yellow  needles,  v.  sol.  alcohol. 
Di-phenyl-naphthoquinoxaline  dihydride 

C,oH<5J^_^'-§fj;^.    [ICS''].     Formed,  together 

with  a  compound  melting  at  195°,  from  naph- 
thylene-pheuyl-diamine  and  benzoyl-carbinol  at 
155°  (Fischer  a.  Busch,  B.  24,  2GS0).  Orange 
needles,  v.  sol.  benzene,  v.  si.  sol.  alcohol. 
PHENYL-NAPHTHOEOSINDULINE 

^A<c(NPh).CH:C.NPh.c!cH^^''^*- 
Formed,  together  with  naphthyl-rosinduline,  from 
benzene-azo-di-(a)-napl"ithylamine,  hydrochlor- 
ide, aniline,  and  alcohol  at  IGo""  (Fischer  a.  Hepp, 

A.  256,  247).  Deep-red  bronzed  plates.  Cone. 
HClAq  forms  aniline  and  naphthorosindone 
[295°]. 

DI  -  PHENYL  -  (a)-NAPHTHYL.ACETAMID- 

INE  C,„H,.CH,.C(NPh).NHPh.  [130"].  Formed 
from  (a)-naphthyl-acetic  acid  (3  mols.),  aniline 
(6  mols.),  and  PCI,  (Boessneek,  B.  10,  642). 
Needles,  sol.  ether  and  ])enzene. 

PHENYL-(a)-NAPHTHYL-AMINE  Ci^HijN 
i.e.  C.H^.NH.CioH,.  [60°].  Formsby  heating  (a)- 
naphthylamine  hydrochloride  with  aniline  at 
250°  (Girard  a.  Vogt,  Bl.  [2]  18,  67  ;  Streilf,  B. 
13,  1852).  Prepared  by  heating  a  mixture  of 
(a)-naphthol  (15  pts.),  aniline  (19'4  pts.)  and 
CaClj  (11-6  pts.)  under  pressure  for  9  hours  at 
280°  ;  the  yield  being  26  p.c.  of  the  theoretical 
(Friedlander,  B.  16,  2077).  White  plates  or 
prisms,  v.  sol.  alcohol.  Its  solutions  show  blue 
fluorescence.  Yields  a  tri-bromo-  derivative 
[137°]  and  a  di-nitro-  derivative  [77°].  H,,SO,  at 
100°  forms  a  tetra-sulphonic  acid. — B'HCl : 
prisms,  decomposed  by  water. — B'C^HjN^O;. 

Acetyl  derivative  CigHi^NO.  [115°]. 

Benzoyl  derivative.  [152°]. 

Nitrosaminc.  C,„H,.NPh.NO.  [92°]. 
Eeddish-yellow  crystals  (Fischer  a.  Hepp,  £.20, 
1247). 

Pheayl-(/3)-naphthylamine  CijH.jN.  [108°]. 
(395°).  Formed  by  heating  (;8)-naphthol  with 
aniline  and  ZnCl,  at  190°  (Merz  a.  Weith,  B.13, 
1300),  or  with  aniline  hydrochloride  (Merz  a. 
Weith,  B.  13,  1850). 

Preparation. — A  mixture  of  (/3)-naphthol  (15 
pts.),  aniline  (19-4  pts.),  and  CaCl,  (11-6  pts.)  is 
heated  under  pressure  at  280°  for  9  hours ;  the 
yield  is  98  p.c.  of  the  theoretical  (Friedlander, 

B.  16,  2075). 

Properties. — White  needles,  sol.  MeOH. 
Yields  a  tetra-bromo-  derivative  [198°]  and  a 
nitro-  derivative  [87°].  With  nitroso-di-methyl- 
aniline  hydrochloride  and  HOAc  it  yields  lustrous 
black  crystals,  which  form  a  violet  solution  in 
HjSO^  (Witt,  B.  21,  723).  Sulphur  at  240°  forms 

S<q'"^''>NH   [178°]  (Kym,    B.    23,  2466). 

H2SO4  at  100°  forms  a  trisulphonic  acid 

Salts. — B'HCl :  unstable  crystalline  powder. 
— B'C.HjNjO,.  Brownish  needles,  v.  sol.  CHCI3. 

Acetyl  derivative.    [93°].  Crystals. 

Benzoyl  derivative.  [136°]  (Streiff,  A. 
209,  151) ;  [148°]  (Claus  a.Eichter,B.  17, 1591). 

Nitrosaminc  C,„H..NPh.NO.  [93°]. 

Di-phenyl-naphthylamine  C,„H,NPh2.  [142°]. 
(335°-340°  at  85  mm.).  Formed  by  adding  a- 
bromo-naphthalene  (20  g.)  to  a  boiling  solution 
of  potassium  (3-3  g.)  in  diphenylamine  (20  g.) 


mixed  with  aniline  (15  c.c.)  (Herz,  B.  23,  2541). 
Silky  needles  (from  dilute  alcohol),  insol.  water. 

References. — Nitro-amido-,  Di-sitro-,  and 
NiTRoso-  Phenti.-xaphthtl-amine. 

PHENYL-(a)-NAPHTHYLAMINE  BLUE  v. 

TrI  -  NAl'HTHYL  -  TKI  -  AMIDO-TM-rnENYL-CARBIN  YL 
CHliORIDE. 

PHENYL  -  [H)  .  NAFHTHYL  -  CARBAMIC 
ACID. 

Ethyl  ether  C,„H,NPh.CO,,Et.  [93°]. 
Formed  by  the  action  of  NaOEt  on  the  chloride 
(Paschkowezky,  B.  24,  2919).    Satiny  needles. 

Phenyl  ether  C,„H-NPh.CO.,Ph.  [149°]. 
S.  (96  p.c.  alcohol)  -36  at  17°  ;  S.  (benzene)  2  3 
at  17°.  Formed  from  the  chloride  and  NaOPh. 
Needles,  v.  si.  sol.  cold  alcohol. 

C/iZoridc  C|„H,NPh.COCl.  [102°].  Formed 
from  phenyl-(;3)-naphylamine  and  COCI2  in 
toluene  (Kym,  B.  23,  425).    White  plates. 

PHENYL-(a)-NAPHTHYL  CARBINOL 
Ph.CH(OH).C,„H..  [80-5°].  (above 360°).  Formed 
from  the  ketone,  zinc-dust,  and  KOH  (Elbs, 
2^r.  [2]  35,  504  ;  cf.  Lehine,  B.  13,  359  ;  Beck- 
mann,  B.  22,  915).  Crystals,  v.  sol.  alcohol. 
Gives  a  violet  colour  with  H,_.SO.|. 

Phenyl-di-(a).naphthyl  carbinol  C.,-H,„0  i.e. 
Ph.C(C,„H.).,OH.  [160°-170°].  FormedV together 
with  benzoic  aldehyde,  by  boiling  phenyl- (a) - 
naphthyl-(;3)-pinacoliu  (C|„H,),,CPhBz  (got  by 
reducing  phenyl  (K)-naphthyl  ketone  with  zinc 
and  alcoholic  HCl)  with  alcoholic  KOH  (Elbs, 
J.  pr.  [2]  35,  507).  Grey  crystalline  crusts  (from 
ether-alcohol),  m.  sol.  alcohol,  v.  sol.  other. 

PHENYL  -  (5)  -  NAPHTHYL  -  CARBINYL  - 
THIO-UREA.    Tctrahydride    C,8H,„N.,S  i.e. 
NHPh.CS.NH.CH,C|„H,^  [140°].  Formed"  from 
j  C,„H||.CH,NH.,  and  phenyl  thiocarbimide  (Bam- 
berger a.  Helwig,  B.  22, 1913).  Vitreous  rosettes. 

PHENYL  -  NAPHTH  Y  L  -  CARBINYL  -  UREA. 
Tet  r  a  hy  d  ri  d  e  NHPh.CO.NH.CH,,C,„H, , . 
Formed  from  naphthyl-carbinylamine  and 
phenyl  cyauate  (Bamberger,  B.  22,  1913).  The 
(a)-compound  melts  at  126-5°,  the  (/3)-isomeride 
at  141°.    Both  crystallise  in  needles. 

PHENYL-(a)-NAPHTHYLENE-DIAMINE 
C,6H,,N,  i.e.  C,„H,(NH,,)(NHPh)  [1:4].  [148°]. 
Formed  by  reducing  nitroso-phenyl-(a)-naphthyl- 
amine  (Wacker,  .4.  243,  305).     Needles  (from 
alcohol)  or  plates  (from  benzene). 

Phenyl-o-naphthylene-diamine 
C,„H,(NH,)(NHC,Hj  [1:2].  Amido-(&)-naph- 
thyl-phenyl-amine.  [140°].  Formed,  together 
with  aniline,  by  reduction  of  benzene-azo-(/3) 
i  naphthyl-phenyl-amine  with  SuCl„  (Zincke  a. 
Lawson,  B.  20,  1170  ;  Witt,  B.  20,  1184).  Broad 
needles  or  plates.  Nitrous  acid  passed  into 
HOAc  (11  pts.)  containing  the  hydrochloride  in 
suspension  forms  C„.H,N,,0.,  or  CiJh,„NjO,  [208°],, 
whence  SnCl.,  forms  C,6H,.,N,  [194°],'  which 
yields  B'HCl,  C„jH,,AcN4  [261°]  and  C.^HioAc^N^ 
[177°],  and  gives  with  benzoic  aldehyde  a  com- 
pound C.,,H,6N4  [139°]  (Zincke  a.  Campbell,  A. 
255,  349). 

Salts. — B'HCl:  long  colourless  glistening 
needles,  v.  si.  sol.  water,  more  readily  in  alcohol. 
— ^'B'HjSG^:  needles,  similar  solubility. 

Phenyl-dinaphtliylene-amine  CogHijN  i.e. 

^iig's^NPh.    [c.  144°].    Formed  by  heating 

(j8^)-di-oxy-dinapihthyl  with  aniline-ziuc-chloride 
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PHENYL-NAPHTHYLENE-DIAMINE. 


at  300°  (Walder,  B.  15,  2175).  Prisms  or 
needles,  sol.aloohoL— B'2CsH3N30,.  [169°]. 

Di-phenyl-naphthylene-diamine 
[2:2']  C,„H,(NHPh),.  [1(58°].  Formed,  together 
with  C|„H,(OH)(NHPh)  [163°],  by  heating  dioxy- 
naphtlialene  with  aniline  and  CaClj  (Annaheim, 
B.  20,  1372;  Clausius,  B.  23,  528).  Silvery 
plates  (from  hot  benzene). 

Acetyl  derivative  C^^J^ifi^.  [198°]. 

Di-phenyl-naphthylene-2>diamine 
[1:4]  C,„H,(NHPh)2.    [144°].    Formed  by  reduc- 
ing the  di-anilide  of  (a) -naphthoquinone  with 
zinc,  HOAc,  and  alcohol  (Fischer  a.  Hepp,  A. 
256,  255).    Colourless  prisms. 

DI  -  PHENYL  -  NAPHXHYLENE-DI-THIO- 
TTREA  C,„H6(NH.CS.NHPh)2.  [355°_360°]. 
Formed  from  naphthylene  (l,2)-diamine  and 
phenyl-thio-carbimide  (Bamberger  a.  Sehieffelin, 

B.  22, 1376).  Needles. 
DI-PHENYL-NAPHTHYIENE-UREA 

C,  „H,(NH.CO.NHPh),.  [335°].  Formed  from 
naphthylene  (l,2)-diamine  and  phenyl  cyanate 
(Bamberger  a.  Sehieffelin,  B.  22,  1376).  Crys- 
talline granules,  v.  si.  sol.  benzene. 

PHENYL-NAPHTHYL-ETHANE  C,3H,„  i.e. 
C,„H,.CH,.CH,Ph.  Formed  by  heating  naphthyl 
henzyl  ketone  with  HI  and  P  at  155°  (Graebe  a. 
Bungener,  B.  12,  1078).  Yields  chrysene  on 
passing  through  a  red-hot  tube. 

s-PHENYL-(;3)-NAPHTHYL-ETHYLENE 
C,H,.CjH,.0,„H_,.  [145°].    Formed  by  distilling 
(;8) -naphthyl  cinnamate,  CO.,  being  split  off 
(Anschiitz,  B.  18,  1946).    Silvery  plates. 

Di-bromide.  [192°]. 

PHENYL-NAPHTHYL-ETHYLENE->|.-THIO. 

tJREA  NPh:C<^|(^^^')>CH3.  [185°].  Formed 

from  phenyl-(a)-naphthyl-urea  and  ethylene 
bromide  (Foerster,  B.  21,  1870). 

DI-PHENYL-NAPHTHYL-GUANIDINE 
C23H,3N3CN3H,Ph2(C,„H.).    [155°].    Formed  by 
heating  di-phenyl-thio-urea  with  (a)-naphthyl- 
amine,  alcohol,  and  PbO  (Tiemann,  U.  3,  6  ;  Z. 
[2]  6,  309).    Crystalhne,  sol.  alcohol. 

PHENYL  -  (>)  -  NAPHTHYL  -  GUANIDINE 
CAEBOXYLIC  ACID 

C,„H,NH.C(NH).NH.C,H,.CO„H.  Formed  by  heat- 
ing cyan-carbimidamido-benzoic  acid  with  ()3)- 
naphthylamine  (Griess,  B.  16,  338).  Crystals 
si.  sol.  hot  alcohol. — B'HCl.    Six-sided  plates. 

PHENYL  (a)-NAPHTHYL.KETONE 
C,-H,.,0  i.e.  C,H,.CO.C,„H,.  Mol.  w.  232.  [75-5°]. 
(385°)  (Sohweizer,  A.  264,  196).    V.D.  119  (calc. 
116).    S.  (alcohol)  2-5  at  12°. 

Formation.  —  1.  Together  with  the  (;8)- 
isomeride,  by  heating  naphthalene  with  HOBz 
and  PA  at  210°  (Merz,  B.  6,  541,  966,  1238).— 
2.  By  heating  (a) -naphthoic  acid  with  benzene 
and  P2O5  (M.).— 3.  Together  with  a  smaller 
quantity  of  the  (j8)-  isomeride,'  by  the  action  of 
AICI3  on  a  mixture  of  naphthalene,  CS.,,  and 
BzCi.  The  t\YO  ketones  are  separated  by  crystal- 
lisation from  alcohol-ether  (Elbs,  /.  pr.  [2]  35, 
503;  B.  19,  1965;  Rospendowski,  G.  B.  102, 
872). — 4.  By  heating  naphthalene  with  BzCl 
and  ZnCL,,  or  Zn  (Roux,  A.  Ch.  [6]  12,  338 ; 
Kegel,  A.  247,  178). 

Properties. — Trimetric  prisms,  very  slightly 
volatile  with  steam. 

Reactions.— 1.  Br  forms  C„H,,BrO  [98°] 
(E.);  [100-5°]   (Rospendowski),  whence  HNO3 


gives  Ci,HgBr(N02).p  decomposing  at  90°. — 2. 
Cone.  H2SO4  with  a  few  drops  of  water  forms  at 
100°-150°  benzoic  acid  and  naphthalene  (;3)- 
sulphonic  acid. — 3.  Soda-lime  at  350°  forms 
naphthalene  and  NaOBz.  —  4.  Chromic  acid 
mixture  forms  CeH,.CO.C,H3(C02H)o[l:2:3]. 
[155°].— 5.  Sodium  acting  on  its  ethereal  solu- 
tion forms  a  greenish-yellow  compound 
(C,„H,.CPh)„02Na2,  whence  water  produces 
CPh(C,„H,)2.CO.C6H5  and  other  bodies,  while 
CO,  acting  on  the  Na  compound  forms  a  yellow 
powder,  split  up  by  water  into  ketone  and 
C„H,.C(C,oH.)(OH).c6.,H  [148°]  (Beckmann  a. 
Paul,  A.  266,  10). 

O.TM)i  C,H,.C(NOH).0,„H,.  [142°].  Groups 
of  white  needles  (from  dilute  alcohol)  (Kegel,  A. 
247,   181).     Oxidised  by  CrOj  in  HOAc  to 

C5H,.CO.CsH3</^^-^'^  [152°],  which  yields  an 

anilide  C6H3Bz<^^q'^^'^'^'^  [200°]  and  a  p- 
toluide  [197°]  both  converted  by  boiling  NaOHAq 
into  C,H3Bz<^g.g^H  ^.^goj 

Phenyl  (0)-naphthyl  ketone  [82°].  S.  2  at 
12°.  Formed,  at  the  same  time  as  the  (o)-  iso- 
meride, from  naphthalene  (v.  supra).  Formed 
also  by  heating  (j3) -naphthoic  acid  with  benzene 
and  P2O5  (Merz).    Needles,  v.  sol.  hot  alcohol. 

Oxim.    [176°].  Needles.  Oxidised  by  CrOj 

in  HOAc  to  yellow  C,H3Bz<;^q^^,  [132°], 
which  is  converted  by  heating  with  aniline  into 
dark-red  plates  of  C,H3Bz<;pQ-^^'^^^  ^210°]. 
Reference.  —  Di  -  oxt  -  phentl  -  naphthyl  - 

KETONE. 

PHENYL  NAPHTHYL  KETONE  o-CAEB- 
OXYLIC  ACID  C,„H,.CO.C6H4.C02H.  [174°]. 
The  chloride  is  formed  from  naphthalene, 
phthalic  anhydride,  and  AICI3  (Ador  a.  Crafts, 
Bl.  [2]  34,  531).    Prisms  (from  dilute  alcohol). 

PHENYL  -  NAPHTHYL  -  METHANE  v. 
Benzil-naphthaiene. 

Phenyl-di-(a)-iiaphthyl-methane  C.,,H.,„  i.e. 
C„H,CH(C,„H,)2.  [c.  180°].  Formed  '  from 
phenyl-(a)  naphthyl-(;8)-pinacolin  by  distilling  !i 
with  zinc-dust.  Got  also  by  heating  phenyl-  '( 
di-(a)-naphthyl-carbinol  with  zinc-dust  (Elbs,  ji 
J.pr.  [2]  35,  508).  Grey  powder;  cakes  together  i! 
at  100°.  ; 

Di-phenyl-naphthyl-methane    CmHj.CHPho.  f 
[134°  and  149°].    Formed  by  heating  di-phenyl-  )i 
carbLnol  with  naphthalene  and  PjO^  at  140°  {i 
(Lehne,  B.  13,  358;  Hemilian,  Bl.  [2]  34,  326). 
Needles,  sol.  benzene  and  ether,  si.  sol.  alcohol. 

PHENYL  -  (a)  -  NAPHTHYL  -  METHYL-PYR- 
ROLE ^H.crie>NC,„H,.    [74°].    (above  360°). 

Formed  by  heating  the  carboxylic  acid  [244°] 
(Lederer  a.  Paal,  B.  18,  2598).  Plates.  V.  e. 
sol.  alcohol,  benzene,  and  ligroin. 

Phenyl-  (;8)  -naphthyl-methyl-pyrrole 

CH:CM^e>^^'»^'-  ^o^^d  by  heatim 

the  carboxylic  acid  [249°]  (L.  a.  P.).  Small 
white  concentric  needles.    V.  sol.  alcohol. 

PHENYL  -  (a)  -  NAPHTHYL  -  METHYL-PYR 
ROLE  CARBOXYLIC  ACID 

CO..H.C=CMe>NC>oH.    [244°].    Formed  bjl 
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heating  acetophenoneacetoacetie  ether  with  (a)- 
naphthylamine  at  130°,  and  saponification  of  the 
product  (Lederer  a.  Paal,  B.  18,  2598).  Needles. 
V.  sol.  alcohol,  benzene,  and  acetic  acid. 

Phenyl-/3-naplitliyl-methyl-pyrrole  carb- 
oxylie  acid.  [249"^].  Formed  in  like  manner, 
using  (/3)-naphthylamine  (L.  a.  P.).  Small 
white  needles,  sol.  alcohol  and  HOAc. 

Ethyl  ether  Eth.'.    [115°].  Plates. 

PHENYL  -  (0)-NAPHTHYL-METHYL-THIO- 
UREA  C,„HjNH.CS.NPhMe.  [127°].  Got  from 
(iS)-naphthyl-thiocarbimide  and  methyl-aniline 
(Gebhardt,  B.  17,  2091).    Long  yellow'needles. 

Phenyl- (£i)-naplithyl-methyl-4/-thio-u.rea 
C,oH,N:C(SMe).NHPh.     [96°].     Formed  from 
phenyl  (a)-naphthyl-thio-urea  and  Mel  (Foerster, 

B.  21,  1870).  Small  white  needles.  Yields 
(a)-naphthyl-thiocarbirnide  on  heatinj,'  with  CS„. 

PHENYL  -  (a)  ■  NAPHTHYL-(;8)-PINAC0LIN 
C„H,.G(C,oH,),.CO.G6H5.  [c.  130°].  From  phenyl- 
(a)-naphthyl  ketone  by  boiling  with  zinc  and 
HCl  (Elbs,  J.  pr.  [2]  35,  5,05).  Pale  greenish- 
yellow  crystalline  crusts,  v.  sol.  ether,  si.  sol. 
alcohol,  insol.  water.  Gakes  together  at  100°- 
110°.  Boiling  alcoholic  KOH  forms  benzoic 
aldehyde  and  phenyl-di-naphthyl-carbinol. 

PHENYL  -  (a)  -  NAPHTHYL  -  PINACONE 

C,  oH,CPh(OH).CPh(OH).G,pH;.  [61'].  A  pro- 
duct of  the  action  of  sodium-amalgam  on  an 
alcoholic  solution  of  phenyl-(a)-naphthyl  ketone 
(Lehne,  B.  13,  1360).    Needles  (from  ether). 

DI  -  PHENYL  -  (a)  -  NAPHTHYL  -  PYRROLE 

CH-CPh^'^^"''^'"  t^^^^l-  Foi'iiied  by  heating 
its  carboxylic  acid  with  lime  (Paal  a.  Braikoff, 

B.  22,  3092).    Needles,  v.  sol.  hot  alcohol. 

Di  -  phenyl  -  (;8)  -  naphthyl  -  pyrrole.  [208°]. 
Formed  in  like  manner  (P.  a.  B.).  Needles. 
DI  -  PHENYL  -  (a)  -  NAPHTHYL  -  PYRROLE 

CARBOXYLIC  ACID  ^^-^-^^.^pJ^^NCioH, 

[272°].  Got  by  saponifying  its  ether,  which  is 
obtained  from  phenaoyl-benzoyl-acetic  ether 
and  (a)-naphthylamine  (Paal  a.  Braikoff,  B.  22, 
3091).  Small  white  i^lates,  si.  sol.  hot  alcohol. — 
KA'.    SI.  sol.  hot  water. 

Ethyl  ether  EtA'.    [182°].  Needles. 

Di-phenyl.(^!)-naphthyl-pyrrole  carboxylic 
acid,  [above  350°].  Got  in  like  manner,  using 
(;S)-naphthylamine.  Plates. — KA'.  SI.  sol.  water. 

Ethyl  ether  EtA'.    [182°].  Needles. 

PHENYL-(a)-NAPHTHYL  SULPHIDE 

C,  „H,.SPh.  [42°]  (K.  a.  B.) ;  [49°].  (c.  215°  at 
15  mm.).  Formed  from  Pb(SPh),>  and  C,„H-Br 
(Krafft  a.  Bourgeois,  B.  23,  3047).  Formed  also 
from  (a)-diazonaphthalene  chloride  and  NaSPh 
(Ziegler,  B.  23,  2471).  Prisms  (from  dil. alcohol). 

Phenyl  (/3)-naphthyI  sulphide.  [52°].  (c.  224° 
at  14  mm.).    Formed  in  like  manner.  Needles. 

PHENYL  (a)  -  NAPHTHYL  SULPHONE 
C,H5.S0,.C,„H;.  [100°].  Formed  by  oxidising 
phenyl  (a)-naphtliyl  sulphide  with  CrOj  and 
HOAc  (Krafft  a.  Bourgeois,  B.  23,  3047).  Formed 
also,  together  with  the  (;8)-  isomeride,  hy  heating 
benzene  sulphonic  acid  with  naphthalene  and 
PA  at  175°  (Michael  a.  Adair,  B.  10,  585). 
Crystals  (from  alcohol). 

Phenyl  (p)  -  naphthyl  sulphone.  [116°]. 
Formed  in  like  manner,  and  also  by  heating 
naphthalene  (;e)-sulphonic  acid  with  benzene 
and  P2O5  (M.  a.  A.),  and  by  the  action  of  zinc- 


dust  or  AlCl.,  on  a  mixture  of  naphthalene  and 
benzene  sulphonic  chloride  (Crustscholf ,  B.  7, 
1167  ;  Otto  a.  Bcckurts,  B.  11,  2069).  Needles. 

PHENYL-(a)-NAPHTHYL-THIO-SEMICARB- 
AZIDE  NHPh.GS.NH.NHC,„H;.  [135°].  Formed 
from  (a)-naphthyl-hydrazine  and  phenyl-thio- 
carbiniide  (Preund,  B.  24,  4191).  Needles. 

Phenyl  -  (13)  -  naphthyl  -  thio  -  semicarbazide. 
[202°].  Formed  in  like  manner  from  (B)- 
naphthyl-hydrazine  (P.).    White  plates. 

PHENYL  -  (a)  -  NAPHTHYL  -  THIO  -  UREA 
NHPh.CS.NHC,„tL.  [163°].  Formed  from 
(a)-naphthylamine  and  plienyl-thiocarbimide 
(Hofmann,  Pr.  9,  274),  and  also  from  aniline 
and  (o)-naphthyl-thiocarbimide  (Mainzer,  B.  15, 
1414).  Plates,  v.  si.  sol.  alcohol.  With  ethylene 
bromide  it  gives  two  bases  [185°]  and  [130°]. 

Tetrahydrida  NHPh.CS.NHC,„H,,. 
[153°].  Formed  from  phenyl-thiocarbimide  and 
(a)-naphthylamine  tetrahydride  (Bamberger,  B. 
21,  1794).    Prisms,  v.  sol.  benzene-alcohol. 

Phenyl-(5)-naphthyl-thio-urea 
NHPh.CS.NHC,„H,.  [165°].  Formed  from 
(/3)-naphthylamine  and  phenyl  thiocarbimide 
(M.  ;  Freu'nd  a.  Wolf,  B.  25,  1468).  Plates. 
Split  up  by  HClAq  at  150°  into  aniline,  (y3)- 
naphthylamine,  and  phenyl  and  (/3)-naphthyl 
thiocarbimides.     COCL    in     toluene  forms 

NPh:C<g'-'"'^'>CO  [117°]. 

re«ra7t7/fZr'i"fZcNHPh.CS.NHC,„H„.  [161°]. 
Formed  from  phenyl  thiocarbimide  and  (5)- 
naphthylamine  tetrahydride  (Bamberger  a. 
Midler,  B.  21,  858).    Prisms  (from  alcohol). 

PHENYL-(a)-NAPHTHYL-UREA.  Tetra- 
7i7/fZride  NHPh.CO.NHC,„H„.  [193°].  Formed 
from  (a)-naphthylamine  tetrahydride  and  phenyl 
cyanate  (Bamberger,  B.  21,  1794).  Needles. 

7<-Phenyl-(/8)-naphthyl-urea 
NH.,.CO.NPh.C,„H-.   ri90°l.  Formed  by  heating 
NPh(C,„H.).COCl  'and  alcoholic  NR,' at  130° 
(Kym,  B.  23,  426).    Needles,  si.  sol.  cold  alcohol. 

Phenyl- (3)-naphthyI-urea 
NHPh.CO.NHG,„H;.     [221°].     Formed  from 
phenyl  cyanate  and  (,8)-naphthylamine  (Gold- 
schmidt,  B.  21,  2567).    Prisms  (from  alcohol). 

Tetrahyd  ruZf  NHPh.CO.NHC,„H,,.  [166°]. 
Formed  from  phenyl  cyanate  and  the  tetra- 
hydride of  (3)-naphthylamine  (Bamberger  a. 
Miiller,  B.  21,  859).    Needles,  v.  e.  sol.  alcohol. 

Phenyl-di-(3)-naphthyl-urea  C,,,H„„N„0  i.e. 
NHPh.CO.N(C,„H;),.  [182-J.  Formed  from 
phenyl  cyanate  and  di-(/8)-naphthylamine  (Geb- 
hardt, B.  17,  3039).  Formed  also  by  heating 
N(C,„H,)„.C0C1  with  aniline  in  CHCl,  at  130° 
(Kym,  B'.23,  429  ;  Kiihn  a.  Landau,  B.  23,  811). 
Needles  (from  alcohol).  By  heating  with  ani- 
line it  is  converted  into  C0(NHPh)„  and  di-()3)- 
naphthylamine. 

Phenyl-tri-(;8)-naphthyl-urea 
CO(NPhC,„H,).N(C,„H,)„.  [168°].  S.  (alcohol) 
•9  at  16°  ;  S.  (benzene)  4-54  at  16°.  Formed 
from  (C,„H,).,N.C0C1  and  phenyl-(/3)-naphthyl- 
amine  at  260°  (Paschkowezky,  B.  24,  2924). 
Granular  crystals,  si.  sol.  cold  alcohol. 

Di-phenyl-(0)-Daphthyl-urea 
NHPh.CO.NPhO,„H..     [133°].     Formed  from 
NPh(C,„H;).COCl  and  aniline  (Kym,  B.23,  420). 
White  plates,  si.  sol.  cold  alcohol. 

?t-Di-phenyl-di-(i6)-naphthyl-urea 
NPh,.CO.N(C„H;),.    [104°].    Formed  by  heat- 
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ing  NPh„.COCl  with  (C,„H.)„NH  at  220°  or  by 
heating  (C,„H;).,N.COCI  with  NPh„H  at  2(30° 
(Paschkowezky,"  B.  24,  2923).  Crystalline 
Xjowder,  m.  sol.  cold  alcohol. 

s-Di-phenyl-di-  (;3)  -naphthyl-urea 
CO(NPh.C,„H,),. .  [186°J.  S.  (alcohol)  1  at  18-5°. 
S.  (benzene)  59  at  18-6°.  Formed  by  heating 
C,„H,NPh.COCl  with  C,eH;NPh.COCl  at  250° 
(P.).  Polyhedral  granules.  Converted  by  HClAq 
at  250°  into  aniline,  (/8)-naphthol,  and  CO^. 

Tri-phenyl-  (/3)  -naphthyl-urea 
NPh.,.CO.NPh.(C,„H-).    [128°].    Formed  from 
C,oH,NPh.COCl  and  NPh,,H  at  240°  (P.).  Crys- 
talline powder,  v.  sol.  alcohol. 

PHENYL  o-NITEO-BElfZYL  KETONE 
C,H,.C0.CH2.C,H,N0„.  Nitro-dcoxybenzoin. 
Formed,  together  with  the  ^-isomeride,  by  nitra- 
ting phenyl  benzyl  ketone  (Ney,  B.  21,  2448). 
Sol.  ether  (difference  from  p- isomeride).  The 
2?-  isomeride  yields  a  crystalline  oxim  [107°]. 

PHENYL  2J-NITK0-BENZYL  OXIDE 
C,,H,.0.CH,.C6H,N0.,.     [91°].     Formed  from 
j5-nitro-benzyl  chloride  and  KOPh  (Kumpf,  B. 
17,  1076).    Plates  (from  alcohol). 

Befercnce. — Niteo  -  phenyl  -  niteo  -  benzyl 

OXIDE. 

PHENYL  NITRODIPHENYLETHYL  KE- 
TONE C.Hj.CO.CHPh.CHj.C^H.NO^.  Formed 
from  nitro-benzyl  chloride,  deoxybenzoin,  and 
NaOEt  (Buddeberg,  B.  23,  2071).  The  o-  com- 
pound melts  at  102°  and  yields  diphenylquinol- 
ine  [96°]  (420°)  on  reduction.  The  p-  isomeride 
melts  at  112°  and  yields  an  amide-  compound 
[141°]  on  reduction. 

DI-PHENYL-DINITROSACYL.  So-called. 
CifiH.nNjO,.  [87°].  The  chief  product  of  the 
action  of  HNO3  (S.  G.  1-4)  on  acetophenone 
(Hollemann,  B.  21,  860,  2835).  It  is  accom- 
panied by  an  isomeride  [179°].  Crystals  (from 
ether).  Converted  by  acids  and  alkalis  into 
benzoic  and  oxalic  acids,  NH3,  and  hydroxyl- 
amine.  Ac,0  yields  CisH.oACoN.O^  [149°]. 
Aniline  and  benzanilide  form  compounds  melt- 
ing at  205°  and  160°  respectively. 

DI-PHENYL-NITROSAMINE  v.  Nitrosamine 

of  Dr-PIIENYL-AMINE. 

PHENYL-NITRO-TOLYL-THIO-UEEA  v. 

NiTIiO-PHENYL-TOLYL-IHIO-UEEA. 

DI-PHENYL-NITE0-2>T0LYL.UREA 

NPh2.CO.NHC,H3Me(NO.,)  [1:4:3].  [139-5°]. 
Formed  from  nitro-^-toluidine  and  NPh.,.COCl 
at  125°  (Lellmann  a.  Bonhoffer,  B.  20,  2121). 
Yellow  needles,  v.  sol.  chloroform  and  benzene. 

PHENYL-OCTINOIC  ACID  C„H,^0,,  i.e. 
PhC(C2H,)(C„H,Et).C0.,H  (310°-320°).  This 
appears  to  be  one  of  the  products  of  the  action 
of  CO  at  170°  on  a  mixture  of  NaOEt  and 
PhCH,.CO,Na  (M.  Schroeder,  A.  221,  46). 

PHENYL-OCTOIC  ACID.  Nitrile. 
C,H,3.CHPh.CN.    (287°).   Formed  from  phenyl- 
acetonitrile,  hexyl  iodide,  and  NaOH  (Eossolymo, 
B.  22,  1237).  Oil. 

DI-PHENYL-M-OCTYL  TEICYANIDE 
CaH.j.CjNsPh^.      [43°].     (285°    at   15  mm.). 
Formed   from   CsHu.COCl,    benzonitrile,  and 
AICI3  (Krafft  a.  Koeuig,  B.  23,  2384). 

PHENYL-OCTYL-THIO-UREA  C.-H^.N^S  i.e. 
CgH^NH.CS.NHPh.  [53°].  Formed  from  aniline 
and  sec-octyl-thiocarbimide  (-Jahn,  B.  8,  804). 


r-PHENYL-OSOTRIAZOLE      CgH^N,  i.e. 

^g:^>NPh.    [224°].    Formed  by  warming  the 

osotetrazone  of  glyoxal  with  FeClj  and  HClAq 
(Pechmann,  A.  262,  291).    SI.  sol.  water,  v.  sol. 

alcohol.    HNO3  yields  ^^^^^NPh  [184°]. 

Tri-phenyl-osotriazole  cPh-N^^^^'  tl22°]. 
Formed  by  heating  the  diphenyl-dihydrazide  of 
benzil  with  alcohol  at  210°  (Auwers  a.  V.  Meyer, 

B.  21,  2806).    White  plates. 
PHENYL-OSOTRIAZOLE  CARBOXYLIC 

ACID  ^'^-^•^^.^>NPh.    [192°].    Formed  by 

oxidising  phenyl-methyl-osotriazole  with  KMnO^ 
(Von  Pechmann,  B.  21,  2760).  Formed  also  by 
boiling  the  phenyl-hydrazide  of  di-nitroso-acetone 
with  NaOHAq  (Pechmann,  A.  262,  283).  White 
needles,  sol.  alcohol,  not  volatile  with  steam. 
Yields  a  nitro-  compound  [236°]  which  may  be 
reduced  to  an  amido-  compound  [252°]. 

Salts. — KA'  aq. — BaA'„  4aq. — CdA'2  4aq. 

Methyl  ether  MeA'.  "[90°].  (286°). 

Ethyl  ether  EtA'.    [59°].  (306°). 

Amide  C2N3HPh.CONH2.  [143-5°].  Formed 
by  boiling  the  phenyl-hydrazide  of  acetyl-di- 
nitroso-acetone  with  Na^COsAq  (P.).  Needles. 

Nitrile  C0HN3Ph.CN.  [94-5°].  (191°  at 
60  mm.).  Formed  by  the  action  of  NaOH  on 
the  phenyl-hydrazide  of  di-nitroso-acetone  (Pech- 
mann, A.  262,  297).  Plates,  v.  sol.  ether.  H,S 
and  alcoholic  NH3  convert  it  into  the  thio-amide 

C,  HN3Ph.CS.NH,'[132°]. 

Phenyl-osotriazole  dicarboxylic  acid 

C(COH)-N/'^^^-  1^^^°^^-  Formed  by  oxidising 
phenyl-di-methyl-osotriazole  withKMnO,,  (Pech- 
mann, A.  262,  311).  Crystalline  powder.  After 
fusion  it  melts  at  184°. — CaA"  :  needles. — AgA". 


PHENYL-OSOTRIAZOLE 


ALDEHYDE  ?gHO):N 


CARBOXYLIC 

[70°].  Formed 


N>^P^^ 

by  boiling  its  oxim  with  dilute  HoSOj  (Pechmann, 
A.  262,  294).    Insol.  cold  water. 

Oxim  C2HPhN,.CH:N0H.  [115°].  A  pro- 
duct of  the  action  of  alkalis  on  the  compound 
CH(NOH).C(N.^Ph).CH(NOAc). 

Phenyl-hydrazide  C^HPhNa.CHiN^HPh. 
[118°-140°].    Plates,  v.  sol.  alcohol. 

PHENYL-OSOTRIAZYL  ALCOHOL 
CH2(0H).g=N\^j^pj^_  l^g^o-|_  Formed,  together 

with  the  carboxylic  acid,  by  warming  the  alde- 
hyde with  cone.  NaOHAq  (Pechmann,  A.  262, 
296).    Prisms,  v.  e.  sol.  alcohol,  si.  sol.  cold  Aq. 

PHENYL-OSOTfllAZYL-AMINE  C<,H,„N,  i.e. 
CH.,(NH,).g=Nx^^,pj^_     (233°   at   100  mm.). 

Formed  from  C.,HPhN3.CS.NH2  by  treatment  in 
alcoholic  solution  with  Zn  and  HCl  (Pechmann, 
A.  262,  300).  —  B'HCl.  [229°].  Tables.  — 
B'.^H,PtCls.  Prisms.  —  Di-thio-carbamate. 
[123°].  Tables. 

PHENYL-OXAIACETIC  ETHER  C,jH„0,i.e. 
CO.,Et.CO.CHPh.CO.,Et.  Formed  by  the  action 
of  Na  on  a  mixture  of  oxalic  ether  and  phenyl- 
acetic  ether  (Wislicenus,  B.  20,  591 ;  A.  246,  339). 
Oil,  decomposed  by  distillation,  v.  sol.  alkalis. 
FeClj  colours  its  alcoholic  solution  red.  Boiling 
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dilute  H.,S04  gives  CO,  and  phenyl-pyruvic 
acid  [155°]. 

Phenyl-hydrazide 
C0,Et.C(N2HPli).CHPh.C02Et.    [70°].  Needles 
(from  dilute  alcohol),  v.  sol.  ether. 

Ethyl  etlier  of  the  semi-nitrile 
CN.CHPh.CO.CO,Et.     [130°].     formed  from 
phenylacetonitrile,   oxalic   ether,   and  Na  or 
NaOEt  (Erlenmeyer,  jun.,  B.  22,  1483).  Plates. 
PeClj  colours  its  alcoholic  solution  green. 

PHENYL-OXAMIC  ACID  v.  Oxalic  acid. 

PHENYL-OXAMIDE  v.  Oxalic  acid. 

PHENYL-OXAMIDE  CARBOXYLIC  ACID  v. 
Oxalic  acid. 

PHENYL-OXANTHRANOL     C,„H,^0,  i.e. 

CsH,<^^^'(*^^^>C,H,.     [208°].     Formed  by 

oxidation  of  phenyl-anthranol  with  K,Cr.,0.  and 
HOAc  (Baeyer,  .4.  202,  .58).  Colourless' tables, 
insol.  water,  sol.  alcohol.  Cone.  H^SO,  forms  a 
purple  solution.  Keduced  by  zinc-dust  and 
HOAc  to  phenyl-anthranol.  Benzene  and 
H..SO,,  form  crystalline  C.2,;H|„0. 
'Acetyl  derivative  C.,,B.^^KcO.,.  [196°]. 

Bcf c  fence.— Di-CBiiOB.O'  and  Oxy-phenyl- 
oxantheanol. 

PHENYI-OXAZOLE  C.HjNO  i.e. 

CPh.^^^:^g..  [6°].  (221°).  Formed  by  heat- 
ing bromo-aeetophenone  with  formamide  at  110° 
(Lewy,  B.  20,  2578;  Bliimlein,  B.  17,  2580).— 
B'HCl.    [80°].— B'jH.PtCle  2aq  :  yellow  needles. 

Di-phenyl-oxazole  CPh<^^;^pj^.  [103°]. 

(339°).  Formed  by  heating  w-bromo-aceto- 
phenone  with  benzamide  at  145°  (B. ;  L.). 
Plates  (from  alcohol).— B'HCl.  Needles. 

Phenyl-iso-oxazole     CH^^^^;^.  [23°]. 

Formed  from  the  oxim  of  benzoyl-acetic  alde- 
hyde and  AcCl  (Claisen  a.  Stock,  B.  24,  134). 
PHENYL-OXAZOLE  DIHYDRIDE  C^HgNO 

i.e.  CIl,<CN^CPh'  (^^^°)-  Formed  by  warm- 
ing bromo-ethyl-benzamide  with  alkalis  (Gabriel 
a.  Heymann,  B.  23,  2495).  Liquid,  smelling  like 
phenyl-thiazole  dihydride.  Miscible  with  alco- 
hol and  ether,  si.  sol.  water.  HBrAq  forms  bromo- 
ethyl  -  benzamide  and  CH„(0Bz).CH2NH„.— 
B'.,H,PtCl,-.— B'.,H.,Cr.,0,.— B'C"„H,,N,0-.  [177'°]. 

Di-PHENYL  OXIDE  C,..H,„0i.c.Ph,0.  Mol. 
w.  170.    [28°].    (253°).    ma  =  1'5675  at  2.5°. 

Formation. — 1.  By  distilling  cupric  benzoate 
(List  a.  Limpiicht,  A.  90,  190). — 2.  By  warming 
diazobenzene  sulphate  or  chloride  with  phenol 
(Hofmeister,  B.  3,  747  ;  A.  159,  204  ;  Hirsch,  B. 
23,  3709).— 3.  By  heating  phenol  with  ZnCl,  at 
350°,  the  yield  being  6  p.c.  (Merz  a.  Weith,  B. 
14,  187).— 4.  By  heating  phenol  with  AICI3  (M. 
a.  W.).— 5.  Together  with  diphenylene  ketone 
oxide  and  a  body  melting  at  111°,  by  distilling 
sodium  salicylate  with  phenyl  phosphate  (E. 
Richter,  -J.  pr.  [2]  28,  273). 

Preparation. — By  distilling  Al(0Ph)3  (Glad- 
stone a.  Tribe,  C.  J.  41,  6). 

Properties.  —  Prisms  (from  cold  alcohol), 
smelling  like  geraniums,  almost  insol.  water  and 
KOHAq.  Cone.  H,S0,  forms  0(CeH,.S03H),, 
which  forms  NajA"a;aq,  BaA",  and  Ag,A". 

References. — Di-amido-,  Di-bbomo-,  and  Di- 
NiTRO-  and  Di-oxY-  Diphenyl  oxide. 


PHENYL-OXY-ACETAMIDINE  v.  Maxdel- 

AMIDINE. 

PHENYL-OXY-ACETIC   ACID  v.  Mandelw 

ACID. 

DI-PHENYL-OXY-ANGEIIC   ACID   v.  Di- 

liydro-CDRsicvLMiic  acid. 

PHENYL  jj-OXY-BENZYL  KETONE 
C,H,.CO.CH,.C,H,OH.     [12!)'].    Formed  from 
CH„Bz.CjH,NH,_,  by  the  diazo-  reaction  (Ney,  B. 
21,  2449).    White  spangles  (from  water). 

Acetyl  derivative.    [87°].  Plates. 

Isomeride  v.  Bexzoix. 

PHENYL-OXY-BENZYL-UREA  CH^NjO-i 
r.c.[l:2]C,jH,(0H).CH„.NH.C0.NHPh.  Formed  by 
warming  06H4(0H).CH„NH2  with  phenyl  cyanaie 
and  benzene.    Needles,  sol.  alcohol  and  ether. 

Methyl  derivative 
[1:2]  C,H,(OMe).Ca,.NH.CO.NHPh.  [145°]. 
Formed  from  C„H,(OMe).CH,,NH,  and  phenyl 
cyanate  (Goldschmidt  a.  Ernst,  B.  23,  2743). 

PHENYL. OXY-BROMO-PROPIONIC  ACID  v. 
Bromo-oxy-phknyl-propioxii'  acid. 

PHENYL  OXYBUTYL  KETONE  C„H,,0.,  i.e. 
C,;H,.C0.CH,,.Ca,.CH.,.CH,,0H.  [41°].  Fornied 
by  boiling  the  anhydride  of  its  carboxylic  acid 
with  water  (Perkin,  jun.,  C.  J.  51,  733  ;  57,  310). 
Iridescent  plates,  v.  sol.  alcohol.  If  left  to  stand 
over  H..SO4  it  is  converted  into  the  anhydride. 

Ox'im  CsH,.C(NOH).C4HsOH.  [57°].  Minute 
plates,  si.  sol.  ligroin. 

Anhydride  C,,H,,0  i.e.CH„<^^g  CH^>^- 

(250°  at  720  mm.).  Formed  by  heating  its  carb- 
oxylic acid  at  200°  (Perkin,  B.  16,  1792;  19, 
2559  ;  C.  J.  51,  730).  Oil  Converted  by  HBrAq 
into  phenyl  bromo-butyl  ketone. 

PHENYL  OXY-BijTYL  KETONE  CARB- 
OXYLIC ACID.     Anhydride    C,„H,„0.,  i.e. 

CB...  <^Qj^*^^^Qjj^^O-  Benzoyl-tetramethyl- 

ene  carboxylic  acid.  Phenyl  dchydrohexone 
carboxylic  acid.  [144°].  Formed  by  saponifica- 
tion of  its  ether,  which  is  made  by  the  action  of 
trimethylene  bromide  on  sodium  benzoyl-acetic 
ether  (Perkin,  jun.,  C.J.  51,  726  ;  B.  19,  2.557). 
Monoclinio  crystals,  a:6:c  =  2-638:l:3-398  ; 
/3  =  74-44'.  V.  sol.  alcohol  and  ether.  Converted 
by  cone.  HBrAq  in  the  cold  into  CjH^.CO.C^HsBr. 
— CaA". — PbA":  white  pp. — AgA' :  white  pp. 

Ethyl  ether  EtA'.  [60°].  Monochnic 
prisms;  a:6:c  =  1-002:1:  -591;  j8  =  68°  34'. 

Reference. — Nitro-phenyl  oxy-butyl  ketone 

ANHYDRIDE  CARBOXYLIC  ACID. 

PHENYL  -  OXY  -  BUTYRIC  ACID  v.  Oxr- 

PHENYL-BUTYBIC  ACID. 

PHENYL  OXY-.i/-CUMYL  KETONE 

C.Hj.CO.C.aMe^OH.  [187°].  Formed  by  the 
action  of  nitrous  acid  on  phenyl  amido-^-cumyl 
ketone  (Frohlich,  B.  17,  1806).  Plates,  v.  sol. 
alcohol,  sol.  alkalis. 

PHENYL  OXYETHYL  SULPHONE 
C6H5.SO,,.C2H40H.  Formed  by  heating  glycolic 
chlorhydrin  with  sodium-benzene  sulphinate 
and  a  Httle  water  at  120°  (Otto,  J.pr.  [2]  30, 186). 
Prepared  by  boiUngC,H,(SOAH',),  with  KOHA<i. 
Liquid,  si.  sol.  water,  miscible  with  alcohol  and 
ether.  Reactions.  —  1.  Cone.  H2SO4  forms 
C,H5.SO,.C2H,.O.S03H,  which  yields  3iBaA',a<i, 
crystallising  from  water  in  needles. — 2.  Sodiuni- 
amalgam  reduces  it  to  alcohol  and  Ph.SO.,H  or 
PhSH.— 3.  PCI5  forms  PhSOo.C.H^Cl,  crystallis- 
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ing  from  benzene  in  six-sided  tablets  [56°]. — 
4.  PCI,  forms  the  sparingly  soluble  anhydride 
(Ph.s6.,.C2Hj20  [70°].— 5.  Aqueous  NH,atl20° 
forms  "(Ph.SO,.C..H,)„NH.  —  6.  Chromic  acid 
oxidises  it  to  Pli.SOj.CH^.COoH 

Acetyl  derivative  C|„H,,S04.  Oil. 

Benzoyl  derivative  Ph.SOo.CoH^.OBz 
[12.5°]. 

PHENYL    OXY  -  METHYL    KETONE  v. 

Benzoyl-caebinol. 

PHENYL  - OXY -  NAPHTHYL  KETONE. 

Ethyl  derivativeC,„B.^{0&).CO.C,B.,.  [75="]. 
Formed  from  C,„H,.OEt,  BzCl,  and  AICI3  (Gat- 
termann,  B.  2.3,  1209).  Needles. 
Phenyl-di-oxy-naphthyl  ketone 

C,H3.CO.C,H3<^g^j:gjg.    [191°].  Formed  by 

boiling  (o)-benzoyl-naphthoquinone  with  SnClj 
and  alcohol  (Kegel,  A.  247,  183).    White  plates. 

Acetyl  derivative.    [155°].  Plates. 

Isomeride    v.  Di-oxy-phenyl-naphthyl-ke- 

TONE. 

PHENYL -OXYPHENYLBIAZYL-HYDRAZ  - 

INE  ^Q*^-Q^C.NH.NHPh.      [181°].  Formed 

by  heating  di-phenyl-carbazide  with  COClj  at 
100°  (Freund  a.  Kuh,  B.  23,  2831).  White 
crystals,  insol.  benzene.    Oxidised  by  FeClj  to 
cXPliO„.N:NPh  [200°]. 
"  PHENYL  -  OXY  -  PHENYLTHIOBIAZYL  - 

HYDRAZINE  ^Q^g^C.NH.NHPh.  [124°]. 

Formed  by  the  action  of  COClj  on  di-phenyl- 
thiocarbazide,  the  resulting  CjNjPhSO.NrNPh 
[140°]  being  reduced  by  alcoholic  ammonium 
sulphide  (Freund  a.  Kuh,  B.  23,2827).  Needles. 
DI-PHENYL-DIOXYPHENYLENE  DI- 

KETONE  V.  DiOXYPHENYLENE  DIPHENYIi  DI- 
KETONE. 

PHENYL-OXY-PIVALIC    ACID  v.  0-oxy- 

PHENYL-VALEBIC  ACID. 

PHENYL-OXY-PROPIONIC  ACID  v.  Osy- 

PHENYL-PROPIONIC  ACID. 

DI-PHENYL  OXYPROPYLENE  DISUL- 
PHONE  CH(OH)(CH,.S02.C,H5),.  Formed  by 
oxidation  of  the  product  of  the  action  of  NaSPli 
on  dichlorhydrin  (Otto  a.  Bossing,  B.  23,  758). 
Oil,  V.  sol.  alcohol. 

Benzoyl  derivative.    [150°].  Needles. 

DI-PHENYL  OXY-PROPYL  SULPHONE. 
Anhydride  {CJI,.S0^.CK,.CE.^.CH,).O.  [85°]. 
Formed  by  heating  di-phenyl  trimethylene  di- 
sulphone  with  alcoholic  potash  at  120°  (Otto,  B. 
24,  1833).    Hexagonal  tables,  insol.  water. 

PHENYL  OXYTOLYL  KETONE.  Methyl 
derivative  CsH^.CO.CfiHjMe.OMe.  [SO'^']. 
Formed  from  OeHjMe(OMe),  BzCl,  and  AlCl, 
(Koenigs  a.  Carl,  B.  24,  3897).  Crystals. 

PHENYL-OXY-VALERIC    ACID    v.  Oxy- 

PHENYL-V.VIiERIC  ACID. 

Di-phenyl-oxy-valeric  acid  v.  Tctrahydro- 

CORNICULAP.IC  ACID. 

PHENYL-PARABAMIC  ACID  v.  Paeabamic 

ACID. 

PHENYL-PARACONIC  ACID  v.  Anhydride 

of  OXY-BENZYL-SUCCINIC  ACID  and  NlTP.O-PHENYL- 
PARACONIC  ACID. 

DI-PHENYL-PENTADECYL  TRICYANIDE 

C3N3Ph2(CHj)„CH3.  [64°].  (328°  at  13  mm.). 
•F-ormed  by  heating  benzonitrile  with  palmityl 
chloride  and  AICI3  from  40°  to  100°  (Kraift  a. 


Hansen,  B.  22,  809).  Globular  groups  of 
needles  (from  isobutyl  alcohol),  v.  sol.  ether. 

PHENYL  PENTADECYL  KETONE 
C^Hs.CO.CisHj,.  [59°].  (251°  at  15  mm.). 
Formed  from  palmityl  chloride,  benzene,  and 
AICI3  (Krafft,  B.  19,  2982  ;  21,  2266).  Plates 
(from  alcohol),  sol.  ether.  Yields  benzoic  and' 
pentadecoic  acids  on  oxidation. 

Reference. — Oxy-phexy'l  pentadecyl  ketone.. 

PHENYL-PENTANE  v.  Amyl-benzene. 

PHENYL-PENTANE  DICARBOXYLIC  ACID 
C0.,H.C5H,.CEt,.C0,,H.  [148°].  Formed  by  the 
action  of  KOHAq  upon  its  anhydride 

tion  of  alcoholic  potash  and  EtI  on  di-oxy- 
ethyl-isoquinoline  (Pulvermacher,  B.  20,  2494). 
Crystalline. — BaA". — Ag„A"  ;  yellow  powder. 

Piienyl-pentane  tricarboxylic  ether 
CHEt(C02Et).C(CH.^h)(C02Et).,.  (336°  cor.). 
S.G.  1°  1-0899.  AID  =  1-4867  at  20°.  Formed 
from  sodium  butane  tricarboxylic  ether  and 
benzyl  chloride  (Bischoff  a.  Mintz,  B.  23,  654). 
Yields,  on  saponification,  two  benzyl-ethyl-suc- 
cinic  acids  [157-5°]  and  [123-5°]. 

Phenyl-pentane  tricarboxylic  acid 
CMe.,(C0„H).C(CH.,Ph)(C02H).,.  [178°].  Ethyl 
ether  EtjA'".  (337°  cor.).  S.G.  "£  1-0950.. 
/j-D  =  1-4834  at  20°.  Formed  in  like  manner 
from  isobutane  tricarboxylic  ether  (B.  a.  M.). 
Yields,  on  saponification,  the  acid  and  alsO' 
benzyl-di-methyl-succinic  acid  [155°]. 

Phenyl-peatane  tri-carboxylic  acid 
CHMe(C02H).CH2.C(CH.Ph)(C02H),.  [130°]. 
One  of  the  acids  got  by  saponifying  the  product 
of  the  action  of  benzyl  chloride  on  sodium  iso- 
butane tricarboxylic  ether  (Bischoff,  B.  23, 
1947).    Plates  (from  water). 

Di-phenyl-pentane  tetra-carboxylic  ether 
CH,(C(C02Et)3.CH2Ph)3.    (c.  240°  at  20  mm.). 
Formed  from  disodium  propane  tetra-carboxylic 
ether  and  benzyl  chloride  (Dressel,  A.  256,  191). 
Thick  oil. 

PHENYL-PENTENOIC  ACID  C,,H,,Oj  i.e. 
CgH5.CjH5.CO2H.  Hydrocinnamenylacrylic 
acid.  [31°].  Formed  by  reduction  of  phenyl- 
pentinoic  acid  by  sodium-amalgam  (Baeyer  a. 
Jackson,  B.  13,  122).  Plates.  Yields  di-oxy- 
phenyl-valeric  acid  on  oxidation  by  alkaline 
KMnb,  (Fittig  a.  Mayer,  A.  268,  51). 

Dibromide.    [109^^].  Prisms. 

PHENYL-PENTiNOIC  ACID  C,^Y^,fi^  i.c.- 
CsH5.CH:CH.CH:CH.C0.,H.  Styryl-acrylic  acid. 
[166°].  Formed  from  einnamic  aldehyde,  ACjO,. 
and  NaOAc  (Perkin,  C.J.  31,  403;  Fittig,  A. 
268,  50).  Prisms  (from  water).  On  oxidation 
by  alkaline  KMnO^  it  yields  benzoic  aldehyde 
and  racemic  and  oxalic  acids  (Doebner,  B.  23, 
2374).— SrA'2  2aq.— Ag.A-". 

C/iZ ori<^e  C,,H,30C1.  [25°]. 

Amide.    [186°].    Tables  (from  alcohol). 

Di-phenyl-pentinoic  acid 
C6H5CH:CH.CH:CPh.CN.  [119°].  Formed  from 
einnamic    aldehyde,  phenyl-acetonitrile,  and 
NaOEt  (Freund  a.  Immerwahr,  B.  23,  2856). 
Needles,  v.  sol.  alcohol  and  ether. 

Reference. — Nitbo-   and   Oxy-phenyl  pen- 

TINOIC  ACID. 

PHENYL-PHENTRIAZINE.  Dihydride^ 
C,H,<;^'=_^pj^.    [128°].    Formed  by  adding 
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NaNO.j  to  a  solution  of  o-amido-benzyl-phenyl- 
hydrazine  or  o-amido-benzyl-aniline  in  HClAq 
at  0"  (Busch,  B.  25,  448).  Plates,  v.  sol.  al- 
cohol. Salts.— B'HCl.-B'2H.,PtCl,.  [130°].— 
E'CsHiNjO,.    [111"].    Orange-red  needles. 

PHENYL-PHENTRIAZOLE     Ci^H.N^  i.e. 

C^H.^^^^KPh.  [109°].  Occurs  as  a  by- 
product in  the  manufacture  of  amido-azo-benz- 
ene  (Gattermann,  B.  21,  1633).  Formed  by  the 
action  of  phenyl-hydrazine  on  bromo-di-nitro- 
benzene,  the  resulting  nitro-phenyl-phentriazole 
[l:4:5]C„H3(N02):N3Ph  being  reduced  to  amido- 
phenyl-phentriazole  [183°]  and  NH^  then  elimi- 
nated (Kehrmann  a.  Messinger,  B.  25,  899). 

Isomeride  CeHj<^^^^''^N.  Phcnyl-phenyl- 

cnc-a:imide.  [90°].  Formed  from  o-amido- 
diphenylamine  and  nitrous  acid  (Schopff,  B.  23, 
1843).    Needles,  sol.  alcohol. 

PHENYL.PHEN-(/3)-NAPHTHACRIDINE 

C6H^<^^pj^^C,„H,.    [198°  uneor.].    Formed  by 

heating  a  mixture  of  phenyl-(j8)-naphthylamiue 
and  benzoic  acid  with  PjOj  or  ZnCL,  (Glaus 
a.  Eichter,  B.  17,  1595).     Sublimes  in  white 
needles. — B'„H„PtCl|;:  glittering  yellow  needles. 
DI-PHENYL    PHENYL-ACETYLENE  DI- 

KETONE  V.  DEHYDEO-ACETOPHENONE-BENZIIi,  VOl. 

i.  p.  37. 

Di-phenyl-diphenylacetylene    diketone  v. 

OxYLEi'iDEN,  vol.  iii.  p.  137. 

PHENYL-PHENYL-AMIDO-ACETIC  ACID 
C5H^Ph.NH.CH„.C0.H.  Formed  from  j)-amido- 
diphenyl  and  chloro-acetic  acid  (Zimmermann, 
B.  13,  1966).  Plates  (from  hot  water).— EtA'. 
[95°].    Needles  (from  dilute  alcohol). 

PHENYL  PHENYL-AMIDO-ETHYL  KE- 
TONE CsH,.C0.C.,H^NHPh.  [38°].  Formed  from 
CjHj.CO.CHjBr  and  aniline  (Pampel  a.  Schmidt, 

B.  19,  2896).    Yellow  crystals. 

Acetyl  derivative.  [103°].  Needles. 
PHENYL  PHENYL-AMYL  KETONE 

C,  sH.„0  i.e.  C,H,.C0.CHPh.CH,Pr.  [78°].  (330° 
cor.).  Formed  from  phenyl  benzyl  ketone, 
NaOEt,  and  isobutyl  bromide  (V.  Meyer  a. 
Oelkers,  B.  21, 1295).  Needles.  Yields  an  oxim 
[118°]  crystallising  in  prisms. 

PHENYL-PHENYL-BENZAMIDINE 

Ci.H^Nj  i.e.  CPh^^^C.H^Ph.  [198°].  Formed 

from  C„H3Ph(N0.,).NHBz,  tin,  and  HOAc  (Hiib- 
ner,  A.  209,  347).  "Plates  (from  alcohol).— E'HCl. 
— B'„H.,PtCl,.— B'^HjSO, :  needles,  si.  sol.  water. 

PHENYL-PHENYL  BENZYL  KETONE 
C,„H,50  i.e.  CgHJ^h.CO.CHjPh.  [150°].  (above 
360°).  Formed  from  diphenyl,  phenyl-acetic 
chloride,  and  AlCl,  (Pa.pcke,  B.  21, 1339).  Plates 
(from  alcohol).  Converted  by  NaOEt  and  CSCL 
into  C6HjPh.C0.CPh:CS  [above  320°]. 

PHENYL  PHENYL-BUTYL  KETONE 
CeHj.CO.CHPhPr.  [33°].  (330°).  Formed  from 
sodium   deoxybenzoin   and   w-propyl  bromide 
(Bischoff,  B.  22,   346).     Thread-like  needles 
(from  alcohol).    Yields  an  oxim  [100°]. 

Phenyl  phenyl-isobutyl  ketone 
C,H,.C0.CHPhPr.     [48°].     (325°).    Yields  an 
oxim  [70°]  and  a  phenyl-hydrazide  [72°]. 

DI-PHENYL-DI-PHENYL-CARBINOL 
(C„H.,Ph),,CH.OH.     [151°].    S.  (alcohol)  1-25; 
(ether)  3  ;  (ligi-oin)  -5  at  15°.    Got  by  reducing 


the  corresponding  ketone  with  sodium-amalgam 
(Adam,  A.  Ch.  [6]  15,  200;  cf.  Weiler,  B.  7, 
1189).  Plates. 

PHENYL  -  DI  -  PHENYL  -  CARBINYLAMINE 
C.H^.C.H^.CHPh.NH..  [77°].  Got  by  reducing 
the  oxim  C6H5.C,H,.C(N0H).C„H,,  by  sodium- 
amalgam  (KoUer,  M.  12,  508).  Needles  (from 
ether),  insol.  water.  Gone.  H^SO.,  forms  a  deep- 
violet  colour,  becoming  claret-red  on  warming. 
— B'H0Ac.[161°l.  White  needles  (from  water).— 
B'HCl.  [252°].  White  needles.— B'HNOj. 
[211°].— B'2H,PtCl64aq.  [191°].  Yellow  needles. 

Phenyl-triphenylcarbinyl-amine 
NHPh.CPhj.  [146  ^  Formed  from  aniline  and 
CPhjBr  (Elbs,  B.  17,  703  ;  Hemilian  a.  Silber- 
stein,  B.  17,  746).  Hexagonal  prisms,  v.  soL 
CSj.  Yields  a  nitrosamine  [c.  156°]  and  a 
tetra-sulphonic  acid  G23H|,(SO.|H)jN  which 
yields  easily  soluble  Ba,,A'''  and  Cu,A''. 

PHENYL  TRI-PHENYL-CARBINYL  KE- 
TONE V.  (/3)-Benzpinacolin. 

DI  -  PHENYL  -  DIPHENYLENE  -  DI  -  UREA. 
NHPh.CO.NH.C,H,.C,H,.NH.CO.NHPh.  [above. 
300°].  Concentric  needles  (from  aniline). 
Formed  by  adding  phenyl  cyanate  (2  mols.)  to 
an  ethereal  solution  of  benzidine  (Kiihn,  B.  18., 
1478). 

PHENYL      PHENYL-ENNYL  KETONE 

C.Hs.CO.CHPh.C.H,,.  [61°].  (350°-355°).. 
Formed  from  deoxybenzoin  (E.  Bischoff,  B.  22, 
348).  Yields  an  oxim  [101°]  crystallising  in 
long  needles. 

PHENYLPHENYL  -  ETHYL  ALCOHOL 
[l:3]C,H^Ph.CHMe.0H.  [86°].  Formed  by  re- 
ducing CBH4Ph.CO.CH3  with  sodium-amalgam 
(Adam,  A.  Ch.  [6]  15,  257).  Crystalline  mass. 
Cannot  be  distilled. 

DI-PHENYL  DIPHENYLETHYLENE  DI- 
KETONE CHPhBz.CHPhBz.  Bulesyl.  Hydro- 
o.rylejndcn.  [255°].  Formed  as  described  in 
vol.  iii.  p.  139.  Needles  (from  benzene),  insol. 
alcohol.  On  boiling  for  two  hours  with  alcohol 
it  changes  to  an  isomeride  [261°],  sol.  alcohol 
(Fehrlin,  B.  22,  553). 

Isomeride.  [161°].  Isobidesyl.  Accompanies 
bidesyl  when  prepared  from  deoxybenzoin. 
NaOEt,  and  I,  or  from  BzCHBrPh,  NaOEt,  and 
deoxybenzoin  (Knovenagel,  B.  21, 1356).  Prisms 
(from  alcohol).  P>«acts  with  hydroxylamine 
forming  C-,H,|;N,,04  [110°-120°].  Cone.  H,,SO, 
forms  with  bidesyl  and  isobidesyl  a  green 
solution,  turning  brown.  NH3  forms  tetra- 
phenyl-pyrrole. 

PHENYL  PHENYL-ETHYL  KETONE 
C,H..CO.CHMe.C,H,.  [53°].  (318°  cor.). 
Formed  from  C„H,.CO.CHNa.C,H,  and  Mel 
(V.  Meyer  a.  Oelkers,  B.  21,  1297).  Needles 
(from  alcohol).    Forms  an  oxim  [120°]. 

Phenyl  phenyl-ethyl  ketone 
CsHs.CO.CHj.CH^.C.H,.  [73°].  (above  360°). 
Formed  by  reducing  phenyl  styryl  ketone  with 
zinc-dust  and  HOAc  (Schneidewind,  B.  21, 
1325).  Plates  (from  alcohol).  Yields  an  oxim 
[87°].  Isoamyl  nitrite  and  NaOEt  form 
C,5H,3NO„  [126°]. 

Phenyl  diphenyl-ethyl  ketone 
C,H,.CO.CHPh.CH,Ph.    [120°].    Formed  from 
phenyl  benzyl    ketone,  NaOEt,    and  benzyl 
chloride  (V.  Meyer  a.  Oelkers,  B.  21,  1300). 
Needles  (from  alcohol).    Yields  an  oxim  [208°]. 
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PHENYL  PHENYL-ETHYL  KETONE  CARBOXYLIC  ACID, 


PHENYL  PHENYL-ETHYL  KETONE 
CARBOXYLIC  ACID  C^H-.CO.CHPh.CHj.CO^H. 
[152°]  (J.  a.  M.) ;  [161°]  (M.  a.  0.).  Formei  by 
oxidising  deliydro-aoetone-benzil  with  CrO^  and 
HOAc  (Japp  a.  Miller,  B.  18,  184).  Needles.— 
BaA'2  2aq. — AgA'. 

Ethyl  ether  EtA'.  Formed  from 
Ph.CO.CHNaPh  and  ClCH^CCEt  (V.  Meyer  a. 
Oelkers,  B.  21,  1305).    When  heated  it  yields 

CO  cn, 

an  anhydride  0<^j~,pj^.'Qpjj|  [152°],  whence  am- 
monia forms  NH<;^pj^:^p2  [189°].  Phenyl- 
hydrazine  acting  on  desylacetic  acid  forms 
€2,,H,sN20  [110°]  and  (C,ja„N„0).,  [243°].  The 

former,  NHPh.N<^^pj_^;^p^  ?  may  be  reduced 

 CH 

by  Na  and  isoamyl  alcohol  to  ■'^H-ci^gjjpj^  CHPh 
[207°].      Aniline     converts    the    acid  into 

^^^'^<cph!cpii 

^^^<CPh  CPh;CPh:CPh>^^^  '^o*  "^^^^^^  ^* 
300°. 

Phenyl  phenyl-ethyl  ketone  carboxylic 
acid.    Methyl  ether 

C,H,.CO.CH(CO,Me).CH,Ph.  (c.  253°  at  50 
mm.).  Formed  from  methyl  benzoyl-acetate, 
NaOEt,  and  benzyl  chloride  (Perkin  a.  Caiman, 
C.  J.  49,  155). 

Phenyl  di-phenyl-ethyl-ketone  carboxylic 
acid  C,,H,,03  i.e.  C„H5.CO.CH,.CPh2.CO„H. 
[183°].  Formed  by  heating  the  lactone  of  oxy- 
tri-phenyl-crotonic  acid  with  alcoholic  potash 
^Japp  a.  Klingemann,  C.  J.  57,  681).  Plates. 
Eeduced  by  boiling  HIAq  to  tri-phenyl-butyro- 
lactone.  Phenyl-hydrazine  in  alcoholic  solution 
yields  CogHj^NjO,  which  is  reduced  by  Na  and 
isoamyl  alcohol  to  oxy-tri-jDhenyl-pyrrole  di- 
hydride  C,,H,3N0.— NH,A'.— AgA'.  On  heating 
with  alcohol  and  hydroxylamine  hydrochloride 
it  forms  C.Hi.NO.,  [152°]  and  C^^H^NO  [143°]. 

Alethijlamide  C^B.._^^0,.  [156°].  Formed 
from  tri-phenyl-crotolaetone  and  methylamine. 

Ethylamide.    [130°].  Needles. 

Phenyl  tri-phenyl-ethyl  ketone  carboxylic 
acid.  Methylamide 

C,H,.CO.CHPh.CPh,.CONHMe.  [260°].  Formed 
by  heating  the  lactone  of  oxy-tetra-phenyl-cro- 
tonic  acid  with  alcoholic  NH.,Me  at  100°  to  200° 
(Klingemann  a.  Laycock,  B.  24,  514).  Plates, 
si,  sol.  alcohol.    Yields,  on  distillation, 

NMe<^^'S„[158°]. 

PHENYL     PHENYL-HEPTYL  KETONE 

C,H-,.C0.CHPh.C,H,3.  [59°].  (345°).  Needles 
or  plates  (from  alcohol).  Yields  an  oxim  [89°] 
(Bischoff,  B.  22,  347). 

PHENYL-DI-PHENYL-HYDEAZINE 
NHPh.NH0„H,Ph.  [127°].  Formed  by  reducing 
C5H5.N.^.C6H.,Ph  with  ammonium  sulphide 
{Locher,  B.  21,  911).  Needles  or  plates  (from 
•dilute  alcohol).  Yields  a  di-acetyl  derivative 
[203°]. 

PHENYL-DI-PHENYL  KETONE  v.  Phenyl- 

BENZOPHENONE. 

PHENYL-PHENYL  MERCAPTAN  C„H,„S 
i.e.  C.HjPh.SH.  [111°].  Formed  by  educing 
€,H4Ph.S02Cl  with  tin  and  HCl  (Gabriel  a. 
Deutsch,  B.  13,  386).— Pb(S.C,H^Ph)„.  Eeddish- 


brown  pp.— C,.,H„SMe.  [108°].  Needles  (Ober- 
mayer,  B.  20,  2927). 

DI-PHENYL-DI-PHENYL-METHANE 
(C,H,Ph).,CH„.  [161°].  (360°).  Formed  from 
diphenyl,  methylal,  HOAc,  and  H2SO4  (Weiler, 
B.  7,  1188).  Formed  also  from  diphenyl, 
CH.,CL,  and  AICI3;  the  yield  being  bad  (Adam, 
A.  Ch.  [6]  15,  254). 

DI  -  PHENYL  DI  -  PHENYL  -  METHYLENE 
BISULPHIDE  CPh2(SPh)„.  [139°].  Formed  by 
passing  dry  HCl  into  a  hot  mixture  of  benzo- 
phenone,  phenyl  meroaptan,  and  ZnClj  (Bau- 
mann,  B.  18,  888).    Prisms  (from  ether). 

PHENYL -PHENYL  DI  -  PHENYL  -  ETHYL 
KETONE  C,H,Ph.CO.CHPh.CH,Ph.  [158°]. 
Formed  from  C„H4Ph.C0.CH:.,Ph,  NaOEt,  and 
benzyl  chloride  (Papcke,  B.  21,  1339).  Needles 
(from  alcohol).    Yields  an  oxim  [175°]. 

PHENYL  PHENYL  -  PROPINYL  KETONE 
CARBOXYLIC  ACID  CPhiC.CHBz.COjH.  [135°]. 
(c.  275°  at  40  mm.).  Formed  from  di-benzoyl- 
propionic  ether  and  alcoholic  potash  (Kapf  a. 
Paal,  B.  21,  1488).  Yellow  needles  or  plates, 
insol.  water.  Phenyl-hydrazine  forms  CjgHjjN^O 
[100°].  Boiling  with  alcohol  and  HClAq  forms 
di-phenyl-furfurane  carboxylic  acid  [217°].  Al- 
coholic NH3  yields  di-phenyl-pyrrole  carboxylic 
ether. — KA'2aq:  yellow  needles  (from  alcohol). 

PHENYL  a  -  PHENYL  -  PROPYL  KETONE 
CsHj.CO.CHEtPh.  [58°].  (324°  cor.).  Formed 
from  phenyl  benzyl  ketone,  NaOEt,  and  EtI 
(V.  Meyer  a.  Oelkers,  B.  21,  1299).  Needles. 
Yields  an  oxim  [130°]. 

Phenyl  phenyl-propyl  ketone 
G5H,.CO.CH,.CHPh.CH3    or  C.H^.CO.CMeoPh 
[70°].    (340°-345°  i.V.).    Formed  by  heating 
acetophenone  with  HI  and  P  at  140°  (Graebe,  B. 
7,  1625).  Plates  (from  alcohol),  v.  e.  sol.  ether. 

PHENYL  DI  -  PHENYL  -  PROPYL  THIO- 
UREA NHPh.CS.NH.CH„.CHPh.CH,Ph.  [129°]. 
Formed  from  di-phenyl-propyl-amine  and  phenyl 
thiocarbimide  (Freund  a.  Eemse,  B.  23,  2862). 

PHENYL  PHENYL  -  PYRAZYL  KETONE 
C3H2PhN2.CO.C6H5.  [123°].  Formed  by  heating 
phenyl-pyrazole  withBzCl  at  245°  (Balbiano,  G. 
19,  139).  Needles  (from  dilute  alcohol).  Yields 
an  oxim  [1.54°]  and  a  phenyl-hydrazide  [140°]. 

DI-PHENYL-DI-PHENYL  SULPHIDE 
C„4H„S  i.e.  (C,H,Ph)„S.    [172°].    Formed  by 
distilling  Pb(S.C6H,Ph).,  (Gabriel  a.  Deutsch,  B. 
13,  386).    Plates,  sol.  alcohol  and  ether. 

Di-phenyl  di-phenyl  disulphide  (CjHjPh)2S2. 
[150°].  Formed  by  atmospheric  oxidation  of 
CsHjPh.SH  (G.  a.  D.).  Needles,  sol.  alcohol 
and  CS2. 

PHENYL-PHENYL  SULPHOCYANIDE 

C^H.Ph.SCN.  [84°].  Formed  from  Pb(SC,HjPh), 
and  ICy  (Gabriel  a.  Deutsch,  B.  13,  389).  White 
crystals. 

DI-PHENYL-DI-PHENYL  SULPHONE 

(CeHjPh).,S02.  [216°].  Made  by  oxidising 
(GeHjPhjj'S  with  KMnO.,  (Gabriel  a.  Deutsch,  B. 
13,  387).    Plates,  si.  sol.  ether. 

PHENYL  -  PHENYL  -  SULPHONO  -  BENZ  AM- 
IDINE  PhC(NPhH):NS02Ph.  [139°].  Formed 
by  the  action  of  aniline  on  the  imido-chloride 
obtained  from  the  anilide  of  benzene  sulphonic 
acid  by  the  action  of  PCI5  ( Wallach  a.  Gossmann, 
A.  214,  214).  Narrow  plates  (from  alcohol). 
Appears  not  to  combine  with  HCl.    On  dry  dis- 


PHENYL-PHOSPHINB. 
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tillation  it  gives  di-phenylamine,  benzonitrile, 
SO.,,  and  phenyl  sulphides. 

PHENYL-PHENYL-THIOCARBIMIDE 
CsH,Ph.N:CS.     [58°].     Formed  by  distilling 
(C,H,Ph.NH)..CS  with  P..0-  (Zimmermann,  B. 
13,  1964).  Needles. 

PHENYL  PHENYL-THIO-GLYCOLLIC  ACID 
C6H,Ph.S.CH,,.C0,,H.  [170"].  Formed  from 
chloro-acetic  acid  and  C^HjPh.SNa  (Gabriel  a. 
Deutsch,  B.  13,  389).  Colourless  crystals,  si. 
sol.  water. 

Phenyl-phenyl-di-thio-di-glycollic  acid 
C,..H„(S.CH,.CO,H)..     [252-].     Formed  from 
C,."H,S.,Pb  and  C1CH.,.C0,H.  Crystals. 

'  DI-PHENYL-DI-PHENYL-THIO-UREA 
CS(NH.CeH^Ph)2  [228°].    Formed  from  joamido- 
diphenyl  and  CS.,  (Zimmermann,  B.  13,  1963). 
Plates. 

PHENYL  PHENYL  DI-TOLYL  CARBIWYL 
KETONE  V.  Phenyl-tolyl-pinacoli.v. 

PHENYL  -  PHENYL  -p  -  TOLYL  -  CARBINYL- 
UREA  NHPh.CO.NH.CHPh.C^H^Me.  [206°]. 
Formed  from  C„H,Me.CHPh.NH„  and  phenyl 
cyanate  (Goldschmidt  a.  Stoker,      24,  2802). 

PHENYL  PHENYL-DI-XYLYL-CARBINYL 
KETONE  V.  Phentl-xylyl-pinacolin. 

PHENYL  PHOSPHATES. 

Mono  -  phenyl  di  -  hydrogen  phosphate 
C,H,O.PO(OH)„.  Phcmjl.phosphoric  acid.  [98°]. 
A  product  of  the  action  of  P2O5  on  phenol  (Keni- 
bold,  Z.  1866,  652  ;  Jacobsen,  B.  8, 1519;  Eapp, 
A.  224,  157).  Deli(iuescent  needles.  Partially 
decomposed  by  boiling  water  into  phenol  and 
phosphoric  acid.  Yields  phenol  and  HPO3  on 
distillation.— CaA". — BaA"  :  prisms. 

Chloride  C,H,0.P0C1.,.  (242°).  A  pro- 
duct of  the  action  of  POCl,  on  phenol.  Formed 
also  from  C,;H-0.PC1,  and  SO,,  (Anschiitz  a. 
Emery,  .4.  253,  110). 

Di-phenyl  hydrogen  phosphate 
(CsH30)2PO.OH.  [56°]  (R.).  A  product  of  the 
action  of  P  .Oj  on  phenol.  Formed  also  by  boil- 
ing (PhO)3PO  (Imol.)  with  aqueous  KOH  (Imol.) 
(Glutz,  A.  143,  193),  and  by  decomposing  the 
chloride  with  water.— BaA'„.—AgA'. — NHjPhA'. 
[c.  160°]  (Wallach,  B.  8,  12*3.5). 

Chloride  (C,,H,0),_,P0C1.  (315° at 272mm.). 
Formed  from  phenol  and  POCl^.  Oil,  slowly  de- 
composed by  water. 

Anilide  (C,,H50)„P0.NHPh.  [129°].  Six- 
sided  tables,  V.  si.  sol.  water  (W.). 

Tri-phenyl  phosphate  (C„H,0)3P0.  [45°]  (.1.). 
(245°  at  11  mm.)  (A.  a.  E.)  Formed,  together  with 
chloro-benzene,  by  the  action  of  PCI-  on  phenol 
(Williamson  a.  Scrugham,  C.  J.  7,240).  Formed 
also  from  phenol  and  POCL,  (Jacobsen),  or  PCI5 
(Glutz),  followed  by  water.  It  is  also  a  product 
of  the  action  of  water  on  CsH;^0.PCl4  (Anschiitz 
a.  Emery,  A.  253,  110). 

Preparation. — A  mixture  of  phenol  (280  pts.) 
and  phosphorus  oxychloride  (150  pts.)  is  heated 
to  boiling  with  an  inverted  condenser  for  16 
hours,  the  excess  of  phenol  is  removed  by  dis- 
tillation or  by  shaking  with  dilute  NaOH  ;  the 
yield  is  90  p.c.  of  the  theoretical  (Heim,  B.  16, 
1763). 

Pro^eriies.— Needles,  insol.  water,  si.  sol.  alco- 
hol, V.  sol.  ether. 

Reactions.  —  By  distillation  with  sodimn 
acetate  or  benzoate  it  gives  phenylacetate  or 
benzoate.    Heated  with  potassium  sulphide  it 


'  yields  tri-pheuyl-thio-phosphate  PS(0C^H5)3, 
together  with  phenol  and  some  diphenyl  and 
di-phenyl  oxide.  On  distilling  with  MgO,  PbO, 
ZnO,  or  CaO  the  chief  product  is  phenyl,  together 
with  some  diphenylene-oxide  (Kreysler,  B.  18, 
1716).  Chlorine  passed  into  its  cold  ethereal 
solution  forms  (CcH.0)3PCl,,  (A.  a.  E.). 
Reference. — NiTito-PHENYL-pnosPHATES. 
PHENYL-PHOSPHINE  C,H,PH,.  Mol.  w. 
110.  (161°).  S.G.  i5  1-001.  a" product  of  the 
action  of  alcohol  on  C^H-^PI^H  and  on  CjH^PCU 
(Miohaelis,  jB.  7,  6  ;  10,  807  ;  12,  338;  ^.'181'^ 
303).    Pungent  liquid. 

Reactions.  —  1.  Absorbs  oxygen,  forming 
C^HsPHO.OH  [70°].— 2.  Sulphur  at  100°  forms 
liquid  CsHjPH^S  and  solid  (C„H,P)3S  [138°].— 3. 
CS2  at  150°  forms  C,,,H,  J'„S.,. 

Salts .— C,H,PHJ.  "  Needles.— B'.,H,,PtCl„. 
Phenyl-di-chioro-phosphine  "C^H^PCl,. 
Phosphcnyl  chloride.    Mol.  w.  179.   (225°  cor.). 
S.G.  2  1-3^28  (Thorpe,  C.  J.  37,  347).  Formed 
by  passing  benzene  and  PCl^  through  a  red-hot 

I  tube.    Formed  also  by  heating  HgPh.,  with  PCI3 

I  at  180°,  and  by  the  action  of  AlCl.j  on  a  mixture 
of  benzene  and  PCI,  (Michaelis,  B.  12,  1009  ;  A. 

I  181,  280).  Pungent  fuming  liquid,  decomposed 
by  water  into  HCl  and   C^H.PHO.OH  [70°]. 

1  Chlorine  forms  C^H^PCl,  [73°],  which  is  split  up 
at  180°  into  C^H^Cl  and  PC1„  and  is  converted 
by  water  into  C6H,P0(0H)._,.  SbCl^  forms 
C^H^PCl^SbCl^,  an  unstable  yellow  crystalline 
powder.  Br  yields  C„H,PCUBr2  [208°]  and 
C,H5PCl,^r,.  HI  forms  C.H.PHIs.  H..S  yields 
oily  (CsH.PS).,  and  crystalline  C..,H„„N„S',  [193°]. 
S  forms  liquid  C.H^PSCl.,  (270°)  (Kohler,  B.  13, 
464). 

Phenyl-di-hromo-phosphine  CeH^PBr.,.  [257°]. 
Got  from  HgPh^  and  PBr^  (Michaelis,  B."  9,  519). 
Liquid.  Br  yields  C,H  PBr^  [207°]  and 
C.H.PBiv,. 

Di-phenyl-phosphine  (C,H3).PH.  (c.  280°). 
;  S.G.  1-07.  Formed,  together  with  the  acid 
(C,H5).,P0.0H  by  the  action  of  dilute  NaOHAq 
on  (CgHJjPCl  (Michaelis  a.  Gleichmann,  B.  15, 
801  ;  Dorken,  B.  21,  1508).  Oil,  v.  sol.  alcohol. 
Weak  base.  Yields  (C^H.j^PO.OH  on  oxidation. 
CS,  forms  (C„H,)aPoH„CS,  [157°].  —  B'HCl. 
Crystalline.— B'2H,PtCle.—B'HI. 

Di-phenyl-chloro-phosphine  (C5H5)2PC1. 
(320°).  S.G.  1-229.  Formed  from  HgPh, 
and  C^H^PCl^  at  225°  (Michaelis,  B.  10,  627  ;  18, 
2109  ;  A.  207,  208).  Formed  also  by  heating 
C^H-PCl,  in  a  sealed  tube  for  120  hours  at  300° 
(Dorken,'  B.  21,  1505).  Thick  liquid,  decom- 
posed by  water  or  Na.^CO^Aq  into  (C,jH5).,PH  and 
(CgH-).,PO.OH.  Absorbs  oxygen  from  the  air 
forming  (C,,H,),.P0C1. 

Tri-phenyl-phosphine  P(C,H,)3.  [79°J. 
(above  360°)  (MichaeHs,  B.  15,802,  1610;  A. 
229,  297).  Formed  from  C.H^PCl.^,  bromo- 
benzene  and  Na.  Prepared  by  adding  sodium  to 
a  mixture  of  PCI3  (1  mol.)  and  Ci^H^Br  (3  mols.) 
diluted  with  4  volumes  of  dry  ether  and  kept 
cool.  The  reaction  is  completed  by  boiling  for 
12  hours,  and  the  ether  is  filtered  oli  and 
evaporated  to  crystallisation. 

Properties. — -Large  prisms  or  tables,  sol. 
alcohol,  ether,  and  benzene,  insol.  water.  Very 
weak  base.    Does  not  combine  with  CS.,. 

Salts.— B'HI.  [215°].  Prisms,  sol.  alcohol, 
insol.  water.— B'.,H.,PtCl5.—B'HgCl2. 
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PHENYL-PIIOSPHINE. 


Alkylo-halides .— B'Mel.  [183°].— 
B'MeClaq.  [213°].  Crystals,  v.  e.  sol.  water 
and  alcohol,  insol.  ether.— B'^Me^PtCl^.  [238°]. 
B'Etl.  [165°].  —  B'Prl.  [201-5°].—  B'PrI  2aq. 
[191°].— B'CH.,M.  [177°].— B'C,H„I.  [174°].— 
B'CH„PhClaq.  [288°].— B'CH„PhBr.  [275°].— 
B'CHjPhl.  [253°].  —  B'jCHJ.,.  [231°].  — 
B'^C^H^Br,.    [above  300°]. 

Bemylo-nitrate  B'C,H,N03.  [203°].  S. 
•338  at  15°.    Needles  (from  water). 

Benzylo-picrate  ^'C,'R,C^B.._^fi,.  [148°]. 

Benzylo- bichromate  (B'C,H,)2Cr„0,. 

Benzylo-sulphocyanicle  B'C,H,SCN. 
[189°].    Prisms,  v.  sol.  alcohol,  si.  sol.  water. 

Tri-phenyl-phosphine  oxide  (CcH5)3P0. 
[153-5°].  (c.  360°).  Formed  by  oxidising  tri- 
phenyl-phosphine  with  Br  and  NaOHAq  or  with 
cone.  HClAq  and  KCIO3.  Prisms  (containing  aq), 
si.  sol.  water,  v.  e.  sol.  alcohol.  Yields  two  tri- 
nitro-  compounds  [68°]  and  [242°],  the  latter  of 
whichyields  a  tri-amido- compound  [258°], whence 
bromine  water  forms  OP(C,H2Br.,(NH,,))3  [206°]. 
— B'HNOa.  [75°].  Yellow  needles,  decomposed 
by  water. 

Tri-phenyl-phosphine  sulphide  (CuH5)3PS. 
[157-5°].  Formed  from  PhjP  and  S  in  CS.. 
Colourless  needles,  v.  sol.  alcohol,  insol.  water. 

Tri-phenyl-phosphine  selenide  (C|.Hj)3PSe. 
[184°].    Formed  from  PhjP  and  Se.  Needles. 

Tetra-phenyl-diphosphine  P.,(CsH,)j.  [67°]. 
(400°).  Formed  from  (C,H,,).,PCi  and  (C,H.).,PH 
(Dorken,  B.  21,  1509).  With  CS^  at  138°  it 
forms  Ph„P.CS.SPH„Ph,  [157°],  insol.  ether. 

PHENYL-PHOSPHINIC  ACID  v.  Phenyl- 

PHOSPHITES. 

Di-phenyl-phospMnic  acid  (CsH,).,PO.OH. 
[190°]  (Michaelis,  B.  8,  922  ;  11,  885  ;"  15,  802  ; 
18, 2113).  Formed  by  oxidation  of  (C,.H5),PC1  or 
of  di-phenyl-phosphine.  Needles,  si.  sol.  cold 
alcohol.— CaA'„3aq. — AgA' :  bulky  pp. 

Ethyl  ether  mA'.    [165°].  Needles. 

Phenyl  ether  (C„H,)„PO.OG,H,,.  [136°]. 
Formed  by  oxidising  (C.hJjPOCjH^  (2'65°-270°), 
which  is  got  by  warming  (C|.H5).,PC1  with  phenol. 
Small  needles,  sol.  hot  alcohol,  insol.  water. 

PHENYL  PHOSPHITES. 

Mono-phenyl  dihydrogen  phosphite 
C6H50.P(0H).,.  Formed  by  adding  water  to 
CuH.O.PCl,  (216°)  which  is  got  by  the  action  of 
PCI3  on  phenol  (Noack,  A.  218,  90 ;  Anschiitz, 
A.  239,  310).  Uncrystallisable  syrup,  decom- 
posed by  addition  of  more  water  into  phenol 
and  H3PO3. 

Isomeride  CsH,PO(OH)„.  Phenyl  phosphinic 
acid.  Phosphenylic  acid.  Benzene  phosphonic 
acid.  [158°].  S.  23-5  at  15°.  Formed  by  the 
action  of  water  on  C^HjPClj  (Michaelis,  A.  181, 
321).  Plates,  sol.  alcohol  and  ether.  Yields,  on 
nitration,  CbH^(NO„)PO(OH).,  [132°],  which  may 
be  reduced  to  crystalline  CjH,(NH.,).P0(0H)2.— 
NaHA"a:aq.  —  Na.,A"  12aq.  —  CaH.^"„.  — 
CaA"  2aq.— SrH.A'  '*  aq.— CuA".— Fe2A"3  2iaq. 

Ethers.— Ue.A".  (247°).— Et„A".  (267°). 
— EtHA".— EtAgA".— PhHA".  [57"°].  Formed 
from  CeHiPOCl,  by  successive  treatment  with 
phenol  and  boiling  water.  Needles,  si.  sol. 
■water.— Ph. A".  [63-5°].  Formed  from  phenol 
and  C.HjPCl,. 

Chloride  C.H^POCl^.  (258°).  Formed  from 
CgHsPClj  and  water,  and  also  from  C^H^PClj  and 
O.    Thick  liquid. 


Di-phenyl  hydrogen  phosphite  (GeH-0)2P0H. 
Formed  by  adding  a  little  water  to  the  compound 
(C6H,0),PC1  (295°  at  731  mm.)  which  is  got 
from  phenol  and  PGI3  (N.).  Uncrystallisable. 
Decomposed  by  more  water  into  H3PO3  and 
phenol. 

Tri-phenyl  phosphite  (C5H50)3P.  (220°  at 
11  mm.).  S.G.  1  184.  Formed  by  heating 
phenol  (3  mols.)  with  PCI3  (1  mol.)  at  230°  in  a 
current  of  dry  CO^  (Noack,  A.  218,  91 ;  Anschiitz 
a.  Emery,  A.  239,  311).  Neutral  liquid,  v.  sol. 
alcohol.  Decomposed  by  water  into  phenol  and 
H3PO3.  Dry  bromme  forms  (C6H50)3PBr2,  which 
is  converted  by  water  into  (CgH.0)3P0. 

PHENYL-PHTHALIDE  v.  Anhydride  of  Oxt- 

BEXZTL-BENZOIC  ACID. 

Di-phenyl-phthalide    i.e.  C^B.^<C^^-'yO. 

Phthalophenone.  Tri-phcmjl-carhinol  carboxylia 
anhydride.  [115°].  Formed  by  the  action  of 
AICI3  on  a  mixture  of  benzene  and  phthalyl 
chloride  (Friedel  a.  Crafts,  A.  Ch.  [6]  1,  523  ; 
Baeyer,  B.  12,  642  ;  A.  202,  50)  or  of  benzene 
with  [l:2]C„HjBz.C0.0Ac  (Von  Pechmann,  B. 
14,  1866).  Got  also  by  heating  phthalyl  chloride 
with  HgPhj  (Noelting,  B.  17,  387).  Plates  (from 
alcohol).  Insol.  KOHAq,  sol.  boiling  alcoholic 
potash,  but  reppd.  by  acids. 

Reference. — Di-amido-di-phenyl-phthalide. 

DI-PHENYL-PHTHALIDE  CARBOXYLIC 
ACID  V.  Anhydride  of  Tbi-phenyl-c^rbisol  di- 

CABBOXYLIC  ACID. 

PHENYL-PHTHALIMIDE  v.  Phenyl-imide 

of  PhTHALIC  ACID. 

PHENYL-PHTHALIMIDINE  ChH„NO  i.e. 

CcH,<^Q^>NPh.    [160°].     Got    by  heating 

phthalide  with  aniline  at  210°  (Hessert,  B.  10, 
1450;  11,  239;  Kacine,  A.  239,  88).  Formed 
also  by  reducing  tlie  phenylimide  of  phthalic 
acid  with  tin  and  HClAq  (Graebe,  A.  247,  305). 
Plates  (from  alcohol),  v.  si.  sol.  hot  water. 

PHENYL-PIPERAZINE  v.  Phenyl-pybazinb 

HEXAIIYDRIDE. 

PHENYL-PIPERIDINE  v.  Phenyl-pyridine 

HEXAHYDKIDE. 

PHENYL-PROPANE  v.  Cumene. 

Di-phenyl-propane  CH,,(CH2Ph)2.  Di-bmzyl- 
methane.  (290°-300°).  Formed  by  heating  di- 
benzyl  ketone  with  HIAq  and  P  at  180°  (Graebe 
B.  7,  1623).  Got  also  from  CH.,C1.CHC1.CH,.C1, 
benzene,  and  AlCL,  (Claus,  B.  18",  2935).  Liquid. 

Di-phenyl-propane  CH.Ph.CHPh.CH,.  (291°- 
295°).  S.G.  -  -996.  Formed  from  benzene, 
AICI3,  and  propylene  chloride  or  allyl  chloride 
(Silva,  C.  B.  89,  606).  Formed  also  by  adding 
H„SO^  to  a  cooled  mixture  of  toluene  and  sty- 
rene  (Kraemer,  Spilker,  a.  Ebenhardt,  B.  23, 
3274).    Oil,  sol.  alcohol  and  ether. 

Di-phenyl-propane  CMe.Ph„.  (282°). 
Formed  by  the  action  of  benzene  and  AICI3  on 
CClMe„  or  CH^iCCl.CHj  (Silva,  Bl.  [2]  34,  674  ; 
35,  '289). 

Tri-phenyl-propane  C3H5(C,H5)3  (340°). 
Formed  by  the  action  of  AICI3  upon  a  mixture 
of  benzene  and  glyceryl  tri-bromide  or  tri- 
chloride (Claus  a.  Mercklin,  B.  18,  2935).  Oil. 

PHENYL  -  PROPANE  TRICARBOXYLIC 
ACID  CH2Ph.C(CO,H)2.CH2.CO,H.  [168-5°]. 
Formed  from  benzyl-malonic  ether,  NaOEt, 
and  chloro-acetic  ether  (Fittig,  A.  256,  92). 


PHENYL-PROPIONIC  ACID. 
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Small  prisms,  m.  sol.  warm  water.  Yields 
benzyl-succinic  acid  [161°]  when  boiled  with 
w-ater. — Ca,^A."'„  64aq.— BajA'",^  2Jaq. — Ag^A'". 

Ethyl  ether  EtjA'".  (336°  cor.).  S.G. 
2,°  1-1079.  MD  =  l'48-i  at  20°.  Formed  from 
sodium  ethane  tricarboxylic  ether  and  benzyl 
chloride  (Bisohoff  a.  Mintz,  B.  23,  653). 

Di-phenyl-propane    tetra-carboxylic  acid. 
Di-  nitrile  of  the  di-cthyl  etJier 
<CO,Et)2C(CH„.C6H,.CN).,.  [80°].    Formed  from 
sodium  malonic  ether  and  [1:2]C,H^(CN).GH,C1 
(Hausmann,  B.  22,  2019).  Prisms. 

Xri-phenyl-propane      dicarboxylic  acid. 

ImideC,B.,<C^'^Q'^^'yCO.    [174°].  Formed 

riTT  rirv 

from   CaH^<;^gQ -'^g.,    benzyl    chloride,  and 

NaOEt  (Pulvermacher,  B.  20,  2196).  Yellow 
plates  (from  alcohol). 

Ben^ijl-imidc  C3„H„-N0,..  [109°]. 

PHENYL  PROPARGYL  OXIDE  C„H,0  i.e. 
C.H^.O.CjHj.  (210°).  S.G.  ^  1-246.  Formed 
by  the  action  of  alcoholic  potash  on  the  bromo- 
allyl  derivative  of  phenol  (Henry,  C.  li.  96, 
1233).  Liquid. 

PHENYL-PROPARGYL-UREA  C,„H,„N„0  i.e. 
CH:C.CH.,.NH.CO.NHPh.  [133°].  Formed  from 
propargylamine  oxalate,  phenyl  cyanate,  and 
ICCO^Aq  (Paala.  Hempel,  i^'.  24,  3042).  Needles. 

'  PHENYL-PROPENYL-AMIDINE  a,H,,,N,,. 
[68°].  Formed  from  propionitrile,  HCl,  and 
aniline  (Michael  a.  Wing,  Am.  7,  72).  Hexa- 
gonal plates,  sol.  alcohol  and  ether. — B'.,H„PtClj. 

PHENYL  PROPENYL  METHYL  KETONE 
CARBOXYLIC  ACID  C|..H,..03  i.e. 
CH3.C0.C(CH„.C0,,H):CHPh.  [12.5°].  S.  3  at 
100^ ;  -5  at  15°.  Formed  by  boiling  benzoic 
aldehyde  with  acetyl-propionic  acid  and  NaOAc 
(Erdrnann,  A.  254, 187).— BaA'.,5aq.— CdA'.,  2aq. 
— MgA'o.— CaA'.,3saq  :  groups  of  needles. 

Methyl  ether  MeA'.    (c.  215°  at  38  mm.). 

PHENYL  PROPENYL  SULPHIDE 
C„H5.S.CMe:CH.,.    (208°).    Formed  by  heating 
phenyl-sulphydro-crotonic  acid  (Autenrieth,  A. 
254,  232).    Yellowish  oil,  volatile  with  steam. 

TRI-PHENYL  PROPENYL  TRISULPHONE 
C3H5(S02Ph)3.  [226°].  Got  from  CHBr(CH,Br)2 
and  sodium  benzene  sulphinate  (Stuffer,  B.  23, 
1413).    Needles,  m.  sol.  hot  alcohol. 

DI-PHENYL-PROPENYL-DI-UREA 

^^*<NH.CO.NHPh-  ^1^0°]-  ^"^^'^ 
propionamidine  and  phenyl  cyanate  (Pinner,  B. 
23,  2924).  Needles,  m.  sol.  alcohol.  Yields  di- 
phenyl-urea  [234°]  when  boiled  for  a  long  time 
with  alcohol.  Boiling  dilute  HOAc  forms 
NHPh.CO.NH.CO.CHj  [137°]. 

PHENYL-PROPiOLIC  ACID  C^H^O^  i.e. 
C.H-.CiC.COjH.    Mol.  w.  146.  [137°]. 

Formation. — 1.  By  the  action  of  Na  and  C0._, 
on  w-bromo-styrene  (Glaser,  Z.  [2]  4, 328 ;  .4. 154, 
140). — 2.  By  boiling  a;3-di-bromo-phenyl-pro- 
pionic  acid  or  its  ether  with  alcoholic  potash 
(G. ;  Perkin,  jun.,  G.  J.  45, 173  ;  Weger,  A.  221, 
70  ;  Eoser,4.  247,  138).— 3.  By  boiling  a-bromo- 
cinnamic  acid  with  alcoholic  potash  (G. ; 
Bairisch,  J.  pr.  [2]  20,  181). 

Properties. — Trimetric  twin  crystals.  Re- 
duced by  zinc  and  HOAc  to  cinnamic  acid 
(Aronstein  a.  HoUemann,  B.  22,  1181)  and  by 
sodium-amalgam  to  phenyl-propionic  acid.  Di-y 


HCl  passed  through  its  solution  in  HOAc  forma 
two  chloro-cinnamic  acids  [142°]  and  [132°] 
(Michael,  /.  pr.  [2]  40,  63). 

Salts. — KA'. — BaA'o  aq  :  square  tables. — 
BaA',  2aq  :  needles. — BaA',^  3aq. — CuA'2  4aq.  — 
AgA'  :  sparingly  soluble  pp. 

Ethyl  ether  EtA'.  (260°-270°). 

References. — Amido-    and    Nitro-  phentl- 

PROPIOLIC  ACID. 

a-PHENYL-PROPIONIC  ACID  C^Hi^O,  i.e. 
CH3.CHPh.C0,,H.  Hydratropic  acid.  (268°). 
Formed  by  reducing  atropic  acid  (15  g.)  with 
(5  p.c.)  sodium-amalgam  (90  g.)  (Trinius,  A. 
227,  262 ;  cf.  Kraut,  A.  148,  244  ;  Fittig,  A. 
195,  165).  Got  also  from  acetophenone  by  treat- 
ment with  HCy,  the  resulting  CH3.CPh(0H).CN 
being  saponified  and  the  oxy-phenyl-propionic 
acid  reduced  by  HI  and  P  (Janssen,  A.  250,  135). 
Oil,  with  characteristic  odour.  Yields  atrolactic 
acid  CH3.CPh(0H).C0,H  on  oxidation  by  alkaUne 
KMnOj. — BaA'22aq. — ^CaA'^  3aq.  —  CaA'j  2aq.  — 
AgA' :  plates  (from  hot  water). 

Methyl  ether  MeA'.  (221°). 

Ethyl  ether    EtA'.     (230°).  S.G. 
1-0147  Eoo  =83-3(Bruhl). 

ylHiide  CHMePh.CONHj.    [92°].  Plates. 

Ai'ariZe  CHMePh.CN.  (232°).  Formed  by 
the  action  of  PCl^  on  the  amide,  and  from  sodium 
phenyl-acetonitrile  and  Mel  (Oliveri,  G.  18,  572). 

;8-Phenyl-propionic  acid  CH,Ph.CH2.C0  ,H. 
Hydrocinnamic  acid.  Mol.  w.  150.  [48-7°  |. 
(280°  i.V.).  H.C.v.  1,084,000.  H.C.p.  1,085,.506. 
H.F.  105,500  (Stohmann,  J.p>r.  [2]  40,  135).  S. 
•6  at  20°.  A  product  of  the  putrefaction  of  albu- 
men, 20  g.  being  got  from  5  kilos  of  ox-brain 
(Stockly, /.pr.  [2]  24,  17). 

Formation. — 1.  By  reduction  of  cinnamic 
acid  by  sodium-amalgam  or  HI  (Erlenmeyer,  A. 
121,  375;  137,  327;  Popofl,  Bl.  [2]  4,  375; 
Giacosa,  H.  8,  108).— 2.  By  reducing  aj8-di- 
bromo-phenyl-propionic  acid  (Schmitt,  A.  127, 
319).— 3.  From  ethyl-benzene  vid  CH,.Ph.CHX'l 
and  CH,Ph.CH,.CN  (Fittig,  Z.  1809,'  166  ;  4. 
156,  249).—  4.  By  oxidising  phenyl-propyl  alco- 
hol (W.  von  Miller,  B.  9,  274).— 6.  By  heating 
benzyl-malonic  acid  (Conrad,  A.  204,  176). 

Properties. — Needles  (from  water),  sol.  alco- 
hol and  ether ;  volatile  with  steam.  When 
taken  internally  it  is  secreted  as  hippuric  acid 
(E.  a.  H.  Salkowski,  B.  12,  653). 

Salts.— NH^A'.  Plates,  v.  e.  sol.  water. — 
CaA'^  l^aq.—  CaA'., 2aq.  —  BaA'„  2aq.— PbA',  aq. 
ZnA'"„.-^AgA'.  Phenyl-hydrazine  salt: 
[57°]  ;  silky  needles  (Liebermann,  B.  24,  1107). 

Methyl  ether  Mek'.  (239°  cor.).  S.G.  a 
1-0455.  S.V.  196-0.  Liquid,  with  peculiar  odour. 

Ethyl  ether  EtA'.  (248°  cor.).  S.G.  2 
1-0343.    S.V.  221-5  (Lossen,  A.  2.54,  63). 

n-Propyl  ether  FiA'.  (262°  cor.).  S.G. 
2  1-0152  (Weger,  A.  221,  79).    S.V.  246. 

Isoamyl  ether  C,H„A'.  (292°).  S.G.  2 
•981 ;  42  -952  (E.). 

Benzyl  ether  C,H,A'.    (c.   300°).  S.G. 

1-074.  Formed  by  warming  benzyl  acetate 
with  sodium  (Conrad  a.  Hodgkinson,  B.  10,  254 ; 
A.  193.  300). 

Cs,H„N0.  [105°].  Formed  by  heat- 
ing the  ammonium  salt  at  230°  (Hofmann,  B. 
18,  2740).    Small  needles. 

Nitrile  C^HeN.  (201°  cor.).  S.G.  H  1-OOU. 
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PHENYL-PROPIONIC  ACID. 


Occurs  in  the  oil  of  Nasturtium  officinale  (Hof- 
mann,  B.  7,  520). 

Bi-a-phenyl-propionic  acid  CH^.CPhj.COoH. 
[173°].  (above  300°).  Made  by  oxidation  of  the 
(i3)-pinacolia  of  .acetophenone  CPh^Me.CO.CH, 
[41°]  with  chromic  acid  mixture  (Thorner  a. 
Zincke,  B.  11,  1993).  Formed  also  by  dissolving 
pyruvic  acid  and  benzene  in  H.^SOj  at  0°  (Bot- 
tinger,  B.  14,  1.595).  White  leaflets,  sol.  ether, 
alcohol,  and  hot  water. — KA' — CaA'„  Ij-aq. — 
BaA'  2aq. — AgA' :  white  pp. 

a/S-Di-phenyl-propionic  acid 
CH,Ph.CHPh.C02H.  [84°].  Formed  by  the 
action  of  sodium-amalgam  on  a  mixture  of 
benzyl  chloride  and  ClCO„Et  (Wurtz,  C.  R.  70, 
350).  Got  also  by  reducing  phenyl-cinnamic 
acid  (Oglialoro,  J.  1878,  8S1).  Needles,  si.  sol. 
boiling  water.— CaA'„.—PbA',.    [146°].— AgA'. 

Ar^^r^^e  CH„Ph.CHPh.CN.  [58°].  (c.  335°) 
(Janssen,  A.  250,  133). 

Di-/3-phenyI-propionie  acid 
CHPh„.CH„.CO„H.    [145°].    Formed  from  allo- 
cinnamic  acid,  benzene,  and  H,SO.,  (Liebermann 
a.  Hartmann,      25,  960).    Needles.— CaA',. 

aajS-Tri-phenyl-propionic  acid 
CH2Ph.CPh,.C02H.  [162°].   Formed  by  saponi- 
fying the  nitrile  with  HOAe  and  fuming  HClAq 
at  220°  (Neure,  A.  250,  147).    White  needles,  v. 
si.  sol.  water. — AgA' :  white  insoluble  powder. 

Nitrile  CH.,Ph.CPh.,.CN.  [126°].  Formed 
from  CHPh,.CN,  benzyl  chloride,  and  NaOEt. 

Tri-yS-phenyl  propionic  acid  Ph.jC.CH^.CO.JI. 
[177°].  Formed  from  Ph3C.CH(C02Et)j  "by 
boiling  with  alcoholic  potash  (Henderson,  C.  J. 
51,  226  ;  B.  20,  1014).  Prisms  (from  alcohol), 
V.  si.  sol.  water. — KA'aq. — NaA' aq. — BaA'oaq. 
— AgA'.    Minute  needles. 

Ethyl  ether  EtA'.  [81°]. 

References. — Amido-,  Amido-sdlpho-,  Bromo-, 
Bromo-sulpho-,  Bromo-amido-,  Beomo-nitro-, 
Chloko-,  Iodo-,  Iodo-oxy-,  Niteo-amido-,  Niteo- 

OXY-,  NiTEO-,  OXY-AMIDO-  and  OXY-  PHENYL- 
I'EOPIONIC  ACID. 

PHENYL-PROPIONIC  ALDEHYDE 

C.Hs.CH^.CH^.CHO.  [208°].  Formed  from 
«-cumene  by  successive  treatment  with  CrOjCL 
and  water  (Etard,  A.  Ch.  [5]  22,  254).  Oil 
Forms  a  crystalline  compound  with  NaHSOj. 

Oxim.  Oil.  Yields  a  solid  hydrochloride. 
Ac^O  rapidly  forms  phenyl-propionitrile  ;  hence 
it  is  a  syn-  oxim  (Dollfus,  B.  25,  1918). 

PHENYL-PROPYL  ALCOHOL  C^H.^O  i.e. 
CHPhEt.OH.  Mol.  w.  136.  (216°).'  S.G.  2 
1-016.  Formed  by  reducing  phenyl  ethyl  ketone 
with  sodium-amalgam  (Errera,  G.  16,  322  ;  cf. 
Barry,  B.  6,  1007.  Got  also  from  benzoic  alde- 
hyde by  successive  treatment  with  ZnEt^  and 
water  (Wagner,  Bl.  [2]  42,  330).  Yields 
CHPhEt.OAc  (228°  i.V.)  and  oily  CHPhEtCl. 

Phenyl-propyl  alcohol  CHoPh.CHs.CH^OH. 
(235°  uncor.)  (213°  at  360  mm.).  S.G.  f  l-6079. 
lig  1-5478.  =68-79  (Briihl,  A.  200,  191). 

Occurs  in  storas  as  phenyl-propyl  cinnamate 
(MiUer,  A.  188,  202).  Prepared  by  reducing 
cinnamyl  alcohol  with  sodium-amalgam  (Kiig- 
heimer,  B.  6,  214 ;  A.  172,  123 ;  Hatton  a. 
Hodgkinson,  C.  J.  39,  319  ;  Errera,  G.  16,  310). 
Viscid  oil.  Heating  with  cone.  HClAq  yields 
CR^V'h.CR,,.Cn^C\  (219°),  whence  NaOEt  forms 
CHjPh.CH^.CHjOEt  (220°). 

Acetyl  derivative  CaH^Ph.OAc.  (245°). 


Pbenyl-isopropyl  alcohol 

CH2Ph.CH(0H).CH3.  Methyl-henzyl-carUnol. 
(216°).  Got  by  reducing  benzyl  methyl  ketone 
(E.).  Liquid,  with  pleasant  odour. 

Di-phenyl-propyl  alcohol 
CH„Ph.GHPh.CH.,OH.     (301°).     Formed  by 
warming  di-phenyl-propylamine  nitrite  (Freund 
a.  Kemse,  B.  23,  2863).    Oil,  sol.  alcohol. 

PHENYL-PEOPYL-AMINE  C<,H,.,N  i.e. 
CH2Ph.CH.,.CH„NH,.  (222°  i.V.).  Formed  by 
reducing  the  phenyl-bydrazide  (20  g.)  of  cin- 
namic  aldehyde  dissolved  in  alcohol  (300  g.)  by 
(2^-  p.c.)  sodium-amalgam  (700  g.)  and  HOAc 
(70  g.)  at  about  30°,  the  yield  being  30  p.c.  of 
the  theoretical  (Tafel,  B.  19,  1930;  22,  1857). 
Liquid,  m.  sol.  water,  miscible  with  alcohol  and 
ether.  Absorbs  C0„  from  air,  forming  a  crystal- 
line mass.  The  aqueous  solution  is  strongly 
alkaline.— B'HCl.  [218°].  Plates.— B'H.,SOj.— 
B'„H2C,,0,.  [156°].  Needles.  —  B'R,aO^.— 
B'jHJPtClg.    Plates,  sol.  hot  water. 

Phenyl-isopropyl-amine  CH^Ph.CHMe.NH.,. 
(203°).  Formed  by  the  action  of  Br  and  KOHAq 
on  the  amide  of  phenyl-isobutyric  acid  (Edeleano, 
B.  20,  618).    Liquid.— B'jHjPtCie.  Needles. 

Isomeride  v.  CumDiNE. 

Di-phenyl-propyl-amine 
CH,Ph.CHPh.CH,,NH,.  (316°).  Formed  by  re- 
ducing the  nitrile  (30  g.)  of  phenyl-cinnamic 
acid  dissolved  in  alcohol  by  treatment  with  Na 
(75  g.)  (Freund  a.  Eemse,  B.  23,  2860).  Liquid, 
sol.  alcohol.  Forms  with  HgClj  a  crystalline 
compound  [107°].— B'HCl.  [190°].  Needles.— 
Auro chloride  [145°]. 

Di-acetyl  derivative.  [85°].  Needles. 

PHENYL  -  n  -  PROPYL  -  TRIAZOLE  CARB- 

OXYLIC     ACID    ^p^^^^C.CO^H.  [161°]» 

Formed  by  saponifying  the  nitrile  which  is  made 
from  phenyl-hydrazine  dicyanide  and  butyric 
anhydride  (Bladin,  B.  25,  179).  Cubes  (from 
alcohol)  or  prisms  (from  benzene). — CuA'.,  |aq. — 
AgA'.    Bulky  white  pp. 

Amide  CjN3PhPr.CO.NH2.  [122-5°].  The 
t hi o- amide  CjjNaPhPr.CS.NHj  [130-5°]  is  got 
by  the  action  of  alcoholic  ammonium  sulphide 
on  the  nitrile. 

Phenyl-isopropyl-triazole    carbosylic  acid 

^p^^'^^C.CO,H.     [135°].     Formed    in  like 

manner  (B.).  Prisms.  —  HA'HCl.  Needles. — 
CuA'2  2s^aq. — AgA':  minute  tables. 

Methyl  ether  MeA'.  [76°]. 

Amide.  [128°].  Needles.  The  thio-amide 
C2N3PhPr.CS.NH2  [148°],  formed  by  the  action 
of  alcoholic  NH3  and  H^S  on  the  crude  nitrile, 
crystallises  in  yellow  needles. 

DI  -  PHENYL  -  DI-ISOPROPYL-TETRAZONE 
NPhPr.N:N.NPhPr.  [79°].  Formed  by  oxi- 
dising phenyl-isopropyl-hydrazine  with  HgO 
(Michaelis  a.  Philips,  A.  252,  281).  Octahedra. 

DI-PHENYL-PROPYL  TRICYANIDE 

CPh<^^:^p^^N.    [78-5°].    (239°  at  15  mm.). 

Formed  from  benzonitrile,  butyryl  chloride,  and 
AICI3  at  75°  (Krafft  a.  Von  Hansen,  B.  22,  807). 
Decomposed  by  dilute  H2SO4  into  NH3,  butyric 
acid,  and  HOBz.— B'jHoPtClj.  Needles. 

PHENYL-PROPYLENE  v.  Alltl-benzenb. 


PHENYL-PYRAZINE. 
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PHENYL   PROPYLENE  -  if/  -  THIO  -  UREA 

C,„H„N,S    i.c.    ^g^j^-'^^C.NHPh.  [117°]. 

Formed  from  the  isomeric  phenyl-allyl-thio-urea 
[95°]  and  HClAq  at  100°  (Prager,  B.  22,  2S)92). 
Oxidised  by  potassium  ciilorate  and  HClAq  to 

^^^^^•^^^'>C.NHPh   [192°].  —  B'^H^PtCl^.  — 

B'c'HjNjO,.    [154°].    Yellow  needles. 

bl .  PHENYL  -  ISOPROPYL  -  GLYOXALINE 

TETRA  -  HYDRIDE  CHPr<^p|^-^^-.  [95°]. 

Formed  from  di-phenyl-ethylene-diamine  and 
isobutyric  aldehyde  (Moos,  B.  20,  734).  Crys- 
talline groups  (from  alcohol),  si.  sol.  water. 

PHENYL-PROPYL-HYDRAZINE  C<,H, ,No  i.c. 
CeHjNH.NHPr.  [158°].  Formed  by  heating 
propionamide  with  phenyl-hydrazine  (Freund, 
B.  21,  2461).    Plates  (from  chloroform). 

Phenyl-isopropyl-hydrazine  C^HjNPr.NH.,. 
(23.3°).  Formed  from  sodium  phenyl-hydrazine 
and  isoprojjyl  bromide  (Michaelis  a.  Philips,  B. 
20,  2485;  4.2.52,278).-B'HCl.  [13.5°].  Crystal- 
line. Yields  a  tetrazone  [85°].  Phenyl-thio- 
carbimide  forms  NPhPr.NH.CS.NHPh.  [116°]. 

Acetyl  derivative.    [102°].  Needles. 

DI-PHENYL-PROPYLIDENE  DISULPHIDE 
Me,,C(SPh)2.  [56°].  Formed  from  phenyl-mer- 
captan  and  acetone  (E.  Baumann,  B.  19,  2804). 
Crystals,  insol.  water,  v.  sol.  alcohol. 

DI-PHENYL-PROPYLIDENE  DISULPHONE 
Me„C(SO„Ph)...  [97°](B.);  [182°]  (F.).  Formed 
by  oxidising  Me,,C(SPh),  (Baumann.S.  19.  2810), 
and  also  by  treating  CH,(SPh).,  with  NaOH  and 
Mel  (Fromm,  A.  253,  i62).  Crystals,  almost 
insol.  cold  water. 

PHENYL  PROPYL  XETONE  C,„H,„0  i.e. 
Ph.CO.Pr.    Mol.  w.  148.    (221°).    S.G.  ii-992. 

Formation.  —  l.By  distilling  calcium  butyrate 
with  calcium  beuzoate  (Schmidt  a.  Fieberg,  B. 
6,498). — 2.  By  the  action  of  AlCl,  on  a  mixture 
of  benzene  and  butyryl  chloride  (Burcker,^/.  [2] 
37,  4). — 3.  By  boiling  benzoyl-acetic  acid  with 
dilute  alcoholic  potash  (Baeyer  a.  Perkin,  B.  16, 
2131 ;  C.  J.  45,  181). 

Properties.  —  Oil.  Does  not  unite  with 
NaHSOj.  Oxidised  by  CrO.,  and  H,,SO,  to 
benzoic  and  propionic  acids  (Popoff,  B.  6,  560). 
CrOjCU  forms  C|„H,„02CrO,Cl,,  a  brown  powder. 

Phenyl  isopropyl  ketone  Ph.CO.Pr.  (209°- 
217°).  Formed  by  distilling  calcium  isobutyrate 
with  calcium  benzoate  (Popoff,  B.  6,  1255). 
Liquid.  Yields  benzoic  acid,  CO.,,  and  HOAc  on 
oxidation. 

0.ci))i.— Ph.C(NOH)Pr.  [58°].  Plates  (from 
ligroin)  (Rattner,  B.  20,  506). 

PHENYL  PROPYL  KETONE  CARBOXYLIC 
ACID  V.  Ethyl-hcmoyl-acctic  acid,  vol.  i.  p.  482. 

Phenyl  isopropyl  ketone  o-carboxylic  acid 
C„H,.03  i.e.  Pr.CO.C„H^.CO,H.  [121°].  Formed 
by  boiling  isopropylidene-phthalide  with  alcohol 
and  KOHAq  (Roser,  B.  17,  2777).  Crystals. 

PHENYL  -  PROPYL  METHYL  KETONE 
CARBOXYLIC  ACID  CH.,Ph.CHAc.CIl,.CO„H. 
[99°].  (235°  at  40  mm.).  "Formed  by  reducing 
benzylidene-j3-acetyl-propionic  acid  with  sodium- 
amalgam  in  presence  of  H^SO^  (Erdmann,  A. 
254,  203).    Needles.     It  yields  on  oxidation 

CHMe<^2(^'(^')>CH,   [86°].  -  CaA',  3aq.  - 

AgA'. 


I       PHENYL     METHYLENE     PROPYL  DI- 

KETONE  V.  Bdtietl-acetophbnone. 
j       PHENYL-PROPYL  METHYL  KETONE 

1  CHj.CO.CHMe.CHJh.  (239°).  Formed  by 
distilling  calcium  acetate  with  calcium  phenyl- 
isobutyrate  (Von  Miller,  B.  23,  1884).  Oil. 

PHENYL  -  PROPYL  METHYL  KETONE 
CARBOXYLIC  ACID  v.  Benzyl-methyl-aceto- 

I  ACETIC  ACID,  vol.  i.  p.  25. 

Di-phenyl-isopropyl  methyl  ketone  tricarb- 
oxylic acid.  Ethijl  ctlier  of  the  divitrilc 
COoEt.C(CH2.C,H,.CN),.CO.CH3.  [120°].  Formed 
from  sodium  acetoacetic  ether  and  the  nitrile 
[1:2]CH2C1.C6H,.CN  (Gabriel  a.  Hausmann,  B. 
22,  2018).    Prisms  (from  alcohol). 

Hexa-phenyl-isopropyl  methyl  ketone  carb- 
oxylic  acid  C4,,H,.,03  i.c.  (CPh.,),C(C0,H).C0.CH3. 
I  [160°].  Formed  from  sodium  acetoacetic  ether 
!  and  BrCPhj  (AUen  a.  Kolliker,  A.  227,  111). 
^  Crystals  (from  ether). 

PHENYL-PROPYL-PYRAZOLE  C,.,H,,N„  i.e. 
j^pj^^C(C3H£:gH_    ^280°).     S.G.  1-0435. 

Formed  from  butyryl-acetic  aldehyde  and  phenyl- 
hydrazine  (Claisen  a.  Stylos,  B.  21,  1148). 
Liquid. 

PHENYL  PROPYL  SULPHONE  Ph.SO.,.Pr. 

[44-].  Formed  by  the  action  of  KOHAq  at  iOO° 
on  Ph.SO.,.CHEt.COjH  [124°],  which  ismadefrom 
a-bromo-butyric  acid  and  sodium  benzene  sulph- 
inate  (Michael  a.  Palmer,  Avi.  7,  67;  cf.  Otto,, 
B.  21,  998).    Pearly  plates,  v.  sol.  alcohol. 

TRI  -  PHENYL  -  DI  -  PROPYL  -  DI  -  THIO  - 
BIURET  C^SoN^Ph^Pr.,.  [154°].  Formed  by  the 
action  of  aniline  (1  moL)  on  NPhPr.CSCl  (2mols.) 
(Billeter  a.  Strohl,  B.  21,  109).    Yellow  needles. 

PHENYL  -  PROPYL  -  THIO  -  CARBAMIC 
CHLORIDE  NPhPr.CS.Cl.  [36°].  Formedfrom 
propyl-aniline  and  CSClo  (Billeter  a.  Strohl,  B. 
21,  102).    Prisms  (from  ligroin). 

DI  -  PHENYL  -  ISOPROPYL  -  THIO  -  SEMI  - 
CARBAZIDE  NHPh.CS.NH.NPhi^r.  [116°]. 
Formed  from  phenyl-thiocarbimide  and  phenyl- 
isopropyl-hydrazine  (Michaelis  a.  Philips,  A. 
252,  280).  Crystalline. 

PHENYL-PROPYL-THIO-UREA  C,„H,,N„S 
i.e.  NHPh.CS.NHC^H,.  [63°].  Formed  from 
aniline  and  propyl-thio-carbimide  and  also  from 
propyl-amine  and  phenyl  thiocarbimide  (O. 
Hecht,  B.  23,  286).  Pearly  plates  (from  dilute 
alcohol). 

Di-phenyl-propyl-thio-urea  CSNjHPhoPr. 
[104°].  Formed  by  heating  propyl-aniline 
with  phenyl-thio-carbimide  on  the  water-bath 
(Billeter  a.  Strohl,  B.  21,  109).  Needles. 

Di-phenyl-di-propyl-thio-urea  CS(NPhPr)„. 
[103°].  Formed  from  propyl-aniline  and  CSCl, 
(B.  a.  S.).    Large  plates. 

DI-PHENYL-PROPYL-UREA  C„H,sN,0  i.e. 
NH.,.CO.NH.CH,,.CHPh.CH.,Ph.  [112°].  Formed 
from  di-phenyl-propylamine  hydrochloride  and 
potassium  cyanate  solution  (Freund  a.  Remse, 
B.  23,  2861).    Needles,  sol.  alcohol  and  ether. 

PHENYL-PYRAZINE.  Hexahydride 

NPh<;^g=-^^^>NH.      Formed    by  heating 

bronio-benzene  (3  pts.)  with  pyrazine  hexa- 
hydride (8  pts.)  at  270°  (Schmidt  a.  Wiehmann, 
B.  24,  3239).    Thick  liquid,  v.  sol.  water. 
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PHENYL-PYEAZINE. 


Di-phenyl-pyrazine  CigHijN,,  i.e. 
^^^^h^Cli^^'  Iso-indole.  [196°  cor.]. 
V.D.  7-95  (Ti-eadwell  a.  Meyer,  B.  16,  342). 
Pormed  by  the  action  of  cold  alcoholic  NH,  on 
co-bromo-acetophehoneor  on  amido-acetophenone 
(Staedel  a.  Kleinschmidt,  B.  11,  1744;  13, 
837  ;  Mohlau,  B.  18,  163 ;  Wolff  a.  Eoders,  B. 

20,  432  ;  Goedeckemeyer,  B.  21,  2687).  Broad 
yellow  needles  (from  alcohol).  —  B'jHjPtClg. 
Bronzed  plates  (from  HClAq)  quickly  decom- 
posed by  water. 

Hexahydride  C,„H,8N„.  [109°]  and  [123°]. 
Formed  by  reducing  di-phenyl-pyrazine  with  Na 
and  isoamyl  alcohol.  Occurs  in  two  forms.  The 
(a)-  variety  [123°]  crystallises  from  ligroin  in 
white  needles,  and  yields  B"2HC1  [c.  310°], 
B"H2PtCl5  ^aq,  and  a  nitrosamine  OigHigNgOj 
[143°].  The  (;8)- variety  [109°]  crystalhses  from 
alcohol  in  white  needles  and  yields  B"  2HC1 
[c.  295°]  and  B"HjPtCl,  2aq. 

Di-phenyl-pyrazine  N<^gVcH^>N.  [119°]. 

(c.  340").  Formed  by  distilling  the  dihydride 
(M.).  Needles  (from  ligroin),  ppd.  by  adding 
water  to  its  solution  in  HCL\q. — B'^H^PtCl^. 

Dihydride     N^^^^'^^^^N.  [181°]. 

Formed  by  boiling  benzil  with  ethylene-diamine 
and  alcohol  (Mason,  B.  20,  268  ;  G.  J.  55,  97). 
Prisms  (from  alcohol),  insol.  water.  Split  up  by 
HClAq  into  the  parent  substances. 

Di-phenyl-pyrazine.     Hexahydride  v. 

Dl-PHENYL-DI-ETHTLENE-DIAMINE. 

Tetra  -  phenyl  -  pyrazine  N^cPhicPh^^- 
Di  -  tolane  -  azotide.  [241°]  (P.) ;  [247°]  (G.). 
Formed  by  heating  benzoin  with  ammonium 
acetate  (vol.  i.  p.  477).  Formed  also  by  reducing 
the  di-oxim  of  di-phenyl-glyosal  in  alcoholic 
solution  by  sodium-amalgam  (Polonowska,  B. 

21,  489),  and  by  heating  benzoic  aldehyde  with 
CPhH(NH„).CPhH(NH,,)  (Grossmann,  B.  22, 
2302).  White  needles  (from  HOAc),  v.  si.  sol. 
alcohol.    Cone.  H.,SO,  gives  a  blood-red  colour. 

PHENYL-PYEAZOLE  C,H,N.,  i.e. 

§£^CH>CS-  [11°].  (247°  cor.).  S.G. 
1-113.  Formed  by  boiling  epichlorhydrin  with 
phenyl-hydrazine  and  benzene  (Balbiano,  G.  17, 
176  ;  18,  354).  Got  also  by  distilling  its  tri- 
carboxylic acid  (Knorr  a.Laubmann,  5. 22, 180). 
Oil,  sol.  alcohol  and  ether.  —  B'jHoPtCl^  2aq  : 
needles,  decomposing  at  175°. 

Ethylo-iodide  B'Etl.    [117°].  Prisms. 

Dihydride  ^^^^^^CH,.    [52°].  (274° 

at  7-54  mm.).  Formed  from  phenyl-hydrazine 
(120  g.)  dissolved  in  ether  (600  g.)  by  addition  of 
arcolein  (50  g.)  in  ether  (100  g.)  (Fischer  a. 
Knoevenagel,  A.  239,  196).  SI.  sol.  hot  water, 
V.  sol.  alcohol,  ether,  and  benzene.  SI.  sol. 
dilute  acids,  sol.  cone.  HCl.  May  be  distilled 
with  steam.  K^Cr^O,  colours  its  solution  in 
dilute  H2SO4  reddish-violet,  or,  in  very  dilute 
solutions,  blue.  Gives  no  indole  derivative  when 
fused  with  ZnClj. 

Reference.  —  Di-bromo-phensl-pykazole  di- 
hydride. 

Tetra-hydride   ^^[Q^yCO,.  (210°  at 


165  mm.).  Formed  from  tri-methylene  bromide, 
sodium  phenyl-hydrazine,  and  benzene  (Mi- 
chaelis  a.  Lampe,  B.  24,  3738).    Liquid. — 
B'CeHjNaOj.    Short  yellow  needles. 
Di-phenyl-pyrazole  Ci^HijNj  i.e. 

CTh:S°>Pl^  gg;gP^>NPh.[56°].(336°). 

Formed  by  distilling  its  carboxylic  acids  (Beyer 
a.  Claisen,  B.  20,  2187  ;  Knorr  a.  Laubmann,  B. 
21,  1212  ;  22,  176).    White  crystals. 

Dihydride  OisHi^N,.  [136°].  Formed  by 
reducing  the  base.  Small  needles.  An  isomeric 
or  identical  body  [138°],  got  by  distilling  the 
phenyl-hydrazide  of  cinnamic  aldehyde  ;  differs 
by  fluorescing  slightly  in  alcoholic  solution. 

Tri-phenyl-pyrazole  C^Hi^Nj.  [206°].  A 
product  of  the  action  of  phenyl-hydrazine  on 
anhydro  -  acetophenone-benzil  (Japp  a.  Klinge- 
mann,  C.  J.  57,  709).  Stellate  groups  of  needles. 

Tri-phenyl-pyrazole  ^p,^:^-'^^>NPh.  [138°]. 

Got  by  warming  CHjBzj  with  phenyl-hydrazine 
(Knorr  a.  Laubmann,  B.  21,  1205).  Plates  (from 
ether).    Weak  base. 

Methylo-iodide  B'MeL  [176°]. 

Dihydride   ^pj^'^^'^>NPh.  [135°].  Got 

by  reduction  or  by  warming  benzylidene-aceto- 
phene  with  phenyl  -  hydrazine  and  alcohol. 
Yields  C.„H„Br,N2  [179°]. 

PHENYL-PYEAZOLE  CARBOXYLIC  ACID 
CioHgNjOj.  [220°].  Formed  by  distilling  the 
tricarboxylic  acid  (Knorr  a.  Laubmann,  B.  22, 
180).  Needles  (from  Aq),  v.  sol.  alcohol,  si.  sol. 
ether.   May  be  sublimed.    AgA':  amorphous  pp. 

Phenyl-pyrazole  dicarboxylic  acid 

Ch5&(C0JI)>^^^-  t256°]  (B.);  [266°]  (C.  a. 
E.).  Formed  by  oxidising  phenyl-di-methyl- 
pyrazole  or  phenyl-methyl-pyrazole  carboxylic 
acid  with  alkaline  KMnOj  (Balbiano,  i?.  23, 1449  ; 
Claisen  a.  Eoosen,  B.  24,  1892).  Small  white 
plates  in  spherical  groups  (from  alcohol). — 
(NH,)jA".    [212°].— PbA".— Ag„A". 

Methyl  ether  MeA".  [128°]. 

Amide  C3N2HPh(CO.NHj2.  [190°]. 

Phenyl-pyrazole  tri-carboxylic  acid 

C0!h:C:C(C^H)>NP1-  [184°].  Formed  by 
oxidising  phenyl-methyl-pyrazole  dicarboxylic 
acid  with  alkaline  KMnOi  (K.  a.  L.).  White 
needles  (containing  aq)  (from  ether),  sol.  water 
and  alcohol. — BaHlA'"  ^aq  :  plates. 
Di-phenyl-pyrazole  carboxylic  acid 

C,H,N,0^    i.e.  ^g^cHH)>^^ 
CO.,H.Q^^^Nn^^Pj^^  saponification  of 

its  ether,  which  is  obtained  by  boiling  benzoyl- 
pyi-uvic  ether  CHjBz.CO.CO^Et  (20  pts.)  with 
HOAc  (100  pts.)  and  phenyl-hydrazine  (10  pts.) 
(Beyer  a.  Claisen,  B.  20,  2185).  Crystals  (con- 
tainingEtOH),  which  melt  at  185°, v.  sol. acetone. 

Ethyl  other  EtA'.    [90°].    (c.  400°). 

Di-phenyl-pyrazole  dicarboxylic  acid 

C„H„N,0,  i.e.  cOM&^^^^y^P^-  [218°]. 
Got  by  oxidation  of  di-phenyl-methyl-pyrazole 
carboxylic  acid  (Knorr  a.  Laubmann,  B.  22, 175). 
Satiny  needles  (containing  ^  aq)  (from  HOAc). — 
NH.HA".    [c.  270°].— BaA"  aq.— CaA"  2aq. 


PHENYL-PYRIDINE  CARBOXYLIC  ACID. 
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References. — Oxt-  and  Oxy-amido-  phexyl- 

TTEAZOLE   CAIIBOXYLIC  ACID. 

DI-PHENYL-PYRAZOLONE     v.  Oxy-di- 

PHENYL-PYKAZOLE. 

PHENYL-PYRAZYL    METHYL  KETONE 

C.,N,,H,,Ph.C0.CH3.     [122°  cor.].     Formed  by 
heating  c-phenyl-pyrazole  with  AcCl  at  150° 
(Balbiano,  G.  19,  136).    Small  needles.  Yields 
an  oxim  [131°]  and  a  phenyl-hydrazide  [144°]. 
TETRA- PHENYL -PYEIDAZINE  DIHY- 

DIlIDEa,H,,N,i...g^:CP|;:NPh  ?  [1^9°J- 
Formedfrom  desyl-acetopheuone,  phenyl-hydraz- 
ine, and  HOAc  (Smith,  C.  J.  57,  (349).  Yellow 
needles  (from  alcohol),  v.  sol.  hot  HOAc.  Ac- 
cording to  Klingemann  (^4.  209,  106),  this  body 
is  probably  phenyl-amido-tri-phenyl-pyrrole, 
since  on  boiling  with  HOAc  it  yields  tetra- 
phenyl-pyrrole. 

(a) -PHENYL-PYRIDINE  N.^^^^\-^^^CH. 

(270°).  A  product  of  the  distillation  of  its  di- 
carboxylic  acid  with  lime  (Skraup  a.  CobenzI,il/. 
4,  472).  Heavy  oil.  Yields  picolinic  acid  on 
oxidation.— B'.,H„PtCls2aq.— Pi  crate  [c.  170°]. 

(fl) -Phenyl-pyridine  ^.^^g-^g'^CH. 

{270°).  Formed  by  distilling  its  carboxylic 
acid  with  lime  (Skraup  a.  Cobenzl,  71/.  4,  453). 
Got  also  by  heating  pyrrole  with  benzylidene 
chloride  and  NaOEt  (Ciamician  a.  Silber,  B.  20, 
191).  Heavy  oil.  Yields  nicotinic  acid  on 
oxidation.  —  B'.H,PtCl,  3aq.  —  E'C^H^NjO,. 
[163°].    Groups  of  yellow  needles. 

(7)-PhenyI-pyridine       '  N<^^JJ:^g^CPh. 

[78°].  (275°  uncor.).  Formed  by  distilling  its 
tetra-carboxylic  acid  with  lime  (Hantzsoh,  B. 
17,  1518).  Plates  (from  water).  Yields  iso- 
nicotinic  acid  [304°]  on  oxidation.— B'.,H..PtCl,. 
— B'„H..Cr.,0,.  [155°].  Orange  needles.  — 
Picrate.    [196°].    Yellow  needles. 

Hexahydride  C,B.t^Fh]>i.  [58°].  (256°  at 
727  mm.).  Got  by  reducing  the  base  (Bally,  B. 
20,  2590).  Strong  base,  almost  insol.  water. — 
B'HCl.    Needles.— B',,H„PtCl,..  [204°-207°]. 

j'-Phenyl-pyridine  hexahydride 

^^^<ch;.ch:>*^^-  P^^^^y^-Pipei 

idinc. 

(249°).  Formed  by  heating  piperidine  with  iodo- 
benzene  or  bromo-benzene  at  260°  (Lellmann, 
B.  20,  680;  21,  2279.  Alkaline  oil,  v.  sol. 
alcohol  and  ether.— B'jHjPtCl^  2aq  :  needles  or 
plates.— B'H.,Cr,_,0, :  plates. 

References. — Amido-    and   Niteo-  piienyl- 

PIPEEIDINE. 

Di-(a)-phenyl-pyridine  C|.H,,N  i.e. 
HcPh:CH>CH-  [82°]  (P.  a.  S.) ;  [73°]  (D.). 
Formed  by  distilling  its  carboxylic  acids  with 
soda-lime  (Paal  a.  Strasser,  B.  20,  2764 ; 
Doebner,  A.  249,  121).  Yellow  needles,  v.  sol. 
alcohol.  Yields  an  oily  hexahydride.— 
B^,H,,PtCl,.  [205°].  —  B'HAuCl,.  [202°].  — 
B'jH^CrjO,,.    Orange-red  needles. 

Methylo- iodide  B'Mel.  [203°]. 

Tri-phenyl-pyridine  C.,3H„N.  [135°].  Formed 
by  passing  NH^  through  acetophenone,  and 
adding  P^O;  (Engler,  B.  6,  639  ;  19,  40  ;  A.  238, 
27).— B',H,PtCl,. 

Reference. — Oxy-phenyl-pyridixe. 
Vol.  IV. 


PHENYL-PYRIDINE  o-CARBOXYLIC  ACID 

C.ANO,  i.e.  N<^g:C(gH£0.g)^_  ^^g..^^ 

Formed  by  heating  the  dicarboxylic  acid  at  185° 
(Skraup  a.  Cobenzl,  M.  4,  450).  Needles,  si.  sol. 
cold  water.  Yields  nicotinic  acid  on  oxidation. — ■ 
CaA'„  2aq  :  long  needles,  v.  sol.  cold  water. 

(a)-Phenyl-pyridine  dicarboxylic  acid 
C, ANO.  i.e.  N<gg-H..COg):g^O.H  ^g^.^ 

235°].  Formed  by  oxidation  of  (a)-naphtho- 
quinoline  (Skraup  a.  Cobenzl,  M.  4,  463). 
Minute  crystals,  gives  off  indigo-blue  vapours 
when  heated.  When  distilled  with  CaO  it  yields 
(a) -phenyl-pyridine  and  the  compound  C,.,H.NO 
[140°-142°]  (315°),  which  crystallises'  from 
alcohol  in  yellow  plates  and  yields  B'oH^PtClg. 
Yields  a  di-bromo-  derivative  [205°]. 

Salts.  —  CaA"2aq.  —  CuA"  4aq  :  violet 
crystalline  pp.  —  Ag^A"  l^aq.  —  H.A"HC1.  — 
(HA"),H,PtCl,  3aq. 

(yS) -Phenyl-pyridine  dicarboxylic  acid 

N<cff !e?:CH"''^-'''''^''^'^'^-  [207°].  Formed 
by  oxidation  of  (/3)-naphthoquinoline  (Skraup  a. 
Cobenzl,  31.  4,  442).  Prisms  (containing  aq), 
si.  sol.  cold  water.  Salts.  —  HA'HCl.  — 
(HA'),H„PtCl,,  2iaq.  —  K.A"  3aq.^KHA"2aq.— 
CaA"  3aq.— BaA"  4iaq.— CuA"  4aq.  —  Cu.HA'V 
— AgH,,A"„. 

Sulphonic  acid  Ci^Hj^NSO.  i.e. 

j,/C(CO,H):C.C,.H3(SO,H)(CO,,H)[l:2:6] 

^^^CH.CH:CH 

Formed,  as  well  as  C|oHJSO.,H)NO  aq,  by  oxida- 
tion of  (/3)-naphtho-quinoline  sulphonic  acid 
with  alkaline  KMnOj  (Immerheiser,  B.  22,  405). 
Crystals  (from  water).  — K^A'". —  Ba3H3A"'3. — 
Pb,A"',.(OH)..— Ag.,A"'  (di-ied  at  100°). 

The  by-product  C,.,H,;(S03H)N0  aq  yields 
KA' aq,  BaA',  2aq,  PbA'jSaq,  AgA' aq,  an  oxim 
[290°]  and  a  phenyl-hydrazide  [c.  295°]. 

Phenyl-pyridine  dicarboxylic  acid 

^^CH;C(C0.^H)>^^^'-  (liydrated) ;  [246°] 

(anhydrous).  Formed  by  heating  the  tetra- 
carboxylic  acid  at  170°  (Weber,  A.  241,  13). 
Gveenish-yellow  plates  (containing  aq).  — 
CuA"  2aq  :  blue  pp. 

(7)-Phenyl-pyridine  tetra-carboxylic  acid 

N<c!cS!H!.c(c&H!>CPb.  [207°].  Formed 
by  oxidation  of  the  phenyl-di-methyl-pyridine 
dicarboxylic  acid,  which  is  got  from  acetoacetic 
ether,  NH,,  and  benzoic  aldehyde  (Hantzsch,  B. 
17,1515).  Crystals  (containing  3aq),  v.  sol.  water. 
KH.jA''aq:  small  prisms  or  j^yramids,  si.  sol. 
cold  water. — Ba3(NH^)A.''.,  6aq  :  minute  tables. 
— Cu,A''  7aq. 

Di-phenyl-pyridine  (7) -carboxylic  acid 

N<^^pJ;^g>C.CO.,H.     [275°].     Formed  by 

heating  (CH.JBz).,C(CO.,H)..  with  alcoholic  NH, 
at  120°  (Paal  a.  Strasser,  B.  20,  2761).  Needles 
(from  alcohol). — AgA':  pp.,  si.  sol.  hot  water. 
Dihydride  CisHi^NO.^  i.e. 

NH<^^p||:^y>CH.COi.H.  Crystalline  flakes.— 

NHjA'.  [270°].  Formed  from  (CH,.Bz),CH.CO,H 
and  alcoholic  NH3  in  the  cold.  Needles,  v.  sol. 
water. 

G 
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PHENYL-PYRIDINE 


CARBOXYLIC  ACID. 


Hexahydride 

NH<^^^|j-^^2N^CH.C0,H.    [339°].  Formed, 

in  small  quantity,  when  di-benzoyl-di-methyl- 
malonic  acid  is  heated  with  alcoholic  NH3  at 
120°  (P.  a.  S.).  Crystals,  v.  si.  sol.  water. 
Yields  a  nitrosamine  [169°]. 

Di-phenyl-pyridine  tricarboxylic  acid 


^^C(C,H,.CO.,H):C.CO„H  .ocnoT  , 
N^CPh.CH=-C.CO:H-  [250°].  Formed  by 
oxidising  phenyl-naphthoquinoline  carboxylic 
acid  with  alkaline  KMnO^  below  50°  (Doebner,  A. 
249,  120).  Needles  (from  dilute  alcohol).— 
AgaA'" :  white  flocculent  pp. 

At  100°  the  chief  product  is  phenylene  phenyl- 
pyridylene  ketone  carboxylic  acid  C,9H,,N03 
[226°],  which  on  distillation  with  soda-lime  yields 

^^^c"H*PhN 
and  B'^CrOg. 

-Re/erence.— OxT-PHENTL-PYRiDrNE  caeboxtlic 

ACID. 

PHENYL  PYRIDYL  KETONE  C,.,H„NO  i.e. 
C„H,.C0.C5H,N.  (807°).  Formed  by  heating 
its  carboxylic  acid  (Bernthsen  a.  Mettegang,  B. 
20,  1209).  Liquid.  Yields  a  phenyl-hydrazide 
[143-5°].— B'.,H,PtCl,. 

PHENYL  (,8)-PYEIDYL  KETONE  CARB- 
OXYLIC ACID  C,H5.CO.C,H3N.CO,H.  [147°]. 
Formed  from  quinolinic  anhydride,  benzene, 
and  AICI3  (Bernthsen  a.  Mettegang,  B.  20, 1209). 
Prisms,  v.  e.  sol.  hot  water. 

DI-PHENYL-PYKONE  CO<^^g:^p|^>0. 

[139'5°].  Formed  by  heating  its  carboxylic  acid 
(Feist,  B.  23,  3734).  Got  also  by  heating  de- 
hydro-benzoyl-acetic  acid  with  HClAq  at  245°. 
Needles  resembling  asbestos  (from  benzene). 
Its  solution  in  cone.  HjSOj  exhibits  violet 
fluorescence.  Alcoholic  NH,  converts  it,  on 
heating,  into  oxy-di-phenyl-pyridine. 

DI-PHENYL-PYRONE  CARBOXYLIC  ACID 


CQ^C(CO,H):CPh^ 
\CH  =^CPh/ ^ 


[201°]. 


Formed  by 

warming  chloro-dehydro-benzoyl-acetio  acid 
(1  pt.)  in  H.SO^  (3  pts.)  at  140°  (Feist,  B.  23, 
3730).  Small  crystals  (from  benzene),  v.  sol. 
chloroform.  —  NH^A'.  [135°].  —  BaA'.,  6aq.  — 
AgjA'jAgNOj :  curdy  pp. 

Di-phenyl-pyrone   dicarboxylic  ether 

CO<c!c&e;|;cS>0-  [140°].  Formed  by 
allowing  a  mixture  of  cupric  benzoyl-acetic 
ether  (24  g.),  COCl,  (10  g.),  and  toluene  (40  g.)  to 
stand  for  six  weeks  (F.).  Got  also  from  acetone 
dicarboxylic  ether,  Et.O,  Na,  andBzCr(Diinsch- 
mann  a.  Pechmann,  A.  261,  189).  Plates,  v. 
sol.  most  solvents. 

PHENYL-PYROTARTARIC  ACID 
C,H5.CH2.CH(C02H).CH.,.CO,,H.  Bcnzyl-succinic 
acid.  [161°].  Got  by  heating  phenyl-propane 
tricarboxylic  acid  and  by  reducing  phenyl-ita- 
conic  acid  (Bischoff,  B.  23,  653 ;  Fittig  a.Koeders, 
A.  256,  87 ;  c/.  Baeyer  a.  Perkin,  B.  17,  449). 
White  plates,  si.  sol.  cold  water.  Yields  an  an- 
hydride [102°].— BaA"  iaq.— CaA".— Ag^A", 

Phenyl-pyrotartaric  acid 
CO,H.CHPh.CHMe.CO.H.    Two  varieties  [171°] 
and  [193°]  are  formed  by  saponifying  the  pro- 
duct of  the  reaction  of  NaOEt  on  a  mixture  of 
o  cyano-propionic   acid    and  o-bromo-phenyl- 


acetic  ether  (Zelinsky  a.  Buchstab,  B.  24,  1877). 
At  320°  it  forms  an  anhydride  which  on  treatment 
with  water  yields  a  mixture  of  the  two  isomeric 
phenyl-methyl-succinic  acids. 

Befcrence.  OxT-AMrDO-PHENTL-PTEOTAETAEIC' 

ACID. 

PHENYL-PYROXIMIDINE  DIHYDRIDE 


Formed  from  7-bromo- 


propyl-benzamide  by  shaking  with  hot  water 
(Gabriel,  B.  24,  3214).  Liquid,  si.  sol.  cold 
water.— B'„H„PtGle.  [185°].— B'GsH3N30,.  [151°1. 

DI-PHENYL-PYRROLE  NH<^p|^:^^- 

[143°].  Formed  by  the  action  of  alcoholic- 
potash  on  its  carboxylic  ether  (Paal,  B.  21, 
3061).  Got  also  by  heating  the  dicarboxylic  acid 
C,NH3(C,H^.C0,,H),  with  lime  (Baumann,  B.  20,. 
1490).  Plates  (from  HOAc  or  dilute  alcohol). 
Forms  a  red  solution  in  H.^SO^.  Colours  pine- 
wood,  moistened  with  HClAq,  red. 

Tri-pbenyl-pyrrole  NPh<^^J;^g.  [229°]- 

Formed  by  heating  its  carboxylic  acid  or  its  di- 
carboxylic acid  G^NH,Ph(C,Hj.CO,H),,  with  lime 
(P.;  B.).    Needles,  si.  sol.  ether  and  alcohol. 

Tri-phenyl-pyrrole  NH<^^||:^|''.  [141°]. 

Formed  by  heating  desyl-acetophenone  with 
alcoholic  NH3  at  150°  (Smith,  C.  /.  57,  645). 
Slender  needles  with  violet  fluorescence. 
Tetra-phenyl-pyrrole  CjglLiN  i.e. 

^^"CcPh-CPh*  [214-5°].  Formed  from  both 
bidesyls  by  heating  with  alcoholic  NH3  at  150°' 
(Garrett,  B.  21,  3107 ;  Fehrlin,  B.  22,  553  ; 
Magnanini  a.  Angeli,  B.  22,  855).  Got  also  by 
distilling  its  phenyl-v-amido-  derivative  (Klinge- 
mann,  A.  269,  122).    Needles  or  plates. 

Acetyl  derivative.    [226°].  Needles. 

Tetra-phenyl-pyrrole  NPh^^^J;^^''. 

[197°].  Formed  by  boiling  desyl-acetophenone 
with  aniline  and  HOAc  (Smith,  C.  J.  57,  646). 
White  silky  needles,  v.  si.  sol.  cold  alcohol. 

DI-PHENYL-PYRROLE  CARBOXYLIC  ACID 

^^<CcPh-CH°'"^-  [2^1°^-  Formed  by  saponi- 
fying the  ether,  which  is  got  by  the  action  of 
alcoholic  NH3  or  of  boiling  NH|OAc  and  HOAc 
on  di-0-benzoyl-propionic  ether  (Kapf  a.  Paal,  B. 
21,  1491,  3061).  Orange  needles,  si.  sol.  alcohol- 

EtlMjl  ether  mk.'.    [159°].  Needles. 

Amide  Ci-H„N,0.  [217°]. 

Di-phenyl-pyrrole     di-o-carboxylic  acid 

NH<Cj^:i;:^S:ij:gi.    [232°].     Formed  by 

heating  C.,H^(C0.C,Hj.C0„H)..  with  alcoholic 
NH3  (Gabriel,  B.  19,  840").  "Slender  needles. 
Yields  a  nitrosamine  C,gH,2N203  [c.  210°]  crys- 
tallising from  HOAc. 

Tri-phenyl-pyrrole  carboxylic  acid 

NPh<^^p|j:^^*^-^.  [273°].  Formed  by  sapo- 
nifying the  ether,  which  is  got  by  boiling  di- 
benzoyl-propionic  ether  with  aniline  and  HOAc 
(Paal,  B.  21, 3061).    Needles  (from  HOAc). 

Ethyl  ether  EtA'.    [170°].  Needles. 

Tri-phenyl-pyrrole  di-carboxylic  acid 

Np<c(c:i::co:i);ci-  [^^^^^  ^--^^ 
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•warming  C„H,(CO.C„H,.CO,,H),,  with  aniline 
(Baumann,  B.  20,  1487).  Crystals,  insol.  water. 
Ag.A"  :  bulky  pp. 

'Elhyl  ether  Et,A".    [122°].  Needles. 
DI  -  a  -  PHENYL- ^-PYEKOYL  -  PROPIONIC 
ACID    C^H,N.CO.CH,.CPh,.CO,H.  [21G"]. 
Formed  by  saponification  of  di-phenyl-pyrryl- 

crotolactone  crh'^CO^'^^-^^  ^184°]  which  is 
got  by  warming  (a)-pyrryl  methyl  ketone  with 
benzil  and  cone.  KOHAq  (Angeli,  B.  23,  1.356). 
Colourless  crystals,  almost  insol.  water. — KA'. — 
AgA':  light-yellow  pp. 

PHENYL  PYRRYL  KETONE  C,,H,NO  i.e. 
NC^H,.CO.C,H,.  [78°].  Formed  by  heating 
pyrrole  with  NaOBz  and  Bz.,0  (Ciamieian  a. 
Dennstedt,B.  17,  295.5).    Yields  C„HsAgNO. 

PHENYL-PYRUVIC  ACID  v.  PHENyL-oLY- 

CIDIC  ACID. 

PHENYL-QUINAZOLINE  C,H,<^^^"^pj^. 

[101°].  Got  by  distilling  o-amido-benzyl-benz- 
amide  (Gabriel  a.  Jansen,  B.  23,  2810).  Yellow 
needles.    Weak  base. 

Phenyl-quinazoline.  Dihydride. 

C„H,,N,  i.e.  C,H,<;^^-^"^^.    [95°].  Formed 

by  reducing  [l:2]C„H,(NO.,).CH2.NPh.CHO  with 
zinc  and  HClAq  (Paal  a.  Busch,  B.  22,  2G86 ; 
Conner,  Ph.  [.S]  20,  43).  Six-sided  tables  (from 
ether-ligroin),  almost  insol.  water  and  alkalis. 
Split  up  into  aniline  and  benzonitrile  by  heating 
with  zinc-dust.— B'HCl  2aq.  [80°]  when  hydra- 
ted  ;  [221°]  when  anhydrous.  Concentric 
needles,  sol.  water.— B'HSnCls.  [130°-134°]. 
White  crystals.— B'.,H.,PtCl,.  [208°].  Yellow 
crystals.— B',H,SOj  2'aq.  [79°].  Melts  at  140°- 
143°  when  anhydrous. 

MetUylo-ioclide  B'Mel.  [170°]  and 
[180°].— B'MeL.    [157°].    Golden  plates. 

Tetrahydride    C,H,<^^^--^g^ .  [117°]. 

Got  by  reduction.  Needles.  Yields  a  crystal- 
line acetyl  derivative  and  a  brick-red  nitros- 
amine. 

Di-pheny  1-quinazoline.  Dihydride. 

C,„H,,N,i.«.  C,H,<CjJ^-^^J.    [115°].  Formed 

by  reduction  of  the  benzoyl  derivative  of  o-nitro- 
benzyl-aniline  in  HO  Ac  with  tin  and  HCl  (Lell- 
mann  a.  Stickel,  B.  18,  1608).  Small  needles, 
V.  sol.  alcohol.— B'HCl :  silky  needles. 

Reference. — Oxy-phenyl-ouinazoline. 

(B.  2)-PHENYL-QUIN0LINE 
CPh:CH.C.CH:CH      ^7      ?      ■    7-  nnon 
CH-CHCN=CH"  P--P"<^"2/'-2'"'*0""'^-  [HI  ]• 

(260°  at  77  mm.).  S.G.  -2  1-1945.  Prepared  by 
heating  p-amido-diphenyl  with  glycerin,  nitro- 
benzene, and  H.SOj  (La  Coste,  B.  15,  562;  A. 
230,  8).  Trimetric  plates  (from  ether).  — 
B'oHjPtCl,..  Orange  crystalline  powder.  — 
B'jH.>Cr,0,.  [136°].  — Tartrate  B'C^H,0,3aq. 
[153°].  Needles. 

Methylo -iodide  B'Mel  2aq.  [194°]. 

Ethylo-iodide  B'EtI2aq.  [169°]. 

Tetrahydride  C.jH|„PhN.  Got  by  reduc- 
tion. Unstable  pp.  Yields  a  nitrosamine 
C„H,Ph(NO)N  [112°],  an  acetyl  derivative  [100°], 
and  a  benzoyl  derivative  [137°].— B'HCl  liaq. 
[204°].-B'C,H3N,O,.  [165°]. 


/ i\  T»i-      1      .  CIT:CH  .C.CHiCH 

(B.  4)-Phenyl-quiiiolme  cH:CPh.C.N=CH- 

o-Phcnyl-quinoline.  (273°  at  80  mm.).  Got  in 
like  manner,  using  o-amido-diphenyl  (C).  Oil, 
with  yellowish-green  fluorescence. — B'oH.,PtCl,;. 
— B'.,H,,Cr20;.    [126°].    Orange  plates." 

Methyl'o-iodidc  B'Mel.  [163°].  Crystals, 
V.  sol.  water.— B',Me,PtCl6  [193°]. 

(Py.  1)  -  Phenyl  -  quinoline  C„H^<^^^^-^^. 

[62°].  Got  by  heating  its  carboxylic  acid 
(Konigs  a.  Nef,  B.  19,  2430).  Needles  (from 
ether  or  ligroin).  Solutions  of  its  sulphate  and 
hydrochloride  fluoresce  blue.  —  B'H._,CrOj : 
needles. — B'^H^PtCl^; :  yellow  four-sided  tables. 

(Py.  2)  -  Phenyl  -  quinoline  C,H^<;^^^^^\ 

Formed  by  adding  a  little  NaOH  to  a  solution  of 
o-amido -benzoic  aldehyde  and  phenyl -acetic 
aldehyde  in  dilute  alcohol  (Friedliinder  a. 
Gohring,  B.  16,  1836).  Oil,  sparingly  volatile 
with  steam. -B'HCl.   [93°].— B'.HPtCl,,. 

(Py.  3)  -  Phenyl  -  quinoline    C,H,<*^5,  J^^j^  . 

[86°].    (above  300°). 

Formation. — 1.  By  heating  cinnamic  alde- 
hyde (30  pts.)  with  aniline  (20  pts.)  and  cone. 
HClAq  (20  pts.)  for  two  hours  at  210°  (Grimaux, 
C.  B.  96,  584 ;  Doebner  a.  Miller,  B.  16,  1665 ; 
19,  1194).  —  2.  By  warming  o  -  amido  -  benzoic 
aldehyde  with  acetophenone,  dilute  alcohol,  and 
a  little  NaOH  (Friedlander  a.  Gohring,  B.  16, 
1835). — 3.  By  distilling  ?!i-oxy-phenyl-quinoline 
or  di-oxy-phenyl-quinoline  with  zinc-dust  (Miller 
a.  Kinkehn,  B.  18,  1908;  Weidel,  M.  9,  151).— 
4.  By  distilling  its  carboxylic  acid  with  soda-lime 
(Doebner,  B.  20,280;  A.  242,  294;  Pfitzinger, 
J.pr.  [2]  38,  583). 

Properties. — Silky  needles  (from  dilute  al- 
cohol), sol.  ether,  si.  sol.  water.  Yields 
NHBz.C„H^.CO,H  [1:2]  [182°]  on  oxidation  by 
KMnOj  in  acid  solution. 

Salts.-B',H.,PtCl,  2aq.— B'HAuCl^.  [160°]. 
— (B'HCl).AuCi3.  [204°].  Needles.— B'H.Cr.O-  : 
stable  golden  plates.— B'C.H.N^O..    [188°]. ' 

Alkylo-iodides  B'Mel.  [197°].— B'Etl. 
[195°].-B'.^:t,PtCl,.— B'EtCl  2aq.— B'„Et.,PtCl,. 

Tetrahydride  C,,H|,N.  (342°).  Got  by 
reducing  the  base  with  tin  and  HClAq  (Doebner, 

B.  19, 1198).  Oil,  yielding  an  oily  nitrosamine. — 
B'HCl.    Needles  (from  alcohol),  v.  si.  sol.  water. 

(Py.  l,3)-Di-phenyl-quinoline 

C,  H,<^^'^"^p]^  .    [112°].    Formed  by  heating 

the  anilide  of  CH.JBz,  with  H.SO^  (Beyer,  B.  20, 
1772).    Mass  of  white  crystals.— B'.,H.J'tCl,  2aq. 
— B'H.SOj.    Needles,  v.  si.  sol.  dilute" H.SOj. 
(Py.  2,3)-Di-phenyl-quinoIine 

C,H,<5^-^pJ  .    [96°].  (c.  420°).    Formed  by 

reducing     [1:2]  C,H^(N0„).CH.,.CHPh.C0.C„H5 
with  iron  and  HOAc  (Buddeberg,  B.  23,  2075). 
Large  crystals,  sol.  alcohol.—  B',,H,,PtCl .. 
(Py.  2)-PHENYL-IS0QUIN6LiNE 

C.^H.iN  i.e.  C„H,<;^^;|^''^.  [105°].  Obtained 

by  reduction  of  the  (Py.  4)-chloro-  derivative  by 
heating  it  with  HI  and  P  at  170°  for  three  hours ; 
also  by  distilling  phthalimide  with  zinc-dust 
(Gabriel,  B.  18,  3477).  Rhombic  plates.  Slightly 
volatile  with  steam.— B';,HjCl.,PtClj :  needles. 
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PHENYL-ISOQUINOLINE. 


Teirahydride  ^J^i<C^^'  '^j^^' 


[45° 


48°].  Formed  by  reduction  of-  an  alcoholic 
solution  of  the  {Pij.)-mono-  or  di-  chloro-deriva- 
tives  by  boiling  with  (3  p.c.)  sodium-amalgam 
(Gabriel,  B.  18,  3479).  Crystals,  v.  sol.  alcohol. 
References.  —  Amido-,     Chlobo-,  Chloko- 

NITK0-,  NiTBO-,  OXY-AMIDO-,  and  OXY-  PHENYL- 
QUINOLINE. 

{Py.  1)  -  PHENYL  -  QUINOLINE  {Py.  3)- 
CAEBOXYLIC  ACID  C„H„NO,  i.e. 

CjH,<^^^3^'^"^Q  jj-    [171°].    Got  by  oxidation 

of  phenyl  -  methyl  -  quinoline  -  phthalone  with 
chromic  acid  mixture  (Kcenigs  a.  Nef,  B.  19, 
2128).  Yellow  needles  (from  dilute  alcohol),  sol. 
acids  and  alkalis. 

(Py.  3)-Phenyl-quinoline  {Py.  l)-carboxylic 

acid  C,H,<^<f2^-^g^  .  [207°].  Formed  by 

warming  pyruvic  acid  with  benzoic  aldehyde, 
aniline,  and  alcohol  (Doebner,  B.  20,  280;  A.  242, 
291).  Formed  also  by  heating  isatin  with 
acetophenone  and  alcoholic  potash  (Pfitzinger, 
/.  2}r.  [2]  83,  .538).  Needles,  m.  sol.  cold  alcohol. 
Yields  phenyl-quinoline  [84°]  on  distillation 
with  soda-lime.  —  (HA%H2PtCl6.  —  PbA'2aq.— 
CuA'.,aq. — ZnA'„aq. — AgA' :  white  pp. 

Phenyl  -  quinoline  -  o  -  di  -  carboxylic  acid 

C,H,(C„H,)N(CO,H),    i.e.  C,H,<^P^-ggOg- 

Formed  by  oxidation  of  phenyl-acridine  with 
KMnO.,. 

Salts . — BaA"  4aq  :  glistening  needles  (Glaus 
a.  Nicolaysen,  B.  18,  2706). 

(Py.  2,3)  -  Di- phenyl -quinoline  carboxylic 

acid  C,H,<g<^Q'^^)-g|;;  .  [191°].  Formed  by 

the  action  of  isatin  and  alcoholic  potash  on 
deoxybenzoin  (Pfitzinger,  J.  pr.  [2]  38,  583). 
Needles,  insol.  water,  v.  sol.  hot  alcohol. 

{Py.  3) -PHENYL-QUINOLINE  {B.  2)-SUL- 

PHONIC  ACID  Got, 

together  with  the  more  soluble  {B.  3)-sulphonic 
acid,  by  heating  {Py.  3) -phenyl-quinoline  with 
H,SO^  and  SOjat  100°  (Murmann,  M.  13,  60).— 
Plates,  si.  sol.  water,  almost  insol.  alcohol.  Gives 
oxy-phenyl-quinoline  [238°]  when  fused  with 
potash  at  250°. — BaA',:  plates. — NH^A':  plates. 
— AgA' :  granules. 

{Py.  8)  -  Phenyl  -  quinoline  {B.  3)  -  sulphonic 
acid.  Formed  as  above  (M.).  Granules.  Yields 
oxy  -  phenyl  -  quinoline  [156°]  on  fusion  with 
potash.  —  KA'aq.  —  BaA'^liaq:  needles. — 
AgA'  IJjaq :  needles. 

{B.  2) -Phenyl-quinoline  p-sulphonic  acid 
C„H„NS03  i.e.  [1:4]S03H.C,H,.C:CH.C.CH:CH 
HC:CH.C.N=CH 
Formed,  together  with  the  following  more  soluble 
isomeride,  by  sulphonation  of  p-phenyl-quinohne 
(La  Coste  a.  Sorger,  A.  230,  30).  Needles  (con- 
taining 2aq).  Turns  brown,  without  fusion,  at 
300°.  Alkaline  KMn04  gives  quinolinic  acid  and 
^-sulplio-benzoic  acid. — NH^A'.  [above  310°]. — ■ 
NaA'aq. — HgA',:  white  pp. 

{B.  'J)  -  Phenyl  -  quin  oline  (/3)  -  sulphonic  acid. 
Formed  as  above.  Plates  (containing  aq),  not 
melted  ai  300°. — NH^A' :  small  scales. 

PHENYL-DIQUINOLYL-METHANE.  Octo- 
hydridc  CB.Fh{C^B.t^'N),_.  [153°].  Formed  from 


quinoline  tetrahydride,  benzoic  aldehyde,  and 
ZnCL  in  alcohol  (Einhorn,  B.  19,  1243).  Its 
solution  in  HClAq  is  coloured  green  by  FeClj. 

Di-phenyl-(B.  l)-quinolyl-methane 
CHPh.,.C:CH.C.CH:CH  „        ,  , 

HC:CH.C.N=CH-  ^104°].  Formed  by 
Skraup's  method  from  amido-tri-phenyl-inethane 
(Fischer  a.  Friinkel,  B.  19,  749  ;  A.  241,  364). 
Prisms,  v.  sol.  alcohol.  Yields  a  nitro-  derivative 
[213°].— B'jHJtCls  (dried  at  100°). 

DI-PHENYL-(Pi/.  .3)-QTriN0LYL-UREA 
C„H,N.NPh.CO.NHPh.  [150°].  Formed  by 
heating  carbostyril  with  phenyl  isocyanate  and 
benzene  at  220°  (Goldschmidt  a.  Meissler,  B. 
23,  276).  Needles  (from  benzene),  sol.  HClAq 
and  re-ppd.  by  NH3. 

DI-PHENYL-QUINONE  C,,B.^.fi.  i.e. 

CPh.^^^-^g^CPh.  [214°].  Formed  by  heating 

phenyl  methyl  diketone  with  NaOHAq  and  a  little 
K-iFeCy,.  at  100°  (Miiller  a.  Pechmann,  B.  22, 
2130).  Orange-yellow  plates,  m.  sol.  benzene. 
Zinc-dust  and  HOAc  reduce  it  to  di-phenyl- 
hydroquinone  [219°]. 

DI-PHENYL-QUINOXALINE  CsHj<^^:^p|^. 

[126°].  Formed  by  heating  benzoin  with  0- 
phenylene-diamine  in  the  air  at  165°  (Fischer, 
B.  24,  720).  Needles. 

Dihydride     C,H,<JJ^^^^^  [149°]. 

Formed  by  heating  benzoin  with  o-phenylene- 
diamine  at  165°  with  exclusion  of  air.  Prisms. 
Its  solutions  in  ether  and  benzene  fluoresce 
yellowish-green. 

Phcnylo  -  hydroxide 


p„  /NPh(OH):CPh 
^g^^XN   CPh" 


[135°]. 


Formed  from  benzil  and  o-phenylene-phenyl- 
diamine  (Kehrmann  a.  Messinger,  B.  24,  1239). 
—  C.,„H,jN,ClFeCl3.  Golden  prisms,  m.  sol.  cold 
water,  '  insol.  ether.  —  (C„8H,5N„Cl)2PtCl4.  — 
agHigN^HgCl,.    Yellow  scales. 

Tri-phenyi-quinoxaline.  Dihydride 

rr  /NPh.CHPh       riiTOn       n  +    u      u  f 

C,H4<:^j^_^ppj^   .    [117°].     Got  by  heating 

benzoin  with  o-phenylene-phenyl-diamine  in  a 
sealed  tube  at  175°  (Kehrmann  a.  Messinger,  B. 
24,  1875).  Crystalline,  v.  sol.  ether.  Its  solu- 
tions fluoresce  bluish-green. 

Tetra-phenyl-diquinoxaline,  so-called. 
CPh:N.C.CH:C.N:CPh     .00001     v        i  f 
CPh:N.C.CH:C.N:CPh-    ^289°].    Formed  from 

tetra-amido-benzene  and  benzil  (Nietzki  a. 
Miiller,  B.  22,  446).  V.  sol.  hot  HOAc.  Forms 
a  blue  solution  in  cone.  H^SO,. 

DI-PHENYL-QUINOXALINE  CAEBOXYLIC 

ACID  C,,H,,NA.  [4i]c,H3(CO,H)<J5;^JJ^\ 

[288°].  Formed  by  mixing  benzil  and  di-amido- 
benzoic  acid,  both  dissolved  in  hot  HOAc  (Zehra, 
B.  23,  3627).  Yellow  plates  or  needles.— 
BaA'.,  3aq  :  needles,  si.  sol.  hot  water. 

E'thyl  ether  mk'.    [151°].  Needles. 

TETRA-PHENYL-DIQUINOXALYL  C„R,5N„ 
.  GPh:N\f,TT  ^ -o- /-N:CPh  o^^oi 
CPh:N>^«^='-^'i^^'\N:CPh-  [above  270°]. 
Formed  by  mixing  acetic  acid  solutions  of  benzil 
and  tetra-amido-diphenyl  jCsH3(NH2)2[l:3:4]i, 
(Brunner  a.  Witt,  B.  20,  1026).    Crystals  (from 


DI-PHENYL-SUCCINIMIDINE. 
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phenol-HOAc).  Forms  a  bright-red  solution  in 
cone.  H.,SOj. 

PHENYL  SEIENIDE  v.  Organic  comiiounds 
of  Selenium. 

TETRA  -  PHENYL  -  SILICANE  v.  Organic 
C0))t2i''>>iiiils  of  Silicon. 

PHENYL  SILICATE  Si(OPh),.  [48°].  (420°). 
Prepared  by  heating  phenol  with  SiCl, ;  the  yield 
being  78  p.c.  of  the  theoretical  amount  (Hert- 
korn,  B.  18,  1679).  Long  colourless  prisms,  v. 
sol.  alcohol.  Decomposed  by  hot  water  into 
phenol  and  silicic  acid.  Boiling  alcohol  forms 
ethyl  silicates  and  phenol. 

TEI-PHENYL-STIBINE  r.  vol.  i.  p.  204. 

PHEWYL-STYRYL-HYDEAZIKEC,5H,„N.,i.e. 
OHPh;CH.CH_,.NPh.NH,,.  [.54"].  l^ormed  from 
stvryl  bromide  and  sodium  phenyl-hydrazide 
(Michaelis  a.  Claessen,  B.  22,  2239).  Crystals, 
V.  sol.  alcohol  and  ether. 

PHENYL-STYRYL  KETONE  v.  Benzylidene- 
ACEToPHENON'E.  Its  carboxylic  ether  is  described 
as  Bell .1  i/I ii:lr)ic-bcii n/J -acct ic  ether,  vol.  i.p.  481. 

PHENYL  -  SUCCINIC  ACID  C,„H,„0,„  i.e. 
CO,H.CHPh.CH,.CO,,H.  [167°]. 

Formation.  —  1.  By  saponification  of  the 
nitrile  which  is  got  from  lu-chloro-styrene  and 
KCy  (Riigheimer,  B.  14,  428). — 2.  By  saponifica- 
tion of  the  product  of  the  action  of  a-bronio- 
phenyl-acetic  ether  on  sodium  acetoacetic  ether 
(R.).-3.  At  191°  from  CO,H.CHPh.CH(CO,H).,, 
got  from  a-chloro-phenyl-acetic  ether  and  sodium 
malonic  ether  (Spiegel,  14,873,  1693;  A.  219, 
32  ;  Alexander,  A.  258,  74).— 4.  From  hydro- 
cornicularic  acid  by  potash-fusion  (S.). 

Properties. — Needles,  sol.  hot  water  and  al- 
cohol, si.  sol.  chloroform.  Br  and  PBr.,  yield  a 
bromo-  derivative  [119°]  converted  by  hot  water 
into  phenyl-maleic  acid. 

Salts.— CaA".—Ag,A". 

Anhydride  C|„H,6,.    [c.  54°]. 

(a)-Di-phenyl-succinic  acid  C|,H|jO,  i.e. 
CO.,H.CHPh.CHPh.GO.,H.  [222°]  (when  dry)  ; 
[183°]  (when  hydrated).  H.C.  1,848,300  (Ossi- 
poff,  C.  R.  109,  223).    S.  (alcohol)  44  at  21°. 

Formation. — 1.  By  heating  a-bromo-phenyl- 
acetic  acid  with  KCy  (Franchimont,  B.  5,  1048). 

2.  Together  with  the  isomeric  (/8)-acid,  by  re- 
duction of  di-phenyl-maleie  anhydride  with 
sodium-amalgam  or  Zn  and  HCl.  Separated 
through  the  sparing  solubility  of  the  Ba  salt 
(Eeimer,  B.  14,  1802  ;  Anschiitz,  A.  259,  67).— 

3.  By  heating  the  (/3)-isomeride  with  baryta- 
water  at  200°  (R.). 

Properties. —  Prisms  (containing  aq)  or  needles 
(from  dilute  HOAc).  Yields  di-phenyl-ethane 
and  di-phenyl-ethylene  when  distilled  with  lime. 
HClAqat  200°  converts  it  into  the  (/3)-acid. 

Salts.-BaA"  2a(i.  S.  32  at  18°.— BaA"  4aq. 
— AgoA"  :  white  pp. 

itono-cthyl  ether  HEtA".  [140°]. 

Di-ethyl  ether  Et.A".    [84°].  Needles. 

Anhydride  CnH,,,0,.  [116°].  (240°  at 
11mm.).  Formed  when  either  of  the  two  s-di- 
plienyl-succinic  acids  is  heated.  Got  also  by 
heating  the  (a)-  acid  with  AcCl  at  120°  (Till- 
manns,  yi.  258,87).  Trimetric  crystals;  a:b:c 
=  ■508:1: -546.  V.  sol.  chloroform.  Yields  the 
(a)-  acid  on  boiling  with  water,  and  a  mixture 
(if  (a)-  acid  (86  p.c.)  and  acid  (14  p.c.)  when 
treated  with  KOHAq. 

Nitrile      CN.CHPh.CHPh.CN.  [160°]. 


Formed,  together  with  the  (B)-  isomeride  by 
heating  phenyl-acetonitrile  with  mandelic  nitrile 
and  alcoholic  KCy  at  55°  (Chalanay  a.  Knoevena- 
gel,  B.  25,  289).  "V.  e.  sol.  alcohol.  Converted 
into  the  (;3)-  isomeride  by  boiling  with  HOAc. 

Phenylimide  C,.M,,1S0.,.  [231°].  Got  by 
heating  either  the  (a)-  or  the  (0)- anhydride  with 
aniline. 

Phenyl  -  amic  acid  C.,„H|,,NO.,  i.e. 
COoH.CHPh.CHPh.CO.NHPh.  [220°].  Got  by 
boiling  the  phenylimide  with  baryta  (Anschiitz 
a.  Bendix,  A.  259",  92). 

(^)-Di-phenyl-succinic  acid 
CO..H.CHPh.CHPh.CO.H.  [230°].  H.C.  1,822,900. 
S.  (alcohol)  1-124  at  21°. 

Formation. — 1.  By  heating  its  nitrile  with 
HClAq  at  200°.-2.  By  reduction  of  di-phenyl- 
!  maleic  anhydride. — 3.  By  heating  the  a-isomer- 

ide  with  HCAq  at  200°. 
I      Properties. — Needles,   sol.  alcohol,  si.  sol. 
j  benzene,  insol.  water.    On  distillation  in  vacuo 
I  at  250°  it  yields  a  mixture  of  the  (a)  -  anhydride 
I  (89  p.c.)  and  the  {fi)-  anhydride  (11  p.c). 

Reactions. — 1.  Yields  s-di-phenyl-ethane  and 
di-phenyl-ethylene  on  distillation  with  lime 
(Eeimer,  B.  14,  1802).— 2.  Baryta-water  at  200° 
converts  it  into  the  (a)-  isomeride. 

Salt  s.— BaA"  7a(i.  S.  21  at  c.  18°.— Ag„A". 
Ethyl  ether  Et,A".    [141°].  Needles' 

Anhydride  ^HPh.CO>^- 
Formed  by  heating  the  (ff)-  acid  with  AcCl  at 
100°,  and  also  by  the  action  of  AcCl  on  its  salts. 
When  boiled  with  water  it  yields  the  (a)  -  acid  (75 
p.c.)  and  some  {ii)-  acid  (25  p.c).  Cold  KOHA(| 
forms  only  the  (/3)-  acid.  On  heating  with  aniline 
it  gives  the  phenylimide  [231°]. 

Dipihoisiiccindone 

C.H<^CH.^>C.H,  ?  [202°]. 

I  Formed  by  heating  the  acid  (5  g.)  with  cone. 
I  H.^SO,  (8  g.)  until  dissolved,  and  then  pouring 
I  into  water  (Roser,  A.  247,  153).  White  crystals, 
insol.  water,  sol.  alcohol.  Yields  a  dioxim 
C,„H,„(NOH).,  [254°]  and  a  phenvl-hydrazide 
C,,H,„(N.,HPh)„  [c.  265°].  Reduced  by  HI  and 
P  to  C,„H,,  [100°]. 

Nitrile  CN.CHPh.CHPh.CN.  [240°].  Ac- 
companies the  (a)-  isomeride  {v.  sitpra).  Colour- 
less needles,  sol.  hot  alcohol. 

Tetra-pbenyl-succinic  acid 
CO.,H.CPh.,.Cl'h.,.C(X,PI.     [262°].     Formed  by 
heating   a-chloro-di-phcnyl-aeetic    ether  with 
finely-divided  silver  at  125°  (Bickel,      22,  1538). 
Insol.  water,  v.  sol.  alcohol  and  ether. 

Ethyl  ether  Et.,A".  [89°]. 

Nitrile  CN.CPh.,.CPh,.CN.  [c.  230°]. 
Formed  by  the  action  of  NaOEt  and  I  on  di- 
phenyl-acetonitrile  (Auwers  a.  V.  Meyer,  B.  22, 
1227 ;  ef.  Anschiitz  a.  Romig,  A.  233,  349). 
Formed  also  by  the  action  of  nitrous  acid  on  di- 
phenyl-acetonitrile  (Neure,  A.  250,  148).  Flat 
needles  (from  HOAc),  v.  si.  sol.  hot  alcohol. 
Liquefied  by  heating  for  a  long  time  at  180°. 

Phenyl-isosuccinic  acid  v.  Benzyl-malonic 

ACID. 

References.  —  Nitro-    and    Oxt-  phenyl- 

SDCCINIC  ACIDS. 

DI-PHENYL-SUCCINIMIDINE  C,6H,,N,  i.e. 
CjH.,<^9!^S|,^NPh.    Formed  from  ethylene 
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cyanide  and  aniline  hydrochloride  at  154° 
(Blochmann,  B.  20,  1856).  Greyish-yellow 
crystals,  insol.  water.  Yields  the  phenylimide 
of  succinic  acid  when  boiled  with  HClAq. — 
B'HCL— B'.,H,PtCl,.— B'R.SO,.— B'HBr.— B'HI. 

PHENYL-SULPHAMIC  ACID  C.HjNSO,  i.e. 
C.HjNH.SO.H.  Formed  as  a  salt  from  CISO.H 
(1  mol.),  aniline  (3  mols.)  and  chloroform  in  the 
cold.  Got  also  by  the  action  of  solid  fuming 
sulphuric  acid  on  aniline  in  CHCl,  at  a  low  tem- 
perature (Wagner,  19,  1157;  Traube,  B.  23, 
1655;  24,  360).— NaA'.— KA' :  leaflets,  sol.  hot 
alcohol. — BaA'22aq:  leaflets  or  needles,  sol.  hot 
water.  Decomposed  by  acids  into  aniline  and 
K.SO,.-NH,PhHA'.  [192°].  Plates. 
'  PHENYL  SULPHATE. 

Hydrogen  phenyl  sulphate  C„H50.S0.,.0H. 
Flicny I- sulphuric  acid.  Occurs  in  urine  of 
horses,  men,  and  dogs  (Baumann,  B.  9,  55  ;  11, 
1907  ;  H.  2,  335),  the  quantity  being  greatly  in- 
creased by  administration  of  phenol.  The  K 
salt  is  formed  by  adding  K.S^O,  (125  pts.)  to  a 
solution  of  phenol  (100  pts.)  and  KOH  (60  pts.) 
in  water  (90  pts.)  at  65°.  The  free  acid  quickly 
splits  up,  in  aquejus  or  alcoholic  solution,  into 
phenol  and  H,,SOj.— KA'.  S.  14  at  15°.  Plates 
(from  alcohol).  Not  attacked  by  potash.  The 
dry  salt  changes  at  150°-160°  into  phenol  p- 
sulphonic  acid. — BaA'„3aq:  needles. 

DI-PHENYL  SULPHAZIDE  v.  Phenyl- 
hydraside  of  Benzene  sulphonic  acid. 

DI-PHENYL  SULPHIDE  C,„H,„S  i.e.  Ph.,S. 
Mol.  w.  186.    (293°).    S.G.  1-119. 

Formation. — 1.  By  the  dry  distillation  of 
sodium  benzene  sulphonate  (Stenhouse,  Pr.  14, 
351 ;  A.  140,  288).— 2.  From  S(C,H,.NH2)„  by 
elimination  of  NH,  by  the  diazo-  reaction  (Krafft, 
B.  7,  384,  1164).— 3.  By  distilling  Pb(SPh)2 
(Kekule  a.  Szuch,  C.  B.  64,  752).— 4.  By  the 
action  of  Na  on  S0(CuH5).^  (Colby  a.McLoughlin, 
Am.  9,  67). — 5.  By  the  action  of  NaSPh  on 
CjH5.N,,Cl  in  molecular  proportions  (Ziegler,  B. 
23,  2471). — 6.  By  heating  benzene  with  S  and 
AICI3  at  80°  (Friedel  a.  Crafts,  A.  Ch.  [6]  14, 
438). 

Preparation. — Ammonium  sulphide  is  slowly 
added  to  an  acid  solution  of  diazobenzene, 
cooled  with  ice,  the  oil  which  separates  is  co- 
hobated  for  2  or  3  hours  to  decompose  the  di- 
sulphide,  and  finally  distilled ;  the  yield  is  good 
(Graebe  a.  Mann,  B.  15,  1683). 

Properties. — Oil,  with  slightly  alliaceous 
odom',  V.  sol.  hot  alcohol,  miscible  with  ether. 
Its  alcoholic  solution  is  not  ppd.  by  AgNO.j  or 
HgCl,,.    yields  di-phenyl-sulphone  on  oxidation. 

Di-phenyl  disulphide  Ph.,S,.  Mol.  w.  218. 
[61°].  (310"). 

Formation. — 1.  By  oxidising  phenyl  mer- 
captan  with  dilute  HNO3  (Vogt,  A.  119,  142 ; 
Otto,  A.  143,  213),  with  chromic  acid  mixture 
(Kekul6,  Z.  1867,  194),  and  by  exposure  of  its 
ammoniacal  solution  to  air. — 2.  From  NaSPh 
and  CyCl  (Clemm,  J.pr.  [2]  1,  147). -3.  Together 
with  mercury  by  distilling  Hg(SPh).,  (Dreher  a. 
Otto,  A.  154,  178).— 4.  From  NaSPh  and  I 
(Hubner  a.  Alsberg,  A.  156,  330).— 5.  In  small 
quantity  by  adding  zinc-dust  to  a  mixture  of 
S.CL,  and  benzene  (Schmidt,  B.  11,  1173).— 6. 
By  reducing  C^H.-SOXl  with  HI  (Cleve,  B.  21, 
1100).— 7.  By  heating  C,HjSO„H  with  HSPh 
(Otto,  B.  9,  1589).— 8.  By  passing  SO.^  into  a 


solution  of  phenyl-hydrazine  in  benzene,  and 
heating  to  boiling  (Michaelis  a.  Kuhl,  B.  23, 
476). 

Properties. — Needles,  with  faint  odour,  insol. 
water,  v.  sol.  alcohol  and  ether. 

Reactions. — 1.  Eeduced  by  zinc  and  dilute 
H.SOj  to  CbH^SH.— 2.  Oxidised  by  nitric  acid  to 
benzene  sulphonic  acid. — 3.  Split  up  by  long 
boiling  into  Ph^S  and  S  (Graebe,^.  174,  189).— 

4.  Alcoholic  potash  forms  KSPh  and  C,H,SO,K. 

5.  Alcoholic  K,,S  forms  KSPh.— 6.  Bromine 
forms  crystalline  Ph.,SBr.,. 

Di-phenyl  tetra-sulp'hide  (C,H3),,S4.  S.G. 
Mll-297.  Formed  by  the  action  of  H.^S  on  a 
cone,  alcoholic  solution  of  benzene  sulphinic 
acid  (Otto,  J.  2»--  [2]  37,  208).  Formed  also  by 
the  action  of  S.^Cl2  on  phenyl  mercaptan.  Thick 
yellow  oil,  m.  sol.  alcohol,  v.  sol.  ether. 

Di-phenyl  hexasulphide  (C5H5).^Ss.  An 
amorphous  solid  formed  by  heating  benzene 
(20  g.)  with  S.,CL  (10  g.)  and  iodine  (1  g.)  for 
100  hours  at  120°  (Onufrovitch,  B.  23,  3368). 

licferences. — Amido-,  Amido-imido-,  Bnoiio-, 
Chloro-,    Chloro-niteo-,  I0D0-,  N1TR0-,  and 

OXY-DI-PHENYL  SULPHIDES.  V.  alsO  Dl-PHENYL- 
DI-PHENYL  SULPHIDE. 

DI-PHENYL  SULPHIDE  o-CARBOXYLIC 
ACID  C,H5.S.C,Hj.C0,H.  Formed  by  the  action 
of  alkalis  on  the  product  of  the  action  of  NaSPh 
on  diazotised  o-amido-benzoic  acid  (Ziegler,  B. 
23,  2471).    Plates  (from  benzene),  insol.  water. 

PHENYL  SULPHINIC  ACID  is  Benzene 

SULPHINIC  ACID. 

Diphenyl  sulphinic  acid  C,.HjPh.S02H.  Got 
by  reducing  CijHg.SO.^Cl  in  ether  with  sodium- 
amalgam  (Gabriel  a.  Deutsch,  B.  13,  388).  Crys- 
talline powder,  decomposing  at  about  70°. 

PHENYL  SULPHITE  (Schall,  B.  25,  1490, 
1875).  The  salt  NaSO,.OPh  is  formed  from 
NaOPh  and  SOj,  and  exhibits  the  following  re- 
actions : — 1.  Alkyl  iodides  convert  it  into  phenyl 
ethers  of  the  sulphonic  acids  E.SO.,.OH. — 
2.  Benzyl  ether  forms  phenyl  benzyl  oxide,  SO.^, 
and  NaCl  at  180°  (yield  16  p.c.).— 3.  COCl.,  forms 
CO(OPh),„  S0„,  and  NaCl  at  180°.— 4.  Iodoform 
(1  mol.)  heated  with  NaS0.,.0Ph  (3  mols.)  at 
180°  forms  Mel,  CHj.SO^.OPh,  and  '  rubbadin.' 

Rubbadin  C^H^^S^Og, mol.  w.  830  (by  Kaoult's 
method,  calc.  806).  Kub.  crystallises  from  dilute 
alcohol  in  minute  brownish-red  plates,  S.  (alco- 
hol) 43  at  20°,  and  forms  a  claret-coloured 
solution  in  alkalis.  Its  solution  in  NHjAq  dyes 
silk  and  wool  pale-claret  colour,  and  cotton 
yellowish-violet. 

Reactions. —  1.  Eeduced  by  zinc-dust  and 
NaOHAq  to  Cj^H.„S30,.— 2.  Cone.  HNO„  free 
from  nitrous  fumes,  at  0°  forms  Cj.,H25(NOj„S30s, 
a  red  crystalline  powder,  m.  sol.  hot  alcohol, 
which  may  be  reduced  toCj4H2,,(NO,)j(NH._,),,S308, 
a  glittering  black  crystalline  powder  (from  ether- 
phenol)  which  yields  a  black  crystalline  di-acetyl 
derivative. —  3.  HClAq  at  200°  forms  phenol 
(2  mols.),  H,S  (2  mols.),  and  Cj.JI.nSaOs,  a 
reddish-brown  crystalline  powder  whicla  yields 
the  derivatives  C.jjHigAc.^S.jOg,  CjoHisMe.^SjOg, 
and  CoH^Br^Ac^&.Og.- 4.  Fusion  with  NaOH 
forms  SO(C,Hj.OH),  [96°]  and  salicylic  acid. 

Di-acetyl  derivative  CjjHjoAc.S^O,. 
Dark-brown  powder,  decomposed  by  heat  with- 
out previous  fusion.  Split  up  by  long  boil- 
ing with  alcohol  into  C28H26S2OS,  sol.  alcohol 
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and  C,4H,„S..0j,  insol.  alcohol.  Br  in  chloro- 
form converts  the  di-acetyl  derivative  into 
Cj,H.,,Br,Ac.,S,Os. 

Di-methyl-rubbadin  C|,H.,„Me,SjOs.  Got 
from  rubbatlin,  KOHAq,  and  Mel.  Dark  reddish- 
brown  powder. 

PHENYL  STTLPHOCYANIDE  C,H-,.SCN. 
(231° cor.).  S.G.iZm-155.  Formed  from  Pb(SPli)., 
and  CyCl.  Prepared  by  adding  cuprous  sulpho- 
cyanide  to  a  solution  of  diazobenzene  sulphate 
and  potassium  sulphocyanide  (Billeter,  B.  7, 
1753  ;  Gattermann  a.  Haussknecht,  B.  23,  738). 
Liquid.  Yields  phenyl  mercaptan  when  heated 
with  alcoholic  potash. 

Polymeride  (Ph.SCy)^.  [97°].  Got  from 
PhSNa  and  cyanuric  chloride  (Klason,  J.  2^r.  [2] 
33,  120).    Prisms  (from  HOAc). 

Reference. — Niteo-phenyl  sulphociaxide. 

PHENYL  SULPHOCYANO-ETHYL  KETONE 
C,„H„NSO  i.e.  CsHj.CO.CH^.SCy.  Got  from 
C,;H,.CO.C„H,Br  and  KSCy 'in  alcohol  (Pampel  a. 
Schmidt,  B.  I'.l,  2897).  Licjuid. 

DI-PHENYL  SULPHONE  (C,  H,).,SO... 
Sulphobenzide.    Mol.  w.  218.   [128°].  (376°)  at 
722  mm. 

Formation.  — ■  1.  From  benzene  and  SO^ 
(Mitscherlich,  P.  31,  628;  Freund,  4.  120,  76; 
Otto,  A.  136,  160),  fuming  H,SO,  (Berthelot,  B. 
9,  349),  or  HSO3CI  (Knapp,  Z.  [2]  5,  41).— 2.  By 
oxidation  of  Ph.,S  (Stenhouse,  "4.  140,  290;  Ke- 
kul6  a.  Szuch,  'Bl.  [2]  8,  204).— 3.  By  distilling 
benzene  suljihonic  acid  (F.).— 4.  From  benzene, 
C,.H-S0,C1,  and  AlCl, ;  the  yield  being  SO  p.c.  of 
the  theoretical  amount  (Beekurts  a.  Otto,  B.  11, 
2066). — 5.  By  heating  benzene  (200  c.e.)  with 
cone.  H.,SO,,  (300  c.c),  the  yield  being  6  p.c.  of 
the  benzene  employed  (Istrati,BZ.  [3]  1,  492). — 
6.  By  heating  C„H,.S0,C1  with  HgPh,  (Otto,  B. 
18,  248). — 7.  By  oxidation  of  di-phenyl  sulph- 
oxide  with  KMnO^and  HOAc  (Colby  a.  McLough- 
lin,  Am.  9,  67). 

Properties.— "^lonocYimo  prisms  (from  benz- 
ene) or  plates  (from  alcohol),  v.  sol.  ether.  PCI5 
at  160°  forms  CgH^SO^Cl  and  chloro-benzene. 
Converted  by  potash-fusion  intophenol,  diphenyl, 
Ph,S,  PhSH,  and  other  bodies  (Otto,  B.  19, 
2425).  Hot  fuming  H.SOj  forms  benzene  sul- 
phonic  acid. 

References.  —  AiiiDf)-,  Bromo-,  Chloeo-, 
N1TE0-,  OxY-AMiDo-,  and  Oxy-  di-phenyl  sdl- 

PHOXES. 

PHENYL  SULPHONE  ACETIC    ACID  v. 

PhENYL-SULPHONO- ACETIC  ACID. 

DI-PHENYL  SULPHONE  o-CARBOXYLIC 
ACID  C,3H,„S0,  i.e.  C,H.,.SO.,.C„H,.CO..H.  [152°]. 
Formed  by  oxidising  PhS.C„H,.CO„H  with  HNO, 
(Graebe  a.  Schultess,  A.  263,  7).  Needles  (con- 
taining aq).    Melts  at  99°  when  hydrated. 

Di-phenyl  sulphonep-carboxylicacid.  [above 
300°].  Got  by  oxidation  of  phenyl  tolyl  sulphone 
with  KMnO^  (Michael  a.  Adair,  B.  11,  119). 
Prisms  (from  alcohol),  si.  sol.  hot  water.  — AgA'. 

Di-phenyl  sulphone  di-earboxylic  acid 
SO,(C,,H^.CO,H),.    [above  300°].    Got  by  oxi- 
dising di-_p-tolyl  sulphone  (M.  a.  A.).  Small 
prisms,  sol.  nitrobenzene. 

DI-PHENYL  SULPHONE  9)i-SULPH0NIC 
ACID  C,3H,.S0,.C,H,.S0,H.  Got  by  heating  di- 
phenyl  sulphone  (1  mol.)  with  H0.Sb.,Cl  (1  mol.) 
at  150°  (Otto,  B.  11,  2075  ;  19,  2417).  Fibrous 
'Crystalline    mass,  v.  sol.   water.  —  KA'  aq. — 


NaA'Saq.— CaA'.7aq.— BaA'..4iaq.— PbA',3J,aq. 
—  CuA'2  7iaq. 

Chloride.    [99°].    White  needles. 

Amide  Ph.SO,.C,H,.SO,NH,.  [154°]. 

Anilide.    [131°].    Hard  nodules. 

Ether  s.—'Etk.'.    [89°].-PhA'.  [106°]. 

Di-phenyl  sulphone  di-sulphonic  acid 
S0,(C,H,.S03H),.  Formed  from  di-phenyl 
sulphone  (1  mol.)  and  HO.SO.^Cl  (2  mols.)  at 
155°  (Otto,  B.  19,  3124).  Deliquescent  mass. — 
K..A"  aq. — Na.A"3aq. — CaA"  6iaq.  —  BaA"  5aq. 
— PbA"3aq.-CuA"  3iaq. 

Chloride  C,,H,s;,0„Cl,,.    [176°].  Plates. 

Amide.    [242°].    Nearly  insol.  ether. 

Anilide.    ''•212°].    Lustrous  plates. 

Ethers  Et.A".    [82°].-^Ph.A".  [193°]. 

DIPHENYL"  SULPHONIC  ACID  C,..H,„S03 
i.e.  C,H^Ph.S0,H.  Formed,  together  with'  the  di- 
sulphonic  acid,  by  heating  diphenyl  with  H.SO,, 
(Engelhardt  a.  Latschinoff,  B.  4,  561 ;  6,  193). 
— KA'aq.  Crystals  (from  40  p.c.  alcohol). — 
BaA'„. — CuA'.,  6aq. 

Ethyl  ether  Titk'.    [74°].  Needles. 

Chloride  C,.,H„.S0..C1.  [115°]. 

A  mide  C,,H3.S0.,NH,.  [227°-230°].  Slender 
needles  (Gabriel  a.  Deutsch,  B.  13,  3.S6). 

Diphenyl  di-o-sulphonic  acid  C|.,H|„S„0^  i.e. 
S0.,H.C,Hj.C„H,.S0.,H.  Formed  by 'elimi'nation 
of  NH,  from  benzidine  disulplionic  acid  (Lim- 
pricht,  A.  261,  327).  Viscid  mass.  Yields  di- 
oxy-diphenyl  [99°]  by  potash-fusion.  BaA"63aq. 
— PbA"  5aq  :  needles,  v.  e.  sol.  water. 

Chloride  C|..H8(S0.,C1).,.    [138°].  Prisms. 

Amide  C,.,H,(S0.,NH„),2aq.  Prisms. 

Anilide  C,„H„(S"0,NHPh),.  [157°]. 

Diphenyl  di-^i-sulphonic  acid  C|.,H„(SO;|H).^. 
[72-5°].  Formed  by  sulphonating  diphenyl 
(Fittig,  A.  132,  209  ;  Engehardt,  Z.  1871,  260). 
Deliquescent  prisms.  —  K  A"  2saq.  —  CaA".  — 
BaA". 

Chloride.    [203°]  (G.  a.  D.).  Prisms. 
Amide,    [above  300°].  Needles. 
References. — Nitko-,  Oxy-amido-,  and  Oxy- 

DIPHENYL  SULPHONIC  ACID. 

1       PHENYL-SULPHONO-ACETIC  ACID 

C^H^SO^  i.e.  C,H,.S0„.CH,,.C0,H.  [112°]. 

Forinatioti. — 1.  From  sodium  benzene  sul- 
phinate  and  chloro-acetic  acid  (Gabriel,  B.  14  , 
834). — 2.  By  saponifying  its  ether,  which  is  got 
by  boiling  sodium  benzene  sulphinate  with 
I  chloro-aceto-acetic  ether  (Otto  a.  Bussing,  B.  23, 
755). — 3.  By  oxidising  phenyl-thio-glycollic  acid 
(Claesson;  Blomstrand,  B.  4,  712;  8,  120; 
Otto,  B.  19,  3138). — 4.  By  warming  phenyl  oxy- 
ethyl  sulphone  (1  vol.)  with  H,SO,  (1  vol.), 
diluted  with  water  (2  vols.),  and  extracting  with 
ether  (Otto,  J.pc.  [2]  30,  340). 

Properties. — Mouoclinic  crystals,  m.  sol. 
water,  but  separated  by  addition  of  NaCl.  Sol. 
alcohol  and  ether. 

Reactions. — 1.  Pieduced  by  sodium  amalgam 
to  benzene  sulphinic  and  acetic  acids. — 2.  Gives 
off  CO2  above  160°,  forming  phenyl  methyl  sul- 
phone.— 3.  Chlorine,  passed  into  its  warm  aque- 
ous solution,  forms  CHCl^.SOo.CsH-,  [59°].— 
4.  PCI5  gives  the  chloride  [58°],  and  at  110° 
forms  C,H3.S0.,.CC1.,.C0C1,  which  on  treatment 
with  water  gives  C'^H3.S0.,.CHCL  (Otto,  /.  pr. 
[2]  40,  540). 

Salt  s.— BaA'.,  2aq.— Cu A'„  2aq.— CaA',  2iaq. 
— PbA'.,  2aq.— AgA'.    Sparingly  soluble  needles. 
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Methyl  ether  MeA'.  Oil  (Otto,  ])r.  [2] 
36,  436). 

Ethyl  ether  EtA'.  [42°]  (0.).  Keadily 
saponified  by  NaOHAq,  while  KOHAq  gives 
phenyl  methyl  sulphone.  Bromine  at  90°,  fol- 
lowed by  NaOHAq,  forms  C„H5.S0,.CHBr,  [76°]. 
Alcoholic  potash  forms  Ph.SO2.Me  (Michael  a. 
Milner,  Am.  7,  65).  NaOEt  forms  the  compound 
C„H,.SO.,.CHNa.CO.,Et,  which  yields  Ph„S.„  Ph,S, 
PhSEt,  and  Ph.SO'.,Me  on  distillation  (Otto  a. 
Eiissing,  B.  22,  1453' ;  23,  1647). 

Chloride  Ph.SO.,.CH„.COCl.  [58°]. 

Amide  Ph.SO.,.CH.,.CO'NH.,.  [153°].  Needles 
(from  water).  Yields  Hg(C8H8NS03)2  [215°]  on 
boiling  with  HgO. 

PHENYL-SULPHONO-ACETONE  v.  Phenyl 

METHYLENE  METHYL  SDLPHONE-KETONE. 

Di-phenyl-di-sulphono-acetone  v.  Di-phenyl 

DI-METHYLENE  DISDLPHONE-KETONE. 

PHENYL-SULPHONO-ANGELIC  ETHER 

C,3H„,S0,  i.e.  C,  H-,.SO.,.CH(C,H,)CO.,Et.  [64-5°]. 
•Got  from  PhSO.,.CHNa.CO,Et  and  allyl  iodide 
(Michael,  Am.  7,  67).    Prisms  (from  alcohol). 

PHENYL-SULPHONO-w-BUTYRIC  ACID 
C,H5.S05,.CHEt.CO.,H.  [124°].  Formed  from 
benzene  sulphinic  acid,  a-bromo-butyric  acid, 
and  Na,,C03Aq  (Otto,  B.  21,  996).  Needles,  m. 
sol.  water.  Yields  phenyl  propyl  sulphone  on 
heating. 

Di-phenyl-di-sulphono-butyric  ether 
(C,H,.SO.,)„CMe.CH„.CO.,Et.  [97°].  Got  by  oxi- 
dation of"  (PhS),CMe.CH,.CO.,Et  (Autenrieth,  A. 
259,  367).  Small  crystals,  insol.  water.  Con- 
verted by  KOHAq  into  benzene  sulphinic  acid 
and  j8-phenyl-isocrotonic  acid. 

PHENYL-SULPHONO-CROTONIC  ACID 
C„Hj.SO..CMe:CH.CO.,H.  [158°].  S.  i5  -38; 
^22  25.  Formed  by  heating  the  Na  salt  of 
/3-chloro-crotonic  acid  [94-5°]  with  sodium  benz- 
ene sulphinate  in  aqueous  solution  at  170° 
(Autenrieth,  A.  259,  343).  Plates  (from  water), 
m.  sol.  ether.  At  210°  it  slowly  changes  to  the 
following  isomeride  [127°].— KA'  IJaq. — BaA',aq. 
—  MgA'.,  7aq.  —  ZnA'„  6aq.  —  CuA',  aq.  —  AgA'. 
[200°].  'Matted  needles  (from  water). 

Phenyl-sulphono-isocrotonic  acid 
CsH5.S02.CMe:CH.CO,JI.  [127°].  S. -26  at  15°; 
5  at  100°.  Formed  by  heating  ^-chloro-isocro- 
tonic  acid  with  sodium  benzene  sulphinate  in 
aqueous  solution  at  145°.  Got  also  by  saponify- 
ing di-phenyl-di-sulphono-isobutyric  ether  (Au- 
tenrieth, ^.  259,  335).  Feathery  needles.  Yields 
benzene  sulphinic  acid  [81°]  on  boiling  with 
potash.—  KA'  3aq. — BaA'„  2iaq.—  MgA'2  6aq.— 
ZnA'.,  6aq.  [120°]  (hydrated)"— AgA'.    [c.  243°]. 

Ethyl  ether  EtA'.  Oil. 

DI  -  PHENYL  -  DI  -  SULPHONO  -  DI  -  ETHYL 
OXIDE  C,„H,gS.,0,  i.e.  0(C„H^.SO.,Ph),„  [70°]. 
Formed  from  C6H5.S0,,.C.,H'.,C1  and  dry  Ag.,0 
(Otto,  J.  pr.  [2]  30,  202).  'Needles,  sol.  benzene. 
A  polymeride  [88°]  is  got  by  heating  the  com- 
pound (C,.H5.S02)2C,H.,  with  KOHAq. 

DI  -  PHENYL  -  DI  -  SULPHONO  -  DI  -  ETHYL 
SULPHIDE  S(C.,H,.S02Ph).,.  [124°].  Got  from 
C„H5.S0.,.C.,H,C1  and  alcoholic  KSH  (Otto,  J.  py. 
[2]  30,  348).    Needles  (from  dilute  alcohol). 

DI  -  PHENYL  -  DI  -  SULPHONO  -  HEXOIC 
ETHER  (C„H,.SO,)XMe.CHEt.CO.,Et.  [111°]. 
Got  by  oxidising  (P"hS)2CMe.CHEt'.C02Et  (Au- 
tenrieth, A.  259,  372).    Crystals,  v.  Bol." alcohol. 


DI  -  PHENYL  -  DI  -  SULPHONO  -  DI-PHENYL 
OXIDE  (C,H,.S0.,.C5H,),0.  [70°].  (above  200°)- 
Got  by  heating  CsHjs'0,Ph)2  with  alcoholic 
potash  at  165°  (Otto  a.  Eossing,  B.  20,  187). 
Needles,  v.  e.  sol.  alcohol,  insol.  water. 

PHENYL-o-SULPHONO  PROPIONIC  ACID 
C,,H3.S02.CHMe.C02H.  [116°].  Formed  by 
heating  a-bromo-propionic  ether  with  sodium 
benzene  sulphinate  and  ether.  Minute  needles.. 
— NaA'.— BaA'2  2aq.— EtA'.    [c.  17°]. 

Plienyl-0-sulphono-propionic  acid 
CjH5.SO.,.CH2.CH,,.CO,H.     [124°].     Got  from 
iS-bromo-propionic  acid,  benzene  sulphinic  acid, 
and  NajCO^Aq  (Otto,  B.  21,  89).    Plates,  si.  sol. 
cold  water. 

DI-PHENYL  SULPHOXIDE  (C,.H5).,S0. 
[71°].  Formed  by  the  action  of  SO,  or  SOCI, 
on  benzene  in  presence  of  AlCl,  (Colby  a. 
McLoughlin,  Am.  9,  67  ;  B.  20,  195).  Triclinic 
crystals,  v.  sol.  alcohol.  Oxidised  by  KMnO^  to 
Ph„SO„.  Eeduced  by  sodium  to  Ph,S.  NaNO, 
and  H.,SOj  give  SO(C,H,.NO.,),  [116°]  and 
S0,.(C„H,.N02),  [163°]. 

Di-phenyl-di-sulphoxide  v.  Phenyl  ether  of 
Benzene  THiosnLPHONic  acid. 

PHENYL-SULPHURIC  ACID  '  v.  Phenyl 
SULPHATE  and  Phenol,  Reaction  19. 

PHENYL  SULPHUROUS  ACID  v.  Benzene 
sdlphonic  acid. 

PHENYL  SULPHYDRATE  v.  Phenyl  mek- 

CAPTAN. 

PHENYL-SULPHYDRO-ACETIC    ACID  v. 

PhENYL-THIOGLYCOLLIC  ACID. 

PHENYL  -  SULPHYDRO  -  ACETOPHENONE 

C„H,.CO.CH,.SPh.  [53°].  Formed  from  o-bromo- 
acetophenone  and  NaSPh  (Delisle,  B.  22,  306). 
Crystals,  v.  sol.  ether  and  acetone. 

DI  -  PHENYL  -  DI  -  SaLPHYDRO  -  BUTYRIC 
ETHER  CigHj^SjOo  i.e.  (PhS),,CMe.CH2.C02Et. 
[58°].  Got  by  passing  HCl  into  a  mixture  of 
acetoacetic  ether  and  phenyl  mercaptan  (Escales 
a.  Baumann,  B.  19,  1790).  Pearly  plates  (from 
alcohol),  V.  sol.  ether. 

PHENYL-SULPHYDRO-CROTONIC  ACID 
CH3.CH:C(SPh).C0.,H.  [86°].  Formed  by  the- 
action  of  Na  and  phenyl  mercaptan  on  the  Na 
salt  of  ci-chloro-crotonic  acid  [97°]  (Autenrieth, 
A.  254,  246).  Needles  or  plates.  Its  K  salt  is 
hygroscopic,  S.  (alcohol)  20-8. 

Isomeride  CHMe:C(SPh).CO.,H.  [80°].  Got 
in  like  manner  from  the  stereo-isomeric  liquid 
chloro-crotonic  acid.  White  plates.  Its  K  salt, 
is  hygroscopic,  S.  (alcohol)  10-4. 

Phenyl-yS-sulphydro-crotonic  acid 
CH.,.C(SPh):CH.CO.,H  or  CH„:C(SPh).CH2.C0.,H. 
[177°].  S.  (alcohol)  2  in  the  cold.  Formed,  to- 
gether with  small  quantities  of  an  isomeride 
[145°],  by  warming  di-phenyl-di-sulphydro- 
butyric  ether  with  alcoholic  soda  (Escales  a. 
Baumann,  B.  19,  1791).  Plates  (from  alcohol), 
insol.  water. — BaA'.,2aq. — AgA':  amorphous  pp. 

Isomeride  CH3.C(SPh):CH.C0.,H.  [158°]. 
Formed  from  phenyl  mercaptan  and  the  Na  salt 
of  chloro-crotonic  acid  [95°]  (Autenrieth,  A.  254, 
230).  Both  acids  form  a  cherry -red  solution  in 
H.,SO,. 

'  DI-PHENYL  SULPHYDRO-ETHYLIDENE 
DISULPHONE.    Phenyl  derivative 
(C„H5.SO.,)2CMe.SPh.    [194°].    Got  by  heating 
(C6H5.S0.,)2CH.SPh    with   alcoholic  soda  and 
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Mel  at  100°  (Laves,  L.  23,  1-110).  Ci-ystals  (from 
chloroform). 

DI  -  PHENYL  -  DI  -  SULPHYDRO  -  HEXOIC 
ETHER  CH3.C(SPh)j.CHEt.C0.,Et.  [71°].  Got 
from  ethyl-acetoacetic  ether,  phenyl  mercaptan, 
and  HCl  (Autenrieth,  A.  2.59,  371).  Shining 
crystals,  v.  sol.  ether  and  alcohol. 

DI-PHENYL  SULPHYBRO-METHENYL  DI- 
SULPHONE.  Phenyl  derivative 
(C„H-,.SO.,).,CH.SPh.  [175'"].  Got  by  the  action 
of  KMnO^  and  dilute  H,,SO.,  on  CH(SPh),  dis- 
solved in  benzene  (Laves,  B.  23,  1414).  Silky 
needles,  m.  sol.  chloroform,  nearly  insol.  water 
and  alcohol,  sol.  alcoholic  NaOH.  May  be  oxi- 
dised to  CH(SG.Ph).,  [21.5°]. 

DI  -  PHENYL  -  DI  -  SULPHYDRO -PHENYL- 
ACETIC  ACID  G,H5.C(SPh),.C0,,H.  [143  ]. 
Formed  from  phenyl-glyoxylic  acid,  phenyl- 
mercaptan,  and  HCl  (Escales  a.  Baumann,  B. 
19,  1789).  hisol.  water,  v.  sol.  ether.  Crystal- 
lises from  benzene  with  iCpH,;. — KA'  l^aq. 

PHENYL  -  SULPHYDRO  -  PHENYL  -  THIO- 

BIAZYL-HYDRAZINE  ^^'^g^C.NH.NHPh. 

[142°].  Got  by  reducing  the  corresponding  azo- 
compound  with  alcoholic  ammonium  sulphide 
(Freund  a.  Kuh,  B.  23,  2830).  Plates,  si.  sol. 
alcohol. 

DI-PHENYL  -  DI  -  SULPHYDRO  -PROPIONIC 
ACID  CH3.C(SPh),.C0,H.  im°].  Got  from 
pyruvic  acid,  phenyl  mercaptan,  and  HCl 
(Escales  a.  Baumann,  B.  19,  1787).  Needles 
(from  ligroin). — NaA'. — BaA'./2a(i :  v.  sol.  liotAq. 

Amide.    [93°].    Needles  (from  alcohol). 

DI-PHENYL  SULPHYDRO-PROPYLENE 
DISULPHONE.  Phenyl  derivative 
CsH-,.SO,.CH„.CMe(SPh).SO.,.C,H,.  [149°1. 
Formed  by  oxidising  C,H,.SO,.CH..CMe(SPh)., 
with  KMnO.,  in  the  cold  (Otto  a.  Riissing,  B.  24^ 
234).    Crystalline  granules,  si.  sol.  cold  alcohol. 

DI  -  PHENYL  -  DI  -  SULPHYDRO  -  VALERIC 
ACID  CH3.C(SPh),.CH.,.CH,.C0,,H.  [09°].  Got 
from  phenyl  mercaptan,  j8-acetyl-propionic  acid 
and  HCl  (Escales  a.  Baumann,  B.  19,  1795). 
Prisms  (from  chloroform-ether). — BaA'^. 

PHENYL-TETRIC     ACID     C,,B.,,0^  i.e. 

CH„Ph.CH.CO  \n    17       .1  u   u  u 

CO  CH  y      Formed  by  heatmg  bromo- 

benzylacetoacetic  ether  (Moscheles,  B.  21,2009). 
Not  affected  by  HClAq  at  170°.  Yields  a  ben- 
zoyl derivative  CjiHgBzOj  [110°]  crystallising  in 
needles. 

PHENYL-THIAZOLE  C,H,NS  i.e. 
^^CPh:CH- 

diazo-  reaction  from  the  amido-phenyl-thiazole 
that  is  produced  by  the  action  of  thio-urea  on 
bromo-acetophenone  (Popp,  A.  250,  279 ;  c/. 
Arapides,  A.  249,  25).  SI.  sol.  cold  water. — 
xB'HCl.  [80°].  Needles.— B'„H,PtCl,  2aq.  [196°]. 
—  "B'HHgCl,.  [153°].— Picrate.  [165°].— 
'B'HAuCl,,.    [175°].    Needles  (from  alcohol). 

^t-Phenyl-thiazole  (269°). 

Formed  by  heating  thio-benzamide  with  di- 
chloro-di-ethyl  oxide  at  100°.  Oil.— B'HCl  2a(i. 
[62°].— B'„H,PtCle2aq.  [175°]  (when  anhydrous). 
—Picrate.    [12.5°].    Yellow  needles. 

Dihydride  Phemjl-thiazol- 

ine.     (276).     Got  by  heating  thio-benzamide 


with  ethylene  bromide  (Gabriel  a.  Heymann,  B. 
23,  158;  24,  784).  Formed  also  by  the  action 
of  PCI5  on  S..(C.,Hj.NHBz)„  (Gabriel  a.  Coblentz,. 
B.  24,  1124).  Oil.  Yields  a  crystalline  di- 
bromide.  —  B'.-,8HC1.  —  B'C.H.N^O,.  [172°]. 
Yellow  needles.— B',,H,PtCl„. 

^-Phenyl-thiazole.    Te  tra-hydride 

NPh<[^^g-'^jj  .      Got  by   reducing  ethylene 

phenyl-di-thio-carbamate  [128°]  with  tin  and 
HCl  (Forster,  B.  21, 1871).  Oil.-B'„H,PtCl,. 

Di-phenyl-thiazole     N^^pjjl^jj.  [93°]. 

(above  360°).  Got  from  thiobenzamide  and 
bromo-acetophenone  in  alcohol  (Hubacher,  A. 
259,  237).    Plates,  v.  sol.  alcohol  and  ether. 

Tri-phenyl-thiazole     N.^^p|^:^p]^.  [87°]. 

Got  from  thiobenzamide  and  bromo-deoxy- 
benzoin  (Hubacher,  A.  259,  245).  Prisms  (from 
ether),  m.  sol.  alcohol,  nearly  insol.  HClAq. 

Reference. — Oxy-phenyl-thiazole. 

PHENYL-DITHIENYL  CjH.,S.C,H,,PhS. 
[209°].  A  product  of  the  action  of  S  on  toluene 
at  a  red  heat  (llenard,  G.  R.  Ill,  48).  Plates,  v. 
si.  sol.  alcohol  and  ether.  Gives  a  blue  colour 
with  isatin  and  PLSO,,  and  a  green  colour  with 
phenanthraquinone  and  H.,SO^.  Gives  rise  to 
CnH,Br,S,  [320' J  and  C, ,HJ(N0„),S„  [273°]. 

PHENYL  THIENYL  KETONE  Thienyl 

PHENYL  KETONE. 

(a)-PHENYL-(/3)-THI0-ALL0PHANIC  ACID. 

Ethijl  ether.    C,„H,.>N,SO.,  i.e. 
NH„.CS.NPh.CO„Et.    "[127°].     Formed  from 
NHAc.CS.NHPh  and  ClCG.Et  (Seidel,  J.  pr.  [2] 
32,  275).    Monoclinic  tablets,  converted  by  alco- 
holic NH.)  at  100°  into  phenyl-thio-urea. 

(i8)-Phenyl-thio-allophanic  acid.  Etht/l 
c«7jfir  NHPh.CS.NH.CO.,Et.  Got  from  phenyl- 
thio-urea  and  ClCO.,Et  "(Seidel,  J.pr.  [2]  32, 
270).  Oil.  AcCl  at  (;0°  forms  NHAc.CS.NHPh 
[170'=]. 

Phenyl  di-thio-alloplianic  acid.  Isoami/l 
ether  NHPh.CS.NH.CO.SC.H,,.  [102°]. 
Formed  from  phenyl-thio-urea  and  Cl.CO.SC^H,, 
(Schone,  J.  pr.  [2]  32,  250).  Needles.  Very 
unstable.    Forms  an  acetyl  derivative  [240°]. 

Di-phenyl-thio-allophanic  acid.  Etliyl 
ether  NHPh.CS.NPh.CO,Et.  [95°].  Formed 
from  di-phenyl-thio-urea  and  ClCO„Et  (Seidel, 
J.  pr.  [2]  32,  262).  Prisms  (from  alcohol). 
Alcoholic  AgNO,  ppts.  C„H,,N,,SO,AgNO,. 

Reactions. — 1.  Caustic  potash  regenerates 
CS(NHPh)...— 2.  Aqueous  ammonia  at  100° 
forms  NHPh.CS.NH,  and  NHPh.CO„Et.  —  3. 
Alcoholic  aniline  at  i00°  forms  CS(NHPh)„  and 
NHPh.CCEt.— 4.  HgO  in  presence  of  alco'holic 
ammonia  "  forms  (NHPh.CO.NPh.CO,F:t),,HgO 
[129°],  a  crystalline  body  that  is  reconverted  by 
HoS  into  di-phenyl-thio-allophanio  ether. — 5. 
By  heating  in  a  current  of  HCl  it  is  converted 
into  CS(NHPh)._.,  aniline,  and  phenyl-thiocarb- 
imide. 

Di-phenyl-di-thio-allophanic  acid.  Iso- 
aviyl  ether  NPhH.CS.NPh.CO.Sa.H,,.  [87°]. 
Got  from  di-phenyl-thiurea  and  C1.C0.SC,H|, 
(Schone,  J.pr.  [2]  32,  258).  Needles  (from  alco- 
hol). It  is  insoluble  in  cold  water,  but  decom- 
posed by  hot  water.  Its  alcoholic  solution  is 
ppd.  by  AgNOj,  HgCI,  or  PtCl,.    HgO  and  NH3 
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convert  it  (in  alcoholic  solution)  into  di-phenyl- 
guanidine,  [147^. 

TRI-PHENYL-THIO-AMMELINE 

€,,H„N,Si.e.  C(SH)<j;p-_^{^PJj>NH.  [238°]. 

Formed  from  phenyl-cyanamide  and  phenyl- 
thiocarbimide,  and  got  also  by  heating  tri-phenyl- 
biguanide  with  CS.^  at  100°,  and  by  heating  di- 
phenyl-guanidine  with  phenyl-thiocarbimide, 
alcohol,  and  mercury  sulphocyanide  (Eatlike,  B. 
20,  1065 ;  23,  1673).  Plates  (from  chloroform). 
Converted  by  alcoholic  potash  into  tri-phenyl- 
ammeline.  Alcohol  and  EtBr  at  100°  form 
CiHijEtNjSHBr,  crystallising  from  alcohol  in 
plates.— B'HCl.—AgC,HPhiN,S  :  yellow  pp. 

DI-PHENYL-THIO-BENZAMIDE 
Ph.CS.NPh..  Formed  by  heating  di-phenyl- 
benzamidine  with  H^S  or  CS.,  at  130'^  (Bernthsen, 
A.  192,  38).  Yellow  triclinic  crystals  (from 
benzene);  o:&:c  = -927:1: -766,  a  =  93°  29',  ;3  = 
100°  55',  7  =  84°  14'.  Insol.  cold  water,  si.  sol. 
€old  alcohol. 

PHENYL-DI-THIO-BIURET  CH^N^S,  i.e. 
NHPh.CS.NH.CS.NH,.  [174°].  Formed  by 
heating  aniline  with  perthiocyanic  acid  (Glutz, 

A.  154,  44).  Got  also  by  boiling  carbimido- 
phenyl-thio-urea  with  ammonium  sulphide 
{Wunderlich,  B.  19,  452).  Prepared  by  adding 
phenyl-thiocarbimide  (36  g.)  to  an  alcoholic  solu- 
tion of  cyanamide  (11  g.)  and  Na  (6  g.),  and  de- 
composing the  pp.  by  dissolving  in  a  solution  of 
NHjCl  (14-5  g.)  containing  NH,,Aq  (50  c.c), 
passing  in  H._,S,  and  heating  to  boiling  (Hecht, 

B.  25,  756).  Pearly  plates,  si.  sol.  hot  water. — 
B'HCl.-B'HNOj. 

Ethyl  derivative  C,H,EtN,S,.  [109°]. 
Got  by  adding  alcohol,  NHjAq,  and  EtI  to  the 
base  (Tursini,  B.  17,  584).   Trimetric  tables. 

PHENYL-THIO-CARBAMIC  ACID 
NHPh.CO.SH.  lie  thy  I  ether  NHPh.GO.SMe. 
[84°].  Formed  by  heating  di-phenyl-methyl-i|/- 
thio-'urea  NHPh.C(NPh).SMe  with  dilute  H.SO^ 
(Will,  B.  15,  339).  Plates,  sol.  alcohol,  ether, 
and  benzene.  Decomposed  by  KOH  into  aniline, 
MeSH,  and  CO.,.  Boiling  alcoholic  NH,  forms 
MeSH  and  phenyl-urea.  Aniline  gives  methyl 
mercaptan  and  C0(NHPh)2. 

Ethyl  ether  NHPh.CO.SEt.  [73°]. 
Needles.  Got  by  heating  NHPh.C(NPh).SEt 
with  dilute  H.,SOj  and  by  the  action  of  aniline  on 
Cl.CO.SEt  (Will). 

Isoamyl  ether  NHPh.CO.SC.H,,.  [67°]. 
Got  from  aniline  and  Cl.CO.SC^H,,  (Schone, 
J.  pr.  [2]  32,  249).    Needles  (from  ether). 

Ethylene  ether  CO^g^^^-.  [79°]. 

Got  by  heating  di-phenyl-ethylene-i|/-thio-urea 
with  dilute  HClAq  at  200^^  (W.).  Formed  also 
by  the  action  of  chloro-acetio  acid  on  the  ethyl- 
ene ether  of  phenyl-di-thio-carbamic  acid  (Evers, 
B.  21,  976).  Needles,  sol.  alcohol  and  ether, 
insol.  acids  and  alkalis. 

Phenyl  ether  NHPh.CO.SPh.  [125°]. 
Formed  by  heating  phenyl  mercaptan  with 
phenyl  cyanate  (Snape,  C.  J.  47,  778 ;  B.  18, 
■2432).    Needles,  v.  sol.  alcohol  andether. 

Phenyl-^f'-tMo-carbamic  acid  NHPh.CS.OH. 

Ethyl  ether  C„H„NSO  i.e.  NHPh.CS.OEt 
or  NPh:C(SH).OEt.  [72°].  Formed  by  heating 
phenyl-thiocarbimide  with  alcohol  (Hofmann, 
B.  2,  120;  3,  772;  Bamberger,  B.  15,  2164). 


Formed  also  by  the  action  of  alcoholic  potash 
on  phenyl-thiocarbimide  (R.  Schiii,  B.  9,  1316). 
Triclinic  prisms,  sol.  alkalis  and  reppd.  by  CO.,. 
Eesolved  by  distillation  into  alcohol  and  phenyl- 
thiocarbimide.  Oxidised  by  alkaline  KjFeCyg  to 
C,8H.,„N20.,S2  or  S2(C(NPh).0Et),,  [102°],  which 
is  also  got  by  the  action  of  I  on  C<,H,|,N0SAg 
(Liebermann  a.  Natanson,  B.  13,  1575  ;  Jacob- 
sen,  B.  19,  1076).— (C„Hi<,N0.S),Pb2aq  :  small 
needles.  —  C„H,„NOSAg.  —  C„H,„NOSHgClHCl : 
needles.— (Cs,H,„NOS).^g.  [78°]  (Stephanovitch, 

B.  7,  692).— (C;,H,„N0S).,HgAgN03.  Needles.— 
CgH,„NOSMe.  (260°-265°).  OU.— CgH.oNOSEt. 
[30°].  (275°).  Prisms;  decomposed  by  dilute 
a.SO^  at  200°  into  aniline  and  CO(OEt)(SEt) 
(Liebermann,  B.   13,  682;   A.  207,  148).— 

C.  H.oNOSC^Hg.    [75°]  (Mylius,  B.  5,  977). 

Phenyl  ether  NHPh.CS.OPh.  Got  by 
heating  phenyl-thiocarbimide  with  phenol  at 
145°  (Dixon,  C.  J.  57,  268).  Sulphur-yellow 
octahedra ;  decomposed  by  heat. 

Phenyl  di-thio-carbamic  acid  NHPh.CS.SH. 
Splits  up  into  CS^  and  aniline  when  set  free 
from  its  salts. 

Salts.— The  salt  NHPh.CS.SK  is  formed  by 
boiling  potassium  xanthate  EtO.CS.SK  (1  mol.) 
with  an  alcoholic  solution  of  aniline  (l  mol.) 
(Rathke,  B.  11,  958).  Prepared  from  CS^,  aniline, 
ether,  and  alcoholic  potash  (Losanitsch,  B.  24, 
3024).  Yellow  monoclinic  needles,  v.  e.  sol. 
water  and  alcohol, insol.  ether.  Yields CS(NE[Ph)j 
when  heated.  Boiling  water  forms  phenyl-thio- 
carbimide and  CS(NHPh).,.— NHPh.CS.SNH^. 
Yellow  prisms.  Converted  by  I  into  (NHPh.CS)..S 
[138°].  BaA'., :  yellowish  plates.— NiA'.,. 

Methyl  'ether  NHPh.CS.SMe.  '  [93-5°]. 
Formed  from  the  NH^  salt  and  Mel  (L.)  and  also 
by  heating  NHPh.C(NPh).SMe  with  CS.,  at  160° 
(Will,  B.  15,  342).  Decomposed  by  alk'ahs  into 
MeSH  and  aniline. 

Ethyl  ether  NHPh.CS.SEt.  [60°].  Formed 
from  phenyl-thiocarbimide  and  mercaptan  at 
150°  (Hofmann,  B.  2,  120;  Will,  B.  15,  1305), 
and  also  by  the  action  of  EtI  on  the  ammonium 
salt  (L.).    Tables,  v.  sol.  alcohol,  sol.  alkalis. 

Isoamyl  ether  C^i^M.  [171°]. 

,           ,     .      ,.  ^c/NPh.CH., 
Ethylene     derivative    CS<^g  qjj-. 

[134°].  Formed,  together  with  phenyl-thiocarb- 
imide, by  heating  C(NPhXg  with  CS.,  at 

200°  (W.).  Needles.  Converted  by  Mel  into 
C„H„NS.,MeI  [149°]. 

Befcrences. — Bbomo-,  Chloro-,  and  Nitko- 

PHENYL-THIO-CAJ?BAMIC  .ACID. 

PHENYL-THIOCAEBAMINE-CYAMIDE  v. 

CARBIMIDO-PHENYL-THIO-nnEA. 

PHENYL  -  THIOCARBAMINE  -  ETHYL  - 
CYAMIDE    V.  Ethyl-carbimido-phenyl-thio- 

UREA. 

PHENYL-THIO-CARBAZIC  ACID 

NHPh.NH.CO.SH.  The  phenyl  hydrazine  salt 
NHPh.NH.C0.SN.,H3Ph  [84°]  is  formed  from 
phenyl-hydrazine  and  COS  (Heller,  A.  263,  269). 

Phenyl  di-thio-carbazic  acid 
NHPh.NH.CS.SH.  Formed, as  phenyl-hydrazine 
saltNHPh.NH.CS.SN.,H,Ph  [97°]  by  adding  CS., 
to  an  ethereal  solution  of  phenyl-hydrazine 
(Fischer,  A.  190,  114).  Plates,  v.  sol.  alcohol 
and  ether.  Eeadily  decomposed  by  heat  into 
CS(N2H2Ph).,,  CS2,  H2S,  and  NH,. 


PHENYL-THIOCARBIZINE. 
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PHENYL-THIO-SEMICARBAZIDE  C^HgN^S 
i.e.  NH...CS.NH.NHPh.  [201'^J  (F. ;  P.) ;  [190'^] 
(S.  a.  K.). 

Formation. — 1.  By  ■warming  di-plienyl-tliio- 
carbazide  with  alcoholic  or  aqueous  alkalis 
(Fischer,  A.  212,  324).— 2.  By  heating  phenyl- 
hydrazine  sulphocyanide. — 3.  By  heating  phenyl- 
hydrazine  with  thio-urea  or  with  phenyl-thio- 
urea (PelHzzari,  G.  16,  203  ;  Skinner  a.  Kuhe- 
mann,  C.  J.  53,  550 ;  B.  20,  3373). 

Properties. — Needles,  insol.  ether,  si.  sol.  hot 
water,  v.  sol.  hot  alcohol.  Cone.  HClAq  at  120° 
forms  phenyl-thiocarbizine  C-H„N,S.  COCL 
forms  CO:N.,Ph.CS.NH,.  [c.  270°]  crystallising 
from  HOAc  (Freund,  A.  21,  2465). 

Acetyl  derivative  NHPh.NH.CS.NHAc. 
[179°].  Formed  by  mixing  solutions  of  acetyl- 
thiocarbimide  and  phenyl-hydrazine  in  dry 
benzene  (Dixon,  G.  J.  55,  303).    Small  prisms. 

Benzoyl  derivative  CijHjjNjSO.  Silky 
needles.    Does  not  melt  at  220°. 

Di-phenyl-thiocarbazide  CS(NH.NHPh)j. 
[c.  150°].  Formed  by  heating  the  compound  of 
phenyl-hydrazine  andCS.at  li0°-140°  (Fischer). 
Formed  also  from  phenyl-hydrazine  and  CSCl, 
(Heller,  A.  263,  278).  Triangular  prisms  (from 
alcohol).  Dissolves  in  hot  aniline,  forming  a 
solution  which  is  green  in  thin  layers,  but  red 
in  thick  layers.  Hot  alcoholic  potash  also  forms 
this  dichroic  substance,  di-phe nyl -  fchiocarb- 
azone  C,;,H,„N,S  or  CS(N,,Ph)NH.NHPh,  which 
yields  (C|3H|,,N^S),^ZnO,  and  may  be  reduced  by 
zinc-dust  and  NaOHAqto  phenyl-thio-semicarb- 
azide  and  aniline.  Di-phenyl-thio-carbazone 
may  be  oxidised  by  ppd.  MuOj  in  presence  of 
alcoholic  potash  to  red  needles  of  di-phenyl- 
thiocarbodiazone  CS(N2Ph).,. 

Di-phenyl-thio-semicarbazide 
NHPh.NH.CS.NHPh.  [177°j.  Formed  from 
phenyl-hydrazine  and  phenyl-thiocarbimide  in 
alcoholic  solution  (Fischer,  A.  190, 122).  Prisms 
(from  alcohol),  si.  sol.  ether.  COCL  forms 
CO:N,Ph.CS.NHPh  [1S8°],  crystallising  in 
needles  (Freund,  B.  21,  2466). 

Butyri/l  derivative 
C,H,O.NPh.NH.CS.NHPh.      [156°].  Formed 
from   sodium   phenyl-hydrazine,  phenyl  thio- 
carbimide,  and  7i-butyryl  chloride  (Michaelis  a. 
Schmidt,  A.  252,  309).   V.  sol.  hot  alcohol. 

Benzoyl  derivative 
NPhBz.NH.CS.NHPh.    [310°].    Obtained  from 
NPhBz.NH,  and  phenyl-thiocarbimide  (M.  a.  S.). 

Reference.  — Nitro-di-phenyl-thio-semicaeb- 

AZIDE. 

DI  -  PHENYL  -  THIO  -  SEMICAE.BAZIDE 
CARBOXYLIC  ACID  C^H^N^O.S  i.e. 
NHPh.GS.NH.NHC„Hj.CO,H.  [204°].  Formed 
by  warming  nt-hydrazido-benzoic  acid  with 
phenyl  thiocarbimide  and  HOAc  (Eoder,  A.  236, 
173).    Colourless  needles. 

PHENYL-THIOCAKBIMIDE  C,H  NS  i.e. 
C,H-,N.CS.  Mol.  w.  135.  (220°)  at  "750  mm. 
(Schifl,  B.  19,  568).  S.G.  |  1-059  (Nasini  a. 
Scala,  G.  17,  66).  S.V.  143-4  (Schifi;  Lossen, 
A.  254,  73). 

Formation. — 1.  By  distilhng  phenyl-thio- 
urea with  P-Oj  (Hofmana,  Pr.  9,  274,  487  ;  C.  J. 
13,  309;  B.  15,  980).— 2.  By  heating  di-phenyl- 
thio-urea  with  cone.  HClAq  at  165°  (Merz  a. 
Weith,  Z.  1869,  589).— 3.  By  the  action  of  I  on 
a  benzene  solution  of  tri-phenyl-guanidine  (Hof- 


mann,  B.  2,453  ;  Eudneft',  J.  E.  10, 184).— 4.  By 
heating  phenyl  cyanate  or  phenyl-carbamic  ether 
with  P2S5  at  160°  (Michael  a.  Palmer,  Am.  6, 
258). — 5.  Formed,  together  with  0-  or  tolyl- 
thiocarbimide,  by  heating  phenyl-o-  or  tolyl- 
cyanamide  (C,.H.N:C:KC,H.)  with  CS,.  at  180'- 
200°  (Huhn,  B.  19,  2409). 

Properties.  —  Pungent  oil,  volatile  with 
steam. 

Reactions.  —  1.  Alcoliol  at  100°  forms 
NHPh.CS.OEt,  while  mercaptan  gives  rise  to 
NHPh.CS.SEt.  —  2.  Alcoholic  potash  forms 
CS(NHPh).,  and  CO(NHPh).,.  —  3.  Amwonia 
forms  CS(NHPh)(NH,),a«t2inegivesCS(NHPh),,, 
and  other  amines  act  in  like  manner. —  4.  PEt, 
acts  violently,  and  forms  C,3H,(,NPS,  while 
PiSIe.,  forms  oily  C,„HnNPS,  which  yields  crys- 
talline B'HCL  — 5.  Chlorine  passed  into  its  solu- 
tion in  chloroform  forms  (PhNCS).Cl.,  [150°- 
160°]  and  PhNCCl..  (212°).  The  chloride 
(PhNCS),CLis  converted  by  H,S  intoCS(NHPh),, 
and  by  warm  spirit  into  (PhiStCS)„0,  crystallising 
in  yellow  needles  [118°]  (Helmers,  B.  20,  786). 
6.  Bromine  in  chloroform  or  HOAc  forms  red 
crystals  of  (PhNCSBr,).,,  decomposed  at  100° 
into  pale-yellow  plates"  (PhNCSBr).,  [190°]  (Hel- 
mers ;  cf.  Proskauer  a.  Sell,  B.  9,  1262).— 7.  SO., 
forms  C,H,NS.A  [180°-183°],  crystallising  from 
benzene,  and  converted  by  water  at  100°  into 
amido-benzene  p-sulphonic  acid,  CO  .,  and  H..S 
(Magatti,  B.  11,  2267). -8.  PCI,  at  i00°  forms 

CJi.NCCL  and  C„H,<^-^^CC1  (248°)  (Hofmann, 

B.  12,  1126).— 9.  CISO.H  forms  CnH,oN..S3 
[151°],  insol.  water,  and  SO.,H.C,H,.NOS  aq,  sol. 
water  (Pawlewski,  B.  22,  2200).— 10.  Reduced 
copper  at  200°  forms  benzonitrile. — 11.  H.,S 
forms  phenyl-thio-urea.  —  12.  Boiling  water 
forms  CS(NHPh).„  CO  .,  and  H.,S  (Bamberger,  B. 
14,  2642).  —  13;  HOAc  forms,  on  heating, 
CO(NHPh).,,  Ac.,0,  H.,S,  and  CO, ;  the  di-phenyl- 
urea  being  further  split  up  into  aniline  and  CO.^, 
with  formation  of  Ac.,0  (Cain  a.  Cohen,  C.  J. 
59,  327  ;  cf.  Gumpert,  J.  pr.  [2]  32,  294).— 

14.  Chloro-acctic  acid  and  alcohol  at  170°  form 

PhN:C<^Q  ^Q-  [148°],  which  yields  aniline,  CO^, 

and  thioglycollic  acid  on  boiling  with  water 
(Liebermann    a.    Voeltzkoff,   B.  13,  276).— 

15.  Sodium  malonic  ether  in  j^resence  of  alco- 
hol forms  C^Hi^SNOjNa,  whence  acids  liberate 

C,  ,H,.SNO^,  or  (CO.,Et).,CH.CS.NHPh  [60°] 
(Michael,  J.  pr.  [2]  35,  451). — 16.  Sodium  cyan- 
amide  and  alkyl  iodides  form  cyano-phenyl- 
alkyl-thio-ureas  (Heoht,  B.  23,  1664).  In  this 
way  the  following  compounds  may  be  prepared  : 
NHPh.CS.NMeCy  [186°],  NHPh.CS.NEtCy 
[144°],  NHPh.CS.NCyC.,H,  [100°],  crystallising 
in  needles,  NHPh.CS.NCyC.H,  [108°],  crystallis- 
ing in  needles,  and  NHPh.CS.NCy.CH.,Ph  [182°]. 
17. ^Ziie%fZe-ajj»«OHja forms C^oHaiNsSjO.,  [148°], 
crystallising  from  alcohol  in  silvery  needles  (R. 
Schiff,  B.  9,  567  ;  G.  6,  244).— 18.  Bcnzamidine 
hydrochloride  and  dilute  NaOHAq  form 
C'Ph(NH).NH.CS.NHPh  [125°]  (Pinner,  B.  22, 
1609).  Prisms. 

References. — Bkomo-,  Chloro-,  Iodo-,  Nitro-, 
and  OxT-  Phentl-thioc^ebimide. 

PHENYL-THIOCARBIZINE    C,H„N.,S  i.e. 
NH 

^^"XNPh"    f-^^^*^]*    Formed  by  heating  phenyl- 
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thio-semicarbazide  (10  g.)  with  dilute  (20  p.c.) 
HClAq  (30  c.c.)  for  12  hours  at  130°  (E.  Fischer, 
.4.  212,  326).  Plates  (from  water),  v.  e.  sol. 
alcohol.  May  be  distilled.  Mel  forms  CjHjMeN.S 
[123°].  Does  not  reduce  Fehling's  solution. 
HIAq  at  200°  forms  aniline,  HoS,  CO,,  and  NH,. 
Aqueous  NaOCl  forms  a  violet  pp.  which  dis- 
solves in  HoSO^  with  deep-red  colour.  Br  in 
chloroform  gives  CjHjBrNnS  [210°]  crystallising 
in  needles. 

Salts.  —  B'HCl.  [240°].  Needles.  — 
B'oH^PtCl,.  Yellow  prisms.— C,H5N,SAg  :  floc- 
culent  pp.  got  by  adding  ammoniacal  AgN03. 

Acetyl  derivative  C,H5AcN.,S.  [187°]. 
Got  by  heating  phenyl-thiocarbizine  with  Ac„0 
(F.).  An  isomer  id  e  [74°]  (275°),  got  by  heating 
acetyl-phenyl-hydrazine  with  CSCl,  and  benzene 
(Freund,  B.  21,  2468),  is  converted  by  boiling 
with  alcohol  and  HgO  into  acetyl-phenyl-carb- 
izine. 

Benzoyl  derivative  C^HjEzN^S.  [180°]. 
Got  from  the  base  and  BzCl  (Fischer).  An  iso- 
meride  [110°]  is  got  by  heating  NHBz.NPhH 
with  COCL  in  benzene  at  100°  (F.). 

PHENYL  THIOCAEBONATE  CS(OPh).,. 
[97°].  Formed  from  NaOPh  and  CSCl,  (Ber- 
green,  B.  21,  346).    White  crystals,  sol.  alcohol. 

PHENYL-TEI-THIO-ORTHOFORMATE 
CH(SPh),.     [40°].     Got    by  boiling  aqueous 
KaSPh  with  chloroform  (Gabriel,  B.  10,  185). 
Thick  prisms,  sol.  ether.    Split  up  by  fuming 
HClAq  at  100°  into  formic  acid  and  PhSH. 

PHENYL-THIOGLYCOLLIC  ACID  CgHsSO.,, 
i.e.  CH,,(SPh).C02H.  [62°].  Formed  by  sapo'- 
nifying  its  ether,  which  is  got  by  adding  ClCOoEt 
to  a  solution  of  NaSPh  in  absolute  alcohol 
(Claesson,  Bl.  [2]  23,  441 ;  Gabriel,  B.  12, 1639). 
Thin  tables,  si.  sol.  cold  water.  Oxidised  by 
KMnOj  to  phenyl  methyl  sulphone  (Otto,  B.  19, 
3138).  Salts.— KA'.—NaA'.—BaA'.,.— CaA',,.— 
MgA'„3aq.— CdA',aq.— ZnA'2  2aq.— PbA',.  [60°]. 
— MnA'„5aq. — CuA',. — AgA'aq  :  crystalline  pp. 

Ethyl  ether  'EiA'.    (277°).    S.G.  ^  1-136  ; 

1-127. 

Amide.    [104°].    Tables  (from  alcohol). 
References.  —  Amido-  and  Beomo-  Phenyl- 

THIOGLYCOLLIC  ACIDS. 

(a)-PHENYl-THIOHYDANTOIC  ACID 

C,,H,„N„SO.„  i.e.  NH,.C(NPh).S.CH,.CO,H.  [148°- 
152°].  Got  by  heating  aniline  with  ammonium 
sulphocyanide,  chloro-acetic  acid,  and  alcohol 
(Claesson,  B.  14,  732).  Needles  (from  HOAc) ; 
ni.  sol.  hot  water  and  ether.  Cold  NaOHAq  con- 
verts it  into  C,sH„N,S.,0.,  [112°-115°]  (Lieber- 
mann,  .4.  207,  129).  " 

(;3)-Phenyl-thio-hydanto'ic  acid 
NHPh.C(NH).S.CH2.C0„H.  Got  by  evaporating 
an  alcoholic  solution  of  ammonium  chloro- 
acetate  and  phenyl-thio-urea  at  100°  (Meyer,  B. 
14,  1659).  Decomposes  on  heating  without 
melting.  Insol.  water,  alcohol,  and  ether.  Boiling 

dilute  HCl  forms  C0<g^-^^  [148°]. 

Isomeride  v.  Phbnyl-thio-hydantoin. 

Di-phenyl-hydanto'ic  acid 
NHPh.C(NPh).S.CH,.C0,J4.  Got  from  potassium 
chloro-acetate  and  di-phenyl-thio-urea  (Lange, 
B.  12,  597).    Yellow  octahedra. 

PHENYL-THIO-;|/-HYDANrOIN  CgH^NoOS, 

i.e.  C(NHXg^^^  .  [178°].  Got  from  chloro- 


acetic  anilide  and  thio-urea,  and  obtained  also  by 
boiling  (i3)-phenyl-hydantoic  acid  with  HOAc  or 
cone.  NHjAq  (Meyer,  B.  14,  1661),  and  by  the 
action  of  phenyl-cyanamide  on  thioglycollic  acid 
(Andreasch,  B.  15,  324).    Needles,  sol.  NaOHAq. 

Phenyl-thio-hydantoin  CS<^^^'^-^^  .  Got 

by  melting  glycocoll  with  phenyl-thiocarbimide 
(Aschan,  B.  17,  424).  Monoclinic  plates,  de- 
composing near  200°.  Boiling  alcoholic  potash 
converts  it  into  a  salt  of  an  oily  phenyl-thio-hydan- 
toio  acid  NHPh.CS.NH.CH^.COoH  which,  when 
set  free,  rapidly  changes  again  to  phenyl-thio- 
hydantoin. 

Di-phenyl-thio-hydantoin  Ci^Hi^NoSO,  i.e. 
'-'^'XNPh  CH  '  [176°].  Got  from  chloro-acetic 
acid  and  di-phenyl-thio-urea  (Lange,  B.  12,  595). 
Iridescent  plates,  insol.  water,  v.  sol.  hot  alcohol. 
Boiling  dilute  HClAq  forms  the  compound 
C,,H;NSO,,  [148°].— B',H„PtCl„.    Yellow  needles. 

Di-phenyl-tliio-liydantoui  CS^^^H^'^HPh" 
[233°].  Formed  by  the  action  of  alkalis  on 
NHPh.CS.NH.CHPh.CO,Et  (Kossel,  B.  24, 4152). 

Reference. — Oxy-di-phenyl-thiohydantoin. 

PHENYL-DI-THIO  -  DI-METHYL-KETURET 

NH<^^^^^j-g^CMe2.    [239°].    Formed  from 

phenyl-di-thio-biuret  and  acetone  (Fromm,  B. 
25,  1278).    Sol.  alkalis.    Converted  by  benzyl 

chloride  into  C,H,N<^^™^j^g>CMe2  [128°] 

I  which  is  insol.  alkalis. 

LI-PHENYL-THIO-OXAMIDE  C,S„(NHPh),. 
[133°].  Formed  from  di-phenyl-oxamide  by 
successive  treatment  with  PCI5  and  H.,S  (Wal- 
lach,  B.  13,  527).    Golden  plates. 

(a)-PHENYL-THIOPHENE  C.^H^S  i.e. 
C^SHjPh.  [41°].  Formed  by  heating  either 
CH.J3z.CH(C0„H),  or  i8-benzoyl-propionic  acid 
with  P.,S,  (Kues  a.  Paal,  B.  19,  3141).  Small 
tables,  insol.  water,  v.  e.  sol.  ether,  v.  sol.  alco- 
hol. Volatile  with  steam.  With  isatin  and  cold 
HoSOj  it  gives  a  splendid  bluish-violet  colour, 
changing  to  dark  blue.  Bromine  gives  rise  to 
C,(,H,Br,S  [56°]  and  C,SBr3.C,H,Br  [1:4]  [146°]. 

(£i')-P"henyl-thiophene  C^HjPhS.  [170°]. 
(330°).  A  product  of  the  passage  of  the  vapours 
of  toluene  and  sulphur  through  a  red-hot  tube 
(Eenard,  C.  B.  109,  699).  White  spangles,  m. 
sol.  cold  alcohol.  Gives  a  blue  colour  with  isatin 
and  H.,SO|,  and  a  green  colour  with  phenanthra- 
quinone  and  H..SO ,.  Yields  C,H.:BrS.C,H.,Br  [1:4] 
[195°],  C,H,,(N0,)S.C,H,.N02  [i:4]  [178°],  a  di- 
sulphonic  acid,  and  a  tetrasulphonic  acid. 

Di-(a)-phenyl-tliiophene  S<^p|j:^g.  [153°] 

Formed  by  heating  C.,H_,Bz„  with  P..S3  at  180° 
(Paal,  B.  21,  3058).  White  plates  (from  alcohol). 

Tri-phenyl-thiophene  C,Ph3HS.  [127°].  Got 
by  heating  desyl-acetophenone  with  P.S.,  at  150° 
(A.  Smith,  C.  J.  57,  647).  Plates,  v.  sol.  benzene. 
Gives  a  greenish-yellow  colour  with  HjSOi  and 
isatin  or  phenanthraquinone. 

Tetra-phenyl-thiophene  C,sH,„S  i.e. 

^<CPh:CPh-    Thioncssal.  [182°]. 

Formation. — 1.  By  the  dry  distillation  of 
thiobenzoic  aldehyde  (Laurent,  A.  52,  354). — 2. 
By  distilling  benzyl  sulphide  or  benzyl  di- 
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sulphide  (Marcker,  A.  136,  94).— 3.  By  distilling 
benzylidene  sulphide  (Fleischer,  A.  140,  239  ; 
144, 194). — 4.  By  distilling  barium  phenyl-acetate 
with  S  (Forst,  A.  178,  376).— 5.  By  heating 
phenyl-acetic  acid  with  S  for  6  hours  at  260° 
(Ziegler,  B.  23,  2473).— 6.  By  heating  phenyl 
benzyl  ketone  with  S.  —  7.  By  heating  s-di- 
phenyl-ethylene  with  S  at  250°  (Baumann  a. 
ivlett,  B.  24,  3311).  Minute  needles,  si.  sol. 
alcohol,  V.  sol.  benzene  and  CS,.  Yields  a 
sulphonic  acid,  and  also  the  following  derivatives : 
C..,H,,C1„S  [219°]  (Corn,  A.  153,  350),  a,H,.Br3S 
[265°-270°],  C„,H„(Na,),S  [above  250°]. 

DI  -  PHENYL  -  DI  -  THIO-DI-PHENYL-KE- 
TATE  CPh,(SPh)2.  Fhcnyl-mcrcaptol  of  benzo- 
phcnoiie.  [139°].  Formed  by  passing  HCl  gas 
into  a  hot  mixture  of  benzophenone,  phenyl- 
mercaptan,  and  ZnCl,  (Baumann,  B.  18,  888). 
Short  prisms,  si.  sol.  alcohol  and  ether. 

PHENYL  THIOPHOSPHATE  PS(0Ph)3. 
[49°].  (above  300°).  Got  by  boiling  PSCl.,  with 
Ijhenol  (Schwarze,  pr.  [2]  10,  222)  and  by 
heating  phenyl  phosphate  with  K„S  (Kreysler,  B. 
18,  1718),  or  with  S  at  190°  (Ans'chiitz,  A.  253, 
118).  Needles  (from  alcohol),  turning  red  in  air 
and  light.    Not  decomposed  by  water. 

Phenyl  tri-thiophosphate  P0(SPh)3.  [72°J. 
Got  by  boiling  PhSH  with  POOL,.  Prisms  (from 
alcohol).    Decomposed  by  warm  water. 

Phenyl  tetra-thio-phosphate  PS(SPh),. 
[86°].  Got  from  PhSH  and  PSCl^.  Silky  white 
needles,  not  affected  by  boiling  water. 

PHENYL  THIOSULPHUKIC  ACID 
CjH.,.S.SO.^.OH.    Phenyl  hi/drogcn  thiosulplutic. 
Got  by  dissolving  Ph„S  in  H„SO|  (Stenhouse,  Pr. 
17,62;  .4.  149,  254).— BaA'",2aq:  crystalline. 

PHENYL-THIO-URAMIDO-ACETIC  OKTH- 
ALDEHYDE.  Di-ethyl  derivative 
NHPh.CS.NH.CH,.GH(OEt)„.  [96°].  Got  by 
mixing  phenyl-thiocarbimide  with  amido-aeetal 
NH,,.GH,,.CH(OEt),,  (Wohl  a.  Marckwald,  B.  22, 
669).  Needles  (from  dilute  alcohol),  insol.  water 
and  ligroin,  v.  sol.  ether.  Cold  cone.  H.,S04 
forms  NHPh.CS.NH.CHo.CH(OH)(OEt)  [94°] 
which  yields,  by  loss  of  H,0,  the  salts 
(G,,H„N.,SO)„H2PtCl6  and  G„H,;n„S0C,H3N,0, 
[190°]. 

PHENYL-THI0-UEAMID0-BEN20IC  ACID 

V.  ju-Amido-benzoic  acid.  1 

0-PHENYL  -  THIO  -  URAMIDO  -  CINNAMIC  | 
ACID  NHPh.CS.NH.C„H,.CH;CH.CO„H.  [237°]. 
Formed  by  heating  o-amido-cinnamic  acid  with 
phenyl-thiocarbimide  on  the  water-bath  (Roth- 
schild, B.  23,  3343). 

DI-PHENYL  -  DI  -  THIOURAMIDO  -  TETRA- 
OXY-DI-PHENYL.  Tetra-methyl  deriva- 
tive G,.,Hj(OMe),(NH.CS.NHPh)„.  [184°]. 
Formed  from  C,H„(OMe),,(NH.,).C,H.(OMe),(NH,) 
and  phenyl  thiocarbimide  (Baessler,  B.  17, '2128). 
White  flakes,  sol.  hot  alcohol  and  benzene. 

PHENYL-THIOURAMIDO-PHENYL-ACETIC 
ETHER  NHPh.GS.NH.CHPh.GO,,Et.  [162°]. 
Formed  from  phenyl-amido-acetic  ether  and 
phenyl-thiocarbimide  (Kossel,  B.  24,  4151). 
White  crystals,  sol.  hot  alcohol. 

PHEN  YL-THIO  -  URAMIDO  -  THIO  -  FORMIC 
ACID  V.  Phenyl-di-thio-allophanic  acid. 

PHENYL  -  THIOURAMIDO  -  TOLYL  -  CARS  - 
AMIC  ETHER  NHPh.CS.NH.C.H^Me.NH.GO.Et. 
[155°].  _  Formed,  together  with  CS(NHPh)„;  by 
the  action  of  phenyl-thiocarbimide  on  amido-  j 


tolyl-carbamic  ether  (Sehiff,  B.  23,  1818). 
Prisms  (from  alcohol),  v.  si.  sol.  alcoliol. 

DI- PHENYL -DI  -  THIOURAMIDO  -DI- 
TOLYL-o-SULPHIDE  C^.H^^N^Sg  i.e. 
S(CsH3Me.NH.CS.NHC,iH,).,.  TMo-p-tolyl-di- 
plLmyl-thiourca.  [134°].  Formed  by  the  action  of 
phenyl-thiocarbimide  upon  di-^-amido-di-tolyl- 
sulpliide  (Truhlar,  i3.  20,  670).  White  prismatic 
needles.    V.  sol.  alcohol,  ether,  and  benzene. 

PHENYL-THIO-UREA  C.H„N,S  i.e. 
NHPh.GS.NH,,.    Mol.  w.  1.52!  [1.54°].    S.  -20  at 
18°  ;  5-93  at  100°.    S.  (alcohol)  5-59  at  16° ;  08 
at  78°. 

Formation. — 1.  By  heating  phenyl  sulpho- 
cyanide  with  alcoholic  NH3  (Hofmann,  Pr.  9, 
276). — 2.  By  boiling  aniline  with  ammonium 
sulphocyanide  (Schiff,  A.  148,  338  ;  Eatlike,  B. 
18,  3104). — 3.  By  heating  aniline  sulpho- 
cyanide at  190°  (Salkowski,  B.  24,  2728  ;  cf.  De 
Clermont,  C.  R.  82,  512).— 4.  By  passing  H,S 
i  into  a  solution  of  phenyl-cyanamide  in  benzene 
(Weith,  B.  9,  819). 

Properties. — Needles,  sol.  alkalis  and  reppd. 
by  acids.    Tastes  bitter. 

Reaetions. — 1.  Heated  in  a  sealed  tube  at 
180°  it  yields  CS(NHPh).,,  ammonium  sulpho- 
cyanide, NH3,  H,_,S,  and  aniline. — 2.  Ammonia 
at  140°  forms  aniline  and  ammonium  sulpho- 
cyanide.— 3.  Boiling  aniline  formsCS(NHPh)o. — 
4'.  HClAq  at  120'°  forms  aniline,  H,S,  NH3,  and 
COj. — 5.  By  boiling'  with  alkaline  lead  acetate 
solution  it  gives  phenyl  cyanamide  NiC.NHCsHj, 
which  polymerises  on  heating  to  tri-phenyl-iso- 
melamine  (PhN:C)3(NH)3.— 6.  When  boiled  for 
several  hours  with  freshly-precipitated  HgO 
it    yields    asymmetrical  tri-iDhenyl-melamine 

PhN<;^|^|[|-^^^^C.NHPh  (Hofmann,  B.  18, 

3220).— 7.  Cl.CO.CO,Et  forms  oxalyl-di-phenyl- 

biuret,  NH<;^|^p|^>CjO,,    [v.  Chloko-gly- 

oxYLic  ethee).— 8.  CICOjEt  forms  phenyl-thio- 
allophanic  ether. — 9.  Silicon  tetrabromide  gives 
solid  SiBrj(C,H8N2S)j,  sol.  hot  benzene,  but  de- 
composed by  boiling  alcohol  (Reynolds,  C.  J. 
53,  856). — 10.  An  alcoholic  solution  of  allyl 
bromide  forms  a  base  C|„H,„N„S  (Werner,  C.  J.  57, 
302).  — 11.  Benzyl  chloride  in  alcohol  yields 
CS(NJH3Ph)C,H,Cl  [112°]  (W.).— 12.  Ethylene 
bromide  forms  C,5H,8N.,S  [139°],  which  gives  the 
salts  B"2HBr  [214°],  B''2HC1  [218°],  B"H,PtCl„ 
and  B"2C,H,,(NO,)30H  [196°]  (Bertram,  B.  25, 
59). — 13.  H„0o  oxidises  it,  in  alcoholic  solution, 
to  di-phenyl-di-amido  oiazthiole  (Hector,  B.  22, 
1176). 

Salts.— B'„H,PtCl,.—B',Cu,Cl.,  6aq.  [145°] 
(Eathke,  B.  17,  305).  Trimetric  crystals  (from 
alcohol). 

Acetyl  derivative  NHPh.CS.NHAc. 
[173°].  Formed  from  acetyl  sulphocyanide  and 
aniline  (Miguel,  A.  Ch.  [5]  11,  318),  and  by  the 
action  of  Ac.,0  on  the  product  of  the  action  of 
Ijhenyl  thiocarbimide  on  aldehyde-ammonia 
(Schiff,  B.  9,  570).  Tables  (from  dilute  alcohol). 
— B'HBr.    [270°].    Prisms,  v.  e.  sol.  water. 

Benzoyl  derivative  NHPh.CS.NHBz. 
[149°].  S.  (alcohol)  4  at  78°.  Needles,  insol. 
water  (Miguel). 

o-Oxy-benzoyl  derivative 
NHPh.CS.NH.CO.CsH.OH.      [192°].  Formed 
from  salicyl-thiocarbimide  and  aniline  (M.). 
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Di-phenyl-tMo-urea  C,3H,,N,S  i.e. 
CS(NHPh)„.    Mol.  w.  228.    '[151°]  (Lellmann, 

A.  221,  21 ;  Losanitsch,  B.  19,  1821). 
Formation.— 1.  By  boiling  aniline  with  CS, 

and  alcohol  (Hofmann,  A.  67,  266;  70,  144)' 
2.  By  heating  aniline  with  potassium  sulpho- 
cyanide  and  H„SO^  (Laurent  a.  Gerhardt,  A.  Ch. 
[3]  22,  103;  2'4,  196).  — 3.  From  aniline  and 
phenyl-thiocarbimide. — 4.  From  di-phenyl-cyan- 
amide  and  H„S  (Weith,  B. 7, 1303).—  5.  By  boil- 
ing s-di-phenyl-guanidine  with  CSj  (Hofmann, 

B.  2,  460). 

Properties. — Trimetric  crystals  (from  alco- 
hol), nearly  insol.  water,  v.  sol.  alcohol  and 
ether.  Sol.  alkalis  and  reppd.  by  acids.  Has  a 
very  bitter  taste. 

Reactions. — 1.  Partially  decomposed  on  dis- 
tillation into  tri-phenyl-guanidine,  CS.,,  and 
H2S.— 2.  P.A.  ZnCl,,  or  HCl  split  it  up  into 
aniline  and  phenyl-thiocarbimide. — 3.  Boiling 
alcoJiolic  potash  forms  di-phenyl-urea. — 4.  Di- 
phenyl-urea  is  formed  when  the  alcoholic  solu- 
tion is  boiled  with  HgO. — 5.  A  cold  solution  of 
nitrous  ether  in  alcohol  forms  tri-phenyl-guan- 
idine, phenyl  thiocarbimide,  and  S  (Claus,  B.  4, 
143). — 6.  Iodine,  added  to  its  boiling  alcoholic 
solution,  forms  tri-phenyl-guanidine  and  phenyl 
thiocarbimide. — 7.  Aniline  forms,  on  heating, 
tri-phenyl-guanidine  and  H„S. — 8.  Sodium- 
amalgam  reduces  it  to  aniline,  H^S,  and  CH, 
(Merz  a.  Weith,  Z.  [2]  4,  612).— 9.  When  heated 
with  HgCl,  it  yields  tri-phenyl-guanidine  (Buff, 
2,  498). — 10.  Fuming  H,SOj  decomposes  it  on 
heating, forming  aniline, COS,  and  SO.,  (Fleischer, 

B.  9,  993).— 11.  COCL  forms  C„H,„N,SO  [87°], 
crystallising  in  prisms  and  split  up  by  heat  into 
COS  and  di-phenyl-cyanamide  (Will,  B.  14, 
I486).— 12.  CSCl,  in  benzene  forms  CnH,„N.,S„ 
crystallising  in  yellow  needles  [156°],  si.  sol. 
alcohol.    In  presence  of  ether  CSCL  forms 

NPh:C<^^'|^>CS  [79°]  (Freund  a.  Wolf,  B.  25, 

1459).— 13.  H,S  at  170°  forms  aniline  and  CS.. 
(Weith,  B.  7, 130i).—li.Alkyl  iodides  form  alkyl' 
derivatives,  which  may  perhaps  be  formulated  as 
derivatives  of  iJ/-thio-urea.  Thus,  Mel  forms 
NHPh.C(SMe):NPh  [110°],  which  is  decomposed 
by  heat  into  MeSH  and  0(NPh).„  and  by  alco- 
holic potash  into  MeSH  and  c6(NHPh).,.  In 
like  manner  EtI  forms  C,5H„N,S  [79°]  {v.  Di- 
phenyl-ethyl-iI'-thio-ueea),  and  ethylene  brom- 
ide gives  C,3H,,N.,S  [136°]  (Will,  B.  14,  1490).— 
15.  Allyl  bromide  in  alcohol  yields  C,^H,,N„SBr, 
crystallising  in  trimetric  prisms  [171°]  (Werner, 

C.  J.  57,  303). — 16.  Benzyl  chloride  in  alcohol 
forms  C.,„H,pN,SCl,  crystallising  in  prisms  [153°] 
(W.). — 17.  Phenyl  cyanate  in  presence  of  benz- 
ene at  180°  forms  di-phenyl-urea  and  phenyl 
sulphocyanide  (Goldschmidt  a.  Meissler,  B.  23, 
271). — 18.  Ac.^0  yields  acetanilide  and  some 
phenyl-thiocarbimide  (Werner,  C.  J.  59,  398). — 
19.  Chloro-glyoxylic  ether  forms  di-phenyl-di- 
thio-parabanic  acid  C,sH,,N3S.,0„  [215°]  and 
C„,H,;N3S,0  [231°],  which  by 'bo'ili'ng  with  alco- 
hol and  AgNOj  is  converted  into  di-phenyl- 
parabanic  acid,  aniline,  and  H^S,  while  by  boil- 
ing alcoholic  ammonia  it  is  converted  into 
CnHi,N.,03  [220°],  whence  fuming  HNO3  forms 
CuHisN.Oj  [235°].  The  compound  C.iH^NjS.O 
is  converted  by  fuming  HNO3  into  CuHgN^Sbj 
[235°]  (Stojentin,  J.  pr.  [2]  32,  3). 


Tri-phenyl-tMo-urea  NHPh.CS.NPh,,.  [152°]. 
Formed  by  heating  phenyl-thiocarbimide  with 
diphenylamine  at  280°  (Gebhardt,  B.  17,  2092, 
3036).    Long  white  needles,  v.  sol.  hot  alcohol. 

Tetra-phenyl-thio-urea  CS(NPh,),.  [195°]. 
Formed  by  heating  tetra-phenyl-guanidine  with 
CS.,  at  270°  ;  the  yield  being  60  p.c.  of  the  theo- 
retical amount  (Bernthsen  a.  Friese,  B.  15, 
1530).  Formed  also  from  NHPh.,  and  CSCL 
(Bergreen,  B.  21,  340).  Long  needles,  sol.  hot 
alcohol,  insol.  alkalis.  Yields  diphenylamine  on 
heating  with  diluted  (70  p.c.)  H.SO^. 

Di-phenyl-thio-nrea  v.  Di-phbnyl-di-phenyl- 

THIO-DBEA. 

RefereiKCs. — Amhso-,  Bkomo-,  Chloeo-,  Iodo-, 
N1TE0-,  and  OxY-  Phenyl-thio-uiiea. 

PHENYL-THIO-UKEA  CARBOXYLIC  ACID 
V.  7;i-Amido-benzoio  acid.  Reaction  7. 

DI-PHENYL-TOLENYL-AMIDINE  C.,„H„N.. 
i.e.  C,iH^Me.C(NPh).NHPh.  [168°].  G'ot  by 
warming  C,HjMe.C(OEt):NH,Cl  with  aniline 
and  alcohol  (Glock,  B.  21,  2656).  Plates  (from 
benzene),  v.  sol.  alcohol. 

PHENYL-TOLUENE  v.  Methyl-diphenyl. 

DI-PHENYL-TOLUIC  ALDEHYDE  CoH^Q 
i.e.  CPh,H.C,H,.CHO.  [-15°].  (190^-195°  at 
46  mm.).  Formed  by  heating  terephthalic  alde- 
hyde with  benzene  and  cone.  H.,SO^  at  100° 
(Oppenheimer,  B.  19,  2028).  O'il.  Reduces 
ammoniacal  AgNO^,  being  itself  oxidised  to  tri- 
phenyl-methane  carboxylic  acid.  KMnOj  gives 
tri-phenyl-carbinol  p-carboxylic  acid.  Reacts 
with  phenyl-hydrazine.  Yields  C.,„H,^0NaHS03, 
a  crystalline  pp.,  si.  sol.  water,  insol.  alcohol. 

PHENYL-o-TOLUIDINE  CisH.jN  i.e. 
[l:2]C,H,Me.NHPh.  [41°].  (305°  i.V.)  at  728 
mm.  (Graebe,  A.  238,  363).  Formed,  together 
with  NHPh.,  and  ditolylamine  by  heating  o-tolu- 
idine  with  aniline  hydrochloride  at  280°  (Girard 
a.  Willm,  Bl.  [2]  25,  248).  Coloured  violet-blue 
by  HNO3. 

Phenyl-«i-toluidine.  (300°-305°).  Got  by 
heating  [1:3:5]  C,H3Me(NHPh).0H  with  zinc- 
dust  (Zega  a.  Buch,  J.  pr.  [2]  33,  542).  Oil. 
Coloured  green  by  H.,SO,  containing  HNO3. 

Phenyl-p-toluidine  C^H^.NHPh.  [87°]. 
(318°  i.V.)  at  728  mm.  (Graebe,  A.  238,  363). 
Formed  by  distilling  tri-tolyl-rosaniline  acetate 
(Hofmann,  A.  132,  291).  Obtained  also,  together 
with  diphenylamine  and  ditolylamine  by  heating 
p-toluidine  (1  mol.)  with  aniline  (1  mol.)  and  HCl 
(Imol.)  at  230°  (De  Laire,  Girard,  a.  Chapoteaut, 
Bl.  1867,  i.  360 ;  A.  140,  347).  Prepared  by  heat- 
ing phenol  with  p-toluidine  and  ZnCL,  or  p-cre- 
sol  with  aniline  and  ZnCIj  at  200°,  or  with  SbClj 
(Buch,  B.  17,  2634).  Crystals.  Coloured  blue 
by  HNO3.  With  benzoic  acid  and  ZnCL,  at  260° 
it  yields  phenyl-methyl-acridineC.,„H,5N  (Bonna, 
A.  239,  60).  Bromine  vapour  forms  a  tetra- 
bromide  [135°],  a  hepta-bromo-  derivative  [185°], 
and  a  compound  NC,3H|.,Brj  or  NC,3H|„Br, 
[254°].  Excess  of  Br  at  310°  forms  NC,3H2Br,, 
[296°]  (Bonna).  Bromine  in  HOAc  added  to  an 
alcoholic  solution  forms  a  tetra-bromo- derivative 
[156°]. 

Salt.— B'HCl:  plates. 

Acetyl  derivative  CjjHijAcN.  [51°]. 
Yields  CijHiiBrAcN  [72°],  crystallising  in  plates. 

Benzoyl  derivative  C.,„H„NO.  Crystals. 
Yields  crystalline  G.H,(N0.,).NBz.C6H<N0,. 

iViiro sawiiwe  C,H;NP"h.NO.  [82°].  Yellow 


PIIENYL-TOLYLENE-GUANIDINE. 


£5 


needles  (from  Hgroin).  Br  forms  CjaHnBrNjO 
[16G°]  (Bonna,  A.  239,  56). 

PHENYL-TOLYL-ACETAMIDINE  C^HigNj 
i.e.  CH3.C(NC,H,).NHPh.  [76°].  Formed  from 
acetyl  j)-toluidine  by  successive  treatment  with 
PCI5  and  aniline  (Wallach  a.  Fassbender,  A.  214, 
206).— B'.,H„PtCls. 

PHENYL-p-TOLYL-ACETIC  ACID 
C^H^.CHPh.COjH.  [115°].  Formed  from  a- 
bromo-phenyl-acetic  acid,  toluene,  and  zinc- 
dust  (Zincke,  B.  10,  996;  Neure,  A.  250,  149). 
Plates  (from  water),  v.  sol.  alcohol. — KA'4aq. — 
NaA' 6aq. — CaA'2  2aq:  needles  (from  dilute  al- 
cohol). 

Ethyl  ether  EtA.'.    [34°].  Plates. 

.4wi(Ze  C„H,,NO.  [151°]. 

.ViiriZe  C,H,CHPh.CN.  [59°]. 

Phenyl-di-tolyl-acetic  acid  C,.,H.„0.,  [78°- 
83=].  Got  by  oxidising  (C,H;);CPh.CO.C,H, 
(Thorner,  A.  189,  123).  Amorphous  powder, 
insol.  water,  v.  sol.  alcohol. 

PHENYL-TOLYL-AMINE  v.  Phenyl-tolu- 

IDINE. 

PHENYL-p-TOLYL-BENZYL-BIURET 

NHPh.CO.N(CH,Ph).CO.NHC,H,Me.  [c.  100°]. 
Formed  from  p-tolyl-benzyl-urea  and  phenyl 
cyanate  (Kiihn  a.  Henschel,  B.  21,  505).  Needles 
(from  dilute  alcohol). 

PHENYL-^-TOLYL-BENZYL-UREA 
C2,H„„N,0.     [113°].    Got  from  2>tolyl-benzyl- 
carbamic  chloride  and  aniline  (Hammerich,  B. 
25,  1823).     Dimorphous  :  prisms  or  plates,  sol. 
ether  and  alcohol. 

PHENYL-BI-21-TOLYL-BIURET  a.H.iN^O,, 
i.e.  NHPh.CO.N(C,H^Me).CO.NHC,H,Me.  [146°]^ 
Formed  by  heating  di-^j-tolyl-urea  with  phenyl 
cyanate  at  170°  (Kiihn  a.  Henschel,  B.  21,  505). 
Crystals  (from  alcohol). 

Di-phenyl-tolyl-biuret 
NHPh.CO.NPh.CO.NHC,HjMe.   [216°].   Got  by 
heating  di-phenyl-urea  with  ^^-tolyl  cyanate  at 
170°  (K.  a.  H.). 

PHENYL-J3-T0LYL-CARBIN0L  C„B.,,0  i.e. 
CsH.Me.CPhH.OH.  [53°].  Got  by  reducing 
phenyl  tolyl  ketone  in  alcoholic  solution  by 
sodium-amalgam  (E.  a.  0.  Fischer,  A.  194,  265). 
Stellate  groups  of  needles  (from  ligroin). 

Di-phenyl-tolyl-carbinol  C,.„H|j,0  i.e. 
C,H^Me.CPh,,.OH.  [150°].  Formed  by  oxidising 
di-phenyl-tolyl-methane  with  CrOj  and  HOAc 
(F.).    Crystals  (from  ligroin).    May  be  distilled. 

PHENYL-2>T0LYL-CARBIN0L  o-CARB- 
OXYLIC  ACII).  Lactone  v.  Tolyl-phthalide. 

Di-phenyl-tolyl-carbinol    carboxylic  acid. 

Lactone     [^5^J  C,H,Me<;^Q'^2\,0.  [147°]. 

(above  360°).  Formed  by  oxidising  di-phenyl- 
w-xylyl-methane  with  chromic  acid  mixture 
(Hemilian,  B.  16,  2361 ;  19,  3063).  Prisms. 

The      isomeric     j^4^J  C,H3Me<;^Q^'->0, 

[179°],  (above  360°),  is  got  by  oxidation  of  di- 
phenyl-p-xylyl-methane,  and  is  accompanied  by 
fl:2:5jCPh,(OH).C„H3Me.CO,H,  which  yields 
BaA'2  and  CaA'2  and  does  not  form  a  lactone. 

PHENYL-o-TOLYL-CARBINYLAMINE 
[l;2jC,H,Me.CHPh.NH2.     (299°)   at  721  mm. 
Formed  by  reducing  the  oxim  of  phenyl  o-tolyl 
ketone  dissolved  in  alcohol  by  adding  sodium- 


amalgam  and  HOAc  (Goklschmidt  a.  Stocker, 

B.  24,  2806).  Yields  an  acetyl  derivative  [124°]. 
— B'HCl.    [249°].    Needles,' m.  sol.  water. 

7U-Isomeride.  (299°)  at  724  mm.  Yields 
B'HCl  [243°]  and  an  acetyl  derivative  [97°]. 

_2>Isomeride.  (296^)  at  723  mm.  Yields  an 
acetyl  derivative  [131°]  and  the  salts  B'HCl 
[252°],  B'jHjPtCl,  2aq  [119°],  B'C,H,0,  [157"1, 
B',C,H„Oe  [73°]-  The  hydrochloride 'is  con- 
verted by  potassium  sulphocyanide  into  the  com- 
pound C,H^Me.CHPh.NH.CS.NH„  [101°]  and 
by  potassium  cyanate  into  the  urea  derivative 

C.  H^Me.CHPh.NH.CO.NH,  [158-1. 

PHENYL   TOLYL  -  CARBINYL  KETONE 
CARBOXYLIC  ACID  C.^H.^Oj  i.e. 
C,H^Me.CH,.C0.C,H,.CO,H.     [112°].  Formed 

by  heating  C,H,<^f ^^ff^^^>0  with 

KOHAq  at  100°  (Heilmann,  B.  23,  3160). 
Vitreous  prisms. — AgA'.  Converted  by  heating 
with  an  alcoholic  solution  of  hydroxylamine 

hydrochloride  into  C,H,<gj^^^--^'^^^^^g^N 

[134°]. 

PHENYL-o-TOLYL-CYANAMIDE 

NPh:C:NC„H^Me.  Carbopheiii/Uohjlimidc. 
(320'='-325°  uncor.).  Formed  by  adding  HgO  to 
a  boiling  solution  of  phenyl-o-tolyl-thiourea  in 
dry  benzene,  the  yield  being  65  p.c.  of  the 
theoretical.  Oil.  On  keeping,  it  polymerises  to 
a  brittle  glassy  solid  [68°-71°].  V.  sol.  benzene, 
si.  sol.  ether.  By  boiling  with  dilute  alcohol  it 
is  converted  into  phenyl-o-tolyl-urea.  H.S 
passed  into  its  boiling  solution  in  dry  toluene 
converts  it  into  phenyl-o-tolyl-thiourea.  Heated 
with  CS.  at  180°-200°  it  yields  a  mixture  of 
phenyl-  and  o-tolyl-thiocarbimides.  It  com- 
bines with  o-toluidine,  forming  «-phenyl-di-o- 
tolyl-guanidine  (Huhn,  B.  19,  2410). 

Phenyl-jj-tolyl-cyanamide  NPh:C:NCjH;. 
(325°-330°  uneor.).  Eesembles  the  preceding 
isomeride  in  mode  of  preparation  and  properties. 

DI  -  PHENYL  -  TOLYLENE  -  TETRA-  AMIDO- 
METHANE  0,„H„„N^  i.e. 

C,H,<^^g>C(NHPh),(?).    [161°].    Formed  by 

heating  C(NPh)2  with  tolylene-o-diamine  at  135° 
(Dahm  a.  Gasiorowski,  B.  19,  3057).  Needles 
(from  benzene).-B',;-;HCl.    [174°].— B'H.SO^. 

DI-PHENYL-7«-TbLYLENE  DIAMINE 
C.^HisNj  i.c.  [l:3:5]C,H3Me(NPhH),.  [105°]. 
Formed  by  heating  orcin  (1  pt.)  with  aniline 
(4  pts.)  and  a  mixture  of  ZnCL  and  CaCl.,  at 
220°  (Zega  a.  Buch,  J.  2)r.  [2]  33,  542).  White 
needles  (from  glacial  HOAc). 

D  i-  acetyl  derivative  [160°]. 

Di-benzoyl  derivative  [190°]. 

Binitrosamine  CigHuN^O,.  [170°]. 

Reference.  —  Di-nitro-phenyl-tolylene-di- 

AMINE. 

PHENYL-o-TOLYLENE-GUANIDINE 

C,He<^^^>C:NPh.    [167°].    Mol.  w.  229  (calc. 

223).  Formed  from  o-tolylene-diamine  and  di- 
phenyl-cyanamide  (Keller,  I?.  24,  2514).  Needles 
(from   warm    alcohol).  Di-^-tolyl-cyauamide 

forms     G,H  /  >C:NPh  >C(NHC,H.),  [193°], 

\n  / 

while  phenyl    cyanide    gives  the  compound 
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/N  CO. 

C,H/  >C:NPh      >NPli       [234°].— B'HCL— 

\n  CC^ 

B'jHoPtCle.— B  jHoSO^ :  white  needles. 

Mono-acetyl  derivative.  [147°]. 

Di-bensoyl'derivative.  ['222°1.  Prisms. 

Nitrosamine  C^^R^J^fi.  [125°]. 

DI -PHENYL  TOLYLENE-DI-METHYL- 
3)I-AMINEC.,iH„„N.,i.e. G„H.,Me(NPhMe).,.  [124°]. 
Formed  from  C^HjNHPhjj,  NaOH,  and  Mel 
(Zega  a.  Buch,  J.  iw.  [2]  33,  546).  White  lamins 
(from  HOAc). 

DI  -  PHENYL-o-TOLYLENE  -  DI  -  THIO  -  DI- 
UREA  [l:3:4]C5H,Me(NH.CS.NHPh),.  [c.  150°]. 
Formed  from  tolylene-o-diamine  and  plienyl- 
thiocarbimide  in  alcohol  (Lellmann,  A.  221,  19). 
Thin  plates  (from  dilute  alcohol),  v.  sol.  warm 
NaOHAq,  si.  sol.  water. 

Di-plienyI-7»-tolylene-di-thio-di-urea 
[l:2:4]C,H3Me(NH.CS.NHPh).,  [168°].  Formed 
from    tolylene-j»-diamine     and  phenyl-thio- 
carbimide  (Lussy,  B.  8,  670 ;  Gebhardt,  B.  17, 
3046 ;  Billeter  a.  Steiner,  B.  18,  3293;  20,  228). 

Di-phenyl-p-tolylene-di-thio-di-urea 
[l:2:5]CBH3Me(NH.CS.NHPh),.  [181°].  Formed 
from  tolylene-^:)-diamine   and  phenyl-thiocarb- 
imide  in  alcohol  (Lellmann  a.  Wiirthner,  A.  228, 
206).    Plates,  nearly  insol.  alcohol. 

DI-PHENYL-TOLYLENE-DI  UREA 
C,He(NH.CO.NHPh),.  [above  300°].  Formed 
by  adding  phenyl  cyanate  to  an  ethereal  solution 
of  tolylene-diamine  [99°]  (Kuhn,  B.  18,  1477). 
White  pp.  Insol.  water,  alcohol,  ether,  and 
benzene,  v.  si.  sol.  acetic  acid.  By  boiling  with 
aniline  it  yields  s-di-phenyl-urea. 

PHENYL-p-TOLYL-ETHANE  CijH,,,  i.e. 
CH,,Ph.CH,.C„H,Me.  [27°].  (286°  uncor.). 
Formed  by  reduction  of  tolyl  benzyl  ketone  by 
HI  and  P  (Mann,  B.  14,  1646).    White  plates. 

Phenyl-^-tolyl-ethane  CHj.CHPh.C^H^Me. 
(279°).  Formed  from  CeH^.CH^Br,  toluene,  and 
zinc-dust  (Bandrowski,  B.  7,1016).  Oil.  Yields 
2)-benzoyl-benzoic  acid  on  oxidation. 

PHENYL-2J-T0LYL-ETHYLENE  C,Ji„,  i.e. 
CHPh:CH.C„H,Me.  Methyl -stilhene.  [120°]. 
Formed  by  boiling  ^^-tolyl-benzyl-carbiuol  with 
dilute  (Mann,  B.  14,  1646),  and  also  by 

distilling  ^-tolyl  cinnamate  (Anschiitz,  C.  J.  47, 
898  ;  B.  18, 1945).  Pearly  plates  with  blue  fluor- 
escence, V.  si.  sol.  alcohol,  v.  e.  sol.  ether.  Yields 
C„H„Br,  [187°]. 

DI  -  PHENYL  -  DI  -  p  -  TOLYL  -  ETHYLENE 
OXIDE  ?  CjsHj^O.  Phenyl  tolyl  {a)-pinacolin. 
[215°].  Formed  by  the  action  of  zinc  and  HClAq 
on  phenyl  I'-tolyl  ketone  in  alcohol,  and  got  also 
by  heating  a  mixture  of  the  ketone  with  phenyl- 
tolyl-carbinol,  alcohol,  and  ZnCl,  (Thorner  a. 
Zincke,  B.  11,  71 ;  A.  189,  104).  Minute  needles, 
m.  sol.  hot  alcohol.  Cone.  HClAq  at  150° 
changes  it  into  the  isomeric  (;8)-pinacolin 
C,H,.CO.CPh(C,H,Me),  [137°]. 

PHENYL  i>TOLYL  ETHYLENE  DISUL- 
PHONE  CsH,.SO.C,H,.SO..C,H,.  [162°].  Got  by 
boiling  CgHj.SOj.CjH^Cl  with  an  alcoholic  solu- 
tion of  sodium  toluene  |j-sulphinate  (Otto,  J.  pr. 
[2]  30,  199). 

PHENYL  -  TOLYL  -  ETHYLENE  -  <p  -  TmO- 

TIREA  NPh:0<g  (^^')>CH2.  [128°].  Formed 

by  boiling  the  methylo-iodide  of  the  ethylene 
derivative  of  tolyl-di-thio-carbamic  acid  with 


aniline  (Will  a.  Bidschowski,  B.  15, 1315).  Silky 
plates. 

PHENYL  -^9  -  TOLYL  -  ETHYL  -  THIO-UREA 

C„H,gN2S,-i.e.NPhEt.CS.NHC_H,.  [90°].  Formed 
from  ^-tolyl-thiocarbimide  and  ethyl-aniline 
(Gebhardt,  B.  17,  2091).    Colourless  crystals. 

s-PHENYL-DI-o-TOLYL-GUANIDINE 
C,H5N:C(NHC,H,)„.  [102°].  Formed  by  the 
action  of  an  alcoholic  solution  of  aniline  upon 
di-o-tolyl-thiourea  in  presence  of  PbO.  Got  also 
by  the  combination  of  CsH5.N:C:N.C,H-  with 
aniline  (Huhn,  B.  19,  2412).  Felted  needles. 
V.  sol.  warm  alcohol,  ether,  and  benzene. — 
E'ECL—B'^HjCUPtCl, :  orange-yellow  tables. 

M-Phenyl-di-o-tolyl-guanidine 
C,H,N:C(NHC,H5)(NHC,H,).    [112°].  Formed 
from  o-toluidine  and  C,H,N:C:NCsH3  (Huhn). 
Long  needles,  v.  sol.  alcohol.   Salt  s. — B'HCl. — 
B'jHoPtCl,; :  orange-yellow  tables. 

s-Di-plienyl-23-tolyl-guanidine 
C,H,N:C:(NHC,,H5)„.  [121°].  Formed  by  the 
action  of  an  alcoholic  solution  of  p-toluidine 
upon  di-phenyl-thiourea  in  presence  of  PbO 
(Hofmann,  B.  2,  459;  Huhn,  B.  19,  2412). 
Felted  needles.  V.  sol.  alcohol  and  ether. — 
B'HCl.— B',,H.Cl„PtCl, :  reddish-yellow  pp. 

K.-Di-phenyl-^j-tolyl-guanidine  C.,oH,gN3,  i.e. 
C,H,N:C(NHC,H,,)(NHC;H;).  [127°*]. 

Formation. — 1.  By  heating  phenyl-p-tolyl- 
thiourea  with  an  alcoholic  solution  of  aniline  in 
presence  of  PbO. — 2.  By  the  combination  of 
CsHjNrCiNC^H,  with  anihne  (Huhn,  B.  19,  2409). 
—B'HCL— B'^HjCl-jPtClj :  sparingly  soluble  pp. 

PHENYL  TOLYL-IMIDO-BENZYL  KETONE 
C6H5.CO.C(NC,H,).CsH5.  Formed  by  heating 
o-toluidine  with  benzil  at  100°  (Bandrowski,  M. 
9,  689).    Yellow  plates  (from  alcohol). 

PHENYL  o-TOLYL  KETONE  C,jH,„0  i.e- 
CsH,.C0.C8H,Me  [1:2].  (314°)  at  735  mm- 
(Smith,  B.  24,4046);  (295°)  at  722  mm.  (G.  a- 
S.).  Formed  by  the  action  of  AICI3  on  a  mix- 
ture of  o-toluic  chloride  and  benzene  (Ador  a. 
Eilliet,  B.  12,  2301 ;  Goldschmidt  a.  Stocker,  B. 
24,  2805).  Formed  also,  together  with  a  much 
larger  quantity  of  the  p-  isomeride,  from  BzCl, 
toluene,  and  AICI3  (Elbs,  J.  pr.  [2]  35,  466). 
Oil.  yields  anthracene  on  long  boiling  or  on 
heating  with  zinc-dust. 

syn-Oxim  CjH^.C.CeHs.  [69°]. 
HO.N 

anti-Oxim  C,H,.C.C„H,.    [105°]  (S.).  ' 
N.OH 

Phenyl-7;i-tolyl  ketone  C,H,.CO.CsH,Me  [1:3]- 
(315°  i.V.)  at  745  mm.  S.G.  —  1-088.  Formed 
by  the  action  of  AICI3  on  a  mixture  of  m-toluic 
chloride,  benzene,  and  AICI3  (A.  a.  E. ;  G.  a.  S.). 
Got  also  by  cautious  oxidation  of  phenyl-m-tolyl- 
methane  (Senff,  A.  220,  252).  Oil,  miscible  with 
alcohol.  Keduced  by  HIAq  at  200°  to  C^H,, 
(269°  at  725  mm.). 

Oxim.  [101°].  Eeduced  by  sodium-amal- 
gam in  presence  of  HOAc  to  ?)i-toluic  anilide  and 
C^H^Me.CPhH.NHj. 

Phenyl -p-tolyl  ketone  C^H^.CO.CgH^Me  [1:4]. 
[60°].    (327°  i.V.). 

Formation, — 1.  Together  with  the  o-isomeride 
by  heating  benzoic  acid  with  toluene  and  P2O5  at 
200°  (Kollarits  a.  Merz,  B.  6,  446  ;  Thorner,  A. 
189,  83). —  2.  By  oxidising  CgH^Me-CPhH., 
(Zincke  a.  Plascuda,  B.  7,  982).— 3.  By  distilling 
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a  mixture  of  calcium  p-toluate  and  benzoate  I 
(Radziszewski,  B.  6,  810). — 4.  By  heating  EzCl 
with  toluene  and  zinc  at  190^  (Grucarevic  a. 
Merz,  B.  6,  1243).— 5.  By  the  action  of  AICI3 
on  a  mixture  of  p-toluic  chloride  and  benzene 
,(A.  a.  E.).— 6.  From  BzCl,  toluene,  and  AlCl^. 

Projperties. — Prisms,  m.  sol.  alcohol,  v.  sol. 
ether.  Dimorphous.  Yields  p-benzoyl-benzoic 
acid  on  oxidation.  Keduced  to  C^HjMe.CH.,Ph 
<by  distillation  over  zinc-dust.  Sodium-amalgam 
forms  phenyl-tolyl-carbinol.  Zinc  and  HClAq 
acting  on  the  alcoholic  solution  form  two  pina- 
colins  CosHjjO.  The  (a)-pinacolin  [215°]  may  be 
•converted  into  the  (/3)-isomeride  [137°]  by  heat- 
ing with  HOAc. 

anti-Oxim        C„H,.C.C,H,Me.  [154°] 

HO.isr 

^(Hantzsch,  B.  23,  232.5,  2776  ;  24,  58  ;  cf.  Weger- 
hoff,  A.  252,  11).  Converted  by  HOAc  and  HCl 
into  p-toluio  anilide.  Yields  an  acetyl  deriva- 
tive [124°]  and  a  benzoyl  derivative  [85°]  (Auwers, 

B.  23,  399). 

syn-Oxim  C,H..C.C,H,Me.    [116°].  Con- 
N.OH 

verted  by  HOAc  and  HCl  into  benzoyl-toluidine 
and  sometoluic  anilide.  Yields  an  acetyl  deriva- 
tive ril8°-122°]  and  a  benzyl  derivative  [51°]. 

Phenyl  p-tolyl  diketone  C6H,.C0.C0C;H;. 
Formed  by  heating  di-bromo-deoxybenzoin  with 
water  at  183°  (Bucher,  B.  22,  2819).  Yellow  oil, 
solidified  by  cold. 

References. — Di-amido-,  Nitro-,  Osy-amido-, 

and  OxT-  PHENYL-TOLYL-KETONE. 

PHENYL  TOLYL  KETONE  CAEBOXYLIC 

ACID  V.  TOLUYL-BENZOIC  ACID. 

Phenyl  jp-tolyl  ketone  dicarboxylic  acid 
C„H,,05  i.e.  C,H5.CO.C„H,Me(CO,H)2  [1:4:2:6]. 
Bemoyl-uvitic  acid  [245°].  Formed  by  oxidising 
phenyl  mesityl  ketone  with  dilute  HNO3  (Elbs, 
J.pr.[2]  35,489).    Needles.— Ag.A.". 

An  isomeric  acid,  got  by  oxidation  of  phenyl 
T|/-cumyl  ketone  C,H,.CO.C,H..Me,  [5:1:2:4],  yields 
Ag,A". 

PHENYL-o-TOLYL-METHANE    C^H,,  i.e. 

C,  Hj.CH,.C,H,Me  [1:2].  o-Bemyl-toluene.  Mol. 
w.  182.  (284°).  Formed,  together  with  the  p- 
isomeride,  by  heating  benzyl  chloride  with 
toluene  and  zinc-dust  (Zincke,  B.  6,  906;  Senff, 
A.  220,  249).  Got  also  from  C,H^Me.CH,,Cl, 
benzene,  and  zinc-dust  (Barbier,  B.  7,  1544). 
Yields  anthracene  when  passed  through  a  red- 
hot  tube. 

Phenyl-r;i-tolyl-methane 
'C.,H5.CH,.C„HjMe  [1:3].  (275°  i.V.).  S.G. 
■997.  Got  by  reducing  the  ketone  with  HI  and 
P  (Ador  a.  Kiliiet,  B.  12,  2300).  Prepared  by 
heating  w-chloro-»)i-xylene  (1  pt.)  with  benzene 
(7  pts.)  and  AICI5  (Senff,  A.  220,  230  ;  cf.  Bar- 
bier, C.  R.  79,  660).  Oil,  sol.  alcohol  and  ether. 
Gives  a  di-nitro-  derivative  [141°]. 

Phenyl-p-tolyl-methane 
C,,H,.CH,.C,Ii,Me  [1:4].  (280°  i.V.).  Formed, 
with  the  0- isomeriJe,  by  heating  benzyl  chloride  | 
with  toluene  and  zinc-dust  (Zincke,  B.  7,  1153; 
A.  161,  93).  Pomied  also  by  the  action  of  zinc- 
dust  on  benzyl  chloride  (Prost,  Bl.  [2]  46,  248), 
and  by  heating  phenyl  p-tolyl  ketone  with  ammo- 
nium sulphide  and  S  at  320°  (Willgerodt,  B.  20, 
2470).  Oil.  Yields  j)-benzoyl-benzoic  acid  on 
oxidation.     Does   not  form  anthracene  when 

Vol.  IV. 


passed  through  a  red-hot  tube.  Yields  a  disul- 
phonic  acid  [38°],  which  gives  KA"  3^aq, 
BaA"  Siaq,  and  CuA"  4  Uq. 

Phenyl-di-tolyl-inethane  CHPh(C,H,)„.  [56°]. 
Got  by  heating  (C,H,).,CPh.CO.C,H,  with  soda- 
lime  at  300°  (ThOrner  a'.  Zincke,  B.  11,  70). 

Di  -  phenyl -o-tolyl- methane  C.,|,H|„  i.e. 
(C,H5),CH.C,H,Me.  [59-5°].  (354°)."  Formed 
from  leucaniline  by  diazotising  and  boiling  with 
alcohol  (Fischer,  A.  194,  282  ;  Piosenstiehl  a. 
Gerber,  A.  Ch.  [6]  2,  342).  Spherical  groups  of 
prisms  (from  MeOH),  v.  sol.  ether.  Oxidised 
by  CrOs  and  HOAc  to  (C^H,).,C(OH).C,H^Me 
[150°]. 

Di-phenyl-?)i-tolyl-methane.  [62°].  (above 
360°).  Formed  by  distilling  its  carboxylic  acid 
with  baryta  (Hemilian,  B.  16,  2368).  Long 
thin  needles  (from  alcohol),  v.  sol.  ether.  The 
crystals  emit  light  when  powdered.  Its  dilute 
solutions  fluoresce  blue. 

Di-phenyl-p-tolyl-methane.  [71°].  (above 
360°).  Formed  by  distilling  its  o-carboxylic 
acid,  and  also  Jby  the  action  of  P.^O^  on  a  mix- 
ture of  toluene  and  di-phenyl-carbinol  or  of 
benzene  and  phenyl-^j-tolyl-carbinol  (Hemilian, 

B.  7,  1209;  19,  3066;  Fischer,  A.  194,  263). 
Needles  or  prisms,  v.  sol.  hot  alcohol. 

References. — Di-amido-,  Chloro-,  Nitro-, 
N1TR0-AMID0-,  and  OxY-  phenyl-tolyl-methane. 

PHENYL -p  -  TOLYL  -  METHANE -0- CARB- 
OXYLIC ACID  C,H,Me.CH.,.C„H,.CO.,H.  [134°]. 
Formed  by  warming  C.H^Me.CO.C^H^.CO.H 
with  NH.,Aq  and  zinc-dust  (Gresly,  A.  234,236). 
Needles  (from  alcohol),  nearly  insol.  water. — 
BaA'.,:  plates,  v.  sol.  water. 

Phenyl-tolyl-methane  dicarboxylic  acid 
CO,H.C,,H,.CH(C,H;).CO,H.  [154°].  (above 
300°).  Got  by  saponifying  the  nitrile,  which  is 
prepared  by  treating  an  alcoholic  solution  of 
CN.C„H,.CH,.CN  with  benzyl  chloride  and  KOH 
(Eichelbaum,  Z3.  21,  2679).  Prisms,  soL  alcohol. 

Amide.    [224°].    Small  plates. 

Imide     C,H,<^JJ(^jf')>CO.  [176°]. 

(above  300°).  Got  by  heating  the  amide  with 
cone.  HClAq.    Needles,  v.  sol.  alcohol. 

Nitrile.    [110°].    (above  300°).  Plates. 

Di-phenyl-jj-tolyl-methane  carboxylic  acid 

C,  H,Me.CHPh.C,H,.CO,H.  [155°].  Formed  by 
warming  jp-tolyl-phthalide  with  benzene  and 
AlCl.,  (Gresly,  A.  234,  242).  Needles  (from 
alcohol).— BaA'.,  2iaq  :  si.  sol.  water. 

Di-phenyl-p-tolyl-methane  carboxylic  acid 
CHPh,.C,iH3Me.CO,,H[4:2:l].  [217°].  Formed 
from  di-phenyl-p-tolyl-carbinol  carboxylic  acid, 
NaOHAq,  and  zinc-dust  (Hemilian,  B.  16,2363). 
Transparent  tables,  v.  sol.  alcohol. — BaA',,  4aq. 
— AgA' :  minute  needles,  insol.  water. 

Di-phenyl-p-tolyl-methane  carboxylic  acid 
CHPh,.C,H,Me.CO,Hi4:l:2].  [203°].  Formed 
from  di-phenyl-methyl-phthalide,  NaOHAq,  and 
zinc-dust  (Hemilian,  B.  19,  3064).  Needles  or 
tables,  sol.  hot  alcohol. — BaA'„3aq. — AgA'. 

PHENYL-p-TOLYL  DI-METHYLENE  DI- 
SULPHONE  KETONE  C|„H„S,0,  i.e. 
C,H,.SO.,.CH„.CO.CH.,.SO,,.QHjMe.  [112°]- 
Formed  '  from  CHJBr.C6.CH,.S0,.C„H,Me  by 
treatment  with  C^HjSO.jNa  and  obtained  also  from 
C,H,.SO„.CH,.CO.CH.,Br  and  C,H,Me.SO.,Na 
(Otto,  /.  pr.  [2]  36,  4271.  Plates,  m.  sol.  alco- 
hol, v.  sol.  CHCl,. 
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PHENYL  -  0  -  TOLYL  -  METHYL  -  PYRROLE 

^C'^KcSicH-  (327°).  Formed  by 

heating  its  carboxylic  acid  [199°]  (Lederer  a. 
Paal,  B.  18,  2596).    Plates,  v.  e.  sol.  alcohol. 

Phenyl -p-tolyl-methyl-pyrrole.  [91°]- 
(above  350°).  Got  by  heating  its  carboxylic  acid 
[227°].    Tables  (from  ligroin). 

PHENYL  -  0  -  TOLYL  -  METHYL  -  PYRROLE 

CARBOXYLIC  ACID  C,H,MeN<^2^-gjQ  ^. 

[199°].  Got  by  saponifying  its  ether,  which  is 
formed  by  boiling  acetophenone-acetoacetic 
ether  with  o-toluidine  and  HOAc  (Lederer  a. 
Paal,  B.  18,  2596).  Small  prisms  (from  alcohol). 

jj-Isomeride.  [227°].  Made  in  like  manner 
from  p-toluidine.    Plates,  v.  sol.  alcohol. 

Ethijl  ether  EtA'.    [115°].  Crystals. 

PHENYL  -  o  -  TOLYL  -  METHYL-  THIO-URE  A 
CisHijN^S  i.e.  NMePh.CS.NHCjH,.  [121°]. 
Formed  from  methyl-aniline  and  o-tolyl-thio- 
earbimide  (Gebhardt,  B.  17,  2091,  3035).  Plates. 

Phenyl-p-tolyl-methyl-thio-urea.  [121:°]. 
Formed  in  like  manner  from  p-tolyl-thiocarb- 
imide  (G.).  Small  trimetric  tables.  By  distil- 
lation with  steam  it  is  resolved  into  the  parent 
substances,  which  slowly  recombine  in  the  dis- 
tillate. 

PHENYL-TOLYL-NAPHTHYL-GUANIDINE 

C^^HjiN,  i.e.  CN3H,Ph(C,H,).C,„H,.  [below 
60°].  Formed  by  boiling  an  alcoholic  solution 
of  phenyl-tolyl-thio-urea  and  naphthylamine 
with  Pbb  (Tiemann,  B.  3,  6).  Brittle  resin, 
forming  a  crystalline  hydrochloride. 

PHENYL-DI-TOLYL-PHOSPHINE 
(G„H,Me)2PC,H,.  [57°].  Formed  from  ^)-bromo- 
toluene  (2  mols.),  CgH^PClj  (1  mol.),  and  Na 
(Dorken,  B.  21,  1512).    Crystals,  v.  sol.  ether. 

Di-phenyl-tolyl-phosphine  CsH^MeP(C6H3).,. 
[68°].  Formed  from  (C,H5)„PC1,  p-bromo'- 
toluene,  and  sodium  (Dorken,  B.  21,  1511). 
Small  prisms.  Yields  (C,H,).,PO(C,H^Me) 
[130°]  and  (C,H,)„PS(CsHjMe)  [139'°]. 

PHENYL-TOLYL-(a)-PINACOLIN  C^,mfi  v. 

Dl-PHENTL-DI-p-TOLYL-ETHYLENE  OXIDE. 

Phenyl-tolyl-  (0)  -pinacolin 

C6H,.C0.CPh(C,H,),.  [187°].  Formed  by  the 
action  of  AcCl  on  phenyl-tolyl-(a)-pinaoolin  or 
on  phenyl-tolyl-pinacone  (Zincke  a.  Thorner,  B. 
10,  1477  ;  11,  65, 1396  ;  A.  189,  110).  Prepared 
by  boiling  phenyl  ^-tolyl  ketone  with  alcohol, 
HClAq,  and  zinc.  Small  dimetric  tables,  si.  sol. 
cold  alcohol.  On  heating  with  soda-lime  at  300° 
it  yields  phenyl-di-tolyl-methane. 

PHENYL-TOLYL-PINACONE  CHj^O.,  i.e. 
C,H,.CPh(OH).CPh(OH).C,H,.  [165°].  Formed 
by  treating  an  alcoholic  solution  of  phenyl 
tolyl  ketone  with  zinc  and  H2SO4  (Zincke  a. 
Thorner,  B.  10,  1476).  Minute  needles  (from 
alcohol).  Decomposed  by  fusion  and  by  boiling 
alcoholic  potash  into  phenyl  tolyl  ketone  and 
phenyl-tolyl-carbinol.  Converted  into  phenyl- 
tolyl-(;S) -pinacolin  by  heating  with  dilute  H^SOj 
at  160°,  with  HOAc  at  190°,  with  AoCl,  or  with 
HClAq.  Alcoholic  HCl  in  the  cold  forms 
phenyl- tolyl- (o)  -pinacolin. 

PHENYL-TOLYL-PROPANE  G.^B.^^  i.e. 
CRj.CHPh.CHo.C^H^Me.  Theo-  (317°),  m-  (312°), 
andp-  (303°)  compounds  are  formed  by  the  action 
of  cone.  H.,SO,|  on  a  mixture  of  styrene  and  0-, 
ill-,  and  j3-xylene  respectively  (Kraemer,  Spilker, 


a.  Ebenhardt,  B.  23,  3271).  They  are  oils, 
miscible  with  alcohol  and  ether. 

PHENYL-TOLYL-PROPIONIC  ACID 
CH2Ph.CH(C,H,Me).C0,H.  0-  [95-5°],  m-  [80°],. 
p-  [105°].  Formed  from  the  corresponding 
nitriles,  which  are  got  from  the  tolyl-aceto- 
nitriles  by  treatment  with  NaOEt  and  benzyl 
chloride  (Papcke,  B.  21,  1331).  The  o-nitrile  is 
an  oil  (340°-353°)  ;  the  w-nitrile  [53°]  (350°- 
360°),  and  thep-nitrile  [79°]  are  crystalline. 

Di-phenyl-p-tolyl-propionic  acid.  Nitrile 
CH,Ph.CPh(C,H4Me).CN.  [121°].  Formed 
from  phenyl-^-tolyl-acetonitrile,  NaOEt,  and 
benzyl  chloride  (Neure,  A.  250,  150).  Needles. 

DI-PHENYL-TOLYL-PYRROLE  C^^HigN  i.e.. 

NC,H,<;^pj^:^^.    The  o-  [115°]  (above  300°) 

a,ndp-  [203°]  compounds  are  formed  by  distilling 
the  corresponding  carboxylic  acids  with  lime 
(Baumann,  B.  20,  1492;  Paal  a.  Braikoff,  22, 
3089).    Both  crystallise  in  white  needles. 

DI-PHENYL-TOLYL-PYRROLE  CARBOXY- 
LIC ACID  N(C,H,)<^^pjj:^g°-^.    Theo- acid 

[227°]  and  its  p-  isomeride  [206°]  are  got  by 
saponification  of  the  ethers,  which  melt  at  135° 
and  145°  respectively,  and  are  formed  by  boiling 
the  corresponding  toluidine  with  phenacyl- 
benzoyl-acetic  ether  CHJ3z.CHBz.C0„Et  and 
HOAc  (Paal  a.  Braikoff,"  B.  22,  3088).  Both 
acids  are  crystalline  and  si.  sol.  ether. 

Di-phenyl-p-tolyl-pyrrole  dicarboxylic  acid 

N(C,H,)<cjc:H::cSH);ci  ^253°].  Formed  by 
heating  C2H4(C0.CeH,.C02H)2  with  p-toluidine 
on  a  water-bath  (Baumann,  B.  20,  1489). 
Yellowish  needles,  v.  sol.  alcohol  and  CS^. 

PHENYL  p-TOLYL  SULPHIDE  Ph.S.C,H,. 
An  oil  got  by  the  action  of  NaSPh  on  p-diazo- 
toluene  chloride  (Ziegler,  B.  23,  2471). 

Phenyl  tolyl  disulphide  Ph.S^.CjH.. 
Formed  by  adding  Br  to  an  ethereal  solution  of 
PhSH  and  C,H,SH.  Got  also,  together  with 
Ph,S,,  by  heating  toluene  p-sulphinic  acid  with 
PhSH  (Otto  a.  Bossing,  B.  19,  3133).  Thick 
oil,  insol.  water,  scarcely  volatile  with  steam. 

PHENYL  ^-TOLYL  STJLPHONE  OisHj^SO, 
i.e.  Cs'S.^.80.,.C^B.,Me.  [125°].  S.  (alcohol)  1-62  at 
20°.  Formed  by  the  action  of  P2O5  on  a  mixture 
of  toluene  and  benzene  sulphonic  acid,  or  of 
benzene  and  toluene  ^-sulphonic  acid  (Michael 
a.  Adair,  B.  11,  116).  Formed  also  from  benz- 
ene sulphonic  chloride,  toluene,  and  AICI3 
(Beckurts  a.  Otto,  B.  11,  2068).  Prisms  or  tablets. 

PHENYL-0-TOLYL-SEMI-THIOCARBA2IDE 
CnHisNaS  i.e.  NHPh.CS.NH.NH.C^H^Me.  [146°]. 
Formed  from  phenyl-thiocarbimide  and  o-tolyl- 
hydrazine  (A.  E.  Dixon,  C.  J.  57,  260).  Pearly 
prisms,  v.  si.  sol.  water,  v.  sol.  hot  alcohol. 

Isomeride  C^H^MeNH.CS.NH.NHPh.  [163°]. 
Formed  from  o-tolyl-thiocarbimide  and  phenyl- 
hydrazine.    Vitreous  prisms,  v.  si.  sol.  water. 

PHENYL  o-TOLYL-THIO-UREA  C„H„N„S 
i.e.  NHPh.CS.NHCgHjMe.  [140°].  Formed  from 
o-tolyl-thiocarbimide  and  aniline  (Staats,  B.  13, 
137)  and  by  passing  HjS  into  a  boiling  solution 
of  phenyl-tolyl-eyanamide  NPh:C:NC.H,  in  dry 
benzene  (Huhn,  B.  19,  2411).  Long  needles,  si. 
sol.  water.  Boiling  HClAq  (34  p.e.)  splits  it  up 
into  aniline,  o-toluidine,  phenyl-thiocarbimide, 
and  o-tolyl-thiocarbimide  (Mainzer,  B.  16, 1419). 
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HgO,  added  to  its  solution  in  boiling  benzene, 
forms  pbenyl-tolyl-cyanamide. 

PhenyI-ji)-tolyl-thio-urea 
NHPh.CS.NHC,H,Me.  [137°]  (S.)  ;  [141°] 
(F.  a.  W.).  Formed  from  ^-tolyl-thiocarbimide 
and  aniline  (S.),  and  from  pheuyl-jj-tolyl-cyan- 
amide  and  IL.S  (H.).  Plates,  si.  sol.  water.  Split 
up  by  HClAq  in  the  same  way  as  the  o-  isomeride 
(M.),  and  decomposed  by  HgO  in  like  manner. 
C0C1.2  passed  into  its  solution  in  toluene  forms 

NPh:C<g^^^)>CO    [89°],   crystallising  in 

white  needles  (Freund  a.  Wolf,  B.  25,  1466). 

Tetra-co-phenyl-di-o-tolyl-thio-urea 
Cj^HjoN.S  i.e.   (CHPh,.C,H^.NH).,CS.  [123°]. 
Formed  from  CHPh^.C.H^.NHj  and  CS,,  (Fischer 
a.  Franckel,  A.  241,  *368).    White  needles,  insol. 
cold  alcohol. 

References. — Nitro-  and  Oxy-  Phenyl-toltl- 

THIO-UEEA. 

PHENYL  - p  -  TOLYL  -  THIO  -  UREA-co-CAKB- 
OXYLICACID.  Nilrilc 

NHPh.CS.NH.C,H,.CH2.CN.  [141°].  Formed 
by  warming  phenyl-thiocarbimide  with  amido- 
phenyl-acetonitrile  (Freund  a.  Immerwahr,  B. 
23,  2856).  With  furfuraldehyde  it  forms 
NHPh.CS.NH.C,H,.CCy:CH.C4H30  [160°]  crys- 
tallising from  alcohol. 

PHENYL-o-TOLYL-UREA  C„H,,N.,0  i.e. 
NHPh.CO.NHC„H,Me.  [212°].  Formed  by 
boiling  NPh:C:NC,H,  with  dilute  alcohol  (Huhn, 
B.  19,  2410).    Slender  needles. 

Phenyl-»i-tolyl-urea.  [165°].  Formed  from 
phenyl  cyanate  and  77i-toluidine  in  ether 
(Buchka  a.  Schachtebeek,  B.  22,  840).  Needles. 

Phenyl-2)-tolyl-urea.  [211°]  (H.)  ;  [218°] 
(Freund  a.  Wolf,  B.  25,  1467).  Formed  by 
boiling  phenyl-p-tolyl-cyanamide  with  dilute 
alcohol  (Huhn,  B.  19,  2408). 

Phenyl-di-j>tolyl-urea  C.„H.„N.,0.  [136°]. 
Formed  from  (C,H,Me)2N.C0Cl  and  aniline 
(Hammerich,  B.  25, 1821).  Needles,  sol.  alcohol. 

Di-phenyl-2>tolyl-urea  NPh,.CO.NHC,H,. 
[130^].  Formed  from  NPh,.COCl  and  p-toluidin'e  i 
(Michler,  B.  9,  713).  Needles. 

References. — OxY-rnENYL-TOLYL-UREA. 

(3)-PHENYL-irMBELLIFER0NEC,5H,„03i.f. 

[4^]  C,H3(OH)<5^gg.     [244°].  Prepared 

V  the  action  of  H^SOj  on  a  mixture  of  benzoyl- 
S'Cetic  ether  and  resorcin  (Pechmann  a.  Duis- 
berg,  B,  16,  2126).    Plates  (from  dilute  alcohol). 

PHENYL  -  URAMIDO  -  ACETO  -  NITRILE 
CsH5.CH(CN).NH.C0.NH.,.  Phcmjl-aceto- 
nitrilc-urea.  [178°]  with  decomposition. 
Formed  by  heating  equimolecular  quantities 
of  benzaldehyde-cyanhydrin  and  urea  at  100° 
(Pinner  a.  Lifschiitz,  B.  20,  2355).  Prisms, 
v.  sol.  alcohol,  m.  sol.  hot  water.  By  boiling 
with  dilute  HCl  it  is  converted  into  di-oxy- 

phenyl-glyoxaline  ^J^^);n>C.OH. 

PHENYL-URAMIDO-BENZOIC  ACID  r.  vol. 
i.  p.  157. 

PHENYL  -  a  -  ITRAMIDO  -  CROTO -NITRILE 

C„H,.CH:CH.C(CN)H.NH.C0.NH2.  Phenyl-croto- 
nitrile-urea.  [160°  with  decomposition].  Prepared 
liy  heating  equivalent  quantities  of  oinnamic- 
:ililehyde-cyanhydrin  and  urea  to  96°  for  several 
hours ;  the  yield  is  40  p.c.  of  the  cyanhydrin 
(Tinner  a.  Lifschiitz,  B.  20,  2353).  Needles. 


M.  sol.  hot  alcohol.    By  boiling  with  dilute 
HCl  it  is  converted  into  di-oxy-styryl-glyoxaline 
p^/NH.CH.CH:CHPh 
^^\NH.CO 

PHENYL  -  URAMIDO  -  PHENYL  -  ACETIC 
ACID  NHPh.CO.NH.CHPh.CO,H.  [154°]. 
Formed  by  the  action  of  potash  on  di-phenyl- 
thiohydantoin  (Kossel,  B.  24,4153).    Sol.  water. 

Ethyl  ether  EtA'.  [165°].  Formed  from 
phenyl-amido-acetic  ether  and  phenyl  cyanate 
(K.).    Crystalline  powder,  sol.  hot  alcohol. 

PHENYL-URAMIDO-PROPIONIC  ACID 
C,„H,2N,p,  i.e.  C,-H,NH.CO.NH.CH2.CH2.CO,H. 
[172°].  Formed  by  heating  ^-amido-propionic 
acid  with  phenyl-urea  at  140°  (Hoogewerff  a. 
van  Dorp,  R.  T.  0.  9,  49).  Tablets  and  needles, 
m.  sol.  cold  alcohol.  AcCl  forms  C|„H|„N,.02 
[234°]  and  C,„H,AcN20.,  [138°].  KOBr  and  HCl 
form  C,„H,„Br.,N..03  [202°]  and  C„,H3Br3N.,03 
[220^.— KA'.— CaA'...— AgA'. 

Ethyl   ether  EtA'.    [85°].  Needles. 
DI-PHENYL-URAZINE     Ci.H.^N.Oj  i.c. 

NPh<;^Q -^g^NPh.     [264°].    Formed  by 

heating  phenyl  semicarbazide  at  160°  (Pinner, 

B.  21,  2329)  or  phenyl-carbazic  ether  at  240  " 
(Heller,  A.  263,  282).  White  needles,  v.  sol. 
warm  HOAc.    Yields   the  acetyl  derivatives 

C,  ,H,,AcN,0.,  [173°],  C„H,„AC2NA  [153°]  and 
the  ether  C,^H,|EtN,0„  [137°]. 

PHENYL-URAZOLE  v.  Di-oxy-phenyl-tbi- 

AZOLE. 

PHENYL-UREA  C.H.NjO  i.e.  NHPh.CO.NH,. 
[147°].  Formation. — 1.  By  passing  cyanic  acid 
vapour  into  cooled  aniline  or  from  aniline  sul- 
phate and  potassium  cyanate  (Hofmann,  A.  53, 
57  ;  57,  265  ;  70,  130  ;  74, 14  ;  Weith,  B.  9,  810). 

2.  From  aniline  and  moist  cyanogen  chloride. — 

3.  From  phenyl  cyanate  andNH,,. — 4.  From  mer- 
curic fuhiiinate  and  aniline  (Steiner,  B.  8,  518). 
5.  From  benzamidoxim,  NaOH,  and  benzene 
sulphonic  chloride  (Pinnow,  B.  24,  4171). 

Properties. — Monoclinic  needles,  v.  sol.  alco- 
i  hoi  and  boiling  water,  sol.  ether.  Decomposed 
at  150°  into  s-di-phenyl-urea,  CO.,,  and  NH,. 

Reactions. — 1.  Cone.  KOHAq  yields  aniline, 
NH3,  and  CO2. — 2.  L'rtj-j/to-waYer  yields  phenyl- 
biguanide  (Emich,  71/.  12,  16). — 3.  Aniline  at 
190°  forms  s-di-phenyl-urea. — 4.  Fuming  sul- 
phuric acid  forms  [1:4]  CeH^(NH,).S03H  and 
SOjH.C.H^.NH.COoH  (Hentsohel,  B.  18,  978).— 
5.  ClCO.COjEt  forms  phenyl-allophanic  ether 
and  phenyl-parabanic  acid. 

Acetyl  derivative  NHPh.CO.NHAc. 
[183°].  Needles  (McCreath,  B.  8,  1181 ;  Kiihn. 
B.  17,  2880  ;  Pinnow,  B.  24,  4171). 

Propionyl  derivative.    [137°].  Prisms. 
Benzoyl    derivative  NHPh.CO.NHBz. 
[199°].    Silky  needles,  v.  sol.  alcohol. 

s-Di-phenyl-urea  C.^H.^Np,  i.e.  CO(NHPh).,. 
Mol.  w.  212.    Carbanilide.    [235°].  (260°). 

Formation. — 1.  From  aniline  and  phenyl- 
cyanate  (Hofmann,  A.  57,  266;  74,  15).— 2.  From 
aniline  and  COCL,  (Hofmann,  A.  70,  138  ;  Hent- 
schel,  J.  pr.  [2]  27,  499).— 3.  By  heating  di- 
jjhenyl-thio-nrea  with  alcoholic  potash. — 4.  By 
distilHng  phenyl-urea  (H. ;  Pinnow,  B.  24,  4172). 
5.  By  dry  distillation  of  aniline  oxalate  (Hof- 
mann, Pr.  15,  335). — 6.  By  heating  urea  (1  pt.) 
with  aniline  (3  pts.)  at  160°  (Baeyer,  A.  131,  251) 
or  phenyl-urea  (1  mol.)  with  aniline  (1  mol.)  at 

H  2 


100 


PHENYL-UREA. 


185°  (Weith,  B.  9,  821).— 7.  Together  with  NH^, 
benzamide,  and  benzanilide,  by  heating  di- 
benzoyl-urea  with  aniline  at  180°  (Holleman, 
B.  T.  C.  10,  72).— 8.  By  the  action  of  an  ethereal 
solution  of  CICO2CCI3  on  aniline  (Hentschel,  J.pr. 
[2]  36,  310).— 9.  From  NHPh.CO.Et  and  anihne 
at  160°  or  NaOPh  at  220°.— 10.  From  C0(0Ph)2 
and  aniline  at  150°-180°  (Eckenroth,  B.  18,  516). 
11.  From  C(OEt)^  and  aniline  at  280°  (Bender, 

B.  13,  699). — 12.  By  heating  carbamic  ether 
with  aniline  (3  mols.)  at  180°-185°  (Smolka,  M. 
11, 200). — 13.  From  benzamidine  hydrochloride, 
phenyl  cyanate,  and  NaOHAq  (Pinner,  B.  22, 
1607). 

Properties. — Prisms  (from  alcohol),  v.  si.  sol. 
water,  v.  sol.  alcohol  and  ether.  May  be  distilled. 
Reactions. — 1.  Cone.  H.SOj  forms  CO2  and 

C,  H^(NH,)SO,H.— 2.  Alcoholic  NH3  forms  urea 
and  aniline  (Claus,  B.  9,  693).— 3.  PCL,  forms 
phenyl  cyanate  (Weith,  B.  9,  810).  ClCO^CCla 
also  forms  phenyl  cyanate  on  heating. — 4.  P.2O3 
forms  phenyl  cyanate  and  aniline. — 5.  Dry 
NaOEt  at  220°  forms  aniline  and  tri-phenyl- 
guanidine.  —  6.  ClCO.COjEt  forms  di-phenyl- 
parabanic  acid. 

Acetyl  derii;aiit;e  NHPh.NPhAc.  [115°]. 
Laminas  (from  water)  (McCreath,  B.  8,  1181). 

w-Di-phenyl-urea  NPh...CO.NH,..  '  [189°]. 
Formed  from  NPh^.COCl  [85°]  and  alcohoUc  NH^ 
at  100°  (Michler,'  B.  8,  1665 ;  9,  396,  715). 
Needles.  Gives  a  blue  colour  with  H.^SO.,.  Split 
up  by  distillation  into  cyanic  acid  and  diphenyl- 
amine. 

Tri-phenyl-urea  NPhyCO.NHPh.  [136°]. 
Formed  by  heating  a  solution  of  NPh^.COCl, 
dissolved  in  chloroform,  with  aniline  at  130° 
(Michler,  B.  9,  396,  715).  White  needles.  Ke- 
solved  by  heat  into  diphenylamine  and  phenyl 
cyanate. 

Tetra-phenyl-urea  CO(NPh.,).,.  [183°]. 
Formed  by  heating  NPh„.COCl  with  NPhJI  and 
zinc-dust  (Michler,  B.  12,  1166).  Got  also  from 
diphenylamine  and  COCl.,  (Girard  a.  Willm,  Bl. 
[2]  25,  248).  Eesolved  by  HClAq  at  250°  into 
diphenylamine  and  COj. 

References.  —  Amido-,  Bkomo-,  Chlobo-, 
Chloro-nitko-,  Kitko-  and  Oxt-  phenyl-ubea. 

PHENYL-UREA  to  -  CARBOXYLIC  ACID 
NHPh.CO.NH.CBH,.CO,H.  [270°].  Formed  by 
heating  w-amido  -  benzoic  acid  with  phenyl 
cyanate  at  100°  (Kiihn,  B.  17,  2882).  Prisms,  sol. 
alcohol,  si.  sol.  ether. 

Di-phenyl-urea  di-wi-carboxylic  acid 
C„H,,N„05,  i.e.  CO(C,H,.NH.C02H)2. 

Formation. — 1.  By  heating  «i-uramido-benz- 
oic  acid  (Griess,  1868,650;  9,  796).— 2.  By 
heating  a  mixture  of  w-uramido-benzoic  acid 
with  m-amido-benzoic  acid  at  176°  (Traube,  B. 
15,  2122). — 3.  From  ?H-amido-benzoic  acid  and 
COCI2  (Sarauw,  B.  15,  44).  —  4.  By  boiling 
CS(C,H,.NH.C02H)2  with  HgO  and  KOHAq 
(Griess,  A.  172,  169).— 5.  By  heating  urea  with 
jji-amido-benzoic  acid  at  130°  (T.). 

Properties. — Minute  needles,  almost  insol. 
water,  alcohol,  and  ether. 

Salts.— BaA"  Saq.— PbA".— AgjA". 

Ethyl  etherMM'.    [162°].  Needles. 

Amide  CO(C,Hj.NH.CO.NH2)2.  Got  by  heat- 
ing urea  with  Mi-amido-benzamide  at  140°  (Schiff, 
A.  232,  140).  White  powder,  insol.  water,  de- 
composing above  270°. 


Di-phenyl-urea  di-p-carboxylic  acid.  Formed 

when  urea  is  heated  with  p-amido-benzoic  acid 
(Griess,  J.pr.  [2]  5,  370).   Small  needles.— BaA". 

TETRA  -  PHENYL  -  UVINONE  C:,^R.^O^. 
Formed  in  small  quantity  in  the  preparation  of 
di-phenyl-furfurane  by  heating  di-phenyl-fur- 
furane  dicarboxylic  acid  (Perkin  a.  Schlosser, 
C.  J.  57,  956).  Thin  yellow  needles,  not  melting 
at  280°.  H.^SO,  forms  a  dark -green  solution  with 
brick-red  fluorescence. 

DI-PHENYL-VALERAMIDINE  C.-H^oN^,  i.e. 
C,H,.C(NPh).NHPh.  [111°].  Formed  by  heating 
isovaleric  acid  with  aniline  and  PCI3  at  150° 
(Hofmann,  /.  1865,  416).  Crystalline,  nearly 
insol.  water. 

/8-PHENYL-w-VALERIC  ACID 
CHPhPr.CO.,H.    [52°].    Formed  by  heating  its 
nitrile  with  HClAq  at  185°  (Eossolymo,  B.  22, 
1235).  Needles. 

iVi^riZe  CHPhPr.CN.  (261°).  Formed  from 
phenyl-aoetonitrile,  PrI,  and  NaOH.  Oil. 

/3  -  Phenyl  -  iso  -  valeric  acid  CuHi^Oj  i.e. 
CH3Ph.CHEt.CO2H.  (272°).  Formed  by  reduc- 
tion of  phenyl-angelic  acid  with  sodium-amalgam 
(Baeyer  a.  Jackson,  B.  13, 118).  Formed  also  by 
heating  benzyl-ethyl-acetoacetic  ether  with  cone. 
KOHAq  (Anschiitz,  A.  261,  306).    Oil.— AgA'. 

Chloride  (c.  147°  at  24  mm.).  Oil. 

Amide  C,.H,„NO.  [89°].  Monoclinic 
crystals;  a:6:c  =  -817:l:l-189;  (8  =  70°  28'. 

7-Phenyl-valeric  acid 
CH.2Ph.CHMe.CH.,.C02H.  (176-5°  at  15  mm.). 
Got  by  potash-fusion  from  '  diethyl  carbo- 
benzonic  '  acid,  which  is  a  product  of  the  action 
of  alcoholic  potash  on  deoxybenzoin  (Anschiitz, 
A.  261,  302).  Oil,  yielding  benzoic  acid  on 
oxidation. 

Ethyl  ether  C,.JS.,fi.,.    (146°  at  15  mm.). 

Chloride  C„H,30C1.    (131°  at  11mm.). 

Anilide  C„H,5,N0.  [102°].  Trimetric 
needles;  a:b:c  =  •685:1:  -608. 

5-PhenyI-valeric  acid 
CH.,Ph.CH...CH.,.CH.,.CO.,H.    [59°].    Formed  by 
reducing  CHPh-.CH.CHj.CHj.COoH  (Baeyer  a. 
Jackson,  B.  13,  122).    Leaflets,  si.  sol.  water. 

Benzyl    ether.     (330°-340°).  S.G. 
1'027.    Got  by  heating  benzyl  butyrate  with  Na 
at  130°  (Conrad  a.  Hodgkinson,  A.  193,  318). 
Liquid. 

Isomeride  v.  Benzyl-isobdtybic  acld. 

Reference. — Amido-,  Di-beomo-,  Di-bkomo- 
AMIDO-,  NiTKO-  and  Oxy-  phenyl-valekio  acids. 

PHENYL-VINYL-  v.  Styeyl-. 

DI-PHENYL-VINYL-DIAMINE  C,^H,^N2  i.e. 
NHPh.CH.,.CH:NPh.  [105°].  Formed  by  heating 
CH^Cl.CHtNPh  with  aniline  (Berlinerblau,  M. 
8,  187).    Sol.  alcohol  and  ether. 

PHENYL  VINYL  KETONE  CARBOXYLIC 
ACID  V.  Benzoyl-acrylic  acid. 

DI-PHENYL-VINYL  NITRITE  C,jH„N0,i.e. 
CPh2:CH.N02.  [87°].  Formed  by  gradually  adding 
HNO3  (1  pt.)  to  a  hot  solution  of  di-phenyl-ethane 
(1  pt.)  in  HOAc  (10  pts.)  (Anschiitz  a.  Eomig,  A. 
233, 327).    Needles,  v.  sol.  alcohol  and  ether. 

TBI  -  PHENYL  VINYL  TRISULPHONE 
C,H,.S02.CH2.CH(S0,,C„HJ2.  [86°].  Formed  by 
oxidising  the  product  of  the  action  of  NaSPh  on 
CHCl2.CH.,Cl  (Otto,  B.  24, 1835).  CrystaUine. 

PHENYL-XYLENE  v.  Di-methyl-diphenyl 
and  Phenyl-tolyl-methane. 


rilENYL-DI-XYLYL-METHANE  CARBOXYLIC  ACID. 
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PHENYI-XYLIDINE  C,  JI,,N  i.e. 
C,.H3Me,.NHPh.  [52°].  (173°at  15  mm.).  Formed 
by  heating  xylidine  with  aniHne  hydrochloride 
(Girard  a.  Vogt,  Bl.  [2]  18,  GT).    Sol.  alcohol. 

PHENYL-o-XYLYL-CAKBINOL  C,5H,„0  i.e. 
C,H3.CH(0H).C„H.,Me„  [1:3:4]?  [68°].  (336°  i.V.) 
at  744  mm.  V.D.  107-7  (for  106).  Formed  from 
the  ketone,  KOH,  and  zinc-dust  (Elbs,  /.  pr.  [2] 
35,  469).  White  radiating  needles  (from  alcohol). 
Somewhat  decomposed  by  distillation. 

Plienyl-7;i-xylyl-carbinol 
C,H,,.CH(OH).C,;H.,Me„  [1:2:4]?  [57°].  (331°  i.V.) 
at  744  mm.  V.D.  102-7  (for  106).  Formed  from 
the  corresponding  ketone  by  reduction  (Elbs, 
J.pr.  [2]  35,  472). 

Phenyl-2)-xylyl-carbinol 
C„H,.CH(OH).C„K,Me,,  [1:2:5].    [88°].  Formed 
from  the  ketone,  KOH,  and  zinc-dust  (Elbs). 
Prisms  (from  alcohol) ;  v.  si.  sol.  water,  m.  sol. 
HOAc,  V.  e.  sol.  alcohol  and  ether. 

PHENYL  -p  -  XYL YL  -p  -  C YMYL-METHANE 
[2:5:1]  Me.,C6H3.CHPh.C6H3MePr  [1:2:5].  Formed 
from  phenyl-^-cyuiyl-carbinol,2'-xylene,  and  P.,0^ 
(Elbs, /.^r.  [2]  35,498).  Oil. 

DI  -  PHENYL  -  o  -  XYLYLENE  -  DIAMINE 
C.,„H,,„N„  i.e.  C,H^(CH,.NHPh).,.  [172°].  Formed 
by  boiling  di-a;-bromo-o-xylene  with  an  alcoholic 
solution  of  aniline  (Lesser,  B.  17,  1825).  Small 
plates  (from  alcohol). 

PHENYL  o-XYLYL  KETONE  C„H„0  i.e. 
C„H,.C0.C,H3Me„  [1:3:4]  ?  [48°].  (340°  i.V.)  at 
744  mm.  V.D.  io2-2  (for  105).  Formed  from 
BzCl,  o-xylene,  and  AlCl, ;  the  yield  is  80  p.o. 
(Elbs,  J.  pr.  [2]  35,  467).  Groups  of  snowy 
needles  (from  alcohol).  Insol.  water,  si.  sol. 
cold  HOAc,  V.  sol.  alcohol. 

Phenyl  wt-xylyl  ketone  C„H,.CO.C„H.,Me, 
[1:2:4].  (321°  i.V.)  at  744  mm.  V.D.  102-3  (for 
105).  From  ?H-xylene,  BzCl,  and  AlCL,  (S5llscher, 

B.  15, 1682  ;  Elbs,  J.pr.  [2]  35,  469).'  Oil.  Partly 
converted  by  long  boiling  into  (B.  2)-methyl- 
anthraquinone.  In  presence  of  a  little  of  the 
corresponding  phenyl  -  xylyl  -  carbinol,  {B.  2)- 
methyl-anthracene  is  formed. 

anti-Oxim  nq"^' •     [126°].  Con- 

verted by  PCI5  into  G„H<,.CO.NHPh  (Smith,  B. 
24,  4048).  Yields  an  acetyl  derivative  [91°], 
crystallising  in  flat  prisms. 

syn-Oxim  ^^^'^'^^^'^ .    [152°].  Formed, 

as  well  as  the  preceding  body,  by  the  action  of 
an  alcoholic  solution  of  hydroxylamine  on  the 
ketone.  PCI5  at  -20°  forms  C,;H-.CO.NHC,Hg. 
Yields  an  acetyl  derivative  [103°J. 

Phenyl  -  p  -  xylyl  ketone  C„H,,.C0.G,H,jMe2 
[1:2:.5].  [36°].  (317°  i.V.)  at  744  mm.  V.D. 
106-2  (for  105).  From  ^j-xylene,  AlCl.,,  and  BzCl 
(Elbs,  B.  17,2847  ;  J.pr.  [2]  35,  472)  ;  the  yield 
is  65  p.c.  Transparent  prisms  (from  alcohol), 
insol.  water,  m.  sol.  HOAc,  v.  e.  sol.  ether  and  al- 
cohol. Very  slightly  volatile  with  steam.  Yields 
methyl-anthracene  when  boiled  for  a  long  time. 

Flmction. — 1.  H.^SO,  has  no  action  in  the 
cold,  but  on  warming  HOBz  is  split  off. — 
2.  H ,S ,0,  forms  a  disulphonic  acid 
C„H3Me2.C0.C„H,(S0.iH).„  whose  salt  BaA"2aq 
is  v.  e.  sol.  water.-3.  HiSfOj  (S.G.  1-15)  at  180° 
forms      benzophenone      dicarboxylic  acid 

C,  H,.C0.C,H,(C0,H)2  [1:2:5]. 


PHENYL-o-XYLYL-KETONE  o-CARB- 
OXYLIC  ACID 

[4:3:1]  G,H,Me„.C0.G,H,,.C0.,H  [2:1].  XyJcue- 
phthaloijlicacid.  [162°].  Formed  by  the  action 
of  AICI3  on  a  mixture  of  phthalic  anhydride  and 
o-xylene  (F.  Meyer,  B.  15,  636).  Minute  prisms 
(containing  aq).  Yields  benzoic  and  (4,,3,l)-di- 
methyl-benzoic  acids  when  fused  with  potash. 

Phenyl-7«-xylyl-ketone  o-carboxylic  acid 
[4:2:1]  G„H,Me.,.CO.C„H^.CO.,H.  Formed  in  like 
manner  from  w-xylene  (M.).  Needles,  si.  sol. 
water,  sol.  alcohol. 

Phenyl-jD-xylyl-ketone  o-carboxylic  acid 
[5:2:1]  C„H,Me.,.CO.C,,H,,.CO.,H  [1:2].  Formed  in 
like  manner  from  ^j-xylene.  Amorphous  solid, 
insol.  water,  sol.  alcohol  and  benzene. 

Phenyl-;);-xylyl-ketone  (a)-carboxylic  acid 
G„H,.CO.G,H.,Me,.CO.,H  [4:5:3:1].  [160°]. 
Formed,  together  with  the  following  isomeride, 
by  oxidising  benzoyl-mesitylene  with  chromie 
acid  mixture  (Louise,  Bl.  [2]  44,  418  ;  A.  Ch. 
[6]  6,  218).  Needles,  v.  sol.  ether,  insol.  cold 
water.— BaA'j  2aq. — MgA'pGaq.— AgA' :  needles. 

Phenyl-)«-xylyI-ketone  (/3)-carboxylic  acid 
C„H,.CO.C„H._,Me.,.CO.,H  [2:5:3:1].  [185°].  Forme  d 
as  above.  The  Mg  salt  is  more  soluble  than 
that  of  the  isomeric  acid.  Efflorescent  needles, 
V.  si.  sol.  hot  water.  Converted  by  P.^O^  into 
di-methyl-anthraquinone  [158°]. — AgA':  needles. 

Phenyl-xylyl-ketone  dicarboxylic  acid 
C„H5.C0.C,HMe.,(G0,,H).,.  Benzoijl-cmuidicacUL 
[85°].  Formed  by  oxidation  of  phenyl  duryl 
ketone  (F.  Meyer  a.  Ador,  J.  1879,  562).  Melts 
at  85°,  becomes  solid,  and  melts  again  at  173°. 
• — BaA'„2i,aq  :  long  silky  needles. 

PHENYL  -  Bl-p- XYLYL  -  METHANE 
C,;H,.CH(C,H,,Me.,),,  [1:2:5],,.  [93°].  (above  360°). 
From  phenyl  |j-xylyl  carbinol  and  ^'-xylene 
(Elbs,  J.pr.  [2]  35,  476).  Or  from  di-^-xylyl 
carbinol,  benzene,  and  P...0,..  Prisms  (from 
ligroin).    Its  solutions  show  blue  fluorescence. 

Di-phenyl-o-xylyl-methane  C^H,,,  i.e. 
(G„H,)CH.G„H3Me,,[l:3:4].  [68-5°].  (above  360°). 
Formed  from  di-phenyl-carbinol,  o-xylene,  and 
T.,0,  (Hemihan,  B.  19,  3070).    Needles,  v.  sol. 
alcohol  and  ether. 

Di-phenyl-)(i-xylyl-niethane 
C6H5.CH,.C,K,Me.,[l:2:4j.  [61-5°].  (above  360°). 
Formed  by  boiling  di-phenyl-carbinol  with 
w-xylene  and  P.^O^  (Hemilian,  B.  19,  3061). 
Prisms,  v.  sol.  alcohol  and  ether.  Oxidised  by 
chromic  acid  mixture  to  methyl-di-phenyl- 
phthalide  and  di-phenyl-phthalide  carboxyhe 
acid. 

Di-phenyl-j)-xylyl-methane.  [02°].  (above 
360°).  Formed  by  digesting  di-phenyl-carbinol 
with  ^-xylene  and  P.fi^  (Hemilian,  B.  16,  2360; 
Bl.  [2]  34,  326;  Petrieff,  BL  [2]  41,  316). 
Monoclinic  crystals,  v.  sol.  alcohol  and  ether. 
Oxidised  by  chromic  acid  mixture  to  di-phenyl- 
methyl-phthalide  [179°],  di-phenyl-tolyl-carb- 
inol  ot-carboxylic  acid  [c.  253°]  and  di-phenyl- 
phthalide  carboxylic  acid  [245°]. 

Reference. — NliKO-Di-AMiDO-PHENYL-Di-xyLVL- 

METHANE. 

PHENYL-DI-XYLYL-METHANE  o-CARB- 
OXYLIC  ACID  [4:2:1]  G,H,,Me„.CH2.C„H,.C0.,H. 
[158°].  Formed  by  reducing  phenyl-jw-xylyl- 
ketone  carboxylic  acid  with  zinc-dust  andNH.,Aq 
(Gresly,  A.  234,  237).  Small  needles  (from 
alcohol). — BaA'^aq:  plates  (from  dilute  alcohol). 
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PHENYL-XYLYL-PINACOLIN. 


PHENYL-^>XYLYL.(^)-PINACOLIN  G,,B.^fi 
i.e.  C,H,.C(C6H3Me,,),.CO.C6H5.  [146=].  Formed 
by  the  action  of  zinc  and  HClAq  on  phenyl 
/^-xylyl  ketone  (Elbs,  /.^jr.  [2]  35,477).  Clumps 
of  prisms  (from  ligroin),  m.  sol.  alcohol  and  ether. 
Soda-lime  at  320°  sjjlits  it  up  into  benzoic 
acid  and  plienyl-di-xylyl-methane. 

PHENYL-XYLYL-PEOPAIIE  C,,H„„  i.e. 
C,H5.CHMe.CH,.C,H3Me,.  (324°).  Formed  from 
^Iz-cumene,  styrene,  and  cone.  H.,SO,  (Kraemer, 
Spilkera.  Ebenhardt,  A.  23,  3273). 

PHENYL-XYLYL-PROPIONIC  ACID 
CsH,Me2.CHPh.CH2.CO.H.  Formed  from  cin- 
namic  acid,  7)i-xylene,  and  HoSOj  (Liebermann 
a.  Hartmann,  B.  25,  959).  Amorphous,  v.  sol. 
warm  benzene.  When  allocinnamic  acid  is  used 
it  is  accompanied  by  another  acid  [220°]. 

DI  -  PHENYL  -  XYLYL  -  PYRROLE  CARS- 

OXYLIC  ACID  C„H,N<^^pJ|:^g*^2'^.  [254°]. 

Formed  by  saponifying  its  oily  ether,  which  is 
got  from  phenacyl-benzoyl-acetic  ether  and 
(4,2,l)-?«-xylidine  (Paal  a.  Braikoff,  B.  22,  3090). 
Small  needles,  m.  sol.  hot  alcohol  and  benzene. 

PHENYL  XYLYL  SULPHONE  C.^Hj^SOo,  i.e.  ! 
C,Hj.S02.CBH3Me,.  [80°].  Formed  from  benzene  i 
sulphonicchloride,)»-xylene,and  AlCl^  (Beckurts  i 
a.  Otto,  B.  11,  2009).    Yellowish  needles. 

PHENYL  Hj-XYLYL-UREA  C.^H^N^O  i.e. 
CaHgNH.CO.NHPh.  [131°].  Formed  by  mixing 
7»-xylidine  with  phenyl  cyanate  (Bnimme,  B. 
21,  2703).    White  matted  needles,  sol.  alcohol. 

PHENYTHRONIC  ACID  v.  Phenyl-methyl- 

FUBFUEANE  DICABBOSYLIC  ACID. 

PHILLYRIN  C„H3,0„  l^aq.  [160°].  S.  -08 
at  9°  ;  S.  (alcohol)  2-5  at  9°.""  A  glucoside  in  the 
bark  of  Phillyrea  latifolia  (Bertagnini,  /1.92, 109 ; 
118,124).  Crystalline,  insol.  ether.  Split  up  by 
dilute  acids  into  glucose  and  crystalline  philly- 
geniu  C.,|H„40g,  v.  sol.  ether.  A  glucoside 
C,,,H320,,"([184°] ;  S.  -05  in  the  cold,  12-5  at  100°) 
in  Olea  fragrans  is  perhaps  identical  with  phil- 
lyrin.  It  is  split  up  by  acids  into  glucose  and 
C2„H.„0,  [70°]  (Eykman,  B.  T.  C.  5,  127). 

PHLEIN  Cj^HsjO.,,.  [215°].  S.G.  1-48.  S. 
3-26  at  10°.  [a]D  =  -  48-5.  Occurs  in  the  bulbs 
of  cat's-tail  grass  {Phleiim  pratense)  and  in  the 
roots  of  Baldigera  arundinacea  (Ekstrand  a. 
Johanson,  B.  20,  3310 ;  21,  597).  Carbohydrate 
resembling  starch,  but  not  coloured  blue  by 
iodine.  Eeduces  AgNOj,  but  not  Fehling's  solu- 
tion. 

PHLOBAPHENE  C-^Ho^O,,.  Named  from 
0\ot6s,  bark,  and  Pa(pri,  colour.  Occurs  in  oak 
bark,  and  formed  by  boiling  quercitannic  acid 
with  dilute  acids  (Hofstetter,  A.  51,  63  ;  Gra- 
bowski,  A.  145,  3  ;  Oser,  1876,  903  ;  Bottinger, 
A.  202,  270  ;  240,  338).  Eeddish-brown  powder, 
insol.  water,  ether,  and  cold  alcohol.  Alkalis 
form  a  reddish-brown  solution,  which  absorbs 
oxygen  from  the  air.  Turned  black  by  FeCl,. 
Potash-fusion  yields  protocatechuic  acid  (Procter, 
C.  J.  36, 979).  Yields  C3,H,„Ac,0,,,  a,sH,„Bz,0,„ 
and  C38H.,|,Kg0i„  which  is  insol.  alcohol,  v. 
sol.  water.  Bromine  yields  C3,H,5Br,„0|,  and 
C3gH„„Br„0,„  which  forms  C.|3H,3l5ri;Ac,0,;.  A 
substance  Cj,,|H.||.0„5  resembling  phlobaphene 
occurs  in  hops  (Etti,  A.  180,  223  ;  D.  P.  J.  228, 
354). 

PHLOGISTIC  THEORY  v.  Combustion,  vol.  ii. 
pp.  241-2. 


PHLORAMINE  C6H,N02,  i.e. 
C5H3(0H)2(NH2).  Amido-resorcin'!  Formed  by 
passing  NH3  over  phloroglucin  (Hlasiwetz  a. 
Pfaundler,  A.  119,  202).  Thin  plates  (from 
water),  si.  sol.  cold  water,  v.  sol.  alcohol,  insol. 
ether.  Turns  brown  in  air.  Decomposed  by 
alkalis.  Its  solutions  are  not  coloured  by  FeCl3. 
— B'HCl. — B'.,H2S0, 2aq  :  long  yellowish  needles. 

PHLOREIN  CisH.iNO,.  Formed  by  passing 
nitrous  acid  gas  into  an  ethereal  solution  of 
phloroglucin  (4  g.)  containing  HNO3  (4  c.c.  of 
S.G.  1-25)  (Benedikt,  B.  7,  445  ;  A.  178,  93). 
Lustrous  dark -green  powder,  insol.  water,  v.  sol. 
alcohol  and  ether,  forming  a  dark-brown  solution. 
Alkalis  form  a  purple  solution.  Yields  phloro- 
glucin when  fused  with  potash.  Zinc  and  dilute 
H.^SO.,  form  a  colourless  body,  re-oxidised  to 
phlorein  by  air. 

PHLORETIC  ACID  v.  ^-Oxy-o-phenyl-pro- 
pioNic  ACID.  It  yields  a  crystalline  di-bromo- 
derivative  (Hlasiwetz,  A.  102,  145). 

PHLORETIN  CisH^Oj.  [255°].  Formed  by 
boiling  phlorizin  or  glycyphyllin  with  dilute  acids 
(Stas,  A.  30,  200  ;  G.  Eoser,  .4.  74,  178  ;  Hlasi- 
wetz, A.  96,  118 ;  Schiff,  A.  156,  2  ;  172,  367  ; 
229,  374  ;  Eennie,  C.  J.  49,  860).  Small  laminae, 
with  sweet  taste,  v.  si.  sol.  hot  water  and  ether, 
v.  e.  sol.  alcohol.  Inactive  to  light.  Bromine 
forms  C,5H,„Br,05  [205°-210°]  (Schmidt  a. Hesse, 
A.  119,  103).  Alkaline  solutions  absorb  oxygen 
and  turn  orange  in  air  ;  boiling  cone.  KOHAq 
splits  it  up  into  phloi'etic  acid  and  phloroglucin. 
Aniline  at  170°  forms  CjiHi^NOj,  a  scarlet  powder. 
AcCl  gives  amorphous  CisHjoAcjOj  aq. 

Salts.— C,5H„(NH4)30r, :  amorphous.  Gives 
off  NH,  in  air. — CjuHigPhjOjo  5aq.  —  Ci^HijAgO^ : 
unstable  pp. 

PHLORIZIN  C,„H,,40,„  2aq.  Named  from 
tpXows,  bark,  and  fiiia,  root.  [109°]  (when  anhy- 
drous). S.G.  1-43.  S.-linthecold.  [o]n=  -49 
at  15°.  Occurs  in  the  root-bark  of  the  apple,  pear, 
plum,  and  cherry  tree,  from  which  it  may  be  ex- 
tracted by  dilute  alcohol  (Stas  a.  De  Koninck,  A. 
15,  75  ;  30,  193  ;  .1.  Gh.  [2]  69,  367 ;  Mulder, 
Bev.  Scient.  3,  50  ;  Eoser,  A.  74, 178  ;  Strecker, 
A.  74,  184;  Eennie,  0. /.  51,  635).  Silky  needles 
with  slightly  bitter  taste,  si.  sol.  cold  water,  v.  e. 
sol.  hot  water  and  alcohol,  insol.  ether.  Melts 
at  109°,  becomes  solid,  and  melts  again  at  171°. 
Lffivogyrate.  Decomposed  by  dilute  acids  into 
glucose  and  phloretin.  Gives  pps.  with  baryta 
and  MeOH,  with  lime-water,  and  with  lead  sub- 
acetate.  Air  and  ammonia  form  reddish-brown 
amorphous  phlorizein  C2,H.,„N20,3.  Gives  a  violet 
colour  on  boiling  with  ZnSO^  and  KNO2  (Nickel, 
Fr.  28,  248).  FeCl,  gives  a  brownish-red  colour. 
Aniline  at  180°  forms  C33H3,N.,Os,  a  yellow 
powder,  yielding  a  mono-  and  a  tri-  acetyl  deri- 
vative. 

Acetyl  derivatives  C.,,H,3AcO|„2aq  : 
needles  (from  water).  —  CoiHoiAcjOii,.  — 
CjiHigAcsOmaq  :  amorphous  solid. 

Tri-benzoyl  derivative.  Powder. 
Isophlorizin.C,,H2,0,„.  [105°].  Occurs  in  the 
leaves  of  the  apple-tree  (Eochleder,  Z.  [2]  4, 741). 
Silvery  needles.  Its  ammoniacal  solution  turns 
brown  in  air.  Its  solution  is  ppd.  by  lead  sub- 
acetate.  Dilute  H2SO4  splits  it  up  into  glucose 
and  isophloretin  CisHi^Oj,  which  is  v.  sol.  ether, 
and  yields  phloroglucin  when  heated  with  cone. 
I  KOHAq. 
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PHLOIlOBEOMINEC,Br,,HO.  [152°].  Formed 
by  the  action  of  excess  of  bromine  on  a  very 
dilute  aqueous  solution  of  phlorogiucin  (Benedikt, 
A.  189,  165  ;  G.  J.  34,  499).  Dimetric  prisms  ; 
«.:6  =  1:1-2.  Insol.  water.  Not  attacked  by  potash 
or  HNOj.  Warm  alcohol  decomposes  it,  forming 
penta-bromo-acetone[76°].  NH3Aq  forms  CBr^H 
and  CjBrgH.iN.,,  crystallising  from  water  in  colour- 
less laminsB  [124°]. 

PHLOEOGLUCIN  C^Sfi,  i.e.  C„H.,(OH)., 
[1:3:5].  Mol.w.l26.  [219°]  (Baeyer,  B.  19,  2186). 
H.F.  153,348  (Stohmann,  J.  pr.  [2]  33,  471). 

Formation. — 1.  By  boiling  phloretin  with 
cone.  KOHAq  (Hlasiwetz.  A.  96,  118).— 2.  By 
potash-fusion  fromquercetin,  maclurin.catechin, 
scoparin,  gamboge,  dragon's  blood,  limettin,  and 
bergaptene  (Hlasiwetz,  A.  112,  96;  119,  199; 
127,  357;  134,  118,  283;  138,  190;  ZwenRer,4. 
123,  154;  Gautier,  Bl.  [2]  33,  583;  Tilden  a. 
Beck,  C.J.  57,  323;  Pomeranz,  ilf.  12,  387).— 
3.  By  fusing  resorcin  with  a  large  excess  of 
NaOH,  the  yield  being  65  p.c.  (Barth  a.  Schreder, 
-B.  12,  503). — 4.  By  soda-fusion  from  phenol, 
benzene,  trisulphonic  acid,  orcin,  andnaringenin 
(Barth  a.  Schreder,  B.  12,  422;  M.  3,  649; 
Will,  B.  20,  297).— 5.  By  fusing  its  tricarboxylic 
ether  with  potash  (Baeyer,  B.  19,  3458).— 6.  By 
fusing  s-di-bromo-phenol  with  potash  (Blau,  M. 
7,  632). 

Preparation. — By  soda-fusion  from  resorcin 
(Tiemann  a.  Will,  B.  14,  954  ;  18,  1323). 

Properties. — Trimetric  crystals  (containing 
2aq);  ffl:6:c  =  •825:1:3-417.  Melts  at  200°-209° 
when  slowly  heated.  V.  sol.  water,  alcohol,  and 
ether;  si.  sol.  NaClAq.  Tastes  sweeter  than 
sugar.  May  be  sublimed.  Its  solution  is  ppd.  by 
lead  subacetate.  FeCl3  gives  a  bluish-violet 
colour.  Keduees  Fehling's  solution  and  am- 
moniacal  AgNO,.  Its  alkaline  solution  absorbs 
oxygen  and  turns  brown  in  air.  Colours  acidified 
pine-wood  red.  An  alcoholic  solution  gives  a 
red  colour  with  HClAq  and  vanillin  (Lindt,  Fr. 
26,  260),  oil  of  cloves,  or  oil  of  pimento  (Ihl, 
Chcm.  Zeit.  13,  264). 

Reactions. — 1.  Bromine  forms  crystalline  tri- 
bromo-phloroglucin  and  finally  phlorobromin. 
2.  Chlorine  passed  into  its  aqueous  solution 
forms  tri  -  chloro -phlorogiucin  C|;Cl.,(OH)3  3aq 
[136°],  which  soon  decomposes  into  tetra-chloro- 
acetone  hydrate,  and  di  -  chloro  -  acetic  acid 
(Webster,  C.  J.  47,  423  ;  Zincke  a.  Kegel,  B.  22, 
1476).  Chlorine  passed  into  its  solution  in 
HO  Ac  forms  CHCl,.C0.CHCl,4aq  [49°].  Chlorine 
passed  into  a  cooled  solution  of  dry  phlorogiucin 

in  chloroform  forms  CO<;^^|--^q)>CCL  [48°], 

(269°),  decomposed  by  water  into  CO.,,  di-chloro- 
acetic  acid,  and  C0(CHC1,)2.— 3.  Dilute  HNO^ 
forms  nitro-phloroglucin. — 4.  Ammonia  produces 
phloramine.— 5.  Nitrous  acid  in  its  ethereal  solu- 
tion forms  phlorein.  In  acetic  acid  solution  it 
gives  tri-nitroso-phloroglucin  (vol.  iii.  p.  619). — 
6.  Aqueous  HI  at  140°  forms  nearly  tasteless 
scales  of  phloroglucideC|,H,|,05  2aq,  si.  sol.  warm 
water.  Phloroglucide  is  also  got  by  heating 
phlorogiucin  alone  or  with  POCl.,.— 7.  Heated 
with  salicylic  acid  it  forms  two  compounds  of  the 

form  C,H,<gQ>C,H(0H)<2Q>C,H„  one  of 

these  (described  by  Kostanecki  and  Nessler) 
which  yields  an  acetyl  derivative  C,(,Ha0^(0Ac) 
Vol.  IV. 


[213°];  the  other  isomeride  [326°]  crystallises 

from  HOAc  in  green-yellow  tables  8.  With 

0  -  amido  -  benzoic  aldehyde  and  NaOHAq  it 
forms  red   C^HgNO^,  possibly  di-oxy-acridine 

CeH,(OH),<;;^jj>C,H„  which  forms  B'„H,,PtCl, 

and  C,3H,Bz,N0,,  (Eliasberg  a.  Friedliinder,  B. 
25,  1752). — 9.  Phenyl  cyanate  unites,  forming 
C,,H.,(0.C0.NHPh)3,  a  yellowish  powder  [123°] 
(Goldsehmidt  a.  Meissler,B.  23, 2m).—10.Bemcne 
snlphonic  chloride  added  to  the  slightly  alkaline 
solution  forms  C,.H3(0.S0..C„H,,)3  [117°]  (George- 
sen,  B.  24,  418).— 11.  Aniline  at  210°  forms  tri- 
phenyl-tri-amido-benzene  [193°]  (Minunni,  B. 

21,  1984).— 12.  Phloretic  acid  at  170°  forms 
C.i3H.,,,0n,  crystallising  from  water  in  laminae 
(Hlasiwetz,  A.  119, 199). 

Tri-oxim  C,jH„(N0H)3.  Formed  from 
phlorogiucin  and  aqueoushydroxylamine  (Baeyer, 

B.  19,  159).  Colourless  crystals,  v.  si.  sol.  water 
and  alcohol,  sol.  alkalis  and  acids.  Explodes  at 
155°. 

Pheni/l-Jii/drazine  derivatives.  The 
salt  C.HeOSN  .HjPh  [78°-83°]  is  got  from  phloro- 
giucin (1  mol.)  and  phenyl-hydrazine  (3  mols.) 
in  alcoholic  solution  (Baeyer  a.  Kochendiirfer,  B. 

22,  2190).  Nodules,  sol.  alcohol  and  ether.  Cold 
NaOHAq  sets  free  phenyl-hydrazine.  In  alco- 
holic   solution    it    changes    on    keeping  to 

C,  H,(OH)(N,H,Ph),  [144°],  which  crystallises 
from  toluene  in  needles,  and  yields  a  penta- 
benzoyl  derivative  [176°]. 

Tri-acetyl  derivative  C,.H,,(0Ac)3. 
[106°].    Got  by  heating  phlorogiucin  with  AcCl. 

Di-henzoyl  derivatives  C,;H.,(0H)(0Bz),,. 
Two  isomerides  [165°]  and  [191°-195°]  are  got 
from  phlorogiucin  with  BzCl.  The  compound 
[165°]  is  more  sol.  benzene  than  the  other 
(Skraup,  ilf.  10,  391,  722). 

Tri-benzoyl  derivative  CgH,,(0Bz)3. 
[174°].  Formed,  together  with  C,,H,;(0Bzj, 
[199°],  by  warming  phlorogiucin  with  BzCl  and 
NaOH  (S.).    Plates,  sol.  benzene. 

Tri-methyl  ether  C„H3(OMe)3.  [52°]. 
(256°).  Formed  by  passing  HCl  into  a  solution 
of  phlorogiucin  in  MeOH,  the  resulting 
C,H.,(OH)(OMe).  being  treated  with  Mel  and 
KOH  (Will,  B.  21,  603).  Crystals,  insol.  water 
and  alkalis,  v.  sol.  alcohol  and  ether.  Cone. 
HNO3  forms  a  blue  solution.  Bromine  gives 
C,;Br.,(0Me)3  [145°].  When  phlorogiucin  is 
treated  with  KOH  and  Mel  the  products  are 
C^HaMesOa  [184°],  CHJIe^O,  [114°],  and 
C„Me,03  [80°]  (Margulies,  ilf.  9,  1052  ;  10,  459). 
When  tetra-methyl-phloroglucin  is  heated  in 
sealed  tubes  with  HClAq  it  yields  isopropyl 
ketone,  isobutyric  acid,  HOAc,  and  CO,.  Hence 

CO  ch" 

it  would  appear  to  be  CMe2<^QQ'(-,j^j^  ^C.OH 

(Spitzer,  ilf.  11,  104,  287).  Hexamethyl-phloro- 
glucin  heated  with  KIAq  at  200°  produces  iso- 
butyric acid  and  C;H,„,  and,  on  oxidation,  yields 
di-isopropyl  ketone.    Plence  it  would  appear  to 

be  CMe<^O.CMe,^cO. 

Di-ethyl  ether  C,H3(0Et),(0H).  [75°]. 
Made  by  passing  HCl  into  an  alcoholic  solution 
of  phlorogiucin  or  its  carboxylic  acid  (Will  a. 
Albrecht,  B.  17,  2106).  Long  white  needles. 
May  be  distilled. 
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Tri-ethyl  ether  C„H3(OEt)3.  [43°].  Got 
by  heating  the  di-ethyl  ether  with  EtI  and  aleo- 
hoHc  potash  (W.  a.  A.). 

Penta-ethyl  derivative  v.  vol.  ii.  p.  505. 

Tri. phenyl  ether  C„H3(OPh)3?  [175°]. 
A  product  of  the-  action  of  Na  on  phenyl  acetate 
(Hodgkinson,  C.  J.  Proc.  2,  188).    V.  si.  sol.  Aq. 

Beferences. — Tbi-bromo-,  Beomo-di-iodo-, 
Tbi-chlobo-,  Niteoso-,  and  Niteo-  phi,oeogldcin. 

PHLOKOGLUCIN  CARBOXYLIC  ACID  v. 
Tei-oxy-benzoic  agid. 

Phloroglucin  tricarboxylic  ether  Ci^HigOg 
i.e.  C6(OH)3(CO,Et)3.  [106°].  Formed  from 
malonic  ether  and  ZnEt,  (Lang,  B.  19,  2937). 
Prepared  by  dissolving  Na  (14-4  g.)  in  malonic 
ether  (200  g.)  at  100°  and  heating  the  product 
for  six  hours  at  145°  (Baeyer,  B.  18,  3457; 
Bally,  B.  21,  1766).  In  this  preparation  an  an- 
hydride C6(OH),(C02Et)„<^^Q  [170°]  is  also 

formed.  Needles  (from  dilute  alcohol),  insol. 
water.    Does  not  react  with  nitrous  acid  gas. 

Beactions. — 1.  Potash-fusion  yields  phloro- 
glucin.— 2.  Bromine  in  CS.,  ppts.  bromo-phloro- 
glucin  dicarboxylic  ether  [128°]. — 3.  Chlorine 
gives  tri-chloro-acetamide. — 4.  Phenyl  cyanate 
and  C^H,  at  200°  form  C,  (O.CO.NHPh)3(C02Et)3 
[195°]  (Goldschmidt  a.  Meissler,  B.  23,  270). 

Tri-acetyl  derivative  Cs(OAc)3(C02Et)3. 
[76°].   Needles  (from  alcohol  or  ether). 

Oxim  C6H,(NOH)3(CO,Et)3.  [171°]. 

PHLOKOGLUCm-PHTHALEIN  C.oH.^O,. 
Formed  by  heating  phloroglucin  with  plithalic 
anhydride  at  170°  (Link,  B.  13,  1652).  Minute 
orange  needles,  si.  sol.  water.  Its  alkaline  solu- 
tions are  orange-red,  without  fluorescence.  Zinc- 
dust  and  NaOHAq  reduce  it  to  phloroglucin- 
phthalin  CjoHj^O,,  an  amorphous  reddish-yeUow 
mass. 

PHLOROGLirCIN  SULPHONIC  ACID 

C.H.SOg  i.e.  C,H.,(0H)3.S0,H.  Formed  by  mix- 
ing phloroglucin  with  H^S-.O,  (Schiff,  B.  6,  26 ; 
A.  178,  191).  Yields  a  crystalline  K  salt.  POOL, 
converts  it  into  the  anhydrides  CijHioSjO,,,  v.  e. 
sol.  water,  and  CijHdSjO,,,,  si.  sol.  water,  and 
CojHigSjOi,. 

PHLOKOL  V.  o-Ethyl-phenoii. 

PHLORONE  V.  Xyloquinone. 

PHORONE  C„H,^0  i.e.  COCCHiCMeJ^.  Mol. 
w.  138.  [28°].  (197°)  at  743  mm.  S.G.  f  -885. 
1*0  =  1-500  at  20°  (Briihl,  A.  235,  15).  B.^ 
70  93  in  a  14-5  p.c.  benzene  solution.  Formed, 
together  with  mesityl  oxide,  by  leaving  acetone 
in  contact  with  quicklime  (Fittig,  A.  110,  32). 
Formed  also  by  the  action  of  cone.  HClAq  on 
acetone  (Baeyer,  A.  140,  301),  and  by  heating 
nitroso-triacetonamine  with  potash  (Heintz,  A. 
187,  250).  Yellowish  prisms.  Yields  acetone, 
oxalic  acid,  and  CO.,  on  oxidation  with  KMnO^ 
(Pinner,  B.  15,  591).  Slowly  combines  with 
NaHSOs,  forming  di-isobutyl  ketone  di-sulphonic 
acid.  Yields  ilz-cumene  on  heating  with  PjOj 
and  mesitylene  on  heating  with  cone.  HjSOj. 
Yields  mesityl  oxide  on  distilling  with  dilute 
H.,S04  (Claisen,  A.  180,  18).  Bromine  in  OS., 
forms  Ci,H„Br,0  [88°].  Zinc  and  H.SO^  reduce 
it,  in  alcoholic  solution,  to  deoxyphorone  C,8H.,80 
[108°].  HI  forms  C„H„iI,0  [13°]  (Kasaneff ,  "5. 
8,  435).  Phorone  does  not  react  with  benzoic 
aldehyde  (Claisen,  B.  14,  352). 


Oxim  CgH„:NOH.  [48°].  (218°).  Tables, 
V.  sol.  alcohol  (NiigeU,  B.  16,  496). 

Isophoroue.  The  substance  to  which  this 
name  has  been  given  is  a  mixture  (Laycock, 
A.  258,  230). 

Camphor-phorone  C3H,40  i.e. 

^  -^CPr  (Konigs  a.  Eppens,  B.  25, 


CMe; 


\C0- 


260).  (208°)  (Kachler,  A.  164,  79).  Got  by 
distUling  calcium  camphorate  (Laurent,  A.  Ch. 
[2]  65,  329  ;  Gerhardt  a.  Li^s-Bodart,  A.  72,, 
293)  and  by  heating  camphor  (1  pt.)  with  HoSO, 
(4  pts.)  at  100°  (Schwanert,  A.  123,  2"98). 
Colourless  oil  vrith  aromatic  odour.  Inactive  to 
light.  PGl,  yields  Cfi.fil  (205°).  Yields  o- 
methyl-glutaric  and  acetic  acids  on  oxidation. 
Na  foUowed  by  Mel  yields  CgHijMeO  (225°- 
230°).  Na  followed  by  AcCl  yields  C,sH„AcOj 
(230°-240°).  Bromine  in  CS^  forms  CXisBrsO' 
[52°]. 

PHORONIC  ACID  C„H,s05.  [184°].  Formed 
by  saponification  of  its  nitrile,  which  is  got  by 
boiling  the  product  of  the  action  of  gaseous  HCl 
on  acetone  with  alcoholic  potash  (Pinner,  B.  14, 
1071 ;  15,  585).  Large  prisms  (from  dilute  al- 
cohol), si.  sol.  water. — KHA"  liaq:  needles,  v. sol. 
water. — CaA"  3aq  :  prisms. — Ag.A"  aq  :  pp. 

Ethyl  ether  Et,A".  [125°]. 

Amide,    [above  300°].  Prisms. 

Anhydride  C,^B.,fi^.  [138°].  Got  by 
heating  the  acid  at  190°. 

Imide  C„H,s03(NH).  [205°].  Formed  from 
the  anhydride  and  alcoholic  NH3. 

Nitrile  C„H,3N.,0.,.    [above  320°]. 

PHOSENE  V.  Synantheene. 

PHOSGENE  GAS.  Another  name  for  COCl^ ; 
V.  Cakbon  oxychloeide,  vol.  i.  p.  692. 

PHOSPHAM.  (?)PN,H.  When  dry  NH,  is- 
passed  into  well-cooled  PCI3,  a  solid  colourless  . 
mass  is  obtained,  said  by  H.  Eose  to  contain 
1  PCI3  and  NH3  in  the  ratio  PCl3:5NH3  (P.  24, 
308 ;  28,  529).  This  substance  is  probably  a 
mixture  of  various  compounds ;  other  substances 
are  formed  if  the  PCI3  is  not  cooled.  If  PCI5  is 
treated  with  NH3  at  the  ordinary  temperature, 
5NH3  are  absorbed  by  PCI5  (H.  Kose,  I.e.) ;  from 
this  product  ether  dissolves  out  N3P3C1^  {v.  Ni- 
TBOGEN  phosphochloelde,  vol.  ill.  p.  570) ;  if  the 
product  is  heated,  HCl  and  NH^Cl  are  evolved, 
and  a  white,  loose  powder  remains,  to  which 
Gerhardt  {A.  Ch.  [3]  18, 188 ;  20,  225)  gave  the 
composition  PN^H  and  the  name  phospham. 
Liebig  a.  Wohler  (A.  11,  139)  obtained  this  com- 
pound by  passing  PCI3  or  PCI5  over  heated 
NHjCl,  and  washing  and  heating  the  product ; 
they  supposed  it  to  be  PNj.  The  same  substance 
was  obtained  by  Pauli  (A.  101,  41)  by  heating 
an  intimate  mixture  of  P2S5  and  NH^Cl,  also  by 
heating  red  P  with  S  and  NH  |C1,  and  by  heating 
powdered  Ca  phosphide  with  S  and  NH^Cl,  and 
washing  the  residue  with  an  acid.  Pauli's 
analyses  showed  less  N  than  is  required  by  the 
formula  PN^H.  By  treating  PCI5  with  NH3, 
washing  for  a  long  time  with  water,  digesting 
with  HClAq,  then  with  KOHAq,  washing  with 
water  and  then  with  ether,  Salzmann  {B.  7, 494) 
obtained  a  substance  resembling  phospham  and 
approximately  agreeing  with  the  composition 
P3N3H4 ;  Salzmann  regarded  this  substance  as- 
probably  a  mixture  of  several  very  similar  com- 
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pounds  of  P,  N,  and  H.  Besson  {C.  B.  114, 
1264)  says  that  PCI5  absorbs  8HN3,  and  that  on 
heating  PN^H  is  formed. 

Phospham  is  a  white,  loose  powder ;  in- 
soluble in  ordinary  solvents  ;  melts  and  vaporises 
when  heated  in  absence  of  air  ;  oxidised  by  heat- 
ing in  air  ;  yields  HPO3  and  HN,,  when  moistened 
with  water  and  heated  (Gerhardt,  I.e.)  ;  fused 
with  KOH  or  BaO.,H„  forms  NH3  and  ortho- 
phosphate,  with  incandescence. 

Phospham  may  be  regarded  as  one  of  the 
nitriles  of  H3PO, :  thus  P0.0H.(0NH,),-4H,,0 
=  PN„H  ;  the  other  nitriles  would  be  PON,  which 
is  known  {v.  Phosphorus  oxynitridb,  p.  144) 
[PO(OH).,ONH^  -  3H,0  =  P0N],andPN3H„which 
has  not"  been  isolated  rPO(ONHj3-4H.,0 
=  PN3H,].  Mendelejeff  {B.  23,  3472  note) 
thinks  it  likely  that  phospham  is  a  polymeride 
of  PN„H,  inasmuch  as  it  is  analogous  to  N.,H 
{hi/draeoic  acid,  vol.  iii.  p.  559)  and  both  P  and  P 
compounds  show  a  greater  readiness  to  polymerise 
than  N  and  compounds  of  N.        M.  M.  P.  M. 

PHOSPHAMIC  ACIDS  AND  ALLIED  COM- 
POUNDS. Two  amic  acids  may  be  derived  theo- 
retically from  P0(0H)3,  viz.  PONH„(OH).,  and 
PO(NH,).pH;  both  acids  have  been  isolated. 
The  compound  PO(NHo).,  is  described  as 
Phosphamide,  and  PO.NH.NH.,  as  Phosphamido- 
iMiDE  {infra).  The  two  thiophosphamic  acids, 
PS.NH,,.(OH),  and  PS(NH,),,OH  are  probably 
formed  by  the  action  of  NH,,  on  PSCl.,  (v.  Thio- 
phosphokyl  chloride,  Reaction  7,  p.  148).  The 
three  amic  acids  (or  salts  of  these)  deriva- 
ble from  HjP„0.  are  known:  P„0.,NH.,(OH)„ 
P„03(NH.,)„(0H),„  and  P„0.,(NH,,),OH.  By  heat- 
ing P203'(NH2)36H  the  NH,  salt  of  the  acid 
P„03(0H)N  is  obtained.  There  are  also  several 
acids  (or  their  salts)  known,  which  may  be  derived 
from  hypothetical  P,0-(OH),  [2P,>03(OH),-H„0 
=  P,0,(OH)J  by  replacing  OH  by  NH,  or  NH. 
Imidophosphoric  acid,  PO.NH.OH,  perhaps 
exists. 

Phosphaiiic  acid  P0.NHo(0H)„.  (Amidophos- 
phoric  acid.)  Obtained  by  Stokes  {Am.  15,  198 
[1893])  by  suspending  the  lead  salt  in  a  little 
ice-water,  decomposing  by  excess  of  H.^S,  and 
filtering  into  alcohol.  White  microscopic  crys- 
tals ;  easily  sol.  water  ;  does  not  give  NHj  with 
caustic  alkalis;  heated  to  100°  is  slowly  changed 
to  an  NH,,  salt,  perhaps  NH,.P03 ;  aqueous  solu- 
tion soon  changes  to  NH^HoPO.,.  Acid  and 
normal  salts  have  been  prepared.  The  lead  salt 
is  formed  by  adding  lead  acetate  to  a  solution  of 
PO.NH,.OH.OK,  which  salt  is  produced  by  add- 
ing alcoholic  NH3  to  an  alcoholic  solution  of 
PO.Cl(OPh),,  and  saponifying  the  PO.NH.,(OPh),, 
thus  formed  by  KOHAq. 

Phosphodiamic  acid  PO.(NH,),pH.  {Dianiido- 
pliosphcrric  acid.)  Stokes  {B.  27,  505  [1894]) 
prepared  this  acid  by  saponifying  the  product  of 
the  action  of  NH,Aq  on  POCi,(OPh).  The  acid 
gives  salts  PO(NH.,)„OM,  and"  also  salts  of  an 
acid  P(NH,),(0H)3"  '{Abstract  in  C.  J.  66  [11], 
188  [1894]). 

Pyrophosphamic  acid  P.,0,(NH„)(0H)3.  This 
is  said  by  Gladstone  (C.  J.  17,  229)  to  be  the 
chief  product  of  the  action  of  NH3  on  V.Or, ; 
Schiff  {A.  103,  168)  formulated  this  product  as 
PO.NH.OH,  imido-pJiosplioric  acid  ;  Stokes  {I.e.) 
says  the  product  is  a  mixture.    For  details  v. 


G.  {I.e.;  also  C.  J.  3,  135;  21  64)  ;  also  G.  a. 
Holmes  {G.  J.  17,  225). 

Pyrophosphodiamkj  acid  P„0,,(NH„).,(OH)2 
(G.,  C.J.  19,  290;  G.  a.  H.,  l.c'.).'  Formed  by 
action  of  water  or  alkalis  on  N.iPjCl,;,  by  treating 
POCI3  with  cone.  NH.,Aq,  and  in  many  other 
ways.  A  white  amorphous  solid,  easily  soluble 
in  water  and  alcohol.  The  acid  is  dibasic.  The 
salts  are  difiticult  to  obtain  pure,  as  they  easily 
change  into  pyrophosphamates  ;  salts  of  Ba,  Ag, 
and  Zn  are  described. 

Pyrophosphotriamic  acid  P.,03(NH.,)30H 
(G.,  C.  J.  19,  1 ;  21,  64).  Dry  NH,'  is  p'assed 
into  POCI3  until  saturated,  the  product  is  heated 
to  220°  and  boiled  for  a  short  time  with  water, 
the  residue  is  washed  with  cold  water,  and  then 
with  a  little  dilute  alcohol.  A  white,  amorphous, 
tasteless  powder,  nearly  insoluble  in  water ; 
slowly  acted  on  by  cold  water,  more  quioklv  by  hot 
water,  yielding  P,03(NH,,),,(0H),,Aq  and  NH3Aq  ; 
boiled  with  HClAq  gives  H3PO,  and  NH,.  Pyro- 
phosphotriamatcs  of  NH,,  Ba,  Cd,  Co,  Cu,  Cr, 
Fe,  Pb,  Mg,  Mn,  Hg,  Ni,  Pt,  K,  Ag,  Tl,  and  Zn 
are  described  ;  the  acid  is  said  to  be  tetrabasic. 

Pyrophosphonitrilic  acid  P.^03(0H)N.  The 
NH,  salt  of  this  acid  is  said  to  be  formed  by 
heating  P„03(NH,.)30H,  and  the  K  salt  by  heat- 
ing P,03(NH,)30K  (G.,  C.  J.  22, 19). 

Teteaphosphamic  acids  and  allied  com- 
pounds. By  the  reaction  of  NH3  with  POCI3 
under  different  conditions,  Gladstone  {G.  J.  21, 
261 ;  22,  15),  obtained  various  compounds  which 
may  be  regarded  as  (1)  tetrap)liospliodiamic  acid 
P,0-(NH,,),(OH)„  (2)  P,0,(NH,),(0H)2  tetra- 
phosphoteti'amic  acid,  (3)  ?  tetraphospho-imido- 
tetrainide  P,0,(NH,),NH  (called  by  G.  tctra- 
phospliopcntazotic  acid),  (4)  ?  tetrapliosphocli- 
imido-diamide  P,0,(NH,_,)._,(NH)o  (called  by  G. 
tctrapliosphotetrimic  aeid).  Some  of  the  above 
acids  are  regarded  by  Mente  {A.  248,  232)  as 
imido-  acids.  M.  M.  P.  M. 

PHOSPHAMIDES.  I.  Phosphoric  tri.\.iiide 
O.P(NH.,).,  (Phosphoryl  triamidc)  [derived  from 
O.P(OH)3  =  H3PO,].  This  compound  is  said  by 
Schiff  {A.  101,  300)  to  be  obtained  by  passing  NH, 
gas  into  POCI3,  and  treating  the  product  with 
water.  It  is  described  as  a  snow-white,  amorphous 
solid  ;  heated  out  of  air  gives  NH3and  PON ;  fused 
with  KOH  gives  NH3  and  K  phosphate  ;  scarcely 
acted  on  by  boiling  water,  KOHAq,  or  dilute  acids; 
soluble  in  hot  cone.  H.SO, ;  slowly  attacked  by 
boiling  cone.  HNO3  or  ilClAq.  Gladstone  (0.  J. 
22,  18)  could  not  obtain  this  compound. 

II.  Phosphorous  diamide  0H.P.(NH„)„  [de- 
rived from  OH.P(OH),  =  H3P03].  The"  "white 
powder  produced  by  passing  NH3  into  P,Os  in 
benzene  or  ether  has  probably  this  composition 
(Thorpe  a.  Tutton,  G.  J.  59,  1027).  It  dissolves 
in  water  with  incandescence ;  HClAq  reacts 
violently,  forming  non-inflammable  PH3,  P, 
NH,C1,  HjPOjAq,  and  HjPO.Aq. 

Thiophosphajiide  is  described  under  Thio- 
PHOSPHORYL  chloride,  Bcactions,  No.  7,  p.  148. 

M.  M.  P.  M. 

PHOSPHAMIDO-IMIDE  PO.NH.NH,  {Phos- 
plioryl  imido-amidc.  Formerly  called  Phos- 
pliodiajyiidc)  (Gerhardt,  A.  Gh.  [3]  18,  188 ; 
Schiff,  A.  101,  300).  Obtained  by  saturating 
PCI5  with  NH,,,  boiling  the  product  with  water 
as  long  as  HCl  passes  into  solution,  then  boiling 
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with  potash,  then  with  HNO.,Aq  or  H„S04Aq, 
washing,  and  drying  over  H^SOj.  A  white 
powder,  insoluble  in  alcohol,  water,  or  turpentine ; 
heated  out  of  air  gives  NH3  and  PON  ;  heated 
in  moist  air  gives  NH,  and  HPO3 ;  fused  with 
KOH  gives  K  phosphate  and  NH3 ;  slowly- 
oxidised  by  fusion  with  KNO3,  but  resists  action 
■of  most  oxidisers.  M.  M.  P.  M. 

PHOSPHATES.  Salts  of  the  plwsphoric 
acids.  Besides  the  salts  directly  derived  from 
the  three  phosphoric  acids  HPO3,  H3PO4,  and 
B.J'.fi,  {v.  Phosphobic  acids,  p.  124),  phos- 
phates exist  which  are  probably  derived  from 
hypothetical  di-,  tri-,  or  meta-  phosphoric  acid 
jiIIPOj ;  and  a  few  salts  have  been  isolated 
which  are  perhaps  derived  from  the  hypotheti- 
cal acids  PjO,{OH),,  and  P,„0,5(0H),,. 

Comjiosition. — Orthophosphates  are  de- 
rived from  H3PO4;  they  may  be  divided  into 
dlasses  according  to  the  replacing  powers  of  the 
metals :  (1)  monovalent  metals  form  MHoPOj, 
MoHPOj,  and  M3PO4 ;  (2)  divalent  metals  form 
MH  iPoOa,  MHPO4,  and  M3P2O8 ;  (3)  trivalent 
metals"  form  MH^P^Os  and  M^PoOs ;  (4)  tetra- 
valent  metals  form  MHjP.Pg  and  M,,P40,s. 

Pyrophosphates  are  derived  from  HjPjO,: 
(1)  salts  of  monovalent  metals  M^HoPoOj  and 
M4P..O, ;  (2)  salts  of  divalent  metals'  MR,VJd, 
and  MjP.O,,  &a. 

Metaphosphates  are  derived  from  HPO3: 
(1)  salts  of  monovalent  metals  MPO3 ;  (2)  salts 
of  divalent  metals  MP,0„,  &e.  Various  modifi- 
cations of  Na  (and  other)  metaphosphates  are 
known,  all  having  the  empirical  formula  MPO3, 
but  differing  both  in  physical  and  chemical  pro- 
perties from  one  another  ;  these  salts  were  clas- 
sified by  Fleitmann  a.  Hanneberg  [A.  65, 304  ;  F., 
P.  78,  233,  338)  as  :  (1)  dwietaphosphates,  salts 
of  HjPjOg ;  (2)  trimetaphosphates,  salts  of 
HjPjOg ;  (3)  tetrametaphosphates,  salts  of 
H4P,0,2;  and  (4)  hexametaphosphates,  salts  of 
HcPbOis.  Tammann  (Z.  P.  C.  6,  122)  has  exa- 
mined the  electrical  conductivities,  and  the  de- 
pressions of  freezing-points,  of  aqueous  solutions 
of  several  di-,  tri-,  and  hexa- metaphosphates  ; 
he  comes  to  the  conclusion  that  Fleitmann's 
dimetaphosphates  should  be  represented  in 
solution  as  M3(P03)3  {i.e.  as  trimetaphosphates), 
and  that  his  tri-  salts  when  in  solution  are  really 
M.,(P03)2  (i.e.  dimetaphosphates).  Tammann's 
results  point  to  the  existence  in  aqueous  solu- 
tion of  3  isomeric  hexametaphosphates  which 
may  be  represented  as  (i.)  M-,.M|(PO.j)i;  e.g. 
Na„.Na,(P03)„K2.Na4(PO,)„;  (ii.)  M4.M,.(P0,),e.g. 
Na4'.Na2(PO,),;,  Ag,.Na,(P03)„;  (iii.)  M,.M(P03), 
e.g.  Na5.Na(PO.,)o,  (NH4),.Na(P03)6.  There  are 
also,  according  to  Tammann,  three  different  Na 
metaphosphates  insoluble  in  water  (v.  also  T., 
■J.pr.  [2]  45,  417). 

Tetra-  and  deka-phosphates.  Salts  of 
the  compositions  Na5P40,3  and  Na^PioOgi  are 
obtained  by  fusing  together  Na4P20,  and 
Na,;(P03)6 '  these  salts  may  be  regarded  as  de- 
rived from  the  hypothetical  condensed  acids 
H,P40,3  (  =  2H4P.,0,-H.,0),  and  H,.,P,„03, 
{  =  5H4P2O,  -  4H„6) ,  respectively. 

The  composition  of  all  the  phosphates  may 
be  represented  empirically  by  the  expression 
toMO.wiPjO^.kHoO,  where  MO  stands  for  a  basic 
oxide. 

Occurrence. — Phosphates  of  Al  and  Ca  occur 


in  large  quantities  in  many  rocks  ;  phosphates 
of  Fe,  Pb,  Mg,  NH4,  &c.  are  also  widely  dis- 
tributed minerals.  Coprolites  (the  fossilised 
excrements  of  former  land-animals),  and  guano 
(the  excrement  of  certain  birds)  consist  very 
largely  of  Ca  phosphate.  Phosphates  occur  in 
some  kinds  of  coal,  in  the  ashes  of  plants,  and 
in  the  bones  of  animals. 

Formation. — Some  of  the  orthophosphates 
are  obtained  by  reacting  on  HjPOjAq  with  me- 
tallic oxides  or  carbonates  ;  others  are  formed 
by  double  decomposition  from  the  alkali  phos- 
phates ;  when  a  metaphosphate  is  fused  with  a 
metallic  oxide  or  hydroxide  a  normal  ortho- 
phosphate  is  generally  formed.  Many  pijro- 
phosphatcs  are  obtained  by  double  decomposi- 
tion from  Na4P20,,  which  is  formed  by  strongly 
heating  Na2HP04 ;  other  pyrophosphates  are 
found  by  neutralising  H4P„0,Aq  by  basic  oxides 
or  hydroxides.  Metaphosphates  are  generally 
formed  by  strongly  heating  orthophosphates 
MH,P04  or  MEHPO4,  when  M  or  E  is  a  metal 
whose  oxide  is  volatile  ;  many  are  produced  by 
double  decomposition  from  NaPOj ;  some  are 
formed  by  heating  Cu2(P03)4  with  a  metallic 
sulphide  and  filtering  from  CuS. 

The  processes  by  which  any  one  of  the  three 
classes  of  phosphates  is  formed  from  another 
is  perhaps  best  understood  by  representing  the 
phosphates  thus : 

meta  pyro  ortho 

P20,,.M20  P,,05.2M20  P2O5.3M2O 

Metaphosphate  becomes  pyro-  by  gaining  MjO, 
and  becomes  ortho-  by  gaining  2M2O,  and  so 
on.  Metaphosphate  fused  with  metallic  oxide, 
hydroxide,  or  carbonate  yields  pyrophosphate  or 
orthophosphate,  according  to  the  quantities  used; 
thus  (1)  2NaP03-FNa„C0,  =  Na4PA  +  C0.,; 
(2)  2NaP03  4-2Na,,Cb3  =  2Na3P04-f  2C0o.  The 
metaphosphate  of  a  heavy  metal  yields  an  or- 
thophosphate and  H3PO4  hy  boiling  with  water; 
thus  3AgP03  4-3K6  =  Ag3P04-f-2H3P04.  The 
change  from  a  pyro-  to  an  ortho-  phosphate  is 
often  effected  by  boiling  with  water,  the  pro- 
duct being  an  acid  salt,  thus  Na4P20,-rH20 
=  2Na2HP04;  or  the  pyrophosphate  is  fused 
with  hydroxide  or  carbonate,  thus 

Ba^PoO,  -I-  Ba02H2  =  Ba3(P04)2  -1-  H2O. 
Acid  orthophosphates  with  one  atom  of  H  yield 
pyro-phosphates  when    strongly  heated,  e.g. 
2NajHP04  -  H2O  =  Na4P20, ;  and  those  with  two 
atoms  of  H  yield  metaphosphates,  e.g. 

NaH,P04  -  H2O  =  NaP03. 
Similarly  a  double  orthophosphate  of  the  form 
M2EPO4  yields  a  pyrophosphate  on  heating 
if  E  forms  a  volatile  oxide,  e.g.  2Na,(NH4)P04 
=  Na4P20,-fH20-f  2NH3.  The  removal  of  MjO 
from  a  normal  orthophosphate  with  formation 
of  a  metaphosphate  is  often  effected  by  fusing 
with  SiOj  or  B2O3  or  other  anhydride  which 
forms  a  salt  with  M2O,  e.g.  Na3P04 -i- SiO^ 
=  NaP03  +  Na,Si03. 

The  metaphosphates  formed  by  the  processes 
sketched  above  belong  to  several  series  of 
salts  all  of  which  have  the  empirical  formula 
WMPO3.  According  to  Fleitmann  a.  Henneberg 
(A.  65,  304  ;  F.,  P.  78,  233,  338),  these  salts 
belong  to  five  series. 

MonometaphosplMtes  MPO3.  Not  many  of 
these  have  been  obtained  with  certainty ;  they 
are  produced  by  heating  alkaline  oxides  with 
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equivalent  quantities  of  H,PO,  to  redness  until  ' 
the  residue  ceases  to  give  an  acid  reaction  (the 
temperature  not  being  high  enough  to  melt  the 
mass),  and  washing  the  residue  with  cold  water; 
some  of  the  salts— c.f?.  NaPOj  and  KPO., — are 
formed  by  heating  MH,,PO,  or  M,H_P20;  to  red- 
ness (c.  ;-tl5°)  till  the  residue  is  almost  wholly 
insoluble  in  cold  water  (Maddrell,  C.  S.  Mem.  3, 
273). 

Dimetapliospliates  M._,P;0^.  The  salts  of  Cu, 
Zn,  and  Mn  are  prepared  by  heating  equivalent 
quantities  of  MO  and  H,PO,,  to  redness.  The 
Na  and  NH,  salts  are  obtained  by  decomposing 
the  Cu  salt  by  Na.^SAq  or  NH^  sulphide  solu- 
tion, filtering,  and  ppg.  by  alcohol.  These  salts 
yield  others  of  the  series  by  double  decomposi- 
tion. The  salts  of  this  series  are  soluble  in 
water  and  crystallisable.  Tammann  (Z.  P.  G.  6, 
122)  thinks  these  salts  are  really  trimetaphos- 
phates  (i'.  Properties  and  Reactiojis). 

Trimatapliosphates  M^PjOc,.  The  salts  of 
this  series  are  crystalline.  The  Na  salt  is  pre- 
pared by  slowly  heating  NaNH^HPO^  with  fre- 
quent stirring,  till  the  residue  has  a  faintly  acid 
reaction,  treating  with  cold  water,  filtering,  and 
allowing  the  filtrate  to  crystallise.  The  salt  is 
also  formed  by  heating  NaNH^HPO,,  till  a  glassy 
mass  remains,  and  cooling  very  slowly.  The 
other  salts  are  obtained  from  the  Na  salt  by 
double  decomposition.  Tammann  (I.e.)  regards 
these  salts  as  dimetapliospliates  {v.  Properties 
and  Reactions). 

Tetrametapliosphates  M^PiO,.,.  PbO  is 
heated  with  H3PO4  to  redness,  as  in  making  the 
Cu,  Zn,  and  Mn  dimetapliospliates  [v.  supra)  ; 
the  crystalline  salt  which  is  formed  is  insoluble 
in  water,  and  much  more  easily  decomposed  by 
acids  than  the  Pb  salt  got  from  Na.,P„0„.  The 
Na  salt  is  obtained  by  decomposing  the  Pb  salt 
by  Na.^SAq ;  and  other  salts  are  obtained  from 
the  Pb  salt  by  double  decomposition.  Salts  of 
Bi  and  Cd  are  obtained  similarly  to  the  Pb  salt. 
These  phosphates  are  uncrystallisable.  Tam- 
mann (J.pr.  [2]  45,  417)  says  that  CuNaaPjO,,, 
is  the  only  salt  which  certainly  belongs  to  this 
series. 

Hexamctaphosphates  },l^^Jd^^.  NaNH,,HPOj 
is  heated  till  a  glassy  mass  remains,  which  is 
cooled  rapidly  (Graham,  T.  1833.  2.33).  The  Na 
salt  yields  others  by  double  decomposition. 
These  salts  are  uon-crystallisable,  and  dry  to 
resinous-like  masses.  Tanimann's  experiments 
{I.e.)  seem  to  show  that  Na^P,;0,s  is  a  mixture  of 
several  isomeric  salts  (v.  p.  118). 

Tammann  [I.e.]  describes  salts  belonging  to 
the  series  of  penta-,  okto-,  deka-,  and  tctrakai- 
deka-  metapliosphatcs. 

Tetrapliosphates  M^P^O,^.  A  few  of  these 
salts  have  been  prepared,  e.g.  NagP^Oi^  by  fusing 
2NaP03  +  Na^PjO,,  and  Ba.P^Ojs  by  fusing  the 
Na  salt  with  BaClj  (F.  a.  H.,  A.  65,  304  ;  Uels- 
mann,  A.  118,  99). 

Dekapiliosphatcs  '^sly^^„0^^.  The  Na  salt  was 
obtained  by  fusing  Na,PjO;  +  8NaP0.,  (F.  a.  H., 
I.e.) ;  some  other  salts  were  obtained  from  the 
Na  salt  by  double  decomposition  (U.,  I.e.). 

Propjcrtics  and  Reactions.— The  orthoplios- 
phates  MH„PO.,  dissolve  in  water,  forming  acid 
solutions  ;  the  dimetallic  salts  M.^HPO^  dissolve 
in  water  when  M  is  an  alkali  metal,  the  solutions 
are  feebly  alkaline.  Of  the  normal  salts  M^POp 


only  those  of  the  alkali  metals  are  soluble  in 
water  ;  the  solutions  have  an  alkaline  reaction, 
and  are  decomposed  very  easily,  even  by  CO., 
forming  M^HPOjAq.  Most  of  the  heavy  metals 
form  only  M.,PO,,.  Solutions  of  alkali  ortho- 
phosphates  give  a  yellow  pp.  (Ag^PO^)  with 
AgNOjAq,  and  a  yellow  pp.  on  warming  with 
NH,  molybdate  solution.  The  orthophosphates 
M.jPO,  are  not  decomposed  by  heating  strongly, 
unless  they  are  salts  of  volatile  bases  ;  M.,HPO, 
give  M,P,0,  and  H,0,  and  MH^PO^  giveMPO, 
and  H..6,  when  strongly  heated.  M.,PO.|,  M  = 
alkali  or  alkaline  earth  metal,  are  not  changed 
by  heating  with  charcoal,  but  M.,HP04  and 
MH2PO,  give  M,PO,  imd  P.  When  M  is  a  heavy 
metal,  the  salts  M.jPO.,  generally  give  metallic 
phosphides  by  heating  with  C.  Orthophosphates 
heated  with  K  or  Na  yield  alkali  phosphide. 
Many  insoluble  orthophosphates  are  decomposed 
by  fusion  with  alkali  carbonate,  but  those  of  the 
alkaline  earths  are  only  partially  decomposed. 
HoSOj  decomposes  all  orthophosphates.  When 
the  salts  MjPO^  are  heated  with  SOjAq  under 
pressure,  M^HPO^  or  MH.PO,  are  formed  (Fitter, 
Chcm.  Indilst.  1878.  398";  Gerland,  /.  pr.  [2]  4, 
97). 

Of  the  pijrophosphates,  the  normal  alkali  salts 
are  soluble  in  water,  with  feebly  alkaline  re- 
actions ;  the  others  are  generally  insoluble  but 
dissolve  in  Na4P.^0;Aq,  forming  double  salts  (H. 
Kose,  P.  76,  13;  Schwarzenberg,  A.  65,  133; 
Persoz,  A.  65,  163).  Solution  of  pyrophos- 
phates give  orthophosphates  when  boiled  witli 
the  stronger  acids,  or  heated  with  water  to  280^ 
(Keynoso).  M^P.^O,  are  not  changed  by  heat 
unless  they  are  salts  of  bases  decomposed  by 
heat;  M2H,P,,0,  give  MPO.,  and  H,0  when 
strongly  heated.  All  the  pyi'ophosphates  are 
changed  to  orthophosphates  by  heating  strongly 
with  sufficient  alkali  or  alkali  carbonate.  Pyro- 
phosphates of  metals  whose  oxides  are  not  re- 
duced by  H  give  orthophosphates  and  P.^0-, 
when  heated  in  PI ;  those  which  contain  metals 
whose  oxides  are  reduced  by  H,  but  not  by  heat 
alone,  give  metallic  phosphide  when  heated  in 
H ;  and  those  containing  metals  the  oxides  of 
which  are  reduced  by  heat  alone,  yield  metal, 
H,,0,  HiPOj,  &c.,  when  heated  in  H  (Struve,  pr. 
79,  345).  Pyrophosphates  in  solution  give  a 
white  pp.  witii  AgNOjAq  ;  they  do  not  give  an 
immediate  pp.  with  warm  NH,  molybdate,  and 
they  do  not  coagulate  albumen  when  acidified  by 
acetic  acid. 

Some  mctaphosphates  are  soluble,  others  are 
insoluble,  in  water  ;  some  are  crystalline,  others 
are  amorphous  [v.  supra  :  Formation  of  different 
classes  of  inetaphosphates).  Solutions  of  these 
salts  in  water  are  changed  to  orthophosphates 
on  long-continued  boiling ;  they  give  a  white  pji. 
with  AgNOjAq,  no  immediate  pp.  with  NH, 
molybdate,  and  they  coagulate  albumen  alter 
acidification  by  acetic  acid. 

Tammann  {Z.  P.  C.  6,  123)  has  examine  1 
the  electrical  conductivities  of  solutions  of 
Fleitmami's  di-  and  tri-  metapliosphates  of  Na  ; 
his  results  indicate  that  the  ions  of  the  salts  in 
solution  are  Na,v  and  (PO^),.  He  has  also 
measured  the  depression  produced  in  the  freezing- 
point  of  water  by  dissolving  these  salts  therein  ; 
and,  taking  the  results  along  w'ith  the  electrical 
conductivities,  he  concludes  thatFleitmann's  di. 
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salts  are  tri-  salts,  and  F.'s  tri-  salts  are  really 
di-  salts.  By  the  reaction  of  AgNO^Aq  on  the 
Na^P^O,,  of  Graham  and  Fleitmann,  Tammann 
obtained  a  crystalline  salt  Ag^P^O,s,  and  two 
salts  AgjNaoPgOj,  and  Ag^NaPuOis,  and  from 
these  he  formed  three  Na  salts  which  he 
formulates  as  Na^PgOig,  Naj-Na^.P^Oig,  and 
Naj.Na.PgO,,.  Measurements  of  the  electrical 
conductivities  of  these  salts  confirm  the  above 
formulae,  and  they  tend  to  show  that  the  ions  of 
the  salts  in  solution  are  Na^  and  NaoP|.0,jj,  and 
Na,  and  NaPi^Oif,  respectively.  A  fuller  examina- 
tion of  Graham's  salt  led  T.  to  conclude  that  it 
contains  another  isomeric  hexametaphosphate 
Na,.Na,.P,0„. 

For  deiectio7i  and  estimation  of  phosphates  a 
manual  of  analysis  must  be  consulted. 

OKTHOPHOSPHATES.  Salts  derived  from 
HjPO^.    (For  thioxyorthojpliosjjhates  v.  Phos- 

PHOEIC  SULPHIDE,  p.  147.) 

Aluminium  orthophosphates.  Many  occur  in 
miivirals,  e.g.  angelite,  fisclicrite,  wavellite,  tur- 
quois.  The  pps.  obtained  by  adding  NaoHPO,,Aq 
to  alum  solutions  vary  in  composition.  They 
may  be  represented  as  .tALO^,  i/PvO,,  x  being 
chiefly  1,  2,  3,  and  y  being  1  and  2  (Munroe,  A. 
159,  638 ;  Wittstein,  B.  27,  167  ;  Fuchs,  S. 
24,  121 ;  Millot,  C.  B.  82,  89). 

The  normal  salt,  AlPOj.xHjO,  is  obtained  by 
gradually  pouring  neutral  alum  solution  into 
excess  of  Na^HPOjAq ;  a  white  loose  powder ; 
soluble  mineral  acids,  soluble  organic  acids, 
soluble  NHj  citrate  solution  (Erlenmeyer,  B.  14, 
1869),  soluble  Al  salt  solution  (Fleischer,  Fr.  6, 
28),  soluble  in  potash  ;  infusible  at  red  heat, 
fused  with  Fe  and  SiOj  gives  Fe  phosphide 
(Schlosing,  C.  B.  67,  1247) ;  partially  decom- 
posed by  fusing  with  KjCOj  (Rammelsberg,  P. 
64,  405;  cf.  Vauquelin,  A.  Ch.  [2]  21,  138). 
When  air-dried  a;  =  4  to  5  ;  dried  over  H._,SOj, 
a;  =  8  (Rammelsberg,  Millot,  Wittstein).  For 
other  phosphates  of  Al  v.  Rammelsberg  {I.e.), 
Schweitzer  {B.  3,  310;  6,  28),  Ludwig  {Ar.  Ph. 
[2J  59,  19),  Hautefeuille  a.  Margottet  (C.  B.  106, 
135),  Erlenmeyer  {Z.  3,  572). 

Double  salts  with  phosphates  of  Ca,  Li, 
and  Mg  have  been  described  (v.  Gm.-K.,  i.  2, 
670). 

Ammonium  orthophosphates.  The  normal 
salt,  Am^PO^-SHjO,  crystallises  in  short  pyra- 
mids, obtained  by  treating  Am^HPO^  with  cone. 
NH3Aq  (Berzelius,  Gm.-E.  i.  2,  527).  Loses  two- 
thirds  NH3  by  boiling  water  (Kraut,  C.  C.  1855. 
894).  Sestini  (B.  11,  1927)  obtained  a  salt  with 
5H,0.  The  di-ammonium  salt,  AmoHPO,,  is 
formed  in  monoclinic  prisms  by  allowing  NH.,  or 
(NH,)2C03  in  H3P04Aq  to  evaporate ;  soluble 
four  parts  cold  water,  solution  is  alkaline  ;  on 
boiling  NH3  is  evolved  ;  S.G.  l'62-l-67  (Ram- 
melsberg, B.  3,  278  ;  Schiff,  A.  112,  88  ;  Buignot, 
J.  1861.  15;  Proust  a.  Brooke,  Gm.-K.  i.2,528). 
The  mon-ammonium  salt,  AmH.^PO^,  crystallises 
in  quadratic  forms,  isomorphous  with  KH.,PO,, 
by  adding  NH,,Aq  to  H.PO^Aq  till  BaOl^Aq 
ceases  to  give  a  pp.  S.G.  1'758  (Schiff,  I.e. ; 
Mitscherlich,  P.  19,  385). 

Barium  orthophosphates.  The  normal  salt, 
Ba,P._,Oj,,  is  a  heavy  white  solid,  obtained  by  ppg. 
BaCljAq  by  NajPO^Aq  (Graham  ;  Rotondi,  B. 
15,  1441).  Two  acid  salts  have  been  obtained  : 
(1)  BaHPOj,  by  boiling  the  normal  salt  with 


HjPOjAq,  or  by  ppg.  BaCIAq  by  Na.3:P0jAq ; 
soluble  in  10,000  to  20,000  parts  water,  easi.'y 
soluble  if  NH,  salts,  BaCL,,  or  NaCl  is  present ; 
soluble  in  HjPOjAq  or  dilute  HNOjAq  (Berzelius, 
Ludwig,  Rose,  Brett,  Wittstein,  BischoiJ,  Mala- 
guti,  Gm.-K.  i.  2,  272;  Skey,  C.  N.  22,  61; 
Erlenmeyer,  J.  1857. 145 ;  Setschenoff ,  C.  C.  1875. 
97  ;  Gerland,  J.  pr.  [2]  4,  125)  ;  (2)  BaHjP,0„ 
from  a  solution  of  BaHP04  in  HaPO^ ;  white 
triclinic  crystals  ;  decomposed  by  much  water  to 
H,PO,Aq  and  BaHPO,  (Berzelius). 

Double  salts.— (1)  SBa.PA-BaClj  (Rose, 
P.  8,  211 ;  Ludwig,  Ar.  Ph.  [2]  56,  265  ;  Deville 
a.  Caron,  A.  Ch.  [3]  67,  451) ; 

(2)  4BaHP0.,.BaCL  (Erlenmeyer,  J.  1857.  145) ; 

(3)  BaNaPO,.10H,b  (Rose,  Guyton,  Berzelius, 
Gm.-K.  i.  2,  313  ;  de  Schulten,  Bl.  [2]  39,  500  ; 
Joly,  C.  B.  104,  1702)  ;  (4)  BaKPO,.10H„O  (de 
S.,  I.e.). 

Beryllium  orthophosphates.  The  normal 
salt,  Be.jP.^Oij,  is  a  white  pp.,  obtained  by  adding 
Na.^HPOjAq  to  solution  of  a  salt  of  Be.  An 
acid  salt  is  obtained  by  dissolving  the  normal 
salt  in  H,PO.,Aq  (Vauquelin,  Gm.-K.  i.  2,  269). 

Double  salts.  Be.NH,  and  Be.K  phos- 
phates are  known  (Rossler,  Fr.  1878.  148 ; 
Ouvrard,  C.  B.  110,  1333). 

Bismuth  orthophosphate  BiPOi.  White 
powder,  obtained  by  adding  BUO^.xH.O  to 
H,,PO|Aq;  little  known  (Wenzel,  Gm.-K.  i.  2, 
832  ;  Chancel,  C.  B.  50,  416). 

Cadmium  orthophosphates.  The  normal 
salt,  Cd,jP„Of|,  is  obtained  as  an  amorphous  pp. 
by  adding  Na^PO^Aq  to  a  Cd  salt  solution  (de 
Schulten,  Bl.  [3]  1,  473). 

Acid  salts  (de  S.,  I.e.)  :  (1)  Cd5H..P,0„.4H.,0, 
by  ppg.  hot  CdClAq  by  Na.HPOjAq. 
(2)  CdH4P„Os.2H,0,  by  dissolving  the  foregoing 
salt  in  cold  dilute  H.jPO,Aq  and  allowing  to 
evaporate  at  ordinary  temperature. 

Double  salt  3Cd3P,08.CdCl,  (de  S.,  I.e.). 

Calcium  orthophosphates.  Ca  phosphates 
are  widely  distributed  minerals. 

Normal  salt  Ca,P.^O„.  Obtained,  as  a  white 
amorphous  powder,  by  adding  NH,,Aq  to  solution 
of  bone-ash  in  HClAq  or  HNO.jAq;  by  adding 
Na.jPOjAq,  or  a  mixture  of  NajHRO^Aq  and 
NH.|Aq,  to  CaCloAq.  For  details  of  preparation 
from  phosphorite,  or  bone-ash,  Ac.  v.  Dictionary 
OF  Applied  Chejiistey.  The  pp.  from  CaCl.Aq 
in  presence  of  NH3  contains  5H„0  according  to 
Wittstein  (J.  1866.  168  ;  v.  also  Ludwig,  Ar.  Ph. 
[2]  69,  286).  Slightly  soluble  in  water;  one 
litre  cold  water  dissolved  79  mgm.  freshly  ppd., 
and  31  mgm.  strongly  heated,  CajP^Oj  (Volcker, 
/.  1862.  131).  Decomposed  slowly  by  boihng 
water  into  CaH.P.Og  and  2Ca3P.,08.CaO,,Hj 
(Warington,  C.  J.  [2]  11,  983).  Solubility  in 
water  is  increased  by  small  quantities  of  alkali 
salts  (v.  Wohler,  P.  4,  166;  Liebig,  A.  61,  128; 
Lassaigne,  J.  1847.  341;  Thomson,  .4)m.  P/ti/os. 
17,  12  ;  Volcker,  1862.  131  ;  Fresenius,  Fr. 
10,  133;  Hiinefeld,  Delkeskampf,  Morveau, 
Gm.-K.  i.  2, 367  ;  Terreil,  Bl.  [2]  35,  548  ;  Erlen- 
meyer, B.  14,  1253).  Presence  of  starch  and 
various  organic  substances  increases  solubility  in 
water  [v.  Wohler,  A.  98, 143  ;  Hayes,  N.  Ed.  P.  J. 
5,  378).  Soluble  in  CO.Aq  ;  CaCO,  and  CaHPO., 
separate  on  standing  (Liebig,  A.  106,  196  ; 
Warington,  C.  J.  [2]  4,  296 ;  Dusart  a.  Pelouze, 
C.  B.  66,  1327  ;  von  Georgievics,  M.  12,  566). 
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Partially  decomposed  by  boiling  -with 
NaOHAq,  or  by  fusing  with  Na.,C03  (Wuliler,  A. 
51,  437  ;  Rose,  P.  95,  437 ;  Fresenius,  F>:  10, 
133).  Easily  changed  to  CaC^Oj  by  boiling 
vith  (NHj).jC.,OjAq  (Fresenius,  I.e.). 

Strongly  heated  with  C  and  SiOj,  gives  Ca 
isilicate,  P,  and  CO  ;  heated  in  CO,  all  P  is  set 
free  (Schlosing,  C.  R.  59,  384  ;  Anderson,  B.  5, 
1065).  Heated  with  Na,  K,  or  Mg,  metallic 
phosphide  is  formed  (v.  Gin.-K.  i.  2,  366). 

Dissolved  by  SO„Aq  ;  on  standing,  CaHPO, 
and  CaSO,  separate" (u.  Gerland,  C.  N.  20,  268  ; 
Aldred,  C.  N.  42,  177  ;  Rotondi,  B.  15,  1441). 
Dilute  H.SO^Aq  forms  CaHPO^,  or  CaH^P,0„  or 
CaSO^  and  HjP04,  according  to  the  quantities  of 
HoSO^and  Ca3P._,0a,the  temperature,  and  the  time 
of"  action  {v.  Gm.-K.  i.  2,  369  ;  Kolb,  0.  R.  78, 
825  ;  Joulie,  C.  R.  76,  1288  ;  Crum,  A.  63,  394). 
-For  the  (similar)  reactions  with  HClAq  and 
HNO.Aq  V.  Crum,  I.e.  ;  Piccard  (J.  1886.  168)  ; 
Bischof  (S.  67,  39) ;  Birnbaum  a.  Packard  {Z.  [2] 
7, 137) ;  Tissier  (C.  R.  33, 192) ;  Warington  (C.  /. 
[2]  4,  302). 

Double  salts.  (1)  Ca3P.,0„.Ca..Si04  (Carnot 
a.  Richard,  C.  R.  97,  316).  (2")  3Ca,,"P,08.CaCl,by 
fusing  Ca^P^Og  with  NaCl,  or  heating  to  250° 
with  CaCLAq,  or  passing  PCI3  vapour  over  glow- 
ing lime  (Forchhammer,  P.  91,  568 ;  Debray, 
A.  Ch.  [3]  61,  424  ;  DaubrSe,  An7i.  M.  (4)  19, 
'684;  Deville  a.  Caron,  A.  Ch.  [3]  67,  451). 
(3)  3Ca3P.P5.CaF, ;  occurs  native  as  apatite 
(with  varying  quantities  of  CaCl.,) ;  obtained  by 
fusing  Na-HPOj,  CaF.„  and  CaCf^  (D.  a.  C,  I.e. ; 
Briegler,  A.  97,  95)".  (4)  Ca(NHJPOj.a'H.,0 
(Herzfeld  a.  Feuerlein,  Fr.  1881.  191). 
(5)  CaKPO^  (Rose,  P.  77,  291).  (6)  CaLiPO^ 
^Rose,  P.  77,  298).  (7)  CaNaPO^  (Rose,  P.  77, 
291 ;  Bunge,  A.  172,  18). 

Acid  salts.  I.  Diealciuvi  iihosphate 
Ca,H.,P.,Os.  Obtained  by  adding  Na^HPO^Aq,  or 
NaNH,HPOjAq,  to  excess  of  CaCl.^Aq  ;  pp.  con- 
tains a  little  CajP.Ps :  also  by  the  action  of  CO.,Aq 
on  CaCOj  and  (NHJ^HPO.Aq  (Becquerel,  C'.  B. 
34,  578)  ;  and  by  acting  on  powdered  CaCOs  with 
HjPOiAq  (Debray,  A.  Ch.  [3]  61,  424) ;  by  passing 
CO2  into  HoO,  holding  freshly  ppd.  CaaP-P,  in 
sus'pension  (Percy,  P.  M.  [3]  26, 194  ;  Reichardt, 
Ar.  Ph.  [3]  2,  236).  Obtained  in  crystals  by 
allowing  solutions  of  (NHJ.BPO,  and  CaCL  to 
mix  slowly  through  a  porous  cell  (Vohl,  A.  88, 
114),  or  through  a  layer  of  water  (Drevermann, 
A.  9,1,  120) ;  also  by  allowing  a  solution  of 
amorphous  CaHPO^  in  a  weak  acid  to  evaporate 
(Bodeker,  A.  69,  206;  Baer,  P.  75,  152;  Vor- 
bringer,  Fr.  9,  457  ;  v.  also  Causse,  J.  Ph.  [5] 
21,  544).  CaHPOj  ppd.  at  low  temperatures 
and  dried  quickly  at  100'^  contains  2H.p,  which 
is  lost  by  long  drying  at  100°  in  a  stream  of  dry 
air.  Forms  Ca^P.^,  when  strongly  heated ;  de- 
composed to  Ca3P.,0„  and  CaH|PPs,  by  long  boil- 
ing with  water.  I^or  description  of  various 
hydrates  a-CaHPO^.T/H.O  v.  Vorbringer  {Fr.  9, 
457),  Gerland  (.J.  pr.  [2]  4,  104),  Millot  {Bl.  [2] 
33,  194),  Skey  (0.  N.  22,  61),  Dusart  a.  Pelouze 
(C.  B.  66, 1327),  Davies  (C.  N.  64,  287).  Soluble 
in  boiling  NH^ClAq  (Kraut,  Ar.  Ph.  [2]  111, 
102)  ;  soluble  SO.,Aq  (Gerland,  J.pr.  [2]  4,  123), 
in  HClAq  and  HN03Aq  (Berzelius,  Baer,  Gm.-K. 
i.2, 372).  Decomposed  by  boiling  alkali  carbonate 
solutions  (Malaguti,  Gm.-K.  i.  2,  373). 

II.  Monocalcium  'phosphate  CaHiPjOs.HjO. 


This  salt  is  the  chief  constituent  of  artificial 
'  superplwsphate  of  lime'  prepared  by  treating 
crushed  bones,  phosphorite,  &c.,  with  H.SOj  (y. 
Dictionary  of  Applied  Chemistry).  Prepared 
by  dissolving  Ca.H2P.,0s  in  31  p.c.  HjPO^Aq, 
crystallising,  washing  with  absolute  alcohol,  then 
with  ether,  and  drying  (Stoklasa,  Listy  Cliem., 
13,  203,  240,  273;  abstract  in  C.  J.  58,  095). 
This  salt  is  also  formed  by  evaporating 
Ca,H.,P.,0„  with  HNO.Aq  +  H,SO,Aq.  Also  by 
leaving  a  solution  of  the  commercial  honey-like 
monocalcium  phosphate  in  contact  with  Ca3P.,0a 
for  some  time,  and  evaporating  the  solution 
formed  at  a  gentle  heat;  the  salt  is  thus  ob- 
tained in  crystals  (Pointet,  Bl.  [3]  5,  254).  Not 
j  hygroscopic  ;  the  hygroscopic  nature  of  the  pre- 
I  paration  made  by  Birnbaum  and  others  is  said  by 
Stoklasa  (I.e.)  to  be  due  to  traces  of  HjPO^. 
Thin  rhombic  plates  (v.  Haushofer,  Z.  K.  7, 203) ; 
S.G.  2-02  (Schroder,  B.  11,  126).  Loses  H.,0  at 
100°,  decomposes  at  200°  to  mixture  of  CaP.p,, 
and  Ca^P.^,  (BirnTjaum,  B.  6,  898).  Decom- 
posed by  H.jO.  Stoklasa  {I.e.)  represents  the 
decomposing  action  of  water  as 

.rQiH,P,0,.H,0-l-H,0 
=  (x-l)CaH.P,0,.H,0-l-CaHP0.4-2H,0  4-H3P0.: 
the  greater  the  quantity  of  water  the  more  salt 
is  dissolved  without  decomposition  ;  with  200 
parts  m  .O  to  1  part  salt  a  clear  solution  is  formed 
without  any  free  H3PO4  ;  above  this  limit 
CaH  ,P.^0„  is  re-formed  from  the  products  of  its 
decomposition  (for  older  observations  v.  Birn- 
baum, I.e.;  Erlenmeyer,  N.  J.  P.  7,  225  ;  Wa- 
rington, Fr.  1880.  243).  According  to  Reynoso 
(C.  R.  34,  795),  water  at  280°  decomposes  the 
salt,  forming  H3PO4  and  crystalline  CajFjO^. 
Various  salts  produce  Ca..H,P.p,  from  solutions 
of  CaH,P.,0(,  {v.  Debray,"  A.  Ch.  [3]  61,  424  ; 
Dusart  a.  Pelouze,  C.  R.  66,  1327 ;  Vorbringer, 
Fr.  9,457;  Erlenmeyer,  I.e.;  Birnbaum,  I.e.). 

Cerium  orthophosphate  CePO^.  By  fusing 
Ce.,03  with  KPO3 ;  also  by  digesting  Ce.K3(PO,)3 
with  KClAq.  Monoclinic  prisms ;  S.G.  3'8 
(Ouvrard,  C.  R.  107,  37).  The  double  salt 
Ce,K3(PO,)3is  formed  by  fusing  K^POj  or  K.P.fi, 
with  Ce.fi.,. 

Chromium  orthophosphates.  The  normal 
chromic  salt,  Ci-.^F-fi^,  is  known  in  two  forms, 
green  and  violet.  Violet  f  orvi,  Ci:  J'. fi^.Vl'K.fi, 
a  violet  crystalline  pp.  by  adding  Na,_,HP04Aq  to 
excess  of  Cr  alum  solution  ;  loses  7H,0  at  100°, 
becoming  green ;  changed  to  gi'een  by  cone. 
I  HN03Aq,  H.SOj,  or  PCI,  (Rammelsberg,  P.  68, 
383;  Etard,  C.  R.  84,  1091).  Green  form, 
Cr.^P.p„.6H,,0,  by  adding  excess  of  Na,;EIP04Aq 
to  Cr  alum  ;  also  by  ppg.  a  slightly  acid  solu- 
tion of  a  Cr  salt  by  Na.2HP04  and  Na  acetate 
(Rose,  P.  77,  291,  298  ;  Carnot,  Bl.  [2]  37,  482; 
Vauquelin,  Gm.-K.  i.  2,  304).  Soluble  mineral 
acids,  also  KOHAq  {v.  Dowling  a.  Plunkett, 
Chem.  Gazette,  1858.  220  ;  Kiimmerer,  Fr.  12, 
375).  Gives  alkali  chromates  by  fusion  with 
alkali  sulphates  (Grandeau,  G.  R.  95,  921). 
Forms  a  double  salt  with  Ca  (Dingier, 
D.  P.  J.  212,  532  ;  Plessy,  Rip.  Chim.  app.  1862. 
453  ;  Kothe,  D.  P.  J.  214,  59).  The  acid  salt 
CrH.,P.,0„.8H„0  is  probably  formed  by  dissolving 
Cr.,63.^H.,0  in  HjPOjAq  (Vauquelin,  Gm.-K.  i.  2, 
304  ;■  Haushofer,  Z.  K.  7,  263). 

Chromous  ortlwphosphate  CrjP.^O^.H.^,  a 
blue  pp.  by  adding  Na.HPOjAq  to  CrCL^q; 
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quickly  becomes  green  in  air  (Moissan,  A.  Ch. 
[5]  25,  401). 

Cobalt  orthophosphates.  The  normal  salt 
CojPjOs.aiHjO  is  formed  by  heating  CoHPOj.SHjO 
with  water,  or  with  Co(N03)„Aq,to  250°  in  a  sealed 
tube  (Debray,J..C/t.[3]61,438);  also  bytreating 
Co(NHJP0^.6H,0  with  boiling  water  (Chancel, 
Precis  d'anahjse  [Paris,  1862]  1,  263),  In  this 
salt  x  =  2.  A  salt  with  a;  =  8  is  said  to  be  formed 
by  ppg.  CoH,P.,OsAq  by  alcohol  (Keynoso,  C.  B. 
34,795;  Ueitlei\Vierteljahr.Pharm.7, 24:&).  Two 
acid  salts  are  known:  (1)  CoHP04.3IL,0,  by 
boiling  C0CO3  with  H,POjAq,  or  boiling  solution 
of  a  Co  salt  with  CaH^P.Og  (Debray,  J.  Ph.  [3] 
46,  121)  ;  a  salt  with  513,0  was  obtained  by 
Bodeker  (A.  94,  357).  (2)  CoH^P.,06,  by  heating 
Co  pyrophosphate  with  water  to  280°  (Keynoso, 
C.  R.  34,  79.5).  Double  salts  :  NH^  salts  v. 
Dirvell,  C.  B.  89,  903  ;  Popp,  Z.  [2]  6,  305.  For 
luteo-  and  roseo-  cobaltamine  phosphates  v. 
Gibbs  a.  Genth,  Am.  S.  [2]  21,  86  ;  23,  234,  319  ; 
Braun,  Gm.-K.  i.  3,  463  ;  Porumbaru,  C.  B.  93, 
342.  ForK  and  Na  double  salts     Ouvrard,  C.B. 

106,  1729. 

Copper  orthophosphates.  Normal  salt 
CusPjO^.SHjO,  obtained  by  adding  a  little 
Na2HP04Aq  to  excess  of  a  Cu  salt  solution  (Mit- 
scherlich,  Gm.-K.  i.  3,  614) ;  also  by  heating 
CuCO,  with  H.,PO.,Aq  to  70°  (Debray,  A.  Ch. 
[3]  61,  437).  A  blue-green  powder ;  decomposed 
by  hot  water  under  pressure  (Debray ;  v.  also 
Eeynoso,  C.  B.  34,  1795  ;  Jorgensen,  Gm.-K. 
i.  3,  615).  Basic  salts  and  acid  salts  are 
known  ;  composition  doubtful  (v.  Eammelsberg, 
P.  68,  383;  Metzner,  A.  149,  67).  For  double 
salts  with  NH,,  v.  Metzner,  I.e.,  and  Schiff,  A. 
123,  41 ;  with  Na,  v.  Weineck,  A.  156,  57  ;  with 
K,  also  with  Na,  v.  Ouvrard,  C.  B.  Ill,  177. 
For  an  account  of  the  salts  produced  by  the 
reaction  of  NaoHP04Aq  with  CuSOjAq  and 
Cu(N03).^Aq  V.  Steinschneider,  C.  C.  1891,  ii.  61 
(abstract  in  C.  J.  60,  1423). 

Didymium  orthophosphate  DiPOj :  also 
double  salts  with  alkali  metals  (Ouvrard,  C.  B. 

107,  37). 

Iron  orthophosphates.  Ferrous  salts. 
The  normal  salt  Fe.)P208.8H20  occurs  native 
as  vivianite  ;  it  is  obtained  by  ppg.  FeSOjAq 
with  excess  of  Na^HPO^Aq,  and  digesting  at 
60°-80°  for  eight  days.  Small  monoclinic  crys- 
tals (Eammelsberg,  P.  64,  251,  405),  nearly 
colourless  but  becoming  blue  in  air  (Debray, 
C.  B.  59,  40).  A  salt  with  one  H.f)  is  obtained 
by  heating  Fe2H,P.,0(,.4H.,0  with  water  at  250° 
(Debray,  A.  Ch.  [3]  61,  437).  Various  acid  salts 
are  obtained  by  dissolving  Fe  in  H^POjAq;  if 
the  materials  are  air-free,  and  evaporation  is 
effected  in  00^,  the  salt  Fe2H2P„0,.4H20  is 
formed  (Erlenmeyer,  Debray,  Eammelsberg,  I.e.). 
For  double  salts  with  NH^,  v.  Otto,  J.pr.  2, 
409  ;  and  Debray,  C.  B.  69,  40. 

Ferric  salts.  The  normal  salt  FePO^  is 
obtained  by  ppg.  FeCljAq  by  NajHPO^Aq ;  dried 
at  50°  contains  8H„0,  at  100°  contains  4H2O, 
dehydrated  by  heating  strongly  ;  also  formed  by 
oxidation  in  air  of  Fe^P^Oj  (Debray,  Eammels- 
berg, Wittstein,  I.e.).  Whether  the  salt  ppd.  from 
FeCljAq  in  presence  of  acetic  acid  is  the  normal 
or  a  basic  salt  is  undecided  (v.  Winkler,  J. 
prakt.  Pharm.  5,  337;  Heydenrich,  C.  N.  4, 
158;  Struve,  N.  Peters.  Aead.  Bull.  1,  465; 


Wackenroder  a.  Ludwig,  Ar.  Ph.  [2]  53, 1 ;  Mohr, 
Fr.  2,  520).  FeP04.a;H20  is  sol.  c.  1500  parts 
boiling  water  ;  but  is  decomposed  (Lachowicz,  M. 
13,  367).  Acid  salts  are  obtained  by  dissolving 
Fe„03.a;H,0  in  HjPOjAq :  Erlenmeyer  got 
FeH^P.,0,„by  evaporating  quickly  (v.  alsoWaine, 
C.  i^.  36,"l32  ;  Wagner,  Chcin.  Zcitimg,  1881. 
247).  Hautefeuille  a.  Margottet  (C.  B.  106, 1357) 
obtained  various  ferric  phosphates  by  dissolving 
FejOj.xH^O  in  glacial  phosphoric  acid. 

Lanthanum  ortbophosphate  LaP04 :  also 
double  salts  with  K  and  Na  [v.  Ouvrard,  C.  B. 
107,  37). 

Lead  orthophosphates.  The  normal  salt, 
PbjP^Og,  is  ppd.  as  a  white  powder  by  adding 
Na^HPOjAq  to  Pb  acetate  solution  (Berzelius ; 
Mitscherlich,  Gm.  3  ;  v.  also  Heintz,  P.  73,  119  ; 
Gerhardt,  A.  Ch.  [3]  22,  605  ;  Haushofer,  Z.  K. 
7,  264).  A  double  salt  with  PbCI,  is  obtained 
by  action  of  Na^HPO^Aq  on  PbCl.^  (Debray,  A.Gh. 
[3]  61,  419;  Manross,  A.  82,  348;  Deville  a. 
Caron,  A.  Ch.  [3]  67,  451).  By  ppg.  boiling 
Pb2N03Aq  by  HjPOiAq,  Heintz  (P.  73,  119) 
obtained  the  acid  salt  Pb^HjPoOg. 

Lithium,  orthophosphates.  The  normal 
salt,  Li3P04.H20(?2Li3p04.H„0).  By  heating 
Na2HP04Aq  with  solution  of  a  salt  of  Li 
(Mayer,  A.  98,  183;  v.  also  Berzelius,  P.  4, 
245 ;  Eammelsberg,  C.  N.  38,  240,  also  B.  15, 
283;  Fresenius,  Fr.  1,  42;  Kraut,  A.  182,  165). 
Loses  HjO  at  100°.  Obtained  in  rhomboidal 
tables,  S.G.  2-41  at  15°,  by  dissolving  in  fused 
LiCl  (de  Schulten,  Bl.  [3]  1,  479).  Soluble  in 
c.  2,540  parts  water.  Acid  salts  :  LiH2P04  and 
LiH-PjOg.H^O,  by  dissolving  normal  salt  in 
HjPOjAq  (Eammelsberg,  Z.c). 

Magnesium  orthophosphates.  The  normal 
salt,  Mg^F^O g.xJLfi,  is  obtained  with  4H2O' 
by  ppg.  Mg  salts  by  alkali  phosphate  and  dry- 
ing at  100°  (Graham  ;  Eose,  P.  76,  24  ;  Gre- 
gory, A.  54,  98  ;  Stein  a.  Tollens,  A.  187,  79 ; 
Fresenius).  Forms  monoclinic  crystals  (Haus- 
hofer, Z.  K.  6, 137).  Very  slightly  soluble  water 
(Volker,  J.  1862.  131).  For  solubility  in  salt 
solutions  V.  Liebig  (^1.  106,  186),  and  in  citric 
acid  V.  Erlenmeyer  (P.  14,  1253).  Soluble 
SOjAq  (Gerland,  J.  pr.  [2]  4,  126 ;  Eotondi,  B. 
15,  141).  Crystals  with  6H2O  separate  from 
MgSOjAq  +  Na2HP04Aq  at  36°  and  upwards;, 
and  at  lower  temperatures  a  salt  with  I4H2O  is 
obtained  {v.  Percy,  P.  M.  [3]  26, 194 ;  Eeischauer, 
N.  B.  P.  12,  43  ;  14,  57). 

Acid  salts.  1.  MgHP04.£cH20  (a;  =  6,7,8,9) ;, 
by  dissolving  magnesia  alba  in  H3P04Aq  (Berg- 
mann,  Fourcroy,  Gm.-K.  i.  2,  446 ;  Debray, 
J.  pr.  97,  116;  Haushofer,  Z.  K.  7,  257).— 
2.  MgH4P208 ;  by  boiling  the  foregoing  acid  salt 
with  water  (Schaffner;  Eotondi,  B.  15,  141). 

Double  salts.  Magnesium-ammonium 
orthophospJiate  MgNH4P04.6H20.  By  adding 
Na2HP04Aq  to  a  Mg  salt  to  which  NHjClAq  and 
excess  of  NHjAq  have  been  added;  or  by  adding 
a  mixture  of  HjPOjAq  and  excess  of  NHgAq  to  a 
Mg  salt.  For  experiments  on  different  conditions 
of  formation  v.  Graham  (A.  29,  25) ;  EilJault 
(A.  Ch.  [2]  19,  90)  ;  Mohr  (Fr.  12,  36) ;  Gibbs 
(C.  N.  28,  51) ;  Lesieur  (C.  B.  69, 191) ;  Stein  a. 
Tollens  [Gm.-K.  1,  2,  476) ;  Kubel  {Fr.  8, 125) ; 
Kissel  [Fr.  8, 164) ;  Brunner  (Fr.  11,30) ;  Ber- 
zelius (P.  4,  275) ;  Heintz  (Fr.  9, 16).  Obtained 
in  large  crystals  by  separating  the  reacting 
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liquids  by  a  membrane  (VoW,  A.  88,  114 ;  No- 
nier,  C.  R.  78,  300 ;  Millot,  Bl.  [2]  18,  20 ;  Mil- 
lot  a.  Maquenne,  Bl.  [2]  23,  238).  Loses  NH., 
iu  air ;  strongly  heated  gives  Mg,,P,0,.  For 
solubility  in  various  solutions  v.  Fresenius  {A. 
55,  109);  Ebermayer  (J.pr.  60,  41) ;  Liebig  (/I. 
106,  196) ;  Volcker  {J.  1862.  131) ;  Kissel  {Fr. 
8,  173)  ;  Gerland  ( pr.  [2]  4,  127) ;  Millot  (Bl. 
[2]  18,  20)  ;  Ville  (C.  B.  75,  344).  Another 
Mg-NH,  phosphate  is  described  by  Gawalovski 
(C.  C.  1885.  721).  For  other  double  salts  :  with 
MgClj,  V.  Deville  a.  Caron  {A.  Ch.  [3J  67,  456) ; 
with  MgCL  and  MgF„,  v.  Bischof  {D.  P.  J.  237, 
51,  136) ;  with  MgCl^'and  CaF.„  v.  D.  a.  C.  (I.e.)  ; 
with  K,  V.  Haushofer  (Z.  K.  7,  257),  Ouvrard 
(C.  B.  106,  1729)  ;  with  Na,  v.  Eose,  Berzehus, 
&c.  (Gm.-K.i.  2,  476),  Ouvrard  (I.e.). 

Manganese  orthophosphates.  Normal  man- 
ganic orthopliosphatc,  MnPO.,.H„0,  a  greenish 
grey  pp.  by  adding  cone.  Mn(N03)2Aq  to  H.jPO., 
and  a  little  boiling  water  (Christensen,  J.  pr.  [2] 
28,  1).  For  properties  of  products  of  reaction  of 
HijPOj  on  manganates  and  permanganates  v. 
Laspeyeres  (J.pr.  [2]  15,  320) ;  Hermann  (P.  74, 
303)  ;  Kose  (P.  105,  289) ;  Barreswill  (C.  B.  44, 
677)  ;  Hoppe-Seyler  (J.pr.  90,  303). 

Normal  manganous  ortliophosphate, 
Mn3P,>0s.a;H„0.  Obtained  with  14H„0  by  ppg. 
MnSd,Aq  by  Na.HPO^Aq ;  loses  7H,,0  over 
H„SO|,  and  one  more  H,0  at  100°  (Erlenmeyer, 
^.'190,  208).  Salts  with  9  to  11  H,,0,  7H,0,  and 
SHjOare  obtained  by  decomposing  MnHPO^.xHoO 
by  water,  and  drying  under  different  conditions 
(E.,  I.e.).  The  salt  without  HjO  is  formed  by 
strongly  heating  the  hydrates,  also  by  heating 
MuoPjO,  in  H  (Struve,  J.  1860.  73).  A  white 
amorphous  pp.,  soluble  mineral  acids  and  acetic 
acid,  and  various  salt  solutions  (v.  Berzelius, 
Gm.-K.  i.  2,  472 ;  Heintz,  P.  74,  449  ;  Joulin, 
A.  Ch.  [4]  30,  272  ;  Gerland,  J.  pr.  [2]  4,  97 ; 
Wittstein,  Gm.-E.  2,  472  ;  Braun,  Fr.  7,  340 ; 
Erlenmeyer,  B.  14,  1253). 

Various  acid  salts  have  been  described : — 
1.  MnHP0,..3H„0  (Bodeker,  A.  69,  206  ;  Heintz, 
P.  74,  449;  Erlenmeyer,  A.  190,  208).  — 2. 
MnH,P,08.2H..O  (Heintz,  Erlenmeyer,  I.e.).— 
3.  MnjPjOs.MnHPO^.a'HjO  (Erlenmeyer,  I.e.; 
Haushofer,  A'.  7,  257).  Double  salts:  with 
MnCL  (Deville  a.  Caron,  A.  Ch.  [3]  67,  459) ; 
with  Fe,jP..08  and  MnCl,„  and  with  Fe,P„0<,  and 
MnPj  (D.  a.  C,  I.e.) ;  with  NH^  (Otto,  S.  66,  288  ; 
Heintz,  I.e.) ;  with  K  and  with  Na  (Ouvrard, 
C.  B.  106,  1729). 

Mercury  orthophosphates.  Normal  mcr- 
curous  orthophosphatc,  Hg^PO,,  by  ppg.  excess 
of  Na^HPO  iAq  by  HgNO.,Aq  (Gerhardt,  J.  1849. 
283).  Brooks  (P.  66,  63)  describes  a  basic  salt. 
K  double  salt  with  HgNOj  is  described  by 
Gerhardt  (I.e.;  v.  also  Gm.-K.  3,  918).  Normal 
mcrcurie  orthophosphatc,  Hg^P-jOg,  is  obtained 
by  heating  Hg,,P04  to  low  redness,  also  by  adding 
strongly  acidified  Hg(N05).,Aq  to  NaoHPO.Aq 
(u.  Gm.-K.  3,  754,  918  ;  also  Haack,  C.  C.  1890. 
[2]  736).  &  double  salt  Hg.NH^Hg^O.PO, 
V.  Hirzel  (Chn.-K.  3,  820). 

Nickel  orthophosphates.  The  normal  salt 
Ni3P„Og.7H^O  is  obtained  as  a  green  flocculent 
pp.  by  adding  NajHPOjAq  to  a  Ni  salt ;  heated 
strongly  loses  7H,0  (Eammelsberg,  P.  68,  383  ; 
Struve,  G))t.-7t.  3,  543).  Double  salts:  with 
NH^  (Debray,  C.  R.  59,  40);  with  Mg  (Rose, 


Gm.-K.  3,  568) ;  witt  Na  and  with  K  (Debray, 

1,  c. ;  Ouvrard,  C.  B.  106,  1729). 

Potassium  orthophosphates.  Normal  salt 
K,PO,|.  A  white  solid,  obtained  by  adding  excess 
of  K-^COj  to  H;,PO,Aq,  and  evaporating  ;  slightly 
soluble  cold  water,  more  soluble  hot  water. 
Acid  salts  :  1.  K..HPO,  (Graham,  Funke,  Gm.-K. 

2,  30).  2.  KH^PO^;  by  dissolving  K,C03  in  so 
mnch  H3P04Aq  that  blue  litmus  paper  is  turned 
red  but  goes  blue  again  on  drying.  Colourless  tetra- 
gonal crystals;  very  soluble  water;  at  red  heat 

I  gives  KPO3 ;  S.G.  2  29  to  2-4  (v.  Gm.-K.  2,  30  ; 

*  also  Senarmont,  A.  Ch.  [3]  33,  391;  Schiff,  A. 
112,  88;  Buignet,  J.  1861.  15). 

Silver  orthophosphates.  Normal  salt 
AgjPO.,,  a  yellow  solid,  obtained  by  adding  an 
alkali  phosphate  to  AgNO.,Aq  (Vvetzlar,  Gm.-K. 

3,  918  ;  Skey,  G.  N.  22,  61 ;  Lassaigne,  J.  Ph. 
[.3]  16,  289 ;  Joly,  C.  R.  103,  1071).  The  acid 
salt  Ag,,HPO,|  forms,  in  white  hexagonal  crystals, 
from  a  solution  of  the  normal  salt  in  H^PO^Aq 
(Berzelius,  P.  2, 163  ;  Hurtzig  a.  Geuther,  4.111, 
160  ;  Sehwarzenberg,  A.  65,  162  ;  .Joly,  C.  R. 
103,  1071). 

Sodium  orthophosphates.  The  vormal  salt, 
Na3PO,.12H20,  is  obtained  by  adding  excess  of 
NaOHAq  to  Na._,HPO|Aq  and  evaporating.  Six- 
sided  pyramids;  melt  at  77°  ;  S.G.  1-61S  (Schiff, 
A.  112,  18)  ;  soluble  in  2  pts.  water  at  15° ;  solu- 
tion absorljs  CO^  from  air,  giving  NaoHPO,Aq. 
The  anhydrous  salt,  Na3P04,  is  obtained  by 
heating  the  salt  with  12H,.0,  or  by  beating 
Na,,HP04.12H,0  with  NaOH  'in  equal  molecular 
proportions  (Graham,  Mitscherlich,  Gm.-K.  2. 
163).  S.G.  2-511  at  12°,  2-536  at  17-5°  (Clarke's 
Table  of  Specific  Gravities).  For  experiments 
on  diffusion  of  the  different  Na  orthoj)hosphates 
V.  van  Bemmelen,  B.  11,  1675  ;  Hinteregger,  B. 
11,  1619  ;  Tobias,  B.  15,  24-52. 

Disodium  Jq/drogeii  orthophosphatc 
Na2HP04.12H20.  (Ordinary  sodium  phosphate.) 
Occurs  in  urine  of  carnivorous  animals.  Pre- 
pared by  adding  a  slight  excess  of  Na2C03  to 
H3P0,,Aq,  and  crystallising.  (For  preparation 
from  bone-ash  &c.  v.  DiciioN.iBY  of  Applied 
Chemistry.) 

Colourless,  rhombic,  prisms ;  for  measure- 
ments V.  Senarmont,  A.  Ch.  [3]  33,  391.  S.G. 
1-5235  at  16°  (v.  Gm.-K.  2,  165) ;  melts  at  35° 
(Kopp,  A.  93,  129 ;  v.  also  Gm.-K.  2,  165)  ; 
effloresces  in  air,  losing  SH^O. 

Solubility  in  water  (Mulder,  Gm.-K.  2,  165). 
100  pts.  water  dissolve  Na,HPO,|, 


at  0° 

2-5  pts. 

at  55° 

87-7  pts 

5 

2-8 

60 

91-6 

10 

3-9 

65 

93-8 

15 

5-8 

70 

95-0 

20 

9-3 

75 

95-8 

25 

15-4 

80 

96-6 

30 

24-1 

85 

97-2 

35 

39-3 

90 

97-8 

40 

63-9 

95 

98  4 

45 

74-8 

99 

988 

50 

82-5 

100 

99-4 

Saturated  Na.,HPOjAq  boils  at  105°,  and  freezes 
at  --45°  (Kddorff).  S.G.  of  Na.,HPOjAq  at  19° 
(Schiff,  A.  110,  70) ;  2 p.c.  =  l-0083',4  p.c.  =  1-0166, 
6  p.c.  =  1-025,  8  p.c.  =  103.32,  10  p.c.  =  1-0418, 
12  p.c.  =  1-0503  (p.c.  of  Na,HP04.12H„0).  S.G. 
solution  saturated  at  15°  =  1-0469,  at  16'  =  1-0511 
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(Michel  a.  Kraft,  Stolba,  G-ni.-K.  2,  166).  Loses 
I'iHjO  in  vacuo  over  H,,SO^,  or  by  heating  to 
100° ;  a  salt  with  7H.,0  crystallises  from 
Na^HPOjAq  at  33°  (Bliicher,  Mulder,  Clark, 
Gm.-K.  2,  166).  For  vapour-pressure  of  water- 
gas  when  the  salt  is  warmed  Debray  (C.  R. 
66,  195),  Horstmann  {A.  Suppl.  8,  125), 
Pfaundler  (B.  4,  773).  For  change  of  volume  on 
melting  v.  Wiedemann  (W.  17,  561). 

Absorbs  HCl,  probably  forming  NaH^PO,  and 
NaCl  (Thomas,  G.  J.  33,  27).  Na,HPO,Aq 
absorbs  CO.,  (Pagenstecher,  J.  B.  21, 124  ;  Liebig, 
A.  64,  349';  79,  112 ;  Heidenhain  a.  L.  Meyer, 
A.  Suppl.  2,  157 ;  Marchand,  J.  x>r.  37,  321). 
The  solution  decomposes  NH^Cl  (Bose,  Gm.-K. 

2.  166);  boiled  with  S  forms  Na.PO^Aq  with 
Na,,S  .OaAq  and  Na  polysulphides  (Filhol  a.  Sen- 
derens,  C.  R.  94,  649  ;  95,  343  ;  96,  1057).  For 
remarks  on  character  of  reactions  of  Na^HPO.,Aq 
with  solutions  of  metallic  salts  v.  Joly,  C.  R. 
103,  1129. 

Trisodium  diphosphate  '^a.^.^.fi^.xKX) ;  by 
■exactly  neutralising  H.,POjAq  by  NaOHAq,  and 
•evaporating  in  vacuo  (Filhol  a.  Senderens,  I.e.). 

Sodium  dihydrogen phosphate  NaH.,P04.H.,0 ; 
fey  adding  H3P04  to  solution  of  NajHaPjOs  till 
BaCljAq  is  no  longer  ppd.  (Mitscherlich,  Ber- 
zelius,  Gm.-K.  2,  167).  A  salt  with  4H2O  was 
obtained  by  Joly  a.  Duffet  (C.  B.  102,  1391)  by 
cooling  a  very  cone,  solution. 

Double  salts.  1.  Sodium  ammonium 
hydrogen  ortliophosphate  Na(NH4)HP04.4H20 
{Microcosmic  salt).  Occurs  in  guano.  Obtained 
by  dissolving  6  pts.  Na.,HP04.12H20  and  2  pts. 
(NH4)2HP04  in  water,  adding  a  little  NHgAq,  and 
allowing  to  crystallise  in  the  cold  (Berzelius). 
Large,  clear,  monoclinic  crystals ;  S.G.  1-554 
(Schiff) ;  very  soluble  water,  solution  loses  NH3. 
The  solid  effloresces  in  air,  losing  all  NH3  and 
4H2O,  and  leaving  NaHjPOj ;  when  strongly 
heated  leaves  Na5(P03)6.  For  double  salts 
formed  by  fusing  with  metallic  oxides  v. 
Wallroth,  B.  16,  3059.  — 2.  NaKHP0^.7H..O 
(Mitscherlich,  Liebig,  Schiff,  Gm.-K.  2,  167).— 

3.  Na(NH.,)2PO,.4H.,0   (v.   Gm.-K.   2,  220).— 

4.  Na,(NH4)P04.12H.,0  (Herzfeld  a.  Feuerlein, 
Fr.  i881.  191).  —  5.  Na,K3H„(PO,),.22H.,0, 
and  Na3(NHj3H,(PO,),.3H.,0  (Filhol  a.  Sen- 
derens, C.  B.  94,  649 ;  95,  343  ;  96,  1057).— 
6.  2Na3P04.NaF.a;FI,0 ;  a;  =19  and  22  (Baum- 
garten,  J.  1865.  219 ;  Thorpe,  C.  J.  [2]  10,  660). 

Strontium  orthophosphates.  Normal  salt 
Sr3P,,0„  is  ppd.  by  adding  Na3P04Aq  or 
Na^HPOjAq  +  NHjAq  to  excess  of  SrOl.Aq  ;  also 
by  adding  cold  ammoniacal  solution  of  90  pts. 
Na2HPO,,.12H„0  to  100  pts.  SrCl^  in  Aq  (Barthe, 
C.  B.  114,  1267).  By  pouring  SrCl^Aq  into 
Na3P0aAq  at  c.  10°  gelatinous  Sr3P.P8  is  formed, 
but  rapidly  changes  to  crystalline  SrNaP04.9H20 
(Joly,  C.  B.  104,  nO-2.)— Acid  salt  SrHPO^;  by 
adding  Na.HPO^Aq  to  SrCL.Aq  (Skey,  C.  N.  22, 
«1 ;  Berzelius,  Brett,  Wittstein,  Gm.-K.  2,  324  ; 
Malaguti,  A.  Ch.  [3]  51,  346;  Barthe,  I.e.). 
Barthe  (I.e.)  describes  another  acid  salt, 
SrH,P20s.2H20. 

Double  salts.  1.  3Sr,P..0s-SrCl.,  (Deville 
a.  Caron,  A.  Ch.  [3]  67,  452).— 2.  SrKPO^  (Kose, 
Weber,  G^n.-K.  2,  324).— 3.  SrNaP0^.9H..O  (E. 
W.,  I.e. ;  Joly,  C.  B.  104,  905,  1702). 

Thallium  orthophosp hates.  Normal  thallous 
orthophosphate  TI3PO4;  by  adding  HaPO^Aq  and 


NHjAq  to  TlNOjAq,  or  mixing  TLSO^Aq  and 
Na.,HPOjAq  with  a  little  NH,Aq  (Crookes,  C.  N. 
3,  193,  303  ;  7,  290  ;  8,  159  ;  Lamy,  Bl.  [2]  4, 
193).  While  silky  mass,  or  needles  ;  insoluble 
alcohol,  easily  soluble  NH^  salts  (Carstanjen, 
J.pr.  102,  65,  129).  Acid  saZis.- TIH.PO^  and 
Tl2HP0.,.a::H:_,0  (Lamy,  I.e.)  ;  according  to 
Kammelsberg  [B.  15,  283)  the  second  of  these 
does  not  exist.  Normal  thallic  orthophospJiate 
T1P04.2H.,0,  by  adding  HjPO^Aq  to  Tl(N03)3Aq 
(Willm,  Bl.  [2]  2,  89  ;  5,  354 ;  Strecker,  J.  pr. 
102,  65,  129). 

Thorium  orthophosphates.  Various  double 
s  a  Z  <  s  of  Th  and  K,  and  Th  and  Na,  are  described 
by  Troost  and  Ouvrard  (0.  B.  102,  1422 ;  105, 
30). 

Tin   orthophosphates.     The  compositions 

of  the  stannous  salt,  obtained  by  adding 
Na.,HPO.,Aq  to  SnClj  in  dilute  acetic  acid, 
and  the  stannic  salt,  by  digesting  SnO,.  with 
HjPOjAq,  are  somewhat  doubtful  (v.  Lenssen,  A. 
114,  113;  Keynoso,  J.pr.  54,  261;  Eeissig,  4. 
98,  339  ;  Girard,  C.  B.  54,  468).  Ouvrard  (C.  B. 
Ill,  177)  describes  various  double  Sn-K  and 
Sn-Na  phosphates. 

Titaniu.m  orthophosphates.  Various  double 
salts  of  Ti  and  K,  and  Ti  and  Na,  are  described 
by  Ouvrard  (C.  B.  Ill,  177). 

Uranium  orthophosphates.  For  double  U-K 
and  U-Na  salts,  v.  Ouvrard  (C.  B.  110,  1333). 
Johnson  (B.  22,  976)  describes  a  salt  UO3.2P2O-. 

Zinc  orthophosphates.  Normal  salt 
Zn3P20s.4H20  ;  by  ppg.  solution  of  a  Zn  salt  by 
Na2HP04Aq ;  pp.  is  gelatinous,  but  becomes 
crystalline.  Insoluble  water,  easily  soluble 
in  acids,  NH^Aq,  and  NH4  salts  (v.  Mitscher- 
lich, Gm.-K.  3,  16 ;  Schindler,  Mag.  Bharm. 
26,  62;  Debray,  Bl.  [2]  2,  14;  Heintz,  A. 
143,  356;  Graham,  A.  29,  23).  The  acid  salt 
ZnH,P208.2H20  is  obtained  in  large,  triclinic 
crystals  by  dissolving  ZnO  in  H3P04Aq  (Demel,  B. 
11,  1171). 

Double  salts.  1.  With  NH4,  v.  Debray 
(C.  B.  59,  40),  Bette  (.4. 15,  129),  Heintz  {A.  143, 
156),  Schweikert  {A.  145,  57),  Rother  (A.  143, 
356).— 2.  With  Na,  v.  Schetfer  (.4.  145,  53), 
Ouvrard  (C.  B.  106,  1729).  — 3.  With  K,  v. 
Ouvrard  {I.e.). 

Zirconium  orthophosphates.  For  double 
salts  with  K  and  Na,  v.  Ouvrard,  C.  B.  102, 
1422  ;  105,  30. 

PYROPHOSPHATES.  Salts  derived  from 
H4P2O;.  (For  Thiopyrophosphatcs  v.  Phosphokic 
SULPHIDE,  Beactions,  No.  7,  p.  147  ;  and  for 
Selenopyrophosphates,  v.  Phosphoric  selenide, 
p.  145.) 

Aluminium  pyrophosphate  Al4(P20;)3.  White 
amorphous  pp.  by  adding  AlCljAq  to  NajPjOjAq ; 
soluble  NHjAq,  Na4P20;Aq,  and  mineral  acids 
(Schwarzenberg,  A.  65,  147;  Eose,  A.  76,  16; 
Wittstein,  Bepert.  63,  224).  Forms  a  double 
salt  with  Na  (Persoz,  A.  65,  170  ;  Pahl,  Bl.  [2] 
22,  122). 

Ammonium  pyrophosphates.  Normal  salt 
(NH4)4P20, ;  by  adding  excess  NHjAq  to 
H4P20;Aq  and  recrystallising  from  alcohol.  Solu- 
tion boiled  gives  the  acid  salt  (NH4)2H2P20, 
(Schwarzenberg,  A.  65,  141). 

Barium  pyrophosphate  Ba^PjOj.ccHjO.  White 
amorphous  solid ;  by  adding  Na^PoOjAq  to 
BaCIAq,  or  H^P^OjAq  to  BaOAq.    Heated  in 
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steam  gives  off  PH:, ;  gives  orthophosphate  by- 
heating  with  alkali  carbonates  (Hesse,  P.  80,71; 
Schwarzenberg,  I.e. ;  Birnbaum,  Z.  [2]  7,  139  ; 
Struve,  J.  pr.  79,  348;  Rose,  P.  76,  20).  Forms 
a  double  salt  with  Na  (Baer,  P.  75,  166). 

Bismnth  pyrophosphate  Bi4(P,0,)3  (Chancel, 
C.  R.  50,  416). 

Cadmium  pyrophosphate  Ccl,P„0,.2H„0  (at 
100")  (Schwarzenberg,  A.  65,  163).' 

Calcium  pyrophosphates  Normal  salt 
Ca2P,0,.4IL,0,  by  adding  NajP^O^Aq  to  CaCljAq, 
or  CaOAq  to  HjPjOjAq  ;  sol.  in  much  Na^PoO^Aq. 
Amorphous,  but  crystallises  from  solution  in 
acetic  acid  or  SO^Aq  (Schwarzenberg,  A.  65, 
145 ;  Eose,  P.  76,  16,  20,  230).  For  action  of 
heat,  V.  Baer  (P.  75,  155).  Decomposed  by 
water  at  280°  to  HjPO^Aq  and  Ca3P;,08  (Eeynoso, 

G.  R.  34,  795).  Partially  decomposed  by  boil- 
ing with  NaOHAq  or  fusing  with  alkali  carbonate 
(Rose).  The  acid  salt  CaH2P2O,.2H,0  is  said 
to  be  obtained  by  decomposing  the  normal  salt 
by  a  Uttle  H„C.,0,Aq  (Pahl,  Bl.  [2]  22,  122). 
Von  Knorre  a.'Oppelt  {B.  21,  769)  failed  to  ob- 
tain this  salt,  but  prepared  the  salt 
2CaH2P„0,.Ca2P,,0,.6H,0  by  adding  CaCl.,Aq  to 
TSfa2H.,P.0,Aq. 

Double  salt  CaNa„P,0,.4H,0  (Baer,  P.  75, 
159). 

Chromium  pyrophosphate  Cr,(P„0,)3.  A 
reddish  green  pp.  by  adding  Na^PjOjAq  to  Cr 
alum  solution ;  soluble  Na^PjOjAq,  KOHAq, 
SOjAq,  and  mineral  acids  (Schwarzenberg,  A. 
65,  149). 

Cobalt  pyrophosphates.  Salts  having  the 
composition  Co^P fi^^  and  CogP,„03,  are  said  to 
be  formed  by  strongly  heating  luteo-cobalt  phos- 
phate (Braun,  Fr.  3,  468  ;  Qm.-E.  3,  463). 

Copper  pyrophosphates.  The  normal  salt 
Cu2P,0,.2H,0,  by  adding  Na.PAAq  (not  excess) 
to  Cu  salt  solutions  and  drying  at  100° ;  greenish- 
white  amorphous  pp.,  becoming  crystalline  by 
boiling  in  SO^Aq;  soluble  Na^PjOjAq,  NHjAq, 
and  mineral  acids  (Schwarzenberg,  A.  65,  156  ; 
Stromeyer  a.  Gladstone,  Gm.-E.  3,  615).  Forms 
double  salts  with  NH^,  K,  and  Na  [v.  Schwarzen- 
berg, I.e.;  Schiff,  A.  123,  1;  Persoz,  A.  Ch.  [3] 
20,  315  ;  Fletimann  a.  Henneberg,  ^.65,  387). 

Iron  pyrophosphates.  The  ferrous  salt  is 
obtained  by  ppg.  FeSO.,Aq  by  Na^PjOjAq  ;  com- 
position not  decided  (v.  Schwarzenberg,  A.  65, 
153  ;  Struve,  J.  pr.  79,  348).  The  ferric  salt 
Pe,,(P20,)3.9H20  is  a  yellowish  pp.,  formed  by 
adding  neutral  FeClsAq  to  NajP.p,Aq  (acidified 
FeCljAq  gives  FeP04 ;  Schwarzenberg).  Glad- 
stone (C.  J.  [2]  5,  435)  obtained  an  allotropic 
form  by  heating  the  ordinary  salt  in  dilute 

H,  S04Aq. 

Double  salts,  with  Na  (Gladstone,  I.e.; 
Persoz,  A.  Ch.  [3]  20,  315  ;  Fleitmann  a.  Henne- 
berg, A.  65,  390 ;  Rieckher,  N.  J.  P.  23, 1  ;  Milck, 
J.  1865.  263). 

Lead  pyrophosphate  Pb^PjO,.  A  white  amor- 
phous powder;  by  ppg.  Pb(N03).,Aq  by 
Na^PjOjAq.  Obtained  in  colourless,  transparent, 
rhombic  prisms  by  dissolving  PbO  in  molten 
KPO3  (Ouvrard,  C.  R.  110,  1333).  Soluble  ex- 
cess of  Na^PjOjAq,  insoluble  acetic  acid  or 
NH^Aq;  decomposed  by boilingwater  (Stromeyer, 
Schwarzenberg,  Gm.-E.  3, 121 ;  Gerhardt,  A.  Ch. 
[3]  22,  506).  Forms  a  double  salt  with  Na 
(Gerhardt,  I.e. ;  Ouvrard,  I.e.). 
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Lithium  pyrophosphate  Li,PoO,.2H20 ;  by 

adding  Na,p20,Aq  to  LiGIAq,  dissolving  in 
acetic  acid,  and  pipg.  by  alcohol  (Rammelsberg,' 
B.  B.  1883.  18;  Merlmg,  J.  1879.  104.3).  A 
double  salt,  LiaNaP.,©,,  is  formed  in  prismatic 
crystals  by  dissolving  LiXOj  in  molten  NaPO, 
(Ouvrard,  C.  R.  110,  1333). 

Magnesium  pyrophosphates.  The  normal 
salt  Mg,P„0,.3H.."0  is  formed  by  adding 
MgSO^Aq"  to  NajP^0,Aq  (Rose,  P.  76,  16,  20),  or 
by  dissolving  MgO"  in  Na.,H2P.,0,Aq  and  heating 
(Schwarzenberg,  Gm.-E.  2,  448).  Pp.  becomes 
crystalline  by  remaining  under  liquid  from 
which  it  has  been  ppd.  (Popp,  Z.  [2]  6,  305), 
also  by  boiling  with  S02Aq  (Schwarzenberg,  I.e.). 
The  salt  is  obtained,  without  H..0,  by  strongly 
heating  MgNH^PO,.  Loses  3H,0"at  100°  ;  fused 
with  soda  or  heated  with  cone.  H,S04  gives 
Mg,P,08  (Rose;  Weber,  P.  73,  137).  Easily 
soluble  HClAq  and  HN03Aq  ;  ppd.  incompletely 
by  NH3Aq  (Fresenius;  Weber).  An  acid  salt, 
Mg2H,P,0„  combined  with  NOj,  is  said  to  be 
formed  by  evaporating  to  dryness  with  HNO.jAq 
(Luck,  Fr.  13,  255  ;  Campbell,  P.  M.  [4]  24, 
380).  Forms  a  double  salt  with  Na  (Persoz, 
A.  65,  169 ;  Schwarzenberg,  A.  65,  146  ;  Beer, 
P.  75,  168). 

Manganese  pyrophosphates.  The  normal 
manganous  salt  Mn2P20,.3H20  is  a  white 
amorphous  powder;  by  ppg.  a  salt  of  Mn  by 
Na^PoOjAq  (Schwarzenberg,  A.  65, 133).  Soluble 
Na4P',0,Aq  (Pahl,  Bl.  [2]  22,  122).  Loses  one 
H.O  at  120°  (S.,  I.e.).  The  salt  without  H.O  is 
formed  by  strongly  heating  the  hydrated  salt, 
or  MnHP04.3H20,  or  MnNH.POi.H.O  (S.,  I.e. ; 
Heintz,  &c.,  Gm.-E.  2,  475)  ;  white  powder,  S.G. 
3-5847  at  20°  (Lewis,  Am..  S.  [3]  14,  281); 
heated  to  whiteness  in  H  gives  Mn3P20g ;  re- 
duced by  charcoal  to  Mn  phosphide  (Struve,  J. 
1860.  78).  The  acid  salt  MnH2P20,.4H,,0  is 
said  to  be  formed  by  action  of  oxalic  acid  on 
the  normal  salt  (Pahl,  I.e.).  Various  double 
salts  are  described — with  K  (Pahl,  I.e.;  Schjern- 
ing,  J.  pr.  [2]  45,  515)  ;  with  Na  (Pahl,  Rose ; 
Christensen,  J.  pr.  [2]  34,  41)  ;  with  Na  and 
NHj  (v.  Otto,  J.pr.  2,  418).  The  acid  manganic 
salt  MnHP.,0,  is  said  to  be  formed  by  heating 
MnPO,  with  H.,PO,Aq  to  170°-190°  (Christensen, 
J.pir.  [2]  28,  1). 

Mercury  pyrophosphates.  The  normal  mer- 
curous  salt  Hg^PoOj.H^O  is  a  heavy  white  jJowder 
obtained  byadding  Na^P^OjAq  toHgNOjAq  (Eose, 
GHf.-^.  3,754;  Schwarz"enberg,.4.  65, 133).  The 
normal  mereuric  salt,  HgoP..O,,  is  obtained  by 
adding  Na4P.0,Aq  to  Hg(N03).,Aq  (S.,  I.e.  ; 
Eeynoso,  C.  R.  34,  795). 

Nickel  pyrophosphate  NijPoO,.  A  green  pp. 
by  adding  Na4P20,Aq  to  NiSO  ,Aq ;  soluble  excess 
NajPjO.Aq,  NH3Aq,  and  acids;  obtained  crystal- 
line by  boiling  with  SO.,Aq  ;  decomposed  by  water 
at  280°-300°  (S.,  I.e. ;  Reynoso,  I.e.). 

Potassium  pyrophosphates.  Thenormalsalt, 
KjPjOj.a'HoO,  is  obtained  by  strongly  heating 
KoHPOj ;  also  formed  by  reaction  of  POCI3  with 
KOHAq  (Gladstone,  C.  J.  [2]  5,  435).  Loses  one 
HjO  at  100°,  and  is  dehydrated  at  300°.  Solu- 
tion in  water  does  not  change  to  KjHPOj  on  boil- 
ing (Schwarzenberg),  nor  on  evaporation  (Glad- 
stone), but  change  is  effected  by  heating  to  280° 
(Reynoso,  C.  R.  34,  795) ;  boiUng  with  KOHAq 
produces  the  ortho-  salt.  The  acid  salt,  KoHjPnO,, 
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is  obtained  by  treating  the  normal  with  acetic 
acid  and  alcohol,  and  evaporating  over  H^SO^ 
(Scliwarzenberg,  ^. 65, 137).  Forms  a  double 
salt  with  2K2(NH,)HP.,0,.H,0  (S.,  Z.c.) ;  also 
with  Cr,,H,,(P20,)2  (Schjerning,  J.pr.  [2]  45,  515). 

Silver  pyrophosphates.  Normal  salt, 
a  white  pp.  from  AgNO^Aq  and  Na^P.OjAq  (Clark, 
Stromeyer,  Gm.-K.  3,  919).  S.G.  5-306  at  7-5°  ; 
soluble  NH^jAq,  reppd.  by  HNO^Aq  ;  boiled  with 
Na^HPO^Aq  gives  Ag.PO^.  Heated  with  H.,PO^Aq 
at  180°  gives  the  acid  salth.g.M-iP;0^  (Hurtzig  a. 
Geuther,  A.  Ill,  160). 

Sodium  pyrophosphates.  The  normal  salt, 
NajP.jO;,  is  formed  by  strongly  heating  Na.BPO^ ; 
a  glass-Hke  solid,  becoming  opaque  on  cooling 
(Clark,  N.  Ed.  P.  J.  7,  298) ;  gives  NajPO,  and 
PH3  when  heated  in  H  (Struve,  J.  pr.  79,  350)  ; 
heated  with  NH^Cl  gives  NaCl,  NaPOj,  and  PCI3 
(Eose).  The  hydrated  salt,  Na,P,,O-.10H,O, 
crystallises  from  Na^PjOjAq  (Clark,  I.e. ;  von 
Bliicher,  P.  50,  512)  in  monoclinic  crystals  (Piam- 
melsberg;  Haidinger,  P.  16,  510;  Handl,  W.A.B. 
32,  250 ;  Schacchi,  P.  109,  365 ;  Duffet,  C.  R. 
102, 1327).  Crystallises  unchanged  from  Aq  with 
NH.,  or  NHjCl  added.  Solution  boiled  with 
acids  gives  NaaPOjAq.  Poggiale  (J.  Ph.  [3]  44, 
273)  gives  solubility;  100  parts  water  dissolve — 


Na^P2O,.10H^O 

at  0° 

3-0 

5-41 

10 

3-95 

6-81 

20 

6-28 

10-92 

30 

9-95 

18-11 

40 

18-5 

24-97 

50 

1745 

33-25 

60 

21-83 

44-07 

70 

25-62 

52-11 

80 

80-04 

63-40 

90 

35-11 

77-47 

100 

40-26 

93-11 

The  acid  salt  Na.HjPoO,  ;  by  heating 
NaH,POj  to  190°-204°  (Graham,  Gm.-K.  2, 169), 
or  by  addition  of  alcohol  to  an  acetic  acid  solu- 
tion of  Na^P-.O,  (Schwarzenberg,  A.  65,  139). 
Crystallises  from  aqueous  solution  with  6H^0 
(Bayer,  J. ^r.  106,  501 ;  Eammelsberg,  B.  16,  21 ; 
Duffet,  C.  B.  102, 1327).  When  strongly  heated 
gives  Na^H.,P^0,3  (Fleitmann  a.  Henneberg,  A. 
65,  328). 

Double  salts.— 1.  Na2(NH,)2P„0,.a;H,0, 
a;  =  5  or  6  (Schwarzenberg,  A.  65,  140,  142 ; 
Eammelsberg).  —  2.  Na,K.,P„0,.12H.,0,  and 
Na,P.,0;.Na,H„P20,.2H.,0  (S.,  I.e. ;  E.,  I.e.).  Wall- 
roth  (Bl.  [2]  39,  316)  has  described  double  salts 
with  pyrophosphates  of  Al,  Be,  Bi,  Cd,  Ca,  Ce, 
Cr,  Co,  Cu,  Di,  Er,  La,  Mn,  Mg,  Ni,  Th,  Yb,  Y, 
Zn,  and  Zr.  For  double  salts  with  pyro- 
phosphates of  Sn  and  Ti  v.  Wunder,  J.  1870. 
359;  1871.323.  Na^P.O,  seems  to  combine  with 
B0O3  by  fusing  Na|P„0",  with  boric  acid  (Prin- 
vault,  C.  B.  74,  1249)'. 

Strontium  pyrophosphate,  Sr.P^O,.  A 
crystalline  powder  ;  from  Sr(NO'3)2Aq  and 
Na,P.,0,Aq  ;  also  by  heating  SrHPO^  (S.,  I.e.). 
Forms  aeid  salts  (von  Knorre  a.  Oppelt,  B.  21, 
769);  also  n  double  salt  with  Na  (Baer,  P. 
75,  106). 

Thallium  pyrophosphates.  Ncrnnal  thallous 
salt,  T1,,P.,0, ;  by  heating  Tl^HPO,  (Descloizeaux, 
A.  Ch.  [4]  17,  329).    S.G.  6-786.  Crystallises 


from  aqueous  solution  with  2H.>0  (D.,  I.e.).  The 
acid  salt  T1„H.,P,0-.H„0  is  formed  by  heating 
T1H„P0^  to"250°-275'=  (Lamy,  Eammelsberg, 
Gm.-E.  3,  177). 

Thorium  pyrophosphates.  Double  salts 
with  K  and  Na  are  described  by  Ouvrard  (C.  B. 
105,  30). 

Uranium  pyrophosphates.  Double  salts 
,  with  K  and  Na  are  described  by  Ouvrard  (0.  B. 
I  110,  1333). 

Yttrium  pyrophosphate.  Johnson  describes 
Y,(P.,0-)3,  formed  by  heating  Y„3S0jWith  HPO3 
to  316°  \b.  22,  976). 

Zinc  pyrophosphate,  Zn.^.f),.  By  ppg.  Zn 
salts  by  Na,,P,,0;  (Stromeyer,  Gm.'-K.  2,  832 ;  Glad- 
stone, ibid.  3,  16 ;  Schwarzenberg).  Forms  a 
double  salt  with  NH,  (Bette,  A.  15,  129). 

Zirconium  pyrophosphites.  Double  salts 
with  K  and  Na  are  described  by  Ouvrard  (C.  B. 
105,  30). 

METAPHOSPHATES.  Salts  derived  from 
HPO.J.  The  general  methods  of  preparation, 
properties,  and  reactions  of  the  metaphosphates 
are  described  at  the  beginning  of  this  article 
(p.  106) ;  the  divisions  into  mono-,  di-,  tri-, 
I  tetra-,  and  hexa-  metaphosphates,  with  the  pro- 
cesses by  which  typical  salts  of  each  division  are 
prepared,  have  also  been  described  already  (p. 
107).  It  will  suffice  here  to  enumerate  the 
salts,  with  an  indication  in  each  case  to  which 
division  the  salt  is  assigned  by  Maddrell,  Fleit- 
mann a.  Henneberg  (c/.  Tammann's  results 
regarding  Na,  di-,  and  tri-  metaphosphates 
p.  107).  T.'s  paper  in  J.  pr.  [2]  45,  417  should 
also  be  consulted. 

Aluminium  dimetaphosphate,  Al^P^Ois.  By 
dissolving  Al203.a'H,0  in  H3P04Aq,  evaporating^ 
and  heating  to  316'°  (Maddrell,  C.  S.  Mem.  3, 
373  ;  Johnson,  B.  22,  976).  For  hexa-  salt  v.  T., 
J.pr.  [2]  45,  417. 

Ammonium  metaphosphates.  (NHJoP^Oj, 
from  Cu  salt  by  (NHJ^SAq ;  at  200°'-250° 
becomes  mono-  salt  (NH,)P03  (Fleitmann,  A.  72, 
236).    For  deca-  and  penta-  salts  v.  T.,  I.e. 

Barium  metaphosphates.  (1)  ?  Mono-  salt 
BaPoOe ;  by  heating  BaCOj  with  H.^PO,  to  316° 
{M.,'l.e. ;  F.,  I.e. ;  Eose,  P.  76,  5  ;  Birnbaum,  Z. 
[2]  7,  139).  (2)  Di-  salt,  Ba,P,0,.,.a'H.,0;  fi-om 
Na  or  NH,  salt  and  BaCl^Aq  (F.,  I.e.).  (3)  Tri- 
salt,  BajPgOig.a-H.O  ;  from  Na  salt  and  BaClA.q 
(F.  a.  Henneberg,"^.  65,  313).  (4)  Hexa-  salt; 
from  Na  salt  and  BaCl.,Aq  (Eose  ;  Graham,  P. 
32,  68). 

Bismuth  metaphosphate.  ?  Tetra-  salt;  by 
fusing  H3PO,  with  Bi,0,..TH,0  (F.,  I.e.) ;  HPOjAq, 
BiSNOj  solution  and  NHjAq  give  a  pp.  (Persoz, 
Gm.-K.  2,  832). 

Cadmium  metaphosphate.  ?  Tetra-  salt  (F., 
I.e.;  Persoz,  Gm.-K.  3,  54).  Double  salts 
with  Na  and  E  (Ouvrard,  C.  B.  106,  1729).  _ 

Calcium  metaphosphates.  A  salt  is  obtained 
by  heating  CaHPO, ;  for  action  of  HPO3  on 
CaCOj  V.  Eose  (P.  76,  5),  Liebig  (A.  11,  262). 
Di-  salt,  Ca^P^Op.ccHjO  ;  from  Na  salt  and 
CaCl^q  (M.,  'i.e.;  'F.,  I.e.).  Double  salts.— 
CaAm2P,0,2.2H.,0  (F.,  I.e.) ;  CaNaPjO;,  (F.  a.  H., 
I.e.). 

Chromium  dimetaphosphate,  CrP„0,9.  By 
heating  CxO^S,  with  H3PO,  to  316°  (M.,  I.e.  ; 
Hautefeuille  a.  Margottet,  C.  B.  96,  849,  1042 ; 
Johnson,  B.  22,  976). 
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Cobalt  metaphosphates.  ?  Mono-  salt 
CoP.,0,;  by  evaporating  CoSO,,  with  H,PO,Aq, 
and  beating  to  316°  (M.,  I.e. ;  H.  a.  M.,  I.e.). 
Di-  salt  Co.,Vfi,„  ;  by  heating  roseo-cobaltic 
phosphate  (Braun,  Ammon.  Kobaltcerbindungen 
[Gottingen,  18G2]).  ? //era- srtZ«  Co,P,,0,,s ;  by 
CoChAq  and  the  Na  salt  (Eose).  Okto-  salt  ('£., 
I.e.).   Do  uble  salt  with  Na  (M.,  I.e.). 

Copper  metaphosphates.  Di-  salt  CiuFfi,^; 
by  heating  CuO  or  Cu(N03),  with  H,PO^  to  316° 
(M.,  I.e. ;  F.,  I.e.)  ;  obtained  with  8H.,0  by  eva- 
porating CuSO.,Aq  mixed  with  Na^P.^O^  (F.  I.e.). 
■?  Hcxa-  salt;  by  ppg.  CuCl,Aq  {not  CuSOjAq) 
by  the  Na  salt  (Kose).  Double  salts  with 
NH,  and  Na  (F.,  I.e. ;  T.,  I.e.). 

Iron  metaphosphate.  Di-fcrric  saltFe.J'/),^ ; 
by  heating  FeCl^  with  H,PO,  to  316°  (M.,  I.e. ; 
H.  a.  M.,  I.e. ;  Johnson,  B.  22,  970). 

Lithium  hexametaphosphate.  A  double 
salt  Li.jNaiPgO,;,,  is  described  by  Tammann  (I.e.). 

Lead  metaphosphates.  Di-  salt  Pb.jP^O,, ; 
from  Pb(NOJ„Aq  and  the  Na  salt ;  also  by  heating 

H,  PO,  and  PbO  (F.,  I.e.).  Tri-  salt  Pb.P.O.^ ; 
from  the  Na  salt  and  Pb(N0,)2Aq  (F.  a.  H.,  I.e.). 
Deka-salt,  T.  (I.e.).  Double  salt  PbAm.,P,0,., 
(F.,  I.e.).  -       ■  I 

Magnesium  metaphosphates.  ?  Mono-  salt 
MgP,0„   by  heating  MgO  with  H,,POj  (M., 

I.  e.).  Di-  salt  Mg,,P40,2..fH20 ;  and  tri-  salt 
Mg,Ffi,g.xB..fi  ;  from  the  corresponding  Na 
salt  and  MgCL.Aq  (F.,  I.e.).  Hcxa-  saltMg,F^.,0,^ 
(Graham,  Gm.-K.  2,  214).  Double  salts, 
with  NHj  and  Na,  v.  F.  (I.e.)  ;  F.  a.  H.  (I.e.)  ; 
M.  [I.e.) ;  Graham  (I.e.)  ;  Ouvrard  (C.  E.  106, 
1729) ;  Tammann  (I.e.). 

Manganese  metaphosphates.  Di-  salt 
Mn.,P,0,, ;  by  heating  a  Mn  salt  with  H^PO^  to 
316°  (M.,  I.e. ;  P.,  I.e.)  ;  with  8H.,0  by  ppg. 
(NHJ„P„0„Aq  by  excess  of  MnCl.,Aq  (F.,  I.e.). 
Tri-  salt  Mn,P,0|«.llH.,0  ;  from  MnCl.Aq  {not 
MnSOJ  and  Na,P,0,.  '  Hcxa-  saU  Mn-P,.,0.„. ; 
by  using  Na.P.O,,  (Otto,  Rose,  Gm.-K.  2,  490 ; 
firaun,  I.e.).  Del;a-  salt  Mn,„P.,„0,(|  (Tammann, 
■J.pr.  [2]  45,  417).  Double  salts,  with  NH,  I 
and  Na  {v.  F.,  I.e. ;  Eose,  I.e. ;  T.,  I.e.).  , 

Mercury  metaphosphates.  White  pps.  are 
formed  by  adding  Na  tri-  and  hexa-  metaphos- 
phate  to  Hg(N03),Aq  (F.  a.  H.,  I.e. ;  Eose,  Giii.-K. 
2,  754). 

Nickel  metaphosphates.  Di-sa.lt  Ni.^P^O,., ;  by 
heating  Ni.Oj  with  H.PO^  to  316°  (M.,lc. ;  H.  a. 
M.,  I.e.).  Hcxa-  salt  Ni,P,jO,„ ;  by  adding  NiCLAq 
to  Na,P,0,s  (Rose).  Double  salt  with  'Na 
(M.,  I.e.). 

Potassium  metaphosphates.  Mono-  salt 
KPO, ;  by  heating  KH.,PO,  to  full  redness  (M., 
I.e.  ;  Graham,  Darracq,  Gm.-K.  2,  32).  S.G. 
2-2639  at  14-5°  (Clarke,  Am.  S.  [3]  14,  281).  Di- 
salt  K.,P.,0^ ;  by  treating  the  Cu  salt  with  K.,SAq 
(P.,  I.e.).  Hcxa-  salt  K„P,0,s  (T.,  I.e.).  Double 
salt  with  NH,  (F.,  I.e.).  Compound  with  B,0, 
(Prinvault,  C.  B.  74,  1249). 

Silver  metaphosphates.  Di-  salt  Kg.iP.fi^; 
and  tri-  salt  Ag.PjO,, ;  from  AgNOjAq  and  the 
corresponding  Na  salts  (F.,  le. ;  F.  a.  H.,  I.e.). 
Hexa-  salt  Ag,jP,0,8;  from  AgNO.,  heated  with 
H^PO^  to  316°,  or  by  adding  Na,P,0,sAq  to 
AgNOjAq  (Graham  ;  F.,  I.e. ;  T.,  I.e. ;  Rose,  Ber- 
zehus).  Double  salts  with  Al,  Cr,  and  Fe 
(H.  a.  M.,  Z.c). 


Sodium  metaphosphates.  For  conditions  of 
formation  and  general  reactions  v.  p.  106.  The 
following  salts  have  been  described  ;  Mono-  salt 
NaPO,  (F.,  I.e. ;  M.,  I.e. ;  F.  a.  H.,  I.e. ;  Graham, 
Gm.-K.  2,  170  ;  Jamieson,  A.  59,  350 ;  Miiller, 
P.  127,  428)  ;  di-  salt  Na,P.,0,.2H.,0  (F.,  I.e.)  ; 
tri-  salt  Na,P30„.6H  ,0  (F.  a.  H.,  I.e.]  ;  tctra-  salt 
Na,P.,0,.,  (P.,  Lc);  hc.va-  salt  Na,P,0,s  (P.,  Z.c. ; 
T.,  I.e.;  G.,  I.e.).  For  double  salts  with  Na 
and  NHj,  v.  F.  {I.e.). 

Strontium  metaphosphates.  ?  ?.[o]iii-  salt 
SrP,,0, ;  by  heating  SrCO,,  with  H.,POj  (M.,  I.e. ; 
ef.  Eose,  P.  76,  8  ;  Schecrer,  J.  pr.  75,  113).  For 
a  deka-  salt,  r.  T.  (I.e.). 

Thallium  metaphosphate.  TlPO;,  said  to 
exist  in  two  forms,  one  insoluble  in  water  (?di- 
salt),  and  the  other  soluble  (Laniy,  Gni.-K.  2, 
177). 

Thorium  metaphosphate  ThP.,0,„  (?  di- .salt, 
Th.,P„0.„);  by  heating  Tli(S(3,).,  with  H,PO,  to 
redness  (.Johnson,  B.  22,  976).     For  double 
salts  with  K  and  Na,  v.  Troosta.  Ouvrard  (C. 
105,  30). 

Uranium  metaphosphate.  Di- salt 'U..V  i)^^ 
(II.  a.  M.,  I.e.). 

Zinc  metaphosphates.  Di-  salt  Zn.,P|0,.>;  bv 
heatincr  ZnO  witli  H.PO^  to  350°  (F.,  I.e.) ;  witli 
4H.,0  by  adding  ZnCl.Aq  to  (NHj).,P.,0„Aq. 
For  double  salts  with  NH,  and  Na,t'.  F.  a.  H. 
(I.e.) ;  Bette  (.4.  15,  129). 

TETEAPHOSPHATES  and  DEKAPHOS- 
PHATES.      Salts  of   the    hi/pothctical  acids 

H,  P.,0,.,  and  H,,,P,„03,  (v.  pp.  106,  107). 

Barium  tetraphosphate  Ba,P.|0|.,.  A  heavy 
crystalline  powder;  by  fusing  Na  P|0,3  with 
Bad,  (F.  a.  H.,  .4.  65,  313). 

Magnesium  tetraphosphate  MgjPiO,.,.  Pre- 
pared similarly  to  the  Ba  salt  (F.  a.  H.,  I.e.). 

Silver  tetraphosphate  Ag^P.,©,,.  From  the 
Na  salt  and  AgNO.Aq  (Berzelius,  P.  19,  331). 

Sodium  tetraphosphate  Na„P,0,...  By 
fusing Na,.P,  0„  with  Na,P..O,  or  Na^PO.,  (F.  a.H., 

I.  e. ;  Uelsmann,  A.  118,  10"l). 

Silver  dekaphosphate  Ag|.,P,|,0.,.  From 
.the  Na  salt  and  AgNO.Aq  (F.  a.  H.,  l.e'. ;  U.,  I.e.). 

Sodium  dekaphosphate  Na,.,P,„0„.  A  glassy 
mass  ;  by  fusing  Na  PbO,^  and  NajP..O.  (F.  a. 
H.,  I.e.).  M.  M.  P.  M. 

PHOSPHENYL  CHLORIDE  v.  VnESYL-di- 
c/i/o  ro-rnosi'HixE. 

PHOSPHENYLIC  ACID  v.  Phenyl  phos- 
phites. 

PHOSPHENYLOUS  ACID  C.H.PHO.OH. 
Benzene  phospliinic  acid.  [70  ].  S.  7'23  in  the 
cold  ;  211  at  100°.  Formed  by  adding  water  to 
C,H-PC1.,,  and  boiling  (Michaehs,  A.  181,  303  ; 
B.  10,  8i6).  Leaflets,  v.  sol.  alcohol.  Decom- 
posed  by  heat  into  phenyl-phosphiue,  benzene, 
and  HPG,.  PCI,  forms  C,H,PC1,,.— KA' 2aq.— 
NHjA'.~-  BaA'2  4aq. — PbA'^ :  amorphous  pp. 

Ethyl  ether  EtA'.  Oil. 

Di-cthi/l  ether  C„H,P(OEt).,.  (235-). 
Formed  from  C„H,PC1,  and  NaOEt.  Liquid  with 
very  powerful  odour. 

PHOSPHIDES.  Compounds  of  P  ivith  one 
other  more  positive  element.  The  chief  phos 
phides  are  those  of  Al,  Sb,  As.  Ba,  Be,  Bi,  Cd, 
Ca,  Cu,  Cr,  Au,  H,  Fe,  Pb,  Mg,  Mn,  Hg,  Mo,  Ni, 
K,  Pt,  Ag,  Na,  Th,  Sn,  Tl,  W,  Zn,  Zr.  (Phos- 

I  2 
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phides  of  H  are  described  as  Phosphorus  hydrides 
under  Phosphoktjs.)  Many  phosphides  are  formed 
by  heating  together  P  and  the  more  positive 
element  in  an  atmosphere  of  CO.,  or  N  ;  phos- 
phides are  also  produced  by  heating  P  with 
several  metallic  oxides  or  with  salts  in  solution  ; 
also  by  heating  metals  or  their  oxides  in  PH,,. 
Phosphides  are  generally  brittle  solids  ;  many 
react  with  water  or  dilute  acids,  evolving  P 
hydrides ;  some  yield  basic  phosphates  when 
heated  in  air.  For  descriptions  of  the  different 
phosphides  v.  the  individual  elements. 

M.  M.  P.  M. 

PHOSPHINE.  PHj  is  sometimes  known  by 
this  name,  v.  Phosphorus,  hydrides  of,  p.  13.5. 

PHOSPHINES  are  the  phosphorus  analogues 
of  amines,  and  result  from  the  replacement  of 
hydrogen  in  phosphuretted  hydrogen  by  alkyl 
radicles.  They  may  be  classified,  like  the  amines, 
into  primary,  secondary,  and  tertiary  bases,  and, 
in  addition,  quaternary  compounds  are  known 
analogous  to  the  salts  of  compound  ammoniums. 

Methods  of  preparation.  1.  Action  of  the 
haloid  derivatives  of  hydrocarbon  radicles  on 
metallic  phosphides.  It  was  by  this  reaction 
that  Paul  Thenard  {C.  R.  21,  144;  25,  892)  dis- 
covered the  first  members  of  the  phosphine 
group  in  1843-47.  He  experimented  with  methyl 
chloride  and  calcium  phosphide,  and  apparently 
isolated  trimethyl-phosphine,  (CH,,).^^  as  an 
inert  solid,  and  a  substance  (CH3).|P2  analogous 
to  cacodylas  a  spontaneously  inflammable  liquid, 
boiling  at  250°,  very  explosive,  poisonous,  and 
unstable.  Thenard  recognised  the  relationship 
of  trimethyl-phosphine  to  ammonia,  and  pre- 
dicted the  existence  of  the  then  undiscovered 
organic  compounds  of  nitrogen  and  antimony. 

In  1855  Hofmann  a.  Cahours  (T.  1857  ; 
A.  Ch.  [3]  61,  5)  investigated  the  action  of 
methyl  iodide  on  sodium  phosphide,  and  ob- 
tained tetramethyl-phosphonium  iodide  in  addi- 
tion to  trimethyl-phosphine  and  the  phos- 
Ijhorised  cacodyl  of  Th6nard.  They  found  that 
the  method  was  dangerous,  and  furnished  mix- 
tures the  separation  of  which  iDresented  enormous 
dilBculties. 

Berl6  (/.  pr.  66,  73)  about  the  same  time 
obtained  very  small  quantities  of  triethyl- 
phosphine  by  the  action  at  a  very  high  tem- 
perature of  ethyl  iodide  on  sodium  phosphide 
obtained  by  heating  sodium  and  phosphorus 
together  in  rock  oil. 

Cahours  in  1859  (C.  R.  49,  87  ;  /.  1859,  430) 
prepared  tetrethyl-phosphonium  iodide  by  the 
action  of  ethyl  iodide  on  crystallised  zinc 
phosphide  (obtained  by  heating  the  metal  in 
phosphorus  vapour  at  180°). 

In  1882  Letts  a.  N.  Collie  (Tr.  E.  30  pt.  i. 
181)  investigated  the  action  of  benzyl  chloride  on 
sodium  phosphide,  and  found  that  tetra-benzyl- 
phosphonium  chloride  was  produced  in  abun- 
dance. 

2.  Action  of  organo-mctalUc  bodies  on  tri- 
chloride of  phosphorus.  The  action  of  zinc 
alkyls  on  phospliorus  trichloride  was  first  in- 
vestigated by  Hofmann  a.  Cahours  (A.  Ch.  [3] 
51),  and  was  further  studied  by  Hofmann  (A.  Ch. 
[3]  62  ;  63  ;  64).  By  this  method  tertiary  phos- 
phines  are  exclusively  formed  :  SK.^Zn  +  2PC1;, 
=  2R.,P  +  3ZnCl,,.  It  is  necessary  to  treat  the 
product  of  the  reaction  with  caustic  potash,  in 


I  order  to  decompose  the  compound  of  the  phos- 
phine with  zinc  chloride.  By  this  reaction 
Hofmann  a.  Cahours  obtained  PMcj  and  PEtj, 

I  and  showed  that  they  resemble  the  correspond- 
ing amines  in  many  respects,  especially  in  the 

i  readiness  with  which  they  combine  witli  alkyl 

I  iodides  to  give  quaternary  compounds.  On  the 
other  hand,  they  proved  that,  unlike  the  amines, 
tertiary  phosphines  readily  combine  with  oxygen 
to  give  very  stable  compounds  of  the  general 
formula  E3PO. 

3.  Action  of  alcohols  on  phosphonium 
iodide  ;  and  4.  Action  of  alkyl  iodides  on 
phosphonium  iodide  and  oxide  of  zinc  (Hof- 
mann's  methods).  In  the  year  1871  Hofmann 
again  took  up  the  study  of  the  phosphines  (5.4, 
205),  and  by  the  action  of  alkyl  iodides  on  phos- 
phuretted hydrogen  obtained  not  only  tertiary 
and  quaternary  compounds,  but  also  primary  and 
secondary  bases.  Hofmann  took  advantage  of 
the  fact  that  phosphonium  iodide  when  heated 
with,  alcohol  yields  phosphuretted  hydrogen, 
ethyl  iodide,  and  water.  When  phosphoniuiri 
iodide  (1  mol.)  is  heated  with  alcohol  (3  mols.) 
for  8  hours  at  180°  the  crystalline  product  is 
a  mixture  of  PEtjHI  and  PEt^I,  and,  on  addition 
of  caustic  soda,  triethyl-phosphine  separates  as 
a  clear  liquid,  while  the  solution  gives,  on 
evaporating,  beautiful  crystals  of  tetrethyl- 
phosphonium  iodide.  If  the  tubes  are  heated 
for  four  hours  only,  two  layers  of  liquid  are 
visible  on  cooling,  and  the  tubes  show  great 
pressure  when  opened.  It  may  be  taken  for 
granted,  then,  that  the  reaction  occurs  in  two 
phases,  in  the  first  of  which  EtI  is  liberated, 
which  then  acts  upon  PH.,  in  the  same  way  as 
it  acts  on  ammonia.  Hofmann  employed  this 
method  successfully  in  the  methyl  {B.  4,  209), 
ethyl  (B.  4,  205),  propyl  {B.  6,  292),  butyl  {B.  6, 
296),  and  amyl  {B.  6,  297)  series.  Hofmann 
(B.  4,  372)  endeavoured  to  prepare  the  primary 
and  secondary  bases  according  to  the  equations : 
PHjI  +  CjH„0  =  C.,H,PH,HI  +  B.,0 
PH  J  -1-  2C.,H,0  =  (C/H  jjPHHI  -f  2H,0, 
by  altering  the  proportions  of  phosphonium 
iodide  and  alcohol,  but  without  success,  the 
tertiary  base  being  produced  alone  or  mixed 
with  the  quaternary  compound,  while  with  the 
proportions  required  for  the  second  equation  the 
tubes  invariably  exploded. 

In  the  meantime  Drechsel  a.  Finkenstein  {B. 
4, 352)  believed  that  they  had  succeeded  in  obtain- 
ing the  primary  bases  by  saturating  EtI  or  Mel 
with  PH3,  and  allowing  the  solutions  to  remain  for 
some  time  at  the  ordinary  temperature,  or  by  heat- 
ing them  at  100°,  and  also  by  heating  an  ethereal 
solution  of  Znl.^  saturated  with  PH3  together  with 
Mel.  Hofmann  {B.  4,  372)  repeated  these  ex- 
periments, and  showed  that  only  tertiary  and 
quaternary  derivatives  were  formed.  The  idea 
then  occun-ed  to  him  of  heating  the  alkyl  iodide 
with  phosphonium  iodide  in  presence  of  a 
metallic  oxide,  with  the  happiest  results ;  for 
on  heating  a  mixture  of  phosphonium  iodide 
(2  mols.)  with  ethyl  iodide  (2  mols.)  and  zinc 
oxide  (1  mol.)  in  sealed  tubes  at  150°  for  from 
six  to  eight  hours,  a  complete  reaction  occurred, 
the  tubes  when  cold  containing  a  crystalline 
mass  consisting  exclusively  of  the  hydriodates 
of  the  primary  and  secondary  bases,  the  former 
being  the  chief  product,  while  the  latter  was  only 
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formed  in  small  quantities.  The  addition  of 
water  to  the  product  of  the  reaction  liberated 
the  primary  phosphine  alone,  which  was  dis- 
tilled off  in  a  hydrogen  atmosphere,  while  the 
secondary  phosphine  was  subsequently  set  at 
liberty  by  the  action  of  an  alkali.  By  means  of 
this  general  method  Hofmann  prepared  methyl 
{B.  4,  430),  ethyl  {B.  4,  605),  propyl  {B.  6,  292), 
butyl  (B.  6,  296),  amyl  (B.  6,  297),  and  benzyl 
(13.  5,  100)  phosphines. 

4.  Michaelis's  methods.  Hofmann's 
methods,  although  of  excellent  service  for  ob- 
taining the  phosi)hines  of  those  radicles  which 
form  alcohols,  could  not  be  employed  in  the 
preparation  of  phosphines  containing  purely 
aromatic  radicles  (-B.  5,  100).  Michaelis,  on  the 
other  hand,  not  only  succeeded  in  obtaining  all 
the  phenyl-phosphines,  but  also  in  discovering 
a  fairly  general  method  for  the  production  of 
primary  phosphines.  The  substance  forming 
the  starting-point  for  the  preparation  of  phos- 
phines by  these  methods  is  trichloride  of 
phosphorus.  One  atom  of  chlorine  is  first 
replaced  in  that  body  by  one  or  other  of  the 
following  processes  : — 

(a)  The  mixed  vapours  of  a  hydrocarbon  and 
the  trichloride  are  repeatedly  passed  through 
a  red-hot  tube.  Thus  when  benzene  is  em- 
ployed '  phosphenyl '  chloride  is  obtained  : 
PCI,  +  C,H,  =  (C,HjPCL,-)-  HCl. 

(b)  a  mercury  alkyl  is  heated  with  the  tri- 
chloride under  pressure  :  PCl^  +  (C.JL^).Ilg 
=  (aH,)PCl,,-K  Hg(C.,HJCl. 

(c)  By  digesting  a  hydrocarbon  with  the 
trichloride  and  aluminum  chloride,  the  reaction 
being  the  same  as  (1).  Other  substances  besides 
hydrocarbons  yield  substituted  phosphorus 
chlorides  when  submitted  to  this  reaction. 
Thus  a  mixture  of  acetone,  PCI3,  and  aluminium 
chloride  react  spontaneously,  according  to  the 
equation  : 

2(CII,).JC0  +  PCI,  =  2HC1  -f  (CH,.C0.CH,),PC1. 
By  means  of  these  different  reactions 
Michaelis  and  his  jjupils  have  obtained  a  con- 
siderable number  of  substituted  phosphorus 
chlorides,  among  which  are  :  Phenyl  phosphorus- 
chloride  by  methods  1,  2,  and  3  {B.  6  [1873], 
601 ;  8  [1875],922  ;  12  [1879],  1009).  Tolyl  phos- 
phorus-chloride by  method  3  {B.  13,  653).  Xylyl 
phosphorus-chloride  by  method  3  (A.  212,  203, 
209).  Ethyl  phosphorus-chloride  by  method  2 
{B.  13,  2174).  Propyl  phosphorus-chloride  by 
method  2  {B.  13,  2174).  Naphthyl  phosphorus- 
chloride  by  method  2  {B.  9,  1051).  Acetonyl 
phosphorus-chloride  by  method  3  {B.  17,  1273). 
The  substituted  chlorides  resemble  PCIj  in  pro- 
perties. As  a  rule  they  are  fuming  liquids, 
combining  readily  with  chlorine  to  give  solid 
compounds  analogous  to  pentaehloride  of  phos- 
phorus ;  treated  with  water,  they  yield  phos- 
phinous  (phosphinic)  acids.  Thus  phenyl 
phosphorus-chloride  gives  phenyl  phosphinous 
(benzene  phosphinic)  acid  :  (CsHJpCL,  -f  2H.,0 
=  (C,H5)PH„0,,  +  2HC1.  The  products  of  addition 
which  they  form  with  chlorine  react  with 
water  to  give  phosphinic  (phosphonic)  acids  : 
(C.HJPCl,  +  3H„0  =  (C^HOPH^O,  -t-  4HC1.  Mi- 
chaelis was  unable  to  obtain  more  than  mere 
traces  of  the  primary  phosphine  by  the  action 
of  nascent  hydrogen  on  the  substituted  chlorides. 
When  gaseous  HI  is  passed  into  the  chloride, 


chlorine  is  gradually  displaced  by  iodine ; 
C,H,PC1,,  +  3HI  =  C6H;PI,HI  +  2HC1.  From  this 
iodide  Michaelis  obtained  phenyl-phosphine  by 
the  action  of  alcohol:  3C„H-,PI„HI -h  9C.,H„0 
=  C,H,PH„  +  2CbH,P03H,  +  3H,0  -1-  9C„H  J.  '  In 
later  experiments  he  employed  a  simpler  method, 
namely  the  destructive  distillation  of  the  phos- 
phinous (phosphinic)  acid  which,  as  already 
stated,  is  produced  by  the  action  of  water  or 
alcohol  on  the  substituted  chloride  :  3C,.H5PO.,H., 
=  CeH5PH,-F2C,H5P03H,.  From  phenyl  phos- 
phorus chloride  Michaelis  obtained  diphenyl- 
phosphine  by  the  following  reactions  :  (1)  The 
chloride  is  digested  with  mercury  diphenyl  at 
200°: 

(C,H,)PCl,-h  Hg(C,H,),=  (C,H,),PCl4-  HgCl(C,HJ 
{B.  8,  1304)  ;  or  it  is  heated  for  some  time 
at  280°,  when  the  following  reaction  occurs  : 
2(C„H,)PC1,,  =  (C,H,),,PC1  +  PCI;,. 

(2)  Diphenyl  phosphorus  chloride  when  heated 
with  water  or  dilute  soda  solution  decomposes 
in  the  following  manner:  2(C,,H,),PC1 -h 2H.,0 
=  (C,H5).,PH  +  (C„H,,),HPO.-h  2HC1  (Michaelis  a. 
Gleichman,  B.  15,  801).  He  also  obtained  the 
tertiary  base  ;  at  first  by  acting  upon  a  mixture 
of  phenyl-phosphorus  chloride  and  bromo-benz- 
ene  with  sodium:  (C,H,,)PCl„-t- 2C„H,Br-f 3Na 
=  2NaCl-t-NaBr+ (C,Hj),P,  but  later  this 
method  was  modified  in  a  remarkable  way,  by 
substituting  for  phenyl  phosphorus  chloride, 
phosphorus  chloride  alone,  the  reaction  occur- 
ring quite  easily  and  very  energetically  at  ordi- 
nary temperatures  according  to  the  equation : 

PClj-l-3tCeH5)Br-l-eNa  =  3NaCH-3N;iBr+(C„Hs)3P. 

5.  Action  of  alcohols  on  a  mixture  of  phos- 
phorus and  phosphorus  iodide.  Letts  a.  Blake 
(Tr.  E.  pt.  2)  have  shown  that  very  remarkable 
reactions  occur  when  benzyl  alcohol  acts  upon 
a  mixture  of  phosphorus  and  phosphorus 
iodide  (in  the  proportions  employed  for  obtain- 
ing phosphonium  iodide  by  the  action  of  water), 
whereby  a  number  of  the  phosphorus  deriva- 
tives of  benzyl  are  obtained.  The  action  occurs 
spontaneously  at  ordinary  temperatures,  and, 
although  its  mechanism  was  found  difficult 
to  investigate,  the  following  equations  ac- 
count for  the  formation  of  the  different  pro- 
ducts : — ■ 

(1)  PL  +  C,H,OH  +  H,0  =  (C,H,)H,PO.,  +  m  +  l 

(2)  PL  -I-  C,H,OH  -r  2H.,0  +  I  =  (C,H,)H;P0,  +  SHI 

(3)  PL  +  2C,H,0H  =  (C,H,),,HPO".,    HI  + 1 

(4)  PL  +  3C,H,0H  -H  HI  =  (C,H,),P0  h-  2H,>0  +  31 

(5)  PL  +  4C,H,0H  +  4HI  =  (C,H,),PI  -h  4H,0  +  51 
(0)PL4-2H,O  =H,PO„-fHI-hI 

(7)  PL  +  4H.,0  +  3I         =H3P04  4-5HI 

(8)  2HI  +  C,H,OH  =  C.B.,  +  H.,0  +  L 
(;j)P-hL  =PL 

All  the  products  indicated  by  the  above  equa- 
tions were  obtained  in  quantity,  especially 
benzyl  phosphinic  acid,  di-benzyl  phosphinic 
acid,  and  tri-benzyl  phosphine  oxide,  and  the 
method  is  undoubtedly  the  easiest  and  best  for 
the  preparation  of  those  substances.  Whether 
other  alcohols  behave  in  a  similar  manner  to 
benzyl  alcohol  with  a  mixture  of  phosphorus 
and  its  iodide  has  not  yet  been  ascertained. 

General  properties  of  the  primary  phos- 
phines. The  following  primary  bases  have  been 
obtained ; 
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Name 

C'Ontlltion 

do  c 
Li  8,5 

1  J.O 

— 1-± 

Ethyl                -  ' 

Liquid 
" 

OSLO 

Ten  nv/^vivl  3 

62° 

Iso-amyl 

106° 

7i-0ctyl        ,,  « 

184°-187^ 

Phenyl         „  ' 

160°-161° 

Benzyl         „  « 

180°-183° 

j)-Tolyl         „  9 

Solid  at  +4° 

178° 

'  Hofmaun,  B.  4,  209.         =  Hofm.inn,  B.  4,  432. 
'  Hofmann,  B.  6,  202.         *  Hofmanu,  B.  6,  296. 
'  Hofmann,  B.  G,  297.         »  Moslinger,  B.  9,  1003. 
'  MiohaeUs,  B.  7,  6,  16S3. 

'  Hofmann,  B.  5, 100;  Letts  a.,Elake,  Tr.  E.  35  pt.  2. 
'  Michaelis  a.  Panek,  A.  212,  233. 

Most  of  the  primary  bases  are  liquids,  insoluble 
in  water,  but  soluble  in  ether.  They  fume  in 
the  air,  and  grow  very  hot,  their  vapour  igniting 
spontaneously  at  times.  The  products  of  this 
oxidation  appear  to  have  been  investigated  only 
in  a  few  cases,  and  chiefly  in  the  aromatic 
series.  Phenyl  phosphine  (Michaelis,  B.  10,  807) 
and  tolyl  phosphine  (Michaelis  a.  Panek,  A.  212, 
234)  both  absorb  a  molecule  of  oxygen,  and  are 
converted  into  phosphinous  (phosphinic)  acids, 
which  are  monobasic,  and  therefore  probably  have 
the  constitution  EPH(OH):0.  These  acids  are 
readily  decomposed  by  heat,  giving  the  primary 
phospliine,  and  the  corresponding  phosphinic 
(phosphonic)  acid  3EPH.,0,,  =  EPH^  +  2EPH,0.„ 
a  reaction  analogous  to  that  which  gives  rise  to 
phosphoretted  hydrogen  and  phosphoric  acid 
when  hypophosphorous  and  phosphorous  acids 
are  heated.  Letts  and  Blake  {Tr.  E.  35,  pt.  2) 
find  that  benzyl  phosphine  yields  a  mixture  of 
benzyl  phosphinous  (phosphinic)  and  benzyl 
phosphinic  (phosphonic)  acids  with  some  phos- 
phoric acid.  Submitted  to  the  action  of  strong 
nitric  acid,  many  of  the  primary  phosphines  (and 
probably  all)  absorb  three  atoms  of  oxygen,  and 
are  converted  into  phosphinic  (phosphonic)  acids. 
This  has  been  shown  by  Hofmann  {B.  5,  110) 
to  be  the  case  in  the  methyl,  ethyl,  isopropyl, 
isobutyl,  and  isoamyl  series. 

The  phosphinic  acids  are  solid  substances, 
which,  with  the  lower  members  of  the  fatty  series, 
can  be  distilled  unchanged  (Hofmann,  B.  6,  303). 
But  in  some  other  instances  a  different  reaction 
occurs  :  thus  phenyl  phosphinic  (benzene  phos- 
phonic) acid  when  heated  slowly  to  200°  gives  a 
pyro-acid,  while  when  rapidly  heated  to  250°it  de- 
composes into  benzene  and  metaphosphoric  acid : 
C,H5PH.,03  =  C„H„  +  HPO3.  Thephosphinic(phos- 
l^honic)  acids  are  all  dibasic,  and  no  doubt  ha.ve 
the  structure  EPO(OH)„.  All  the  primary  phos- 
phines have  distinct  alkaline  properties.  They 
combine  readily  with  hydracids  forming  crystal- 
line compounds,  which  can,  as  a  rule,  be  volati- 
lised (with  dissociation  more  or  less  complete), 
and  which  resemble  the  compounds  of  phos- 
phoretted hydrogen  in  being  instantly  decom- 
posed by  water  with  liberation  of  the  phosphine. 
The  hydrochlorides  combine  with  chloride  of 
platinum  to  give  chloroplatinates.  The  salts  of 
the  primary  bases  with  oxyacids  have  been 
scarcely  at  all  investigated.  The  action  of 
halogens  on  primary  phosphines  has  not  been 
sufficiently  investigated.     Methyl  and  ethyl 


phosphine  take  fire  when  they  come  in  contact 
with  chlorine  or  bromine  (Hofmann,  B.  4,  433, 
609).  Benzyl-phosphine  yields  with  bromine  a 
mixture  of  its  own  hydrobromide  and  substitu- 
tion-products (Letts  a.  Blake,  Tr.  E.  35,  pt.  2). 

Sulphur  acts  on  the  primary  bases.  With 
the  methyl  and  ethyl  derivatives,  compounds 
have  been  obtained  but  not  investigated  (Hof- 
mann, B.  4,  433,  610).  With  phenyl  phosphine 
sulphur  acts  slowly  in  the  cold,  rapidly  at  a  high 
temperature  (Michaelis,  B.  10,  810).  Two  sub- 
stances are  produced,  one,  a  thick  liquid,  soluble 
in  ether,  having  the  composition  (C„H.JPH.,S, 
the  other  a  crystalline  product  to  whicli 
Michaelis  assigns  "the  formula  (C„H^P).,S.  The 
first  of  these  bodies  decomposes  when  heated  in 
the  following  manner  : 

2C,H,PH,S  =  C.HjPS  -I-  C,,H,PH,  -1-  H,S. 
When  benzyl  phosphine  is  warmed  with  sulphur 
the  following  reaction  occurs  (Letts  a.Blake,  Z.c.) : 

2C;H,PH,  -I-  6S  =  (C,H,)„P,,S,H2  +  H,>S 
and  the  resulting  pyro-benzyl-thiophosphinic 
acid  when  boiled  with  water  is  decomposed, 
yielding  mono-thio-benzyl  phosphinic  acid  : 
(C,H,)2P.,S,H.,  +  4H,0  -  2C,H-PS(OH)2  -1-  3H,S. 
In  view  of  the  analogies  existing  between 
nitrogen  and  pliosphorus,  considerable  interest 
is  attached  to  the  action  of  carbonyl  chloride 
and  bisulphide  of  carbon  on  the  primary  phos- 
phines.   Bisulphide  of  carbon  acts  upon  both 
methyl  and  ethyl  phosphine  (Hofmann,  B.  4, 
I  433,  610),  but  the  products  have  not  been  in- 
I  vestigated.     Michaelis  a.  Dittler  (B.  12,  338) 
t  have  studied  the  action  of  both  reagents  on 
phenyl  phosphine.    When  carbonyl  chloride  is 
passed  slowly  into  that  substance,  an  energetic 
reaction  occurs  in  the  following  manner  : 

2COCI2  +  C^H^PHj  =  CjH.PCl,  +  2C0  +  2HC1. 
Phenyl  phosphine  and  bisulphide  of  carbon  act 
upon  each  other  when  heated  in  a  sealed  tube  at 
150°,  and  sulphuretted  hydrogen  is  liberated. 
The  product  of  the  reaction  is  a  resinous  body 
(CjH3PHCS)oS,  and  the  reaction  itself  proceeds 
according  to  the  equation 

2C,H,PH,  -^  2CS,  =  (C„H,PHCS),S  -h  H^S. 
Michaelis  a.  Dittler  were  not  successful  in  their 
attempts  to  prepare  a  phosphorised  mustard  oil 
from  this  compound. 

They  were  equally  unsuccessful  in  obtaining 
a  phosphorised  carbylamine  by  the  action  of 
chloroform  and  caustic  potash  on  phenyl  phos- 
phine. It  is  true  that  a  reaction  occurs,  but  its 
course  is  completely  different  from  that  which 
takes  place  with  an  amine,  viz.  : 

C^H^PH,  +  4KH0  +  CHCI3  = 
C.H^PHKO^ '+  3KC1  +  CH3OH  +  H,0. 
It  thus  appears  that,  in  their  behaviour  with 
carbonyl  chloride  and  a  mixture  of  caustic 
potash  and  chloroform,  primary  phosphines 
behave  in  an  entirely  different  manner  from  the 
corresponding  amines,  though  there  is  a  certain 
degree  of  analogy  as  regards  the  action  of  both 
on  bisulphide  of  carbon.  This  difference  is  no 
doubt  due  to  the  strong  affinity  of  phosphorus 
for  electronegative  elements,  such  as  the  halo- 
gens, oxygen,  and  sulphur.  Chloracetic  and 
bromacetic  acid  react  with  benzyl  phosphine, 
and  chloroformic  ether  appears  to  form  a 
product  of  addition  (Letts  a.  Blake,  I.e.). 
Probably  other  phosphines  act  in  a  similar 
manner  with  these  reagents. 
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Primary  pliosphines  readily  combine  with 
alkyl  iodides  to  give  liydriodides  of  secondary 
pliosphines. 

General  properties  of  the  secondary  phos- 
phines.  The  following  secondary  pliosphines 
have  been  obtained  : 


Name 

Cotiditioii 

Boiling-point 

Dimethyl  phosphine 

Liquid 

25° 

Di-ethyl 

oo 

Di-isopropyl  „ 

3 

118° 

Di-isobutyl  „ 

4 

153° 

Di-isoamyl  ,, 

210°-215° 

Di-phenyl  „ 

ti 

280°  (about) 
78°-80° 

Methyl-isopropy] 

Iso-propy], 

isobuijl  „ 

8 

139°-140° 
Decomposes 

Di-benzyl  ,, 

9 

? 

when  boiled 

Hofmann,  B.  i,  GIO. 
Ibid.  B.  6,  204. 
Ibid.  B.  6,  29S. 
Ibid.  B.  0,  205. 
'  Letts  a.  Blake,  I.e. 


-  Hofmaun,  B.  i,  433. 
*  Ibid.  B.  C,  296. 
"  Jlichaelis,  B.  15,  801a. 
"  Hofmaun,  B.  G,  3U0. 


All  the  secondary  phosphines  obtained  as 
yet  are  liquids,  having  a  powerful  odour.  They 
are  insoluble  in  water,  but  soluble  in  ether  li-c. 

They  have  as  a  rule  a  strong  attraction  for 
oxygen,  fuming  and  growing  hot  on  exposure  to 
the  air,  and  often  inflaming  spontaneously. 
In  some  cases  they  appear  to  have  even  a  greater 
affinity  for  oxygen  than  the  primary  bases.  This 
is  so  according  to  Hofmann  with  all  the  second- 
ary phosphines  of  the  fatty  series  which  he  ob- 
tained. But  apparently  it  is  not  the  case  with 
diphenyl  phosphine.  The  products  of  this 
spontaneous  oxidation'  do  not  appear  to  have 
been  examined  except  in  the  case  of  dibenzyl 
phosphine,  which  yields  dibenzyl  phosphinic 
(phosphonic)  acid  and  possibly  the  oxide  also 
(C,H,),PO  (Letts  a.  Blake,  Lc).  But  the  pro- 
ducts of  their  oxidation  by  nitric  acid  have  been 
investigated,  chiefly  by  Hofmann  [B.  5,  10-1 ;  6, 
303).  These  are  in  all  cases  phosiDhinic  acids, 
EoPHO,,  which  are  monobasic,  and  no  doubt 
have  the  constitution  R2P(0H):0. 

These  acids  are  probably  also  produced  when 
the  chlorides  EJPCl  are  oxidised  by  nitric  acid. 
Such  is  at  least  the  case  with  (CgH.,),,PCl.  Some 
of  them  can  be  distilled  unchanged,  e.g.  dimethyl 
phosphinic  acid  ;  others,  e.g.  diphenyl  and  di- 
henzyl  phosphinic  acid,  lose  water,  and  give  pyro- 
acids. 

Secondary  phosphines  combine  with  acids, 
the  resulting  salts  being  far  more  stable  than 
those  of  the  primary  bases.  Thus  in  most  cases 
they  are  not  decomposed  by  water,  though  some 
are  (e.g.  salts  of  diphenyl  phosphine).  Com- 
paratively little  is  known  regarding  secondary 
phosphines,  and  very  few  of  their  compounds 
have  been  investigated. 

Sulphur  acts  upon  them,  and  in  the  case  of 
diethyl  phosphine,  according  to  A.  W.  v,  Hof- 
mann  a.  Mahla  (B.  25,  2136),  triethyl  phosphine 
sulphide  and  diethyl  dithiophosphinio  acid. 
PEtjSSH  are  formed,  together  with  a  third  sub- 
stance which  probably  has  the  composition 
PSEt„.S.S.S.PSEt.,.  Bisulphide  of  carbon  also 
acts  upon  them,  but  the  products  do  not  appear 


to  have  been  investigated.  They  readily  com- 
bine with  alkyl  iodides,  giving  hydriodides  of 
tertiary  phosphines. 

General  properties  of  tertiary  phosphines. 
The  following  tertiary  bases  have  been  obtained  : 


Name 

Condition 

Boiling-point 

Trimethyl  phosphine  ' 

Liquid 

40°-12° 

Tri-ethyl 

127° 

Tri-isopropyl 

? 

Tri-isobutyl  ■* 

215° 

Ti'i-isoatuyl 

about  300° 

Tri-phenyl  ,, 

Solid 

abo\"e  3(i0' 

Tri-benzyl 

Ethyl-isopropyl- 

isobutyl        ,,  ' 

Liquid 

about  190° 

IMethyl-diphenyl  ,,  ^ 

284° 

Ethyl- diphenyl  " 

293° 

Di-ethyl -phenyl 

220° 

Di-methyl-ethyl  „  " 

83°-85° 

iJi-etnyl-metnyl  ,, 

110-112 

Di-ethyl-propyl  ,, 

146°-149° 

Di-ethyl-isoamyl  ,,  " 

185°-187° 

l)i-ethyl-benzyl  ,, 

252°-255° 

Ethyl-dibenzyl  „ 

320°-330° 

Dimethyl  ^j-tolyl  ,,  '' 

210° 

Di-ethyl  ^-tolyl  ,, 

240° 

I)imetliyl  xylyl  ,, 

2,30° 

Diethyl' xylyl  „ 

2U0° 

'  *  Hofmann  a.  Cabours,  A.  C'h.  [3]  51,  35. 

'   '  Hofmann,  B.  6,  292,  304. 

«  Michaelis,  B.  15,  801.  Letts  a.  Blake.  I.e. 

'  Hofmann,  B.  6,  304.  »  Miehaelis,  .i.  181,  345. 

' '»  MiehaeUs  a.  Link,  A.  107, 210. 

1.  ,3 1.     .«  Collie,  C.  J.  1888,  714. 
"  "       Czimatis,  B.  15,  2014. 

The  tertiary  phosphines  hitherto  obtained 
are,  with  the  exception  of  triphenyl  and  tribenzyl 
phosphine,  liquids  at  ordinary  temperatures, 
having  a  powerful  odour.  They  are  insoluble  in 
water,  but  soluble  in  ether  Ac.  As  a  rule,  they 
oxidise  rapidly  in  contact  with  the  air,  fuming 
and  growing  hot,  and  in  some  cases  igniting 
spontaneously.  The  product  of  this  oxidation 
is  a  tertiary  phosphine  oxide  of  the  formula 
R3PO,  and,  no  doubt,  of  the  constitution  R^PcO. 

The  final  products  of  the  oxidation  of  phos- 
phuretted  hydrogen,  and  of  primary,  secondary, 
and  tertiary  phosphines,  are  therefore  respec- 
tively :  H3PO,,  EHJOj,  K.JiPO,,  E,,PO,  the 
amount  of  oxygen  absorbed  by  the  phosphine  de- 
creasing in  a  regular  manner  as  the  series  is 
ascended. 

The  oxides  of  tertiary  phosphines  are  solid 
substances  of  remarkable  stability.  Tliey  can 
in  the  majority  of  cases  be  distilled,  and  even 
boiled  with  nitric  acid,  without  change.  By  no 
means  as  yet  discovered  can  they  be  reduced. 
Hydracids  combine  with  them,  and  they  give 
crystalline  compounds  with  a  number  of  metallic 
salts,  such  as  the  chlorides  of  platinum,  zinc, 
mercury,  iron,  cobalt,  Ac,  also  in  some  cases 
with  chloride  of  acetyl,  bromine,  and  sulphur. 

Tertiary  phosphines  also  combine  with  the 
elements  of  the  sulphur  group,  forming  com- 
pounds analogous  to  the  oxides. 

The  salts  of  tertiary  phosphines  are  readily 
obtained  by  dissolving  the  bases  in  acids.  They 
are  stable,  and  are  not,  as  a  rule,  decomposed 
by  water.    Their  compounds  with  hydracids 
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have  been  chiefly  studied  ;  those  containing  oxy- 
acids  have  not  been  investigated  (with  very  few 
exceptions).  The  haloid  salts  dissociate  to  a 
greater  or  less  extent  on  heating.  Their  hydro- 
chlorides combine  with  chloride  of  platinum  to 
give  chloroplatinates  of  normal  composition. 

Some  of  the  tertiary  phosphines  combine  with 
chloracetic  acid  to  give  hydrochlorides  of  phos- 
phorised  betaines.  At  present  only  two  or  three 
of  these  substances  have  been  obtained — tri- 
methyl  phosphorus  betaine  by  Meyer  (B.  4, 734), 
the  corresponding  ethyl  derivative  by  Hofmann 
(Pr.  11,  530),  and  in  addition  to  these  two  the 
closely  allied  compound,  tri-methyl  phosphorus 
benzo-betaine  hydrochloride,  by  Miohaelis  a. 
Czimatis  {B.  15,  2018),  (CH3)3PCl.C,Hj.COOH. 

The  compounds  of  these  phosphorised  betaines 
are  stable  and  Well-defined  substances.  Letts 
(Tr.  E.  30,  pt.  1,  285)  has  investigated  the  re- 
actions and  decompositions  of  the  ethylated  body, 
which  are  of  some  interest. 

The  hydrate  and  the  salts  of  this  betaine  lose 
carbonic  anhydride  when  heated,  and  give  rise 
to  the  hydrate  or  salt  of  methyl-tri-ethyl-phos- 
phonium 

(C,Hj3PX.CH2.COOH  =  CO,,  -i-  (C.H.jjPX.CHj, 
a  reaction  which  is  entirely  analogous  to  that 
occurring  when  the  corresponding  sulphur  com- 
pounds(i7ie«mes)are  heated  :(CH3)„SX.CH2.COOH 
=  C02-i-(CH3).>SX.CH3.  While  "it  is  perfectly 
different  from  that  which  the  true  (nitrogen) 
betaines  experience,  as  they  either  dissociate 
into  the  original  trialkyl-amine  and  the  group 
X.CH2.COOH  (or  the  products  of  its  decomposi- 
tion), or  distil  unchanged  (Briihl,  A.  177,  214). 

Treated  with  caustic  potash,  all  the  salts  of 
tri-ethyl  phosphorus  betaine  yield  tri-ethyl  phos- 
phine  oxide:  (C,.H,)3PX.CH„.COOH  +  2KHO 
=  (C,H,)3P0    KX  -f  CH3.COOK  +  H,0. 

Several  of  the  tertiary  phosphines  combine 
directly  and  energetically  with  a  molecule  of 
bisulphide  of  carbon  to  give  highly  characteristic 
compounds,  usually  of  a  red  colour,  and  possibly 

having  the  constitution,  E3P<^^.g.  So  charac- 
teristic and  so  readily  formed  is  this  compound  in 
the  case  of  tri-ethyl  phosphine,  that  its  produc- 
tion may  be  employed  as  a  test  either  for  bi- 
sulphide of  carbon  or  for  the  phosphine  itself. 
As  yet  these  (bisulphide)  compounds  have  been 
obtained  only  with  methyl,  ethyl,  and  iso-propyl 
phosphine,  and  with  those  of  the  aromatic  phos- 
phines containing  ethyl  or  methyl  groups. 

According  to  Czimatis  (B.  15,  2016)  these 
mixed  phosphines  combine  very  easily  with  bi- 
sulphide of  carbon  if  they  contain  methyl,  the 
readiness  with  which  combination  occurs  dunin- 
ishing,  however,  in  proportion  to  the  molecular 
weight  of  the  aromatic  radicle,  while,  if  they 
contain  ethyl,  combination  occurs  only  slowly 
and  with  difficulty.  Hofmann  (Tr.  1860,  431) 
has  somewhat  exhaustively  studied  the  compound 
of  tri-ethyl  phosphine  and  the  bisulphide,  which 
forms  with  explosive  violence.  Among  its  pro- 
perties are  the  following :  It  is  insoluble  in 
water,  difficultly  soluble  in  ether,  but  easily  dis- 
solves in  hot  alcohol,  from  which  it  separates  on 
cooling  in  red  needles  like  chromic  anhydride. 
From  an  ethereal  solution  it  is  deposited  by 
spontaneous  evaporation  in  large  deep-red  mono- 
xlinic  crystals  exhibiting  dichroism,  which  melt 


I  at  95°  and  volatihse  at  100°.  It  is  soluble  in 
strong  hydrochloric  acid,  and  if  the  solution  is 
mixed  with  platinic  chloride,  a  yellow  amorphous 
compound  is  produced,  2(C.,Hj).,PCS,,PtCl4. 
When  heated  with  silver  oxide  or  nitrate,  it 
is  decomposed  as  follows:  (C.HJjPCSj-i- 2Ag„0 
=  Ag,.S-i-Ag.,-f  C02-i-(C.,H5)3PS',  and  rnoist  air 
produces  a  similar  change.  But  if  is  heated  with 
water  to  100°C.,  the  following  reaction  occurs  : — 

4(C,H,-),PCS„-(-2H.O 

=:2tC„H3  )3PS  +  (G,H,)3P0  +  (C,H3)3(CH3)P0H  + 

Heated  with  sulphuretted  hydrogen,  it  suffers 
the  following  change  :  3(C.,H-J,PCS.  +  H..S 

=  2(C2H3)3PS  +  (CH„S)(C.H5)3PCS„  +  CS.. 

The  action  of  halogens  upon  tertiary  phos- 
phines has  not  been  very  fully  studied.  Probably 
!  direct  addition  would  occur  in  all  cases.  This 
i  has  been  proved  to  take  place  with  tri-ethyl 
phosphine  if  the  halogen  is  allowed  to  act  very 
gradually  upon  it.  The  chloride  (C._,H5)3PCL 
thus  obtained  is  crystalline,  melting  at  100°  and 
volatilising  readily,  though  its  boiling-point  is 
high.  Similar  compounds  of  bromine  and  iodine 
have  been  obtained. 

Compounds  of  tri-methyl  and  tri-ethyl  phos- 
phine with  mustard  oils  are  formed  easily,  and 
give  crystalline  hydrochlorides.  They,  no  doubt, 
have  the  constitution,  S:C:NK:PK3. 

[Note. — Some  of  the  aromatic  tertiary  phos- 
phines, especially  tri-phenyl  phosphine,  have 
properties  which  differ  materially  from  those  of 
other  tertiary  phosphines.  Thus  tri-phenyl 
phosphine  is  a  crystalline  sohd  having  scarcely 
any  odour,  and  it  does  not  oxidise  spontaneously. 
It  is  remarkably  stable,  and  is  not  attacked  by 
chlorine  even  when  heated.  The  hydriodide  and 
hydrochloride  are  formed  when  it  is  dissolved  in 
the  warm  concentrated  hydracids,  and  are  crys- 
talline, but  on  adding  water  they  dissociate.  By 
treating  the  phosphine  with  bromine  and  an 
alkali,  or  by  oxidising  it  with  hydrochloric  acid 
and  chlorate  of  potash,  the  hydrate  (C|jH5)3P(OH)2 
is  obtained  as  a  crystalline  solid.  This  when 
heated  to  100°  readily  loses  water,  and  is  eon- 
verted  into  the  oxide,  a  substance  which  is  not 
acted  upon  by  bromine,  oxygen,  sulphur,  &c.  By 
dissolving  the  phosphine  in  fuming  nitric  acid  a 
nitrate  of  the  formula  (C^H5)3P(N03)2  is  ob- 
tained.] 

Tertiary  phosphines,  apparently  without  ex- 
ception, unite  with  alkyl  iodides  to  form  phos- 
phonium  salts. 

General  Properties  of  Quaternary  Compounds 
{Phosplionium  Salts).  So  many  of  these  bodies 
have  been  obtained  that  a  list  appears  inad- 
visable. It  would  include  derivatives  of  the 
series  C„H),j^i  to  the  5th  term,  one  or  two  of  the 
series  C„H.),i_7,  and  a  large  number  of  mixed 
phosphoniums  containing  various  radicles, 
among  which  are  vinyl,  allyl,  and  ethylene. 

The  phosphonium  salts  are  the  most  stable 
of  all  organic  phosphorus  compounds.  None  are 
decomposed  by  water,  and  most  of  them  can  be 
obtained  readily  in  the  crystalline  state  by 
evapiorating  their  solutions. 

As  a  rule,  they  are  soluble  in  water  and  in 
alcohol.  They  are  readily  prepared  from  their 
iodides,  either  by  double  decomposition  with  a 
silver  salt,  or  by  first  obtaining  their  hydrates 
(by  the  action  of  moist  oxide  of  silver),  and 
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subsequently  neutralising  the  solution  with  the 
acid. 

The  hydrates  E^POH  are  solid  substances, 
having  a  powerful  alkaline  reaction  and  many 
properties  similar  to  those  of  an  alkali.  Indeed, 
in  the  case  of  tetrethyl  phosphonium  hydrate, 
the  only  remarkable  point  of  difference  between 
it  and  caustic  potash  (so  far  as  its  reactions 
with  metallic  salts  ttc.  are  concerned)  is  that, 
when  added  to  a  zinc  or  aluminium  salt,  the  zinc 
or  aluminium  hydrate,  which  is  at  first  precipi- 
tated, is  insoluble  in  an  excess.  Phosphonium 
hydrates  are  decomposed  when  heated,  and  in 
some  eases,  when  their  solutions  are  boiled  or 
at  the  moment  of  production,  into  a  tertiary 
phosphine  oxide  and  a  hydro-carbon, 
R4P0H  =  K,P0-f  K-H. 

The  action  of  heat  upon  the  salts  of  the 
phosphoniums  has  been  investigated  in  a 
number  of  cases,  partly  by  Letts  and  N.  Collie 
(Tr.  E.  30,  part  1,  213  ;  P.  M.  August  1886), 
and  partly  by  the  latter  chemist  alone. 

As  regards  the  haloid  salts,  the  chlorides  de- 
compose almost  quantitatively  into  a  hydro- 
carbon and  a  tertiary  phosphine  hydrochloride 
(Collie),  furnishing  an  excellent  method  for 
'  retrograding '  from  quaternary  to  tertiary 
bodies. 

'  When  the  phosphonium  chloride  contains 
several  ethyl  groups,  then  if  more  than  one  of  the 
latter  is  present,  ethylene  is  always  formed,  e.g. 

(C„H,),(G,H,)PC1  =  (C,iI,)2(C,H,)P.HCl  +  CM,. 
But  when  only  one  ethyl  group  is  present,  then, 
although  ethylene  is  still  formed,  two  decompo- 
sitions occur,  e.g.  (1) 

2(C,Hj)(CH,)„PCl  =  2(C,H,)(CH,)  J'.HCl  +  C„H, 
(2)  (C,Ji,)(CH3).,PCl  =  (CH3)3P.HC1  -1-  C„H,. 
If  we  compare  the  decomposition  by  heat  of 
phosphonium  chlorides  with  the  decomposition 
of  any  of  the  compound  ammonium  salts,  it 
must  be  with  the  hydroxides  and  not  with  the 
corresponding  chlorides '  (Collie,  C.  J.  1888, 
U3G,  714),  e.g. 

(C„H),PC1  =(C.,H.),P.HC1-I-C2H, 
(C.,H,)  ,NOH  =  (C.,H  )3N  +  C.,H,  -f  H„0 
(C,.H,)3(C-H.)P(0Hj  =  (C.,H-)3P0  +  C-H„ 
(C,H,)3(CH3jNCl      =  (C,H,)3N  +  CH3CL 

The  effect  of  heat  on  phosphonium  salts  de- 
rived from  oxyacids  is  completely  different.  In 
the  case  of  the  ethyl  series  at  all  events,  they 
suffer,  as  a  rule,  at  least  two,  and  occasionally 
three,  different  and  distinct  decompositions.  In 
one  of  these  the  molecule  splits  up  into  three 
new  groups,  consisting  respectively  of  carbonic 
anhydride,  a  (paraffin)  hydrocarbon,  and  the  ter- 
tiary phosphine.  In  the  other,  two  hydrocarbons 
are  formed — namely,  an  olefine  and  a  paraffin — in 
addition  to  carbonic  anhydride  and  the  tertiary 
phosphine.  Whilst  in  the  third,  a  totally  differ- 
ent change  occurs,  in  which  only  two  products 
are  formed — namely,  the  oxide  of  the  tertiary 
phosphine  and  a  ketone, 

(1)  Et3P<g^^. .=  Et^P  +  CO.,  +  CM  -R. 

(2)  Et3P<i^^g  =  Et3P-fCO,-fC,H,  +  EH 

(3)  Et3P<g;A      Et3P0  +  C,H,.C0.E. 


It  is  possible,  if  not  indeed  probable,  that  the 
third  reaction  occurs  subsequently  to  the  first, 
and  that  it  really  depends  upon  the  reducing 
action  of  the  triethylphospbine  upon  the  carbonic 
anhydride,  at  the  high  temperature  at  which  the 
decomposition  usually  occurs,  whereby  carbonic 
oxide  is  hberated,  which  combines  with  the 
hydrocarbon  radicle  in  statu  nascendi,  forming 

Et,P  +  C0„  +  (Et)  +  (R)  =  Et,,PO  4  EtCOR 
(or  EtjP  -1-  (OCO  -  E)  +  (Et)  =  EtjPO  -t-  EtCOE). 

If  we  merely  consider  the  third  kind  of  de- 
composition alone,  it  appears  to  be,  to  a  certain 
extent,  analogous  to  the  decomposition  which  a 
sulphine  compound  suffers  when  heated,  the 
difference  depending  on  the  greater  attraction 
which  phosphorus  has  for  oxygen,  compared  with 
that  of  sulphur  for  the  same  element.    In  both 
cases  a  hydrocarbon  group  is  detached  from  the 
I  molecule,  and  also  the  residue  of  the  acid,  but 
!  while  with  the  sulphur  compounds  these  two 
I  simply  combine  (forming  a  compound  ether),  and 
leave  a  hydrocarbon  sulphide,  in  the  case  of  the 
phosphonium  salt  the  acid  residue  is  reduced  by 
the  tertiary  phosphine,  and  the  group  thus  left 
combines  with  the  hydrocarbon  radicle,  forming 
a  ketone. 
Thus— 

EtjS^'iQQ^j^  =  Et,S  +  EtOOCE. 

^*^'^<§OCE  =  ^ 
A  result  of  this  kind  is  in  perfect  harmony 
with  the  views  expressed  by  Crum  Brown  and 
Letts  {Tr.  E.  28,  371 ;  Letts,  Tr.  E.  80,  285)  re- 
garding the  analogies  and  differences  existing 
between  phosphorus  and  sulphur  and  their  com- 
.  pounds. 

I  When  the  phosphonium  salts  contain  ethyl-: 
'  ene  they  suffer  a  different  decomposition  under 
I  the  influence  of  heat;  at  least  this  has  been 
ascertained  to  be  the  case  with  the  bromide  of 
bromo-ethylene-triethylphosphonium,  and  the 
bromide  of  hydroxy-ethylene-triethyl  phos- 
phonium, which  decompose  as  follows  (Hof- 
mann)  : — 

C,,H,Br.P(C„H.),,Br  =  HBr  -f  (C,H3)(C,H,)3PBr 
C„H,(0H).P(C;Hj3Br  =  H,0  +  (C,H3)(C,H3)3pBr 

!  and  also  in  that  of  the  hydrate  of  ethylene-hex- 
ethyl  diphosphonium,  which  decomposes  ac- 
cording to  the  equation:  C2H^(P(C2H,)30H)2 
=  C,H,  -h  (C„H,)3P  +  (C.,HJ3P0  +  H.,0. 

Masson  and  Kirklaud  (C.  1889,  126)  have 
studied  the  action  of  bromine  and  chlorine  on 
the  salts  of  tetrethyl  phosphonium,  the  results 
showing  a  very  close  similarity  between  the  poly- 
haloid  derivatives  of  tetrethyl  phosphonium  and 
those  of  trimethyl  sulphme  and  of  tetramethyl 
ammonium  previously  described  by  Dobbin  and 
Masson  (C.  J.  1885,  56;  1886,  846).  The  ten- 
dency to  form  solid  poly-haloid  compounds  is, 
however,  more  marked.  For  the  table,  contain- 
ing a  list  of  the  new  substances,  the  methods 
of  forming  them,  and  their  chief  properties,  the 
original  memoir  should  be  consulted. 

Organic  Phosphorus  Compounds  which  can- 
not be  placed  in  any  of  the  above  Groups. 
A  phosphorised  cacodyl  (CHj),,?^  (the  methyl 
analogue  of  liquid  phosphoretted  hydrogen)  was 
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obtained  by  Thenard  (C.  R.  21,  144,  25,  829)  by  I 
the  action  of  chloride  of  methyl  on  phosphide 
of  calcium,  and  is  interesting  not  alone  as  being 
the  sole  representative  (as  yet  prepared)  of  its 
class,  but  also  as  having  been  probably  the  first 
phosphine  obtained.  Thenard  describes  it  as  a 
colourless,  highly  refractive  liquid,  of  an  odour 
recalling  that  of  caeodyl  itself,  insoluble  in 
water,  and  boiling  at  about  250°.  It  inflames 
spontaneously  in  con1  act  with  air,  but  if  oxidised 
slowly  gives  a  crystalline  acid  (CH3)4P2H^04  = 
(CHsji.PHO,  (dimethyl  phosphinic  acid  ?),  analo- 
gous to  eacodylic  acid.  Treated  with  an  excess 
of  hydrochloric  acid,  it  is  converted  into  tri- 
methyl  phosphine,  and  a  solid  yellow  substance 
(CH3)„P4  (which  is  also  formed  in  the  original 
reaction),  and  which  Thenard  regarded  as  the 
methyl  analogue  of  solid  phosphide  of  hydrogen. 

Michaelis  (B.  10,  807)  obtained  a  substance, 
which  he  nsjaed^diphosphenyl  ox phosplio-benzene 
CjH-.P:P.C|,H5  (corresponding  to  azobenzene),  by 
the  action  of  phenyl  phosphorous  chloride  on 
monophenyl  phosphine  C|,H.PC1,  +  C^H^PK,  = 
(C5HJ,,P„-1-2HC1.  It  is  a  pale-yellow  powder, 
insoluble  in  water,  alcohol,  and  ether,  but  readily 
soluble  in  hot  benzene,  and  is  slowly  oxidised  by 
tlie  air  to  (C^HJ^PjO.  Treated  with  chlorine, 
phenyl  phosphorous  chloride  is  regenerated. 
With  nitric  acid  it  is  oxidised  to  phenyl  phos- 
phinous  (benzene  phosphinic)  acid  C^H^PHjOj 
if  the  acid  is  dilute,  but  to  phenyl  phosphinic 
(benzene  phosphonic)  acid  CsH^PHjOj  if  the 
acid  is  strong.  Treated  with  hydrochloric  acid, 
it  reacts  so  as  to  regenerate  the  substances  from 
which  it  is  formed. 

Michaelis  (B.  7,  499)  also  obtained  a  sub- 
stance, which  he  called  di-pliosplw-hemene  hy- 
drate C^Hj.PiP.OH,  by  the  action  of  spontane- 
ously inflammable  phosphoretted  hydrogen  on 
phenyl  phosphorous  chloride.  It  is  a  yellow 
powder,  soluble  with  ease  in  bisulphide  of  carbon, 
taking  fire  on  exposure  to  air,  and  oxidised  by 
nitric  acid  to  phenyl  phosphinic  (benzene  phos- 
phonic) and  phosphoric  acids.  In  addition  to  the 
above,  Michaelis  (B.  11,  885)  obtained  a  phenyl- 
ated  solid  phosphide  of  hydrogen  (CjHj)]!?^  by 
treating  phenyl  phosphorous  chloride  with  a 
quantity  of  water  insufficient  for  complete  decom- 
position (for  instance,  by  keeping  it  in  a  badly- 
stoppered  bottle).  It  is  a  dark-yellow  amorphous 
body,  having  a  faint  odour  of  phenyl  phosphine, 
soluble  in  hot  bisulphide  of  carbon,  but  insoluble 
in  water,  alcohol,  and  ether.  Treated  with 
chlorine  it  reacts  as  follows  :  (CgH5)HP4-f  6Cl2  = 
3PCI3  +  (CgH^PClj HCl.  Nitric  acid  oxidises 
it  to  a  mixture  of  phenyl  phosphinic  (benzene 
phosphonic)  and  phosphoric  acids. 

The  action  of  phosphonium  iodide  on  alde- 
hydes has  been  studied  by  Girard  (A.  Ch.  [7]  2, 
50),  while  that  of  phosphoretted  hydrogen  and 
hydrochloric  acid  on  the  same  bodies  and  on 
ketonic  acids  has  been  investigated  byMessinger 
and  Engels  (B.  21,  328,  2919).  Girard  obtained 
products  of  addition  containing  four  molecules 
of  the  aldehyde  (valeric,  propionic,  salicylic,  and 
benzoic)  to  one  of  phosphonium  iodide. 

Messingerand  Engels  obtained  similar  bodies 
by  acting  on  the  aldehydes  with  hydrochloric  acid 
and  phosphoretted  hydrogen.  The  compounds 
thus  formed  are  for  the  greater  part  solid,  crys- 
talline, and  fairly  stable.    By  treatment  with 


I  water  they  are  decomposed,  and  the  aqueous 
solution  gives  the  reactions  of  hydrochloric  acid 
and  phosphoretted  hydrogen.  Their  constitu- 
tion is  probably  represented  by  the  formula 
(E.CH0H)4PC1.  Chloride  of  tetra-hydroxy- 
ethylidene  phosphine  (02H50).,PClis  decomposed 
by  caustic  potash  into  the  free  phosphine 
(C2H30)3PC.,H,0  and  the  hydrate  (C2H,0)4P(OH). 
Benzaldehyde  and  its  mono-nitro-  derivative 
give  compounds  which  differ  from  those  obtained 
in  the  fatty  series  in  that  they  contain  no 
hydracid. 

Messinger  and  Engels  have  summarised  the 
results  of  their  researches  as  follows  :  (1)  Phos- 
phoretted hydrogen  does  not  act  on  an  aldehyde 
alone,  but  is  absorbed  if  at  the  same  time  a 
hydracid  is  present.  The  absorption  occurs 
more  completely  if  the  aldehyde  is  largely  di- 
luted with  ether.  (2)  The  aldehydes  of  the  fatty 
series  combine  with  a  molecule  of  phosphoretted 
hydrogen  and  a  molecule  of  hydracid,  while 
those  of  the  aromatic  series  combine  with  phos- 
phoretted hydrogen  only,  though  in  order  that 
the  compound  shall  be  formed  the  presence 
of  the  hydracid  is  necessary.  (With  benzoic 
aldehyde  the  compound  has  the  formula 
(C,H5COH)4PH,.)  (3)  The  phosphorised  deriva- 
tives of  the  fatty  series  have  an  unpleasant 
smell,  and  are  decomposed  by  water,  while  those 
of  the  aromatic  series  have  no  odour,  and  are 
nearly  insoluble  in  water.  All  are  soluble  with 
difficulty  in  ether,  and  in  some  cases  are  in- 
soluble. 

By  the  substitution  of  a  ketonic  acid  for  an 
aldehyde  in  the  above  reaction,  compounds  are 
produced  in  certain  cases.  Thus  ItBvulic  acid 
gives  an  oil,  and  pyruvic  acid  a  solid  compound, 

0 

either  (CH3.CO.CO)3P  or  (CH3-C-C  =  0)3P, 

which  is  a  well-defined  crystalline  body,  having 
neither  basic  nor  acid  properties,  soluble  in 
alkalis  with  decomposition,  and  also  decom- 
posed when  heated  with  acids.  It  dissolves, 
however,  without  change  in  glacial  acetic  acid, 
and  crystallises  out  on  cooling.  Boiled  with 
water,  it  is  decomposed  into  the  substances  from 
which  it  was  originally  produced.  It  forms 
crystalline  compounds  with  aniline,  phenyl  hy- 
drazine, and  toluene  diamine.  E.  A.  L. 

PHOSPHINIC  ACIDS.  The  name  oxy-ethyl- 
phosphinic  acid  has  been  given  to  the  acid 
CHMe(0H).P0(0H)2,  which  is  got  from  aldehyde 
by  successive  treatment  with  PCI3  and  water, 
A  more  appropriate  name  for  this  acid  is,  how- 
ever, oxy-ethane-phosphonic  acid,  the  term  phos- 
phinic acid  being  reserved  for  acids  K'P(OH)., 
containing  trivalent  phosphorus. 

PHOSPHINO-BENZENE  C,H,POo.  Phos- 
phemjlic  anhydride.  [100°].  Formed  from 
phosphenyhc  acid  and  POCI3  (Michaelis  a.  Eothe, 
B.  25,  1747).  White  crystalline  powder,  v.  sol. 
water,  being  reconverted  into  phosphenylic  acid. 

PHOSPHINO-;|'-CUMENE  CsH^Me^PO,. 
[216°].  Formed  from  C,H2Me3.PO(OH).,  and 
C^H^MesPOCL,  (Michaelis  a.  Eothe,  B.  25, 1749). 
Plates  (from  benzene),  v.  e.  sol.  chloroform. 
Converted  byhot  water  into  i/'-cumene  phosphonic 
acid. 
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PHOSPHINO-TOLUEKS  C.H^Me.PO.,.  Tolu- 
ene pJiosplionic  anliijdride.  [101°].  Formed 
from  aH,.P0(0H)2  and  C^H^.POCl,  (Micliaelis 
a.  Kothe,  B.  25, 1748).  Converted  by  water  into 
toluene  phosphonic  acid. 

PHOSPHITES.  Salts  of  the  acid  H,PO, ;  v. 
PnosPHonrs,  oxyacids  of,  p.  151. 

PHOSPHO-.  Use  of  this  prefix  applied  to  in- 
organic compounds  ;  tor  phosplio-  acids, phosplio- 
salts,  (tc,  V.  the  acids,  salts.  Sec,  to  which 
phospho-  is  prefixed.  Thus,  phosphomolybdic 
acid  and  phosphomolybdates  are  described  under 

MoLYBIiENUM,  ACIDS  OF,  AND  THEIR  SALTS. 

PHOSPHO-AMIDO-BENZENE  SULPHONIC 

ACID  POjH„.NH.O,Hj.SO,H.  The  chloride 
CsH.NSPO.Cls  [158°]  is  formed  from  ;p-amido- 
benzene  sulphonic  acid  and  PCI5  (Laar,  J.  pr. 
[2]  20,  250).  It  is  converted  by  MeOH  and 
alcohol  into  lle.,M"  [114°]  and  EtjA'"  [102°]  re- 
spectively. 

PHOS'PHOBENZENE  C.H-.PiPC.H^.  [150°]. 
Formed  by  slowly  adding  C„H,PH,  to  C,H,PC1,, 
in  a  current  of  H  (Kohler  a.  Michaelis,  B.  10, 
812).  Yellowish  powder,  insol.  water,  alcohol, 
and  ether,  sol.  benzene.  On  exposure  to  air  it 
is  oxidised  to  (CsH,P),,0.  Dilute  HNO.,  oxidises 
it  to  phosphenylic  acid.  Chlorine,  diluted  with 
CO,,  forms  C,H,PCL,.  Cone.  HClAq  forms 
phenyl-phosphine  and  C|H-PO,.H,,. 

PHOSPHONIUM  COMPOUNDS.  PH.,  com- 
bines with  the  haloKen  acids  HX  to  form  coni- 


20  atmos.  pressure  at  14°,  or  by  cooling  to  —25° 
under  ordinary  pressure  (Ogier,  C.  R.  89,  705). 
Skinner  (Pr.  1887.  28.3)  found  the  critical  temp, 
to  be  48°  under  95  atmos. ;  and  the  maximum 
vapour-pressure  line  to  be  below  those  of  HCl 
and  PH.,  at  all  temperatures  ;  from  —  30°  to  10° 
the  line  was  normal,  above  10°  combination 
began ;  at  temperatures  near  the  critical  the 
volume  of  liquid  PH|C1  formed  was  nearly  half 
that  of  the  liquid  constituents. 

Phosphonidm  HTDitoxiDE.  (?)PH,OH.  When 
PH3  is  strongly  compressed  in  presence  of  water 
the  PHj  liquefies  and  floats  on  the  water.  If  the 
pressure  is  now  suddenly  decreased,  white  crys- 
tals are  formed ;  these  crystals  are  probably 
PH.|OH  (no  analyses  have  been  made).  The 
production  and  dissociation  of  the  crystals  occur 
at  definite  pressures  and  temperatures.  No 
formation  occurs  above  28°  at  any  jsressure. 
The  crystals  can  be  distilled  from  one  part  of 
the  tube  to  another  by  gently  warming  (Cailletet 
a.  Bordet,  C.  R.  95,  58).  'When  equal  volumes 
PH3  and  CO,  are  compressed  in  presence  of 
water,  below  22°,  the  gases  disappear  and  white 
crystals  are  formed,  which  C.  a.  B.  (I.e.)  take  to 
be  a  mixture  of  PH,OH  and  the  hydrate  C0.^.8H.,0 
discovered  by  Wroblewski  (C.  R.  94,  954). 

PHOSPHONIUM    IODIDE     PH,I.     H.F.  [P,H\I] 

=  29,500  (solid  PH,I  from  H,  solid  P,  and  solid 
I);  [Pff,HI]  =  24,100  (solid  PH,I  from  gaseous 
PH3  and  HI)  (Ogier,  C.  R.  89,  705).    This  com- 


pounds PH3HX.  The  reactions  of  these  com- 
pounds are  most  simply  expressed  by  regarding 
them  as  salts  of  the  radicle  PH, ;  following  the 
analogy  of  the  ammonium  compounds,  the  bodies 
PH,X  are  called2:i/io.s2^/iO)!n(Hi compounds.  The 
mol.  weights  of  these  compounds  have  not  been 
determined. 

PHOSPHONIUM        BROMIDE        PH,Br.  H.F. 

[PH'.HBv]  =  23,000  ;  [P,H',Br]  =  44,100  (solid 
PH,Br  from  H,  solid  P,  and  liquid  Br)  (Ogier, 
C.  R.  89,  705).  Colourless  cubes  ;  melts  at  SO'-'. 
V.D.  27-7  corresponding  with  that  required  liy 
PH.  +  HBr  (Bineau,  A.  Ch.  [2]  68,  431).  Deli- 
quesces in  air ;  decomposed  violently  by  water 
to  PH3  and  HBrAq.  Prepared  by  bringing  to- 
gether PH.,  and  HBr  (SeruUas,  S.  64,  238) ;  by 
leading  PPI,  into  cold  cone.  HBrAq  (Ogier,  C.  R. 
89,  705)  ;  by  heating  cone.  HBrAq  with  P  to 
100°-120°  (bamoiseau,  G.  R.  91,  883). 

PHOSPHONIUM  CHLORIDE  PH^Cl.  Formed  in 
colourless  crystals,  melting  at  c.  25°,  by  subject- 
ing a  mixture  of  equal  volumes  HCl  and  PH^  to 


pound  was  discovered  by  Labillardiere  and  Gay- 
Lussac  (.4.  Ch.  [2]  6,  304),  and  more  fully  ex- 
amined by  Serullas  (S.  64,  238)  and  H.  Kose  (P. 
24,  151 ;  46,  636). 

Formation. — 1.  By  bringing  together  PH., 
and  HI  as  gases  or  in  cone,  aqueous  solutions. — 
2.  By  the  action  of  gaseous  PH3  on  I  (Hofmann, 
A.  103,  355). — 3.  By  the  action  of  red  P  on  cone. 
HIAq  at  160°  (Oppenheim,  Bl.  [2]  1,  163).— 4. 
Along  with  P,Ij,  by  the  action  of  HI  gas  on  P  at 
ordinary  temperatures  (Damoiseau,  C.  R.  91, 
883).— 5.  By  the  action  of  a  little  water  on  PI, 
(v.  Preparation). — 6.  By  the  reaction  of  HI  on 
H3PO2  and  warming  the  product  in  CO2  (Lis- 
senko,  B.  9,  1313). 

Preparation. — P  and  I  are  combined  in  CS,, 
solution,  and  the  product  is  decomposed  by  a 
little  water  (Baeyer,  A.  155,  269;  Hofmann,  B. 
6,  286).  Hofmann  (I.e.)  gives  the  following 
directions :  400  g.  P  are  dissolved  in  the 
same  weight  of  dry  CS.,  in  a  retort  of  1  litre 
capacity,  and  to  this  solution,  kept  cool,  680g. 
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I  are  added  by  small  portions.  The  xoliole  of  the 
CSj  is  then  distilled  off  on  a  water-bath,  an  ope- 
ration which  takes  9  or  10  hours.  The  retort  is 
then  connected  with  a  long  wide  condensing 
tube,  and  a  two-necked  globular  receiver,  from 
which  a  connecting  tube  passes  to  two  conden- 
sing bottles,  the  first  containing  dilute  HIAq,  the 
second  water  (see  tig.).  Heat  is  then  applied 
to  the  retort,  gently  at  first,  and  240  g.  water  are 
slowly  added  through  the  drop-funnel.  PH^I 
and  HI  are  formed ;  the  HI  collects  in  the  con- 
densing bottles,  and  the  PH4I  forms  a  crust, 
chiefly  in  the  tube,  and  in  smaller  quantity  in 
the  globular  receiver,  which,  to  prevent  stoppage, 
should  be  connected  with  the  long  tube  by  a 
wide  tube.  To  prevent  the  liquid  in  the  con- 
densing-bottles  from  being  forced  back  in  conse- 
quence of  the  rapid  absorption,  a  slow  stream  of 
CO2  is  passed  through  the  apparatus  during  the 
whole  operation.  A  well-conducted  sublimation 
may  be  completed  in  8  or  9  hours.  When  it  is 
finished  one  end  of  the  long  condensing  tube  is 
closed  with  a  cork,  and  the  PHjI  is  detached  by 
means  of  a  stout  wire  bent  and  sharpened  at  the 
end.  Hofmann  expresses  the  reaction  thus : 
13P  -I-  91  -H  21H,0  =  7PH,I  -1-  SH.P.O,  +  2HI.  The 
PHjI  may  be  sublimed  in  dry  HI. 

Properties. — Large,  clear,  lustrous,  pyra- 
midal crystals ;  boils  at  c.  80°  ;  may  be  sublimed 
in  HI. 

BeactioHS. — 1.  Withcar&o?i.  compounds  reacts 
as  a  very  energetic  reducing  agent,  and  is  much 
used  in  preparing  phosphines  &c.  (v.  Phos- 
PHiNEs). — 2.  Decomposed  rapidly  by  water  or  al- 
kali solution,  evolving  non-inflammable  PH.,  (v. 
Phosphobus  trihydride.  Preparation  2,  p.  136). 
3.  With  alcohol  forms  EtI  and  PH,, ;  if  the  reac- 
tion is  conducted  in  a  sealed  tube  PEt.,  and  PEtjI 
are  produced. — 4.  With  phosphorus  trichloride 
forms  P,I^,  HCl,  PH„  and  solid  P„H  (de  Wilde, 
B.  16,  217).— 5.  PH,I  is  inflamed  by  contact 
with  many  cone,  acids,  e.g.  HNO3,  HCl,  HBr,  HI. 

Phosphonium  sulphate.  WhenPH^  is  passed 
into  HiSO,  at  ordinary  temperatures  much  heat 
is  produced,  S  separates,  and  SOjis  formed.  The 
reaction  is  much  slower  if  the  acid  is  cooled  by 
ice  and  salt;  if  the  HjSO,,  is  cooled  to  —20°  or 
—  25°  (by  rapid  evaporation  of  CH3CI)  a  syrupy 
liquid  is  formed,  from  which  a  white,  crystalline, 
very  deliquescent  solid  separates ;  this  solid 
seems  to  be  phosphonium  sulphate  [?(PH^)2S0J 
(Besson,  C.  R.  109,  644).  Exposed  to  air,  H,,PO„ 
H3PO3,  and  H3PO2  are  formed  with  SOo,  S,  and 
a  little  HjS  ;  dissolves  in  water  with  hissing 
noise  and  evolution  of  PH^,  but  no  reduction  of 
the  HjSO^.  M.  M.  P.  M. 

PHOSPHOEIC  ACIDS.  In  this  article  are 
described  the  three  acids,  H3PO4,  HPO3,  and 
HJP2O, ;  the  salts  of  these  acids  are  described 
under  Phosphates  (p.  106)  ;  for  the  other 
oxyacids  of  P  and  their  salts  v.  Phosphorus, 

OXYACIDS    OF,    AND    THEIR    SAITS   (p.  149).  The 

oxide  P2O5  is  the  anhydride  of  three  acids  :  cold 
water  added  to  PoO^  forms  HPO3,  the  long-con- 
tinued action  of  moist  air  on  HPO3  produces 
H4P2O,,  and  H3POJ  is  formed  by  boiUng  for  some 
time  an  aqueous  solution  of  HPO3  or  H^PoO,. 
The  three  acids  may  be  formulated  as  P20,.H20, 
P205.2H.,0,  and  PjO^.SH.O  (c/.  Phosphates,  p. 
106). 


Okthophosphobic  acid  H3PO4.  {Phosphoric 
acid.  Tribasic  phosplioric  acid.)  S.G.  1-88 
(Schiff,  A.  113,  183).  Melts  at  41-75°  ;  liquid 
solidifies  at  38°,  temperature  rising  to  40'5° 
(Berthelot,  Bl.  [2]  29,  3).  H.F.  [P,0*,H»]  = 
302,600  (formation  of  sohdacid) ;  300,080  (forma- 
tion of  molten  acid) ;  [P,0\H^Aq]  =  305,290  (Th. 
2,  225).  Heat  of  fusion  =  -2520  {Th.,  I.e.).  One 
mol.  w.  of  the  molten  acid  in  grams  occupies 
52-02  c.c.  {Th.,  I.e.).  ^tAl-3584,  n^Vim,  /uhI-3746, 
forHjPO^Aq,  S.G.  I'll  (  =  29  p.c.)  (Gladstone, 
C.  J.  [2]  8,  101,  147).  Affinity  in  aqueous  solu- 
tion-c.  25  (HNO3  =  100)  (Ostwald). 

Formation. — 1.  By  oxidising  P,  by  long  expo- 
sure to  moist  air  (Leeds,  A.  200,  286 ;  Wenzell, 
Ph.  [3]  14,  24),  or  by  HNO3,  HCIO3,  HC10„  SO3, 
NO2,  &a.;  phosphates  are  formed  by  treating  P 
with  many  metallic  oxides,  and  with  alkali  car- 
bonates.— 2.  By  oxidising  H.jPOjAq  or  HjPOjAq 
by  CIAq,  BrAq,  or  lAq,  HClOAq,  HNO3,  or  by 
Ag.O  or  HgO ;  HjPO^Aq  is  oxidised  to  H^PO^Aq 
by  standing  in  air. — 3.  By  reaction  of  boiling 
water  with  P2O5,  HPO3,  or  B.,F.fl,.—i.  By  burn- 
ing PH3  in  moist  air  or  O. — 5.  By  reaction  of 
water  with  POCI3,  or  much  water  with  PCl^. — 
6.  By  oxidising,  by  HNOsAq,  the  mixture  of 
H3P03Aq  and  HjPOjAq  obtained  in  making  HI 
by  the  action  of  P,  I,  and  IL.fi  (Pettenkofer,  A. 
138,  57). — 7.  By  decomposing  many  phosphates, 
e.g.  Ca3P20s,  by  H,,SOj ;  Pb3P20s  decomposed  by 
H2S  in  ijresence  of  water  gives  H3P0_,Aq.  For 
production  from  bones  v.  Dictionary  of  Applied 
Chemistry. — 8.  By  decomposing  (NHj)H2P04  by 
warm  cone.  HClAq,  separating  NH|C1  after  cool- 
ing, and  evaporating  with  HNO3  till  all  NH^  salts 
and  HCl  are  expelled  (Joly,  C.  R.  102,  316). 

Preparatio7i. — One  part  P  is  mixed  with  10- 
12  parts  HNOjAq  (free  from  H.SO^)  S.G.  1-2 
(the  acid  must  not  be  more  cone,  than  this) 
(Kranthausen,  Ar.  Ph.  [3]  10,  410)  in  a  large 
retort,  the  beak  of  which  passes  loosely  into  a 
receiver  placed  in  cold  water ;  about  -3  to  -6 
g.  I  is  added  for  100  g.  P  ;  the  retort  is 
gently  warmed  until  the  P  has  completely  dis- 
solved. Should  any  liquid  distil  over,  it  is  re- 
turned to  the  retort.  Oxidation  proceeds  more 
regularly,  and  at  a  lower  temperature,  when  a 
little  I  is  present  than  when  HN03Aq  alone  is 
used  (Horn,  Ph.  [3]  10,  468  ;  Ziegler,  D.  P.  J. 
258,  239).  If  I  is  not  added,  and  the  acid  is 
more  cone,  than  S.G.  1-2,  violent  explosions  may 
occur.  Von  Schrotter  recommends  the  employ- 
ment of  amorphous  P  and  acid  more  cone,  than 
S.G.  1-2.  When  the  P  is  all  dissolved,  the  con- 
tents of  the  retort  are  boiled,  and  5-7  parts  of 
the  liquid  are  distilled  off  (the  distillate  is 
HNOjAq,  S.G.  1-1  to  1-14).  During  this  part  of 
the  process  copious  evolution  of  NO,  often  occurs, 
due  to  the  oxidising  action  of  HNO3  on  H3PO3. 
According  to  Eeinsch  ( pr.  28,  385)  little  NO, 
but  much  N,  is  formed  during  the  oxidation  of 
P  by  HNO3  at  boiling  temperature  in  absence  of 
air,  but  much  NO  is  produced  in  an  open  vessel 
at  low  temperatures.  The  liquid  in  the  retort 
is  evaporated  in  a  basin  until  the  fumes  cease  to 
turn  blue  litmus  red.  During  this  operation  NO., 
is  often  freely  given  off  (especially  if  little  or 
none  of  this  gas  has  been  produced  in  the  retort), 
as  the  oxidation  of  H3PO3  is  not  always  com- 
pleted until  the  liquid  has  been  evajsorated ; 
should  no  gas  be  evolved  it  is  advisable  to  add  a 
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little  cone.  HNO^Aq  to  the  liquid  in  the  basin 
after  concentration,  and  again  evaporate  till 
acid  fumes  cease  to  come  off.  The  liquid  in 
the  basin  is  diluted  with  water,  saturated  with 
H,,S,  kept  in  a  warm  place  for  24  hours,  and 
filtered  from  As.,Sa  (and  Sb^S,),  which  may 
separate  (ordinary  P  generally  contains  As). 
The  filtrate  is  then  evaporated,  at  a  temperature 
not  above  150°,  until  it  becomes  a  thick  syrup  on 
cooling,  and  the  cold  liquid  is  placed  over  H._,SOj, 
when  it  slowly  solidifies.  By  evaporating  the 
syrup  in  vacuo  over  H,SO^,  crystalline  tablets  of 
HjPO.,  are  obtained ;  a  fragment  of  these  placed 
in  acid  S.G.  1-8  (or  more  cone.)  immediately 
causes  crystallisation  (Huskisson,  B.  17, 161). 

Properties. — A  thick  semi-solid  mass,  S.G. 
1-88  (Schiff,  A.  113,  183)  ;  also  obtained  in 
crystalline  tablets  by  evaporation  of  the  syrup 
S.G.  1'88  in  vacuo  over  H,,S04.  According  to 
Berthelot  [Bl.  [2]  29,  3)  crystals  of  B.J.'O^  melt  at 
Al-15°  ;  the  liquid  solidifies  at  38',  with  a  rise  of 
temperature  to  40-5°.  H^PO^  is  tribasic,  forming 
salts  M^HoPOj,  MijHPOj,  and  Mi^PO^  (v.  Phos- 
phates, p.  107).  The  affinity  of  H^PO,  in  aqueous 
solution  is  about  25  (HNO,=  100)  (Ostwald). 
Both  crystalline  and  syrup-like  H.iPO^  deliijuesce 
in  air.  The  acid  dissolves  readily  in  water ; 
Hager  (in  his  commentary  to  the  Pliarmacopoeia 
Germanica)  gives  the  adjoining  table. 

According  to  Sieber  {Ph.  [.3]  9,  598),  H,PO,Aq 
containing  -5  p.c.  acid  (or  even  less)  stops  putre- 
faction. 

Eeactions.—l.  Heated  to  c.  213°,  HjP,0,  is 
formed  ;  at  a  higher  temperature  HPO,  begins 
to  be  formed,  and  at  full  red  heat  only  HPO;,  is 
produced. — 2.  Is  not  decomposed  by  electric 
current,  according  to  Luckow  (F):  1880.  1) ;  by 
electrolysis  of  H.,PO,Aq, using  0  poles,  Bartoli  a. 
PapasogU  (G.  11,  239,  468  ;  12,  113,  117,  125) 
obtained  a  substance  containing  C  and  P,  which 
they  called  pliosphomellogen.  Molten  H.,PO.,,  on 
electrolysis,  gives  off  H  and  O,  and  forms  HiPjO., 
then  HPOj,  and  then  H^PO.,,  and  inflammable  P 
hydride  (Janecek,  C.  C.  1888.  273).— 3.  It  is  not 
certain  whether  water  forms  hydrates  with 
II3PO4,  when  the  acid  is  dissolved  in  water  {v. 
Crompton,  C.  J.  53,  116). — 4.  By  adding  alkali 
solutions  to  HjPOjAq  till  neutral,  salts  M^HPOj 
are  formed  ;  addition  of  considerable  excess  of 
alkali  produces  M3PO,,.  For  connection  between 
quantity  of  alkali  added  and  electrical  conduc- 
tivity of  the  solution,  v.  D.  Berthelot  (C.  R.  113, 
851). — 5.  Reacts  with  plwspliorus  pcntachlorido 
at  ordinary  temperatures  to  form  POOL,  and  HGl ; 
with  pJiosphorus  oxi/chlaride  when  hot  to  form 
HPO;,  and  HCl,  or  H^PjO,  and  HCl,  according  to 
the  relative  quantities  of  HjPO,  and  POCI3 ;  with 
2<hosphorti$  trichloride  to  form  HPO.„  H3PO3,  and 
HCl ;  and  with  metaphosphoric  acid  to  form 
H,P,0,  (Geuther,  /.  pr.  [2]  8,  359).  For  reac- 
tions of  salts  of  H3PO4  V.  Phosphates,  p.  107. 
For  nitrites  of  HjPO.,  v.  Phospham  (p.  104),  and 
Phosphorus  oxynitride  (p.  144) ;  for  amide  and 
imido  amide  v.  Phosphamides  (p.  105)  and 
Phosphamido-imide  (p.  105).  For  thio-aviide  v. 
Phosphorus  sulphochloride,  Reaction  7 
(p.  148). 

Pyrophosphoeic  acid,  H4P2O,. 

Preparation. — 1.  An  impure  acid,  containing 
some  H3PO,  and  HPO3,  is  obtained  by  heating 
H3PO,  to  213°  until  a  little  dissolved  in  cold 
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•water  gives  a  white  pp.,  without  a  trace  of  ! 
yellow  AgjPOj,  with  AgNO^Aq,  after  neutralisa- 
tion byNHjAq.— 2.  Peligot  (.4.  Ch.  [2]  73,  286) 
obtained  crystals  of  H.|P._,Oj  by  allowing  glacial 
HPO3  to  stand  in  moist  air  in  a  bottle  for  some 
years.  Crystals  of  H3PO,  formed  at  the  top  of 
the  bottle,  a  liquid  S.G.  1'7  in  the  middle,  and 
crystals  of  HjP.,0;  at  the  bottom. — 3.  An  aqueous 
solution  of  HjP,Oj  is  obtained  by  decomposing 
PbjPjOj  suspended  in  water  by  H^S,  filtering 
from  PbS,  and  allowing  the  HJi  to  evaporate  at 
the  ordinary  temi^erature  (Geuther,  J.  pr.  [2]  8, 
359).— 4.  By  heating  together  H.PO^  and  HPO3 
in  the  ratio  HPOitHjPO,.— 5.  By  the  reaction 
of  H,POj  and  POCI3  in  the  ratio  5H3PO,:POCl3 
(G.,  I.e.). 

Properties  and  Reactions.  —  A  glass-like 
solid  ;  P61igot  {A.  Ch.  [2]  73,  286)  obtained  the 
acid  in  non-transparent  crystals  resembling 
loaf-sugar.  Dissolves  readily  in  water ;  dilute 
solutions  remain  unchanged  at  ordinary  tem- 
peratures (Graham),  when  heated  H3P04Aq  is 
formed.  The  solution,  neutralised  by  NHjAq, 
gives  a  white  pp.  of  Ag,P,0,  with  AgNOjAq. 
HjPjO,  is  tetrabasic ;  for  description  of  salts 
•!'.  Phosphates,  p.  107.  When  heated  with 
PClj  reacts  according  to  relative  masses 
used:  (1)  HiP„0,-^5PCl,  =  7POCl,-^4HCl ;  (2) 
H,P,0,  +  PC1,=  2HPO3  +  FOCI,  +  2HC1  (Geuther, 
J.  pr.  [2]  8,  359).  PCI3  heated  with  H^P^O, 
forms  HPO3,  H3PO3,  and  HCl ;  POCI3  produces 
HPO3  and  HCl  (G.,  I.e.).  For  the  amic  acids  of 
H^P.jOj,  and  other  amic  acids  derived  from  hy- 
pothetical condensed  pyrophosphoric  acids,  v. 
Phosphamic  acids  (p.  105). 

Metaphosphohic  acid  HPO3  (Graham,  T. 
1833.  253). 

Preparation. — 1.  HjPO,,Aq  or  H_,P20,Aq  is 
evaporated  to  dryness  and  the  residue  heated  to 
full  redness  until  H^O  ceases  to  be  evolved. — 2. 
PbPjO^  is  suspended  in  water  and  decomposed 
by  HjS,  the  filtrate  from  PbS  is  evaporated  to 
dryness  and  heated  to  full  red  heat. — 3.  By 
heating  together  H3PO.,  and  POCI3  in  the  ratio 
2H3P04:POCl3,  or  H.,P„0,  and  POClj  in  the  ratio 
2H^P20,:P0Cl3,  or  H^P',0.  and  PCI3  in  the  ratio 
3H^P,,0,:PCl3  (Geuther,  J.  pr.  [2]  8,  359).— 4.  By 
reacting  on  HjPOjAq  with  CI  or  Br. — 5.  A  solu- 
tion of  PoOj  in  a  little  cold  water  contains  HPO3. 

Properties  and  Reactions. — According  to 
Tammann  {J.  pr.  [2]  45,  417),  two  varieties  of 
HPO3  exist ;  one  is  a  soft,  silky  mass,  formed  by 
heating  H3PO.,  until  one  molecule  of  is  re- 
moved ;  the  other  is  obtained  by  heating  H3PO., 
until  it  sets  to  a  glassy  mass  on  cooUng.  A 
transparent,  colourless,  glass-like  solid.  Ordinary 
glacial  phosphor  ic  acid  is  impure  HPO3,  generally 
containing  considerable  quantities  of  Na  salts, 
and  some  HjPOj  or  H^P^O,.  Very  hygroscopic, 
soon  deliquesces  in  air.  Volatilised  completely  at 
bright-red  heat  (H.  Kose,  A.  76,  2,  13  ;  77,  319). 
Not  dehydrated  by  heat  nor  by  the  action  of  de- 
hydrating agents.  Heated  with  PCL,  forms 
POCI3  and  HCl,  HPO^Aq  is  changed  to  HaPOjAq, 
slowly  at  ordinary  temperatures,  more  rapidly 
by  boiling  or  by  adding  HClAq  or  HN03Aq. 
(For  rate  of  change  v.  Sabatier,  C.  R.  106,  63  ; 
108,  738,  804.)  HPO3  is  monobasic;  several 
series  of  metaphosphates,  some  polymeric  and 
some  isomeric,  exist  {v.  Phosphates,  p.  106). 

M.  M.  P.  M. 


!  PHOSPHOaiC  ETHER  v.  Tki-ethyl-phos- 
phate. 

PHOSPHOROUS  ACID  H3PO3  v.  Phosphorus, 

OSYAOIDS  OF,  p.  149. 

PHOSPHOROUS   ETHER  v.  Ethyl  phos- 

PHITES 

PHOSPHaRSELLIC  ACID  v.  vol.  iii.  p.  782. 
PHOSPHORUS.  P.  At.  w.  30-96.  Mol.  w. 
123'84  and  61'92  (v.  infra).  The  following  data 
apply  to  ordinary  crystalline  P.  Melts  at  44-3° 
(Sohrotter,  P.  81,  299)  ;  at  44-2'  (Desains,  C.R. 
23,  149).  Boils  at  290°  (Pelletier,  A.  Ch.  4,  3) ; 
at  250°  (Heinrich,  Gm.-E.  [6th  ed.]  2,  102) ;  at 
287-3°  at  762  mm.,  165°  at  120  mm.  (Schrotter, 
J.  1847-48).  S.G.  1-8367  at  0°,  1-8232  at  20°, 
1-8068  at  40°  (Pisati  a.  de  Franchis,  B.  8,  70). 
S.G.  at  b.p.  1-485  (Ramsay  a.  Masson,  C.  J.  39, 
50).  V.D.  62-7  to  65-1  at  500°- 1000°  (Dumas, 
A.  Ch.  [2]  49,  210;  Mitscherlich,  A.  12,  137; 
Deville  a.  Troost,  C.  R.  49,  241).  V.D.  at  1700° 
c.  45  (Biltz  a.  V.  Meyer,  B.  22,  725).  S.H.  solid, 
-78°  to  10°  =  -1699,  7°  to  13°  =  -1884  (Eegnault, 
A.  Ch.  [3]  26,  286) ;  13°  to  36°  =  -202  (Kopp,  T. 
155,  71)  ;  li(iuid  =  -20i5  (Person,  A.  Ch.  [3]  21, 
295).  S.V.S.  c.  17  ;  at  b.p.  c.  21  (Kamsay  a.  Young, 
C.  J.  39,  50).  S.V.  of  P  in  PCI3  and  PBrj  =  25-3. 
C.E.  -0003674 -h-000000211i  from  50°  to  280°; 
C.E.  liquid  P  from  50°  onwards  = -0005167 -f 
-00000037  (i  =  50)  {Graham-Otto,  1881.  II.  2, 
283 ;  V.  also  Kopp,  A.  93,  129 ;  Pisati  a.  de 
Franchis,  B.  8,  70;  Leduc,  C.  R.  113,  259). 

Eefractiou-equivalent  (— ^— •    -^t-  'W-)    14-93  ; 

spec,  refractive  power  for  H  line  a  =  •4816 
(Haagen,  P.  131,  117).  H.C.  [P-,  0^]  =  369,900, 
[P-,  0->,  Aq]  =  405,500,  [P-,  0^  Aq]  =  250,060  {Th. 
2,  408).  Crystallises  in  dodecahedra  and  octa- 
hedra  (Trantwein  a.  Buchner ;  Whewell,  C.  N. 
39,  144  ;  Story-Maskelyne ;  Mitscherlich,  B.  B. 
1855.  409  ;  Hermann,  B.  6, 1415).  For  spectrum, 
V.  B.  A.  1884.  434. 

Tlic  following  data  apply  to  red  amorphous  P. 
S.G.  2-106  at  17  (Schrotter,  /.  3,  262),  2-19° 
(Hittorf)  ;  in  powder  S.G.  =1-964  at  10°  (S.),  2-6 
(H.).  S.H.  15°  to  98°  =  -1698  (Regnault,  P.  89, 
496).  S.V.S.  c.  15.  E.C.(AgatO°  =  100)-00000123 
at  20°  (Matthiessen,  P.  103,428).  H.C.  [P-,  0^  = 
362,820  (Troost  a.  Hautefeuille,  C.  B.  78,  748). 

The  following  data  apply  to  crystalline 
metallic  P.  S.G.  2-34  at  155°.  S.V.S.  c.  13-2 
(Hittorf,  P.  126,  193). 

Historical. — In  the  early  part  of  the  seven- 
teenth century  a  substance  was  prepared  by  heat- 
ing heavy  spar  with  combustible  organic  matter, 
e.g.  egg-white  and  charcoal,  and  this  substance 
glowed  in  the  dark  (Kopp,  Oeschichte  dcr  Chemie, 
iv.  42).  From  this  time  the  name  phosphorus 
was  given  to  any  substance  which  emitted  light 
in  the  dark  without  being  ignited  {(pacrcpipos 
=  light-bearer).  The  substance  now  known  as 
phosphorus  was  prepared  for  the  first  time 
about  1670  ;  Brand  seems  to  have  been  the  dis- 
coverer, but  the  discovery  is  sometimes  attri- 
buted to  Kunkel  or  to  Boyle  (for  details  v.  Kopp's 
GescJiichte  dcr  Chemie,  iii.  327). 

For  a  long  time  P  was  prepared  in  very  small 
quantities  ;  it  was  obtained  by  evaporating  urine, 
mixing  the  residue  with  sand,  and  heating  in  a 
very  hot  fire.  In  1737  charcoal  was  mixed  with 
the  sand  and  urine-residue.    The  discovery  of 
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phosphates  in  bones  by  Scheele  in  1771,  and  in 
minerals  by  Gahn  in  1780,  led  to  the  prepara- 
tion of  P  on  a  comparatively  large  scale.  The 
discovery  of  P  played  an  important  part  in  the 
development  of  the  phlogistic  theory.  Phos- 
phorus was  supposed  to  be  a  compound  of 
phlogiston  with  the  acid  which  was  formed 
when  P  was  burnt ;  this  acid  was  composed  of 
phlogiston  and  muriatic  acid  according  to  Stahl, 
and  of  vitriol  and  muriatic  acid  according  to 
Hofmann.  Marggraf  in  1743  determined  that  P 
increased  in  weight  when  burnt,  and  that  P  was 
obtained  by  heating  phosphoric  acid  with  com- 
bustible matter.  In  |1777  and  17S0  Lavoisier 
showed  that  P  v^as  a  constituent  of  phosphoric 
acid  (cf.  Kopp,  I.e.). 

Occurrence. — P  is  not  found  uncombined. 
Phosphates  of  Al  and  Ca  occur  in  large  quan- 
tities in  many  rocks  ;  phosphates  of  Fe,  Pb, 
Mg,  and  NH^  &a.  are  also  widely  distributed 
minerals.  Coprolites  (the  fossilised  excre- 
ments of  former  land-animals)  and  guano 
(the  escrement  of  certain  birds)  consist  very 
largely  of  Ca  phosphate.  Phosphates  also  occur 
in  some  kinds  of  coal  (Carnot,  C.  R.  99,  154). 
Phosphates  of  Ca  and  Mg  are  found  in  the  ashes 
of  plants  and  the  bones  of  animals  ;  P  occurs  in 
combination  with  C,  H,  and  N  in  the  yolk  of 
eggs,  in  blood,  in  semen,  and  in  nerve  and  brain 
matter. 

Formation. — Ordinary  phosphorus  is 
formed  :  1. — By  heating  CaPO^  with  powdered 
charcoal,  3Ca(P0,),-f  IOC 

=  4P-)-10CO-f  Ca3(P0^).,;  or  with  SiOj  and 
charcoal,  2Ca(P0,)„-f  lO'C-i-  2SiO.. 
-  4P  -(-  lOCO  +  2CaSi03.— 2.  By  reducing 
Pb3(P0J.  with  charcoal  (Donovan,  P.  M.  [4J  2, 
202  ;  Fourcroy  a.  Vauquelin,  Oinelin's  Handb. 
[6th  edit.]  i.  2,  95). — 3.  By  decomposing  a 
strongly-heated  mixture  of  Ca3(P0^).,  and  C  by 
HCl  (C'ari-Montrand,  C.  B.  38,  864). 

Pi. ed  phosphorus  is  formed:  1.  By  the 
action  of  light,  heat,  or  electricity  on  ordinary 
P,  whether  the  P  be  solid  or  in  solution,  dry  or 
moist,  at  ordinary  temperature  or  at  —14*^ 
(Schrotter,  W.  A.  B.  1,  1.30  ;  8,  241 ;  9,  414  ; 
Corenwinder,  A.  Ch.  [3]  30,  242;  Lallemand, 
C.  R.  70,  182  ;  Hittorf,  P.  126,  193  ;  V.  Meyer, 
B.  15,  297  ;  Grove,  C.  J.  16,  269).— 2.  By  heat- 
ing common  P  with  a  little  I.  One  part  of  I  suf- 
fices to  transform  c.  100  parts  of  P  into  the  red 
variety,  by  melting  the  P,  mixing  in  the  I,  and 
heating  again  ;  the  mass  becomes  red  at  100^,  at 
120°-130°  a  red  powder  separates,  at  200°  a 
more  or  less  explosive  action  occurs  and  the 
change  is  complete  (Brodie,  J.  pr.  58,  171). — 
3.  By  adding  a  little  I  to  a  solution  of  common 
P  in  CS,,  evaporating  to  dryness,  adding  water, 
and  washing  with  CSj  (Corenwinder,  A.  Ch.  [3] 
30,  242;  Lallemand,  C.  E.  70,  182;  Brodie, 
J.pr.  58,  171).  Eudorff  (P.  128,  463)  supposed 
the  red  substance  thus  formed  to  be  a  hydride 
of  P. 

1.  Crystalline  ordinary  phosphorus 
is  formed :  1.  By  heating  red  Pin  a  vacuous  sealed 
tube  to  447°  (Hittorf,  P.  126,  193).— 2.  By  dis- 
solving ordinary  P  in  molten  lead  and  crystal- 
lising therefrom  (H.,  I.e.). 

Preparation.— 1.  The  details  of  the  prepa- 
ration of  ordinary  phosphorus  from  bone- 
ash  are  described  in  Dictionary  oj?  Applied 


Chemistry,  vol.  iii.  Ordinary  P  frequently  con- 
tains notable  quantities  of  As,  derived  from  the 
H2SO4  used ;  this  can  be  removed  only  by  re- 
peated treatment  with  dilute  HNO;jAq,  S.G.  1-1, 
a  process  which  involves  the  loss  of  about  |  of 
the  P  (Herz  a.  Biirwald,  B.  B.  32,  2,  133 ;  cf. 
Dulk,  ibid.  34,  1,  247  ;  also  Wackenroder,  J.  pir. 
2,  340;  and  Liebig,  A.  11,  260).  Traces  of  red 
P  may  be  removed  by  shaking  in  a  closed  vessel 
with  come.  K„Cr„0-Aq  and  H.,S04  (Wohler,  .4. 45, 
249).  Lockyer"(G.  N.  40,  101)  found  that  a 
specimen  of  dry  P  gave  off  considerable  quanti- 
ties of  H  when  heated  in  vacuo. 

2.  Bed  or  amorphous  phosphorus. — 
A  small  flask  of  hard  glass  is  fitted  with  a  good 
cork  carrying  a  short  tube  and  an  exit-tube 
which  dips  just  beneath  the  surface  of  a  little 
Hg;  the  entrance  tube  is  fitted  with  a  stopcock. 
Dry  CO2  is  passed  through  the  apparatus  for 
some  time  ;  a  dry  stick  of  common  P  is  then 
placed  in  the  flask,  and  the  stream  of  CO^  is 
continued  for  a  little,  after  which  the  stopcock 
is  closed,  and  the  flask  is  heated  on  a  sand-tray 
or  in  an  oil-bath,  to  240°-2S0°,  for  50-60  hours. 
After  cooling,  a  layer  of  red  P  is  found  at  the 
bottom  of  the  flask,  generally  covered  by  a  mix- 
ture of  the  two  kinds  of  P.  The  ordinary  P  is 
melted  by  running  in  a  little  water  at  50°-60°  ; 
the  water  and  melted  P  are  poured  off;  the  resi- 
dual red  P  is  washed  repeatedly  with  CS.,  (ad- 
dition of  CaCLAq,  38°-39°  Beaiimi,  causes  the 
CSj  solution  to  rise  to  the  surface  ;  Kickles, 
C.  B.  42,  646),  or  with  boiling  KOHAq  S.G. 
1'3,  and  then  with  water  containing  a  little 
HNO3 ;  the  red  P  is  finally  washed  with  water, 
and  dried  at  c.  100°  (Schrotter,  W.  A.  B.  1,  130; 
8,  241  ;  9,  414). 

The  change  of  common  into  red  P  occurs  in 
ten  minutes  by  heating  the  former  to  300°  in 
sealed  tubes  of  thick  glass,  from  which  the  air 
has  been  pumped  out  (Hittorf,  P.  126,  193 ;  V. 
Meyer,  B.  15,  297). 

3.  Crystalline  metallic  phosphorus. 
Hittorf  (P.  126,  193)  claimed  to  have  formed  a 
distinct  variety  of  P  by  heating  red  P  in  sealed 
tubes  of  hard  glass  to  c.  447°  (in  vapour  of  S) ; 
and  also  by  dissolving  common  P  in  molten  lead 
and  crystallising.  A  wide  tube  of  hard  glass  is 
closed  at  one  end,  filled  to  |  with  common  P, 
and  then  filled  with  pieces  of  lead  ;  the  open  end 
is  narrowed,  and  the  air  is  jDumped  out  of  the 
tube,  which  is  then  sealed.  The  tube  is  em- 
bedded in  calcined  JlgO,  placed  in  an  iron  tube, 
and  heated  above  the  melting-point  of  Pb  for 
8-10  hours.  After  cooling,  the  Pb  is  dissolved 
in  HNOjAq,  S.G.  I'l,  and  violet-black  crystals  of 
P  remain  ;  these  crystals  have  not,  however, 
been  obtained  quite  free  from  lead. 

Properties. — P  exists  in  three,  and  perhaps 
in  more  than  three,  modifications. 

1.  Ordinary,  octahedral,  or  stick 
phosphorus  is  a  semi-transparent,  colourless, 
crystalline  solid,  with  a  very  distinct  smell.  The 
smell  is  very  probably  due  to  a  mixture  of  ozone 
and  PjO,,  formed  by  the  oxidation  of  the  P 
(Schonbein,  P.  65,  377  ;  Thorpe  a.  Tutton,  C.  J. 
57,  573).  When  melted  and  cooled  quickly  P  is 
opaque  ;  when  cooled  slowly  it  is  nearly  as  clear 
as  water.  P  must  be  kept  under  water ;  if  the 
water  is  free  from  air  the  P  remains  transparent 
(Baudrimont,  C.  Pi.  61,  857).    In  ordinary  water 
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P  becomes  covered  with  a  whitisli  film,  but  this 
again  becomes  transjiarent  at  c.  60°  (H.  Kose,  P. 
27,  563  ;  Baudrimont,  I.e.).  According  to  Mar- 
chand  (/.  _pr.  20,  506)  the  white  film  contains 
from  -4  to  •?  p.c.  water ;  Pelouze  (A.  Ch.  [2]  50, 
83)  regarded  this  substance  as  a  hydrate  of  P, 
and  iMulder  {J.  Ph.  23,  20)  as  a  compound  of 
oxide  with  hydride  of  P.  When  melted  in  large 
quantity  and  allowed  to  cool  slowly,  fairly  large 
dodecahedral  and  octahedral  crystals  separate 
(Hautwein  a.  Buchner,  Kastn.  Arch.  10, 127,  504  ; 
Whewell,  C.  N.  39,  144  ;  Hermann,  B.  6,  1415). 
At  ordinary  temperatures  P  is  as  soft  as  wax ; 
when  cooled  it  becomes  brittle.  Exposed  to 
light,  P  soon  becomes  yellow  and  then  red  on 
the  surface.  In  a  vacuum  tube,  or  in  a  tube 
filled  with  an  indifferent  gas,  P  easily  sublimes  in 
colourless,  transparent,  very  lustrous  crystals 
(Hermann,  B.  6,  1415;  Mitscherlioh,B.  B.  1855. 
409  ;  Blondlot,  C.  R.  63,  397  ;  Desains,  C.  B.  23, 
149).  Melted  P  often  remains  liquid  many 
degrees  below  its  m.p. ;  this  is  shown  espe- 
cially when  P  is  melted  by  warming  with  alco- 
holic KOH  solution,  or  when  a  solution  of  P  in 
CS,  is  gradually  evaporated  under  water  (H. 
Eose,  P.  32,  469  ;  Kallhofert,  /.  pr.  50,  1).  In 
some  cases  P  remains  liquid  at  c.  —15°.  P  may 
be  obtained  in  finely-divided  particles  by  melt- 
ing it  under  water,  and  shaking  carefully  in  a 
flask  until  the  P  solidifies ;  if  pure  P  is  melted 
under  a  solution  of  sugar,  gum,  dextrin,  NH^Cl, 
(NHJXO3,  &c.,  and  shaken  until  it  solidifies,  the 
P  is  obtained  in  a  state  of  extremely  fine  divi- 
sion (Casaseca,  J.  Ph.  16,  202 ;  Blondlot,  J. 
1865.126;  Schiff,  A.  118,  88;  also  A.  Sicppl. 
4,  37).  P  is  slightly  sol.  water,  alcohol,  ether, 
ethereal  and  fatty  oils,  and  hot  cone,  acetic  acid 
(Vulpius,  Ar.  Ph.  [3]  13,  38).  Water  shaken 
with  P  loses  the  smell  and  taste  of  P,  and  ceases 
to  glow  in  the  dark  when  it  has  been  exposed 
to  air  for  a  time  (Miiller,  B.  3,  84).  P  is  very 
soluble  in  CS,,  S,CL,  and  liquid  P.S. 

P  volatilises  in  water-vapour,  even  at  the 
ordinary  temperature ;  when  P  is  distilled  in 
steam  and  the  distillate  is  cooled  rapidly,  the  P 
is  obtained  as  a  white  snow-like  mass  (Kemsen 
a.  Kaiser,  Am.  4,  459) ;  it  is  also  often  obtained 
in  this  form  by  distilling  crude  HIAq  containing 
P  (Hell,  J.  1883.  312). 

P  oxidises  very  easily ;  slowly  when  ex- 
posed to  low  temperatures,  and  more  rapidly  as 
the  ignition-temperature,  60°,  is  approached. 
When  P  is  burnt  in  air  or  0  it  emits  very  bright 
yellow- white  light,  and  much  heat  is  produced. 
But  if  H  is  passed  over  slightly  warmed  P,  or  if 
a  stream  of  the  warm  gas  is  charged  with  a  very 
little  P,  the  issuing  gas  glows  with  a  very  feeble 
greyish-white  light,  scarcely  visible  in  daylight ; 
the  temperature  of  this  fiame  is  very  low  :  if 
the  H  is  ignited  an  emerald-green  cone  ap- 
pears in  the  interior  of  the  H  flame  (for  spec- 
trum of  this  green  cone  v.  Christofle  a.  Beil- 
stein,  G.  B.  56,  399  ;  Salet,  A.  Ch.  [4]  28,  56). 
The  glowing  of  P  in  the  dark  was  formerly  sup- 
posed to  be  due  to  the  evaporation  of  the  P 
(Corne,  J.  Ph.  [5]  6,  17  ;  Marchand,  J.pr.  50,  1). 
It  was  shown  that  P  glows  in  an  indifferent  gas 
only  when  small  quantities  of  O  are  present ; 
also  that  P  neither  oxidises  nor  glows  in  pure  0 
at  the  ordinary  pressure,  but  only  when  the  0  is 
diluted  with  an  indifferent  gas  or  the  pressure  is 


I  diminished  ;  and  also  that  the  glowing  is  stopped 
by  the  presence  of  HjS,  PH,,  SO,,  CS„  Br,  CI, 
NjO,  NO,,  &c.  (Fischer,  /.  pr.  35,  342  ;"39,  48  ; 
Schrotter,  J.  pr.  58,  158;  Miiller,  B.  3,  84; 
Joubert,  C.  R.  78,  1853 ;  Deschamps,  C.  B.  62, 
355  ;  Miiller-Erzbach,  B.  12,  2130 ;  Chappuis, 
Bl.  [2]  35,  419 ;  cf.  Thorpe,  '  On  the  Glow  of 
Phosphorus,'  N.  41,  523).  Much  work  has  been 
done  to  determine  whether  ozone  or  H„0,,  or 
both,  is  formed  when  P  oxidises  in  moist  air ; 
the  question  is  not  yet  finally  settled  (McLeod, 
C.  J.  37,  118 ;  Kingzett,  C.  J.  37,  792) ;  Leeds 
(N.  Y.  Acad,  of  Sciences,  1,  363,  and  3,  150)  has 
given  a  full  index  to  the  memoirs  on  the  sub- 
ject. Schmid  (J.  pr.  98,  414)  determined  that 
ozone  is  not  formed  when  P  oxidises  in  dry  0. 
P  is  extremely  poisonous ;  the  lethal  dose  for 
adults  is  from  -2  to  -5  g.  Burns  with  P  are  very 
dangerous ;  the  parts  should  be  rapidly  and 
thoroughly  washed  with  dilute  bleaching  powder 
solution. 

The  atomic  weight  of  P  has  been  determined, 
(1)  by  ppg.  Ag  and  Au  solutions  by  P  and  deter- 
mining the  ratio  of  Ag  :  P  and  Au  :  P  (Berzelius, 
G.  -A.  53,  433  ;  P.  8,  17) ;  (2)  by  finding  the  Ag 
needed  to  ppt.  CI  from  PCl^  (Pelouze,  C.  B.  20, 
1047 ;  Dumas,  A.  Ch.  [3]  55,  174)  ;  (3)  by 
oxidising  red  P  in  O  to  PjOj  (Schrotter,  J.  pr.  53, 
435) ;  (4)  by  analysing  and  determining  V.D.  of 
PCI3,  PP5,  &c. ;  (5)  by  measuring  S.H.  of  P. 

Determinations  of  the  S.G.  of  P  vapour  made 
by  Dumas,  Mitscherlich,  and  Deville  a.  Troost 
at  temperatures  from  500°  to  1000°  gave  num- 
bers agreeing  with  the  molecular  wt.  P,  =  124. 
Biltz  a.  V.  Meyer  (B.  22,  725)  obtained  the 
values  52-5  at  1480°,  46-7  at  1680°,  and  45-5  at 
1700°  for  V.D.  of  P,  showing  that  at  a  white 
heat  the  mol.  formula  is  probably  P,  (V.D. 
=  31). 

The  mol.  wt.  of  ordinary  P  in  solution  in 
CjHg  was  determined  by  Paterno  a.  Nasini  [B. 
21,  2153)  by  the  cryoscopic  method ;  values 
were  obtained  between  P„  and  P^.  Hertz,  using 
the  same  method  and  the  same  solvent,  obtained 
the  value  124  =  P^  (Z.  P.  G.  6,  368).  Beckmann 
also  found  124  =  P.,  for  P  in  solution  in  CS,  by 
the  method  of  raising  of  boiling-point  of  the  sol- 
vent {Z.  P.  C.  6,  76). 

The  action  of  light,  heat,  or  electricity  on  P 
changes  it  into  allotropic  red  P.  Light  affects 
the  change  whether  the  P  be  in  air  or  another 
gas,  or  in  vacuo,  whether  water  be  present  or 
not  (Schrotter,  W.  A.  B.  1, 130  ;  8,  241 ;  9,  414), 
at  temperatures  as  low  as  — 14°,  and  whether 
the  P  be  solid  or  dissolved  in  CSj  (Corenwinder, 
A.  Ch.  [3]  30,  242 ;  Lallemand,  G.  B.  70,  182). 
For  an  account  of  the  action  of  tropical  sunhght 
on  P  in  CS.,  v.  Pedler,  C.  J.  57, 599.  The  action 
of  heat  begins  ate.  215°  at  the  ordinary  pressure  ; 
diminution  of  pressure  causes  a  slackening  of 
the  rate  of  change,  and  the  action  stops  at 
393  mm.  pressure,  temp,  being  215°.  The  change 
is  complete  by  heating  to  260°  for  c.  8  days  ;  at 
300°,  in  a  sealed  tube,  it  is  finished  in  a  few 
minutes  (Schrotter,  I.e. ;  Hittorf,  P.  126,  193 ; 
V.  Meyer,  B.  15,  297 ;  cf.  Dissociation,  vol.  ii.  p. 
391).  The  change  is  accomplished  by  electricity 
by  passing  the  current  through  a  little  P  in  a 
closed  tube  ^vitll  Pt  wires  fused  into  the  ends 
(Grove,  C.  J.  16,  269  ;  Geissler,  P.  152,  171). 
Hittorf  (P.  126,  193)  regards  the  action  as  due 
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to  the  heating  of  the  P  vapour  fay  the  current. 
Certain  reagents  also  effect  the  change  :  e.g. 
heating  with  a  very  little  I  (Brodie,  J.pr.  58. 
171)  ;  or  heating  a  solution  of  P  in  CS,  with  I 
(Corenwinder,  A.  Ch.  [3]  30,  242  ;  Lallemand, 
C.  B.  70,  182),  butRiidorff  (P.  128,  463)  says  the 
product  is  a  hydride  of  P.  In  the  change  of 
62  g.  ordinary  P  into  red  P  c.  7,100  g.-units  of 
heat  are  produced  ;  and  there  is  a  contraction  of 
volume  (v.  Petersen,  Z.  P.  C.  8,  601). 

2.  Amorphous  or  red  pho sphorus  is 
a  dull,  dark  carmine,  odourless,  tasteless  powder, 
which  becomes  darker  on  heating,  and  black 
when  boiled  with  IvOHAq.  It  is  brittle,  and 
shows  no  trace  of  crystalline  form.  Amorphous 
P  is  heavier,  and  conducts  electricity  much 
better,  than  crystalline  P,  although  its  conductive 
power  is  very  small  compared  with  the  metals 
(y.  data  at  beginning  of  this  article).  Amorphous  f 
P  does  not  melt  when  heated  to  redness  in  a 
sealed  tube  (Hittorf,  I.e.) ;  vapour  is  formed  in 
the  tube,  and  on  cooling  this  solidities  as  crys- 
taUine  P,  but  the  unvapourised  portion  remains 
amorphous.  When  distilled,  amorphous  P  be- 
comes crystalline ;  the  action  begins  at  c.  260°  i 
(Sohrottcr,  I.e.).  The  process,  like  the  reverse 
change  at  crystalline  into  amorphous  P,  is 
essentially  one  of  dissociation  (y.  Dissociation, 
vol  ii.  pp.  391-3).  Amorphous  P  takes  fire  at 
c.  250°-260'  (Hittorf,  Schrotter,  I.e.),  but  active  ! 
combustion  begins  at  c.  300°  ;  it  does  not  oxidise 
in  dry  air,  but  in  presence  of  moisture  oxidation 
proceeds  slowly,  with  the  smell  of  ozone  and  the 
formation  of  an  acid  liquid  (Personne,  C.  R.  45, 
113;  Wilson,  Ph.  17,  410;  Pedler,  0.  J.  57,  f 
599).  Red  P  does  not  glow  in  the  air  ;  it  is  not 
poisonous  (De  Vrij,  J.  1851.  313).  This  variety 
of  P  is  insoluble  in  the  menstrua  which  dissolve 
ordinary  P  ;  boiling  turpentine,  and  a  few  liquids 
of  high  boiling-points,  dissolve  a  little  and 
change  it  into  ordinary  P.  ! 

3.  Crystalline  metallic  phosphorus 
is  described  by  Hittorf  (P.  126,  193)  as  forming 
long,  black,  thin,  rhombohedral  crystals  which  { 
appear  red  in  transmitted  light;  S.G.  2-34  at 
15-5°  ;  less  volatile  than  amorphous  P  ;  heated  i 
in  a  sealed  tube  drops  of  ordinary  P  appear  at  c.  i 
358°.    It  is  doubtful  whether  this  is  a  distinct 
variety  of  P  ;  it  does  not  seem  to  have  been  ob- 
tained free  from  Pb  (for  preparation,  v.  ante). 
According  to  Troost  and  Hautefeuille  (C.  R.  78, 
748),  the  S.G.  and  heat  of  combustion  of  red  P 
change  continuously  with  temperature  ;  at  580° 
ruby-red  crystals  appear,  which  have  the  S.G.  of 
Hittorf's  metallic  P. 

Thenard  observed  that  P  became  black  when 
heated  and  suddenly  cooled  (Gm.-K.  [6th  ed.]  i. 
2,  102) ;  some  experimenters  claim  this  to  be  a 
special  variety  of  P  (v.  Eeichardt,  Ar.  Ph.  [3]  9, 
442;  P.  Thenard,  0.  R.  95,  409);  according  to 
others  it  contains  foreign  substances.  Blondlot 
obtained  it  only  when  a  trace  of  Hg  was  present 
(C.  R.  70,  856 ;  78,  1130)  ;  Eitter  found  the  pre- 
sence of  As  necessary  (C.  R.  78,  192). 

Napoli  (C.  R.  25,  369)  thought  that  a  special 
yellow  modification  of  P  was  produced  by  keep- 
ing freshly-melted  ordinary  P  under  water. 

The  atom  of  P  is  trivalent  in  most  gaseous 
molecules.e.gf.  PCl^,  PH,,  PF„  &c.;  it  is  pentavalent  | 
m  the  gaseous  molecule  PFj.    P  acts  as  a  non-  i 
metallic  element ;  its  oxides  are  acidic,  although 
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some  of  them  combine  with  less  acidic  oxides 
to  form  salt-like  compounds.  P  is  closely  re- 
lated to  As,  Sb,  and  Bi,  and  also  to  N,  V,  Nb, 
Di,  Er,  and  Ta ;  these  elements  form  Group  V. 
For  a  detailed  consideration  of  the  chemical 
relations  of  P  v.  Nitrogen  Gimiip  or  elejients, 
vol.  iii.  p.  571.  The  specific  volume  of  P  at 
its  b.p.  is  20-21  (Pisati  a.  de  Franchis,  B.  8,  70  ; 
Eamsay  a.  Young,  C.  J.  39,  50) ;  the  specific 
volume  of  P  in  combination  is  c.  25-3  (Thorpe 
C.  J.  37,  333). 

Reactions  and  Comhlriations. — 1.  P  combines 
with  oxygen  to  form  P|0,  P,0.,,  and  P.,0, ;  the 
reaction  begins  at  ordinary  temperature  with 
crystalline  P,  and  at  c.  250°-260°  with  amor- 
phous P.  (For  more  details  v.  Phosphokds, 
OXIDES  OF,  p.  138.)  P  does  not  combine  with 
pure  0  at  the  ordinary  pressure,  but  only  when 
an  indiif  erent  gas  is  present,  or  the  pressure  is  di- 
minished (for  references  v.  Properties  of  P,  p. 
128).  The  combination  of  P  in  0  is  arrested 
in  proportion  to  the  dryness  of  the  0  (Baker, 
C./.  47,  349  ;  Pr.  46, 1).  Amorphous  P  does  not 
oxidise  in  dry  et.ir,  but  the  oxidation  proceeds 
slowly  in  moist  air.  Ordinary  P  oxidises  readily 
in  moist  air  ;  it  is  not  yet  finally  settled  whetJier 
or  not  ozone  is  produced  (y.  McLeod,  C.  J.  37, 
118).  In  moist  air  H^PO^  is  formed  ;  this  may 
be  a  direct  product  of  oxidation,  or  it  may  result 
from  the  reduction  of  H-iPO^  formed  by  the 
direct  oxidation  of  the  P  (y.  Schonbein  a. 
Bohlig,  J.  1863.  167;  Blondlot,  C.  R.  66,  351  ; 
Stiassay,  D.  P.  J.  199,  414).— 2.  P  is  easily 
changed  to  P.jO;  by  oxidising  agents,  e.g.  HNO„ 
CrOj,  KNO3,  Ac.  A  mixture  of  P  and  KCIO'., 
explodes  violently  when  struck  or  rubbed  ;  the 
explosion  is  less  violent  with  amorphous  P. 
Amorphous  P  is  inflamed  when  rubbed  with 
CrOj,  PbO,„  Pb.,0„  HgO,  K,Cr,0;,  or  Ag„0,  and 
when  heated  with  MnO„,  Cud,  or  KNO... — 
8.  P  combines  with  sulphur,  the  halogens,  and 
many  non-met((ls  when  heated  with  these.  The 
reactions  occur  at  lower  temperatures,  and  more 
rapidly,  with  ordinary  than  with  amorphous  P, 
yet  amorphous  P  combines  with  Br  and  Ci  at 
the  ordinary  temperature. — 4.  P  decomposes  so- 
lutions of  salts  of  copper,  silver,  and  some  other 
metals,  with  separation  of  the  metal,  which 
often  combines  with  the  P. — 5.  Boiling  water  is 
slightly  decomposed  by  P  in  presence  of  air, 
with  formation  of  PH^,  HjPO.jAq,  and  HjPOjAq 
(Cross  a.  Higgin,  C.  J.  35,  254) ;  at  2,50°  the 
reaction  is  more  rapid  (Schrotter)  ;  with  amor- 
phous P  the  action  is  slow  (C.  a.  H.). — 6.  Gott- 
centrated  hydrochloric  acid  is  decomposed  by  P 
at  140°,  with  formation  of  PH.,  and  HaPO.Aq 
(Oppenheini,  Bl.  [2]  1,  163). — 7.  Hydriodic  acid 
reacts  with  P  to  form  PHJ  and  PI„ ;  Uydrobromic 
acid  reacts  at  100°-120°  to  produce  PH.Br 
(Damoiseau,  C.  R.  91,  883). — 8.  Chlorosulphonic 
acid  [S0,.0H.C1]  reacts  explosively  with  ordinary 
P  at  25°-30°,  and  more  slowly  and  at  a  higher 
temperature  with  amorphous  P,  to  form  SO,, 
HCl,  and  H^POj  (Heumann  a.  Kocklin,  B.  15, 
416). — 9.  Sulplmryl  chloride  [SO„CL]  produces 
PClj  and  SO.. ;  the  reaction  is  violent,  even  with 
amorphous  P  (H.  a.  K.,  B.  15,  1736).— 10.  Adie 
[G.  J.  59,  230)  describes  the  action  of  sulphur 
trioxide  on  P  as  producing  3P20^.2S03. — 11.  With 
boiling  solutions  of  alkalis  P  forms  PH3  and 
alkali  salts  of  H,,P0.,.    P  left  for  a  long  time  in 
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contact  with  ammonia  solution  probably  forms 
P  hydride  and  NH,  phosphite  {v.  Blondlot,  C.  B. 
57,  1250  ;  Commaille,  C.  B.  68,  263  ;  Fluckiger, 
J.  1863.  171).  Eed  P  is  not  acted  on  by  NHjAq 
(F.,  I.  c). — 12.  Heated  with  the  alkaline  earths 
i?  forms  phosphides  and  phosphates. — 13.  When 
P  is  strongly  heated  with  anhydrous  alkali  car- 
bonates C  is  separated.  For  an  account  of  the 
technical  applications  of  P  v.  Dictionary  of 
Applied  Chemstbt  ;  for  description  of  the 
methods  of  testing  for  P  and  estimating  it  a 
manual  of  analysis  must  be  consulted. 

Phosphorus,  acids  of.  The  phosphoric  acids 
are  described  under  that  heading  (p.  124),  the 
other  acids  under  the  heading  Phosphorus,  oxi- 

ACIDS  0¥,  AND  THEIR  SALTS   (p.   149).     For  ^/iOS- 

phamic  acids  v.  p.  105,  and  for  thiophosphamic 
acids  V.  Thiophosphortl  chloride,  Beaction 
No.  7,  p.  148. 

Phosphorus,  bromides  of.  P  and  Br  com- 
bine violently ;  two  products  of  the  reaction 
have  been  isolated,  PBr,  and  PBr^.  These  for- 
mula are  probably  molecular. 

Phosphorus  teibromide,  PBrj  {Phosphorous 
bromide).  B.P.  =  172-9°  at  760-2  mm.  (Thorpe, 
G.  J.  37,  335).  S.G.  %  2-92311  (T.,  I.e.).  Does 
not  solidify  at  —13-6°.  A  colourless  liquid,  with 
very  penetrating  odour  ;  fumes  in  the  air.  PBi-j 
is  formed  by  the  direct  union  of  P  and  Br.  If 
P  is  added  to  Br,  the  Br  must  be  kept  in  a 
freezing  mixture,  and  the  P  must  be  added  in 
extremely  small  pieces  until  a  colourless  liquid 
is  obtained ;  the  process  is  dangerous.  Lieben 
[A.  146,  314)  recommends  to  pass  CO2  through 
slightly  warmed  Br,  to  lead  the  gas  over  small 
pieces  of  dry  P,  and  to  distil  the  liquid  thus 
produced  after  it  has  stood  for  some  days. 
Schorlemmer  uses  amorphous  P.  The  P  is 
placed  in  a  fiask  connected  with  an  inverted 
condenser,  and  having  a  dropping  funnel  passing 
through  the  cork.  Br  is  added  drop  by  drop 
from  the  funnel :  the  first  few  drops  combine, 
with  a  production  of  flame,  but  after  a  little  the 
Br  may  be  added  more  freely ;  the  PBr^  is  dis- 
tilled from  the  excess  of  P  (v.  also  Pierre,  A. 
Ch.  [3]  20,  5;  Kekul6,  A.  130,  16;  Lowig, 
Gm.-E.  i.  2,  334). 

PBr.,  is  not  acted  on  by  0  ;  reacts  with  S  to 
form  PSBi-j  (Gladstone,  P.  M.  [3]  35,  345) ;  CI 
forms  PCI3  and  Br;  HgCL  forms  PCI3  and  HgBr.,; 
HoS  produces  P2S3  and  HBr.  PBr,  is  decom- 
posed slowly  by  cold  water,  rapidly  at  25°,  to 
HBrAq  and  H-jPOjAq  (Lowig,  I.e.).  P  and  I  dis- 
solve in  PBrj. 

Phosphorus  pentabromidb,  PBr^  {Phosphoric 
bromide.  Perbromide  of  phosphorus).  Produced 
by  adding  excess  of  Br  to  PBrj,  stirring  well 
with  a  glass  rod,  and  after  a  time  removing  the 
excess  of  Br  by  warming  very  gently  in  a  stream 
of  dry  CO,.  Also  formed  by  action  of  Br  on 
PCI3  in  presence  of  a  little  I  (Gladstone,  P.  M. 
[3]  53,  345).  PBr^  forms  a  citron-yellow  solid ; 
fumes  in  the  air ;  melts  to  a  red  liquid  when 
gently  warmed,  which  solidifies  again  to  rhom- 
boidal  crystals,  which  are  yellow  if  cooling  has 
been  rapid,  and  red  if  cooling  has  been  slow.  The 
red  crystals  become  yellow  when  rubbed  (Baudri- 
mont,  Bl.  1861.  118) ;  at  a  higher  temperature 
(below  100°)  gives  red  vapours  that  condense  to 
yellow  needles.    PBr^  is  separated  at  c.  100° 


into  PBrg  and  Br,  which  re-combine  on  cooling. 
(Ogier,  C.  B.  92,  83)  gives  the  following  heats  of 
formation:  [P.Br^]  =  63,000  from  liquid  Br; 
=  83,000  from  gaseous  Br ;  =  62,300  from  solid 
Br  ;  in  each  case  solid  PBr^  is  formed. 

Beaetions. — 1.  Heated  to  200°  in  oxygen, 
PBr^  inflames  with  formation  of  PoOj  (Baum- 
stark,  A..  140,  75). — 2.  Neither  hydrogen  nor 
sulpMir  reacts  in  the  cold  with  PBr^. — 3.  Chlorine 
forms  PCI5  and  Br;  iodine  produces  PBr3  and 
IBr,. — 4.  In  moist  air,  POBr.,  is  formed  (g.  v.). — 

5.  A  little  water  produces  HBr  and  POBrj ;  with 
much  water  HBr  and  HjPO^  are  formed. — 6. 
PBrj  reacts  with  hydroxides  to  substitute  OH  by 
Br ;  the  reaction  is  similar  to,  but  not  so  ener- 
getic as,  that  of  PCI5. — 7.  Hydrogen  sulphide 
forms  PSBrj  and  HBr.— 8.  Phosphorus  hydride 
forms  at  first  PBr3,  and  then  also  P  and  HBr. — ■ 

9.  Hydriodic  acid  has  no  action  :  dry  boric  acid 
forms  some  BBr3  (Gustavson,  B.  3,  426) ;  dry 
oxalic  acid  produces  P0Br3,  HBr,  CO,  and  CO.,. 

10.  Antimony  sulphide  produces  SbBr3  andPSBrs 
(Baudrimont,  Bl.  1861.  118).— 11.  With  many 
metals  at  high  temperatures,  PBr5  produces 
phosphides  and  bromides. 

CombMiation.— With,  ammonia  to  form 
PBr5.9NH3.  Prepared  by  passing  dry  NH,  into 
a  solution  of  PBr.  in  CCl,  (Besson,  C.  B.  Ill, 
972). 

Phosphorus,  bromocMorides  of.  Several 
compounds  of  P,  Br,  and  CI  are  formed  by  the 
reaction  of  PCI3  with  Br.  PBr2Cl3,  PBr^Cl,,  or 
PBr8Cl3  is  produced  according  to  the  relative 
quantities  of  PCI3  and  Br  used  ;  and  from  one  or 
other  of  these  the  compounds  PBr,Cl2  and 
PBrCl4  are  obtained.  According  to  Stern  (C.  J. 
49,  815)  PBrjCls  is  formed,  and  on  addition  of 
more  Br  the  compound  PBr3Cl,,  is  produced,  and 
unites  with  Br  to  form  PBrjCl, ;  the  whole  of 
the  CI  in  PCI3  cannot  be  thus  replaced  by  Br 
(Micliaelis,  B.  5,  9,  411 ;  Wichelhaus,  A.  Stippl. 

6,  277 ;  Stern,  0.  49,  815  ;  Geuther,  J.  Z.  10, 
128 ;  Michaehs  a.  Geuther,  J.  Z.  6,  242 ;  Prin- 
vault,  C.  B.  14.,  868).  Michaelis  regarded  PBr^Cl, 
and  PBrgCl3  as  compounds  of  PBr.,Cl3  with  Br^ 
and  3Br2  respectively ;  Prinvault  looked  on 
PBr4Cl3  as  PBrjCL-BrCl,  and  PBrgCl,  and  PBr.Clj 
as  PBr5.3BrCl  and  PBr5.2BrCl,  respectively. 
Against  Prinvault's  view  it  was  urged  by  Michaelis 
that  if  the  compounds  contain  PBr^  they  must 
give  POBi-g  and  BrCl  by  reacting  with  SOj, 
whereas  the  products  are  POCI3,  SBr^,  and  Br  ; 
but  Geuther  showed  that  POBrj  reacts  with  BrCl 
to  give  POCI3  and  Br.  Geuther  regarded  the 
compounds  as  containing  trivalent  Br  atoms. 

Phosphorus  dibromotrichloeide,  PBi'jClj. 
Yellow-red  crystals,  melting  at  35°  ;  obtained  by 
gradually  adding  160  pts.  Br  to  137-5  pts.  PCI3, 
and  keeping  in  a  closed  tube  in  a  freezing  mix- 
ture for  some  time  (M.).  Addition  of  18  pts. 
water  reacts  thus  (G.  a.  M.)  :  3PBr„Cl3  +  3H,0 
=  2POCl3  +  POBr3-f  3HCl  +  3HBr.  if  S0„  'is 
passed  into  the  contents  of  the  tube,  SBr4  and 
POCI3  are  formed  (M.) 

Phosphorus  teteabeomotrichloride 
PBr^Clj.  Large  dark-red  crystals  with  a  blue 
sheen  ;  formed  by  adding  Br  slowly  to  PCI,  till 
two  layers  are  produced,  the  lower  of  which  is 
dark  and  oily,  and  then  adding  PBr,Cl3  until  the 
lower  layer  solidifies  (G.).  Also  produced  by 
warming  PBr,  vidth  PCI5  to  40°  : 
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4PBr5+6PCl.  =  5PCl,  +  5PBr,Cl,  when 
heated  PBi',,Cl3  melts  and  separates  into  two 
layers,  which  unite  again  on  cooling.  A  little 
H.,0  produces  POCl,,  POBr,„  HCl,  HBr,  and  Br : 
much  H„0  forms  H.^PO^,  HCl,  HBr,  and  Br ; 
SO.,  produces  POCI3,  SBr^,  and  Br. 

Phosphoiius  octobkomoteichlokide  PBrsClj. 
Brown  needles,  melting  at  25°.  Formed  by 
adding  4|  pts.  Br  to  1  pt.  PCI3  (i.e.  in  the  ratio 
8Br  :  PCI3),  heating  to  65°,  and  allowing  the  oily 
liquid  to  cool  to  e.  4°  ;  much  heat  is  produced 
in  the  reaction  (P.).  Geuther  (I.e.)  says  the  com- 
pound is  also  produced  by  adding  BrCl  to  PBr^ 
in  the  ratio  PBr. :  .3BrCl. 

Phosphoeds  heptabeomodichloeide  PBr^CL. 
Prismatic  crystals.  Obtained  by  rapidly  dis- 
tilling the  preceding  compound  at  a  little  above 
90°  (P.) ;  also  by  dropping  PCL,  into  Br  until 
two  layers  are  formed,  and  allowing  to  stand. 
Soluble  in  PCI3. 

Phosphoeus  monobromotetkachloeide 
PBrOl^.  According  to  Prinvault  {I.e.)  this  com- 
pound is  obtained,  as  yellow  crystals,  by  heating 
to  boiling  a  solution  of  the  preceding  compound 
in  PCI3,  also  by  the  reaction  of  PCI3  with 
BrCl.  P.  says  that  PBr8Cl3  and  PCI3  react  in 
accordance  with  the  equation  PBrgClj  +  PCI3 
=PBr,Cl,,-i-PBrCl^. 

Phosphorus,  bromofluoride  of,  PCrJ.,.  A 
liquid,  which  fumes  in  the  air,  and  is  violently 
decomposed  by  water ;  also  decomposed  easily 
by  heat  to  PBr,  and  PF, ;  formed  by  passing 
PF3  into  Br  (Mo'issan,  C.  B.  100, 1348). 

Phosphorus,  bromonitride  of,  PBr.N.  This 
compound  is  said  to  be  formed  by  heating  the 
product  of  the  action  of  NH3  on  PBr^,  in  a 
sealed  tube,  to  '250°-275°,  with  twice  its  weight 
of  PBr,  for  twelve  hours,  and  then  heating  the 
resulting  substances  under  reduced  pressure, 
when  PBr,  sublimes,  and  then  at  200°  a  white 
crystalline  sublimate  of  PBr.N  is  formed ;  the 
compound  is  purified  by  resubliming  in  vacuo. 
The  crystals  melt  at  188°-iy0°  ;  sublime  at  150° 
in  vacuo ;  sol.  ether,  less  sol.  CS„  or  CHCl,, 
insol.  water  (Besson,  C.  R.  114,  1479). 

Phosphorus  chlorides  of.  P  and  CI  com- 
bine directly  and  easily,  with  the  production 
of  light  and  much  heat.  Two  compounds  are 
thus  produced,  PCI3  and  PCI,;  these  formula 
are  molecular.  According  to  Donny  a.  Mareska 
(C.  R.  20,  717),  and  Dumas  {A.  Ch.  [3]  55,  172), 
liquid  CI  surrounded  by  solid  CO.,  combines 
with  P. 

Phosphobus  tbichloeide  PCL,  [Pliosphoroiis 
chloride).  Mol.  w.  137-07.  Boils  at  75-95°  at 
760  mm.  (Thorpe,  C.  J.  37,  333  ;  v.  also  Pierre, 
4.  Gh.  [3]  20,  5  ;  Haagen,  P.  131,  1-22).  S.G. 
%  1-61275  (Thorpe,-  I.e.);  V.D.  70-6  (Dumas,  ^.  Ch. 
[3]  55, 172).  S.H.  of  vapour  -1347,  equal  weight 
of  air  =  l;  -64,  equal  vol.  of  air=l  (Regnault, 

J".  1863.  85).  MforHlinea  =  -3222; .  Mol.w. 

d 

=  44-3  (Haagen,  P.  131,  122).  H.F.  [P,CP] 
=  75,300  (r;i.  2,  408;  formation  of  liquid  PCI3). 
Eegnault  (J.  1863.  65)  gave  thevapourpressuresof 
PCljin  mm.  of  Hg  as  follows  37-98  at  0°,  62-68 
at  10°,  100-55  at  20°,  155-65  at  30°,  233-78  at  40°, 
341-.39  at  50°,  485-63  at  60°,  674-23  at  70°. 

Formation.— 1.  By  direct  union  of  P  and  CL— 
2.  By  reaction  of  P  with  HgCl^,  FeClj,  CuCl.,, 


ICI3,  S.,C1.,,  or  SeCI,  [Gm.-K.  i.  2,  300).— 3.  By 
reaction  of  01  orPIgCL,  with  PBra  or  PI,,  (I.e.).—- 
4.  By  decomposing  P'Cl,  by  heat  aided  by  H,  P, 
PH3,  I,  HI,  S,  or  one  of  several  metals.— 5.  By 
heating  HPO.,  with  NaCl  (Gm.-K.,  Z.c.).— 6.  By 
heating  Na.HPOj  with  NH^Cl  (H.  Eose).— 7.  By 
heating  P  with  cone.  HClAq  (Oppeuheim,  Bl. 
[2]  1, 163).— 8.  By  passing  POOL,  through  a  tube 
filled  with  glowing  charcoal  (Kiban,  C.  B.  95, 
1160). 

Preparation. — About  500-600  g.  P,  in  pieces 
about  1  inch  long,  are  dried  quickly,  twice, 
between  filter-paper,  and  placed  in  a  dry  retort 
of  c.  1  litre  capacity,  through  the  neck  of  which 
a  stream  of  dry  CO.,  is  kept  passing.  The  beak 
of  the  retort  is  now  passed  into  a  well- cooled 
receiver,  and  the  tubulus  is  connected  with  an 
apparatus  which  is  evolving  dry  CL  The  tube 
through  which  the  CI  passes  into  the  retort  is 
t  fixed  somewhat  loosely  in  the  cork,  so  that  it  may 
I  be  moved  up  or  down  easily.  The  retort  is 
placed  in  warm  water  until  the  P  is  melted ; 
after  the  action  has  fairly  begun,  the  heat  pro- 
duced suffices  to  keep  the  P  molten.  A  large 
basin  with  cold  water  is  kept  beneath  the  retort 
in  case  the  latter  should  break.  The  reaction  is 
regulated  by  moving  the  tube  from  the  CI  appa- 
ratus near  to,  or  away  from,  the  surface  of  the 
P  ;  if  this  tube  is  too  near  the  P,  the  heat  of  the 
reaction  vaporises  much  of  the  P,  which  then 
condenses  in  a  reddish  layer  in  the  upper  part 
of  the  retort ;  if  the  delivery-tube  is  too  far  from 
the  P,  solid  PCI,  forms  and  deposits  on  the 
upper  part  of  the  retort  in  yellow  crystals.  As 
the  reaction  proceeds,  pieces  of  red  P  appear 
here  and  there  in  the  retort.  Towards  the  end 
much  red  P  is  formed ;  this  must  be  heated 
carefully  with  a  lamp,  a  process  in  which  the 
retort  is  apt  to  be  cracked.  The  distillate  is 
digested  with  a  little  P  for  a  few  days,  to  decom- 
pose any  PC1„  and  then  redistilled  from  a  re- 
tort heated  on  a  water-bath  (Donny  a.  Mareska, 
C.  B.  20,  717  ;  Dumas,  A.  Ch.  [3]  55,  172). 
Thorpe  (C.  J.  37,  333)  recommends  to  heat  red 
P  in  dry  CI ;  he  says  that  the  reaction  is  very 
regular,  and  that  large  quantities  of  PCljUiaybe 
p)repared  thus  with  great  ease  and  rapidity ;  the 
red  P  should  be  washed  with  water,  then  with 
alcohol,  then  with  ether,  and  dried  at  a  gentle 
heat. 

Properties. — A  clear,  colourless,  highly  re- 
fractive, liquid,  which  can  be  vaporised  without 
decomposition  in  absence  of  moisture  ;  fumes  in 
air  with  decomposition  ;  does  not  redden  dry 
blue  litmus  paper ;  vapour  has  an  acrid  smell 
and  excites  tears.  Does  not  solidify  at  — 115° 
(Natterer,  P.  62,  133).  Does  not  conduct  elec- 
tricity. Dissolves  P ;  also  I  (Gladstone,  P.  M. 
[3]  35,  345).  Mixes  with  C,H„  Et.,0,  CHCI3, 
and  CSj.  In  a  gas-flame  or  alcohol-flame,  PCI3 
burns  brightly.  Sinks  in  water  and  then  begins 
to  decompose  to  H3P03Aq  and  HClAq  ;  if  a  little 
warm  water  is  used,  amorphous  P  separates. 
Slowly  decomposes  in  the  dark  to  PCI,  and  P 
(Casselmann,^.  83,  247).  Combines  with  CI  to 
form  PCI,.  Not  acted  on  by  O  at  ordinary  tem- 
peratures ;  POCI3  is  slowly  formed  at  b.p.  of 
PCL,.  POCI3  is  formed  by  action  of  ozone  and 
various  O  compounds  which  readily  part  with 
0  (v.  Reactions). 

Testing  PCL,  for  POCL,.— PCL,  has  little  ac- 
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tioii  on  zinc-dust  at  ordinary  temperatures ;  POCI3 
produces  PoO,  and  Zn  phosphide,  which  is  de- 
composed by  H„0,  giving  inflammable  P  hydride. 
To  apply  this  reaction,  a  few  drops  of  the  liquid 
are  added  to  a  little  zinc-dust  in  a  test  tube,  and 
then  a  few  drops  of  water  ;  if  POCI3  is  present, 
small  bubbles  of  gas  are  given  off,  and  take  fire 
in  the  air  (Deniges,  Bl.  [3]  2,  787). 

Reactions. — 1.  Water  produces  H.;PO.|  and 
HCl ;  the  reaction  proceeds  somewhat  slowly. 
If  a  little  warm  water  is  added  to  PCI,, 
amorphous  P  separates  as  the  product 
of  a  secondary  reaction  — 3  H.,PO,Aq  -1-  2PCI3 
=  SHPOjAq -f  6HClAq -f  2P  (Michaelis,  B.  8, 
504 ;  but  c/.  Geuther,  /.  Z.  [2]  3,  incl  Suppl. 
116). — 2.  Oxygen  does  not  react  at  ordinary 
temperatures,  but  POCI3  is  slowly  formed  at 
b.p.  of  PCI3  (Michaelis,  J.  Z.  6,  93  ;  Eemsen, 
Am.  S.  [3]  11,  365).— 3.  Ozone  rapidly  forms 
POCI3  (Kemsen,  I.e.). — 4.  Potassmm  chlorate 
produces  POCI3. — 5.  Sulphur  trioxide  reacts 
violently,  forming  POCI3  and  SO.,  (Michaelis, 
J.  Z.  6,  239 ;  7,  110 ;  Armstrong,  J.  pr.  [2]  1, 
255;  c/.  Kose,  P.  44,304). — 6.  Selenion  dioxide 
produces  POCL,  and  Se  at  110°  ;  if  the  SeO,,  is 
in  excess,  SeCl,  and  P.jO,  are  also  formed  ;  SOj 
has  no  action  at  140°  (M.,  Z.c.).  — 7.  Heated  in  a 
closed  tube  at  130°  with  arseiiious  oxide,  forms 
As,  AsCl,,  and  P,05  (Michaelis,  I.e.).— 8.  Thionyl 
chloride  forms  PCl^,  POCI3,  and  PSCI3.  Chromyl 
dichloride  produces  POCI3,  P^O,,  PCI5,  and  CrCi,. 

9.  Nitrogen  trioxide  or  pentoxide  reacts  with 
strongly  cooled  PCI3  to  form  NOCl,  PA.  POCI3, 
andP-PsCl^  (Geuther  a.  Michaelis,  B.  4,  766).— 

10.  Many  metallic  oxides  withdraw  CI  from  PCI3 
forming  metallic  chlorides  ;  PbO  forms  Pb  and 
Pb(P03)2  besides  PbCl,.— 11.  Many  metallic 
stilphides  when  heated  with  PCI3  react  to  form 
P2S3  and  metallic  chlorides  ;  e.g.  K,S,  BaS,  CaS, 
Sb.Ss,  PbS,  cfec.  (v.  Gm.-K.  i.  2,  320).— 12.  Sul- 
phur reacts  at  c.  130°  with  production  of  PSCI3 
(Henry,  B.  2,  638).— 13.  Antimony  forms  SbCl3 
and  P  (Qm.-K.,  I.e.). — 14.  Eed-hot  iron  filings 
produce  Fe  phosiDhide  and  FeCL  [Gm.-K.). — 
15.  Zinc,  at  100°,  forms  ZnCL  and  P  (Most,  B. 
13,  2029). — 16.  Platinum  and  silver  are  not 
acted  on  by  PCI3  {Om.-K.). — 17.  Sulpihuric  acid 
reacts  slowly  in  the  cold,  rapidly  when  hot,  to 
form  SO,,  HCl,  P^O^,  and  SO3.OH.CI  (Michaelis, 

Z.  6,  239). — 18.  Phosphorous  acid  produces 
P,05  {Nacquet's  Chem.  German  ed.  1868.  p.  218). 
19.  Hydriodic  acid  reacts  at  the  ordinary  tem- 
perature, forming  PI3  and  HCl  (Hautefeuille, 
Bl.  [2]  7,  198,  200,  203).— 20.  PSCI3  and  PCL, 
are  formed  by  heating  for  some  hours  at  160° 
with  sulphur  chloride. — 21.  Iodine  pentahrom- 
ide  is  said  to  form  ICI3  and  PBr3. — 22.  Phos- 
phorus hydride  produces  HCl  and  solid  P„H 
(Besson,  0.  R.  Ill,  972).  SbH,  is  said  to  be 
without  action  (Mahn,  Z.  [2]  5, 729).— 23.  Heated 
with  hydrogen  sulphide,  HCl  and  P^Sj  are  formed 
(Baudrimont,  A.  Ch.  [4]  2,  5). — 24.  Ammonia 
seems  to  forrnvarious  compounds  which  have  not 
been  fully  examined  (v.  Phospham,  p.  104). — 
25.  Passed  over  heated  ammonium  chloride, 
phospham  {q.  v.)  is  formed. — 26.  With  many 
carbon  compounds  containing  hydroxyl,  PCI3 
reacts  to  substitute  CI  for  OH. 

Combinations. — 1.  With  chlorine,  to  form 
PCI5  (q.  v.).  —  2.  With  bromine  to  form 
several  bromochlorides  [q.  v.). — 3.  With  iodine 
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to  form  PIoCl,  (v.  Phosphorus  iodochloeede,  p. 
138).  —  4.  With  titanium  chloride  to  form 
PCl3.TiCl4  (Bertrand,  M.  S.  [3]  10,  1331) ;  also 
with  a  few  other  metallic  chlorides,  e.g.  AuCl. — 
5.  With  dry  ammonia  to  form  PCI3.5NH3  (Eose  ; 
Besson,  C.  R.  Ill,  972). 

Phosphorus  pbntachloride  PCI5  {Phos- 
phoric chloride.  Pliosphorus  perchloride).  Mol. 
w.  207-81.  Melts  at  148°  under  pressure  ;  boils 
at  160°-165°,  with  partial  decomposition  to  PCI3 
and  CI.  V.D.  varies  with  temperature;  c.  103 in 
an  atmosphere  of  PCI3  (v.  Properties).  H.F. 
[P,C1'']  =  104,990  (Th.  2,  408). 

Formation. — 1.  By  combining  PCI,  with  CI, 
or  by  the  action  of  excess  of  CI  on  P.—  2.  By  re- 
acting with  PCI,  on  PH3,  S.,C1.„  or  SOCl^.— 3.  By 
the  action  of  SbCl^  on  PH3"(M'ahn,  Z.  [2]  5,  729). 

Preparation. — PCI5  may  be  prepared  by  the 
action  of  CI  on  P,  but  the  PCI5  is  apt  to  retain 
pieces  of  unchanged  P,  the  presence  of  which 
may  lead  to  violent  explosions  ;  it  is,  therefore, 
better  to  prepare  PCI5  from  PCI3.  PCI,  is  placed 
in  a  strong  flask  with  a  wide  neck  ;  the  flask  is 
surrounded  by  a  freezing  mixture,  and  dry  CI  is 
passed  in  by  a  luide  tube  which  reaches  almost 
to,  but  does  not  touch,  the  surface  of  the  liquid. 
As  the  contents  of  the  flask  get  semi-sohd  they 
must  be  thoroughly  broken  up  by  a  glass  rod. 
The  whole  of  the  PCI,  is  not  changed  to  PCI5 
until  CI  has  passed  for  a  considerable  time ;  the 
change  is  not  complete  until,  after  closmg  the 
flask,  shaking  thoroughly,  and  allowing  to  stand 
for  some  time,  the  presence  of  greenish-yellow 
gas  in  the  flask  is  quite  apparent.  Excess  cf  CI 
is  finally  removed  by  the  long-continued  passage 
of  a  slow  stream  of  dry  CO,  (MiiUer,  Z.  1882. 
295  ;  Grabe,  Ar.  Sc.  [3]  5,  477). 

Properties.  —  A  white,  or  slightly  yellow, 
crystalline  solid  with  a  strong  odour  ;  crystallises 
in  rhombic  plates ;  fumes  in  moist  air,  with  de- 
composition ;  sublimes  without  melting  under 
100°,  but  melts  at  c.  148°  under  considerable 
pressure;  boils  at  c.  160°-165°,  with  partial  dis- 
sociation to  PCI3  and  CI,  which  re-combine  on 
cooling.  PCI5  does  not  conduct  electricity 
(Gm.-E.i.  2,  390).  Decomposed  by  0  at  c.  300°. 
Burns  in  a  candle-flame. 

Vapour  density. — The  S.G.  of  the  vapour 
obtained  by  heating  PCI3  is  less  than  that  cal- 
culated for  PCI5,  and  it  decreases  as  temperature 
increases  until  it  is  equal  to  half  the  calculated 
value.  Wanklyn  a.  Eobinson  (0.  R.  56,  547) 
showed  that  the  vapour  contained  free  CI,  by 
diffusing  into  CO,,  and  that  PCI3  was  present  in 
the  residue.  Deville  noticed  that  the  vapour 
showed  the  colour  of  CI,  and  that  the  intensity  of 
colour  increased  as  temperature  rose  {A.  141, 
147).  The  V.D.  was  determined  by  Cahours  at 
different  temi^eratures,  with  the  following  results 
(A.  141,  42  ;  V.  also  Gibbs,  Am.  S.  [3]  18,  277, 
371)  :— 

Temp.         S.G.  (air =1)     P.c.  Dissociation 


182°  5'08  41-7 

190  4-99  44'8 

200  4-85  48-5 

230  4-80  67-4 

250  4-00  80-0 

274  3-84  87-5 

288  3-67  96-2 

289  3-69  95-7 
300  3-65  97-3 
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The  temperature  whereat  50  p.c.  is  dis- 
sociated is  c.  202".  Wurtz  {B.  3,  572)  showed 
that,  making  certain  assumptions,  the  S.G.  of 
PCI,  vapour  formed  in  an  atmosphere  of  PCL,  is 
c.  7'4-6'8,  which  agrees  with  tliat  calculated  for 
PCI,,  viz.  7-2. 

Raactions. — 1.  Heat  dissociates  PCl^  into 
PClj  and  CI,  which  recombine  on  cooling  (v. 
ante). — 2.  PCl^is  decomposed  by  water  to  HGlAq 
and  POOL),  and  finally  to  HjPOjAq  with  some 
HPO,Aq  (Gvi.-K.  i.  2,  390).  Thomsen  gives 
[PCP,Aq]  =  123,440  (T/i.  2,  322).— 3;  Boric  acid 
and  antimonic  hydrate  react  similarly  to  water 
(Gerhardt,  A.  87,  6G,  290;  Schiff,  A.  102,  111  ; 
106,  116).  Boric  oxide  when  heated  with  PCI5 
forms  B,0.,.P,05  and  BCI3  (Gustavson,  B.  3, 426).— 

4.  Hydroxides  generally,  including  carbon  coin- 
ipoiinds  lohich  contain  the  group  OH,  exchange 
OH  for  CI,  with  production  of  POCljand  chloride 
of  the  radicle  before  in  combination  with  OH. — 

5.  Coinpotmds  containing  the  group  SiTgenerally 
react  similarly  to  OH  compounds ;  e.g.  SH.H 
gives  CIH  and  PSCI3. — 6.  Oxides  generally  ex- 
change 0  for  CL  ;  carbon  compounds  contain- 
ing the  group  CO  generally  also  react  in  this 
wav. — 7.  Oxygen  reacts  with  vapour  of  PCI5  at 
c.  300°,  producing  POCl„  F„0„  and  CI  [Gm.-K. 
i.  2,  390;  Wanklyn  a.  Robinson,  C.  iJ.56,  547).— 
8.  PC1-,  vapour  mixed  with  hydrogen  and  passed 
through  a  red-hot  tube  produces  HC1,PC1.„  and  P 
(Baudrimont,  Gm.-K.  i.  2,  394). — 9.  Heated  with 
fhosphor^is  PCI3  is  produced. — 10.  The  com- 
pound PS.,C1,  is  formed  by  distilling  PCI-,  with  8 
parts  of  sulphur    (Gladstone,  C.  J.  3,  5). — 

11.  Selenion    produces    ScoCL    and    PCI3.  — 

12.  Iodine  forms  PC1.„  and  ICl  which  com- 
bines with  part  of  the  PCI,  to  produce  PC1,.IC1 
{Gm.-K.,  I.e.). — 13.  PCI,  reacts  with  m.a.r\y  metals 
to  form  metallic  chlorides  and  PCI3 ;  sometimes 
P  and  metallic  phosphides  are  formed  (Baudri- 
mont, J.pr.  87, 300  ;  88,  78  ;  Casselmann,  A.  98, 
213).  Among  the  metals  which  react  with  PCI, 
are  Al,  As,  Cd,  Au,  Fe,  Pt,  K,  Na,  Sn,  and  Zn. 
The  metallic  chloride  formed  often  combines 
with  the  undecomposed  PCI, ;  this  occurs,  e.g., 
with  AlCl,,  Fed.,,  HgCl.,,  PtCl,,  and  SnCl, 
{Wohler,  B.  13,  875;  c/.  Goldschmidt,  C.  C. 
1881.  489). — 14.  Phosphorus  hi/dride  produces 
PCI3  and  HCl;  with  excess  of  PH.„  HCl,  and  P 
are  formed. — 15.  Antimony  hydride  forms  PCI3, 
SbCl^,  and  HCl ;  silicon  hydride  acts  similarly 
but  more  slowly  (Mahn,  Z.  [2]  5,  729  ;  amnionic^ 
forms  phospham  (q.  v.,  p.  104)  and  nitrogen  phos- 
pbochloride  (vol.  iii.  p.  570)  ;  also  phospliamido- 
imide  {q.  v.,  p.  105  ;  cf.  also  Besson,  C.  R.  114, 
1264). — 16.  Sulpihur  dioxide  produces  SOCL 
and  POCL,  (Schiff,  .4.  102,  111;  106,  116; 
Persoz  a.  Bloch,  C.  B.  28,  86;  Kremers,  A.  70, 
297). — 17.  Sulphur  trioxide  forms  S.,C1„0,  and 
POCI3  (Schiff,  l.c. ;  Michaelis,  J.  Z.  6",  235,  240, 
292 ;  Williamson,  Pr.  7,  11).— 18.  Selenion 
dioxide  when  distilled  with  PCI,  forms  POCl„ 
SeCl,,,  and  P.,0,,  SeOCL  being  formed  as  an  in- 
termediate product  (Michaelis,  Z.  [2]  6,  465).— 
19.  Phosphoric  oxide  produces  POCLj. — 20.  Boric 
oxide  reacts  slowly  when  heated  to  c.  140^  with 
PCI, ;  BOCl.,  is  probably  formed,  and  on  heating 
more  strongly  BCI3  and  B.,03.P„0,  remain  (Gus- 
tavson, B.  3,  426).— 21.  Nitrogen  dioxide  pro- 
duces NOCl  and  POGI3  {Gm.-K.  i.  2,  390).— 
22.  Silicon  dioxide  forms  POCU,  and  SiCl^  which 


combines  with  the  excess  of  PCI,  (Weber,  P.  107, 
375). — 23.  Vapour  of  PCI,  reacts  with  many  me- 
tallic oxides,  when  these  are  strongly  heated,  to 
form  POCl,,  and  metallic  chlorides  which  fre- 
quently combine  with  undecomposed  PCI,.  The 
following  react  in  this  way — ALO^,  As.,6,„  and 
As,.0,(Hurtziga.Geuther,^.  lll,'l.59;  Michaelis, 
J.  'Z.  6,  239),  [no  reaction  with  Sb.,0, ;  Schiff,  A. 
102,  mj,  CdO,  Cr„0,,  Fe.Oj,  MnO,,';  MoO,  (Schiff, 
I.e.),  SnO,  TiO.,  (Weber,  P.  107,  375  ;  Tiittseheff, 
A.  141,  111),  WO.,  (Gerhardt  a.  Chiozza,  C.  R. 
36,  1050  ;  Schiff,  Lc). — 24.  Phosphorus  sulphide 
forms  PSCl,  (Weber,  P.  107,  375 ;  Gm.-K.  i.  2, 
390). — 25.  Carbon  disidphide  does  not  react  at 
100°  (Hofmann,  A.  115,  264)  ;  at  200°  PSCl,  is 
produced  (Carius  a.  Fries,  A.  112,  193),  and  CCl^ 
(llathke,  Z.  [2]  6,  67).  —  26.  Many  metallic 
sulphides  when  heated  are  decomposed  by  vapour 
of  PCI,  with  formation  of  PSCI3,  S,C1,,  and 
metallic  chloride  ;  the  following  react  in  this 
way— sulphide  of  As,  Ba,  Bi,  Cd,  Ca,  Pb,  Na, 
Sn,  Zn  (Weber,  l.c.  ;  Baudrimont,  I.e.).  — 
27.  Antimony  sclenide  and  lead  sclenide  form 
SeCl,,,  which  forms  a  double  compound  with 
the  excess  of  PCI,. — 28.  Hydriodic  acid  pro- 
duces PCI3,  HCl,  and  I  (Wurtz,  Gm.-K.,  I.e.); 
hydrobroniic  acid  is  without  action  (Gladstone, 
C.  J.  3,  5) ;  syrupy  phosphoric  acid  solution 
reacts  slowly,  the  vapours  of  this  acid  do  not  act 
(Gerhardt,  A.  87,  66,  290 ;  Schiff,  A.  102,  111 ; 
106,  116 ;  Persoz  a.  Bloch,  C.  B.  28,  86).— 
29.  Cone,  nitric  acid  reacts  energetically,  form- 
ing POCL,  and  HCl. — 30.  Sidph.uric  acid  forms 
SO,.OH.C1,  HCl,  and  HPO3,  and  S,C1,0,  as  the 
result  of  a  secondary  reaction  (Michaelis,  J.  Z. 
6,  235,  240,  292;  Williamson,  Pr.  7,  11 ;  Baum- 
stark,  A.  140,  75). — 31.  Many  metallic  salts  react 
Avith  PCI,;  KNO.,  gives  NOCl  and  POCl.,(Nacquet, 
Bl.  I860) ;  sulphites  form  SOCL,  (Buchanan,  B. 
3,  485)  ;  AgF  produces  AgCl  and  probably  a 
fluoride  of  P  (Pfaundlcr,  W.  A.  B.  46,  258)  ; 
KCIO3  gives  POCl,;  KSCy  forms  PSCl.,,  S.,CL, 
and  PCI,  ;  Na.J-IPO,  gives  H3PO,  and  HCl  ; 
haloid  salts  of  the  alkalis,  and  also  KCy  and 
KjFeCy,;,  are  not  acted  on  by  PCI,. 

Combinations. — 1.  With  iodine  chloride  to 
form  PC1,.IC1  {Gm.-K.  i.  2,  390).  — 2.  With 
selenion  tetrachloride  to  form  SeClj.2PCl,.  — ■ 
3.  With  many  metallic  chlorides  {cf.  Reactions, 
Nos.  13  and  23).  These  compounds  are  solids, 
which  sublime  with  partial  decomposition  when 
heated,  and  are  decomposed  by  water  (Baudri- 
mont, J.  pr.  87,  300 ;  88,  78 ;  Weber,  ibid.  77, 
65  ;  Casselmann,  A.  83,  258). — 4.  With  ammonia 
to  form  PC1,.8NH., ;  produced  by  slowly  passing 
dry  NH3  into  a  solution  of  PCI,  in  CCl,  (Besson, 
C.  R.  Ill,  972;  114,  1264). 

Phosphorus,  chlorobromides  of,w.PHOsPHOKUs 

BEdMOCHLOEIllES,  p.  130. 

Phosphorus,  chlorofluoride  of,  PC1,F,,.  Mol. 
w.  175-07.    V.D.  78.    Poulenc  (C.  R.  113,  75). 

Preparation. — Two  stoppered  flasks  of  c.  500 
c.c.  capacity  are  connected  by  a  bent  tube,  which 
passes  through  the  stoppers  ;  one  flask  is  tilled 
with  dry  CI,  and  the  other  with  dry  PF3 ;  that 
containing  PF3  is  connected  with  a  bulb  full  of 
Hg,  which  can  be  caused  to  flow  into  the  flask 
and  so  force  the  PF3  into  the  flask  full  of  CI. 
I  The  PF3  is  slowly  driven  into  the  other  flask, 
and  the  PCI3F2  thus  formed  is  kept  in  contact 
with  Hg  for  some  days  (without  being  shaken 
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■with  the  Hg,  else  some  PF,  may  be  decomposed) 
to  remove  traces  of  CI. 

Properties. — A  colourless  gas,  with  very  irri- 
tating odour ;  incombustible  ;  liquefied  at  —  8° 
at  ordinary  pressure ;  absorbed  and  decomposed 
by  water ;  heated  to  c.  250°  gives  PF5  and  PCI5, 
also  decomposed  in  the  same  way  by  electric 
sparks. 

Reactions. — 1.  Heat  produces  PF5  and  PCI5 ; 
the  action  proceeds  at  c.  250°. — 2.  Electric 
sparks  also  produce  PF^  and  PCI5. — 3.  Heated 
with  sulphur  to  c.  115°,  PSF3  and  SjCL  are 
formed. — 4.  Heated  with  phosphorus  to  c.  120° 
PF3  and  PCI3  are  formed. — 5.  Several  metals 
when  heated  to  c.  180°  produce  metallic  chloride 
and  PF3,  e.g.  Al,  Fe,  Pb,  Mg,  Ni,  and  Sn ;  Hg 
exerts  a  slight  action  at  ordinary  temperatures, 
and  acts  rapidly  at  180°  ;  Na  seems  to  absorb 
PCI3F2  entirely. — 6.  Water  reacts  rapidly  ;  if  a 
little  water-vapour  is  mixed  with  PCI3F2  the 
products  are  POF3  and  HCl ;  if  the  gas  is  passed 
into  water,  H3P04Aq,  HClAq,  and  HFAq  are 
formed. — 7.  Absorbed  by  alcoJiol,  with  formation 
of  a  compound  not  yet  examined.— 8.  Ammonia 
is  absorbed  at  ordinary  temperature,  forming  a 
white  solid,  which  is  probably  PF3(NH2)2. 

Phosphorus,  cMoro-iodide  of,  v.  Phosphoeus 

lODOCHLOBIDE,  p.  138. 

Phosphorus,  cMoronitride  of,  v.  Nitrogen 
PHosPHocHLOBiDE,  vol.  iii.  p.  570.  Besson  (C.  B. 
114, 1479)  recommends  to  prepare  PCl^N  by  form- 
ing a  layer  of  PCI5  on  the  sides  of  a  large  flask,  by 
acting  on  PCI3  with  CI,  then  to  heat  the  PCI5 
with  NH3  till  it  is  superficially  saturated,  and 
then  to  heat  under  reduced  pressure. 

Phosphorus, compounds  of,  with  hydrogen  and 
oxygen.  Those  compounds  of  P,  H,  and  O,  which 
are  acids,  are  described  in  the  articles  Phosphobic 
ACIDS  (p.  124),  and  Phosphorus,  oxyacids  of,  and 
THBiE  salts  (p.  149) ;  but  two  compounds  which 
have  been  described  by  Gautier  will  find  a  place 
here.  Gautier  (0.  B.  76,  49)  says  that  the  com- 
pound P.,HO  is  formed  by  heating  crystallised 
H3PO3  with  5  or  6  times  its  weight  of  PCI,  to 
79°,  washing  with  water,  and  drying  at  — 10° ; 
at  between  80°  and  100°  the  products  of  the 
reaction  are  HjPO^,  HCl,  and  amorphous  P. 
This  compound  is  described  as  an  amorphous 
yellow  powder ;  unchanged  in  air  when  dry,  but 
oxidised  slowly  when  moist ;  insoluble  in  most 
menstrua ;  burns  when  heated  in  air  to  c.  260°  ; 
burns  explosively  when  heated  with  CuO  ;  un- 
changed at  240°-250°  in  CO.,,  but  evolves  PH3 
at  265°,  and  at  350°-360°  ordinary  P  distils  off ; 
not  acted  on  by  dilute  acids ;  oxidised  by  ordi- 
nary HNOjAq ;  cone.  H^SO^  evolves  SO.2  at  c. 
200°  ;  decomposed  by  H„0  at  c.  170°  to  H^POjAq, 
HjPOsAq,  and  PH3 ;  reacts  with  dilute  alkali 
solutions ;  NH3  combines  to  form  a  very  unstable 
brown  substance.  Gautier  (C.  B.  76,  173)  de- 
scribed another  compound  P5H3O  ;  obtained  by 
adding  PI.^,  little  by  little,  to  H.O  at  80°-90°, 
allowing  the  yellow  solution  to  deposit  a  floccu- 
lent  pp.,  washing  this  with  warm  water,  and 
drying  in  vacuo.  If  water  is  added  slowly  to 
PI2  the  products  are  HIAq,  H3P03Aq,  and 
H3P02Aq.  P5H3O  is  described  as  a  pure  yellow 
solid  ;  amorphous,  or  perhaps  showing  traces  of 
crystalline  form  ;  tasteless  and  odourless ;  in- 
soluble in  all  menstrua  ;  oxidises  in  air  when 
moist,  when  dry  oxidises  slowly  at  100° ;  oxidised 


violently  by  HNOjAq  ;  evolves  S0„  from  H.,SOj ; 
gives  off  PH3  when  heated  to  135°  in  COo',  and 
ordinary  P  at  350° ;  decomposed  by  dilute 
alkaU  solutions  to  PH3,  H,  H2KPO2,  and  HKjPO^ ; 
combines  with  NH3  to  form  a  brown  very  un- 
stable substance. 

Phosphorus,  cyanide  of,  v.  Cyanogen  phos- 
phide, vol.  ii.  p.  358. 

Phosphorus,  fluorides  of.  Two  fluorides  of  P 
are  known,  PF3  and  PF5 ;  these  formulse  are 
molecular.  The  compounds  are  gases  at  ordi- 
nary temperatures. 

Phosphorus  teifluopide  PF3.  (Phosphorous 
fluoride.)  Mol.  w.  87-96.  V.D.  43-7  (Moissan, 
A.  Ch.  [6]  6,  433). 

Formation. — 1.  By  the  reaction  of  PbFj  with 
Cu  phosphide  (M.,  I.e.). — 2.  By  adding  AsFj  to 
PF3  (M.,  l.c.).—3.  By  the  reaction  of  PbF„  with 
PCI3  or  POCI3  (Giintz,  C.  B.  103,  58).— 4.  By 
adding  PBr3  to  gently  heated  ZnF^  (M.,  A.  Ch. 
[6]  19,  286). 

Preparation. — 1.  AsFj  is  dropped  into  per- 
fectly dry  PCI3 ;  the  gas  is  shaken  with  a  little 
water,  and  dried  over  HjSO.,  (M.,  C.  B.  100,  272). 
2.  A  mixture  of  well-dried  CujP,  and  PbFj  free 
from  SiOj  is  heated  in  a  brass  tube  to  dull  red- 
ness, the  gas  is  passed  by  a  leaden  tube  through 
two  very  small  bottles  (2  or  3  c.c.  capacity)  con- 
taining HjSOj,  then  through  pumice  soaked  in 
HjSOj,  and  is  then  collected  over  Hg. — 3.  PBrj 
is  gradually  added  to  warm  ZnF,,  the  gas  is 
washed  by  passing  through  water,  then  dried  by 
passing  over  pumice  soaked  in  H„S04,  and  col- 
lected over  Hg  (M.,  A.  Ch.  [6]  19,  286). 

Properties. — A  colourless  gas,  condensed  to 
a  colourless  liquid  at  — 10°  and  40  atmos.  pres- 
sure. The  gas  is  not  liquefied  at  24°  under  a 
pressure  of  180  atmos.,  but  liquefaction  occurs 
when  the  pressure  is  suddenly  reduced  to  50 
atmos.  (Moissan,  I.e.).  PF3  does  not  fume  in  the 
air  ;  it  is  very  slowly  decomposed  by  water,  with 
formation  of  HjPOjAq  and  HFAq  ;  burns  when 
mixed  with  O  ;  decomposed  by  heat ;  also  by 
electric  sparks. 

Reactions  and  Combinations. — 1.  Decom- 
posed by  heat ;  in  a  glass  apparatus  P  and  SiF^ 
are  formed ;  in  contact  with  Pt  black  a  gas  is 
formed,  probably  containing  F  (Moissan,  C.  B. 
102,  763). — 2.  Electric  sparks  slowly  decompose 
PF3,  forming  PF^  and  P  (Moissan,  C.  B.  102, 
763). — 3.  Bums  when  mixed  with  pure  oxygen 
and  ignited  ;  a  mixture  of  1  vol.  PF3  and  |  vol.  O 
explodes  violently  when  sparked,  with  formation 
of  POF3  (M.,  C.  B.  102, 1245).— 4.  Very  slowly  de- 
composed by  water,  with  formation  of  H3P03Aq 
and  HFAq  ;  more  rapidly  decomposed  by  steam 
at  100°.— 5.  According  to  Berthelot  (A.  Ch.  [6] 
6,  358)  potash  solution  produces  a  fluophosphor- 
ous  acid  probably  analogous  to  fluoboric  or  fluo- 
silicic  acid;  Moissan  (C.  B.  99,  655)  says  that  a 
fluoride  and  a  phosphite  are  formed. — 6.  Ab- 
sorbed rapidly  by  bromine  with  formation  of 
PBrjFj  [v.  Phosphoeus  beomopltjoeide,  p.  131), 
also  by  chlorine,  with  formation  of  PCI2F3  [v. 
Phosphorus  chloeofluoeide,  p.  133). — 7.  De- 
composed rapidly  by  solutions  of  chromic  acid  or 
potassium  permanganate. — 8.  Decomposed  by 
hot  sodium,  copper,  boron,  and  silicon  (M.,  C.  B. 
99,  656). — 9.  Combines  with  ammonia  to  form 
white,  flocculent  compound,  which  is  decomposed 
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by  water  (M.,  I.e.). — 10.  Combines  with  fluorine 
to  form  PFj  (Moissan,  Bl.  [3]  5,  454). 

Determination  of  composition. — The  com- 
ponnd  was  analysed  by  Moissan  (C.  i?.  100,  272) 
by  heating  a  known  volume  in  a  glass  vessel, 
measuring  the  volume  of  SiF.,  formed,  dissolving 
the  P  deposited  in  HNO.,Aq,  and  estimating  as 
Mg-NHj  phosphate. 

PhOSPHOBDS  PENTAi'LTJOMDE  PFj  (P/iOSp/tO?'ic 

fluoride).  Mol.  w.  125-96.  V.D.  63-2  to  65-1 
(Thorpe,  A.  182,  201 ;  Moissan,  C.  B.  102,  763 ; 
103,  1257). 

Formation. —  1.  By  passing  PF3  into  Br  at 
— 15°,  PBroF,  is  formed,  and  when  heated  this 
gives  PF5  and  PBr,  (Moissan,  C.  B.  101,  1490). 
2.  By  the  reaction  of  ASF3  withPCl^. — 3.  By  direct 
combination  of  PFg  with  F  (M.,  Bl.  [3]  5,  454). 

Preparation.  —  AsFj  is  added  gradually  to 
PCI5  surrounded  by  a  freezing  mixture  ;  the  gas 
which  comes  off  is  passed  through  PCl^  contained 
in  a  tube  which  is  kept  cold,  and  is  collected  over 
Hg  (Thoi-pe,  A.  182,  201). 

Properties  and  Beactions.  —  A  colourless, 
strongly-smelling  gas,  which  fumes  in  air  and 
rapidly  attacks  the  membranes  of  the  mouth  and 
the  bronchial  tubes.  Condensed  at  15°  and 
46  atmos.  to  colourless  liquid  which  does  not  act 
on  glass  (Moissan,  C.  B.  101,  1490) ;  on  par- 
tially releasing  pressure  the  liquid  solidifies,  but 
soon  again  becomes  liquid  (M.,  I.e.).  Decomposed 
by  powerful  electric  sparks  (150-200  mm.  long) 
to  PF3  and  F  _(M.,  C.  B.  103,  1257),  but  not  by 
ordinary  sparking  (Thorpe,  I.e.).  Incombustible 
and  does  not  support  combustion.  Not  acted  on 
by  heating  with  pliospliorus  to  dull  redness,  nor 
with  sulphur  vapour  at  440°,  nor  iodine  at  500° 
(M.,  I.e.).  In  presence  of  trace  of  water  acts  on 
glass,  forming  SiF^  and  POF3.  Passed  over 
gently-heated  spongy  platinum  is  partially  de- 
composed to  PF3  and  F  ;  when  the  Pt  is  heated 
to  dull  redness  a  compound  of  Pt  %vith  P  and  F, 
probably  PFj.PtF^,  is  formed  (M.,  Bl.  [3]  5,454). 

Phosphorus,  fluobromide  of;  v.  Phosphords 

BEOMOFLUOEIDE,  p.  131. 

Phosphorus,  fluochloride  of ;  v.  Phosphorus 

CHLOEOFLUOEIDE,  p.  133. 

Phosphorus,  haloid  compounds  of.  P  combines 
readily  with  the  halogens,  with  production  of 
much  heat,  to  form  compounds  PX3  and  PX^ ; 
besides  these,  the  compound  PI„  is  also  known. 
Several  compounds  of  the  type  PX3,  and  at  least 
one  of  the  type  PX,,  (viz.  PF^),  have  been  gasified, 
so  that  the  formulte  are  molecular.  The  haloid 
compounds  of  P  are  decomposed  by  water,  the 
fluorides  only  very  slowly,  with  formation  of 
oxyacids  of  P  and  halogen  acids ;  these  com- 
pounds also  combine  with  many  other  haloid 
compounds,  both  of  metals  and  non-metals,  to 
form  double  salts. 

Phosphorus,  hydrides  of.  P  and  H  do  not 
combine  directly ;  but  hydrides  of  P  are  pro- 
duced by  evolving  H  in  contact  with  phosphites 
or  hypophosphites.  Three  hydrides  of  P  have 
been  isolated ;  PH„  PH,  (or  P^H,,),  and  P.^H  (or 
P^Hj).  Janssen  {Bepcri.  Cliivi.  app.  3,  393)  ob- 
tained a  crystalline,  explosive  substance  by  the 
reaction  of  milk  of  lime  with  P,  to  which  he 
gave  the  formula  PjHj.  At  the  ordinary  tempe- 
rature and  pressure  the  first  hydride  is  gaseous,  the 
second  liquid,  and  the  third  solid.  The  formula 
PH3  is  molecular;  Croullebois  {C.  B.  78,  496)  1 


said  that  the  V.D.  of  the  liquid  compound  shows 
the  mol.  w.  to  be  P.H.,,  but  no  details  are  given ; 
the  mol.  w.  of  the  solid  compound  is  unknown. 
The  liquid  hydride  takes  fire  in  contact  with  air ; 
the  gas  inflames  in  air  at  c.  150°,  and  the  solid 
at  c.  200°  ;  the  processes  for  preparing  gaseous 
PH.,  generally  also  produce  more  or  less  liquid 
P.,H,,  the  resultant  gas  is  therefore  spontaneously 
inflammable.  PIl3  resembles  NH.,  in  its  re- 
actions, but  it  is  much  less  decidedly  alkaline  ; 
phosphonium  compounds,  e.g.  PHjI,  similar  to 
ammonium  compounds,  are  known. 

Phosphorus  trihydeide  PH,,  (Phos- 
phoretted  hydrogen.  Phosphine).  Mol.  w.  33-9C. 
Liquefies  -90°;  solidifies  -133-5°;  melts  at 
-132-5°;  boils  c.  -85°  (Olszewski,  If.  7,  371). 

5.  G.  (air  =1)  1-185.  V.D.  17-2.  H.F.  [P,H']  = 
36,  600  (Ogier,  C.  B.  87,  210).  S.  -112  (Dy- 
browski,  /.  1866.  735). 

Formation.  —  The  gas  obtained  by  the 
following  methods  is  never  pure  PH3 ;  it  contains 
more  or  less  P.,H^,  and  generally  also  H  ;  it  is 
usually  spontaneously  inflammable.  1.  By 
evolving  H  in  contact  with  phosphites  or  hypo- 
phosphites  in  solution ;  phosphates  are  not  re- 
duced [Gm.-K.  i.  2,  138;  Fresenius,  Fr.  6,  203  ; 
Herapath,  Ph.  7y  57).  P  and  H  do  not  combine 
directly  (Fourcroy  a.  Vauquelin,  A.  Ch.  21,  202  ; 
Dusart,  C.  B.  43,1126). — 2.  By  heating  solutions 
of  phosphites  or  hypophosphites  {Gm.-K.,  I.e.). — 
3.  By  the  action  of  boiling  alkali  solutions  on  P 
(H.  itose,  P.  6,  199  ;  8,  191 ;  14,  183  ;  24,  109, 
295  ;  32,  467  ;  46,  633).— 4.  By  heating  P  with 
syrupy  H3P04Aq,  or  with  HClAq,  HBrAq,  or 
HIAq  (Oppenheim,  Bl.  [2]  1,  163).— 5.  By  heat- 
ing P  with  water  to  200°  (Oi^penheim,  I.e.). — 

6.  By  long-continued  heating  P  with  blood  to 
35°-41°  (Dybrowski,  J.  1866.  735).— 7.  By  the 
action  of  the  electric  current  on  moist  molten  P 
(Groves,  C.  J.  16,  268).— 8.  By  heating  P  with 
H^,0  to  c.  200°. — 9.  By  decomposing  Zn  phos- 
phide by  dilute  acids,  or  boiling  alkali  solution 
(Schwarz,  D.  P.  J.  191,  396).  According  to  Ltipke 
(C.  C.  1890.  ii.  642),  the  gas  obtained  by  acting  on 
phosphide  of  Mg,  Sn,  or  Zn  with  dilute  acid  is  not 
spontaneously  inflammable.  —  10.  By  treating 
Cu  phosphide  with  KCN  and  a  little  80  p.c. 
alcohol  (Gm.-K.  i.  2,  138). — 11.  By  decomposing 
phospihides  of  the  alkali  or  alkaline  earth  metals 
by  water  or  dilute  acids. 

Preparation. — 1.  A  small  flask  carrying  an 
exit  tube  is  nearly  filled  with  a  cone,  solution  of 
KOH  in  80  p.c.  alcohol ;  small  pieces  of  P  are 
cfropped  in,  and  the  fiask  is  heated ;  the  gas  is 
passed  through  a  CaCl.^  tube  to  absorb  alcohol 
vapour,  and  collected  over  water.  The  gas  thus 
prepared  does  not  contain  more  than  c.  45  p.c.  PH, 
(Hofmann,  B.  4, 200) ;  it  is  generally  free  from  the 
spontaneously  inflammable  hydride.  The  gas  pre- 
pared by  the  action  of  KOH  A  q  on  P  contains  some 
P„H.,  and  much  H ;  it  is  spontaneously  inflam- 
mable in  air.  The  simplest  way  of  p)reparing 
this  gas  is  to  place  a  few  small  pieces  of  P  in  a 
httle  flask  which  carries  a  cork  with  two  tubes, 
one  fitted  with  a  stopcock  and  passing  just 
through  the  cork,  and  the  other  bent  like  an  or- 
dinary gas-delivery  tube  and  dipping  underwater 
in  a  basin ;  the  flask  is  nearly  filled  with  cone. 
KOHAq  ;  the  tube  with  the  stopcock  is  attached 
to  the  gas-supply,  the  cork  is  fitted  loosely  into 
the  flask,  and  a  stream  of  coal  gas  is  passed 
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through  the  apparatus  for  a  few  minutes,  after 
which  the  cork  is  fitted  tightly  into  the  flask,  tlie 
stopcock  is  closed,  and  the  flask  is  heated.  Dur- 
ing this  process  the  end  of  the  delivery-tube  is 
kept  under  the  surface  of  the  water  in  the  basin. 
After  a  few  minutes  gas  is  evolved,  and  each 
bubble  takes  fire  as  it  comes  into  contact  with 
the  air  after  passing  upwards  through  the  water 
in  the  basin.  If  the  whole  of  the  air  is  not  driven 
out  of  the  apparatus  before  the  flask  is  heated, 
serious  explosions  may  occur. — 2.  The  best  way 
of  preparing  pure  PH3  is  to  decompose  PH.^I  by 
KOHAq.  A  small  flask  is  fitted  with  a  caou- 
tchouc cork,  which  carries  a  tube  furnished  with 
a  bulb  and  stopcock  and  an  exit-tube ;  pieces  of 
PH  J  about  the  size  of  peas  are  placed  in  the 
flask  along  with  several  small  pieces  of  glass- 
rod,  KOHAq  (c.  1  pt.  KOH  in  2  pts.  H,0)  is  al- 
lowed to  drop  from  the  bulb-tube  very  slowly  on 
to  the  PHjI  in  the  flask.  Pure  PH^  is  evolved 
without  heating ;  if  the  KOHAq  is  added  too 
rapidly  the  gas  may  contain  a  little  PjH.,  and  be 
spontaneously  inflammable  (Hofmann,  BA,  200  ; 
Eammelsberg,  B.  6,  88).  About  1  litre  PH3  is 
obtained  from  7-7^  g.  PHJ  (for  preparation  of 
PH^I  V.  Phosphonium  compounds,  p.  123). 

Projperties. — PH3  is  a  colourless  gas,  with  a 
very  disagreeable  smell  like  that  of  onions  mixed 
with  decaying  fish ;  very  poisonous ;  slightly 
soluble  in  water  [v.  beginning  of  this  article). 
The  solution  glows  in  the  dark,  and  deposits 
amorphous  P  when  exposed  to  light  and  air;  on 
boiling,  PH3  is  given  off.  PH3  is  slightly  soluble 
in  alcohol,  ether,  ethereal  oils,  and  blood  ;  it  is 
completely  absorbed  by  solution  of  bleaching 
powder,  also  by  Cu^Cl,  in  HClAq  {v.  Combina- 
tions,  No.  4).  PH.,  combines  with  the  halogen 
acids  to  form  salts  similar  to  those  of  NH4  (v. 
Phosphonium  compounds,  p.  123)  ;  the  H  of  PH3 
is  replaceable  by  organic  radicles  (v.  Phosphines, 
p.  116).  PH.,  reduces  solutions  of  salts  of  heavy 
metals.  PH^  free  from  takes  fire  in  air  at 
c.  150°.  The  gas  prepared  as  mentioned  under 
Formation  takes  fire  immediately  on  contact 
with  air ;  it  loses  this  spontaneous  inflammability 
by  exposure  to  sunlight,  by  passage  through  a 
U -tube  cooled  to  —10°,  by  mixing  with  small 
quantities  of  ALO.,,  wood  charcoal,  various  gases, 
&c.  {v.  Graham,  P.  M.  5,  401).  These  processes 
remove  P,H.„  to  the  presence  of  which  the  ready 
inflammability  of  the  gas  is  due.    Addition  to 

PH3  of  of  its  weight  of  PjH^  causes  the  gas  to 
become  inflammable  in  air  ;  the  presence  of  ~ 
to  of    NO2   produces    the    same  effect 

(Graham,  I.e. ;  c/.  Landolt,  A.  116,  193).  The 
gas  prepared  by  the  action  of  KOHAq  on  PH^I 
{v.  Preparation,  No.  2)  is  described  by  Hofmann 
as  taking  fire  when  gently  warmed,  and  being 
sometimes  inflamed  by  the  friction  of  the  stopper 
of  the  bottle  in  which  the  gas  may  be  kept. 
According  to  Rammelsberg  (.B.  6,  88),  the  gas 
prepared  in  this  way  is  sometimes  spontaneously 
inflammable.  The  gas  prepared  in  this  way 
takes  fire  when  passed  into  cone.  AgNOjAq 
(Poleck  a.  Thummel,  B.  16,  2442). 

Reactions. — 1.  PH.,  is  decomposed  by  heat ; 
when  passed  through  a  red-hot  tube,  lustrous, 
amorphous  P  is  deposited  (Merz  a.  Weith,  B. 
13,  718). — 2.  Decomposed  by  electric  sparks  to 


P  and  H  ;  the  process  takes  place  with  regularity, 
20  c.c.  are  decomposed  in  5-6  mins.  with  produc- 
tion of  P  and  30  c.c.  H  (for  description  of  an 
apparatus  for  lecture  purposes  v.  Hofmann,  B. 

4,  204).— 3.  PH3  burns  in  air  at  c.  150°  with 
production  of  PoO^  and  H,0  ;  if  a  cold  substance 
is  brought  into  the  flame,  yellow-red  specks  of 
amorphous  P  are  deposited. — 4.  No  reaction 
occurs  when  pure  PHj,  free  from  PjH^,  is  mixed 
with  oxygen,  but  the  mixture  explodes  if  the 
pressure  is  suddenly  lovfered  ;  explosion  is  said 
to  occur  after  some  hours  at  the  ordinary  pres- 
sure  (Labillardi6re ;  v.  Om.-K.  i.  2,  144). — 

5.  Bubbles  of  PH3  burn  explosively  to  PCI3  and 
HCl  if  passed  into  a  vessel  filled  with  chlorine  ; 
if  the  CI  is  diluted  with  CO,,  the  action  is  slower, 
and  soxne  P  separates. — 6.  Bromine  and  iodine 
react  similarly  to  CI ;  if  PH3  is  heated  gently 
with  iodine,  some  PHjI  is  formed. — 7.  Heated 
with  sulphur,  H.,S  and  P  sulphide  are  formed 
(Jones,  C.  J.  [2]  14,  648).— 8.  Salts  of  the  alkali 
metals  and  of  the  alkaline  eartli  metals  decom- 
pose PH3,  producing  phosphites  and  hypophos- 
phites  (Winkler,  P.  Ill,  443).— 9.  Solutions  of 
salts  of  heavy  metals  generally  decompose  PH3, 
with  production  of  metallic  phosphides,  which 
sometimes  combine  with  the  excess  of  the 
metallic  salts  {v.  Kulisch,  A.  231,  327).  AgNO^Aq 
forms  a  yellow  compound  (?  AgjP.SAgNOj),  and 
then  black  Ag.^P  which  is  quickly  reduced  to  Ag 
(Poleck  a.  Tliiimmel,  B.  16,  2442);  HgCLAq, 
according  to  Ashan  {Ghem.Zeitung,  10,  82, 102), 
forms  a  yellow  compound  3Hg3Po.7HgCL,  a  red 
compound  4Hg3P.,.5HgCl„,  and  a  brown  com- 
pound Hg3P.,.HgCt ;  PtOlj'is  said  to  form  Pt.PH,. 
(Gavazzi,  B'.  16,  2279) ;  chlorides  of  Cr,  Co,  Cu, 
Au,  Fe,  and  Ni  are  reduced,  with  formation  of 
phosphides  of  the  metals,  or  of  metal  and  P. — 

10.  Potassium  permanganate  solution  is  reduced 
by  PH3  to  Mn„03,  ICHPO^  being  also  formed 
(Gavazzi,  B.  16,  2279).— 11.  PH3  is  decomposed 
by  many  oxides,  acids,  and  salts,  e.g.  byH„S,  SO^, 
NO,  N..0,  PCI3,  HNO3  (no  reaction  at '-25°; 
Besson,  C.  B.  109,  644),  H„S0,  {v.  Besson,  I.e.), 
SbCl.j,  &c.,  also  by  certain  metals,  e.g.  Sb,  Cu, 
Fe,  K,  and  Zn  {v.  Ghn.-K.  i.  2,  138).— 12.  With 
haloid  compounds  of  arsenic  PH,  reacts  to  form 
haloid  acid  and  phosphide  of  As  (Besson,  C.  B. 
110,  1258).— 13.  With  an  ethereal  solution  of 
bismuth  bromide  forms  a  black  lustrous  body, 
probably  PBrH(BiBr,)3  (Cavazzi  a.  Tivoli,  G.  21, 

11.  306). 

Combinations. — 1.  With  the  halogen  acids 
to  form  compounds  of  the  type  PH.|X  (X  =  CI, 
Br,  or  I) ;  combination  with  HI  and  HBr  occurs 
at  the  ordinary  temperature  and  pressure,  with 
HCl  combination  occurs  at  —  30°  to  —  35°  under 
the  ordinary  pressure,  or  at  14°  under  a  pressure 
of  20  atmos.  (Ogier,  Bl.  [2]  32,  483 ;  v.  also 
Skinner,  Pr.  42,  283).  At  very  low  temperatures 
PH3  seems  to  combine  with  H^SO^  {v.  Phos- 
phonium SULPHATE,  p.  124).  The  compounds 
PH^X  are  described  under  Phosphonium  com- 
pounds, p.  123. — 2.  When  PH3  is  strongly  com- 
pressed in  presence  of  luater,  the  gas  liquefies 
and  floats  on  the  water.  If  the  pressure  is  now 
suddenly  released,  a  white  crystalline  solid  is 
formed,  but  this  decomposes  again  when  the 
pressure  is  reduced  below  a  certain  amount 
(Cailletet  a.  Bordet,  C.  B.  95,  68 ;  v.  Phosphonium 
compounds, p.  123). — 3.  White  compounds,  easily 


PHOSPHOEUS  HYDRIDES. 


137 


decomposed  on  removing  pressure,  are  said  to 
be  formed  by  compressing  PH.,  with  carbon  di- 
oxide, and  with  carbon  clisulpMde,  in  presence 
of  water  (C.  a.  B.,  Z.c). — 4.  A  sohition  of  ciqyrous 
chloride  in  HClAq  absorbs  PH.,  rapidly  ;  a  wliite 
crystalhne  mass  of  Cu.^C1.^.2PH3  is  formed,  but 
this  hquefies  as  more  PH.,  is  passed  in  (?  with 
formation  of  Cu2Cl.,.4PH3) ;  the  crystals 
Cu,Cl.,.2PHj,  are  decomposed  by  warming,  or  by 
addition  of  water,  to  PH,,,  HCl,  and  Cu^P ;  the 
liquid  compound  loses  PH.,  in  a  stream  of  an 
indift'erent  gas,  with  production  of  the  crystalline 
compound  {v.  Riban,  Bl.  [2]  31,  385).  This  be- 
haviour of  PH.,  towards  Cu.,C1.2  gives  a  method 
for  preparing  pure  PH.,,  and  also  for  estimating 
PHj  in  a  mixture  of  gases. 

Phosphokus  dihydbide  PH,_,  or  P-.H^  (Liquid 
fhosplioretted  hydrogen).  Mol.  w.  said  to  be 
65'92,  corresponding  with  V.D.  c.  33,  but  no 
details  given  (Croullebois,  C.  R.  78,  496).  Gat- 
termann  a.  Hausknecht  {B.  23,  1174)  failed  to 
determine  V.D.  as  the  compound  always  decom- 
posed. A  spontaneously  inflammable  gas  con- 
taining P  and  H  was  obtained  by  Gengembre  in 
1783  (GreU's  Ann.  1789.  450).  The  fact  that 
this  gas  lost  its  inflammability  by  standing  over 
air  containing  water  was  explained  by  Dumas 
{A.  Ch.  [2]  31,  113)  by  supposing  that  the  gas 
was  a  mixture  of  two  hydrides  of  P,  one  only  of 
which  was  spontaneously  inflammable  ;  to  one 
of  these  Dumas  gave  the  formula  PH.,  and  to  the 
other  the  formula  PH.,.  In  1832  H.  Eose  (P.  6, 
199  ;  8,  191)  thought  that  the  two  gases  had  the 
same  composition,  but  were  isomeric  one  with 
the  other.  After  Graham  (P.  M.  5,  401)  had 
examined  the  conditions  under  which  spon- 
taneous inflammability  was  removed  from  or 
bestowed  on  the  gas,  Le  Verrier  [A.  Ch.  [2]  60, 
174)  came  to  the  conclusion  that  the  gas  con- 
sisted chiefly  of  PH^,  but  that  it  contained  also 
a  very  inflammable  compound  PHo,  which  was 
decomposed  by  light  into  PH.,  and  a  solid  hydride 
PH.  In  1845  P.  Th6nard  made  a  fuller  study 
of  the  subject  (A.  Ch.  [3]  14,  5) ;  he  showed  that 
spontaneously  inflammable  phosphoretted  hydro- 
gen, when  passed  through  a  tube  cooled  to  under 
10°,  deposited  a  liquid  having  the  composition 
PH„,  which  liquid  was  extremely  inflammable, 
and  that  this  liquid  decomposed  in  light  into 
gaseous  PHj,  and  a  solid  to  which  he  gave  the 
formula  P.,H.  In  1874  Croullebois  said  that  the 
V.D.  of  the  liquid  hydride  corresponds  with  the 
formula  P.^H,,  but  no  details  were  given  [C.  B. 
78,  496) ;  'in  1890  Gattermann  a.  Hausknecht 
attempted  to  determine  V.D.,  but  found  that  the 
compound  decomposed  (B.  23,  1174). 

Preparation. — Impure  Ca  phosphide  is  pre- 
pared by  heating  dry  CaO  to  bright  redness  in  a 
crucible,  and  adding  dried  P  little  by  little,  the 
lid  being  replaced  after  each  addition  of  P.  The 
crucible  should  be  arranged  so  that  the  P  is 
brought  under  the  strongly-heated  CaO ;  this 
may  be  done  by  placing  a  few  pieces  of  P  in  a 
crucible,  filling  up  with  dry  CaO,  covering  tightly 
(but  leaving  one  small  hole),  placing  the  crucible 
in  a  furnace  arranged  so  that  the  lower  part  of 
the  crucible  projects  downwards  through  the 
bottom  of  the  furnace,  heating  the  upper  part  of  j 
the  crucible  to  bright  redness,  and  then  warming 
the  lower  part  so  as  to  vapourise  the  P.  Small  I 
quantities  are  prepared  by  p)lacing  a  dry  piece  of  | 


P  in  the  closed  end  of  a  tube  of  hard  glass,  partly 
filling  the  tube  with  dry  CaO,  arranged  so  that 
there  is  a  little  space  between  the  CaO  and  the 
P,  placing  the  tube  in  a  combustion  furnace, 
heating  the  CaO  strongly,  and  then  warming  the 
P.  The  CaO  is  transformed  into  a  mixture  of 
Ca  phosphide  and  phosphate  ;  the  phosphide  is 
nearly  black  ;  the  unchanged  CaO  is  picked  out 
when  the  action  is  over,  and  the  phosphide  is  at 
once  placed  in  a  stoppered  bottle.  (For  modifi- 
cation of  process  v.  Gattermann  a.  Hausknecht, 
B.  23,  1174.)  A  three-necked  bottle  of  about 
2  litres  capacity  is  filled  three-quarters  with  water; 
I  one  of  the  necks  carries  the  tube  from  a  H 
i  apparatus,  which  tube  dips  considerably  under 
the  water,  the  middle  neck  carries  a  piece  of 
tubing  about  15  mm.  internal  diameter,  dipping 
2  or  3  cm.  under  the  water,  and  the  third  neck 
carries  an  exit  tube  in  communication  with 
a  condenser ;  between  the  condenser  and  the 
three-necked  bottle  is  placed  a  test  tube,  to  collect 
part  of  the  water  vapour  coming  over.  The  con- 
!  denser  consists  of  a  tube  about  100  mm.  long 
I  and  30  mm.  diameter,  narrowed  so  that  the  lower 
end  forms  a  tube  about  40  mm.  long  by  12  mm. 
wide  ;  this  condenser  is  closed  by  a  cork  through 
which  pass  the  entrance  tube  from  the  three- 
necked  bottle  and  an  exit  tube,  which  is  bent 
downwards  and  dips  under  the  surface  of  water  ; 
these  two  tubes  are  cut  off  obliquely  just  below 
the  cork.  The  condenser  is  placed  in  a  deep 
vessel  full  of  cold  water  which  contains  suflicient 
ice  to  keep  the  temperature  at  0°.  H  is  passed 
through  the  apparatus  until  all  the  air  is  driven 
out,  the  three-necked  bottle  is  placed  in  a  water- 
bath  until  the  contents  are  warmed  to  60°,  and 
Ca  phosphide,  in  pieces  the  size  of  peas,  is 
dropped  down  the  wide  tube  in  portions  about 
2  g.  at  a  time  and  at  a  rate  such  that  50  g.  are 
added  in  15  to  20  minutes.  Gaseous  P  hydride 
passes  off  and  bubbles  up  through  the  water,  and 
the  liquid  hydride  collects  in  the  condenser, 
about  1-2  c.c.  being  obtained  for  50  g.  Ca  phos- 
phide used  (Hofmann,  B.  7,  531 ;  Gattermann  a. 
Hausknecht,  B.  23,  1174  ;  the  many  precautions 
to  be  taken  in  working  with  this  compound  are 
described  by  G.  a.  H.). 

Properties  and  Reactions.  —  A  colourless, 
highly  refractive  liquid  ;  insol.  in  water  ;  burns 
in  air,  with  bright  flame  to  P..0-,  and  H„0 ;  does 
not  solidify  at  - 10°  ;  boils  57°-58°  at  735  mm. 
(G.  a.  H.,  I.e.).  S.  G.  1-007  to  1-016  (G.  a.  H.). 
Decomposed  by  light  into  PH.,  and  solid  P„H ; 
the  liquid  may  he  kept  for  a  short  time  in  sealed 
tubes,  but  decomposition  soon  begins,  and  the 
tubes  explode  violently  (G.  a.  H.).  The  same 
decomposition  is  effected  by  cone.  HClAq,  air 
mixed  with  C0„,  &c.  Passage  of  the  gas  pre- 
pared as  described  above  through  a  little  cone. 
HClAq  removes  every  trace  of  PH,,  and  hence 
causes  the  gas  which  issues  to  be  non-inflam- 
mable. If  G0„  is  passed  through  the  U-tube 
containing  liquid  PH._,  a  nearly  invisible  greenish 
light  appears  at  the  end  of  the  tube ;  this  flame 
is  not  hot  enough  to  ignite  a  candle  [v.  Hofmann, 
B.  7,  531;  Th6nard,  A.  Ch.  [3]  14,  5  ;  Bonet  a. 
Bonfil,  J.pr.  55,  247 ;  Gattermann  a.  Hausknecht, 
B.  23,  1174).  The  composition  of  PH,  was  de- 
termined by  Tb6nard  by  decomposing  a  known 
quantity  by  direct  sunlight  in  a  graduated 
tube  filled  with  Hg :  100  parts  liquid  phos- 
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phide  gave  61-8  parts  gaseous  PHj  and  38-2 
parts  solid  PjH  ;  i.e.  1  molecule  PoH  was 
produced  for  3  mols.  PH3,  hence  the  equation 
5PH„  =  PjH  +  3PH3.  This  equation  was  con- 
firmed by  G.  a.  H.,  who  made  also  direct 
estimation  of  H  by  burning  with  PbCr04  in  a 
current  of  CO^  (B.  23,  1174). 

DrPHOSPHOBUS  HYDKIDE  PjH  Or  P4H,,.  Mol. 

w.  unknown.  H.  F.  [P2,H]  =  17,700  (Ogie'r,  C.  B. 
89,  707). 

Formation. — 1.  By  decomposing  phosphide 
of  Ca  or  K  (Magnus,  P.  17,  527)  by  HClAq.— 
2.  By  the  action  of  Hght,  HClAq,  CI  (Le  Verrier, 
A.  Ch.  [2]  60, 174),  and  various  other  reagents,  on 
PH.,. — 3.  By  the  decomposition  of  PIj  by  water 
(Kiidorff,  P.  128,  473).  Hittorf  (P.  126,  193) 
obtained  only  amorphous  P  by  this  process. 

Preparation.  —  A  two-necked  bottle  is 
arranged  with  an  exit  tube  dipping  under  water, 
and  a  wide  entrance  tube,  down  which  is  passed 
the  delivery  tube  of  a  H-apparatus  ;  cone.  HClAq 
is  placed  in  the  bottle,  H  is  passed  through  until 
all  air  is  driven  out,  the  H  apparatus  is  removed, 
and  small  pieces  of  freshly-prepared  Ca  phos- 
phide (for  preparation  v.  Preparation  of  phos- 
phorus dihydride,  p.  137)  are  dropped  slowly  into 
the  bottle.  The  P.jH  which  forms  in  the  Ijottle 
is  rapidly  washed  with  cold  water,  and  dried  in 
vacuo  (P.  Thenard,  A.  Ch.  [3]  14,  5). 

Properties. — Ayellowflocculentpowder,whieh 
becomes  orange-yellow  in  light ;  tasteless  and 
odourless.  When  dry  may  be  heated  to  c.  200° 
before  taking  fire;  ignited  by  a  blow  of  a  hammer. 

B.eactions. — 1.  Ignited  by  heating  in  air  to 
c.  200°;  also  by  a  blow  of  a  hammer. — 2.  Slowly 
decomposed  in  7noist  air,  especially  if  in  sun- 
light, to  P.-Oj  and  H. — 3.  Distillation  in  hydro- 
gen produces  PH3  (Thenard,  I.e.). — 4.  Chlorine 
forms  PCI3  and  HCl. — 5.  Dissolves  in  dilute 
nitric  acid  ;  oxidised  with  ignition  by  cone. 
HN03Aq. — 6.  Alcoholic  solution  of  potash  pro- 
duces PH3  and  H ;  addition  of  water  to  the 
reddish  solution  ppts.  yellow  flocks  of  ?  amorphous 
P  or  a  lower  oxide  of  P. — 7.  Explodes  when  mixed 
with  potassium  chlorate,  silver  oxide,  merctiric 
oxide,  or  cvpric  oxide,  and  struck  or  warmed. — 
8.  Ppts.  metallic  phosphides  from  solutions  of 
salts  of  many  heavy  metals  (Le  Verrier,  I.e.). 

Determination  of  composition. — The  quantity 
of  P  in  the  solid  hydride  was  determined  by 
Thenard  by  heating  with  a  weighed  quantity  of 
PbO,  and  weighing  the  mixture  of  PbO  and  Pb 
phosphate  thus  produced;  theH  was  determined 
by  decomposing  by  red-hot  Cu,  and  collecting  the 
H  set  free.  Eiidorfi  decomposed  the  hydride  by 
heat,  and  collected  and  analysed  the  mixture  of 
PH3  and  H  thus  formed ;  he  also  oxidised  the 
compound  byHNOjAq,  and  estimated  P  as  Pb 
phosphate. 

Phosphorus,  iodides  of.  P  and  I  combine 
directly,  even  at  —24°;  two  iodides,  PIj  and 
PI3,  have  been  isolated,  and  the  existence  of  a 
third,  PI5,  is  probable. 

Phosphorus  di-iodide  PI„  or  P„I,.  Mol.  w. 
not  known.  H.F.  [P,P]  =  9,880  from'  solid  P  and 
I ;  20,680  from  solid  P  and  gaseous  I  (Ogier, 
C.  B.  92,  83). 

Formation. — 1.  By  adding  I  to  P.  Combina- 
tion occurs  even  at  —24°,  with  production  of 
much  heat,  and  ignition  of  the  excess  of  P  if 
air  is  admitted ;  amorphous  P  is  produced  be- 


sides PI,  (v.  Wurtz,  A.  Ch.  [3]  42,  129).— 2.  By 
the  reaction  of  I  with  PH3 ;  also  of  I  in  acetic 
acid  on  PCI3  (Hofmann,  A.  103,  305  ;  Bitter,  A. 
95,  210). 

Preparation. — One  part  by  weight  of  P  is 
dissolved  in  CS,,  and  8i  parts  of  I  are  added 
httle  by  little.  When  the  colour  of  the  dark 
brownish-red  liquid  thus  produced  has  changed 
to  orange  it  is  cooled  to  0°  for  some  hours,  when 
the  vessel  becomes  filled  with  crystals ;  the 
crystals  are  freed  from  CS^,  by  heating  in  a 
water-bath,  while  a  stream  of  dry  air  is  passed 
over  them  (Corenwinder,  A.  Ch.  [3]  30,  242). 
The  crystals  may  also  be  obtained  by  evapora- 
ting the  solution  in  CS.,  in  a  stream  of  COj 
(Berthelot  a.  Luea,  C.  B.  39,  748).  Corenwinder 
says  that  from  2  to  3  g.  P,  and  60  to  75  c.e.  CSj, 
are  convenient  quantities  to  use. 

Properties  and  Beactions. — Large  orange- 
coloured  prisms,  melting  at  110°  (Corenwinder, 
I.e.).  Heated  in  0  gives  P^Oj  and  I  (Berthelot, 
C.  B.  86,  628,  787,  859,  920;  87,  575,  667). 
Decomposed  by  H.,0  to  H3P03Aq,  PH3,  HIAq, 
and  a  yellow  floceulent  solid  supposed  to  be 
amorphous  P  (Hittorf,  P.  126,  193),  regarded 
by  Rildorff  as  solid  P.,H,  (P.  128,  473),  and  said 
by  Gautier  (C.  B.  76,  49,  173)  to  be  P,,H30. 

Phosphorus  tri-iodide  PI3  (Phosphorous 
iodide).  Mol.  w.  410-55.  H.F.  [P,P]  =  10,900 
(Ogier,  C.  B.  92,  83).  This  compound  is  ob- 
tained in  large  red  prisms  by  dissolving  one 
part  of  P  in  CS.,,  adding  a  solution  of  12i  parts 
of  I  in  CSj,  concentrating  much  out  of  contact 
with  air,  and  then  placing  in  a  freezing  mixture. 
As  the  crystals  are  very  sol.  CS.^,  they  should  be 
at  once  freed  from  mother-liquor,  and  dried  in 
a  stream  of  dry  air  at  c.  50°.  The  crystals  melt 
at  55°,  and  boil  at  a  higher  temjperature,  with 
evolution  of  I.  PI3  is  very  deliquescent ;  moist 
air  decomposes  it  at  once  to  HjPO.jAq  and  HIAq 
(Corenwinder,  A.  Ch.  [3]  30,  242). ' 

Phosphorus  pent.\-iodidb  PI5  {Phosphoric 
iodide).  Isolation  doubtful.  Hampton  (C.  N. 
42,  180)  obtained  a  dark-crimson,  very  deli- 
quescent solid,  giving  numbers  on  analysis 
agreeing  with  80  p.c.  PI5  -f  20  p.c.  PI3,  by  dis- 
solving P  in  a  little  CS.,  in  a  stream  of  pure  dry 
N,  adding  rather  more  than  enough  I  to  form  PI5, 
distilling  off  CS,  (in  a  N  stream)  at  45°  under 
reduced  pressure,  and  then  warming  to  50°  ;  at 
55°,  under  the  reduced  pressure,  I  began  to 
sublime. 

Phosphorus,  iodo-chloride  of,  PLClj.  Pro- 
duced by  adding  much  I  to  a  little  PCI3,  allowing 
to  stand  in  moist  air  for  some  days,  drying  the 
crystals  in  a  stream  of  air,  dissolving  in  CS^, 
and  crystallising :  large,  red,  six-sided  crystals, 
very  hygroscopic ;  decomposed  by  water  to 
H3P03Aq,  HClAq,  and  HIAq  (Moot,  B.  13,  2029). 

Phosphorus,  nitride  of.  No  compound  of 
P  and  N  has  been  isolated  with  certainty.  A 
substance  supposed  to  be  a  nitride  by  Eose  (P. 
24,  308  ;  28,  529)  and  Wohler  a.  Liebig  {A.  11, 
139)  was  found  to  contain  H.  Briegleb  a. 
Geuther  (A.  123,  236)  think  that  a  compound 
PjNj  is  perhaps  produced  by  the  reaction  of 
PCI5  on  hot  MgjN,  in  an  atmosphere  of  N. 

Phosphorus,  oxides  of.  P  and  0  combine 
very  readily,  with  production  of  much  heat ; 
four  compounds  are  produced  according  to  the 
conditions  :  P,0,  PjOj,  P^O,,  and  P^O^ ;  the  V.D. 
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of  the  second  of  these  shows  that  its  mol. 
formula  as  a  gas  is  P,0„.  The  oxides  P2O3  and 
PoOj  are  anhydrides ;  the  former  reacts  with 
water  to  produce  the  acid  H.^POj,  and  the  latter 
to  produce  three  acids,  HPO3,  H.jPOj,  and 
HjPoO, ;  the  oxide  P^O^  is  not  the  anhydride  of 
a  corresponding  acid — with  water  it  produces 
the  two  acids  H3PO3  and  H3PO4. 

The  only  oxide  formed  when  P  glows  in  air 
at  ordinary  temperature  is  P2O,,  but  PjO,  is 
formed  by  drawing  air  over  P  without  the  latter 
glowing  (Thorpe  a.  Tutton,  C.  J.  57,  573)  ;  at 
50°-60°  small  quantities  of  Po0.j  are  produced, 
and  this  oxide  is  produced  in  larger  quantities 
when  the  P  is  actually  ignited ;  at  moderately 
high  temperatures  and  with  a  limited  supply  of 
air  the  oxide  P.,0  is  formed  in  addition  to  P-.O^ 
and  P.>03.  If  the  products  of  the  slow  burning  of 
P  in  dry  air  are  heated  together  in  COj,  the  oxide 
P2O4  is  formed,  along  with  some  P.,0.  The  pro- 
ducts of  burning  P  in  a  limited  supply  of  dry 
air  generally  contain  small  quantities  of  P  ; 
this  may  be  removed  by  sucking  the  products 
through  a  tube  heated  by  steam  (Thorpe  a. 
Tutton,  0.  J.  49,  833). 

Phosphorus  suboxide  P^O.  Mol.  w.  uncer- 
tain. Some  doubt  still  remains  concerning  the 
composition  of  the  lowest  oxide  of  P  ;  but  the 
evidence  is  in  favour  of  the  existence  of  a  defi- 
nite oxide  P4O.  Le  Verrier  {A.  27, 167)  obtained 
a  yellowish  solid  by  exposing  P  in  PCI3  or  in 
ether  to  air,  warming  the  solid  thus  formed  with 
water,  and  drying  over  H,,SO.,.  A  similar  pro- 
duct was  obtained  by  the  incomplete  combustion 
of  P  in  air,  or  by  the  action  on  P  of  such  oxi- 
disers  as  iodic  or  periodic  acid  in  presence  of 
water  {v.  Gm.-E.  i.  2, 107).  This  substance  was 
generally  looked  on  as  an  oxide  of  P  ;  Le  Verrier 
gave  it  the  formula  P^O  ;  Schrotter  (TV.  A.  B.  8, 
246)  thought  it  was  only  a  mixture  of  ordinary 
and  amorphous  P.  Reinitzer  a.  Goldschmidt 
{B.  13,  845)  obtained  the  oxide  P,0  by  heating 
POCI3  with  P  to  200°-250^  also  by  heating  POGI3 
with  Zn,  Mg,  or  Al  at  100^  Thorpe  a.  Tutton 
(C.  J.  49,  833)  found  that  P.|0  is  one  of  the  pro- 
ducts of  burning  P  in  a  limited  supply  of  air  at 
moderately  high  temperatures,  and  that  it  is 
formed  when  the  products  of  the  slow  burnizig  of 
P  in  dry  air  are  heated  to  c.  300°  in  C0„.  The 
experiments  of  R.  a.  G.  indicate  the  existence  of 
two  varieties  of  P^O  ;  one  of  these  reacts  with 
hot  alkali  solutions,  evolving  PH3,  and  reduces 
salts  of  Au  and  Ag  and  mercurous  salts,  and  the 
other  is  not  acted  on  by  alkalis,  and  does  not 
reduce  salts  of  Au,  Ag,  or  Pig. 

Preparation  and  Properties  of  P,0  lohich  re- 
duces salts  0/ Ag,  Au,  and  Hg. — 1.  Thin  plates 
of  pure  Zn  are  heated  with  POCI3  in  a  sealed 
tube  in  a  water-bath  at  100°  for  some  hours, 
the  liquid,  with  suspended  solid  matter,  is  poured 
off,  the  solid  is  allowed  to  settle  and  the  liquid 
is  decanted  off ;  the  solid  is  heated  as  before  for 
some  time  with  POCl,  (to  remove  any  Za  pre- 
sent), the  liquid  is  poured  off,  the  solid  is  washed 
with  CHCl,  to  remove  POClj,  then  with  HClAq, 
and  finally  with  water  ;  the  solid  is  then  dried 
forsome  days  invacuo  (Reinitzer  a.  Goldschmidt, 
B.  13,  849) ;  the  other  products  of  the  reaction 
are  ZnCl,  and  Zn2P03.  As  thus  prepared  P^O 
is  an  orange-red  powder.  It  very  obstinately  re- 
tains water,  the  sample  made  by  R.  a.  G.  con- 


tained c.  8  p.c.  water,  but  the  P  and  0  were  in 
the  ratio  P4O.  This  oxide  in  moist  air  evolves 
PH3 ;  it  reacts  with  boiling  alkali  solutions 
forming  PH3  and  alkali  phosphite  and  phos- 
phate ;  solutions  of  salts  of  Au  and  Ag,  and 
mercurous  salts,  are  reduced  with  ppn.  of  the 
metals ;  heated  in  H,  P  is  given  off,  and  P^O^ 
remains. — 2.  PCI3  is  placed  in  an  open  flask,  of 
c.  1  litre  capacity,  containing  a  layer  about 
2  cm.  thick  of  P  in  small  pieces ;  the  PCI3 
just  covers  the  P ;  after  c.  2  days  the  PCI3  is 
poured  off ,  the  pieces  of  P  and  the  adhering  yellow 
film  are  loosened  from  the  fiask,  and  allowed  to 
fall  slowly  into  cold  water  (if  water  is  added  in 
quantity,  heat  is  produced,  and  the  products  of 
the  slow  oxidation  of  P  are  decomposed).  After 
a  little,  the  water  is  filtered  from  suspended  P, 
and  the  clear  yellow  filtrate  is  heated  to  80°, 
when  a  very  finely  divided  yellow  solid  settles 
down  ;  this  solid  is  washed  with  warm  water  in 
a  filter,  removed  from  the  filter  while  moist,  and 
placed  in  a  basin,  over  H.SO^  in  vacuo.  Le 
Verrier's  P.,0  was  tasteless  and  odourless,  did 
not  change  in  dry  air  or  0,  but  in  moist  air  it 
gave  off  PH3 ;  it  was  decomposed  somewhat 
above  360°,  giving  off  P  and  leaving  P2O5 ;  oxi- 
dised by  CI  to  PCI,  and  P„Oj ;  heated  with  cone. 
HjSOj,  gave  SOo ;  unacted  on  by  HClAq ;  oxi- 
dised and  dissolved  by  HNOjAq  ;  exploded  with 
KCIO3 ;  readily  combined  with  H.,0  to  form 
P,O.H,0.  The  oxide  obtained  by'  Thorpe  a. 
Tutton  {C.  J.  49,  833)  was  formed  by  slowly 
burning  P  in  dry  air,  transferring  the  products 
to  a  tube  filled  with  CO.^,  exhausting  by  a 
j  Sprengel  pump,  and  heating  to  290°  ;  as  the 
I  oxide  is  described  as  orange-red,  it  was  probably 
the  form  of  P4O  which  reduces  salts  of  Au,  Ag, 
and  Hg. 

Preparation  and  Properties  of  P^O  which 
does  not  reduce  salts  of  Ag,  Au,  and  Hg. — POCI3 
is  heated  with  an  excess  of  P  in  a  sealed  tube 'to 
200°-250°  ;  the  sides  of  the  tube  become  covered 
with  a  scarlet-coloured  solid,  which  is  washed 
with  CS2  (to  remove  P)  and  dried  in  vacuo 
(R.  a.  G.,  I.e. ;  the  other  products  are  PCI3, 
P,,03Cl4  and  a  little  PoOJ.  As  thus  prepared, 
P4O  is  a  scarlet-red  solid ;  S.G.  1-38  ;  it  is  not 
acted  on  by  water  or  alkali  solutions,  and  it 
does  not  reduce  salts  of  Ag,  Au,  or  Hg.  This 
form  of  P.,0  seems  to  have  been  obtained  by 
Pelouze  (A.  3,  52)  by  burning  P  in  O  ;  and  by  Le 
Verrier  {A.  27,  175)  by  burning  P  in  a  thin  layer 
on  a  porcelain  plate,  washing  with  water  to 
remove  oxyacids,  and  boiling  with  PCI,  to  re- 
move P. 

Phosphorous  oxidb  P4OS.  (Phosphorus  tri- 
oxide.  Phosphorous  anhydride.)  Mol.  w.  219-6; 
same  in  solution  in  C^H^  (Thoi-pe  a.  Tutton, 
G.  J.  57,  545).  Melts  at  22-5°;  boils  at  173-1° 
(T.  a.  T.).  S.G.  ^°  liquid  PA  1-9431 ;  solid 
P,,0,  at  c.  2-135.  S.G.  at  b.p.  =  1-6897  (T.  a. 
T.).  V.D.  111-9.  S.V.  130-2  (T.  a.  T.). 
^,=1.5311;  '  ^=  60-5  (T.  a.  T.). 

D.G. 

Mol.    w.  '^^^^'^  =  4-17.    M.M.  9-962. 
S.G. 

Preparation. — A  piece  of  combustion-tubing 
about  40  mm.  bore  is  drawn  into  the  shape  showi 
in  the  figure  on  following  page,  and  is  fitted  by  a 
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good  cork  into  a  brass  tube,  -which  is  surrounded 
by  a  wider  tube  of  brass  ;  water  is  introduced  at 
a  between  the  brass  tubes,  and  a  thermometer  is 
placed  at  h.  A  loose-plug  of  glass-wool  is  placed 
in  the  inner  brass  tube  at  c.  The  (J-shaped  con- 
denser is  of  rather  narrow  bore,  the  limbs  are  about 
300  mm.  long,  a  small  bottle  is  attached  to  the  ver- 
tical piece  at  the  bottom  of  the  condenser,  which 
is  itself  connected  with  the  inner  brass  tube  by  a 
good  cork  ;  the  condenser  and  small  bottle  are 
surrounded  by  ice  and  salt.  The  bottle  between 
the  condenser  and  the  pump  contains  oil  of 
vitriol.  Two  sticks  of  P  are  dried  between 
filter-paper,  cut  into  pieces  c.  25  mm.  long,  and 
placed  in  the  combustion  tube,  which  is  then 
narrowed  at  the  open  end  and  fitted  into  the 
brass  tube ;  the  pump  is  set  in  action,  and  the 
P  is  ignited  by  holding  a  small  flame  beneath 
the  open  end  of  the  combustion-tube.  Air  is 
sucked  over  the  P  as  rapidly  as  possible  ;  if  the 
combustion  is  too  local,  much  PjO^  is  formed ; 
considerable  quantities  of  red  P^O  are  formed 
near  the  burning  P.  When  the  P  has  burnt  for  c. 
15  mins.  the  water  in  the  brass  tube  is  heated  to 
c.  50°,  at  which  temperature  it  is  kept  till  near 


132°.  Mol.  w.  as  gas,  and  also  in  solution  in 
C^Hj  (determined  by  cryoscopic  method),  corre- 
sponds with  PjOg.  Soluble  without  change  in 
C^H,,  CSo,  CHCI3,  and  ether.  Heated  to  c.  200° 
in  sealed  tube  begins  to  decompose  to  PoOj  and 
P.  Decomposed  by  light,  with  separation  of  red 
P.  T.  a.  T.  (C.  J.  59,  1019)  several  times  ob- 
tained clear,  transparent,  perfectly-formed  crys- 
tals of  PiOg  by  slow  spontaneous  sublimation  in 
vacuo,  which  remained  unchanged  for  many 
days,  although  exposed  to  light.  Spec,  volume 
at  b.p.  =  130'2.  (For  details  of  thermal  expan- 
sion and  S.G.  at  b.p.  v.  T.  a.  T.,  C.  J.  57,  545.) 
Keacts  slowly  with  cold  water,  forming  H3P0.jAq; 
with  boiling  water  reaction  is  violent,  PH3  is 
evolved,  and  red  P,  or  perhaps  P4O,  and  H3PO  jAq 
are  formed.  Oxidises  to  P.,05  by  exposure  to  air 
or  0  ;  if  temperature  is  raised  the  P  ,0|;  ignites  - 
and  may  explode.  P4O5  has  a  well-marked  phy- 
siological action ;  the  action  of  P  may  be  due 
to  P,Os,  formed  by  the  air  oxidisingthe  P  (T.a.T., 
I.e.  p.  573). 

Reactions.— 1.  Heat  decomposes  Vfi^,  form- 
ing P2O4  and  P  (?  P^O)  ;  the  action  begins  at  c. 
210°  in  a  sealed  tube,  and  the  whole  of  the  P^O^ 


the  end  of  the  experiment,  when  it  is  raised  to 
60°.    PjOg  begins  to  collect  in  the  condenser  1 
about  30  mins.  after  starting  the  combustion  ;  if  j 
the  glass-wool  is  packed  properly  (it  should  not  j 
be  too  tight)  no  P-^Oj  passes  into  the  condenser, 
and  if  the  temperature  of  the  water  does  not  ex- 
ceed 60°  only  very  small  quantities  of  P  pass  ! 
over.  The  process  is  stopped  when  c.  fths  of  the 
P  is  burnt,  else  the  ^fi^  may  be  oxidised.  The 
condenser  is  removed,  the  P^O^  is  melted  by  the 
heat  of  the  hand,  and  run  down  into  the  little 
bottle,  from  which  it  may  be  transferred  to 
another  bottle  which  has  been  filled  with  dry 
CO2 ;   this  bottle  should  have  a  very  tightly- 
fitting  stopper,  and  should  be  kept  in  the  dark  in 
an  atmosphere  of  CO.,  (T.  a.  T.,  I.e.). 

Properties. — A  white  snow-like  solid,  with  an 
alliaceous  odour  resembling  that  of  P ;  when 
melted  and  cooled  slowly  crystallises  in  long 
thin  prisms,  probably  monoclinic  ;  melts  at  22-5° 
to  a  clear,  colourless,  very  mobile  liquid,  which 
solidifies  again  at  21°  ;  the  liquid  may  be  cooled 
in  a  narrow  tube  several  degrees  below  m.p. 
without  solidifying;  boils  at  173-1°  in  CO,,  or  N. 
Can  be  gasified  in  Hofmann's  V.D.  apparatus  at 


is  decomposed  at  440°  (T.  a.  T.,  p.  552).  — 
2.  Rapidly  acted  on  by  liglit,  becoming  yellow 
and  then  dark-red  (T.  a.  T.,  p.  553).  The  action 
of  light  separates  red  P;  the  amount  obtained 
after  several  months'  exposure  does  not  exceed 
1  p.c.  (T.  a.  T.,  C.  J.  69,  1019).  By  exposing 
P,,0„  to  light  for  some  months  in  a  sealed  tube 
filled  with  dry  CO2,  then  melting,  filtering  through 
glass-wool,  and  repeating  this  process  several 
times,  T.  a.  T.  eventuaUy  obtained  PjO^  which 
remained  perfectly  clear  and  colourless  after 
twelve  months'  exposure  (I.e.,  p.  1023). — 3.  Oxi- 
dises to  P0O5  in  ah-  or  oxygen ;  when  quite  free 
from  P,  the  oxide  is  not  spontaneously  inflam- 
mable. Under  reduced  pressure  in  0  the  PjOu 
glows ;  on  raising  temperature  to  c.  70°  at  ordi- 
nary pressure  the  glow  gives  place  to  flame. 
Combination  occurs  between  vapoui'  of  PjO^  and 
0  ;  ozone  is  not  formed.  When  'Pfi^  is  thrown 
into  0  heated  to  50°-60°  ignition  occurs  with 
an  intensely  brilliant  flame  (T.  a.  T.,  C.  J.  57, 
569). — 4.  Glows  continuously,  and  oxidises  to 
PoOj,  when  a  stream  of  ozonised  oxygen  is  passed 
over  it. — 5.  Ignites  in  chlorine,  burning  with  a 
greenish  flame ;  when  surrounded  by  ice  and 
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exposed  to  slow  stream  of  CI  a  liquid  is  formed,  I 
which  on  distillation  gives  POCI3,  while  P0„C1  (?)  i 
remains  (T.  a.  T.,  C.  J.  57,  572).— G.  Reacts  vio- 
lently with  liquid  bromine  ;  using  Br  vapour  at 
ordinary  temperature,  T.  a.  T.  (C.  /.  59,  1020)  ob- 
tained PBi-j  and  P.jO-,  and  on  then  heating  POBrg 
and  PO-JBr  (?)  were  formed. — 7.  Iodine  reacts 
slowly  ;  by  heating  with  I  and  CS,  under  pressure, 
P,,05  and  P,,I,  are  produced  (T.  a.'  T.,  I.e.,  p.  1021). 
8.  Heated  with  sulphur,  in  COo  or  N,  two  layers 
of  liquid  are  formed ;  at  160°  there  is  violent 
reaction,  and  solid  PjO^S.,  is  produced  {v.  Phos- 
phorus, SDLPHOxiDE  OF,  p.  149  ;  T.  a.  T.,  I.e.,  p. 
1022). — 9.  Seems  to  form  a  Se  compound  analo- 
gous to  PjOgSj  by  heating  with  scJcnion  (T.  a.  T., 
I.e.,  p.  1020). — 10.  Dissolves  very  slowly  in  loater, 
forming  H^PO^Aq  (T.  a.  T.,  C.  J.  57,  567)  ; 
PjO,  4- GH.O  +  Aq  =  4H3P03Aq.  The  action  of 
hot  water  is  very  energetic ;  red  P,  or  red  PjO, 
is  ppd.,  inflammable  hydride  of  P  is  evolved,  and 
HjPOjAq  is  formed  ;  if  the  quantity  of  P40„  ex- 
ceeds 2  g.  the  action  of  hot  water  is  vio- 
lently explosive. — 11.  Dry  hydrogen  chloride  is  ! 
rapidly  absorbed  ;  PCI3  is  formed  along  with 
H3PO.,,  H3PQ,,  and  yellow  P  (T.  a.  T.,  C.  J.  59, 
1022). — 12.  Cone,  sulphuric  acid  reacts  vio- 
lently, forming  H.pOj  and  SO.;  if  1  g.  or 
more  P^O^  is  used,  the  mass  ignites  (T.  a.  T.,  I.e. 
p.  1026).- 13.  PjO,  is  rapidly  oxidised  to  PA 
by  sulphur  trioxide,  which  is  reduced  to  SO;, ; 
no  compound  could  be  obtained  (T.  a.  T.,  I.e.  p. 
1020).  According  to  Adie  (C.  J.  59,  2.30),  if  a 
little  water  is  present,  P^O,;  and  SO3  form  an 
unstable  compound  H3POJ.3SO3. — 14.  Nitrogen 
tctroxide  seems  to  react  like  SO,,  forming  P.,05 
and  N„03  or  NO  (T.  a.  T.,  I.e.  p.  102s).— 15.  Ph'os- 
phorus  pentaehloride  produces  PCL,  and  POCl.,; 
phosphorus  trichloride  reacts  ate.  180°  in  a  sealed  ! 
tube,  forming  a  mixture  of  P„Or,,  PCL,,  and  red 
P  (T.  a.  T.,  I.e.  p.  1028).— 16.  'Sulphur  chloride  ' 
reacts  violently,  producing  POCI3,  PSCl.,,  SO,,, 
and  S  (T.  a.  T.,  I.e.  p.  1026).— 17.'  Ammonia  re'- 
acts  with  some  violence,  probably  producing 
OH.P.(NH,),  (y.PiiosPHAMiDEs,  p.  105).— 18.  Cold 
dilute  caustic  soda,  or  caustic  potash  solution, 
slowly  dissolves  P4O,,,  forming  a  solution  of  Na 
or  K  phosphite;  cold  cone,  or  hot  dilute  solu- 
tion of  soda  or  potash  produces  red  P  (or  P^O  ?) 
and  alkali  phosphate,  and  evolves  inflammable 
hydride  of  P.— 19.  Ignites  in  contact  with  abso- 
lute alcohol;  by  allowing  the  alcohol  to  drop 
slowly  on  to  cooled  P^O,  the  acid  P(OEt)..OH  is 
formed  (T.  a.  T.,  C.  J.  57,  569).  P,0,  seems  not 
to  react  with  H,  PH.„  CO,  CO,,,  SO^,  N,  NO,  CN, 
or  C^H,  (T.  a.  T.,  C.  J.  59,  1029). 

Phosphorus  teteoxidb  P.,©^  {Phosphoroso- 
phosphoric  oxide.  Hypophosphoric  oxide).  Mol. 
w.  not  determined ;  corresponding  sulphide  has 
mol.  w.  P3S,.  Hautefeuille  a.  Perrey  (C.  B.  99, 
33)  noticed  that  a  crystalline  sublimate  is  ob- 
tained by  heating  the  products  of  the  combus- 
tion of  P;  Thorpe  a.  Tutton  (0.  J.  49,  833) 
proved  that  this  sublimate  is  a  definite  oxide 
P,.0,|.  Concerning  the  combustion  of  P  in  air  v. 
pp.  128  and  139. 

Preparation. — P  is  burnt  slowly  in  a  stream 
of  air  dried  by  R^SO,  and  P.,0, ;  the  products 
are  collected  in  a  glass  tube,  surrounded  by  an 
outer  tube  filled  with  steam,  and  are  then  quickly 
transferred  to  a  tube  filled  with  dry  CO,,,  the 
tube  is  drawn  out,  exhausted  by  a  Sprengel  pump 


(care  being  taken  to  prevent  entrance  of  mois- 
ture), and  sealed;  at  c.  290°  the  white  mass 
becomes  orange-coloured,  and  then  red,  and  a 
white  crystalline  sublimate  of  P._,0,,  is  formed, 
leaving  P^O^  and  P^O  in  the  lower  part  of  the 
tube.  T.  a.  T.  (p.  838)  think  that  the  P.O^  is 
derived  from  the  P.^Oj,  thus  7P,,03  =  6P.,0,,  -h'P^O  ; 
that  'S-.Oi  is  formed  by  heating  P.,0.,  out  of  con- 
tact with  0  is  shown  by  T.  a.  "t!  (C.  /.  57, 
5.52). 

Properties  and  Reactions. — Colourless  crys- 
tals, probably  orthorhombic  ;  do  not  melt  at  100°. 
Volatilises  at  c.  180°.  Very  deliquescent,  forming 
HjPOjAq  and  HjPO^Aq  ;  from  this  reaction  T.  a. 
T.  conclude  that  P.,0,,  is  not  the  anhydride  of 
H.,P.,0„,  as  an  aqueous  solution  of  this  acid  does  not 
behave  like  a  mixture  of  H3PO3  and  HjPO,,  and 
can  be  boiled  without  change.  Solution  of  P„04 
in  water  reduces  AgNOjAq  to  Ag,  and  HgCl„"Aq 
to  HgCl ;  KMnO^Aq  is  very  slowly  decolourised  ; 
'magnesia  mixture'  gives  an  immediate  pp.,  and 
after  standing  some  time  the  filtrate  gives  a  large 
pp.,  with  NH4  molybdate  after  heating  with 
HNOjAq. 

Phosphoric  oxide  V.p.  (Pliosphoric  an- 
hydride. Phosphorus  pentoxidc).  Formula 
probably  molecular,  from  analogy  of  P..,S,,. 
S.G.  2-387  (Brisson,  Pesanteur  tipccifique  dcs 
Corps  [Paris,  1787]).  H.F.  [P-,0"']  =  369,900  ; 
[P-0'',Aq]  =  35,600  {Th.2,  409). 

Formation. — 1.  This  oxide  is  formed  by  burn- 
ing P  in  a  large  excess  of  air ;  concerning  the 
combustion  of  P  in  air  v.  pp.  128  and  139. — 
2.  It  is  also  formed  by  burning  P  in  such  gaseous 
0  compounds  as  NO,  NO,,,  CIO.,.— 3.  By  distilling 
P.,03C1,. 

Preparation. — A  large  glass  balloon  with  a 
wide  opening  and  two  side  necks  is  thoroughly 
dried  ;  through  a  cork  in  the  wide  opening  passes 
a  piece  of  wide  tubing,  which  reaches  to  about 
the  centre  of  the  balloon,  and  from  the  lower 
end  of  this  tube  a  small  porcelain  basin  is  sus- 
pended by  Pt  wires  ;  one  of  the  side  necks  is 
connected  with  U 'tulles  containing  pumice 
soaked  in  H^SO^,  and  the  other  side  neck  is  con- 
nected with  a  wide-mouthed  perfectly  dry  bottle, 
which  is  again  in  connection  with  a  water-pump, 
a  bottle  with  H„SO,  being  placed  between  the 
pump  and  the  wide-mouthed  bottle.  A  small 
piece  of  well-dried  P  is  placed  in  the  little  basin, 
and  is  ignited  by  passing  a  hot  wire  down  the 
glass  tube,  the  mouth  of  which  is  then  closed  by 
a  good  cork ;  a  rapid  stream  of  air  is  sucked 
through  the  apparatus  ;  the  P  is  burnt  to  P2O5, 
part  of  which  collects  on  the  bottom  of  the 
balloon  and  part  passes  into  the  bottle  attached 
to  the  side  neck.  When  the  P  is  burnt  another 
small  piece  is  dropped  down  the  glass  tube  into 
the  little  basin,  and  the  process  is  continued. 
When  sufficient  P.jO-,  has  collected  in  the  bottle 
this  is  closed  by  a  well-fitting  stopper  (Delalande, 
A.  Ch.  [2]  76, 117).  For  other  forms  of  apparatua 
V.  Marchand,  J.  pr.  16,  373  ;  Mohr,  Gm.-K.  i. 
2,  120.  Grabowski  {A.  136,  119)  has  described 
a  vessel  of  tinplate  for  preparing  large  quantities 
of  P.,0,. 

Shenstone  says  that  PjO,,  prepared  by  the 
ordinary  process,  has  generally  reducing  powers, 
and  is  not,  therefore,  trustworthy  as  a  drying 
agent.  S.  recommends  to  heat  for  some  days  at 
c.  300°  in  a  vary  slow  stream  of  dry  0  ;  then  to 
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heat  at  300°  in  a  more  liberal,  but  still  limited, 
supply  of  dry  0  until  the  reddish  colour  pro- 
duced by  the  first  heating  has  disappeared  ;  then 
to  heat  at  300°  in  a  more  rapid  stream  of  dry  0 
so  long  as  sublimation  occurs;  and  finally  to 
sublime,  fractionally,  in  a  current  of  dry  O,  from 
retorts  of  hard  glass  into  receivers  of  the  same 
material.  The  first  portions  of  the  sublimate 
should  be  rejected.  The  whole  of  these  pro- 
cesses may  be  done  in  glass  vessels.  The  retorts 
used  in  the  final  subUmation  may  be  heated  in  a 
combustion  furnace  {private  commimication). 

Hautefeuille  a.  Perrey  (C.  B.  99,  33)  say  that 
PoOj  can  be  obtained  in  three  forms  :  crystalline, 
amorphous  and  powdery,  and  glass-like.  They 
say  that  when  P  is  burnt  in  a  glass  tube  in  dry 
air,  the  crystalline  form  of  PoO-  is  deposited  on 
the  colder  part  of  the  tube,  the  amorphous 
powdery  form  on  the  hotter  part,  and  the  vitre- 
ous form  on  that  part  of  the  tube  which  is  heated 
to  redness.  These  authors  assert  that  crystalline 
P.2O5  is  obtained  free  from  the  other  forms  by 
distilling  the  products  of  the  burning  of  P  ;  that 
heating  the  crystals  in  vapour  of  S  produces  the 
powdery  amorphous  form ;  that  the  vitreous 
variety  is  formed  by  heating  either  of  the  others 
to  low  redness ;  and  that  this  vitreous  form  yields 
crystalline  PjO-  when  sublimed  at  a  red  heat. 
Considering  the  facts  brought  to  light  by  the 
work  of  Thorpe  a.  Tutton  on  the  combustion  of 
P  {C.  J.  49,  833  ;  57,  545  ;  v.  beginning  of  this 
article,  p.  139),  the  existence  of  various  modifica- 
tions of  P.iO^  must  be  looked  on  as  very  doubt- 
ful. T.  a."T.  (0.  /.  49,  838)  think  it  very  likely 
that  the  crystalline  form  of  P2O5  obtained  by  H. 
a.  P.  was  P2O4 ;  and  it  is  probable  that  the 
differences  in  the  properties  of  the  powdery  and 
vitreous  F.fi^  were  due  to  admixture  with  P.2O3. 
No  analytical  data  are  given  by  H.  a.  P.  Shen- 
stone  {priv.  comm.)  says  that  PjO^  purified  by 
his  method  is  crystalline,  but  becomes  amor- 
phous when  suddenly  heated. 

Praperties. — A  snow-white,  amorphous,  in- 
odorous, very  deliquescent,  solid.  Melts  and 
sublimes  below  red  heat  (Lautermann,  A.  113, 
240) ;  according  to  Davy  {A.  Ch.  [2]  10,  218) 
volatile  only  at  white  heat.  Absorbs  water  very 
rapidly;  hence  is  used  as  a  very  efficacious  drying 
agent.  P0O5  is  the  anhydride  of  three  phosphoric 
acids :  HPO3,  H3PO.,,  and  H^P^O,.  Dry  F.fl,  does 
not  change  the  colour  of  dry  litmus  paper. 
Commercial  PjO^  often  contains  traces  of  P, 
which  cause  it  to  redden  in  light,  and  also  traces 
of  AS2O3  derived  from  the  impure  P  used ;  it 
generally  has  more  or  less  marked  reducing 
powers. 

Reactions.  —  1.  Water  produces  HPO3  ; 
H,P„0-  is  formed  from  HPO3  by  the  long- 
continued  action  of  moist  air ;  and  H3PO4 
is  produced  by  continued  heating  of  HPOjAq. — 
2.  P.,05  removes  H^O  from  many  compounds 
which  contain  water  or  the  elements  of  water ; 
e.g.  it  produces  anhydrides  when  heated  with 
several  acids,  H.^SO,  gives  SO3,  HNO3  gives  NoOj, 
and  hydrocarbons  are  often  formed  by  heating 
P2O5  with  compounds  of  C,  H,  and  0.— 3.  Heated 
with  several  metals,  e.g.  Fe,  K,  Na,  Zn,  metallic 
oxide,  phosphide,  and  phosphate  are  formed. — 
4.  Salts  of  acids  tlie  anhydrides  of  which  are 
volatile  are  decomposed  by  heating  with  P2O5, 
with  formation  of  phosphates  and  volatilisation 


of  the  anhydrides  (Odling,  P.  M.  [4]  18,  168).— 
5.  POCI3  is  formed  by  heating  P2O5  with  sodium 
chloride,  or  with  phosphorus  pentachloride. — 6. 
Heated  with  phosphoryl  chloride,  P2O3CI4  and 
PjOijClj  (which  may  be  a  mixture)  are  formed 
(Huntly,  C.  J.  59,  202). — 7.  Ammonia  produces 
PONH2(OH)2  and  P203(NH2)2(OH)2  (v.  Phos- 
PHAMic  ACIDS,  p.  105). — 8.  Heated  with  boron 
chloride  to  200°  for  2-3  days,  P„05.B203  and 
POCI3.BCI3  are  formed  (Gustavson,  B.  4,  976). 
PjOj.IBoOa  is  also  formed  by  heating  P2O5  with 
i>onc  acid. 

Combinations. — 1.  With  water  {v.  supra,  Re- 
actions, No.  1). — 2.  With  sulphur  trioxide  to 
form  P2O5.3SO3,  decomposed  at  30°  (Weber,  B. 
20,  86). — 3.  With  silica  and  water  to  form 
P2O5.SiO2.4HoO ;  formed  by  heating  cone. 
H3P04Aq  with  silica  (Hautefeuille  a.  Margottet, 
C.  R.  104,  156).  Similar  compounds  with  oxides 
of  titanium,  zirconium,  and  ti7i  are  described  by 
H.  a.  M.  (C.  R.  102,  1017). 

Phosphorus,  oxyacids  of.  The  three  phos- 
IDhoric  acids  are  described  in  the  article  Phos- 
phoric ACIDS,  p.  124,  and  the  salts  of  those  acids 
in  the  article  Phosphates,  p.  106 ;  the  other 
oxyacids  of  P  and  their  salts  are  described  under 
Phosphorus,  oxyacids  of,  and  thejh  salts,  p. 
149. 

Phosphorus,  oxybromide  of,  P0Br3  (Plios- 
phoryl  t?-ibromide).  Mol.  w.  286-2.  Melts  at  55° 
(Baudrimont,  A.  Ch.  [4]  2,  58);  at  45°-46° 
(Bitter,  A.  95,  210).  Boils  at  195°  (Bitter,  I.e.) ; 
at  193°  (Gladstone,  P.  M.  [3]  35,  345).  V.D. 
145-5.  S.G.  2-822  (Bitter,  J.  8,  301).  H.F. 
[P,0,Br3]  =  108,000  from  HquidBr  ;  120,000 from 
gaseous  Br  (Ogier,  C.  R.  92,  83). 

Formation. — 1.  By  the  action  of  moist  air  or 
a  very  little  H.O  on  PBr^  (Gladstone,  P.  M.  [3] 
35,  345). — 2.  By  the  action  of  oxalic  or  acetic 
acid  on  PBr^  (Baudrimont,  A.  Ch.  [4]  2,  58  ; 
Bitter,  A.  95,  210). — 3.  Bypassing  0  into  boiling 
PBr3 ;  explosions  generally  occur  (Demole,  Bl. 
[2]  34,  201). 

Preparation. — To  137-5  parts  PCI3  are  added 
18  parts  HoO,  and  then  160  parts  Br  are  added 
drop  by  drop,  HBr  and  HCl  are  evolved,  and 
POCI3  and  POBTj  remain  (part  of  the  PCI3 
is  decomposed  to  H3PO3  and  HCl,  and  the 
H-jPOj,  Br,  and  remaining  PCI,  react,  (?)  thus 
2PCI3  +  H3PO3  4-  3Br2  =  2POCI3  +  POBtj  +  3HBr) ; 
the  liquid  is  distilled,  the  portion  boiling  above 
150°  being  kept  separate  and  surrounded  by  a 
freezing  mixture  till  it  solidifies  (Geuther  a. 
Michaehs,  J.  Z.  6,  242). 

Properties  and  Reactions. — Large  colourless 
plates,  which  melt  and  boil  in  dry  air  without 
decomposition ;  soluble  in  cone.  HjSO,,  reppd. 
by  H2O  ;  soluble  in  CHGI3,  CS,,  ether,  and  tur- 
pentine. Decomposed  rapidly  by  luater  to  HBrAq 
and  H^jPOjAq  ;  bromine  chloride  forms  POBrCL 
or  POCI3,  and  Br,  according  to  the  quantity  used 
(Geuther,  /.  Z.  10,  130) ;  hydrogen  sulphide 
probably  forms  PSBrg ;  chlorine  forms  POCI3 
and  Br ;  bromine  seems  to  form  an  additive 
compound  which  separates  into  POBrj  and  Br 
on  heating  (Gladstone,  I.e.)  ■  tin  and  antimony 
remove  Br  (Baudrimont,  I.e.). 

Phosphorus,  oxybromochlorides  of.  Two  of 
these  compounds  are  known,  but  it  is  doubtful 
whether  the  second  is  a  definite  compound  or  a 
mixture  of  POCI3  and  POBrj. 
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Phosphorus  ostbbomodichloride  POBrCl.,. 
(Phosphoryl  brouiodichloride).  Mol.  w.  197  4. 
Melts  at  11°  ;  boils  at  137-6  {Thorpe,  C.  J.  37, 
343).  S.G.  p  2-12065  (Thorpe,  I.e.).  A  colour- 
less liquid,  which  solidifies,  when  cooled  below 
0°,  to  large  colourless  tablets  which  melt  at  11°  ; 
when  repeatedly  distilled,  or  more  quickly  when 
heated  in  a  closed  tube  to  c.  185°,  decomposed  to 
POCI3  and  POBrj  (Chambon,  J.  Z.  10,  92) ;  de- 
composed by  H„0  to  H|POjAq,  HClAq,  and 
HBrAq ;  with  a  little  alcohol  forms  POCl,(OEt) 
and  HBr.  Prepared  by  the  reaction  of  P0Br3  with 
BrCl  in  the  ratio  POBrj :  BrCl  (Geuther,  J.  Z. 
10,  130);  by  the  action  of  PBr.  on  P^OjCl^ 
(G.  a.  Michaelis,  Z.  7,  103).  By  reacting  on 
P.OEt.Cl,  with  Br  (Menschutkin,  A.  139,  343) ; 
80  g.  Br  are  allowed  to  drop  slowly  into  74  g. 
P.OEt.CL  kept  well  cooled  and  constantly  shaken ; 
the  reaction  is  very  violent ;  the  POBrCL  is 
separated  from  the  C.,Hj,Br  formed  by  fractiona- 
tion (Thorpe,  C.  J.  37,  343).  The  P.OEt.Cl,  is 
prejiared  by  slowly  dropping  absolute  alcohol 
into  well-cooled  PCI,  in  the  ratio  C,H„0 :  PCI3, 
allowing  to  stand  for  some  time,  and  fractiona- 
ting; the  boiling-point  is  117°-118°. 

Phosphorus  oxydibromochloride  POBr.^Cl 
(Phosplwryl  dihromochloridc).  By  the  reaction 
of  POBrj  and  BrCl,  in  the  ratio  POBr^ :  2BrCl, 
Geuther  {J.  Z.  10,  130)  obtained  a  liquid  boiling 
between  150°  and  160°,  and  decomposing  very 
easily  by  heat  into  POCI3  and  POBrj ;  analyses 
agreed  with  the  formula  POBr.Cl,  but  the  liquid 
was  possibly  a  mixture  of  POCI3  and  POBr^ 
{3P0Br„Cl  =  POCI3  -I-  2POBr3). 

Phosphorus,  oxychlorides  of.  Two  oxy- 
chlorides  of  P  have  been  isolated,  POCl,  and 
P0O3CI4.  A  third  substance  obtained  by  Gus- 
tavson  (B.  4,  853)  by  heating  together  P„0,  and 
POCli,  and  said  by  him  to  be  P0.,C1,  is  declared 
by  Michaelis  [G.  0.  [1881]  2,  396)  not  to  be  a 
definite  compound,  and  this  is  confirmed  by 
Huntly  (C.  /.  59,  202). 

Phosphortl  chloride  POCI3.  Mol.  w.  153-3. 
Boils  at  107-2°  (Thorpe,  C.  J".  37,  337).  Melts 
at  -1-5°  (Geuther  a.  Michaelis,  B.  4,  769). 
S.G.  %  1-71163  (Thorpe,  I.e.).  V.D.  at  150°  =  77-2 
(Cahours,  A.  Ch.  [3]  20, 369).  For  expansion  by 
heat  V.  Thorpe  (I.e.).  S.V.  101-4  (T.,  I.e.). 
H.F.  [P,0,Cr']  =  145,960  ;  [PCP.O]  =  70,660  (Th. 
2,  325). 

Formation.  —1.  By  heating  PCI3  in  air  or  0, 
or  with  ozone,  SO3,  S0,C1,,,  and  various  other 
oxidisers.— 2.  By  strongly  heating  PCI5  in  0,  or 
with  SO3,  SO,,  B,,03,  Ac,  or  by  decomposing  by 
a  little  H„0.— 3.  By  distiUing  NaCl  mixed  with 
P.O-,  (Kolbe  a.  Lautemann,  A.  113,  240).— 4.  By 
passing  CO  and  CI  over  Ca32P04  mixed  with  C 
and  heated  to  redness  (Eiiban,  C.  R.  95,  110; 
Oglialoro,  G.  18,  328).— 5.  By  heating  PCL,  with 
P.,0,.— 6.  By  the  reaction  of  CI  withP„03  (Thorpe 
a.  Tutton,  C.  J.  57,  572). 

Preparation. — An  intimate  mixture  of  1  part 
PA  with  2-9  parts  PCI5  is  distilled,  and  the 
product  is  again  distilled,  that  boiling  at 
106°-108°  being  collected  separately  ;  the  equa- 
tion P,03  +  3PCl5  =  5POCl3  is  reahsed. 

Properties.— h.  colourless,  highly  refractive, 
strongly  smelling  liquid,  which  fumes  in  the  air ; 
the  fumes  strongly  affect  the  eyes  and  respira- 
tory organs;  solidifies  at  -10°.  when  touched 


with  a  glass  rod,  to  long,  colourless  tablets,  which 
melt  again  at  -1-5°  (Geuther  a.  Michaelis,  B. 
4,  769).  POCl.,  does  not  conduct  electricity  even 
when  heated  (Buff,  A.  110,  257). 

Reaetions. — 1.  Water  reacts  rapidly,  forming 
HClAq  and  H.,P03Aq  [POCl-',Aq]  =  72,190  (Th.2, 
325).— 2.  Aleohol  produces  HCl  and PO.OEt.CU. 
3.  SzdpJmr  trioxide  at  160°  forms  P^OjCl^  and 
P„0,  (Michaelis,  G.  O.  2,  393).— 4.  Sulplmric  aeid 
produces  SO^.OH.Cl,  HCl,  and  HPO3  (MichaeUs, 
I.e.). — 5.  Most  07-ganic  acids  react  similarly  to 
H.SO.,,  producing  acid  chlorides;  e.g.  C2H3O.OH 
forms  C.flaO.Cl ;  salts  of  organie  aeids  react 
similarly,  forming  acid  chloride  and  metaphos- 
phate. — 6.  Sulphates  form  SO.^Cl,  and  ortho- 
phosphates. — 7.  S7ilphites  are  partially  changed 
to  SO.,,  mixed  with  metallic  chloride  and  phos- 
phate" (Divers  a.  Shimidzu,  C.  J.  47,  208).— 
8.  Nitrates  jsroduce  chlorides  and  PoO^  &c. ; 
nitrites  give  chlorides  and  phosphates  and  NOj 
(D.  a.  S.,  I.e.). — 9.  POCI3  separates  I  from  potas- 
sium iodide  (Sohifi',  A.  102,  181). — 10.  Chronijl 
chloride  forms  CI,  P.,0,„  CrCl,,  and  Cr.,03  (Cassel- 
mann,  A.  91,  241 ;"  98,  213).— 11.  Phosphorus 
pentasulphide  at  150°  produces  PSCI3  and  P0O5. 

12.  Phosphorus  pentoxide  reacts  at  c.  200°,  form- 
ing P2O3CI4  and  a  substance  P-O^Clj,  which  may 
prove  to  be  a  mixture  (Huntly,  C.  j.  59,  202). — 

13.  Phosphorus  reacts  at  200°  to  form  P4O,  PCI3, 
P2O3CI4,  and  a  little  P..O5  (Eeinitzer  a.  Gold- 

j  Schmidt,  B.  13,  845).— 14.  POCl,  is  reduced  by 

'  heating  in  closed  tubes  with  many  finely  divided 
metals,  e.g.  Ag,  Hg,  Fe,  Cu,  As  (Pb  is  without 
action) ;  the  products  are  generally  PCI3  and 
P.>05,  and  oxide,  chloride,  or  phosphate  of  the 
metal ;  sometimes  P.,03Cl4  is  said  to  be  formed 
(v.  E.  a.  G.,  I.e.)  ;  Mg,  Al,  and  Zu  are  said  to 
form  red  P4O  (E.  a.  G.,  I.e.).  Zinc-dust  with  a 
little  POCI3  forms  Zn  phosphide,  which  evolves 
infiammable  P  hydride  on  addition  of  a  little 
water  (Denig^s,  Bl.  [3]  2,  787). —  15.  With 
ammonia  forms  various  phosphamic  acids  (q.  v., 
p.  105),  and  also  phosphamidcs  (q.  v.,  p.  105). — 
16.  Boric  oxide  heated  with  POCI3  in  a  sealed 
tube  to  150°-170°  for  8  to  10  hours  forms 
P.,0,-B.A  and  P0CL,.BCl3  (Gustavson,  5.4,  975). 
Combinations. — 1.  With  ammonia  to  form  a 

j  compound  not  yet  examined. — 2.  With  several 
metallic  chlorides  to  form  double  compounds,  e.g. 
with  AICI3,  MgCL,,  and  SnCL,  (Casselmann,  A.  91, 
241 ;  98,  213).  Some  of  these  compounds  may 
be  vapourised  in  absence  of  moisture;  they  are 
decomposed  by  water. — 3.  With  borie  chloride 
to  form  P0CL,".BCl3,  by  passing  BCI3  into  POCI3; 
also  by  heating  POCI3  with  B.,03.    This  sub- 

I  stance  is  decomposed  by  beat ;  with  water  it 
gives  H.,PO  ,Aq,  H3B0.,Aq,  andHClAq  (Gustavson, 

j  B.  4,  975). 

'       Constitution  of  POCl,. — Two  isomeric  forms 
j  of  POCI3  are  possible  :  CLPOCl  and  CI3PO  ;  but 
[  the  compounds  obtained  by  different  methods 
[  are  identical.    Wichelhaus  (A.  Suppl.  6,  257) 
thought  that  POCL,  must  have  the  constitution 
CUPOCl,  because  of  its  formation  from  ChPOEt, 
in  which  the  0  atom  is  in  direct  union  with  the 
P  atom  (Cl.,P0Et+Cl2  =  CLP0Cl-i-EtCl) ;  but 
Geuther  a.  Michaelis  [J.  Z.  6,  242)  pointed  out 
that  this  formation  of  POCI3  may  be  interpreted 
also  in  favour  of  the  constitution  CI3PO  by  sup- 
j  posing  that  CI  first  replaces  OEt,  forming  PCI3, 
'  and  that   the  PCL  and   EtOCl   then  react  : 
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(1)  ei^POEt  +  C1,  =  C1,P  +  EtOCl, 

(2)  CI3P  +  EtOCl  =  C1,P0  +  EtCl.  The  experi- 
ments of  Eeinitzer  a.  Goldschmidt  (B.  13,  845) 
on  the  action  of  metals  on  POCI3  show  that  in 
most  cases  O  is  withdrawn,  leaving  PCI3 ;  and 
that  in  a  few  oases  the  3  CI  atoms  are  withdrawn 
with  formation  of  P.2O5.  These  results  do  not 
indicate  any  differences  between  the  functions 
of  the  CI  atoms,  and  hence  they  tend  to  favour 
the  formula  CI3PO.  Thorpe  (G.  J.  37,  387) 
arrived  at  the  formula  CL>P0C1  from  considera- 
tion of  the  specific  volumes  of  POCI3  and  PCI3. 
Masson  a.  Kamsay  {C.  J.  39,  50),  also  from  con- 
sidering the  specific  volumes  of  P  and  P  com- 
pounds, deduced  the  formula  OPCl.,.  Although 
but  one  POCl.j  has  been  obtained,  the  isomeric 
compounds  {C,Hs).,P0CsH5  and  (C.HJjPO  have 
been  isolated  (La  Coste,  B.  18,  2118). 

Pyrophosphoryl  chloride  PjO-jClj  (Phos- 
phorus trioxy  tetrachloride).  Mol.  w.  not  known. 
Boils  210°-215°,  with  partial  decomposition. 
S.G.  1-58  at  7". 

Preparation. —  1.  100  g.  PCI3  are  placed  in  a 
cylinder  surrounded  by  ice  and  salt,  and  the 
vapour  from  20  g.  liquid  NO,  is  passed  into  the 
cylinder  by  a  tube  which  reaches  just  to  the 
surface  of  the  PCI3.  The  action  proceeds  at 
once  ;  the  products  are  P^O^,  POCI3,  P.,0,Cl4,  and 
NOCl.  When  all  the  NO,  has  been  distilled 
into  the  PCI3,  the  cylinder  is  placed  in  warm 
■water  to  remove  NOCl,  and  its  contents  are  then 
fractionated ;  PCI3  distils  over  first,  then  a  con- 
siderable quantity  of  POCl,  between  105°  and 
110°,  and  then  PoOsCl^  from  200°  upwards.  It 
is  best  to  prepare  a  considerable  quantity  of  the 
impure  product  before  fractionating ;  350  g.  PCI3 
yielded  40  g.  P,03Cl4  (Geuther  a.  Miohaelis,  B. 
4,  766). — 2.  The  vapour  obtained  by  heating 
30  g.  starch  with  180  g.  HNOjAq  is  led  into  100  g. 
PCI3 ;  the  product  is  fractionated,  and  that  boil- 
ing under  100°  is  again  treated  as  before ; 
finally,  the  whole  is  fractionated.  About  20  g. 
P,03C1,  are  obtained  from  200  g.  PCI3  (G.  a.  M., 
I.e.). 

Properties. — A  colourless  liquid,  which  fumes 
in  the  air ;  the  vapour  attacks  cork.  Has  not 
been  solidified  by  cooling.  Boils,  with  partial 
decomposition  into  P,05  and  POCI3,  at  210°- 
214°. 

Reactions. — 1.  Heat  produces  partial  decom- 
position into  POCI3  and  PjO-,. — 2.  Decomposed 
by  water  to  HjPOjAq  and  HClAq.— 3.  Alcohol 
produces  PO.OEt.Cl^,  PO.OEt.(OH),,  and  HCl. 

4.  Phosphorus  pentachloride  produces  POCI3. 

5.  Plwsphorus  pentabromicle  forms  POBrj  and 
POCL^r  (G.  a.  M.,  I.e.). 

Metaphosphoryl  chloride  P0,C1.  Gustav- 
son  {B.  4,  853)  said  that  a  compound  of  this 
composition  is  formed  by  heating  F.,Or,  with 
POCI3 ;  but  Michaelis  {G.  0.  2,  396)  says  that 
the  substance  is  not  a  true  compound,  and  this 
is  confirmed  by  Huntly  (G.  J.  59,  242). 

Phosphorus,  oxychlorobromides  of,  v.  Phos- 
phorus, OXYBBOMOCHLORIDES  OF,  p.  142. 

Phosphorus,  oxyfluoride  of,  POF3  (Phos- 
phoryl  fluoride).  Mol.  w.  103-92.  V.D.  52 
(Thorpe,  C.  J.  55,  759  ;  Moissan,  Bl.  [3]  4,  260). 
A  gas  which  fumes  in  air  and  is  rapidly  absorbed 
by  water.  Formed  by  the  reaction  of  PjO^  with 
fluorides  (Schulze,  J.  pr.  [2]  21,  438) ;  also  by 
exploding  a  mixture  of  2  vols.  PF3  and  1  vol.  0 


by  passing  electric  sparks  (Moissan,  C.  R.  102, 
1245) ;  by  gently  heating  an  intimate  mixture  of 
2  pts.  finely-powdered  cryolite  with  3  pts.  PjOj 
in  a  brass  tube,  and  collecting  over  Hg  as  soon 
j  as  the  gas  which  comes  off  is  wholly  absorbed 
j  by  NaOHAq  (Thorpe,  I.e.).  Moissan  (I.e.)  pre- 
pares POF-i  by  heating  ZnF,  with  POCI3  in  a 
brass  tube,  fitted  with  a  leaden  delivery  tube ;  he 
allows  the  gas  to  pass  through  a  brass  tube  cooled 
to  —  20°,  and  then  over  ZnF,  to  remove  traces  of 
POCl,. 

POF3  liquefies  at  16°  under  a  pressure  of  15 
atmos.,  or  at  the  ordinary  pressure  by  cooling  to 
-50°  (M.,  C.  B.  102,  1245).  When  compressed 
under  50  atmos.  and  the  pressure  then  suddenly 
released,  it  solidifies  to  a  snow-like  mass.  When 
quite  dry  it  is  without  action  on  glass  or  Hg ; 
heated  in  a  glass  tube  SiF^  and  an  alkaline  phos- 
phate are  formed. 

Phosphorus,  oxyiodide  of,  PaluOj.  Burton 
{Am.  3,  280)  obtained  a  red  crystalline  com- 
pound, to  which  he  gave  this  composition,  as  a 
by-product  in  preparing  CoH^I.  M.P.  c.  140°  ; 
sublimable,  with  partial  decomposition ;  e.  sol. 
water,  alcohol,  and  ether. 

Phosphorus,  oxynitride  of,  PON  {Phos- 
phoryl  nitride.  Phosphoryl  nitrite.  Formerly 
called  Phosphomonamidc) .  Mol.  w.  uncertain. 
A  white  powder,  which  melts  at  red  heat  to  black 
glass-like  mass.  Obtained  by  heating  P0(NH,)3 
or  PONHNH,,  the  former  of  which  is  formed  by 
the  reaction  of  POGI3  with  NH3,  and  the  latter 
by  the  reaction  of  PCl^  and  NH3  (Schiff,  A.  101, 
300 ;  c/.  Phosphamides,  p.  105).  Gives  EgPO,,  and 
NH3  by  action  of  molten  KOH  (v.  also  Gladstone, 
C.  J.  [2]  7,  18). 

Phosphorus,  selenides  of.  P  and  Se  com- 
bine directly  to  form  four  comnounds :  PjSe, 
P,Se,  P^SCj,  and  P^Se^.  P„Se,  P^Scj,  and 
PoSe^  combine  with  the  selenides  of  the  more 
positive  metals  to  form  compounds  E,Se.P„Se, 
(R2Se)„.P2Se,„  and  (E,Se),.P,Se5.  The 'formula 
are  not  necessarily  molecular. 

Phosphorus  subselenidb  P^Se  (Phosphorus 
hemiselenidc).  Prepared  by  melting  together  Se 
and  ordinary  P  in  the  ratio  Se  :  4P(l:l-57)  in  an 
atmosphere  free  from  O,  and  separating  from 
amorphous  P  by  distillation  in  absence  of  0.  A 
dark  yellow,  oily,  fetid-smelling  liquid,  which 
solidifies  at  — 12°  ;  e.  sol.  in  CS,,  insol.  alcohol 
and  ether ;  takes  fire  in  air ;  decomposed  by  water 
containing  air,  with  formation  of  H3P04Aq  and  Se 
compounds  ;  not  acted  on  by  cold  alkali  solu- 
tions, but  with  boiling  alkali  solutions  gives 
alkali  phosiDhate  and  selenite,  metallic  selenide 
and  P  hydride  ;  in  solutions  of  metallic  salts  be- 
comes covered  with  a  crust  of  metallic  phosphide 
and  selenide  (Hahn,  J.pr.  93,  430). 

DiPHOSPHOBUS  SELENIDE  P,Se.  (PhoSphOTUS 

protoselenide  or  monoselenide).  Prepared  by 
melting  together,  in  absence  of  O,  P,  and  Se  in 
ratio  2P  :  Se(l:l-28).  A  red  solid ;  unchanged  in 
dry  air,  in  moist  air  gives  off  H,Se ;  insoluble 
alcohol  and  ether  ;  P  is  withdrawn  by  CS, ;  boil- 
ing alkali  solutions  produce  H,Se  and  a  red  sub- 
stance containing  Se  and  P.  By  heating,  in 
absence  of  0,  with  equivalent  weights  of  metallic 
selenides,  compounds  R^,Se.P._,Se  and  E"Se.P„Se 
are  formed;  E=Ba,  Cu,  Fe!^  Mn,  K,  Ag,  Na. 
The  alkali  compounds  are  decomposed  by  water  ; 
the  compounds  containing  heavy  metals  decom- 
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pose  only  at  high  temperatures,  but  they  gene- 
rally take  fire  when  rubbed  in  a  mortar  ;  they  are 
slowly  decomposed  by  hot  alkali  solutions  (Hahn, 
I.e.).  From  their  empirical  composition,  E'PSe, 
these  compounds  might  be  called  seleno-vieta- 
liypopJwsphites. 

Phosphobous  selenide  P.^Ses-  (Phofiphoriis 
sesquiselem.de  or  triselenide).  Prepared  by  heat- 
ing together  P  and  Se  in  ratio  2P :3Se(l:3-82)  in 
absence  of  O.  A  dark  ruby-red  solid  ;  sublimes 
to  yellow  vapours  when  heated  out  of  0  ;  burns 
when  ignited  in  air.  Oxidised  slowly  in  moist 
air ;  evolves  HjSe  when  boiled  with  water.  In- 
soluble alcohol,  ether,  and  CS, ;  easily  soluble  in 
potash,  less  soluble  in  alkali  carbonate  solutions. 
Porms  compounds  with  metallic  selenides 
(Ri,Se),.P,,Se,„  and  2R'iSe.P,Se3  (Hahn,  I.e.) ;  R 
=  Ba,  Cu,  Pb,  Mn,  K,  Ag,  Na.  Prom  their  em- 
pirical composition,  E'^P„Se5,  these  compounds 
might  be  called  selcnopyropliosphitcs. 

Phosphoric  selenide  P-iScj  {Phosphorus 
pentaselcnidc).  Prepared  by  heating  together 
amorphous  P  and  Se  in  ratio  2P:  5Se  (1:6'.37)  in 
a  stream  of  CO.^.  A  dark-red,  nearly  black,  glass- 
like solid ;  insoluble  in  CS., ;  crystallises  from 
CCI4  in  black  needles.  In  moist  air,  or  water, 
decomposes  slowly  to  H.^Se  and  H.,POjAq  ;  in 
cone.  KOHAq  quickly  forms  K.,Se  and  KjPOjAq ; 
alcohol  forms  H^Se  and  Et^PO^Sen  and  also 
EtjHPCSe,,.  Very  unstable  compounds  probably 
of  the  form's  (RioSe),.P2Se,,  and  2R"Se.P,Se5  are 
obtained  by  heating  ]?.,Se^  with  metallic  selenides ; 
E  =  Ba,  Cu,  Pb,  Mn,  K,  Ag,  Na.  The  empirical 
composition  of  these  compounds  would  lead  to 
the  name  sclcnopyrophosphates  (Bogen,  A.  124, 
57;  Rathke,  A.  152,  200).  Rathke  (I.e.)  sup- 
posed that  the  K  salt  of  a  selenophosphoric  acid 
is  formed  by  the  reaction  of  P.^.Se,  with  KOHAq. 

Phosphorus,  selenion  acids  of,  salts  of ;  v. 

DiPHOSPHORTJS  SELENIDE,  PHOSPHOROUS  SELENIDE, 

and  Phosphoric  selenide  (supra). 

Phosphorus,  sulphides  of.  P  and  S  combine, 
when  heated  together,  with  production  of  much 
heat  and  light ;  the  action  is  often  violently  ex- 
plosive. Four  definite  compounds  seem  to  exist ; 
the  simplest  formulse  are  P^S,,  P^S^,  PS.,,  and 
P^S,. 

Two  compounds  containing  less  S  than  P4S„ 
viz.  P.,S  and  P,S,  are  often  described,  and  sub- 
stances said  to  be  compounds  of  P  and  S  in  the 
ratio  P  :  3S  and  P  :  6S  have  been  mentioned  by 
Dupre  and  Berzelius. 

The  substance  to  which  the  formula  P ,8  was 
given  was  obtained  by  heating  P  and  S  in  the 
proper  proportions  (Berzelius,  A.  46,  129,  25')). 
or  by  digesting  P  with  an  alcoholic  solution  of 
K.^Sj  (Bottger,  J.  pr.  12,  357),  or  according  to 
Wicke  (A.  86,  11.5)  by  contact  of  P  and  S  at  or- 
dinary temperatures ;  it  was  described  as  a 
colourless,  oily  liquid.  A  solid  red  form  of 
P4S  was  said  to  be  formed  by  heating  liquid 
PjS  with  Na,C03  (Berzehus,  I.e.).  The  formula 
PjS  was  given  to  a  substance  of  which  two 
forms  were  described  :  a  yellow  liquid  obtained 
by  carefully  heating  together  P  and  S  in  the 
proper  ratio,  and  a  dark-red  powder  obtained  by 
heating  the  liquid  form  with  dry  MnS  in  H 
(Berzelius,  l.c.).  Various  double  compounds  of 
PjS  with  metallic  sulphides,  R^.S-P.^S  and 
R"S.P,S  (R  =  Cu,  Fe,  Mn,  Hg,  Ag)  were  described 
by  Berzelius.    The  composition  of  these  bodies 
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I  would  lead  to  their  being  called  fJiiomcfaJu/pn- 
phosphitcs.  Isambert  (C.  R.  06, 1771)  has  shown 
that  when  a  solution  of  P  in  a  large  excess  of  S 
is  distilled  in  'vacuo  the  whole  of  the  P  passes 
off  and  leaves  S.  Schulze  (J.  pr.  [2]  22,  113) 
found  that  P  separated  at  8°  from  a  solution  of 
S  in  P  in  the  ratio  P^S,  and  that  S  separated 
when  the  elements  were  present  in  the  ratio 

I  P„S.    Schulze  also  found  that  a  stream  of  CO., 

;  removed  P  from  both  solutions  at  150°  ;  that 

!  heating  to  this  temperature  generally  produced 
explosion ;  that  the  so-called  liquid  P^S  was 

I  soluble  in  CS.,  and  that  most  of  the  S  was  re- 
moved by  shaking  this  solution  with  alcohol, 

1  ether,  or  CHCI3.    Further,  Schulze  (B.  16, 20r,(;) 

I  observed  that  solutions  of  S  in  P,  in  the  ratio 
P|S  and  P.S,  did  not  solidify  homogeneously, 

[  but  that  P  separated  from  the  first,  and  S  from 
the  second,  solution.  From  these  facts  Isam- 
bert and  Schulze  concluded  that  the  so-called 
P,S  and  PjS  are  merely  solutions  of  S  in  P. 
Lemoine  (G.  R.  96,  1630)  maintained  that  these 
substances  were  true  compounds.  According  to 
Mai  (A.  265,  192),  when  67  parts  P  and  96  parts 

I  S  are  melted  together,  and  the  product  is  dis- 
tilled at  10-11  mm.  pressure,  a  distillate  is  ob- 
tained which  slowly  solidifies,  and  digestion 
of  this  solid  with  OS.,  under  pressure  gives  a 
solution  from  which  crystals  of  P^S,  separate,  and 
the  mother-liquor  deposits  what  seems  to  be  a 
mixture  of  P.,S  ,  and  P4S,,.  The  melting-points  of 
mixtures  of  P  and  S  are  much  below  those  of 

'  either  constituent  (Pelletier,  A.  Ch.  [2]  4,  1 ; 
Faraday,  A.  Ch.  [2]  7,  71 ;  Dupr(^,  A.  Ch.  [2]  73, 
435).    The  experiments  of  Faraday  (l.c.)  and 

I  Bamme  (B.  12,  940. 1350)  show  that  the  crystals 
obtained  by  dissolving  S  in  liquid  P  sulphides — 
to  which  Berzelius  gave  the  composition  PS^,, 
and  Dupr6  the  composition  PSg — are  merely  S 
with  more  or  less  adhering  P. 

Tetr.\phosphords  TP.isDLpniDE  P,S:j  (Sesqui- 
sulphide  of  pJwspJiorus.  Hiipophosphorous  sul- 
pldde).  Mol.  w.  219-8.  Melts  at  166°  (Ramme 
B.  12,  1350).  Boils  at  380°  (Isambert,  C.  R.  96, 
1499).  S.G.  2-0  at  11°.  V.D.  114-3  (Isambert, 
Z.C.;  Ramme,  Z.c).  H.F.  [PSS'']  =  36,800  (I.,  Z.c). 

!  Formation. — 1.  By  heating  together  P  and  S 
in  the  ratio  4P:3S.— 2.  By  heating  P^S^  with  or- 

I  dinary  P  to  320°  (Ramme,  I.e.). 

Preparation.—  h.  mixture  of  1  part  S  with 
1-3  parts  amoi-phous  P  is  placed  in  a  flask  witb 
a  long  wide  neck  connected  with  a  wide  tube 
dipping  beneath  the  surface  of  Hg  ;  the  mixture 
is  heated  towards  200°,  when  the  reaction  begins, 
and  proceeds  with  production  of  much  heat ; 
the  product  is  dissolved  in  CS,,  and  crystallised 
(Lemoine,  Bl.  [2]  1,  407).  Rarnme  (J5. 12, 1350) 
heats  the  red  P  and  S  together  in  a  sealed  tube 
at  260°  for  eight  hours.  If  ordinary  P  is  used, 
combination  occurs  at  130°,  with  violent  explo- 
sion. The  explosion  may  be  prevented  by  melt- 
ing the  S  and  P  in  the  water-bath,  and  adding 
twice  as  much  sand  from  which  air  has  been  re- 
moved by  CO,  (Isambert,  C.  B.  96,  1499). 
Ramme  (B.  12,  1351)  obtained  P^S,  by  heating 
PiSg  with  ordinary  P  in  a  sealed  tube,  filled  with 
COj,  to  320°. 

Properties. — A  yellow  crystalline  solid,  which 
melts  at  167°  to  a  slightly  coloured  liquid.  Boila 
230°-240°  at  11  mm.  pressure,  with  partial  de- 
composition to  red  P  (Mai,  A.  265,  192).  Crys- 
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tallises  from  CS,,  PCI3,  or  PSCI3  in  rhombic 
prisms  (Lemoine,  Bl.  [2]  1, 407)  ;  sublimes  under 
300°,  probably  in  regular  crystals  (Isambert, 
C.  B.  96,  1499).  Very  soluble  CS^,  PSCl^,  and 
PCI3 ;  dissolved  and  decomposed  by  alcohol  (Le- 
moine, I.e.).  Burns  at  c.  100°  to  P2O5  and  SO,; 
scarcely  changed  in  ordinary  air. 

Reactions. — 1.  Burns  when  heated  in  air  to 
c.  100°,  forming  P-.Oj  and  SO.,. — 2.  Not  acted  on 
by  cold  loater ;  hot  water  slowly  produces  H,S 
and  H3P03Aq. — 3.  Dissolves  in  potash  solution, 
forming  K  phosphite  and  sulphide,  and  evolving 
H  and  P  hydride  (Lemoine,  I.e.). — 4.  Hydrated 
lead  oxide  reacts  at  200°  with  separation  of  PbS 
(L.,  I.e.). — 5.  Soluble  in  potassium  sulphide  so- 
lution, probably  with  formation  of  a  double 
compound  (L.,  I.e.). — 6.  Chlorine,  when  moist, 
slowly  produces  H2SO4  and  H3PO4  (L.,  I.e.;  I., 

1.  e.). — 7.  Not  acted  on  by  cold  sulphuric  or  hydro- 
chloric acid  ;  nitric  acid  and  aqua  regia  oxidise 
P4S3  slowly  and  regularly  on  warming. 

Phosphokous  sulphide  PjSfi  (Trisulphide 
of  phosphortis.  Tetraphosphorus  hexasulphide. 
Thiophosphorous  anhydride).  Mol.  w.  315'72. 
Melts  at  c.  200°,  and  boils  at  c.  490°.  V.D. 
147'5,  to  173'6  at  lower  temperatures  (Isambert, 
C.  B.  102,  1386). 

Formation. — 1.  By  heating  red  P  and  S  in 
the  ratio  2P :  3S  in  COj.  Combination  occurs 
without  explosion,  but  so  much  heat  is  produced 
that  a  part  of  the  product  sublimes  rapidly 
(Kelail6,  A.  90,  310;  Michaelis,  A.  104,  22).— 

2.  By  the  reaction  of  PCI3  with  H„S  (SeruUas, 
P.  17,  101).  Eamme  {B.  12,  940)  failed  to  ob- 
tain P^Sg  by  heating  a  solution  of  P  and  S  in 
CSj  in  a  sealed  tube. 

Preparation. — A  mixture  is  made  of  1  part  | 
red  P  with  1-55  parts  S  ;  a  small  portion  of 
this  mixture  is  heated  in  a  long-necked  flask 
in  a  stream  of  CO2  until  combination  occurs ; 
the  flame  is  removed,  and  the  rest  of  the  mix- 
ture is  introduced  into  the  flask  in  small  por- 
tions at  a  time ;  the  heat  produced  by  the  com- 
bination of  one  quantity  suffices  to  cause  com- 
bination of  the  next  quantity.  The  P^S^  is 
sublimed  into  the  neck  of  the  flask ;  or  it  may 
be  dissolved  in  CSj  and  crystallised  (Michaelis, 
A.  164,  22). 

Properties. — A  greyish-yellow,  crystalline, 
solid  (Kekul6,  A.  90,  310  ;  Isambert,  C.  R.  102, 
1386).  Tasteless,  inodorous ;  does  not  fume 
in  air;  melts  readily  (c.  200°),  and  sublimes 
more  easily  than  S.  Soluble  in  CSo.  The  V.D. 
shows  that  the  molecular  formula  is  P4S0,  cor- 
responding with  the  oxide  PjO^.  PiS^  acts  as  a 
thio-anhydride,  forming  compounds  with  the 
sulphides  of  several  metals  (v.  Reactions,  No. 
7).  As  P^Sg  is  acted  on  by  moist  air,  it  must 
be  kept  in  sealed  tubes. 

Reactions. — 1.  Decomposes  rapidly  in  moist 
air  (?to  HoS  and  H3PO3).— 2.  Decomposed  by 
water  to  H^S  and  HjPOjAq. — 3.  Burns  when 
heated  in  air. — 4.  Dissolves  in  potash,  soda,  or 
ammonia  solution,  and  is  reppd.  in  yellow 
flocks  by  addition  of  acid. — 5.  Decomposes 
carbon  compounds  containing  OH,  forming  cor- 
responding SHcompounds  and  H3PO3.— 6.  With 
iodine  in  CSj  forms  PI,  (Isambert,  C.  R.  96, 
1771). — 7.  According  to  Berzelius,  PoSjCombines 
with  many  metallic  sulphides  forming  com- 
pounds 2EI2S.P-1S3  and  2E"S.PaSa  the  compo- 
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sition  of  which  would  lead  to  their  being  called 
thiopyrophosphites  ;  E  =  Cu,  Fe,  Hg,  Ag. — 8.  By 
dissolving  in  caustic  soda  solution  cooled  to  0°. 
Lemoine  (G.  B.  93,  489  ;  98,  4.5)  obtained  the 
compound  P20S2.2Na,,0.5H20  and  the  compoimd 
P„OS,.3Na20.4H„0 ;  and  by  using  ammonium 
sulphide  he  obtained  P,0S.,.2(NH4)„0.3H:20  and 
P.O,S.2(NH4).,0.6H„0.  These  substances  evolved 
l£,S  by  the  action  of  HClAq  ;  heated  to  200°- 
240°  they  gave  off  H.S,  but  retained  S  ;  they 
may  perhaps  be  called  thio-oxypyrophosphites. 

Triphosphorus  hexasulphide  PjSg  (Phos- 
phorus disulphide  [PSj].  Phosphorus  tetra- 
sulphidelF^S,]).  ?  Mol.  w.  284-8.  Melts  at  296°- 
298°  (Eamme,  B.  12,  940) ;  at  248°-249°  (Seller, 
Dissertation,  Gottingen,  1876).  Boils  at  335°- 
340°  at  pressure  of  10-11  mm.  (Mai,  A.  265, 
192).  V.D.  Eamme  (B.  12,  1350)  says  that 
V.  D.  agrees  with  formula  P3S5,  but  no  numbers 
are  given. 

Formation. — 1.  By  heating  a  solution  of  P 
and  S  in  CS„  in  sealed  tubes  to  210°  ;  according 
to  Eamme  (B.  12,  940),  F^S^  is  produced  with 
P  and  S  in  the  following  ratios : — P:S,  P  :  2S, 
2P;S,  3P:S,4P:S,  6P  :  S  («.  also  Dervin,  [2] 
41,  433).— 2.  By  heating  together  P  and  Sin  the 
ratio  P :  2S  (Seller,  I.e.). 

Preparation. — P  and  S  are  dissolved  in  CS, 
in  the  ratio  P :  2S,  the  solution  is  heated  in  a 
sealed  tube  to  210°  for  8-10  hours,  after  cooling 
the  liquid  is  poured  off,  and  the  crystals  are  re- 
crystallised  repeatedly  from  OS,  in  a  sealed  tube 
(Eamme,  Z.c). 

Properties  and  Reactions.  —  Long,  clear 
yellow,  needle-shaped  crystals.  Eamme  (I.e.) 
says  that  V.D.  corresponds  with  formula  PjS^ 
but  he  gives  no  data ;  the  corresponding  oxide 
is  generally  written  P2O4,  but  its  molecular 
weight  has  not  yet  been  determined.  Heated 
with  water  in  a  sealed  tube  to  150°  for  some 
hours,  P3S,  gave  HjS,  HjPOsAq,  and  H3P04Aq, 
and  an  orange-yellow  solid  insoluble  in  CSj  and 
not  melting  at  310°  (Eamme,  B.  12, 1350). 

Phosphoric  sulphide  PjSj  (Phosphorus 
pentasulphide  or  persulphide.  Thiophosphoric 
anhydride).  Mol.  w.  221-8.  Melts  at  274°- 
276°  (V.  a.  C.  Meyer,  B.  12,  610).  Boils  at 
518°,  pressure  =  730  mm.  (Goldschmidt,  B.  15, 
303) ;  at  520°  (Isambert,  C.  R.  102,  1386) ;  at 
530°  (Hittorf,P.  126,  19G)  ;  at  332°-340°,  pres- 
sure being  11  mm.  (Mai,  A.  265,  192).  V.D. 
110-7,  at  530°  in  N  (V.  a.  C.  Meyer,  B.  12, 
610). 

Formation. — 1.  By  heating  a  solution  of  or- 
dinary P  and  S,  in  the  proper  ratio,  in  CS„  to  210° 
for  8-10  hours,  and  crystallising  from  CSj 
(Eamme,  B.  12,  940).— 2.  By  melting  together 
red  P  and  S,  in  ratio  2P :  5S,  in  CO.  (KekuM,  A. 
90,  310) ;  with  ordinary  P  violent  explosion 
occurs. 

Preparation. — A  mixture  of  40  parts  S  and 
18-5  parts  red  P  is  melted  together,  the  mass  is 
powdered,  placed  in  a  retort  filled  with  COj,  and 
distilled  to  c.  |  to  |^  (to  remove  P,  S,  and  more 
volatile  P  sulphides) ;  the  residue  is  again  pow- 
dered and  distilled  in  C0„;  the  distillate  is  pure 
P2S5  (V.  a.  C.  M.,  I.e.). 

Properties. — Large,  clear,  pale-yellow  crys- 
tals. Vapourises  in  N  or  COj,  without  change, 
to  a  yellowish  gas.   Burns  when  heated  in  air. 
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Soluble  in  CS„ ;  P-S^  seems  to  react  as  a  thio- 
anhydride  {v.  Reactions,  No.  7). 

Reactions. — 1.  Decomposes  in  moist  air  or 
by  water,  to  H„S  and  H.,P04 ;  burns  when  heated 
in  air  to  PoOj  and  SO,. — 2.  With  jyliosphorus 
Xxntachloride  forms  PSCl,  (Weber,  J.  1859.  80). 
3.  With  carbon  tetrachloride  at  200°  produces 
CS..  and  PSCI3  (Piathke,  Z.  1870.  57).— 4.  With 
ferric  chloride  gives  FeS^  and  PSCl^  (Glatzel,  B. 
23,  37).— 5.  ^ith. sulphonyl  chloride,  PSCI3,  S0„, 
and  S  are  formed  (Prinz,  J.  Z.  13,  Siipplbd.  1, 
90). — 6.  With  many  carbon  compounds  contain- 
ing 0  and  also  with  many  inorganic  oxides, 
P.,S-  form  S  compounds,  exchanging  S  for  O 
(Kekul6,  A.  90,  310 ;  Carius,  .-1.  10(3,  331 ;  112, 
180 ;  V.  also  Prinz,  I.e.). — 7.  According  to  Ber- 
zelius  {A.  46,  129,  255),  PjSj  combines  directly 
with  several  metallic  sulphides,  forming  com- 
pounds 2Er,S.P2S5  and  2K"S.P.,S5  (R  =  Cu,  Fe, 
Mn,  Hg,  Zn)  :  these  compounds  may  be  called 
thiopiyrophosphates. 

Thio-oxtobthophosphates.  Salts  of  thehjrpo- 
thetical  acids  H^PSO,  (monothio-oxyorthophos- 
plioric  acid)  and  H3PS,jO,  {dithio-oxyorthopihos- 
pilioric  acid)  have  been  obtained  by  the  action  of 
alkali  solution  on  P0S5  or  on  PSCl^.  Salts  of 
trithio-o.vyphosphoric  acid  (H3PS3O)  have  not 
been  isolated. 

Monothio-oxy phosphates.  The Na salt, 
Na3PS03.12H,0  was  obtained  by  Wurtz  by 
warming  PSCI3  with  fairly  cone.  NaOHAq  {A.Ch. 
[3]  20,  472),  and  by  Thorpe  a.  Eodger  by  the  ac- 
tion of  NaOHAq  on  PSF3  (C.  J.  55,  318).  Ku- 
bierschi  (/.  pr.  [2]  31,  93)  obtained  the  salt  by 
adding  powdered  P.^S^  to  NaOHAq,  in  ratio 
P„S5:6NaOH,  cooling,  adding  absolute  alcohol — 
which  ppd.  a  mixture  of  Na^PSOj  and  NajPS.O, 
(leaving  Na  polysulphides  in  solution) — dis- 
solving the  pp.  in  water,  warming  to  90°  till  H„S 
ceased  to  come  off,  evaporating,  and  crystallising. 
Thin  six-sided  prisms,  melting  at  60°.  The  Mg 
salt  (with  20H,,O),  and  the  Mg-NH^  salt  (with 
9H2O)  were  also  obtained. 

Ditliio-oxyphospihates.  The  Na  salt, 
Na3PS,,0,.llH,0  was  obtained  (K.,  I.e.)  by  dis- 
solving in  water  the  pp.  obtained  as  above  by 
alcohol,  warming  to  50°-55°,  ppg.  by  alcohol, 
and  crystallising  from  water  at  40°.  Colourless, 
lustrous,  needles,  melting  at  45°-46°.  The  NH, 
salt  (with  2H2O),  Ba  salt  (with  8H.,0),  and 
Mg-NH,  salt  (with  6H,0)  were  also  obtained  in 
crystalline  form. 

For  reactions  of  these  thio-oxyorthoishos- 
phates  V.  Kubierschi,  I.e.  (cf.  Michaelis,  B.  5,  5). 

Phosphorus,  sulphobromides  of.  Two  com- 
pounds, corresponding  with  the  two  oxychlorides, 
have  been  prepared. 

Thiophusphokyl  bromide  PSBr,  (Sidpho- 
phosphoryl  bromide.  Phosphorus  sulpliobromide). 
Formula  probably  molecular,  from  analogy  of 
POCl,. 

Formation. — 1.  By  reaction  of  H.,S  withPBr, 
(Gladstone,  P.  M.  35,  345  ;  Baudrimont,  A.  Ch. 
[4]  2,  58).— 2.  By  distilling  PBr,  with  S,  or  Br 
with  P.jSj. — 3.  By  the  action  of  Br  on  a  solution 
of  P  and  S  in  CS... 

Preparation. — Equal  parts  of  P  and  S  are 
dissolved  in  CS.,,  the  solution  is  well  cooled,  and 
8  parts  Br  are  allowed  to  drop  in  slowly  from  a 
funnel  with  a  stopcock  ;  the  GS.^  is  removed  by 
warming  in  a  water-bath,  and  the  liquid  is  then 


distilled  quickly  over  a  large  flame.  Part  of  the 
PSBr3  solidifies  in  the  neck  of  the  retort,  and 
part  piasses  over  and  remains  liquid  in  the  re- 
ceiver ;  the  contents  of  the  receiver  are  shaken 
with  fresh  quantities  of  water  until  the  oily 
liquid  solidifies  to  a  yellow  crystalline  mass 
which  is  PSBr3.H.,0  ;  this  hydrate  is  dissolved  in 
CS.,,  water  is  removed  by  contact  with  CaCL, 
CS.j  is  distilled  off  in  a  stream  of  CO.,,  and 
PSBrg  remains  as  a  yellow  oil,  which  solidities  on 
touching  it  with  a  glass  rod.  The  solid  may  be 
recrystallised  from  PBr3  (Michaelis,  A.  164,  36). 

Properties. — Yellow  octahedral  crystals,  with 
an  aromatic  but  unpleasant  odour ;  vapour 
attacks  the  eyes.  Melts  at  38°,  when  molten  i-e- 
mains  for  a  long  time  without  solidifying  unless 
touched  by  a  solid  (Michaelis,  B.  4,  777). 
Easily  soluble  in  ether,  CS.,,  PBr,,  or  PCI3. 
Cannot  be  distilled  without  decomposition. 

Reactions. — 1.  Decomposed  by  heat  to  S  and 
a  yellow  liquid,  PSBr.,.PBr3,  which  is  resolved  by 
repeated  distillation  into  S  and  PBrj,  and  by  re- 
peated washing  with  water  yields  PSBr3.H._,0 
(Michaelis,  A.  164,  36).  —  2.  Decomposed  by 
water,  slowly  when  cold,  rather  more  rapidly 
when  boiling,  forming  H.,S,  S,  HaPO^Aq  and 
K.PO^Aq  {v.  Michaelis,  '  B.  5,  4).— 3.  With 
alcohol  forms  PS(0Et)3.  —  4.  Decomposed  by 
ammonia  solution,  slowly  when  cold,  more 
rapidly  when  hot,  giving  NH,  phosphite  and 
phosphate,  H„S,  S,  and  NH^  sulphide  (M.,  l.c.j. 
5.  Eeaots  with  phosphmus  pentachloridc  to 
form  PSCI3  and  PBr,  (M.,  I.e.). 

Combinatiujis.  —  1.  With  water  to  form 
PSBr3.H._,0  (11.  Preparation).  A  yellow  crystal- 
line solid  ;  melts  at  35°,  being  resolved  into  H.,0 
and  PSBr^;  S.G.  2-7937  at  18°;  gradually  de- 
composes in  air,  giving  off  HBr  (Michaelis,  A. 
164,  36). — 2.  With  piliospihonis  bromide  to  form 
PSBr3.PBr3;  obtained  by  heating  PSBrj  (v. 
Reactions,  No.  1). 

Pybophospiiouyl  bromide  PjSjBr,  {Phos- 
phorus  trisidphotetrabromidc).  A  light-yellow 
oil,  with  aromatic  and  pungent  odour ;  S.G. 
2-2621  at  17°  ;  fumes  in  air,  with  separation  of  S. 
Decomposed  by  distillation  into  S,  P-jS^,  and 
PSBrj.PBr, ;  decomposed  by  water,  giving  S, 
PSBr,,  HjS,  P,  and  a  substance  probably 
P2S3(0H)|;  allialis  act  similarly  to,  but  more 
violently  than,  water,  but  neither  S  nor 
PSBr,  is  formed ;  with  absolute  alcoliol  yields 
P.,S3(OEt)3Br,  P„S3(0Et)„  P.,S3(OEt).,(SEt)2 ; 
bromine  reacts,  when  heated,  forming  PBrs  and 
PSBr,  (Michaelis,  A.  164,  22).  Prepared  by 
moistening  100  g.  finely  powdered  P.^S3with  GS.„ 
and  adding  200  g.  Br  diluted  with  an  equal  volume 
of  CSo,  shaking  thoroughly,  distilling  off  CS.,  in 
water-bath  not  above  80°,  removing  last  traces  of 
CS.,  in  stream  of  CO.,,  dissolving  residue  in  sis 
times  its  volume  of  dry  ether,  and  removing  ether 
by  a  stream  of  C0._,  (M.,  I.e.). 

Phosphorus,  sulphobromochloride  of,  PSBrCL 
(Thiopliosphoryl  bromoch.loride).  Formula 
probably  molecular,  from  analogy  of  POBrCL_, 
(Michaelis,  B.  5,  6).  A  slightly  yellow  liquid, 
with  aromatic  odour  ;  boils  c.  150°,  but  boiling- 
point  soon  rises  and  S  separates.  Decom- 
posed slowly  by  water,  more  completely 
when  heated  in  a  sealed  tube  to  150°  for  some 
hours,  giving  S,  H^S,  HClAq,  HBrAq,  H^POjAq, 
and  H3pO(Aq.    Prepared  by  adding  80  parts  Br 
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drop  by  drop  to  163  parts  PCL.SEt  [obtained  by 
action  of  EtSH  on  PCI:, ;  for  details  v.  Michaelis, 
I.e.] ;  much  heat  is  produced  ;  the  liquid  is  dis- 
tilled, the  distillate  from  150°-180°  is  shaken 
with  water  so  long  as  any  action  takes  place ; 
water  is  removed  by  a  separating  funnel ;  the 
liquid  is  dried  by  CaCL^,  and  HCl  and  HBr  are 
removed  by  warming  gently  (M.,  I.e.). 

Phosphorus,  sulphochlorides  of.  But  one 
■compound,  PSCI3,  is  known  with  certainty.  It 
is  doubtful  whether  the  substance  obtained  by 
Gladstone  (C  J.  3,  5)  by  the  reaction  of  S  with 
PCI5  is  a  definite  compound  PS.Cl^,  or  a  double 
compound  PSCI3.SCL. 

Thiophosphobyl  chlokide  PSCI3  {Phos- 
phorus stiljjhochloride).  Mol.  w.  169'05.  Boils 
at  125-12°  (Thorpe,  C.  J.  37,341).  S.G.°5l-GG82 
(T.,  I.e.).  V.D.  85  at  lG0°-300°  (Cahours,  A.  Ch. 
[3]  20,  369;  Chevrier,  C.  R.  68,  117-1).  For 
thermal  expansion  v.  Thorpe  [I.e.).    S.V.  116"1. 

Fonnation. — 1.  By  the  reaction  of  H.,S  with 
PCI5  (SeruUas,  A.  Ch.  [2]  42,  25).— 2.  By  heat- 
ing S  with  PCI3  to  130°  (Henry,  B.  2,  638).— 3. 
By  heating  P  with  S..C1,  (Wohler  a.  Hiller,  A. 
93,  274).— 4.  By  heating  together  P.>S,  and  PCI5 
(Weber  a.  Thorpe,  Z.  1871.  467).— 5.  By  the  re- 
action of  PCI3  with  SO,,  SO.CL,  or  S.CL ;  and 
by  the  reaction  of  PCh,  with  CS.,,  or  with 
(Michaelis;  Cairns,  A.  112,  190;  119,  29"l ; 
Kathke,  Z.  1870.  57 ;  Baudrimont,  /.  pr.  87, 
301). 

Preparation. — An  intimate  mixture  of  P-.S^ 
and  PCI3,  in  the  ratio  P,S, :  3PC1,(  =  1:2-82),"  is 
heated  in  a  sealed  tube  to  c.  120° ;  after  a  short 
time  the  liquid  which  has  formed  is  distilled. 
Should  the  product  have  a  yellowish  colour,  it  is 
shaken  with  a  little  water,  dried  by  CaCL,  and 
distilled.  The  equation  P.,S,  +  3PCI5  =  SPSCl^ 
is  realised  (Thorpe,  G.  J.  37,  341). 

Properties. — A  colourless,  highly  refractive 
liquid ;  with  an  aromatic,  somewhat  pungent, 
and  very  peculiar  odour,  which  becomes  very 
marked  on  warming.  Slowly  decomposed  by 
water. 

Reaetions. — 1.  Very  slowly  acted  on  by  wa  ter, 
with  formation  of  H^PO.Aq,  HClAq,  and  H,,S. 
When  distilled  in  steam  the  greater  part  of  the 
PSCI3  passes  over  unchanged. — 2.  Heated  with 
aleoJwl  under  pressure,  PS(0Et)3  is  formed. — 3. 
Passed  through  a  hot  tube,  with  excess  of  hy- 
drogen sulphide,  P.^Sj  and  HCl  are  formed 
(Baudrimont,  /.  pr.  87,  301). — 4.  Decomposed 
by  chlorine  with  formation  of  S^CL  and  PCI-,. — 
5.  Silver  nitrate  reacts  rapidly,  producing 
Ag.,PO<,  AgCl,  SO2,  NOCl,  and  NO,  (the  SO,  and 
NO,  then  reacting  to  form  8,05(1^02), ;  Thorpe 
a.  Dyson,  C.  J.  41,  297). — 6.  Alkali  solutions 
form  salts  of  H3PSO3  and  HjPS,©,  {v.  Thio- 
oxYOBTHOPHosPHATES,  p.  147). — 7.  The  prolonged 
action  of  ammonia — continued  until  60  p.c.  of 
the  PSCI3  has  reacted  with  the  NH3 — produces 
thiophosphamide  PS(NH,)3(?);  this  com- 
pound remains  as  an  amorphous,  yellow-white 
solid  on  washing  the  product  of  the  action  of 
NH3  on  PSCI3;  S.G.  1-7  at  13°;  decomposed  at 
200°,  gives  (?)PS(0NH,)3  with  hot  water  (Che- 
vrier, C.  i?.  66,  748;  Schiif,  4. 101,292).  Accord- 
ing to  Gladstone  a.  Holmes  (C.  /.  18,  5),  thio- 
phosphamic  acid  PS(NH2)(OH)2  and  thio- 
phosphodiamic  acid  PS(NHJ,OH,  are  pro- 


duced by  the  action  of  ammonia  on  PSCI3 ;  the 
former  by  using  fairly  dilute  NHjAq,  and  the 
latter  by  using  NH.,  gas — which  probably  forms 
P(NH,),C1S — and  then  washing  with  water.  The 
work  of  Chevrier  {I.e.)  and  Sehifi  {I.e.)  makes  the 
isolation  of  these  acids  doubtful. 

Phosphorus,  sulphochlorobromide  of;  v. 
Phosphorus  stjlphobkomochloride,  p.  147. 

Phosphorus,  sulphocyanide  of,  P(SCN)3 
{Phosphorus  thiocyanate.  PJwspliorus  rhodan- 
ide).  Mol.  w.  not  determined  ;  formula  probably 
molecular.  Prepared  by  mixing  5  parts  Pb(SCN)2 
with  an  equal  weight  of  dry  sand,  gradually 
adding  1  part  PCl„  digesting  for  some  time  on  a 
water-bath,  and  then  distilling  very  carefully 
from  a  hard  glass  tube.  A  liquid  which  does  not 
solidify  at  -20°,  begins  to  boil  260°-270°,  and 
decomposes  at  a  higher  temperature,  giving  off 
CSo ;  vapour  is  spontaneously  inflammable  ;  S.G. 
1-625  at  18°.  Soluble  in  alcohol,  ether,  CHCI3, 
CS..,  and  C^Hg.  Slowly  decomposed  by  cold 
water  to  HjPOsAq  and  HSCNAq  (Miguel,  A.  Ch. 
[5]  11,  349). 

Phosphorus,  sulphofluoride  of,  PSF,  {Thio- 
phosphoryl  fluoride).  This  compound  was  pre- 
pared and  fully  described  by  Thorpe  a.  Eodgers 
in  1888  (preliminary  notice  in  C.  J.  53,  760  ; 
fuller  account  in  C.  J.  55,  306).  Mol.  w.  119-9. 
V.D.  59-6  at  ordinary  temperature. 

Formation. — 1.  By  heating  a  mixture  of 
AsFg  and  PSCI3,  in  ratio  ASF3 :  4PSCI3,  in  a  sealed 
tube  at  150°.— 2.  By  heating  PbF,  mixed  with 
P,S,,  to  c.  120°- 150°  ;  or  by  using  BiF3  in  place 
of  PbF,  and  heating  to  a  higher  temperature. 
A  mixture  of  red  P,  S,  and  a  large  excess  of  PbF., 
may  also  be  used  (P,S5  +  3PbF,  =  3PbS  +  2PSF3)^ 
3.  By  heating  S  with  PFjCl,  to  115°  (Poulenc, 
C.  R.  113,  75). 

Preparation. — A  quantity  of  P,S5  (freshly 
prepared  from  well-washed  and  perfectly  dry 
amorphous  P  and  roll  S)  is  quickly  mixed  with 
c.  3|  parts  of  pure  freshly  fused  PbF,,  and  the 
mixture  is  placed  in  a  thin  equal  layer  in  a  dry 
tube  of  lead  or  '  composition,'  one  end  of  which 
is  fitted  with  a  caoutchouc  cork  carrying  a  glass 
delivery  tube  dipping  under  dry  Hg,  and  the 
other  end  is  connected  with  an  apparatus  for 
supplying  pure  dry  N.  A  rapid  stream  of  N  is 
passed  through  till  the  air  is  driven  out,  the  tube 
being  gently  heated  to  get  rid  of  traces  of  H,S 
(produced  by  moisture  on  V.^Q^  ;  the  N  is  stopped, 
and  the  tube  is  heated  from  behind  forwards  by 
a  small  flame ;  reaction  begins  c.  170°  ;  the 
temperature  should  be  kept  as  low  as  possible,  it 
must  not  exceed  250°.  The  gas  is  collected  in  a 
dry  glass  gas-holder  containing  a  few  small 
pieces  of  quicklime,  the  gas  being  allowed  to 
pass  into  the  holder  as  soon  as  a  sample  is 
wholly  absorbed  by  dilute  potash  or  ammonia. 
Before  collecting  the  gas,  small  quantities  of  dry 
N  should  be  passed  into  the  gasholder  and  re- 
peatedly exhausted  by  the  Sprengel  pump  (this 
removes  air  from  the  pores  of  the  lime),  and 
when  2  or  3  c.c.  of  the  PSCI3  have  passed  into 
the  holder  the  gas  should  be  sucked  out  by  the 
Sprengel,  and  this  repeated  twice  or  thrice  (the 
traces  of  N  are  thus  removed).  After  standing 
a  few  days  over  the  lime,  which  removes  PF3 
and  any  traces  of  SiF^,  the  gas  is  pure  PSF3. 

Properties. — A  transparent,  colourless  gas ; 
liquefied  at  7-6  atmos.  at  3-8°,  9-4  atmos.  at  10°, 
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10-3  atraos.  at  13-8°,  and  13  atmos.  at  20-3°. 
I'SFj  is  spontaneously  inflammable  in  air  or  0  ; 
it  is  decomposed  easily  by  heat  or  electric  sparks 
to  S,  P,  and  fluorides  of  P.  Somewhat  soluble 
in  ether.  Not  easily  dissolved  by  H^O,  or  by 
solutions  of  alkalis.  No  action  on  Hg,  H._,SO,|, 
CS„,  or  CJIg.  Neither  gaseous  nor  liquid  PSF, 
acts  appreciably  on  glass  at  ordinary  tempera- 
tures. 

Reactions.  —1.  A  small  stream  of  PSF^  issuing 
from  a  Pt  jet  into  air  at  once  takes  fire ;  when 
mixed  with  a  large  volume  of  air,  explosion 
occurs.— 2.  Oxidised  rapidly  and  explosively  by 

0.  ri/gm ;  probably  vrith  formation  of  PF^  and 
SO.,,  the  PF,  and  O  then  producing  P.,0., 
and  also  POF,.  The  ignition -temperature  of 
PSFj  is  very  low,  and  the  flame  is  a  very  cold 
one.  (Full  details  are  given  by  T.  a.  B.,  I.e.,  pp. 
312-317.) — 3.  Slowly  decomposed  by  water,  thus  : 
I'SFj  +  4H.,0  +  Aq  =  H,,S  +  H^PO^Aq  +  3HFAq.  — 
4.  Solution  of  potash  or  soda  slowly  reacts, 
forming  Na3PS0.i  and  NaF. — 4.  With  ammonia 
qas  produces  a  white,  deliquescent  solid,  pro- 
bably a  mixture  of  NH^F  and  P(NH,),SP. 
F'or  action  of  water  ou  this  substance — perhaps 
resulting  information  of  PS(NH.),OH— D.T.a.R., 

1.  e.,  p.  319. — 6.  Heated  in  a  glass  tube,  PSP3 
gives  SiF^,  P,  and  S. — 6.  PSF.,  is  decomposed  by 
electric  sparks  passed  from  Pt  terminals,  with 
separation  of  S  and  P,  and  a  gas  which  is  pro- 
bably PF,. 

Phosphorus,  sulphoselenide  of.  All  attempts 
to  pre^Dare  this  compound  have  led  to  negative 
results.  Michaelis  heated  PCl  j  with  Se ;  Baudri- 
mont  (A.  Ch.  [4]  2,  5)  tried  the  reaction  of  PCI, 
with  SeCl^,  PCI,  with  P,Se,  Sb^Se,,  and  PbSe,  and 
the  action  of  P  on  SeCL  and  SeCl ,. 

Phosphorus,  sulphoxide  of,  P^O^S,.  Mol.  w. 
347-52.  Melts  at  102°,  and  boils  at  295°.  V.D. 
171-3  at  350^-400°.  Formed  by  heating  small  ; 
quantities  P4OS  with  S  in  an  atmosphere  of  CO., 
or  N  at  c.  1C0°  (Thorpe  a.  Tutton,  C.  J.  59, 
1022). 

Preparation. — A  strong  glass  tube  is  closed 
at  one  end,  and  filled  with  dry  CO,  or  N  ;  from  3 
to  5  g.  freshly-distilled  P40^  is  placed  in  the 
bottom  of  the  tube,  and  1-74  g.  S,  best  in 
small  crystals,  are  added  for  every  3  g.  P40„  used 
(ratio  P40s:4S).  The  tube  is  sealed,  and  the 
lower  half  is  immersed  in  a  glycerin-bath,  which 
is  gradually  heated.  At  c.  154°-1G5°  the  melted 
S  is  suddenly  projected  to  the  top  of  the  tube, 
and  in  a  few  seconds  the  action  is  complete. 
The  product  is  transferred  to  a  similar  tube, 
which  is  exhausted  by  a  Sprengel  pump,  sealed, 
and  warmed  at  its  lower  portion ;  sublimation 
begins  at  c.  90°,  and  proceeds  best  at  140°-150°, 
with  formation  of  long  feathery  needles  ;  part  of 
the  P40^S4  remains  as  a  vitreous  or  crystalline 
mass. 

Properties  and  Pk,eactions.—A.  white  solid, 
occurring  in  feathery  aggregations  or  a  vitreous 
mass,  or  as  colourless,  isolated,  tetragonal  prisms ; 
melts  102°,  and  boils  295°  (cor.).  Very  deli- 
quescent, smelling  in  air  of  H.,S  ;  quickly  dis- 
solved by  water,  forming  HjS  and  HPO.,Aq, 
which  soon  changes  to  H3P0,,A"q.  Easily  sol.  in 
2  vols.  CS„  from  which  it  crystallises  unchanged. 
Also  sol.  benzene,  but  with  decomposition. 

Phosphorus,  sulphur  acids  of,  salts  of;  v. 
beginning  of    article   Piiosphoeds  sdlpuides 
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(p.  145) ;  Phosphorous  sulphihe.  Reactions  7  and 
8  (p.  146) :  Phosphoric  suLPHinE,  Reaction  7  (p. 
147);  and  Thio-oxyorthophosphates  (p.  147). 

Phosphorus,  telluride  of.  Oppenheim  (/. 
1857.  214)  obtained  a  black  amorphous  solid, 
giving  off  fumes  of  PjO^  in  air  by  heating  P  with 
powdered  Te. 

Phosphorus,  thio- acids  of,  salts  of  ;  i\ 
beginning  of  article  Phosphorus  sulphides  (p. 
145)  ;  Phosphorous  sulphide.  Reactions  7  and  8 
(p.  146);  Phosphoric  sulphide.  Reaction  7  (p. 
147);  and  THio-oxYORTiiornfispiiATES  (p.  147). 

Phosphorus  thio-amic  acids  of,  and  thio- 
amide  of;  v.  TmoPHosriioRvi,  chloride.  Re- 
action 7  (p.  148). 

Phosphorus,  thiobromides  of;  i).  Phosphorus 

3ULPH0BR05IIDES,  p.  147. 

Phosphorus,  thiobromochloride  of;  v.  Phos- 
phorus SULPHOBROJIOCHLORIDE,  p.  147. 

Phosphorus,  thiochlorides  of;  v.  Phosphorus 

SULPHOCHLORIDES,  p.  148. 

Phosphorus,  thiocyanide  of;  v.  Phosphorus 

SULPHOCTANIDE,  p.  148. 

Phosphorus,  thioselenide  of ;  v.  Phosphorus 

SULPHOSELENIDE,  CUltC. 

M.  M.   P.  M. 

PHOSPHOEUS,  OXYACIDS  OF,  AND  THEIR 
SALTS.  The  three  phosphoric  acids,  H3PO.,, 
H4P,0„  and  HPO.„  are  described  under  Phos- 
phoric ACIDS  (p.  124) ;  the  salts  of  these  acids 
are  described  under  Phosphates  (p.  108)  ;  the 
other  oxyacids  of  P,  and  their  salts,  are  described 
in  this  article. 

Besides  the  jihosiihoric  acids,  three  oxyacids 
of  P,  and  some  salts  of  a  fourth  acid,  have  been 
isolated  ;  the  acids  in  question  are  H.,PO.„ 
H,iPO„  H.,PO,,  or  H,P.,0,i;  and  salts  of  H,P.,Oi. 
No  anhydride  of  H^PO,.  is  known  ;  the  hypo- 
thetical anhydride  would  be  P..0  (P„0  +  3H.,0 
I  =  2H,P0..)  ;  P.O.,  is  the  anhydride  of'  the  acid 
H.PO,  (P;,03  4-3H.,0  =  2H,PO.;),  and  also  the  hy- 
pothetical anhydride  of  H,P,,0,(P.,03-f-2H:.O 
=  H|P„0-);  P.,04  is  the  hypothetical  anhydride 
of  H,PA(PA  +  2H,P  =  H.,P.,0,),  but  this  oxide 
gives  HiPOjAq  and"  H^POiAq  with  water  (v. 
Phosphorus  tetroxide,  p.  141).  The  oxyacids 
of  P  do  not  correspond  in  composition  with 
those  of  N  (v.  Table  in  Nitrogen  group  of  ele- 
ments, vol.  iii.  p.  575). 

HYPOPHOSPHOEOUS  ACID  AND 
SALTS  H3PO.,  ;  MiR.PO,  and  M"(H,PO.,)j. 
Hypophosphites  are  formed  by  decomposing 
phosphide  of  Ba,  Ca,  or  Sr  by  water  (Dulong, 
A.  Ch.  [2]  2,  141);  by  heating  P  with  potash, 
milk  of  lime,  or  BaOAq  (H.  Rose,  P.  9,  225,  361  ; 
12,  77,  288)  ;  by  passing  PH3  into  solution  of 
alkalis  or  alkaline  hydrates  (Winckler,  P.  Ill, 
443)  ;  and  by  heating  P  with  syrupy  H^PO^Aq 
to  200°  (Oppenheim,  Bl.  [2J  1,  163).  The  acid 
is  monobasic ;  it  may  be  regarded  as  derived 
from  the  hypothetical  anhydride  P.,0.  There  is 
no  acid,  nor  are  there  salts,  corresponding  with 
hyponitrous  acid  HNO,  but  some  salts  are  known 
of  the  form  MPS;  v.  Thiometahypoplwsphites,  at 
beginning  of  Phosphorus,  sulphides  of  (p. 
145).  Selcnometahypophosphites  M'PSe  have 
also  been  isolated  [v.  Diphosphorus  selenide, 
p.  144). 

Hypophosphorus  acid  H3PO.,.  Melts  at  17-4° 
(Thomsen,  jB.  7,  994;  ?  specimen  pure).  H.F. 
[H'',P,0-]  =  139,970  (production  of  crystallised 
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acid)  ;  137,660  (production  of  acid  in  liquid 
state) ;  [H-',P,0-,Aq]  =  139,800  (Th.  2,  225). 

Preparation. — Ba(HoP02)2.H^O  is  prepared 
by  warming  water  with  BaO  and  P  (in  small 
pieces)  in  a  basin  till  inflammable  P  hydride 
ceases  to  come  off,  filtering,  removing  excess  of 
BaO  by  passing  in  C0„,  filtering  again,  and  crys- 
tallising. 285  g.  pure  Ba(H2P02).H:20  are  dis- 
solved in  c.  5  litres  water,  98  g.  H,SO.,  (c.  101-5  g. 
ordinary  cone,  acid),  diluted  with  3  to  4  times 
its  weight  of  water,  are  added ;  after  shaking  for 
some  time  the  pp.  of  BaSOj  is  allowed  to  settle, 
and  the  clear  liquid  is  syphoned  off,  and  eva- 
porated in  a  porcelain  dish,  by  boiling,  till  it  is 
c.  jjj  of  the  original  volume,  when  it  is  placed 
in  a  Ft  dish ;  a  thermometer  is  immersed  in  the 
liquid,  evaporation  is  continued,  the  tempera- 
ture being  allowed  to  rise  gradually  to  110°  ;  any 
solid  which  separates  is  filtered  off  while  the 
liquid  is  hot,  and  the  filtrate  is  evaporated, 
without  being  allowed  to  boil,  at  c.  110°.  Thom- 
sen  (B.  7,  991)  finally  heats  for  10  mins.  to  130° 
or  138°,  filters  into  a  stoppered  bottle,  and  cools 
below  0°;  Geuther  a.  Ponndorff  (J.  Z.  10, 
Sujiplhd.  2,  45,  49)  say  that  heating  above  110° 
decomposes  H^PO™,  and  that  Thomsen's  prepara- 
tion therefore  contained  H3PO3. 

Properties. — Large,  white,  crystalline  tablets; 
melting  at  17'4°  ;  remains  liquid  considerably 
above  m.p.  (Thomsen,  I.e.).  Decomposed  by  heat 
to  PH3  and  H3PO4.  HjPOjAq  is  a  very  energetic 
reducing  agent.  The  acid  is  monobasic,  forming 
salts  MiHjPO,  and  M"(H.;PO,),. 

Reactions. — 1.  Decomposed  by  heat,  giving 
P hydride  and  H^PO^  (H.  Rose,  Lc.).— 2.H3PO,Aq 
is  readily  changed  to  HjPOjAq  or  H.,PO,Aq  by 
oxidisers ;  CI,  Br,  HNO.)Aq,  KMnOjAq,  and 
several  metallic  oxides  produce  H^PO  ,Aq  (Dulong, 
I.e. ;  Eose,  I.e. ;  P.  de  St.  Gilles,  A.  Ch.  [3]  55, 374) ; 
PbO,  forms  PbHPOj  (Wurtz,  C.  B.  18,  702);  SO, 
forms  H3P0.,Aq  and  S  (Geuther  a.  Ponndorff,  I.e.). 
According  to  Engel  (C.  B.  110,  786)  Pd  charged 
with  H  oxidises  HjPOsAq  to  H3P03Aq  with  evolu- 
tion of  H. — 3.  H3P0.Xq  reduces  solutions  of  salts 
of  gold,  silver,  and  mermiry,  ppg.  the  metals  ; 
from  copper  sulphate  solution,  Cu.JIj  is  ppd.  at 
65°-60°  (Wurtz, /.c;  Rammelsberg',  I.e.).— A.  Ke- 
duced  by  nascent  hydrogen  to  PH^  (Dusart, 

G.  B.  43,  1126 ;  Blondlot,  C.  B.  52.  1197).— 
5.  With  hydriodic  acid  forms  PH4I  (G.  a.  P., 
I.e.). — 6.  Heated  with  cone,  sulphuric  acid, 
H3PO,,  SO.,,  and  S  are  produced  (Wurtz,  I.e.). 
7.  Heated  -with  2}hospihorzis  p}entaehloride,  FOCI.,, 
PCI3,  andHCI  are  formed  ;  phosphorus  trichloride 
produces  P,  HjPOa,  and  HCl ;  with  p)l'^spiho7-yl 
chloride,  P,  VCt^,  HPO3,  and  HCl  are  the  products 
(Geuther,  J.  pir.  [2]  8,  359). 

Hypophosphites  M1H2PO,  and  M"(H,PO„),. 
These  salts  are  formed  in  several  reactions  {v. 
beginning  of  this  article) ;  the  greater  number 
are  prepared  by  reacting  on  the  salt  of  Ba  with 
the  sulphates  of  other  metals  ;  the  salts  of  Ba, 
Ca,  and  Sr  are  generally  prepared  by  heating 
BaOAq,  CaOAq,  and  SrOAq  with  P.  The  hypo- 
phosphites  of  Cd,  Ca,  Pb,  and  Tl  crystallise 
without  water  ;  those  of  Ba,  Li,  Mn,  Na,  Sr,  and 
U  with  one  H.,0  ;  those  of  Co,  Mg,  Ni,  and  Zn 
with  6H.,0  (Rammelsberg,  C.  J.  [2]  11, 12).  They 
are  decomposed  by  heat,  evolving  P  hydride  and 

H,  and  generally  leaving  pyro-  and  meta-  phos- 
phate, the  Co  and  Ni  salts  leave  metaphosphate 
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and  phosphide,  and  the  U  salt  leaves  pyro-  and 
meta-  phosphate  and  phosphide  (R.,  I.e.).  The 
hypophosphites  are  easily  oxidised  to  phosphites 
and  phosphates,  hence  they  react  as  reducing 
agents.  Heated  in  solution  with  alkalis  they 
give  phosphites,  and  then  phosphates,  and  evolve 
H  (Wurtz  ;  H.  Rose,  I.e.).  The  chief  memoirs 
on  hypophosphites  are  by  H.  Eose  (P.  9,  225, 
361 ;  12,  77,  288)  ;  Wurtz  (.4.  Ch.  [3]  7,  193  ; 
16,  196) ;  and  Rammelsberg  {C.  J.  [2]  11,  1, 13). 

Ammonium  hypophosphite  NH4H,P02.  Hexa- 
gonal tablets ;  by  decomposing  the  Ba  salt  by 
(NH4)oS04Aq  ;  easily  sol.  absolute  alcohol  (Wurtz, 
Rose). 

Barium  hypophosphite  B&(H.^O„).,.^„0. 
Lustrous  monoclinic  needles  (Rammelsberg ; 
Topsoe,  W.  A.  B.  09  [2]  19).  By  heating  BaOAq 
with  P  till  gas  ceases  to  come  off,  filtering,  re- 
moving BaO  from  the  filtrate  by  C0„,  filtering, 
and  crystallising.  Loses  H^O  at  100°.  Soluble 
in  3g  parts  cold,  and  3  parts  boiling,  water  ;  in- 
sol.  alcohol.  Heated  out  of  air  leaves  pyro-  and 
meta-  phosphate  (Wurtz,  Eose,  Eammelsberg). 

Calcium  hypophosphite  Ca(H2PO.>)2.  Pre- 
pared like  the  Ba  salt.  Berlandt  (Ar.  Ph.  [2] 
122,  237)  recommends  29  parts  P,  47  parts 
CaOJIj,  and  24  parts  water.  Baehmann  and 
Martenson  {J.  1864.  191)  decompose  Ca  phos- 
phide by  boiling  water.  Thin,  monoclinic  tablets 
(Eammelsberg  ;  Schabus,  J.  1854.  325).  Very 
bitter  taste  ;  unchanged  in  air ;  does  not  give  off 
H„0  at  300°  ;  heated  to  redness  gives  off  H,  PH,, 
and  H.,0,  and  leaves  pyro-  and  meta-  phosphate 
(Eammelsberg;  Michaelis,  1872.  210).  Sol. 
6  parts  cold  water,  not  much  more  sol.  hot  water  ; 
insol.  strong  alcohol  (Rose). 

Cobalt  hypophosphite  Co(HJ'02)2.6H20.  Red 
octahedral  crystals,  isomorphous  with  Mg  salt 
(Rose) ;  by  decomposing  Ba  salt  by  CoSO^Aq, 
filtering,  and  evaporating  in  vacuo  (Wui^tz). 
Forms  a  double  saltv/ith  Ca(H.,P02)2  (Rose). 

Copper  hypophosphite  Cu(HoP0.,)2-  Oljtained 
with  difficulty  from  Ba  salt  andCuSO.|Aq  ;  solu- 
tion easily  decomposes,  giving  Cu._,H2  (Wurtz). 

Lead  hypophosphite  Pb(H.,PO.,)„.  By  adding 
PbO  or  PbC03to  H3P02Aq  (Rose,' Wurtz). 

Manganese  hypophosphite  Mn(H2P02)2.H20. 
Small,  rose-red  crystals ;  from  Ba  salt  and 
MnSOjAq  (Wurtz,  Rammelsberg) ;  or  by  boiling 
Ca  salt  with  Mn  oxalate  (Rose). 

Potassium  hypophosphite  KH2PO2.  Prepared 
by  decomposing  the  Ba  or  Ca  salt  by  K-iCO^Aq, 
filtering,  evaporating  to  dryness,  treating  the 
residue  with  alcohol,  and  crystallising  the  alco- 
holic solution  in  vacuo ;  or  by  dissolving  P  in 
boiling  KOHAq,  evaporating,  and  dissolving  out 
from  the  residue  by  alcohol;  also  by  decomposing 
the  Ba  salt  by  K,^SO.,Aq  (Eose,  Wurtz).  A  white, 
semi-crystalline  mass.  Easily  sol.  water  and 
alcohol;  very  hygroscopic  (Dulong,  A.  C7i.  [2]  2, 
141).  Burns  when  heated  in  air;  oxidised  vio- 
lently by  evaporation  with  HNOjAq.  Heated  out 
of  air  evolves  inflammable  P  hydride,  and  leaves 
pyro-  and  meta-  phosphate  (Eammelsberg). 

Sodium  hypophosphite  NaHaPOj.HjO.  Pre- 
pared like  the  K  salt.  Small,  rectangular  tablets, 
easily  sol.  water  and  absolute  alcohol.  Evapora- 
tion of  the  solution  is  attended  with  explosions 
(Marquart,  Ar.  Ph.  [2]  95,  284 ;  Trommsdorff, 
ibid.  99.  388). 

The  salts  LiH.,PO„.H„0,  Ni(HJ>0.,).,.6H„0, 
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Sr(H2P0.,).„  and  Zn(H.,P02)2  are  also  described; 
and  salts' of  Al,  Be,  Cd,  Or,  and  Fe  have  been 
obtained,  but  their  compositions  are  somewhat 
doubtful. 

PHOSPHOROUS  ACID  AND  SALTS 
H,PO,  ;  M'H.,PO„  M'.HPOa,  M"HPO.„ 
Mi"„(HP03)3.  P'^O,  is  the  anhydride  of  H,PO, ; 
the  acid  is  produced  by  dissolving  the  oxide  in 
cold  -water,  but  the  oxide  is  not  obtained  by  re- 
moving H„0  from  the  acid.  H3PO3  is  dibasic  ; 
the  salt  Na^POj,  said  to  be  formed  by  adding  a 
large  excess  of  NaOH  to  H.,P03  (Zimmermann), 
has  been  shown  by  Amat  {G.  R.  108,  403)  not  to 
exist.  The  acid  is  formed  by  oxidising  P  slowly 
in  moist  air  ;  the  salts  are  obtained  by  reactions 
between  the  acid  and  metallic  hydroxides,  or  by 
double  decomposition  from  the  alkali  salts. 
Neither  the  acid  nor  salts  of  the  acid  corre- 
sponding with  nitrous  acid,  HNO,,  are  known, 
nor  have  thio-  salts  of  this  form  been  isolated. 

Phosphorous  acid  H3PO3.  Melts  at  74° 
(Geuther  a.  Hurtzig,  A.  Ill,  159)  ;  at  70-1° 
(Thomsen,  J.  pr.  [2]  8,  359).  H.F.  [H^P,0^] 
=  227,700  (crystallised  acid);  224,030  (acid  in 
liquid  state)  ;  227,570  (acid  in  aqueous  solution) 
(Th.  2,  225).  Heat  of  fusion  = -3070  ;  one 
gram-molecule  of  the  liquid  acid  occupies 
49-66  o.c.  (r/i.2,224). 

Formation. — 1.  Along  with  H3PO2  and  H3PO4, 
by  the  long-continued  oxidation  of  P  in  moist 
air  (v.  J.  Corne,  J.  Ph.  [5]  6,  123).— 2.  By  dis- 
solving P  in  dilute  HNO.jAq  and  allowing  to 
oxidise  in  air. — 3.  By  the  oxidation  of  HjPOoAq 
by  weak  oxidisers. — 4.  By  dissolving  P.,03  in  cold 
water  (Thorpe  a.  Tutton,  C.  J.  57,  567).— 5.  By 
decomposing  PCI3  by  H„0,  or  by  warming  with 
HjCA  (Hurtzig  a.  Geuther,  4.  Ill,  159) ;  or  by 
leading  CI  into  warm  water  in  presence  of  an 
excess  of  molten  P  (Droquet,  P.  12,  628). 

Preparation. — 1.  A  small  quantity  of  PCI3 
is  shaken  with  cold  water,  the  reaction  is 
moderated  by  plunging  the  beaker  into  cold 
■water;  when  the  PCljis  all  decomposed,  a  little 
more  is  added,  and  so  on  (PCI3  +  3H.,0  -f  Aq 
=:3HClAq-f-H3P03Aq).  The  solution  i's  eva- 
porated, the  temperature  being  raised  to  180° 
near  the  end  of  the  process  ;  the  syrupy  liquid 
thus  obtained  is  placed  over  H.SOj,  in  vacuo, 
till  it  crystallises ;  addition  of  a  crystal  of  H.JPO3 
causes  rapid  crystallisation  (Thomsen,  B.  7,996). 
2.  A  stream  of  dry  air  is  passed  through  PCI3  at 
60°,  and  then  into  two  flasks,  each  containing  c. 
100  g.  water  atO° ;  after  c.4  hours  the  first  flask  is 
filled  with  crystals,  which  are  drained  under  a 
pump,  washed  with  small  quantities  of  ice-cold 
water,  and  dried  in  vacuo  (Grosheintz,  Bl.  [2] 
27,  433).— 3.  A  mixture  of  1  part  PCI3  and  2  parts 
dry  H,_,C204  is  heated  in  a  flask  with  a  reversed 
condenser  until  a  clear  liquid  is  obtained ;  the 
liquid  is  evaporated  in  a  stream  of  CO,.,  and  the 
crystals  are  washed  and  dried  as  in  2  (Hurtzig  a. 
Geuther,  A.  Ill,  159  :  PCI,  -1-  SH  .C  .O^ 
=  H3PO3  -t-  SCO  -H  SCO,  +  3HC1) . 

Properties. — A  colourless,  crystalline  mass  ; 
obtained  in  transparent  crystals  by  evaporating 
HjPOjAq  in  vacuo  over  H.,SO,,.  Melts  at  74° 
(H.  a.  G.,  I.e.) ;  at  70-1°  (Thomsen,  I.e.).  Heated 
above  its  m.p.  decomposes  to  HiPO.,  and  PH3. 
HjPOj  is  very  deliquescent,  and  oxidises  very 
slowly  in  air ;  it  acts  as  an  energetic  reducing 


agent.  H.,P03is  dibasic,  forming  salts  M'H.POj 
and  MpJHPOj. 

Reactions. — 1.  Heated  above  its  m.p.,  H3PO3 
decomposes  to  H,PO,  and  inflammable  P 
hydride  (Vigier,  Bl.  [2]  11,  125  ;  Eose,  Davy, 
Gvi.-E.  2, 115) ;  according  to  Hurtzig  a.  Geuther 
(^.111, 159)  Palso  separates. — 2.  Slowly  oxidised 
in  air  to  H3PO4 ;  dilute  solutions  of  H3PO3  are 
more  rapidly  oxidised;  according  to  Salzer  (A. 
232,  114),  H3P03Aq  does  not  oxidise  in  air  at 
ordinary  temperatures.  —  3.  Converted  into 
H3PO4  by  many  oxidisers,  e.g.  HNO.Aq,  ClAq, 
BrAq,  KMnO^Aq,  hypochlorites  ;  with  SO._Aq, 
H.,P04Aq  and  H„S  are  formed  along  with  S 
(Gm.-K.  2, 116). — "4.  Reduces  many  metallic  salts 
in  solution ;  e.g.  AgNOjAq  to  Ag,  HgCLAq  to 
HgCl  and  then  to  Hg,  CuCUAqto  CUjCljand  then 
to  Cu  (Rammelsberg,  C.  f.  [2]  11,  13).— 5.  Nas- 
cent hydrogcnforms  PH3  (Dusart,  C.R.  43, 1126). 
6.  Wiien  crystalline  H3PO3  is  heated  witli 
bromine  to  100°  in  a  sealed  tube,H3P04  is  formed 
along  with  HBr  and  PBr,,  or  the  products  are 
HPO3  and  HBr,  according  to  the  relative  quantity 
of  Br  used  (Gustavson,  /.  1867. 139).  According 
to  Ordinaire  {C.  R.  64,  363),  a  crystalline  com- 
pound is  obtained  ^perhaps  bromo-phosphorous 
acid — by  heating  H3PO.,  and  Br  in  the  ratio 
H3PO3 :  4Br.— 7.  By  heating  H.PO,  with  iodin.' 
Gustavson  (I.e.)  obtained  H3PO4,  HI,  PI,,  and 
PH,I. — 8.  Heated  with  pliospliorus  trichloride 
to  170°,  P,  HCl,  and  H.,P04  or  B.,P„0,  are  formed 
(Geuther,  J.  pr.  [2]  8,  359  ;  Kraut,  A.  158,  332  ; 
Gautier,  C.  R.  76,  49).  At  79°  HCl,  HjP.O,,  and 
a  compound  PH,0  are  formed,  according  to 
Gautier  (I.e.)  {v.  Phosphorus,  compounds  of,  witu 

HYDROGEN  AND  OXYGEN,  p.   134). — 9.  With  phOS- 

phorus  pcntacUloride,  POClj,  HCl,  and  PCI,  are 
produced  ;  and  the  products  of  the  reaction  vsdtli 
phosphorijl  chloride  ai'e  PCI3,  HPO.„  and  HCl 
(Geuther,  J.  pr.  [2]  8,  359).— 10.  By  nezifralisa- 
tion  with  alkalis  or  alkaline  carbonates  salts  of 
the  form  M^HPOj  are  produced. 

Qualitative  distinction  between  phosplwrous 
and  hypnphosphorous  acids.  H.,PO.,Aq  reduces 
CuSOjAq  to  Cu,  while  the  reduction  product 
with  HjPO.Aq  is  Cu  .H.,. 

PhosphSctes  MiH,P03,  M^^HPOj,  M"HP0„ 
M"i,(HP03)3.  These  salts  are  generally  obtained 
by  neutralising  H.,PO.,Aq  by  metallic  hydroxides 
or  carbonates,  or  by  double  decomposition  from 
the  alkali  salts.  They  are  also  formed  by  the 
slow  oxidation  of  hypophosphites.  Zimmer- 
mann's  assertion  that  NajPOa  exists  (A.  175,  1) 
has  been  disproved  by  Amat  (C.  R.  106,  1351), 
who  has  shown  that  the  normal  Na  salt  is 
Na^HPOs.  The  alkali  phosphites  are  solubl? 
water  ;  most  of  the  others  are  insoluble.  Phos- 
phites are  decomposed  by  heat,  generally  giving 
off  H  or  PH.„  and  leaving  pyrophosphate  and 
phosphide.  Solutions  of  phosphites  are  scarcely 
changed  in  air,  but  they  are  readily  oxidised  to 
1  phosphates  by  energetic  oxidisers.  The  chief 
memoirs  on  phosphites  are  those  of  H.  Rose  (P. 
9,  26,  224  ;  12,  77,  288),  Rammelsberg  (P.  131, 
263,  359  ;  132,  481;  B.  9,  1577),  Kraut  (A.  177, 
274),  Wurtz  (A.  58,  65). 

Ammonium   phosphites    (NH4)H2P03  and 
(NH4),HP03.2H20.    The  former  is  obtained  by 
adding  NHjAqto  H3P03Aq  till  neutral  to  methyl 
orange,  concentrating,  and  drying  the  crystals 
;  over  H„SO,;  melts  123°;  above  150°  gives  off 
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NH3  and  PH3,  and  leaves  H3PO4 ;  absorbs  NH3  at 
80°-100°,  forming  (NHJ^HPOj  (Amat,  C.  B. 
105,  809).  The  salt  (NH,),HP03.2H,0  was  ob- 
tained by  Eose  by  adding  slight  excess  NHgAq 
to  the  acid  and  crystallising  ;  in  vacuo  at  ordi- 
nary temperature,  or  at  100°  in  air,  loses  NH3 
and  gives  NH4H2PO3  (Amat,  I.e.). 

Barium  phosphites.  The  normal  salt 
BaHPOs  is  obtained  by  adding  BaCLAq  to 
(NHJaHPO^Aq  (Berzelius,  Gin.-K.  2,  270),  also 
by  boiling  BaHPO.,Aq  with  KOHAq.  A  crystal- 
line powder ;  strongly  heated  gives  BajPjOj,  H, 
and  Ba  phosphide  {v.  Kammelsberg,  B.  9, 
1577)  ;  very  slightly  sol.  water  ;  on  boiling 
with  water  gives  a  basic  and  an  acid  salt 
(Dulong,  Gm.-K.  2,  270).  The  acid  salts 
BaH,(HP03)„  2BaHPO3.H3PO3.8H2O,  and 
2BaHP03.3H3P03.2H,,0  are  said  to  be  formed  by 
the  action  of  HjPOjAq  on  the  normal  salt 
(Kammelsberg,  Eose,  Wurtz). 

Calcium  phosphites.  CaHPOj.xH^O  ;  from 
CaCl„Aq  and  (NHJ.JIP03Aq  (Wurtz,  Eose,  Eam- 
melsberg).  The  acid  salt  CaH,(HP03)5.H,0 
is  obtained  by  dissolving  marble  in  HjPOjAq, 
and  evaporating  in  vacuo  (Wurtz). 

Cobalt  phosphite  C0HPO3.2H2O.  A  reddish 
powder,  obtained  by  CoCl.,Aq  H- (NH4)2HP03Aq, 
or  by  dissolving  freshly  ppd.  C0CO3  in  HjPOjAq  ; 
goes  blue  at  250°  (Eose,  Eammelsberg). 

Copper  phosphite  CUHPO3.2H2O.  By  double 
decomposition  from  (NHJjHPOj  (Eose) ;  also  by 
acting  on  Cu  acetate  by  H3P03Aq  (Wurtz).  Un- 
changed by  boiling  water  (Eammelsberg),  but 
reduced  to  Cu  by  boiling  with  H3P03Aq  (Eose). 

Lead  phosphites.  The  normal  salt 
PbHPOj  is  obtained  by  ppg.  Pb  acetate  by 
(NH^)2HP03Aq  (Eose).  A  white  powder ;  heated 
gives  oif  H  and  PH3,  leaving  PbjPsO,  and  Pb 
phosphide.  Insol.  water  (Amat,  C.  B.  110,  901). 
By  adding  NaHjPO^Aq  to  excess  of  Pb2N03Aq, 
the  compound  PbHP03.Pb(N03)2  is  obtained 
(Amat,  I.e.).  The  acid  salt  PbH2(HP03)2  is 
formed  by  dissolving  the  normal  salt  in  very 
cone.  HjPOjAq,  and  drying  the  crystals  at  100° ; 
with  water  gives  PbHPOj  and  HjPOjAq  (Amat, 

I.C.). 

Magnesium  phosphite  MgHP03.a;H20.  By 
ppg.  boiling  MgSO^Aq  by  NaoHPOjAq 
(Eammelsberg).  Forms  a  double  salt 
Mg3(NHj2(HP03)4.16H20  (Eammelsberg,  Eose). 

Manganese  phosphite  MnHP03.H20.  A  red- 
dish powder ;  very  slightly  sol.  water,  more  sol. 
solutions  of  Mn  salts ;  loses  H2O  at  200°. 
From  NHj  salt  and  a  Mn  salt ;  or  by  dissolving 
MnCOj  in  HsPOjAq,  and  adding  N.a2C03  till  ppn. 
begins,  but  not  enough  to  remove  acid  reaction 
(Eose,  Eammelsberg). 

Potassimn  phosphites.  The  normal  salt 
ICjHPOa  is  formed  from  HsPOjAq  and  KOHAq 
or  K2C03Aq ;  semi-crystalline,  syrup-like  mass  ; 
very  hygroscopic  ;  insol.  alcohol  (Wurtz,  Eose). 
The  acid  salt  K,HP03.2H3P03  was  obtained 
by  Wurtz  {A.  58,  63).  Amat  (0.  B.  106,  1351) 
obtained  the  acid  salt  KH.,P03  by  adding 
KOHAq  or  KjCOjAq  to  H^POsA'q  tUl  neutral  to 
methyl  orange,  concentrating,  and  cooling. 

Sodium  phosphites.  The  normal  salt 
Na2HP03.5H,0  is  obtained  by  dissolving  H3PO3 
in  an  excess  of  NaOHAq,  and  evaporating  in 
vacuo  (Amat,  G.  B.  108,  403).  Zimmermann 
{A.  175,  1)  supposed  that  Na^POa  is  formed 
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under  these  conditions.  Na^HPOj  melts  at  53°  ; 
heat  of  solution  at  13-5°=  -4600  (Amat,  C.  B. 
110,  191).  Dehydrated  by  drying  iyi  vacuo,  and 
then  at  150°  (A.,  I.e.).  The  acid  salt 
2NaH2P03.5H20  is  produced  by  making 
H3P03Aq  neutral  to  methyl  orange  by  NaOHAq 
or  NajCOjAq,  concentrating,  and  cooling.  Melts 
42°  ;  dehydrated  by  long  heating  at  100°;  heated 
above  130°  forms  Na^PjOj ;  very  sol.  water ; 
heat  of  solution  at  15°  =-10,600  (Amat,  C.  B. 
106,  1351). 

Zinc  phosphite  2ZUHPO3.5H2O ;  from 
ZnSOjAq  and  ammoniacal  solution  of  PCL, 
(Eose) ;  also  from  PClaAq  and  ZnO  (Eammels- 
berg). 

The  following  phosphites  have  also  been 
described  : — Di2(HP03)3  (Frerichs  a.  Smith,  A. 
191,  331) ;  Fe,(HP03)3.9H20  (Eose,  Eammels- 
berg);  La,(HP03)3  (F.  a.  S.,  I.e.);  SnHPO^ 
(Rose).  Phosphites  of  Al,  Be,  Bi,  Cd,  Or,  fer- 
rous Fe,  Hg,  Ni,  and  Sr  have  also  been  prepared, 
but  their  compositions  are  somewhat  doubtful 
(v.  especially  Eose,  I.e.). 

HYPOPHOSPHOEIC  ACID  AND  SALTS 
H,P20„;  MiH,P20„  M\K,F,0„  M'3HP20„ 
M^PjOg,  M11H2P2O5,  MiijPjO,.  When  sticks  of 
P  are  partly  covered  with  water  and  left  for 
some  time  in  a  large  vessel,  an  acid  liquid  is  ob- 
tained ;  this  liquid  was  formerly  called  Pelle- 
tier's  phosphatio  acid  (P.,  Crell.  Ann.  1796  [2] 
447).  Dulong  (A.  Ch.  [2]  2,  141)  found  47-8  p.c. 
P  and  52-2  p.c.  0  in  this  substance,  and  supposed 
it  to  be  P2O,,.  In  1856  Pagel  (/.  pr.  69,  24) 
showed  that  the  acid  liquid  contained  phosphoric 
and  phosphorous  acids  ;  and  in  1877  Salzer  {A. 
187,  322)  proved  the  presence  of  small  quanti- 
ties of  a  new  acid  to  which  he  gave  the  compo- 
sition nH^PO^  and  the  name  hypophosphoric 
acid.  The  acid  has  been  found  to  be  tetrabasic,- 
hence  the  formula  is  written  H^P^Oj.  The  hypo- 
phosphates  are  generally  formed  directly  from 
the  acid,  or  by  double  decomposition  from  the 
alkali  salts.  The  hypophosphates  are  more 
stable  than  the  hypophosphites  and  phosphites ; 
normal  salts  pass  into  phosphates  by  taking  up 
O ;  they  are  decomposed  by  heating  strongly, 
giving  of  PH3  or  H,  and  leaving  phosphate  and 
phosphide. 

Hypophosphoric  acid  H^PjOg.  Melts  at  c^ 
55°  (Joly,  C.  B.  102,  110).  Heat  of  solution 
=  3,850  (J.,  I.C.). 

Formation. — 1.  Along  with  H3PO3  and 
HsPO^,  by  the  slow  oxidation  of  P  in  moist  air 
(Salzer,  A.  187,  322  ;  194,  28  ;  211,  1 ;  232,  114, 
271). — 2.  The  Ag  salt  is  formed  by  oxidising  P 
by  dilute  HNOgAq  in  presence  of  AgN03  (Philipp, 
B.  18,  749) ;  also  by  reacting  on  H3Pb3Aq  with 
AgN03A_q  (Sanger,  A.  232,  1) ;  and  the  Cu  salt 
by  reacting  on  P  with  Cu(N03),Aq  (Corne,  J.  Ph. 
[5]  6, 123). 

Preparation. — Sticks  of  P  are  placed  in  glass 
tubes  narrowed  at  the  lower  end;  these  are 
arranged  inside  a  funnel,  which  is  placed 
in  the  mouth  of  a  bottle  containing  a  little 
water ;  the  bottle  is  set  in  a  basin,  and  the  whole 
is  covered  with  a  large  bell-jar  open  at  the  top. 
The  apparatus  is  placed  in  a  cool  place  (best  in 
a  cellar)  for  some  weeks  or  months  ;  according 
to  Joly  (C.  B.  101,  1058),  from  ^  to  1  of  the  F 
is  oxidised  to  H4P2O5  if  the  process  is  conducted 
in  winter,  and  not  more  than  summer.. 
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The  acid  liquid  is  mixed  with  a  cold  cone,  solu- 
tion of  Na  acetate,  the  ppd.  ^ a.,K^P. fie-*^'B..X)  is 
collected,  washed  with  a  very  little  cold  water 
then  dissolved  in  water  (sol.  in  c.  45  parts  cold 
water),  and  ppd.  by  Pb  acetate;  the  Pb^P^Oe  is 
collected,  washed  with  cold  water,  suspended  m 
water,  and  decomposed  by  H,,S  ;  the  filtrate  is 
evaporated  at  a  low  temperature— not  exceeding 
aO°— or  in  vacuo  over  H.SO^,  until  crystals  of 
H.,P„08  are  deposited.  Joly  (C.  B.  101,  1058, 
1148)  heats  to  boiling  the  acid  liquid  obtained 
by  oxidising  P,  as  described  above,  adds  Na.COa 
till  nearly  neutral  to  methyl  orange,  and  crystal- 
lises by  concentration ;  he  washes  the  crystals 
of  Na„H.,P206.6H„0  with  cold  water,  and  recrys- 
taUise's  from  hot  water,  dissolves  in  hot  water, 
adds  an  equivalent  of  BaCL  in  hot  water,  washes 
the  ppd.  BaH„P.,0,j,  decomposes  it  by  an  equi- 
valent of  HjSd^  diluted  with  its  own  weight  of 
water,  filters  after  two  or  three  days,  and  eva- 
porates in  vacuo  over  HjSOj.  Drawe  (B.  21, 
3401)  carries  out  the  oxidation  of  P  in  presence 
of  Na  acetate  solution. 

Pro2)er ties. —SmaW  colourless  crystals,  which 
melt  at  c.  55°  (Joly,  C.  B.  102,  110) ;  very  hygro- 
scopic ;  solution  is  unchanged  in  air  at  ordi- 
nary temperatures.  Heated  to  c.  70°  suddenly 
decomposes  to  H,,PO,  and  HPO3  (J.,  I.e.) ;  at  c. 
120°  gives  H^PjO,  and  P  hydride  (J.,  0.  B.  102, 
760). 

Beactions  and  Combination.— 1.  Heat  decom- 
poses H^P-vOs  (y.  supra).— 2.  Not  oxidised  hysuoh 
oxidisers  as  H,0,Aq,  ClAq,  CrO.,Aq,  HgCl.,Aq, 
(fee— 3.  Not  reduced  by  such  reducers  as  SO^Aq, 
H,S,  or  Zn  and  H.^SO^Aq.— 4.  Potassium  per- 
manganate is  slowly  reduced  in  the  cold, 
quickly  on  heating,  by  HjP,Os^q  to  which 
H„S04Aq  has  been  added.— 5.  Heated  v/ith  ni  tric 
acid,  HjPO^Aq  is  formed.— 6.  Heated  with  dilute 
sulphuric  acid,  H^POjAq  and  H.,PO,,Aq  are  pro- 
cluced.— 7.  Silver  nitrate  solution  gives  a  white 
pp.,  which  does  not  blacken  in  Hght  and  is  soluble 
in  warm  HNO^Aq  (1:1).— 8.  By  evaporating 
HjP^OfiAq  till  the  liquid  had  the  composition 
PjO.'.GH^O,  and  then  placing  over  H-.SO^  in 
vacuo,  Joly  (C.  B.  101,  1058;  102,  110)  ob- 
tained crystals  of  the  hydrate  H,P„0s.2H„0, 
melting  at  62°-62-5'' 


Hypophosphates.  MiHaPoO,;,  Mi.,H„P.p„ 
MI3HP2O5,  Mi,P.,0„  M"H,,P,0„  M".^,0,.  These 
salts  have  been  examined  chiefly  by  Salzer  [A. 
187,322;  194,  28;  211,1;  232,  114,  271),  and 
crystallographically  by  Haushofer  a.  Fresenius 
{Z.  K.  1,  257,  620  ;  3,  005  ;  6,  113  ;  9,  254). 
The  hypophosphates  are  much  more  stable  to- 
wards oxidisers  than  the  hypophosphites  or 
phosphites.  They  reduce  KMnO^Aq  very  slowly 
in  the  cold  after  addition  of  H2S0.,Aq,  and  give 
white  pp.  with  AgNOjAq  unchanged  in  light. 

Ammonium  hypopjhosphates.  Tlhe  normal 
salt  (NH4)4PjOg.a;H.,0  is  obtained  by  adding 
excess  of  NH^Aq  to  the  acid;  on  drying,  loses 
NH.i  and  effloresces.  The  acid  salts 
(NHJ„H.,P.06  and  (NH,)3HP.,06  are  formed,  the 
former  by  boiling  a  solution  of  the  normal  salt, 
the  latter  by  adding  the  proper  quantity  of 
H4P2OS  to  the  former  salt. 

Barium  hypophosphates.  The  normal 
salt  Ba^P^Os  is  obtained  from  BaCl.Aq  and 
Na^PAM;  the  acid  salt  BaR.^.fi^.211.fi  is 


formed  from  Na.H3P.,0sAq  and  BaCl  .Aq  (v.  Joly, 
C.  R.  101,  1058). 

Cadmium  hijpophosphate  Cd,P.,0u.2H.p ;  and 
the  double  salt  CdNa,,PA-6H,b  (Drawe,  B. 
21,  3401). 

Calcium  hypophosphates  Ca.P.fi^  and 
CaH..P.,0„.6H„0. 

Cobalt  hypophosphate  Co„P,,0„.8H.,0  ;  and 
the  double  salt  2CoNa,,P,0,..3H,0  (Drawe,  I.e.). 

Copper  hypophospliate  Cu.PjOe.eHoO  (Drawe, 
I.e.). 

Lead  hypophosphate  PboPjO^. 

Magnesium  hypophosphates  Mg2P.,0,,.12H2O 
and  MgH.,P.A-4H,0 ;  and  the  double  salt 
Mg(NH4).,P„0„.6H„0. 

Nickel  hypophosphate  Ni.,p20^.12H.,0  ;  and 
the  double  salt  NiNa-.P-A-l^SP  (Drawe, 
I.e.). 

Potassium  hypophospliates  K4P20e.8H.^O, 
K3HP2O6.3H2O,  K^H^P^O,,  and  KHjP.p,. 

Silver  hypophosphate  AgjP  .O^  {v.  Philipp,  B. 
14,749). 

Sodium  hypophosphates.  The  acid  salt 
Na.,H..P2O«.0H,O  is  obtained  by  slowly  oxidising 
P  in  'moist  air,  and  adding  Na  acetate  solu- 
tion as  described  under  Preparation  of  hypo- 
phosplioric  acid  (p.  154);  sol.  45  parts  cold, 
or  5  parts  boiling,  water  ;  insol.  alcohol ; 
on  strongly  heating  gives  off  H  and  P  hy- 
dride and  leaves  NaPO^.  The  normal  salt 
Na.PjOo.lOHp  is  obtained  by  adding  an  equi- 
valent of  NaoCO^  to  Na.,H,P.,0,Aq ;  sol.  c.  30 
parts  cold  water,  much  more  sol.  hot  water; 
solution  reacts  alkaline,  and  gives  a  mix- 
ture of  salts  on  evaporation.  The  acid  salt 
Na,HP.,0,.9H.,0  is  formed  by  mixing  the  Na., 
and  Na'4  salts'in  the  ratio  Na.,H,P,0, :  Na,PA- 
The  acid  salt  NaHjPA-Sap  is  formed  by 
adding  the  proper  quantity  of  HjP.PoAq  to 
Na-.H^P-Pfi.  For  reaction  of  the  Na  salts  with 
different  indicators  v.  Joly,  C.  B.  101,  1058. 

Another  acid  salt  Na,H,(P,O,J,.20H,O  is 
said  to  be  formed  by  adding  rather  more 
than  one  molecular  weight  NaOH  to 
4Na.,H.,P20,.6H20. 

Ziiic  hypophosphate  Zn,P,0,.2H.,0  (Drawe, 

I  c  ) 

'  PYKOPHOSPHITES.  In  1887  Amat  (C.R. 
106,  1400)  showed  that  when  2NaH2P03.5H.,0  is 
heated  to  IGO^  it  loses  6H.,0  and  gives  the  salt 
Na.,H„P.P5.  A  few  other  salts  of  the^  form 
M  H  P  6  have  been  obtained,  but  the  acid  has 
not  been  Isolated.  When  the  Ba  salt  is  decom- 
posed by  an  equivalent  of  H,S04Aq,  the  solution 
shows  the  reactions  of  pyrophosphites,  but  the 
pyrophosphite  gradually  changes  to  phosphite 
(Amat,  C.  B.  108,  1056).  The  pyrophosphites 
in  solution  slowly  change  to  phosphites,  the 
more  rapidly  the  more  cone,  the  solution  and 
the  higher  the  temperature ;  the  presence  of  an 
acid,  e.g.  H.SOj,  greatly  quickens  the  rate  of 
change  (A.,  I.e.).  Addition  of  NaOHAq  to  a  boil- 
in"  solution  of  the  Na  salt  produces  NaoHPOj 
(A.,  C.  B.  106,  1400).  Pyrophosphites  in  very 
dilute  solutions  give  no  pp.  with  Pb(N03)2Aq 
until  boiled ;  phosphites  give  an  immediate 
white  pp.;  this  reaction  serves  as  a  qualitative 
test  for  the  two  classes  of  salts  (A.,  C.  R.  HO, 

Lead pi/ropJiosphite  PbH^P.,©.,  is  obtained  by 
heating  PbH2(HP03)2  in  a  dry  vacuum  to  c.  140° 
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It  is  insol.  water,  but  is  gradually  changed  by- 
water  to  HjPOgAq  and  PbHPO,  (A.,  C.  B.  110, 
901). 

Sodium  pyropliosphite  Na^HjPjOj  is  formed 
by  heating  SNaHJPOa.SHjO,' which  has  been 
partially  dehydrated  in  vacuo,  to  c.  160°.  V.  sol. 
water  ;  solution  changes  to  NaHoPOjAq,  but  by 
careful  evaporation  i7i  vacuo  over  H2SO4  crystals 
of  NajHoPoOj  can  be  again  obtained  (A.,  0.  R. 
108,  1056).  Presence  of  acid  hastens  the  change 
to  NaH^POjAq  ;  this  change  is  also  effected  by 
adding  iSTaOHAq  to  boiling  NaoHjPoOjAq.  Heat 
of  solution  of  Na„H2P,O5  =  306  (A',  C.  B.  110, 
191). 

For  thiopyrophosphites  M4P2S5  and  thio-oxy- 
pyrophosphites  M4P2O3S2  and  M4P„04S  v.  Phos- 
phorous SULPHIDE,  Beactions  7  and  8,  p.  146 ;  and 
for  selenopyrophosphites  M4P„Se5  v.  Phosphor- 
otra  sELENiDE,  p.  145).  '    M.  M.  P.  M. 

PHOSPHORYL  COMPOUNDS.  Compounds 
of  the  radicle  PO  are  generally  called phosphoryl 
compounds ;  and  compounds  of  the  radicle  PS 
are  often  called  thio-phosp>horyl  compounds. 
These  compounds  are  described  in  this  Dictionary 
as  phosphorus  oxychloride,  oxyfluoride,  sulpho- 
chloride,  &c.  The  phosphoryl  compounds  are 
PO(NH2)3,  POCI5,  POBr,,  P0BrCl2  and  POBr.Cl, 
POF3,  PO.NH.NH,,  PON.  The  thiophosphoryl 
compounds  are  PS(NH„)3,  PSCI3,  PSBrj,  PSBrClj, 
PSF3.  The  compounds  ■p.,0,Cl4  and  P2S3Br4  are 
sometimes  called  pyrophosphoryl  chloride  and 
pyrothiophosphoryl  bromide,  respectively. 

M.  M.  P.  M. 

(a)-PHOSPHOTOLUIC  ACID 

C6H3Me(P03H2).C0,B  [3:4:1].  Toluphosphinic 
acid.  [262°].  Formed  by  oxidising  m-sylene 
phosphonic  acid  with  hot  alkaline  KMn04 
(Weller,  B.  20,  1723  ;  21, 1492).  Prisms,  v.  sol. 
hot  water,  v.  e.  sol.  alcohol.  Yields  HPO3  and 
m-toluic  acid  when  heated. — PCI5  yields  oily 
C,H3Me(P0Cl.,).C0Cl.  —  PbHA'"  aq  :  needles 
(from  dilute  HOAc). — Ag3A"'. 

(^)-Phospliotoluic  acid 
C,H3Me(P03H2).C02H  [5:3:1].    [220°].  Formed 
by  oxidising  s-»i-xylene  phosphonic  acid  (Wel- 
ler).   Yields  HPO3  and  m-toluic  acid  on  heating. 
— AgjA'"  :  amorphous  pp. 

Chloride  C6H3Me(P0Cl2).C0Cl.  (249°  at 
147  mm.).  Oil. 

Phosphotoluic  acid 
C5H3Me(P03H,).CO.^[4:a;:l].    [278°].  Formed 
by  oxidising  p-xylene  phosj)honic  acid.  Needles, 
decomposed  by  heat  into  HPO3  and  ^-toluic 
acid. 

Chloride  CsH3Me(POCl2).COCl.  [62°]. 
Crystalline  mass. 

PHOTO-CHEMISTEY  v.  Infliience  of  light  on 
chemical  change,  under  Chemical  change,  vol.  i. 
p.  748 ;  also  next  article  (Photographic  che- 
mistry) ;  also  Optical  methods,  a  section  of  Phy- 
sical METHODS,  in  this  volume,  p.  221. 

PHOTOGRAPHIC  CHEMISTRY.  The  photo- 
graphic processes  at  present  in  use  depend 
primarily  upon  the  photo-chemical  decompo- 
sition of  certain  metallic  compounds  in  the  pre- 
sence of  suitable  oxidisable  substances  known 
as  sensitisers.  Broadly  speaking,  the  photo- 
decomposable  compound  may  be  regarded  from 
a  chemical  point  of  view  as  an  oxidising  agent, 
of  which  the  oxidising  power  is  only  brought 


into  action  under  the  stimulus  of  light,  the 
associated  compound  or  sensitiser  being  at  the 
same  time  oxidised  by  the  oxygen  or  halogen 
thus  liberated.  Very  many  metallic  compounds 
are  thus  susceptible  to  the  influence  of  light, 
although  only  a  few  of  these  have  up  to  the  present 
time  found  practical  application.  The  nature  of 
the  chemical  change  undergone  in  such  cases 
may  be  well  illustrated  by  the  action  of  light  upon 
ferric  salts.  An  aqueous  solution  of  ferric  chlor- 
ide, for  example,  is  not  acted  upon  by  light  because 
the  associated  substance  (water)  is  not  capable 
of  reacting  with  the  liberated  chlorine  with  suf- 
ficient rapidity;  in  other  words,  water  is  incapable 
of  acting  as  a  sensitiser  towards  ferric  chloride. 
But  if  some  oxidisable  organic  compound  is  pre- 
sent, light  then  reduces  the  ferric  to  the  ferrous 
salt.  Thus  an  alcoholic  solution  of  ferric  chlor- 
ide exposed  for  a  few  minutes  to  sunlight  gives 
I  a  blue  colouration  with  potassium  ferricyan- 
ide,  indicating  the  presence  of  a  ferrous  salt, 
probably  formed  according  to  the  equation : 
I  Fe.Cl,  +  GMfi  =  FcjCl,  +  Cfifi  +  2HC1.  In  a 
similar  way  paper  coated  with  a  solution  of 
ferric  chloride  can  be  used  to  obtain  prints,  be- 
cause the  paper  (or  the  size  contained  in  it)  plays 
the  part  of  a  sensitiser,  and  the  exposed  portions 
of  the  surface  thus  become  covered  with  a  ferrous 
instead  of  a  ferric  compound,  and  on  brushing 
over  with  a  solution  of  ferrioyanide  the  print  is 
developed  in  blue.  In  practice  ferric  oxalate  is 
found  to  be  the  most  sensitive  ferric  compound, 
the  organic  acid  being  the  sensitiser  :  Fe2(C204)3 
=  Fe2(C204)2  +  2C02. 

Although  the  chemical  action  of  light  upon 
metallic  compounds  generally  is  of  the  nature  of 
reduction,  and  is  accompanied  by  the  simultane- 
ous oxidation  of  the  compound  which  plays  the 
part  of  a  sensitiser,  there  are  many  instances  in 
which  light  promotes  the  action  of  atmospheric 
oxygen  or  other  oxidising  agent.  Thus  potas- 
sium iodide  may  be  kept  in  a  dry  atmosphere  in 
the  dark  for  any  length  of  time  without  under- 
going change,  but  in  the  presence  of  light  and 
moisture  photo-chemical  oxidation  takes  place, 
and  the  salt  becomes  alkaline  : 

4KI  +  2H2O  +  O,  =  4K0H  +  21,. 
Action  of  light  upon  silver  salts.  Of  all 
known  metallic  compounds  the  salts  of  silver 
are  the  most  sensitive  to  the  action  of  light, 
and  these  salts  accordingly  form  the  basis  of  all 
existing  photographic  processes.  The  most 
familiar  instance  of  the  photo-decomposition  of 
a  silver  salt  is  the  well-known  change  in  colour 
experienced  by  silver  chloride  on  exposure  to 
light,  a  phenomenon  which  has  been  familiar 
i  since  the  sixteenth  century.  The  other  silver 
haloids,  viz.  the  bromide  and  iodide,  are  also 
decomposed  by  light,  the  latter  only  in  the  pre- 
sence of  some  sensitiser  capable  of  rapidly  ab- 
sorbing iodine.  The  absolute  sensitiveness  of 
the  silver  haloids  cannot  be  estimated  by  the 
degree  of  darkening  on  exposure,  because  the 
product  of  photo-decomposition  is  of  a  darker 
colour  in  the  case  of  the  chloride  than  in  the 
case  of  the  bromide,  and  the  product  is  darker 
in  the  case  of  the  bromide  than  in  that  of  the 
iodide.  The  sensitiveness  is  actually  determined 
by  two  conditions,  viz.  the  nature  of  the  sensitiser 
and  the  state  of  molecular  aggregation  of  the 
silver  haloid.    In  most  of  the  negative  processes 
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now  in  use,  the  bromide  or  iodide,  or  a  mixture 
of  the  two,  forms  the  sensitive  surface. 

Tlie  nature  of  the  cliemical  cliange  undergone 
on  exposure  to  light  lias  not  yet  been  completely 
elucidated  for  all  the  silver  haloids.  It  is  known 
that  the  chloride  loses  chlorine  on  exposure,  and 
that  the  darkened  product  contains  less  chlorine 
than  the  unaltered  haloid.  It  is  as  yet  uncer- 
tain whether  the  halogen  which  is  given  ofl  is 
always  evolved  in  the  free  state  or  not ;  it  has  been 
shown,  however,  that  silver  chloride  on  exposure 
to  light  gives  off  a  gas  which  rapidly  turns  potas- 
sium iodide  and  starch  paper  blue  (Meldola, 
Chemistry  of  Photography,  p.  66).  It  is  stated 
by  many  writers  that  the  darkened  product  is  a 
subchloride  formed  according  to  the  equation : 
4AgCl  =  2Ag._,Cl  +  CL.  There  is,  however,  no  satis- 
factory evidence  of  the  existence  of  such  a  sub- 
salt,  and  it  seems  more  probable  that  the  dark 
product  consists  of  an  oxychloride,  in  combina- 
tion, or  admixture,  with  unaltered  chloride.  Ac- 
cording to  some  analyses  by  Hodgkinson,  the 
oxychloride  has  the  formula  Ag|OCL.  In  support 
of  this  conclusion  it  is  found  that  the  chloride 
does  not  darken  in  absolutely  dry  air,  unless 
vapour  of  mercury  is  present  (Abney),  thus 
making  it  appear  that  moisture  is  essential  for 
the  decomposition.  The  latest  investigation  of 
the  action  of  light  on  AgCl  by  Baker  (C.  J.  61, 
728)  confirms  the  view  that  the  darkened  product 
contains  an  oxychloride ;  Baker  gives  the  formula 
AgjClO.  A  second,  white,  oxychloride  also 
probably  exists  (Richardson,  G.  J.  59,  536). 
Silver  chloride  is  thus  analogous  to  cuprous  or 
thallous  chloride,  which  also  darken  under  the 
influence  of  light,  with  the  formation  of  what 
are  believed  to  be  oxychlorides.  Whatever  may 
be  the  chemical  composition  of  the  darkened 
product,  it  is  probable  that  the  bi'omide  and  iodide 
give  rise  to  the  formation  of  analogous  com- 
pounds, and  that  the  invisible  picture  in  the 
older  processes  is  formed  of  these  products  on 
a  background  of  unaltered  haloid.  The  un- 
developed image  on  modern  dry  plates,  coated 
■with  gelatin  emulsion,  may,  however,  have  a  dif- 
ferent composition,  owing  to  the  presence  of  the 
organic  sensitiser. 

Photosalts  of  silver.  These  are  coloured 
forms  of  the  silver  haloids  prepared  by  the  action 
of  certain  reducing  agents  upon  silver  compounds, 
and  the  subsequent  conversion  of  the  partially 
reduced  products  into  the  haloids  by  treatment 
with  the  necessary  acids.  These  compounds 
are  of  a  red  or  purple  colour,  and  have  been 
shown  to  contain  less  halogen  than  the  un- 
altered haloids.  It  is  probable  that  they  consist 
of  physical  combinations  of  the  oxyhaloid  or 
hydrated  oxyhaloid  with  the  unaltered  haloid  ; 
their  discoverer  (Carey  Lea)  has  shown  that 
they  closely  resemble,  if  they  are  not  actually 
identical  with,  the  products  of  the  photo-chemi- 
cal reduction  of  the  silver  haloids.  If  this  be 
admitted,  it  follows  that  the  product  which 
forms  the  photographic  image  can  be  prepared 
by  purely  chemical  methods  [Am.  S.  1887). 

Photographic  processes.  In  all  photographic 
processes  the  first  operation  is  the  exposure  of 
a  surface  coated  with  a  uniform  film  of  the 
silver  haloid  to  the  image  formed  by  a  lens  in  a 
camera.  The  image  thus  depicted  on  the  film 
is  invisible,  in  the  first  place  because  of  the  very 


slight  difference  in  colour  between  the  product 
^  of  photo-reduction  and  the  unaltered  haloid,  and 
in  the  next  place  because  the  short  period  of 
exposure  does  not  produce  a  suflicient  quantity 
of  the  product  of  reduction  to  render  the  latter 
visible.    The  invisible  image  thus  consists  of  a 
I  layer  of  reduction-product  of  infinitesimal  thin- 
I  ness,  and  the  picture  is  afterwards  made  visible 
I  by  the  deposition  of  metallic  silver  on  this  re- 
duction-product by  the  application  of  certain 
solutions  known  as  'developers,'  the  chemical 
action  of  which  will  be  described  subsequently. 

Daguerreotype.  This  process  is  historically 
interesting  as  having  been  the  first  method  of 
photography  with  a  silver  salt  successfully  ap- 
plied to  the  production  of  a  picture  from  the 
image  formed  in  a  camera.  It  takes  its  name 
from  Daguerre,  who  announced  the  discovery  in 
1839.  The  process  is  no  longer  used  ;  it  has 
been  superseded  by  more  rapid  methods.  In 
order  to  prepare  a  Daguerreotype  plate,  a  plate 
I  of  copper  is  silvered,  and  the  polished  surface 
'  is  exposed  to  the  vapour  of  iodine  and  bromine 
''  alternately.  The  sensitive  film  is  therefore  a 
mixture  of  silver  iodide  and  bromide.  Silver 
iodide  can  act  to  some  extent  as  its  own  sensitiser, 
but  the  substratum  of  metallic  silver  is  chiefly 
effective  in  this  capacity  as  it  is  capable  of  rapidly 
absorbing  the  halogen  liberated  by  the  action  of 
light  upon  the  sensitive  surface.  The  invisible 
image  is  develojied  by  exposure  to  the  vapour  of 
mercury,  which  condenses  on  the  product  of  re- 
duction but  not  on  the  unaltered  haloid. 

Collodion  processes.  In  these  processes  the 
sensitive  film  consists  of  a  silver  haloid  formed 
I  by  double  decomposition  in  collodion  as  a  vehicle, 
j  Collodion  is  a  solution  of  the  tri-  and  tetra- 
;  nitrate  of  cellulose  (collodion  pyroxyline)  in  alco- 
I  hoi  and  ether  (v.  vol.  i.  p.  716),  and  on  coating  a 
i  glass  plate  with  this  solution  the  solvents  eva- 
porate and  leave  a  uniform  layer  of  the  pyro- 
xyline attached  to  the  plate.  Some  soluble 
iodide,  NH4I  or  Cdlj,  sometimes  mixed  with  a 
small  quantity  of  a  bromide,  is  first  dissolved 
in  the  collodion,  the  plate  is  coated  with  this 
salted  collodion,  and  when  dry  is  sensitised  by 
immersion  in  a  silver  nitrate  solution.  The 
sensitive  surface  in  this  process  is  therefore  a 
silver  haloid  wetted  with  a  film  of  silver  nitrate 
solution,  the  latter  playing  the  part  of  a  sensi- 
tiser by  absorbing  the  liberated  halogen : 
3L  +  6AgN0.,  -f  3H„0  =  5AgI  +  AglO,  -1-  6HN0,. 
By  washing  out  the  soluble  salts  after  the  plate 
has  been  removed  from  the  silver  solution  the 
sensitiveness  is  practically  destroyed,  because 
the  pyroxyline  by  itself  has  no  halogen-absorb- 
ing power.  On  drying  such  a  washed  plate,  and 
then  coating  it  with  a  solution  of  tannin  or 
some  organic  sensitiser,  the  sensitiveness  is  par- 
tially restored.  Plates  thus  treated  can  be  used 
in  the  dry  state,  and  dry-plate  photography  by 
this  method  was  made  practically  successful  in 
1861  by  Colonel  Russell 

Emulsion  2^rocesses.  All  the  p)hotographic 
methods  at  present  in  vogue  are  comprised  in 
this  group.  The  silver  haloid  is  precipitated 
in  a  finely  divided  state  in  some  vehicle,  usually 
gelatin,  and  the  plates  coated  with  this  emul- 
sion are  allowed  to  dry  and  are  then  ready  for 
use.  A  brief  description  of  a  method  for  pre- 
paring a  gelatin  emulsion  will  suffice  to  make 
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clear  the  general  mode  of  procedure.  The 
soluble  bromide  (potassium  or  ammonium), 
sometimes  mixed  with  a  little  iodide,  is  dis- 
solved in  water,  together  with  a  certain  quantity 
of  the  gelatin,  and  to  this  solution  the  calcu- 
lated quantity  of  silver  nitrate  (previously  dis- 
solved in  water)  is  added  little  by  little  with 
constant  agitation.  The  quantities  are  so  ad- 
justed as  to  leave  no  excess  of  silver  nitrate. 
The  silver  haloid  is  by  this  means  precipitated 
in  an  extremely  fine  state  of  division  in  the 
viscid  gelatin  solution,  with  which  it  forms  an 
emulsion.  A  stronger  solution  of  gelatin  is 
then  mixed  intimately  with  the  first  dilute 
emulsion,  and  the  whole  is  heated  on  a  water-bath 
for  about  an  hour  to  become  '  ripened.'  When 
cold,  the  semi-solid  emulsion  is  washed  by  im- 
mersion in  a  fine  state  of  division  in  cold  water, 
so  as  to  remove  all  soluble  salts  (nitrates  formed 
by  double  decomposition,  excess  of  soluble 
haloids,  &c.).  The  washed  emulsion  is  then 
mixed  with  the  necessary  quantity  of  strong 
gelatin  solution  to  reduce  it  to  the  required  con- 
sistency, and  the  plates  are  coated  and  allowed 
to  dry.  Many  variations  in  the  details  of  mix- 
ing have  been  introduced,  but  these  involve  no 
change  in  principle.  Kipening  can  also  be 
effected  at  ordinary  temperatures  by  the  action 
of  ammonia. 

Ripening  of  emulsions.  The  process  of 
ripening  above  referred  to  is  necessary  in  order 
to  increase  the  sensitiveness  of  the  silver  haloid, 
since  the  latter  when  first  precipitated  is  com- 
paratively insensitive.  The  increase  of  sensi- 
tiveness is  no  doubt  due,  partially  if  not  wholly, 
to  a  physical  change  in  the  state  of  molecular 
aggregation  of  the  silver  haloid,  as  it  is  accom- 
panied by  a  growth  in  the  size  of  the  particles 
and  by  a  change  in  the  absorption  spectrum,  the 
unripened  emulsion  transmitting  more  of  the  red 
rays,  and,  therefore,  absorbing  less  of  this  part  of 
the  spectrum,  than  the  ripened  emulsion.  The  ex- 
treme sensitiveness  of  the  emulsions  at  present 
in  use  is  thus  due  in  great  measure  to  the  circum- 
stance that  the  haloid  is  rendered  sensitive  to  a 
much  wider  range  of  spectral  colours  than  is  the 
case  with  ordinary  silver  bromide  precipitated  in 
a  non-emulsifying  medium.  The  increased  sensi- 
tiveness of  a  ripened  emulsion  may  also  be 
ascribed,  in  part,  to  the  formation  of  an  actual 
compound  of  the  silver  haloid  with  the  gelatin 
or  some  constituent  thereof  (Meldola,  Cantor 
Lectures  on  Photographic  Chemistry,  1891.  20, 
21). 

Development  of  the  photographic  image. 

Acid  development.  In  the  wet  collodion  process 
the  image  is  developed  by  the  application  of  a 
solution  of  ferrous  sulphate  mixed  with  acetic 
acid  and  alcohol  (to  insure  uniformity  of  flow). 
The  film  being  already  wet  with  silver  nitrate 
solution,  the  action  of  the  developer  is  simply 
to  reduce  this  salt  according  to  the  reaction : 
6AgN0,  +  6FeS0,  =  2Fe2(SO^)3  -i-  re,(N03)„  +  GAg. 
Metallic  silver  is  thus  contained  as  a  potential 
deposit  in  the  mixed  solutions,  but  its  precipita- 
tion is  retarded  by  the  acetic  acid,  which  plays 
the  part  of  what  is  technically  called  a  '  re- 
strainer.'  The  finely-divided  metal  is  deposited 
only  on  the  product  of  photo-decomposition  (the 
invisible  picture),  the  density  of  the  deposit 
being  proportional  to  the  amount  of  decompo- 


sition on  each  portion  of  the  sensitive  surface. 
The  image  thus  continues  to  gain  in  density  as 
long  as  there  is  silver  to  feed  it,  so  that  the  pic- 
ture is  built  up  by  accretion  and  is  raised  in  re- 
lief on  the  surface  of  the  film.  If  the  film  is 
treated  with  dilute  nitric  acid  after  develop- 
ment, the  picture  is  dissolved  off,  leaving  the  film 
in  the  same  condition  as  before  exposui'e,  thus 
proving  that  the  image  is  purely  superficial.  The 
ferrous  sulphate  developer,  which  acts  in  the 
manner  described,  is  a  type  of  the  class  of  acid 
developers. 

Alkaline  development.  Gelatin  emulsions  con- 
tain no  excess  of  silver  nitrate,  so  that  the  fore- 
going process  of  development  is  inapplicable.  The 
gelatin  itself,  being  a  bromine  absorbent,  is  in 
this  case  the  sensitiser.  Development  is  effected 
in  modern  processes  by  means  of  an  alkaline  or 
neutral  solution  of  some  reducing  agent,  usually 
an  easily  oxidisable  organic  compound,  such  as 
ammonium  pyrogallate,  first  introduced  by 
Colonel  Kussell  in  1862.  In  this  method  the 
developer  acts  directly  as  a  reducing  agent  upon 
the  product  of  photo-reduction,  replacing  the 
latter  by  its  equivalent  of  metallic  silver.  The 
image  at  the  same  time  gains  in  density  by  the 
further  reduction  of  those  portions  of  the  un- 
altered silver  haloid  which  are  in  immediate 
contact  with  the  nascent  silver  being  generated 
by  the  developer  ;  the  action  is  probably  electro- 
lytic, since  the  image  goes  on  increasing  in 
density  as  long  as  the  developer  can  exert  a  re- 
ducing action.  A  very  small  amount  of  the  silver 
deposit  may  also  be  due  to  the  reduction  of  the 
minute  quantity  of  silver  actually  dissolved  out 
of  the  film  by  the  ammonia  or  other  solvent  in 
the  developer.  In  alkaline  development  the  main 
portion  of  the  silver  image  is  therefore  built  up  by 
growth  from  the  silver  haloid  in  the  film,  and  after 
development  the  image  can  be  dissolved  out  by 
dilute  nitric  acid,  leaving  its  impression  sunk  in 
the  gelatin,  instead  of  leaving  a  plane  surface,  as 
in  the  case  of  a  collodion  picture  similarly  treated. 
The  developers  belonging  to  this  class  are  all 
strong  reducing  agents  capable  of  directly  re- 
ducing the  silver  haloids,  so  that  the  action  has 
to  be  moderated  by  means  of  restrainers,  potas- 
sium bromide  being  generally  employed  for  this 
purpose.  The  restraining  action  of  this  salt  is 
probably  due  to  its  tendency  to  form  a  double 
potassio-silver  bromide,  which  is  more  stable 
than  the  silver  bromide  itself.  In  addition  to 
ammonium  jsyrogallate  several  other  developers 
acting  in  a  similar  manner  have  come  into  use. 
Of  these  may  be  mentioned  potassio-ferrous 
oxalate  (Carey  Lea,  1877),  which  acts  according 
to  the  equation  :  ZB■^:^  +  (>¥eG„0^  + iKfi.fi ^ 
—  3Feo(C„04)j-f  6KBr.  The  bromine  in  this  case 
is  derived  primarily  from  the  reduction-product. 
Other  developers  coming  under  this  category  are 
an  alkaline  solution  of  hydroquinone  (quinol), 
hydroxylamine,  phenylhydrazine,  and  an  alkaline 
salt  of  amido-;8-naphthol-monosulphonic  acid 
(Meldola,  C.  J.  39,  47),  introduced  by  Andresen 
(Eikonogcn).  Among  the  most  recently  intro- 
duced developers  are   certain  amido-phenols, 

'  An  able  investigation  of  the  connection  between  the 
density  of  the  deposit  of  reduced  silver  and  the  period  of 
exposure,  &c.,  is  published  by  Harter  a.  Driffield  (^'.  C.  I.  9, 
455  ;  10,  100  ;  v.  also  other  papers  in  same  volume  ;  also 
Armstrong,  Conference  No.  of  Journ.  of  the  Camera  Club, 
1892,  and  discussion  in  same  journal,  July  1892). 
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amido-phenolic  and  carboxylie  acids,  and  tlieir 
alkyl  derivatives,  known  as  '  amidol,^ '  metol,'  &c. 
Those  which  contain  the  basic  and  hydroxyl 
substituents  in  the  para-  position  seem  to  be  the 
most  effective  (Hauff,  Engl.  PateJits  [1891]  15, 
431;  20,  690). 

In  the  processes  of  alkaline  development  the 
gelatin  itself  also  acts  the  part  of  a  restrainer  by 
preventing  too  intimate  a  contact  between  the 
reducing  solution  and  the  silver  haloid.  Any 
viscous  substance  exerts  this  protecting  in- 
fluence (sugar,  glycerin,  &c.),  and  such  com- 
pounds are  sometimes  caXleA physical  restrainers, 
to  distinguish  them  from  claemical  restrainers, 
such  as  the  acid  in  the  ferrous  sulphate  deve- 
loper or  the  potassium  bromide  in  alkaline  de- 
velopers. A  developer  of  very  great  reducing 
power  is  for  this  reason  available  in  dry  plate 
photography,  and  upon  this  fact  largely  depends 
the  extreme  sensitiveness  of  modem  processes. 

Development  by  vapour.  The  Daguerreotj'pe 
picture  was  developed  by  exposure  to  mercury 
vapour,  this  metal  having  the  property  of  con- 
densing on  the  product  of  photo-reduction  (the 
invisible  image)  but  not  on  the  unaltered  silver 
haloid.  It  is  not  known  whether  the  combina- 
"tion  of  the  mercury  with  the  reduction-product 
is  of  a  chemical  or  physical  nature.  This 
method  of  development  is  at  present  the  sole 
representative  of  its  class. 

Fixing  the  picture.  The  image  developed 
by  the  foregoing  methods  is  always  on  a  back- 
ground of  unchanged  silver  haloid,  which  must 
obviously  be  removed  before  the  picture  can  be 
exposed  to  white  light.  In  the  early  days  of 
photography  strong  solutions  of  potassium,  so- 
dium, or  ammonium  chloride  were  used  as  fixing 
agents,  these  salts  having  the  property  of  form- 
ing soluble  double  salts  with  the  silver  haloids. 
The  action  of  these  salts  was,  however,  very  im- 
perfect, and  a  certain  amount  of  undissolved 
silver  haloid  was  always  left  in  the  film,  which 
led  on  exposure  to  the  gradual  darkening 
and  obliteration  of  the  whole  picture.  Potas- 
sium cyanide  has  since  been  employed,  this 
salt  forming  with  the  silver  haloid  an  ex- 
tremely soluble  double  cyanide  :  AgBr-(-'2KCN 
=  AgK(CN)2  4-KBr.  The  fixing  agent  now  gene- 
rally preferred  is  sodium  thiosulphate  (Sir  J. 
Hersohel,  1839) ;  this  salt,  if  used  in  excess, 
forming  the  extremely  soluble  sodio-silver  thio- 
sulphate Ag,.Na|(S.,0,)3,  2aq  :  2AgBr -i- 3Na.,S.,03 
_=Ag,,Na4(S,,63)3  +  2NaBr.  If  the  fixing  solution 
is  dilute,  the  insoluble  NaAgS.^a  is  formed, 
which  remains  in  the  film  and  spoils  the  pic- 
ture :  AgBr  +  Na^S-.O,  =  AgNaS.Ps  +  NaBr.  After 
immersion  in  the  fixing  bath,  the  soluble  salts 
are  removed  by  thorough  washing  in  a  stream 
of  water. 

Intensification,  and  reduction,  of  density. 

In  cases  where  the  image  is  wanting  in  density 
through  under-exposure,  bad  light,  insutKcient 
development,  etc.,  a  process  of  intensification  is 
resorted  to.  The  process  as  applied  to  modern 
dry  plates  consists  in  substituting  for  the  silver, 
of  which  the  image  is  composed,  some  denser 
deposit.  Thus,  by  immersing  a  negative  in  a 
solution  of  mercuric  chloride,  the  image  is 
bleached  by  conversion  into  a  mixture  of  mer- 
curous  and  silver  chlorides  :  2Ag  -i-  2HgCU 
=  2AgCl  4- Hg_.Cl,.     By   treating  this  mixture 


with  a  solution  of  potassio-ferrous  oxalate 
the  image  is  restored  in  silver  and  mer- 
cury, and  thus  in  a  condition  of  increased 
density  :  2AgCl  +  Hg..Cl,  +  dFeCO^ -t- 2K,C..O, 
_=2Ag-h2Hg-l-2Fe,(C,Oj3-h4KCl.  'Many  other 
intensitiers  are  known,  some  acting  by  simple 
substitution,  such  as  auric  or  platinic  chloride  : 
6Ag  +  2AuCl.,  =  2Au  +  GAgCl,  or  4Ag  +  PtCl , 
=  Pt  -)-  4AgCl ;  others  giving  rise  to  a  mixture  of 
products  together  denser  than  the  original  de- 
posit, e.g.  lead  or  uranium  ferricyanide : 
4Ag  -t-  2Pb3Fe,(CN),2  =  AgjFe(CN),  -I-  3Pb.Fe(CN)„. 
In  cases  where  too  dense  an  image  has  been 
obtained,  and  it  is  desired  to  thin  it  down,  a 
reducing  solution  is  applied ;  the  chemical 
principle  may  be  described  as  a  convei'sion 
of  the  metallic  silver  into  some  compound 
which  can  be  simultaneously  removed  by  a  sol- 
vent such  as  sodium  thiosulphate.  Thus  a  mix- 
ture of  potassium  ferricyanide  with  thiosul- 
phate is  often  used  for  gelatino-bromide  plates  : 
4Ag  4- 2K„Fe,(CN),,,  =  Ag,Fe(CN)„+ 3K^Fe(CN)„. 
The  silver  ferro-cyanide  is  dissolved  off  bythetbio- 
sulphate,  as  fast  as  formed:  AgjFe(CN)„  +  BNa^S-.O , 
=  2Ag,Na,(S.A)3  +  Na^Fe(CN)„.  When  the  ne- 
cessary reduction  of  density  has  been  attained, 
the  action  of  the  solution  is  stopped  by  washing 
the  film  with  water. 

Reversal  of  the  photographic  image  and 
allied  phenomena.  Any  influence  which  affects  a 
sensitive  film  in  a  way  similar  to  the  action  of 
light  gives  rise  to  a  developable  image.  Thus 
mechanical  pressure-marks  produced  by  rubbing 
a  film  with  a  glass  rod  can  be  developed  by  ferrous 
oxalate  Ac,  so  as  to  show  a  corresponding  set  of 
dark  streaks.  It  is  probable  that  the  friction  in  this 
case  induces  a  minute  amount  of  chemical  change 
between  the  sensitive  haloid  and  its  associated 
sensitiser  (gelatin,  &c.),  this  small  quantity  of  re- 
duction-product being  afterwards  exaggerated  by 
the  cumulative  action  of  the  developer.  Whether 
the  compound  resulting  from  this  mechanical 
action  is  identical  with  that  produced  by  the  ac- 
tion of  light  is  at  present  uncertain,  but  the 
associated  sensitiser  appears  to  be  as  essential  to 
the  success  of  the  phenomenon  in  this  case  as  in 
the  ordinary  formation  of  the  invisible  picture  by 
the  action  of  light.  The  sensitiser,  as  has  already 
been  explained,  is  an  essential  part  of  any  photo- 
graphic system,  and  this  is  best  shown  by  the 
so-called  '  reversal '  of  the  photographic  image 
by  over-exposure  or  other  means.  It  has  been 
found  that  a  very  strong  light  allowed  to  act  on 
a  sensitive  film  for  too  long  a  period  gives  a 
weaker  image  on  development  than  is  produced 
with  a  shorter  exposure,  and  that  under  some 
circumstances  the  image  is  even  'reversed,'  i.e. 
the  high  lights  come  out  lighter,  on  development, 
than  the  shadows.  The  explanation  of  this 
j)henomenon  is  probably  to  be  found  in  the  cir- 
cumstance that  while  the  silver  haloid  is  losing 
halogen  under  the  influence  of  light,  the  sensi- 
tiser is  simultaneously  becoming  halogenised,  so 
that  when  the  charge  of  halogen  in  the  latter  ex- 
ceeds a  certain  amount  the  chemical  change  sets 
in  in  a  reversed  direction,  i.e.  the  halogenised 
sensitiser  begins  to  re-halogenise  the  product  of 
photo-decomposition  and  thus  to  destroy  the  in- 
visible image.  That  this  explanation  is,  in  tlie 
main,  correct  in  principle,  is  shown  by  the  fact  that 
the  most  sensitive  processes  are  just  those  which 
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are  most  prone  to  give  rise  to  reversal,  because 
it  is  in  such  films  that  the  sensitiser  becomes 
most  rapidly  halogenised.  A  preliminary  ex- 
posure to  diffused  light  also  promotes  reversal, 
because  this  imparts  a  certain  initial  charge  of 
halogen  to  the  sensitiser.  Then,  again,  oxidising 
agents  favour  reversal,  because  these  lessen  the 
halogen-absorbing  power  of  the  sensitiser ;  on 
the  other  hand,  reducing  agents  prevent  reversal, 
because  they  retard  or  prevent  the  halogenation 
of  the  sensitiser.  Thus  plates  exposed  in  ozone 
or  in  solutions  of  KoCr^O,  and  KoMnjOg  are  easily 
reversed,  while  nitrites,  sulphites,  &c.,  prevent 
reversal  (Abney).  Atmospheric  oxygen  in  many 
cases  probably  plays  a  part  in  the  process  by 
assisting  in  the  liberation  of  halogen  from  the 
sensitiser.  Thus,  by  way  of  illustration,  if  a  plate 
be  given  a  preliminary  exposure  to  diffused  light, 
and  be  then  coated  with  a  solution  of  potassium 
iodide,  a  completely  reversed  image  can  be  ob- 
tained on  exposure  in  the  camera  and  develop- 
ment. The  chemical  reaction  is  in  this  case  : 
4KI  +  2H20-(-02=2L  +  4K0H.  The  iodine  is 
here  absorbed  by  the  reduction-product,  and  thus 
reverses  the  picture  ;  the  surface  of  the  film  is 
in  fact  the  sensitiser  in  this  case,  and  the 
potassium  iodide  is  the  photo-sensitive  com- 
pound.' 

Waterhouse  has  recently  found  that  a  small 
quantity  of  a  thio-carbamide  added  to  the  de- 
veloper produces  a  '  reversed '  image  {Photo. 
News,  1890.  727,  743,  804;  v.  also  Journ.  of 
Camera  Club,  July  1892  ;  also  Eawlins,  S.  C.  I. 
10,  18). 

Printing'  processes.  It  is  obvious  that  the 
photographic  image,  after  normal  development, 
represents  the  object  with  its  lights  and  shadows 
reversed,  i.e.  the  picture  is  a  negative  one.  A 
positive  print  is  obtained  by  exposing  suitable 
sensitive  surfaces  under  such  a  negative. 

Silver  prints.  A  very  general  method  of  ob- 
taining silver  prints  depends  upon  the  use  of  a 
sensitive  surface  (usually  paper)  consisting  of  a 
mixture  of  silver  chloride  and  an  organic  com- 
pound of  silver  with  albumen,  this  surface  being 
obtained  by  first  coating  the  substratum  with  a 
solution  of  albumen  containing  ammonium 
chloride,  and  then  (when  dry)  floating  on  a  solu- 
tion of  silver  nitrate.  The  printing  is  carried  on 
to  the  required  depth  of  colour,  and  the  visible 
print  consists  of  the  reduction-products  of  silver 
chloride,  and  of  the  organic  silver  compound, 
which  is  also  susceptible  of  photo-reduction.  To 
correct  the  reddish  colour  of  these  mixed  reduc- 
tion-products the  print  is  '  toned  '  by  immersion 
in  a  solution  of  auric  chloride,  kept  neutral  by 
the  addition  of  sodium  carbonate,  acetate,  or 
phosphate,  chalk,  borax,  &c.  The  function  of 
these  salts  is  to  neutralise  the  hydrogen  chloride 
liberated  by  the  reduction  of  the  auric  chloride 
by  the  reducing  compounds  which  constitute  the 
picture.  The  gold  is  thus  precipitated  in  a  state 
of  fine  division  only  on  the  products  of  photo- 
decomposition  (the  picture),  and  imparts  the 
desired  tone.  The  accumulation  of  acid  in  the 
toning  bath  retards  the  precipitation  of  gold,  and 

'  Potassium  bromide  similarly  acts  as  a  reversing  ageut 
though  to  a  less  extent.  It  is  for  this  reason  tliat  every 
trace  of  this  salt  has  to  be  washed  out  of  agelatino-bromido 
emulsion  after  the  process  of  ripening,  since  the  presence  of 
the  soluble  bromide  materially  diminishes  the  sensitiveness 
of  the  emulsion. 


the  deposit  is  not  of  a  good  tone;  hence  the 
necessity  for  the  presence  of  one  of  the  salts 
referred  to.  The  unaltered  silver  chloride  &c. 
is  removed  by  fixing  with  thiosulphate,  and 
washing.  In  some  recent  processes  the  albu- 
menised  silver  paper  is  replaced  by  paper  coated 
with  gelatino-bromide  or  chloride  emulsion,  a 
short  exposure  being  given,  and  the  invisible 
(positive)  picture  being  developed  in  the  usual 
manner. 

Printing  with  iron  and  uranium  salts. 
Ferric  and  uranic  salts  in  the  presence  of  organic 
sensitisers  become  reduced  on  exposure  to  light, 
and  the  ferrous  or  uranous  compounds  thus 
formed  can  be  developed  by  treatment  with 
potassium  ferricyanide  or  other  salts  which  give 
coloured  products  with  the  ferrous  or  uranous, 
but  not  with  the  unreduced,  salts.  Thus  paper 
coated  with  ferric  oxalate  gives  a  faint  image 
of  the  ferrous  salt,  which  comes  out  as  a  deep- 
blue  print  on  development  with  ferricyanide: 
6FeC„0,-l-2K:„Fe,Cy,,  =  2Fe,{Fe,fij,^)  +  GKfi.fl^. 
Many  printing  processes  depending  upon  the 
foregoing  principles  have  come  into  use,  and  will 
be  found  described  in  works  on  practical  photo- 
graphy. 

Platinotype.  Prints  in  finely-divided  pla- 
tinum can  be  obtained  by  exposing  a  surface 
coated  with  a  mixture  of  ferric  oxalate  and 
potassium  chloroplatinite  under  a  negative. 
The  ferrous  salt  thus  produced  does  not  react 
with  the  chloroplatinite  till  the  picture  is 
developed  by  immersion  in  a  solution  of  potassium 
oxalate,  which  dissolves  the  ferrous  oxalate,  with 
the  formation  of  a  double  salt,  which  simul- 
taneously reduces  the  chloroplatinite : 
3K,PtCl,-f  6FeO..O., 

=  3'Pt  +  2Fe,(C A),  +  FojCl,  +  &KC1.  The  soluble 
salts  are  then  removed  by  washing  with  dilute 
hydrochloric  acid,  and  finally  with  water. 

Pigment  printing.  A  mixture  of  gelatin  with 
potassium  dichromate  undergoes  a  chemical 
change  on  exposure  to  light,  in  the  course  of 
which  the  dichromate  is  reduced  and  the  gelatin 
at  the  same  time  becomes  insoluble  in  water. 
The  chemical  composition  of  this  insoluble 
gelatin  is  unknown,  but  it  appears  to  contain 
an  oxide  of  chromium  as  an  essential  constituent 
(Eder).  Many  printing  processes  are  based  upon 
this  property  of  gelatin,  such,  for  example,  as 
the  so-called  carbon  and  pigment  prints,  in  which 
the  finely  divided  carbon  or  pigment  is  intimately 
mixed  with  the  gelatin  solution  and  the  mixture 
sensitised  by  the  addition  of  dichromate.  After 
exposure  under  a  negative  the  picture  is  developed 
by  warm  water,  which  dissolves  away  those  por- 
tions of  the  tissue  unacted  upon  by  light.  Many 
of  the  photo-mechanical  printing  processes  de- 
pend also  on  this  property  of  gelatin. 

Photo-etching  processes.  When  a  layer  of 
asphalt  or  bitumen  is  spread  over  a  surface  and 
exposed  under  a  design,  those  portions  of  the  film 
which  are  acted  on  by  light  become  insoluble  in 
hydrocarbon  oils,  so  that  the  design  can  be  de- 
veloped by  such  solvents,  and  the  surface,  if  of 
metal,  can  be  converted  into  a  printing  block  by 
etching  with  acid.  The  change  experienced  by  the 
bitumen  is  probably  the  result  of  photo-chemical 
oxidation.  The  processes  based  on  this  pro- 
perty are  much  in  vogue  at  the  present  time 
under  various  modifications.    This  action  of 
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light  upon  bitumen  furnished  the  earliest  suc- 
cessful permanent  reproduction  of  the  camera 
picture  (Joseph  Nicephore  Niejoce,  1824). 

Bihliographii. — It  has  not  been  considered 
advisable  in  the  present  article  to  give  the 
authority  for  every  statement,  as  most  of  the 
results  achieved  by  j)hotographers  are  to  be  found 
in  publications  rarely  consulted  by  chemists. 
The  following  general  works  contain  practically 
all  that  is  known  of  photographic  chemistry  at 
the  present  time  : — Kobert  Hunt,  Researches  on 
Light,  2nd  edit.,  1854;  E.Becquerel,iaiM??iierc, 
Paris,  18G7  ;  J.  W.  Draper,  Scientific  Memoirs,  a 
collection  of  reprints,  1878  ;  J.  M.  Eder,  Ueber 
die  Reactionen  der  Chromsciure  u.  der  Chromatc 
auf  Gelatine,  Gummi,  Zucker,  dc.  Wien,  1878  ; 
J.  M.  Eder,  Ausfiihrliches  Handbuchdcr  Photo- 
graphic, Halle,  1884-9;  H.W-  Vogel,  La  Photo- 
graphic des  Objets  Coloris  avec  leurs  Valairs 
Reelles,  Paris,  1887  ;  Pizzigh'elli  and  Hiibl,  La 
Platinotypie,  Paris,  1887 ;  W.  de  W.  Abney, 
Treatise  on  Photograpliy ,  5th  edit.,  1888  ;  by  the 
same  author,  Instructions  in  Photography,  and 
PJiotography  with  Emulsions;  Chapman  Jones, 
Introduction  to  the  Science  and  Practice  of 
Photography,  1888  ;  E.  Meldola,  The  Chemistry 
of  Photography,  1889  ;  H.  W.  Vogel,  Handbuch 
der  Photographic,  Berlin,  1890-1.  E.  M. 

PHOTOSANTONIN  v.  Santonin. 

PHRENOSIN  C^,H„NOs.  A  substance  oc- 
curring, according  to  Thudichum  (J.  pr.  [2]  25, 
19),  in  the  brain. 

PHTHALACEIfE  C,,H,5.  [173°].  Formed 
by  reduction  of  phthalacone  carboxylio  ether 
with  HI  and  P  at  170°  (Gabriel,  B.  17,  1390). 
Crystals  (from  HOAc).  Yields  C,,H|,Br  [184°], 
which  is  oxidised  by  K..Cr..O,  and  HOAc  to 
C,,H,.,BrO  [c.  200°].  Fuming  HNO,  and  HOAc 
yield  di-nitro-phthalacene,  which  separates  from 
hot  nitro-benzene  in  yellow  needles.  KjCr^Oj 
and  HOAc  oxidise  phtlialacene  to  '  phthalacene 
oxide'  C.,,H,,,0  [211°-214°],  which  yields  an 
oxim  C.,,H,,,(NOH)  [266°]. 

PHT HALACENIC  ACID  C,,„H,5.C0„H.  [247°]. 
Formed  by  heating  phthalacene-oxide  with  soda- 
lime  (Gabriel,  B.  17,  1399).    Crystals.— A'Ag. 

PHTHALACONE  CARBOXYLIC  ACID 
C2,H„0,(C0„H).  [281°].  Formed  by  dissolving 
its  ether  in  cone.  H0SO4  and  pouring  into  water 
(Gabriel,  B.  17,  1389).  Minute  yellow  needles, 
sol.  hot  alcohol.  The  acid  yields  a  dioxim 
C,,,H„(NOH),CO,H  [273°]  and  the  salts  KA'aq 
and  NaA'aq.  Zinc-dust  and  NaOHAq  yield  a 
tetrahydride  C.^H^O^,  melting  above  280°,  which 
gives  AgA',  crystallising  in  needles. 

Ethyl  ether  EtA'.  [211°].  A  product  of 
the  action  of  phthalic  anhydride  and  NaOAc  on 
acetoacetic  ether  at  140°.  Yellow  needles,  sol. 
hot  HOAc.  Yields  a  di-nitro-  derivative  [above 
280*^]  and  a  dioxim  C,,,H,,(NOH),CO,Et  [264°]. 
Zinc-dust  and  HOAc  reduce  it  to  the  white 
tetrahydride  C.,„H,,(OH).,CO„Et  [213°]. 

PHTHAL-ALCOHOL  ^v.  Di-oxy-xtlene. 

PHTHALALDEHYDIC  ACID  C^HgOj  i.e. 
CH0.C,H,.C0.,H[1:2].  [97°].  Formed,  together 
with  C|eH|oO,,  [221°],  by  heating  a-bromo- 
phthalide  with  water  (Eacine,  B,  19,  778  ;  A. 
239,  78  ;  C.  R.  106,  947).  Formed  also  by  boil- 
ing penta-w-chloro-o-xylene  with  water  (Colson 
a.  Gautier,  Bl.  [2]  45,  509).  V.  sol.  water,  alco- 
hol, and  ether.    Reduces  ammoniacal  AgNO^. 


Phenyl-hydrazine  yields  C,^H,„N.,0  [105°].  Aleo- 
hoHc  NH3  forms  C,,,H|„N,,0„  [i87°],  while  an 
alcoholic  solution  of  aniline  gives  C,,H,|NO,, 
[174°].  Ac.,0  at  200°  forms  CHO.C,,H,.CO,Ac 
[60°-63°].  tJrea  forms  NH,.CO.N:CH.C,H,.Cd  ,H 
[240°].— CaA'.,  2aq.— AgA' slender  needles. 

Ethers  MeA'.    [44°].— EtA'.  [6G°1. 

Anhydride  C„H,„0,.  [221°].  Got  by 
heating  the  acid  with  bromo-phthalide. 

Oxim  CH(NOH).C,Hj.CO,JI.  [120°]. 
Formed  by  adding  hydroxyiamiue  hydrochloride 
to  a  cold  aqueous  solution  of  the  acid.    In  an 

alcoholic  solution  the  product  is  C^H^^^^^'^^ 

[120°],  which  is  converted  by  heat  first  into 
CN.C,-Hj.CO.,H  and  then  into  phthalimide 
(Allendorff,  'B.  24,  2346,  3264). 

Isomeride  v.  ^j-Aldbhydo-benzoic  acid. 

Diphthalaldehydic  acid  v.  Di-phthalyl-lac- 
tonic  acid. 

PHTHALAMIC  ACID  v.  Phthalic  acid. 

PHTHALAMIDE  v.  Phthalic  acld. 

ISOPHTHALAMIDINE  C„H,„N,  i.e. 
C5H^(C(NH).NH.,).,  [1:3].  Formed  from 
C,H,(C(NH).OEt),  and  alcoholic  NII3  (Lueken- 
bach,  B.  17, 1432).  Small  needles,  insol.  benzene 
and  ether,  v.  sol.  alcohol  and  water.  Its  aqueous 
solution  soon  decomposes,  giving  off  NH,. — 
B"H.Cl2:  needles,  v.  sol.  water.— B"H,PtCl,  .— 
B"H,SO^.— B"2HN03.— B'HNO„ :  needles  (Gra- 
bowsid,  A.  265,  168).— C,H,(NAg.NH,)., 

ISOPHTHALAMIDOXIM  Q,^,^^fS.'i.c. 

C,  H^(C(NOH).NH,),.  [193°].  Formed  from 
C(;H,,Cy._,  [1:3]  and  hydroxylamine  (Goldberg,  B. 
22,  2976).  Prisms  (from  alcohol)  containing 
^aq  ?,  V.  sol.  hot  water. 

Plxthalanil  v.  Phcnylimide  of  Phthalic  acid. 

PHTHALBENZO-TOLTJIDE  v.  Phthalijl- 
amido-tolyl  phenyl  ketone. 

PHTHAL-o-CYANO-BENZYL-IMIDE  v. 
o-Cyano-benzyl-phthalimide. 

PHTHALEINS.  Colouring-matters  obtained 
by  condensation  of  phthalic  anhydride  with 
phenols  {e.g.  Phenol-piithalein  and  Fluor- 
escein). They  may  be  reduced  to  colourless 
'  phthalins,'  which  are  re-oxidised  by  air  to 
phthaleins. 

PHTHALIC  ACID  G,B.fi,  i.e. 
[1:2]  C,  H^(CO.JI).»  Mol.  w.  166.  [184°]  (Lessen, 
A.  144,'  76) ;  [203°]  (Ador,  A.  164,  230  ;  Baeyer, 
A.  269,  184).  S.  -54  at  14°  ;  18  at  99°  (Graebe, 
A.  238,  321)  ;  S.  (alcohol)  10  at  15°  (Bourgoin, 
Bl.  [2]  29,  247) ;  S.  (ether)  -684  at  15°.  H.C. 
771,600.  H.F.  187,400  (Stohmann,  J.  pr.  [2]  43, 
540) ;  153,000  (von  Eeohenberg).  S.H.  (from 
75°  to  119°)  -256  (Hess,  A.  Ch.  [2]  35,  410). 

Formation.. — 1.  By  the  action  of  nitric  acid 
on  naphthalene,  naphthalene  dichloride,  alizarin, 
purpuriu,  munjistin,  naphthoquinone,  o-toluic 
acid  (Laurent,  ^4.  Ch.  [2]  61,  113  ;  Marignac,  A. 
42,  215  ;  Schunck,  A.dij,  197  ;  Wolii  a.  Strecker, 
A.  75,  12,  25  ;  Stenhouse,  A.  130,  334;  Lieber- 
mann  a.  Dittler,  B.  6,  945  ;  Piccard,  B.  12,  579  ; 
Beilstein  a.  Kurbatoff,  A.  202,  215).— 2.  By  the 
action  of  various  oxidising  agents  on  naphthal- 
ene (Lessen,  A.  144,  71 ;  Hermann,  Z.  [2]  4, 
551  ;  Depouilly,  C.  R.  56,  82 ;  Hiiussermann, 

D.  P.  J.  223,  310).— 3.  A  product  of  the  action 
of  MnO„  and  H.^SO,,  on  benzene  (Carius,  Z.  [2] 
4,  705;' 4.  148,  60).— 4.  By  oxidising  o-toluic 
acid  with  KMnO^  (Weith,  B.  7,  1057).— 5.  By 
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oxidising  isoquinoline  with  alkaline  KMnO, 
(Hoogewerff  a.  Van  Dorp,  B.  T.  C.  4,  285).— 6. 
J3y  heating  salicyhc  acid  with  H„SO,  and 
KjFeCys  (Guyard,  Bl.  [2]  29,  247).— 7."  By  heat- 
ing resorcin  or  sahcylic  acid  with  formic  acid 
and  H2SO4  (G.). — 8.  By  the  action  of  a  hot  solu- 
tion of  cuprous  potassium  cyanide  upon  o-diazo- 
benzoic  chloride  (from  anthranilic  acid),  and 
subsequent  saponification  of  the  product  (Sand- 
meyer,  B.  18, 1499). 

Properties. — Trimetric  plates.  Yields  an  an- 
hydride when  heated.    Insol.  chloroform. 

Beaciions. — 1.  Distillation  with  lime  yields 
benzoic  acid  and  benzene. — 2.  Sodium-amalgam  j 
reduces  it  to  a  dihydride. — 3.  Chromic  acid 
mixture  oxidises  it  to  COj  (Fittig,  A.  156,242). — 
4.  The  acid  aniline  salt  A"H(NH3Ph)  of  ortho- 
phthalic  acid  loses  KjO  when  its  aqueous  solu- 
tion is  boiled,  phenyl-phthalimide  crystallising 
out.  The  para-  and  meta-  phthalic  acids  do  not 
react  in  this  way ;  the  reaction  therefore  serves 
as  a  means  of  separating  ordinary  phthalic  acid 
from  its  isomers  (Michael  a.  Palmer,  B.  19, 
1376  ;  Am.  9,  202). 

Salts. — (NH4)HA"  :  prisms,  v.  sol.  water.— 
NaHA"  2aq  :  prisms  (Wislicenus,  A.  242,  89). — 
NajA" :  pearly  plates.  —  K„A".  —  CaA"  aq. — 
BaH„A"2:  prisms  (Hermann,  A.  151,  78). — 
BaA":  v.  si.  sol.  water  (Carius,  A.  148,64). — 
BajA"30  :  monoclinic  prisms. — CuA"aq. — PbA". 
— AgjA"  :  crystalline  pp.  —  Aniline  salt: 
needles  [146°]  (Clarke,  B.  12,  1066). 

Di-methyl  ether  McjA"  (280°  i.V.)  at  734 
mm.  (Graebe,  B.  16,  860).  H.P.  164,600  (Stoh- 
mann,  J.pr.  [2]  40,  353). 

Mono-ethyl  ether  EtHA".  Formed  by 
heating  phthalic  anhydride  with  absolute  al- 
cohol at  100°  (Michael,  Am.  1,  413).  Liquid, 
m.  sol.  water.  Decomposed  by  heat  into  phthalic 
anhydride  and  alcohol. — Ba(EtA")„. — AgEtA". 

ni- ethyl  ether  Et.,A".  (295°  cor.).  Got 
by  passing  HGl  into  an  alcoholic  solution  of 
phthalic  acid  (Graebe  a.  Born,  J.  1866,  411). 
Formed  also  from  phthalyl  chloride  and  alcohol. 
Liquid.  Not  attacked  by  hydroxylamine  (Jeau- 
renaud,  B.  22,  1273).  When  warmed  with 
NaOEt  and  EtOAc  it  yields  the  compound 

C,H^<^^^>CH.C02Et  [75°-78°]  (WisUcenus,  A. 

246,  349).  PCI3  followed  by  sodium  malonic 
ether  forms  the  acid  C,,H„0,„  [c.  180°] 
(Zelinsky,  B,  20,  1010). 

Phenyl  ether  Th.,A.".  [70°].  Formed  by 
heating  phthalyl  chloride  with  phenol  (Schreder, 
-B.  7,  704  ;  von  Geriehten,  B.  13,  419).  Colour- 
less crystals. 

Anhydride  G^Kfi.,  i.e.  C«H<<^^q>0.  Mol. 

w.  148.  V.D.  5-26  (calc.  5-13)  (Troost,  C.  B.  89, 
351).  [128°].  (284-5°  i.V.).  H.C.p.  784,000. 
H.P.  106,000  (Stohmann,  /.  pr.  [2]  40,  139). 
Formed  by  heating  phthalic  acid  alone  or  with 
AcCl  (Laurent ;  Anschiitz,  B.  10,  326).  Formed 
also  by  the  action  of  lead  nitrate  on  phthalyl 
chloride  (Lachovitch,  B.  17,1283).  Long  needles, 
V.  sol.  alcohol  and  ether,  si.  sol.  cold  water. 
Beactions. — 1.  When  heated  with  phenols  it 
yields  phthaleins,  with  elimination  of  water 
{Baeyer,  B.  7,  968).— 2.  Heated  with  NaOAc  and 
HOAc  it  yields  phthalyl-acetio  acid  CioH^O^, 
while   phenyl-acetic  acid  gives  benzylidene- 


phthalide.     Phenyl-acetonitrile  gives   rise  to 

CjHj'C^'^'^^'^.Qpj^       [165°],  and  isobutyric  acid 

and  ZnClj  at  250°  give  a  ketone  C|,H,„Oj  [96°]. 
3.  Boiling  with  NaOAo  and  phenoxyacetic  acid 
yields  C,H,:C,02:CH.0Ph  [143°]  while  p-tolyl- 
oxy-acetic  acid  and  sodium  acetate  give  rise  to 
C,,H,:C,0,,:CH.OCsH^Me  [174°]  (Gabriel,  B.  14, 
922). — 4.  Acetoacetic  ether  gives  CgH3Bz3  and 
phthalacone  carboxylic  ether. — 5.  On  heating 
with  succinic  acid  and  sodium  succinate  it 
yields  CO,  and  CijH.jOj  [above  300°].— 6.  Di 
viethyl-quinoline  and  zinc  chloride  at  200°  give 
i  C„Hj:C,02:C„H,,N  [238°]  (Beyer,  /.  pr.  [2]  33, 
407). — 7.  Ethenyl-amido-phcmjl-mcrcaptan  and 

ZnCl,  at  200°  give  C,H,<^g  ^  C.CH<^^^>G6H, 

crystallising  in  yellow  needles  [above  320°] 
(Jacobson,  B.  21,  2630). — 8.  Cyanethine  forms, 
on  heating,  a,H,3N„.N:C.,0.:CeH,,  [128°]  (E.  von 
Meyer,  J.  pr.  [2]  39,  262').— 9.  Coal-tar  picoline 
and  zinc  chloride  at  200°  form  pyrophthalone 
Cf,H,0,:CH.C5H,N  [above  260°]  (Jacobsen  a. 
Reimer,  B.  16,  2604)  crystallising  from  alcohol 
in  yellow  plates. — 10.  Benzene  and  AICI3  yield 
o-benzoyl-benzoic  acid,  and  other  aromatic  hy- 
drocarbons act  in  like  manner  (Friedel  a.  Crafts, 
G.  B.  92,  833). — 11.  Benzyl  chloride  and  zinc- 
dust  at  75°  yield  C.^K,,  (?)  [73°]  (Wislicenus,  A. 
248,  68). — 12.  On  heating  with  amines  and 
amides,  phthalic  anhydride  yields  derivatives  of 
the  imide  and  amide  of  phthalic  acid ;  thus 
acetamide  yields  phthalimide  and  HOAc,  while 
ethylamine  yields  ethyl-phthalimide.  Secondary 
amines  form  derivatives  of  the  amic  acid  and  of 
the  amide  (Piutti,  A.  227,  181 ;  G.  16,  1,  251).— 
13.  Amido-  acids  are  converted  by  phthalic  an- 
hydride into  their  phthalyl  derivatives  (Eeese, 

A.  242, 1). — 14.  On  fusion  with  zinc-dust'phthalia 
anhydride  gives  diphthalyl.  Zinc-dust  and 
HOAc  yield  a  mixture  of  phthalide,  diphthalyl 

.CO.OO.CO. 

dihydride  G,B.X     /  \     >C,H„  [229°]  and 
\CH — HC/ 
O.COs 

\     >CH,  [199°],  which  is  re- 
C02H.C,H,.CH.,.CH/ 
i  duced  by  HIAq  to  G^^{G^^.G(:>.^)^  (Wislicenus, 

B.  17,  2178). — 15.  Tri-amido-phenol  (picramic 
acid)  forms  (C„HjO,:N)3C,H„.OH  [above  300°] 
converted  by  potash  into  the  compound 
(C0.,H.C„H,.C0.NH)3C,H,0H  [above  300°], 
from  which  nitric  acid  produces  the  quinone 
(C,H^02:N).AH..O.,  [277°]  reduced  by  SO^  to 
(C8H,02:N).,C,H.,(dH)2  [above  310°]  (Piutti,  G. 
16,264). 

CCl 

Chloride  CoH,<  qq'>0.  Phthalyl  chlor- 

ide.  [0°]  (Wischin,  A.  143,  259).  (275°)  at 
726  mm.  S.G.  ^J'  1-4089.  m«  =  1-569  (Bruhl,  A. 
235,  14).  Formed  by  heating  phthalic  acid  with 
PCI5  for  2  hours  at  190°  (H.  Miiller,  Z.  1863, 
257;  Graebe,  4.  238,  320).  Oil,  absorbs  moisture 
from  the  air,  forming  phthalic  anhydride.  Slowly 
converted  into  phthalic  acid  by  water  or 
Na2C03Aq.  Eeduced  by  zinc  and  HClAq  to 
phthalide.  Sodium-amalgam  and  HOAc  form 
C5H4(CH2-OH)2.  PCI5  forms  two  isomeric  chlor- 
ides C,H,<^pJ->0  and  C,H,</^^'^p  one  melt- 
ing at  88°  and  boiling  at  275°,  the  other  melting 
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at  47°  and  boiling  at  262°  ;  both  are  converted 

by  aniline  into  C,H,<^^(^Q^)>NPh  [153°]  (von 

Gerichten,  B.  13,  417  ;  Claus,  B.  19, 1188).  Ex- 
cess of  PCI5  yields  chloro-benzoic  acid,  CCl,,  and 
other  products  (Glaus).  Aqueous  NH3  forms 
CsH,,0.,(NH„)2  [90°]  not  identical  with  phthal- 
amide,  but  converted  by  HClAqinto  C,,H,0,(NH) 
[145°]  which  is  changed  by  fusion  into  the 
isomeric  phthalimide  [228°]  (Auger,  A.  Ch.  [6] 
22,  303  ;  cf.  Kuhara,  Am.  3,  20).  Dry  NH.,  act- 
ing on  the  benzene  solution  behaves  in  like 
manner.  Hydroxylamine  yields  C,.H,,:C„0,^,:NOH 
[230°]  {v.  vol.  ii.  p.  738).  o-Amido-phenyl  raer- 
captan  hydrochloride  forms  C„„H|„N.,S„  [112°] 
(Hofmann,  B.  13,  1233).  ZnMe',  forms  C,„H|„0., 
[68°]  (240°)  (Rjasantzeff,  Bl.  [3]  1, 166).  ZnEt, 
followed  by  water  gives,  in  hke  manner,  C|„H,_|0.. 
[54°]  (250°). 

Semi-nitrilc  v.  o-Cyano-benzoic  acid. 

Amic  acid  C„H4(CO.NH2).CO,H.  Plithal- 
amic  acid.    [c.  140°]  (Auger)  ;  [149°]  (Aschan, 

B.  19,  1401).  Formed  by  heating  phthalic  an- 
hydride with  alcoholic  NH^or  phthalimide  with 
baryta-water.  Prepared  by  evaporating  phthalic 
anhydride  with  NHjAq,  and  decomposing  the 
resulting  ammonium  salt  by  HCl  (Auger,  Bl.  [2] 
49,  349).  Prisms,  si.  sol.  water,  v.  sol.  alcohol. 
Converted  by  heat  into  phthalimide,  and  by  hot 
water  into  hydrogen  ammonium  phthalate.  Ex- 
cess of  HClAq  forms  phthalic  acid. — NH^A'. — 
KA'. — BaA'o. — BaA'2  aq. — AgA'  :  needles,  v.  si. 
sol.  water  (Landsberg,  A.  215,  197). 

Isoamyl-amic  acid 
G„H,(CO,H).CO.NHC,H,,.  Isoamyl-iMUalamic 
acid.    [115°].    Formed  by  warming  isoamyl- 
plithalimide  with  KOHAq  (Neumann,  B.  23, 
',m).    Crystalline  pp.— AgA'. 

Phenyl-amic  acid 

C,  H4(C0,H).C0.NHPh.  Phemjl-pUhalamic 
acid.  Phthalanilic  acid.  [192°].  Got  by  boil- 
ing plienyl-phthalimide  with  NHgAq  and  some 
alcohol  (Laurent  a.  Gerhardt,  A.  Ch.  [3]  2-1, 
188).    Plates,  si.  sol.  cold  water,  v.  sol.  alcohol. 

Phenyl-etht/l-aviic  acid  C||.H,,NO.j  i.e. 
C,H,(CO.,H).CONPhEt.  Phenyl-cihyl-phtUal- 
amic  acid.  Got  by  dissolving  phthalic  anhydride 
in  ethyl-aniline  (Piutti,  G.  13,  545  ;  A.  227, 18.5). 
Heavy  oil,  v.  si.  sol.  water. 

Di-plienyl-amic  acid 
C,;H,,(C02H).C0NPh„.  Di-phcnyl-phthalamic 
acid.    [148°].    Made  from  diphenylamine  and 
phthalic  anhydride  (P.).    Hard  prisms,  si.  sol. 
ether,  v.  sol.  alcohol. — AgA'. 

o-Tolyl-amic  acid 
CeH,(CO,H).CONHC,;H,Me.     Got    by  boiling 
o-tolyl-phthalimide  with  NH^Aq  (Kuhara,  Am. 
9,  51).    Needles.— Ag,C,,H„N03 :  pp. 

m  -  M  c  tJi  yl  -  h  cn  zyl  -  amic  acid 
C,H,(CO,H).CO.NHCHAH,Me.     [131°].  Got 
from  m-xylyl-phthalimide    and  caustic  soda 
(Bromme,  B.  21,  2700).    Needles,  sol.  alcohol.— 
AgA' :  white  pp. 

■^-Cumyl-amic  acid 
C„H,(C02Hj.CO.NHC,;H2Me;,.  Phthal-^-cumidic 
acid.    [179°].    Needles,  v.  sol.  alcohol,  si.  sol. 
ether  (Frohlioh,  B.  17,  1808). 

Naphthy  I  -  amic  acids 
C,H,(CO,^).CO.NHG,„H,.    The  {a)-  acid  [18.5°] 
is  got  from  (a)-naphthyl-phthalimide.    The  (/3)- 
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acid  crystallises  from  alcohol  in  tables  (Piutti, 
G.  15,  480). 

P  liemjl-oxy  -  ethyl -  amic  acid 
C,H,(CO,H).GO.NH.C,H,.OPh.  [125°]. 
Formed    by  warming  phenyl-oxyethyl-phthal- 
imide  with  KOHAq  (Schmidt,  B.  22,  3255). 

p-  Toly  I -oxy  -ethyl- amic  acid 
C„Hj(CO.,H).CO.NH.CH,.CH,,.O.G„H,Me.  [137°]. 
Formed  from  the  corresponding  imide  which  is 
got  by  heating  potassium  phthalimide  with 
CeH.Me.OC.HjBr  (Schreiber,  B.  24,  191). 

P henyl-amido-p hcnyl-amio  acid 
C,H,(CO„H).CO.NH.C„H,,.NHPh.  [120°-130°], 
Powder  (Gabriel,  B.  22,  2223). 

Benzoijlethyl-amic  acid 
G,,H,(G02H).C0.NH.CH,.CH,:Bz.  Propiophcmnc- 
jMhalamic  acid.    [140°].    Made  from  the  imide 
(Schmidt,  B.  22,  3251).    Needles.— AgA' :  pp. 

Di-S'u  Ip  liido-di  -  et  Jill  I -amic  acid 
(C,H,(C0jH).C0.NH.CH„.CH,)2S,.  [130°]. 
Formed    from  sulphocyano-ethyl-phthalimide 
and  (10  p.c.)  KOHAq  (Coblenz,  B.  24,  2131). 
Scales.    HClAq  at  180°  forms  S.,(C.,H,NH„).,. 

Uramic  acid  C,H,(CO,H).CONH.CO.NH,. 
Phthaluric  acid.  S.  3-5  at  99°.  Formed  by 
heating  phthalic  anhydride  with  urea  at  11.5° 
(Piutti,  A.  214,  19  ;  G.  12,  173).  Silvery  scales, 
sol.  alcohol.    May  be  converted  by  POCI3  into 

C,Hj<^^Q^g>CO,  which  yields  AgCjH.KPj. 

Salts.— NaA' 2aq. — BaA'j.— AgA'  :  needles. 

Thio -uramic  acid 
C,H,(G02H).G0.NH.GSNH,.    [172°].     Got  by 
heating  phthalic  anhydride  with  thio-urea  (P.). 
Silvery  needles  (from  alcohol). — BaA',  7aq. 

s- Amide  C.H^CO.NHo),,.  Phthalamide. 
[220°]  (Billow,  A.  236,  188  Formed  from 
phthalimide  and  cold  NHjAq  (Aschan,  B.  19, 
1399).  Minute  crystals,  insol.  cold  water,  alco- 
hol, and  ether.  Boiling  water  converts  it  into 
phthalimide.    Alkaline   KOBr  at   80°  forms 

^«^*"\NH  CO  (Hoogewerf  a.  Van  Dorp,  R.  T.  C. 
10,  9). 

u- Amide     C,H,<:;g[^^^'^->0.       [c.  90]. 

Formed  from  phthalyl  chloride  and  NH.,Aq 
(Auger,  A.  Ch.  [6]  22,  304).  Long  transparent 
prisms,  v.  sol.  water,  sol.  hot  alcohol.  AgNOj 
ppts.  GsH^jNAg  in  white  lustrous  scales,  NH3 
being  eliminated. 

Phenyl- ethyl- amide 

C,H,<^[^^'^^^>0.  [141°].  Formed  by  heat- 
ing the  ethyl-aniline  salt  of  phenyl-ethyl -phthal- 
amic  acid  above  200°  (Piutti,  G.  13,  547  ;  A.  227, 
187).  Prisms,  insol.  water,  sol.  alcohol  and  ether. 
Not  attacked  by  KOHAq,  but  split  up  by  potash- 
fusion  into  phthalic  acid  and  ethyl-aniline. 

Di-phenyl-amide  C^H,:CA(NPh,)2.  'D/- 
phcnylamine-plithalnn.'  [238°].  Formed  from 
phthalyl  chloride  and  diphenylamine  (Lellmarm, 
B.  15,  830).  Formed  also  by  boiling  phthalic 
anhydride  with  diphenylamine  (P.).  Needles 
(from  alcohol).  H.,SO,,  containing  HNO3  forms 
an  intense  violet  solution. 

m-Phenylene-diamid& 
C„H.,0.:N.,H2:C„H4.    [179°].    Formed,  together 
with  (C8H>2:N)jG6H,  [252°], by  fusing  m-phenyl- 
ene-diamine  with  phthalic  anhydride  (Bieder- 
mann,  B.  10,  1160).  Nodules. 
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p-Phenyleiie-diamide 
C,H,:CA:N,H,:C„H,.     [182°].     Converted  by 
warming   with    dilute    HClAq    into    a  base 
CsiH^gNjOi     and     (0,H,:C20„'-N)AH4  [295°] 
(Bied'ermann,  B.  10, 1163). 

u-Imide  C,H,<^j^_^>0.  u-PhtJial- 

imide.  [c.  145°].  Formed  by  the  action  of 
HClAq  on  the  M-amide  (Auger).  Slender 
needles,  exactly  resembling  the  s-imide,  into 
which  it  changes  when  heated.  Differs  from 
the  s-imide  by  decomposing  moist  BaCOj  in  the 
cold,  hence  it  may  possibly  be  o-cyano-benzoic 
acid. 

CO 

s-Imide  CbH^-C^qq^NH.  Phthalimide. 

[228°].  Formed byheatingCsH4(CO.,H)(C02NH,) 
or  C6H4(COoH).CONH2  (Laurent,  A.  41,  110; 
A.  Ch.  [2]  61,  121  ;  [3]  23,  119  ;  Lansberg,  A. 
215, 181).  Got  also  by  heating  the  ti-imide,  and 
by  the  action  of  CuCyj  and  KCy  on  o-diazo- 
benzoic  acid  (Sandmeyer,  B.  18,  1499).  Six- 
sided  prisms  (from  ether).  May  be  sublimed. 
Eeduced  by  tin  and  HCl  to  phthalidine  C8HsO(NH) 
(Graebe,  B.  17,  2598).  When  distilled  with  steam 
over  heated  zinc-dust  it  yields  C,5H,,N  [100°] 
(Gabriel,  B.  13,  1684).  Boiling  Ac^O  forms 
CsH,:CA:NAc  [132°-135°]  (Aschan,  B.  19, 
1398).  Amyl  alcohol  and  Na  reduce  phthal- 
imide to  o-methyl-benzyl-amine  (Bamberger,  B. 
21,  1888).  Yields  benzonitrile  when  distilled 
with  hme  (Eeese,  A.  242,  6).  Alkahne  KOBr  at 
80°  forms  o-amido-benzoic  acid  (Hoogewerff  a. 
Van  Dorp,  B.  T.  C.  10,  8)  C,HjO,NK.  Formed 
from  phthalimide  and  alcoholic  potash  (Cohn, 
A.  205,  301 ;  Gabriel,  B.  20,  2225).  Plates,  con- 
verted into  potassium  phthalamate  by  boiling 
water.  Converted  by  alkyl  iodides  into  alkyl- 
phthalimides.  [l:2]CsHj(CH.2Br)o  gives  rise  to 
C,H,(CH,.N:C8H A)2t253], while  thewj-isomeride 
melts  at  237°.  Eeacts  with  epichlorhydrin, form- 
ing CgHAN-C^H^O  [204°]  (Goedeckemeyer,  B. 
21,  2689)  with  (a)  -  dichlorhydrin,  forming 
(CsH  A:N.CH,)„CH.OH  [204°] ,  and  with  7-bvomo- 
butyronitrile,  forming  C8H,02N.CH2.CH„.CH2.CN 
[81-5°]  (Gabriel,  B.  22,  224,  3337  ;  23,  1771).— 
C„H,0.,NNa.  —  (C8H,0.,N)„Mg :  white  pp.  — 
(CgH4d..]SI).3a  4aq  :  plates.  —  (C„H^O.,N),Hg.  — 
(CsH.OlNjjCu  aq.  —  (C8H,0„N)Xu  4aq.  — 
CaHjOjNAg  ^aq  :  cheesy  pp. 

Imidoxim  G.-a.-^.fiA.e.  C,H,<^[^^^)>0. 

[250°].  Formed  by  heating  o-cyano-benzoic  ether 
with  an  alcoholic  solution  of  hydroxylamine  at 
90°  for  a  long  time  (Miiller,  B.  19,  1498). 
Needles  (from  dilute  alcohol),  insol.  benzene. 
Boiling  with  HClAq  and  FeClj  converts  it  into 
phthalimide. 

Methyl  -  imide  C8H,02:NMe.  [132°]. 
(286°).  Formed  from  potassium-phthalimide 
and  Mel  at  150°  (Graebe,  B.  17,  1174;  A.  247, 
302).  Needles,  reduced  by  tin  and  HCl  to 
CgH.NO  [120°]  (300°),  which  yields  a  gold  salt 
[196°]. 

Ethyl  -  imide  C,H,:C.,0,.NEt.  Ethyl- 
phthalimide.  [79°].  (282°)  at  726  mm.  Formed 
by  distilling  a  solution  of  phthalic  anhydride  in 
aqueous  ethylamine  ;  and  formed  also  from 
potassium  phthalimide  and  EtI  (Michael,  B.  10, 
1645 ;  Graebe,  A.  247, 302 ;  Wallach  a.Kamenski, 


B.  14,  171).  Needles.  Br  at  140°  forms 
CioHsBrjNOj  [e.  189°]. 

Bromo  -  ethyl  -  imide 
CaHA:N.CH,.CH2Br.  [83°].  Formed  from 
potassium  phthalimide  and  C„HjBr„  (Gabriel,  B. 
20,  2225  ;  21,  566  ;  22,  1137).  Ne'edles.  Con- 
verted by  aniline  into  phenyl  -  amido  -  ethyl - 
phthalimide  [100°],  and  by  p-toluidine  into 
both  (CsH,0.,:N.C2H,).NC,H,Me  [200°]  and 
CsHA-N.CH^.NHC.H.Me  [96°].  ^  -  Cumidine 
forms  CsH402:N.C2H,.NHCsH,Me.,[146°],  while 
(a)-  and  (j3)-naphthylamines  form  compounds 

C,  H,02:N.C,H4.NHC,„H,  [158°]  and  [141°]  re- 
spectively (Newman,  B.  24,  2196).  Potassium 
sulphocyanide  forms  CaHAz:N.C2H,SCy  [108°] 
(Coblenz,  B.  24,  2131). 

Sulphydro  -  ethyl  -  imide 
C(,HA:N.C,H4SH.  [77°].  Formed  from  the 
bromo-ethyl-imide  and  KSH  at  100°.  Converted 
by  NaOBt  and  glycolhc  chlorhydrin  into  syrupy 
C8HA:N.02H4.S.C,H,OH,  whence  POCl,  forms 
CsH  A:N.C,H^.S.C„H,C1  [77°] ,  while  POBrj  forms 
CsH.O-'tN.C^Hi.S.CjH.Br  [90°].  Keacts  with 
C(,H40.':N.C„H4Br  and  NaOEt,  forming 
(CsH.djiN.CjHJjS  [129°],  which  is  oxidised  by 
bromine  water  to  the  corresponding  sulphoxide 
[191°],  and  by  chromic  acid  to  the  sulphone 
[256°].  Iodine  in  alcoholic  solution  forms 
(CsH,0„:N.C„HJ„S2  [139°],  whence  B"H2CL. 
[203°]  (Gabriel,  B.  24,  1122,  3098). 

n  -  Propyl  -  imide  CsHA:NPr.  [66°]. 
(283°).    Crystals  (Gabriel,  B.  24,  3105). 

Isopropyl  -  imide   [85°].  (273°). 

^  -  Bromo  -  propyl  -  imide 
CsH,0,:N.CH,.CHBr.CH3.  [105°].  Formed  from 
the  aliylimide  and  HBr  (Seitz,  B.  24,  2627). 
Converted  by  KSH  into  C,H,0.,:N.CH„.CHMe.SH 
[88°],  which  is  oxidised  in  alcohoUc  solution  by 
I  to  (CsH,0„:N.CH,.CHMe),S  [161°].  Potassium 
sulphocyanide  forms  CgHiOjiN.CHa.CHMe.SCy 
[89°-93°]. 

7  -  Bromo  -propyl  -  imide 
C,HA2:N.CH„.CH2.CH2Br.  [73°].  Got  from  tri- 
methylene  bromide  and  potassium  phthalimide 
(Gabriel,  B.  21,  2671 ;  23,  90).  Needles  (from 
ligroin).  Converted  by  sodium  ethyl-malonic 
ether  into  CsH,0,:N.C3H,.CEt(C02Et)2  [62°], 
and  by  sodium  benzyl  -  malonic  ether  into 
C,H,02:N.C3H,.C(CH„Ph)(CO.,Et)2  [c.  110°] 
(Aschan,  B.  23,  3692).  Potassium  sulphocyanide 
forms  CsH^O.iNCjH^SCy  [98°]. 

Ethylene  -  di  -  imide  {Cf^Ilfir,JN)J^.J3Lf. 
[232°].  Formed  by  heating  potassium  phthal- 
imide with  ethylene  bromide  at  200°  (G.). 

Butyl  -  imide  C8H,0„:NC.,Hg.  [65°]. 
Formed  by  distilling  cupric  phthalyl-amido- 
hexoate  (Keese,  A.  242, 16).  Tables  (from  dilute 
alcohol). 

Isohutyl  -  imide  CsH.OjtN.CH^Pr.  [93°]. 
Formed  from  isobutyl  bromide  and  potassium 
phthalimide  (Neumann,  B.  23,  999).  Plates. 

Isoamyl  -  imide  CfB.S).j;.^.GJl^^.  (308°). 
SoUdifies  when  strongly  cooled  (N.). 

Ally  I  ■  imide  CgHjOjrNCjH,,.  Allyl-phthal- 
imide.  [71°].  (295°).  Tables.  Yields  a  dichloride 
C8HA:NC.,H5Cl2  [93°],  and  a  dibromide  [114°]. 
When  nitrous  acid  is  passed  into  its  solution  in 
cold  benzene,  and  the  j)roduct  heated  to  145°, 
there  is  formed  CsH^0.2:NC3H5N03,  crystallising 
in  plates  [173°]  (Neumann,  B.  23,  1000). 
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Acetonyl  -  imide  CsH,0,:N.CH,,Ac.  [117°] 
Made  by  heating  potassium  phthalimide  with 
chloi'o-aeetone  at  120^  (Goedeckemeyer,  B.  21, 
2684).  Plates  and  needles.  Gives  rise  to  an 
oxim  [172°]  and  also  to  a  phenyl-hydrazide 
CH,.C(N.,HPh).CH.,N:C,H,02  [152"]. 

Desyl  -  imide  CsHjO^tN.CHPhBz.  [158°]. 
Formed  from  phenyl  bromo-benzyl  ketone  and 
potassium  phthalimide  (Neumann,  B.  23,  994). 
Yellowish  crystals,  v.  si.  sol.  alcohol. 

Phenyl-imida  C,H,<^^Q>NPh.  FUlial- 

anil.  [205°].  Formed  by  distilling  phthalic 
acid  (1  mol.)  with  aniline  (1  moL),  and  by  heat- 
ing phthalimide  witli  aniline  (Laurent ;  Doebner, 
A.  210,  267 ;  Piutti,  B.  16,  1322)  ;  Michael  a. 
Palmer,  Ayn.  9,  202).  Needles  (from  alcohol), 
insol.  water.  Converted  by  heating  with  BzCl 
and  ZnCL,  intoC„H,0,:N.C,H.,Bz  [183°]  (Doebner, 
A.  210,  267).  The  f>-chloro-,  ^-bromo-,  p-iodo-, 
and  wi-nitro-  phenyl-Lmides  of  phthalic  acid  melt 
at  195°,  204°,  228°,  and  243°  respectively 
(Gabriel,  B.  11,  2260). 

Banzyl-imide  C,H^O.,:NCH„Ph.  [116°]. 
Formed  from  potassium-phthalimide  and  benzyl 
chloride  (Gabriel,  B.  20,  2227).  Needles  (from 
alcohol).  The  o-  and  m-  nitro-benzylimides 
melt  at  219°  and  155°  respectively. 

o-Cyano-henzyl-imide 
C„H^:C,0,-.NCH2.C„H,.CN.  [182°].  Prisms  (from 
HO  Ac)  (G.).  The^j-  isomeride  [184°]  is  converted 
into  C0.,H.C<.H,.C0.NH.CH.,.C,H,.C0.;H  [255°]  by 
NaOHAq  (Giinther,  B.  23,  1059). 

Tolyl-imide.s  C,Hj:C,0,,:NC„H^Me.  The 
0-,  in-,  and  p-  compounds  melt  at  182'^,  153°,  and 
204°  respectively  (Michael,  B.  10,  579  ;  Piutti, 
A.  227,  205;  Frohlich,  B.  17,  2679;  Kuhara, 
A7n.  9,  52). 

in-Methyl-hcnziil-imide 
C,H,:C,,0.-:N.CR,C„H,,Me.  [118°]. 
Formed  by  heating  potassium  phthalimide  with 
C,H,Me.CH._:Br  at  200°  (BrOmrne,  B.  21,  2700). 
White  needles,  v.  sol.  alcohol.  The  compound 
(C„H,:CA:N.CI-L),C,Hj  [237°]  is  formed  by  using 
[1:3]  C,H,(CH,,Br),. 

^-Cuviyl-imidc  C|-H|-NOo  i.e. 
C,H,:G,0,,:N'C„H,Me,.  [i48°].  '  (above  3G0°). 
Formed  by  heating  phthalic  anhydride  with 
<|/-cumidine  (Frohhch,  B.  17,  1802).  Trimetric 
crystals.  Converted  by  ammonia  into  the  com- 
pound C,H,(CONH,).c6NHC,H2Me3  [218°],  crys- 
tallising in  needles,  while  methylamine  and 
allyl-amine  yield  the  corresponding  compounds 
C,H,(CONHMe).CONHC,H„Me,  [215°]  and 
C,H,(CONHC,H,).CONHC,H2Me3  [179°]. 

s-Tri-7n  ethyl -phenyl -imide 
C„H,:C,0,:NC,H,Me,,.  Phthalmesidil.  [171°]. 
Got  by  boiUng  mesidine  with  phthalic  anhydride 
(Eisenberg,  B.  15,  1017).  Silky  needles  (from 
alcohol),  insol.  water.  Yields,  on  nitration, 
the  compounds  C8H,02:NC,HMe3(N02)  [210°] 
and  C,H,0.,:NC,Me,(N02)2  [242°]. 

Isocymyl-imide  C„H,0,:NC,„H,3.  [145°]. 
Formed  by  heating  the  anhydride  with  jw-iso- 
cymidine  (Kelbe  a.  Warth,  A.  221,  169).  Yields 
CJ-I,,0,:NC,„H„.N02  [1C7°J  on  nitration. 

Naphthyl-imides  C,H,:C.,0,:NC,oH:,.  The 
(a)- compound  [166°]  (P.);  [182"^]"  (M.)  and  its 
(/3)-  isomeride  [216°]  are  got  by  heating  the  cor- 
responding naphthylamines  with  phthalic  an- 


hydride (Piutti,  G.  15,  479;  Maschke,  C.  C. 
1886,  824). 

Tri-nitro-phenyl-imide 
C8H,0,,:N.C,.H,(NO,)3.   [259°].    From  potassium 
phthalimide  and  picryl  chloride  (Schmidt,  B.  22, 
3257).    Stair-like  groups  of  crystals. 

o  -  O  xy  -  phenyl -imide 
C,Hj:C,Oj:NC,H,OH.  Oxyphthalanil.  [220°]. 
Formed  by  heating  phthalic  anhydride  with 
o-amido-phenol  (Ladenburg,  B.  9,  1528).  Con- 
verted by  sodium  carbonate  solution  into 
CO,H.C,H,.CO.NH.C„H,OH  [223°]. 

p-Oxy-phenyl-imide.  [288°].  Got  in 
like  manner  from  2:)-amido-phenol  (Piutti,  G.  16, 
252).  Yields  C,H,:C,A:N.C„H^OAc  [239°]  and 
Ca,H.C„H,.CO.NH.C„H,OH  [289°].  HNO,  forms 
C,H,:C,0,:NCsH(NO,),,OH  [210°],  which  yields 
an  acetyl  derivative  [177°]. 

VI  -  Nitro-phenacyl-imide 
C,H,0,:N.CH,.CO.C,H,NO„.  [204°].  Formed  from 
w-bromo-m-nitro-acetophenone  and  potassium 
phthalimide  (Schmidt,  B.  22,  3249).  Pointed 
crystals  (from  HOAc). 

'  Phenyl  hydrazide  C.B.^-.CoO.^I^M'Ph. 
[178°].  Formed  from  phthalyl  chloride  and 
phenyl-hydrazine  in  ethereal  solution  (Pickel, 
A.  232,  233).  l^ellow  needles,  insol.  water,  sol. 
hot  alcohol  and  chloroform. 

Hydrides  of  phthalic  acid.  When  reduced 
by  sodium-amalgam  in  a  solution  kept  acid  by 
HOAc  phthalic  acid  yields  trans  (1,  2)-dihydride. 
Neutral  sodium  phthalate  reduced  by  sodium- 
amalgam  without  addition  of  acid  yields  the 
stable  (4,5)-dUiydride  (Baeyer,  A.  269,  154  ;  cf. 
Graebe  a.  Born,  A.  142,  330).  Phthalic  acid, 
suspended  in  water,  is  reduced  by  sodium-amal- 
gam to  a  lactonic  acid  which  yields  a  crystalline 
lactone  [255°] ;  phthalide,  and  the  (l,2)-dihy- 
dride  are  also  formed.  Both  the  (l,2)-dihydrides 
reduce  acjueous  AgN03  (sic)  on  warming,  form- 
ing at  once  a  black  pp.  Boiling  aqueous  cupric 
acetate  gives  off  CO.,  and  forms  a  white  pp. 
which  on  addition  of  HOAc  deposits  Cu„0.  The 
licjuid  contains  benzoic  acid  (Baeyer,  A.  269, 
151).  None  of  the  other  dihydrides  of  phthalic 
acid  are  attacked  by  cupric  acetate.  Boiling 
ammoniacal  AgNO,  gives  with  :  the  (l,2)-dihy- 
dride  a  black  pp.  ;  the  (4,5)-  and  (1,6)-  dihydrides 
a  brown  pp.;  the  (3,6)- dihydride  a  white  pp. 
not  turning  brown.  The  (1,2)-  (1,6)-  and  (4,6)- 
dihydrides  give  benzoic  acid  and  CO.,  when 
feebly  oxidised.  The  (3,6)-  dihydride  gives 
phthalic  acid  (Baeyer,  A.  269,  179).  The  hexa- 
hydrides  are  most  stable,  the  tetra-hydrides 
next,  and  the  dihydrides  least  stable  (Baeyer, 
A.  269,  169).  The  cis  anhydrides  are  more 
stable  than  the  trans  anhydrides.  The  trans 
acids  are  more  stable  than  the  cis  acids.  The 
anhydrides  of  the  dihydrides  are  well  crystal- 
lised, and  yield  the  corresponding  acids  when 
boiled  with  water.  The  anhydrides  are  got  by 
means  of  AcCl  or  Ac.p.  The  (1,2)- dihydride 
will  not  stand  AcCI.  The  (4,5)-  dihydride  needs 
long  boiling  with  AcCl.  Boiling  kc.fi  often 
changes  the  trans  to  the  cis  variety.  The  an- 
hydrides of  the  cis  melt  at  lower  temperatures 
than  their  trans  isomerides  (Baeyer,  A.  269, 
161). 

In  the  following  hydrides  the  two  carboxyls 
are  in  the  positions  1  and  2.  The  small  num- 
bers following  A   indicate  the  position  of  G 
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atoms  supposed  doubly  united  to  the  adjacent 
C  atoms. 

Trans-  A^.s  or  [1,1)-  di-hydride. 

S;ci:ei;S:S- pio^-  s.  -le at  10°;  eat 

100°.  Permed  by  reducing  plithalic  acid  (20  g.) 
dissolved  in  NaOAc  (3'2-8  g.)  and  water  200  c.o. 
at  0°  by  adding  successive  quantities  of  3  p.e. 
sodium-amalgam  (40  g.)  and  60  p.c.  acetic  acid 
(6  c.c),  and  finally  adding  H^SOj  (Baeyer,  A. 
269,  189).  Prisms  (from  hot  water;.  Not  re- 
duced by  sodium-amalgam  in  the  cold.  Lead 
acetate  gives  a  liocculent  pp.,  sol.  HOAc. 

Beactions. — 1.  Boiling  NaOHAq  changes  it 
entirely  to  the  (4,5)-isomeride.  Nine  hours 
boiling  with  water  does  the  same. — 2.  KMnO^, 
hot  ammoniacal  AgNO,,  and  aqueous  AgNOj  at 
100°  are  at  once  reduced. — 3.  Aqueous  cupric 
acetate  forms  a  green  pp.,  which  gives  off  CO,. 
On  adding  HOAc  the  liquid  becomes  clear  and 
contains  benzoic  acid,  Cu,0  being  ppd. — 4.  Oxi- 
dised by  boiling  CuSO^  to  benzoic  acid  (Baeyer, 
A.  269,  191).— 5.  The  acid  takes  up  Br  (4  at.) 
and  the  product  is  reduced  by  zinc-dust  and 
HOAc  to  the  original  dihydride. — 6.  Combines 
with  HCl,  hence  cannot  be  etherified  by  alcohol 
and  HCl. — 7.  Combines  with  HBr  (2  mols.)  in 
aqueous  solution  at  100°.  The  product  could 
not  be  crystallised,  is  reduced  by  sodium-amal- 
gam to  a  hexahydride,  while  zinc  and  HOAc  do 
not  form  an  unsaturated  acid. 

Cis  (1,2) -dihydride.  [175'].  S.  1-8  at 
10°.  Does  not  accompany  the  trans  form  in 
the  product  of  reduction  of  phthalic  acid 
(Baeyer,  A.  269,  192).  The  tra')is  acid  boiled 
with  Ac.jO  (but  not  AcCl)  for  7  minutes  is 
changed  to  the  anhydride  of  the  cis  isomeride. 
The  lead  salt  of  the  cis  acid  is  insol.  HOAc,  while 
that  of  the  trans  acid  is  soluble  therein.  Large 
colourless  many-faced  prisms.  Eeadily  con- 
verted into  anhydride  by  warming  with  Ac^O. 
The  anhydride  [100°]  crystallises  from  ether 
in  colourless  needles,  and  is  re-converted  into 
the  acid  by  boiling  water.  The  cis  acid  is  con- 
verted into  the  (4, .5)-  dihydride  by  boiling 
NaOHAq,  by  9  hours'  boiling  with  water,  and 
even  (unlike  the  trans  isomeride)  by  standing 
for  2  days  with  15  p.c.  NaOHAq.  Eeacts  with 
silver  and  copper  salts  like  the  trans  acid. 

A2,6  or  ('1,5)  -  Dihydride. 

CHj.CHlC.COjH  roiro-i      o     .D    „i.    9ro  .    .g    „  + 

CH,,.CH:C.C02H  ^'^^^  ^  at        ,    i  at 

10°.  Got  by  reducing  phthalic  acid  (60  g.)  with 
sodium-amalgam  (1200  g.)  (Baeyer,  A.  269,  195  ; 
c/.  Asti6,  A.  258,  187).  Lustrous  triclinic  crys- 
tals. 

Reactions. — 1.  Not  affected  by  evaporating 
with  boiling  NaOHAq,  but  by  long  warming  with 
very  cone,  aqueous  or  alcoholic  KOH  it  is  par- 
tially changed  to  the  A^.i  or  (1,6)-  dihydride. — 
2.  Eeduced  by  sodium-amalgam  in  a  current  of 
CO^at  100°  to  or  (1,4,6,6)-  and  cis  and  trans 
A*  or  (l,2,3,6)-tetrahydrides.— 3.  KMnO^  oxi- 
dises it  to  oxalic  and  phthalic  acids  (no  suc- 
cinic acid). — 4.  Alkaline  KiFeCyg  on  boiling 
forms  benzoic  acid.  Cold  dilute  HjSO^  and 
MnOj  also  form  benzoic  acid. — 5.  PCI5  gives 
phthalic  anhydride. — 6.  Br  in  the  dark  forms 
CsHsBrjO.,  [185°].— 7.  With  HBr  (2  mols.)  it  com- 
bines forming  crystalline  di-bromo-phthalic  acid 
hexahydride  (Baeyer,  A.  269,  198),  which  is  re- 


duced by  sodium  amalgam  to  phthalic  acid 
^rajis-hexahydride.  AcCl  converts  the  acid  into 
an  anhydride  [157°].  The  silver  salt  boiled  with 
water  is  reconverted  into  the  (4,5)- dihydride. 
Alcoholic  potash  converts  dibromophthalic  acid 
hexahydride  into  the  A'^.^  or  (1,6)-  dihydride. 

Methyl  ether  MeA'.  (250°). 

Anhydride  [84°].  Got  by  boiling  the  (4,5) 
acid  with  AcCl  (Baeyer,  A.  269,  196).  The  pro- 
duct is  evaporated  over  soda-lime  and  HjSO^  in 
vacuo,  when  the  anhydride  separates  in  large 
tables  or  prisms,  si.  sol.  ether,  v.  sol.  chloroform. 
Hot  water  readily  dissolves  the  anhydride,  con- 
verting it  into  the  parent  acid.  NaXO^Aq  forms 
an  orange-red  solution,  which  bleaches  litmus 
as  long  as  any  anhydride  is  undissolved,  the  blue 
colour  afterwards  returning  when  all  is  dissolved. 
On  adding  H^SO,,  to  the  solution  a  resin  is  ppd. 
Heating  on  the  water-bath  resinifies  the  anhy- 
dride, forming  some  phthalic  anhydride. 

AO  I  7-7    7  -  7    CH  CHo.CH.COoH 

A2.1  01-  (l,6)-dthydrxde.  qjj  q^Iq  qqJI 

[180°].  Formed  by  boiling  the  di-hydro-di- 
bromide  of  the  (4,5)-  dihydride  of  phthalic  acid 

ch'.chS:ch.coJ       ^  °* 

(1  pt.)  in  MeOH  (2  pts.)  for  1^  hours  (Baeyer,  A. 
269,  199).  Formed  also  in  small  quantity  by 
heating  the  (4,5)-  acid  with  cone,  aqueous  or  al- 
coholic KOH  or  NaOH.  Eosettes  of  prisms 
(from  water).  More  soluble  in  water  than  the 
(4,5)- dihydride.  Hot  cupric  acetate  forms  a 
white  pp.  which  dissolves  on  cooling. 

Beactions. — 1.  KMnO^  and  Na^CO^Aq  form 
oxalic  acid  in  the  cold,  and  some  phthalic  acid. 
2.  Ammoniacal  AgNO-,  forms  a  white  pp.  turning 
brown  on  warming. — 3.  Cold  dilute  H^SO,  and 
MnO,  form  benzoic  acid  and  CO,. — 4.  Boiling 
alkaline  KjFeCyg  also  forms  benzoic  acid. — 5. 
Converted  by  AcjO  in  the  cold  into  the  anhy- 
dride which  crystallises  from  chloroform  in 
cubes  [104°]  and  is  reconverted  into  the  acid  by 
warm  water.  The  anhydride  dissolves  in 
NajCOjAq  and  bleaches  litmus  meanwhile.  The 
anhydride  is  converted  by  heat  into  the  anhy- 
dride of  the  (3,6)-  dihydride.  —  6.  Sodium- 
amalgam  reduces  it  in  the  cold  (difference  from 
isomerides)  to  the  cis-(l, 2,3,6)-  tetrahydride. — 
7.  Combines  with  EEBr  (2  mols.)  when  heated  at 
100°  with  a  solution  of  HBr  in  HOAc  (Baeyer, 
A.  269,  200).  The  product  [190°]  crystalhses 
from  ether  in  plates,  and  is  reduced  by  sodium- 
amalgam  to  the  trans  hexahydride. 

AMor(3,6).di%dH^e  ^iS;:^;^:^- 
[163°].  S.  1-7  at  6°.  Formed  by  boiling  the 
a2.^  or  (1,6)-  dihydride  (1  pt.)  with  Ac,0  (2  pts.) 
for  6  minutes,  and  allowing  the  product  to 
evaporate  over  soda-lime  and  H2SO4.  The  an- 
hydride which  separates  is  boiled  with  water 
(Baeyer,  A.  269,  204).  Large  crystals  with  many 
facets.  The  Pb  salt  is  si.  sol.  HOAc.  Cupric 
acetate  gives  a  green  pp.,  si.  sol.  HOAc.  The  Ag 
salt  is  not  reduced  by  boiling,  even  in  presence 
of  ammonia  (unlike  any  of  its  isomerides). 

Reactions.— 1.  When  heated  at  100°  for  a 
long  time  it  is  partially  converted  into  anhy- 
dride. Evaporation  of  its  aqueous  solution 
also  partially  converts  it  into  anhydride.  The 
anhydride  [136°]  is  also  got  by  heating  the 
acid   with  Ac.O.     It    crystallises  in  plates. 
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Eeadily  sublimes  in  feathery  plates.  Does  not 
bleach  litmus. — 2.  Sodium-amalgam  does  not 
reduce  it  even  when  gently  warmed  (Baeyer,  A. 
269,  205).— 3.  Dilute  tL,SO^  and  MnO.,  oxidise  it 
to  phthalic  acid.  Boiling  alkaline  K3FeCy„  also 
forms  phthalic  acid. — 4.  KMnOj  is  at  once  de- 
colourised.— .5.  Boiling  (10  p.c.)  NaOHAq  forms 

(4.5)  and  (1,6)-  isomerides. 

A'  or  {'6,4i,o,())-Tetrahydride 

CH'  CH'  C  CO^H"  [120°]-  Formed  by  dissolving 
its  anhydride  in  boiling  water  (Baeyer  a.  Astie, 
A.  258,  203  ;  269,  176).  Got  also  by  distilling 
the  tetrahydride  of  pyromellitic  acid  (Baeyer,  A. 
166,  346).  Monoclinic  leaflets  (containing  aq). 
When  heated  at  100^  for  some  time  it  melts, 
forming  the  anhydride.  KMnO^  oxidises  it  to 
adipic  acid.  Boiling  cone.  KOHAq  changes  it 
to  the  A-  acid.  Oxidised  by  Br  and  alkalis  to 
di-oxy-phthalic  acid  hexahydride  (tartrophthalic 
acid). — BaA"  aq  :  crystalline  pp. 

Metliyl  ether  Me.A".  Combines  with  Br, 
forming  two  dibromides  [84"]  and  [124°]. 

Anhydride  CsHsjO^.  [74°J.  Formed  by  heat- 
ing the  A-  acid  or  its  anhydride  at  215'^  for  some 
time.    Plates  (from  ether),  v.  sol.  ether, 
or  {1,4,5,Q)- Tetrahydr  ide 

C^STii-S-  t'^l'^^-  S. -88  at  10°  H.C.p. 
.S81,600.  H.F.  215,400  (Stohmann,  /.  ]n:  [2]  43, 
540).  Got  by  reducing  a  boiling  solution  of 
sodium  jahthalate  with  sodium-amalgam  (Baeyer, 
A.  258,  175).  Formed  also,  together  with  the 
trans  A'  isomeride,  by  reducing  the  (4,5)-dihy- 
dride  in  the  same  way.  Prisms  (from  water). 
Bromine  vapour  yields  a  dibromide  [225°]. 
MeOH  and  HCl  form  an  oily  methyl  ether,  which 
yields  a  crystalline  dibromide  [74°].  KMnO^ 
oxidises  it  to  oxalic  and  succinic  acids. 

Anhydride  0^11,0.,.  [79°].  Formed  from 
the  acid  and  AcCl.  Prisms.  Changed  by  heat 
into  the  anhydride  of  the  A'  acid. 

Trans-A''  or  (1,2,3,6)  -  Tetrahydride 

C'H.CH.„CH.CO.,H         rgicoi         o      .-lAt:     „t  do 

CH.CH,,.CH.CO,H-     L-^^^  J-  ^^'^        ^  ' 

Formed,  together  with  the  (l,4,5,6)-tetrahy- 
dride,  by  reducing  the  (4,5)-dihydride  in  boiling 
solution  by  sodium-amalgam  (Baeyer,  A.  258, 
210;  269,  161).  Leaflets  (from  water).  De- 
colourises KMnO,  at  once.  Yields  a  methyl 
ether  Me.,A"  [40°], which  forms  a  dibromide  [117°]. 
Anhydride  C,HA-  [140°].  Got  from  the  acid 
and  AcCl.  Needles  (from  ether).  Changed  by 
heat  into  the  cis-  isomeride. 

Cis-A'  or  (1,2,3,6)  -  Tetrahydride 
[174°].    S.  -9  at  6°.    Formed  by  adding  sodium- 
amalgam  at  0°  to  a  solution  of  the  Na  salt  of  the 

(1.6)  -dihydride  in  a  current  of  CO2  (Baeyer,  A. 
269,  202).  Formed  also  by  boiling  the  trans  A^ 
tetrahydride  with  Ac„0  for  15  minutes.  Lai'ge 
prisms.  Boiling  Ac^O  forms  the  anhydride, 
which  crystallises  from  ether  in  tables  [59°]. 

Trans-  (or  funiaroid)  JiexaJiy  dride 
C6H,„(C0,H),.  [221°].  S.  -23  at  20°.  Formed 
by  reducing  the  hydrobromides  of  the  di-  and 
tetra-  hydrides  with  sodium-amalgam  or  with 
zinc-dust  and  HOAc  (Baeyer,  A.  166,  350  ;  2.58, 
214;  269,  161  ;  of.  Mizerski,  B.  4.  558).  By  re- 
ducing the  (3,4,5,6)-tetrahydride  in  a  hot  solu- 
tion a  mixture  of  trans-  and  cis-  hexahydrides 
is  obtained.    Leaflets  (from  water).    May  be 


distilled  unchanged  if  quickly  heated,  but  yields 
the  cis-  anhydride  when  slowly  heated.  Not 
oxidised  by  cold  aqueous  KMnO^.  Yields  a  di- 
methyl ether  [33°],  m.  sol.  ligroin. — Pb.\''  aq  : 
plates. 

Anhydride.  [140°].  Formed  from  the 
acid  and  AcCl.  Long  needles  (from  ether). 
Changes  when  heated  into  the  cis-isomeride. 

Cis-  (or  maleoid)  hexahydride.  [c.  192°]. 
Got  from  its  anhydride,  which  is  formed  by 
heating  the  anhydride  of  the  trans-  isomeride  at 
220°  for  eight  hours.  Short  four-sided  prisms, 
more  soluble  than  the  trans-  isomeride.  Not 
attacked  by  cold  aqueous  KMnO^.  Cone.  HClAq 
at  180°  changes  it  to  the  trans-  variety.  The  Ba 
and  Zn  salts  are  less  sol.  hot  than  cold  water. 

Anhydride.  [32°]. 

Isophthalic  acid  [1:3]  C,Hj(CO..H).,.  [c. 
300°].  S.  -013  at  25°;  -22  at  100°.  H.C.v. 
769,100.  H.C.p.  768,800.  H.F.  190,200  (Stoh- 
mann, J.2)r.  [2]  40,  138). 

Formation. — 1.  By  oxidising  i;j-xvlene  with 
K„Cr,0,  and  H„SO,,  (Fittig  a.  Velguth,  Z.  [2]  3, 
526  ;  A.  148, 11  •  153,  268).— 2.  By  fusing  sodium 
formate  with  potassium  7K-sulpho-benzoate  (V. 
Meyer,  A.  156,  265  ;  159,  1).— 3.  The  ether  is 
formed  by  the  action  of  ClCO.jEt  and  sodium- 
amalgam  on  •(K-di-bromo-benzene  (Wurster,  A. 
176,  149). — 4.  By  fusing  potassium  formate  with 
potassium  benzoate  (Richter,  B.  6,  876),  vi- 
bromo-benzoate  (Ador  a.  Meyer,  A.  159,  16),  or 
di-sulpho-benzoate  (Barth  a.  Senhofer,  A.  169, 
228). — 5.  By  oxidation  of  ?;t-toluic  acid  (Weith 
a.  Landolt,  B.  8,  715). — 6.  By  saponitication  of 
its  nitrile. — 7.  By  heating  the  hydrides  of  prehn- 
itic  and  pyromellitic  acids  with  H.^SO.,  (Baeyer, 

A.  166,  334  ;  Sup^yl.  7,  4).— 8.  By  strongly  heat- 
ing NaOBz  (Conrad,  B.  6,  1395).— 9.  By' oxida- 
tion of  colophony  with  dilute  nitric  acid 
(Schreder,  A.  172,  93).— 10.  By  the  action  of  a 
hot  aqueous  solution  of  cuprous  potassium  cyan- 
ide upon  vu-diazo-benzoic  chloride,  and  saponiti- 
cation of  the  resulting  nitrile  (Sandmeyer,  B. 
18,  1498). 

Preparation. — lij-Xylene  is  converted,  by 
heating  with  bromine  at  125°,  into  CgH,(CH„Br)j, 
which  is  boiled  with  alcoholic  potash,  and  the 
resulting  C5H,(CHpEt),,  oxidised  with  chromic 
acid  mixture  (Kipping,  B.  21,  46). 

Properties. — Long  slender  needles  (from 
water),  m.  sol.  alcohol.    May  be  sublimed. 

Salts. — K.,A". — BaA"6aq.  Triclinic  crystals 
(by  spontaneous  evaporation)  (Lossen,  A.  266, 
80).  V.  sol.  water.— BaA"  4aq  ?  Needles  (by 
cooling  hot  saturated  solutions). — CaA"  2-^aq  : 
needles. — Ag.,A"  :  amoiijhous  pp. 

Methyl' ether  Me^A".  [65°].  Needles 
(from  dilute  alcohol).  H.F.  173,300  (Stohmann, 
J.pr.  [2]  40,  353). 

Di-ethyl  ether  Et.A".    [0°].  (285°). 

D L -phenyl  ether  VhA.".  [120°].  Got  by 
boiling  the  chloride  with  phenol.  Long  needles. 

Chloride  C,H,(C0C1),.  [41°].  (276°). 
Formed  by  heating  the  acid  with  PCI,  at  200° 
(Schreder,  B.  7,  708  ;  Miinchmeyer,  B.  19, 1849). 

Amide  C,H,(CO.NH.,).,.  [265°]  (B.  Beyer, 
J.  pr.  [2]  22,  351)  ;  [above  270°]  (Luckenbach, 

B.  17,  1431).  Got  from  the  chloride  and  NH,. 
Plates,  si.  sol.  water  and  alcohol. 

Nitrile  CgH.,Cy.,.  [158°].  Formed  by  dis- 
tilling potassium  cyanide  with  potassium  benz- 
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ene  m-disulphonate  (Bartli  a.  Senhofer,  A.  174, 
236  ;  Meyer  a.  Micbler,  B.  8,  672  ;  Noltiug,  B. 
8,  1112;  Luckenbach,  B.  17,  1428),  or  with 
potassium  w-ehloro-  orbromo-  benzene  sulphon- 
ate  (Meyer  a.  Stiiber,  A.  1G5,  165  ;  Limpriebt, 
A.  180,  92).  Formed  also  by  beating  the  oxim 
of  isopbtbalic  aldebyde  C,Hi(CH:NOH)„  witb 
excess  of  AcCl  at  100°  for  a  long  time  (Miiiicb- 
meyer,  B.  20,  508),  by  tbe  dry  distillation  of 
calcium  m-cyano-benzoate  (Bromme,  B.  20, 521), 
and  by  boiling  an  alcobolic  solution  of 
C^HjfCS.NHJo  witb  an  aqueous  solution  of  lead 
acetate  (Luckenbacb).  Small  needles  (from 
alcohol),  insol.  water,  m.  sol.  ether.  Converted 
by  alcohol  and  dry  HCl  into  phtbalimido-ethyl 
ether  C6H^(C(NH).0Et).,  [66°].  MeOH  and  HCl 
yield  C,H.,(C(NH).OMe).,  [c.  62°];  while  mer- 
captan  and  HCl  form  C,Hj(C(NH).SEt)2,  which, 
like  the  two  preceding  bodies,  forms  a  crystalline 
hydrochloride  (Luckenbach). 

Semi-nitrile  v.  w-Cyano-benzoic  acid. 

Tetrahydride  of  Isophthalic  acid 
C^H„(C02H)„.    [199°].    Formed  by  reduction  of 
isophthalic  acid  by  boiling  its  alkaline  solution 
with  sodium-amalgam  (Baeyer,  B.  19,  1806). 
Needles,  v.  sol.  hot  water. — Ag.A"  :  white  pp. 

Methyl  ether  M.e.A".  Oil. 

Isomeride  v.  Tebephthalic  Acm. 

References. — Amido-,  Bhomo-,  Bbomo-nitko-, 
Chloeo-,  Iodo-,  Nitro-,  Oxy-,  and  Oxy-amdo- 
Phthalic  acids. 

Homo-phthalic  acid  v.  C.arboxy-phenyl- 
acetic  acid. 

Diphthalic  acid  v.  Diphthalylic  acid. 

PHTHALIC  ALCOHOL  v.  Di-oxy-xylene. 

PHTHALIC  ALDEHYDE  CgH.O.,  i.e. 
C,H,(CHO)„  [1:2].  Mol.  w.  134.  [52°].  Formed 
by  boiling  C6Hj(CHCl„),  (1  mol.)  with  NaOHAq 
(4  mols.)  (Colson  a.  Gautier,  Bl.  [2]  45,  509  ; 

A.  Ch.  [6]  11,  29).  Formed  also  by  oxidising 
CeH,(CH2.0H)„  (Hjelt,  B.  19,  411).  Solid,  v.  si. 
sol.  water.  Coloured  blue  by  NHjAq.  Slowly 
oxidised  by  air. 

Oxim  C,H,,(CH:NOH).,.  [245°].  Small 
needles  (Miinohmeyer,  B.  20,  509). 

Isophthalic  aldehyde C„H,(CHO).,  [1:3].  [90°]. 
Formed  by  boiling  CeH,(CHCl.,)„  [1:3]  with  water 
(Colson  a.  Gautier,  BL  [2]  45,  509  ;  V.  Meyer, 

B.  20,  2005).  Needles.  Eeduces  silver  solu- 
tion with  difficulty.  Gives  a  violet-red  tint  witb 
rosaniline  reduced  by  SO^.  Oxidised  by  KMnO^ 
to  isophthalic  acid. 

Oxim  C6H,(CH:N0H),,.  [212°]  (Miinoh- 
meyer) ;  [180°]  (Meyer).  Plates  (from  hot  alco- 
hol). Converted  by  AcCl  at  100°  into  C,HjCy„. 
Yields  the  ethers  CsH^(CH:N0Me).,  [77°]  and 

C.  H,(CH:N0Et)2  [165°]. 

Reference. — Oxy-isophthaiic  aldehyde. 
Isomerides. — Teeephthalic   aldehyde  and 
Phthalidb. 

PHTHALIC  ALDEHYDE  ACID  v.  Aldehydo- 
benzoic  acid  and  Phthalaldehydic  acid. 

PHTHALIDE  C^B.fi.,  i.e.  C,H,<^^q2\,o. 

Lactone  of  to-O.nj-o-toluic  acid.  [73°].  (290° 
i.V.). 

Forniatio7i. — 1.  By  reducing  phthalyl  chlor- 
ide with  zinc  and  HClAq  (Kolbe  a.  Wischin, 
C.  J.  19,  339),  or  with  Mg  and  HOAc  (Baeyer, 
Z.  [2]  5, 399  ;  10, 123, 1445  ;  11,  637).— 2.  Occurs 
among  the  products  of  reduction  of  phthalic  an- 


hydride by  zinc-dust  and  HOAc  (Wislicenus, 

B.  17,  2178). — 3.  By  passing  bromine-vapour 
over  o-toluic  acid  at  140°  (Hjelt,  B.  19,  412). 

Preparation. — Phthalimide  (1  pt.)  is  reduced 
to  pbtbalidene  by  means  of  tin  (If  pts.)  and  HCl. 
The  tin  is  ppd.  by  zinc,  and  sodium  nitrate 
added  to  the  filtrate.  The  yellow  pp.  of  tbe 
nitrosamine  of  phthalidine  is  filtered  off,  washed, 
and  heated  with  dilute  NaOH.  The  phthalide 
is  ppd.  by  HCl  and  distilled.  Yield  on  the 
phthalic  anhydride  —70  p.c.  of  the  theoretical 
(Graebe,  B.  17,  2599). 

Properties. — Needles  (from  hot  water),  si.  sol. 
cold  water,  v.  sol.  alcohol  and  ether.  Does  not 
[  combine  with  NaHSO.,  (Hessert,  B.  11,  238),  or 
reduce  ammoniacal  AgNOj.  Does  not  react  with 
hydroxylamine. 

Reactions. — 1.  Oxidised  by  alkaline  KMn04 
to  phthalic  acid.  —  2_  Alkalis  and  alkaline 
carbonates  form  w-oxy-o-toluic  acid,  v.  vol.  iii. 
p.  781. — 3.  Sodium-amalgam  forms  hydro- 
phthalide  CsH^O,,  a  viscid  mass,  v.  sol.  alcohol 
and  ether,  and  also  '  phthalylpinacone '  C,„H,j|0, 
[197°]. — 4.  Ammonia  on  heating  forms  phthal- 
imidine. — 5.  Aniline  at  210°  forms  phenyl- 
phthalimidine. — 6.  Phthalic  anhydride  on  heat- 
ing forms  diphthalyl. — 7.   KCy  at  185°  forms 

C,  H,(CH2.CN).C02H  [116°],  which  forms 
CaA'2  2aq,  and  yields  carboxy-phenyl-acetic  acid 
on  saponification  (Wislicenus,  B.  18,  172 ;  233, 
112).  KCy  at  200°  yields  C.^H^NjOj  (?)  [240°- 
245°]. — 8.  Boiling  iilAq  forms  o-toluic  acid. 
9.  Br  at  140°  forms  ea;o-bromo-pbthalide.  CI 
at  160°  yields  phthalyl  chloride  (Kacine,  A.  239, 
79). — 10.  NaOEt  acting  on  an  ethereal  solution 
of  oxalic  ether  and  phthalide  forms  an  ether 
C,,H||,05  [122°]  crystallising  from  alcohol  in 
needles,  and  forming  with  phenyl-hydrazine  the 
compound  C,sH,„N.,04  [159°]  (Wislicenus,  B.  20, 
2062  ;  A.  246,  342). 

Phenyl-hydrazine  compound 
C,  JI^NjOJ-fi-  CH,,(OH).C,Hj.CO.N.,HJ>h.  [174°]. 
Eeadily  formed  by  warming  phthalide  with 
phenyl-hydrazine  for  a  few  hours  (Meyer  a. 
Miinchmeyer,  B.  19, 1707,  2132  ;  Wislicenus,  B. 
20,  401).  Sol.  hot  water  and  alcohol,  si.  sol. 
ether.  Silvery  needles.  Partially  resolved  into 
the  parent  suljstances  by  fusion.  Very  unstable 
towards  acids  and  alkalis.  H^SO^  forms  a  colour- 
less solution,  turned  reddish-violet  by  FeClj. 

References.  —  Amido-,  Bkomo-,  Chloro-, 
NiTRO-,  and  Oxy-phthalide. 

PHTHALIDE  CAEBOXYLIC  ACID  v.  Oxy- 
carboxyl-phenyl-acbtic  acid. 

PHTHALIDE  SULPHONIC  ACID 

S03H.C„H,<^Q->0.     Formed    by  warmmg 

phthalide  with  fuming  HoSO^  (20  p.c.  SO3  extra) 
(Hoenig,  B.  18,  3453),  Needles,  v.  sol.  alcohol, 
insol.  ether.  —  BaA'„.  —  CuA'2  2aq:  light-blue 
prisms. 

PHTHALIDINE  is  Phthalimidine. 
PHTHALIMIDINE  CsHjNO  i.e. 

C,H,<^Q^)>NH.    [150°].     (337°)  at  730  mm. 

Formed  by  reducing  phthalimide  with  tin  and 
HCl,  and  by  heating  phtbahde  in  a  current  of 
NH3  (Graebe,  B.  17,  2598  ;  18,  1408  ;  A.  247, 
290 ;  Barbier,  G.  R.  107,  918).  Needles  or 
prisms,  si.  sol.  cold  water,  v.  e.  sol.  alcohol  and 
ether.    Not  volatile  with  steam.    Oxidised  by 
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KMnOj  to  pbthalimide.  Bromine  forms 
C„,H„N.,0,,Br3  [150°].  Distillation  over  zinc- 
dust  forms  phenyl-isoquinoline.    Yields  a  nitro- 

derivative  C„H,<^q  (^'^°>>NH  [210°],  con- 
verted by  oxidation  into  phtlialide.  Yields  also 
a  di-nitro-  derivative  [195°]. 

Salts.  ^  B'HCl.  [150°].  Tliin  white 
needles,  v.  sol.  water.- B'..H.,PtCle.—B',_,HAuClj. 
[176°].— B'C„H2(NO.,)30H.   [i40°].— CaHsAgNO. 

Acetyl  derivative  C8H„AcN0.  [161°]. 
Needles  (from  dilute  HOAc). 

Nitrosamine  C,H,.(NO)NO.  [156°]. 
Yellow  needles  (from  water  or  alcohol).  Con- 
verted by  NaOHAq  into  to-oxy-o-toluic  acid,  and 
by  NaSH  into  thio-phthalide  CsH^OS  [60°]. 

Reference. — Di-chloko-phthalimidine. 

psewiio-PIithalimidine     CgH^NO  probably 

C|fH,<^gQ  -^NH.  This  compound  is  formed,  as 

hydrochloride,  by  heating  o-chloro-o-toluylamide 
C,H,(CHjCl).CO.NH,  to  150°-160°.  The  pi- 
crate  B'CbHo(N0.,)30H  forms  a  crystalline  yel- 
low pp.;  the"  salt  B',H,Cl,PtC1^2aq  forms  flat 
orange-yellow  needles  (Gabriel,  B.  20,  2234). 

ISO-PHIHALIMIDO-ETHYL  ETHEE 
C,,H,(C(NH).OEt).,  [1:.3].  [66°].  The  hydro- 
chloride is  got  by  passing  dry  HCl  into  a  mix- 
ture of  isophthalic  nitrile  (1  mol.)  and  absolute 
alcohol  (2  mols.)  dissolved  in  benzene  (Lucken- 
bach,  B.  17,  1431).  The  free  base  crystallises 
in  small  needles,  v.  sol.  alcohol  and  ethei'.  It 
decomposes  on  heating  into  alcohol  and  iso- 
phthalic nitrile.— B"H„C1,.   [270°].  Crystalline. 

PHTHALIMIDYL-BENZYL  v.  Benzylidene- 

PHTHALIMiniNE. 

PHTHALIMIDYL-PROPIOWIC  ACID 

CTT  -KTr\     •       rA  TT   /  ClCH.Crio.CO.>II 
„H,NO,  I.e.  C,T3.,<^^Q  .^^        ^     .  . 

[225°].  Formed  by  dissolving  the  dilactone  of 
phenyl  ethyl  ketone  dicarboxylic  acid  in  NH^Aq 
(Roser,  B.  18,  3119).  Long  yellowish  needles,  v. 
sol.  hot  alcohol. — BaA'„. — CaA'^  jaq. — AgA'. 

J:ac^07^^;  CiiHgNOj.  [c.  205°].  Formed  by 
evaporating  the  dilactone  mentioned  above  vrith 
cone.  NHjAq  on  the  water-bath.  Small  tables, 
V.  sol.  alcohol,  si.  sol.  cold  water.  Reconverted 
by  boiling  HClAq  into  the  dilactone.  Dissolves 
easily  in  cold  aqueous  alkalis,  forming  salts  of  a 
dibasic  acid  CnHnNO,. 

PHTHALONITRILE  v.  Nitrile  of  Phthalic 

ACID. 

PHTHALOPHENONE  v.  Di-phenyl-phthal- 

IDE. 

o-Phthalophenone  C,H,Bz,  [1:2].  [146°].  Got 
by  oxidising  o-di-benzyl-benzene  (Zincke,  B.  9, 
31).    Tables  (from  alcohol). 

Isophthalophenone  C.  H^Bzj  [1:3].  Phenylene 
di-phenyl  diketone.  [100°].  Formed  by  the 
action  of  benzene  and  AlCl^  on  isophthalyl 
chloride  (Ador,  B.  13,  320).  Plates  (from  alco- 
hol). Yields  two  dinitro-  derivatives  [200°]  and 
[100°]  ? 

Mono-oxim  C„H5.C(N0H).C„H,Bz.  [201°] 
(Nolting,  B.  19,  146).    Nodules,  v.  sol.  alcohol. 

Di-oxim  (C„H,.C(NOH))jC,H,.  [70°-75°] 
{Miinchmeyer,  B.  19, 1849).    Small  crystals. 

^-Phthalophenone  C^H^Bz^  [1:4].  Tcrc- 
phthalophcnone.  {a)-Di-benzoyl-bcnzenc.  [160^]. 
Formed  by  oxidising  p-di-benzyl-benzene  with 
€r03  and  HOAc  (Zincke,  B.  9,  31  ;  Wehnen,  B. 


C,H,< 


9,  309).    Got  also  from  terephthalyl  chloride, 
benzene,  and  AlCl,  (N.).    Plates  (from  benzene). 
PCI5  yields  C,„H|',C1,  [92°].  Sodium-amalgam 
forms  di-oxy-di-benzyl-benzene  [171°]. 
Mono-oxim.    [213°].  Nodules. 
Di-oxim.    [235°].  Crystals. 
PHTHALOXYL-AMIDO-ACETIC  ACID 
C,„H„N05     i.e.  C02H.C,Hj.C0.NH.CH„.C0,H. 
Glycocoll-phthaloylic  acid.    [106°].    Formed  by 
the  action  of  alkalis  on  phthalyl-amido-acetic 
acid  (Reese,  A.  242,  6  ;  Gabriel  a.  Kroseberg,  B. 
22,  426).    Six-sided  plates  (containing  aq). — 
Na^A". — K2A"  :  hygroscopic  needles.— BaA".— 
Ag.,A'' :  plates,  si.  sol.  hot  water. 

"PHTHALOXYL-AMIDO-BENZOIC  ACID 
CO,H.C,H,.CO.NH.C,H,.CO,H.  [277°].  Formed 
by  oxidation  of  the  p-tolylimide  of  phthalic  acid 
with  KMnO,  (Michael,  B.  10,  576). 

PHTHALOXYL-AMIDO-HEXOIC  ACID 
GOoH.C^Hi.CO.NH.C.HjMe.CO.H.  Occurs  in 
two  varieties,  the  active  [132°]  and  inactive 
[153'-'],  which  are  got  by  boiling  the  correspond- 
ing ijhthalyl-amido-hexoic  acids  with  NaOHAq 
(Reese,  A.  242,  20).  Both  acids  are  decomposed 
by  boiling-water  into  leucine  and  phthalic  acid. 

PHTHALURIC   ACID        Uramic   acid  of 
Phthalic  acid. 
DIPHTHALYL 

 c*c  ^ 

•CO.OO.CO' 


C.^HsO,  i.e. 
>C,H,.  [335°]. 

Formation. — 1.  By  heating  phthalyl  chloride 
with  reduced  silver  at  150°  (Ador,  A.  164,  229). 
2.  By  fusing  phthalic  anhydride  with  zinc- 
dust;  and,  together  with  other  products,  by  re- 
ducing phthalic  anhydride  with  zinc-dust  and 
HOAc  (Wislicenus,  B.  17,  2178).— 3.  By  heating 
phthalide  with  NaOAc  and  phthalic  anhydride 
or  thio-phthalic  anhydride  (Gracbe  a.  Guye,  B. 
17,  2851 ;  A.  228,  126  ;  233,  241). -4.  By  boiling 
phthalaldehydic  ether  with  alcoholic  KCN  (Gold- 
schmidt  a.  Egger,  M.  12,  60). 

P7-opertics. — Needles,  insol.  water,  v.  si.  sol. 
alcohol  and  ether.  May  be  sublimed  in  a  cur- 
rent of  CO.,.  Combines  with  Br  forming 
C,„HgBr.O,  [c.  225].  PCI,  at  160°  forms  the 
chloride'Ci^H^CLGj  [245°].  Bromine  and  water 
at  100°  form  bromo-diphthalyl,  which  crystal- 
lises from  benzene.  Alkalis  form  diphthalyl- 
lactonic  acid. 

Hydride  C|r,H,„Oj  i.e. 

C,H,<^0  ;^H-g5o'><^«H,  [229°]  (W.);  [250°] 

(Hasselbach,  A.  243,  249),  a  product  of  the  action 
of  zinc-dust  and  HOAc  on  phthalic  anhydride 
(WisUcenus).  Needles  (from  alcohol),  v.  sol. 
HOAc.  Potash  forms  di-oxy-di-phenyl-ethane 
dicarboxylic  acid. 

Befercnces. — Tetba-chloro-,  Nitro-,  and 
OxY-  Diphthalyl. 

PHTHALYL-ACETIC  ACID  CioH^O^  i.e. 

CA<^.6^^-^°'^^^-  [c-  2i«°]  (G.) ;  [above 
260°]  (Roser,  B.  17,  2620).  Formed  by  boiling 
phthalic  anhydride  (lOpts.)  with  Ac„0  (20  pts.) 
and  NaOAc  (2  pts.)  (Michael  a.  Gabriel,  B.  10, 
391,  1551,  2199).  Formed  also  by  dissolving 
acetophenone  oo-dicarboxylic  acid  in  H,S04 
(Gabriel,  B.  17,  2521).  Needles  (from  nitro- 
benzene), insol.  water,  v.  si.  sol.  hot  alcohol. 

Reactions. — 1.  Aqueous  NaOH  (1  mol.)  forms 
a  solution  of  its  Na  salt,  but  excess  of  alkali  con- 
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verts  it  into  acetophenone  oai-dicarboxylic  acid. 
2.  Distillation  in  vacuo  splits  it  up  into  CO2 
and  methylene-pbthalide. — 3.  Bromine  in  HOAc 
gives  CBivCO.C„H,.CO,H  [1G0°].  Dry  Br  gives 
CsHjOjtCBr.COjH  [c.  2S5°].— ^.Chlorine  acting 
on  the  HOAc  solution  forms  CCls.CO.C^H^.COjH 
[144°].— 5.  H2SO4  at  100°  forms  tri-benzoylene- 
benzene  (v.  vol.  i.  p.  485). — 6.  Ammonia  gives 
rise  to  phthalimidyl-acetie  acid  CjyHjNOa  i.e. 
Cfi,<^Q  Q^H.COoH         which  crystallises 

from  water  in  needles  [c.  200°]  and  yields 
CaA'„aq,  BaA'o4aq,  and  AgA'  (Koser,  B.  17, 
2623';  Gabriel,  B.  18,  2451).— 7.  NMeH^Aq  at  0° 
forms  NHMe.CO.C5H,.CO.CH2.C02H  [145°], 
which  is  converted  by  concentrated  HjSO,  into 

C,H,<^^=j^f -^0^^  [c.    212°],  crystaUising 

from  alcohol  in  silky  needles,  split  up  by  heat 
 C'CEE 

into  COo  and  C'5H4<;^QQ.j;j'jyjg  ^,   a  crystalline 

mass  which  is  converted  by  bromine-water  into 
C,„H,„BrN02  [126°]  (Gabriel,  B.  18,  2453).— 8. 
Aqueous  ethylamine  forms  C23H24O5N2  crystal- 
lising from  ether  in  needles  [129°],  converted  by 

cold  H.,SO,  into  C,H,<^.^^^^-^*^-^  [180°] 

 C'CH 

and  by  heat  into  liquid  G5H4<^gQ.-j^^^  -  (Mer- 

tens,  B.  19,  2368). — 9.  Propylamine  forms,  in 
the  cold,  CjsHjsNjOs  [103°],  crystallising  in 
prisms  (M.).  —  10.  Aniline  at  100°  forms 
C|5H,.,N0._,  [192°],  crystallising  from  benzene  in 
cubes,  converted  by  cold  H,SOj  into  C,,H,,NO 
[265°]  and  by  heating  at  204°-230°  into  the  iso- 
meric C6H4<^Q.§pj^2  |-ioo°]  (Mertens,  B.  19, 

2371). — 11.  Secondary  and  tertiary  amines  have 
no  action. — 12.  Sodium-amalgam  forms  the 
lactone  of  oxy-carboxy-phenyl-propionic  acid 
(2.  v.). 

Salt. — AgCiiiHsO,:  amorphous  pp. 
PHTHALYL-DIACETIC  ACID 

CJi<m.O^^"^^"^^""  Formed  by 

saponifying  phthalyl  -  di  -  malonic  ether  with 
KOHAq  (WisHcenus,  A.  242,  80).  Prisms.— 
BaA"2aq  :  prisms,  v.  sol.  water. — Ag„A". 

PHTHALYL-ACETO ACETIC  ETHER  G^^TI^.p. 

i.e.  C,H,<;— [124°].  Formed  from 

sodium  acetoacetic  ether  and  phthalyl  chloride 
(Fischer  a.  Koch,  B.  16,  651 ;  Biilow,  A.  236, 
185).  Prisms  (from  alcohol).  Decomposed  by 
H..SO.1  at  65°  into  HOAc  and  phthalyl-acetio  acid. 
Alcoholic  KOH  forms  deliquescent  crystalline 
Iv^CiijHigO;.  Phenyl  -  hydrazine  acetate  forms 
C,„H,8N204  [238°],  which  is  reduced  by  zinc-dust 
and  HOAc  to  carboxy-benzyl-aeetoacetic  ether 
[92°]. 

PHTHALYL   ALCOHOL  v.  Di-a>-oxY-o- 

XTLENE. 

PHTHALYL-AMIDO-ACETIC  ACID 

C,„H,NO.,  i.e.  C,H4:0.A:N.CH,.C0,JI.  Phthalyl 
ijlycocoll.  [192°].  Formed  by  heating  phthalic 
anhydride  (2  pts.)  with  glycocoll  (1  pt.)  (Drechsel, 
J.  pr.  [2]  27,  418  ;  Eeese,  A.  242,  1).  Crystals 
(from  water),  decomposed  by  boiling  HClAqinto 
phthalic  acid  and  glycocoll.  Cold  NaOHAq  forms 
Ijlithaloxy-amido-acetic  acid  {q.  v.). — NaA'aq. — 
NH.,A'.    [206°].— CaA'22aq.— CuA'2  3aq.— AgA'. 


— Pt(N„HsA')2.  Colourless  prisms  ;  got  by  eva- 
porating a  solution  of  the  acid  with  oxide  of 
l^lato-diammonium. 

Ethyl  ether  mk!.  [105°]  (E.) ;  [113°]  (G.). 
(above  300°).  Formed  from  Ag,,A"  and  EtI  (E.), 
and  also  by  heating  potassium  phthalimide  with 
CH.,Cl.CO.,Et  (Goedeckemeyer,  B.  21,  2688  ; 
Gabriel,  B.  22,  426).    Needles,  v.  sol.  benzene. 

PHTHALYL  - p  -  AMIDO  -  BENZENE  SUL- 
PHONIC  ACID  C„H4:C„0,,:N.C„H4.S03H.  The 
Na  salt,  got  by  heating  phthalic  anhydride  with 
sodium  25-amido-benzene  sulphonic  acid  at  250°, 
crystallises  from  water  in  silky  needles  (Pellizzari, 
A.  248,  153 ;  G.  18,  314).  It  is  converted  by 
boiling  ammonia  into  phthalimide  and  sodium 
^-amido-benzene  sulphonate.  The  Ba  and  NH^ 
salts  are  also  crystalline. 

PHTHALYL  -  0  -  AMIDO  -  BENZOIC  ACID 
C„H,:C202:NCeH4.CO„H.  [217°].  Formed  by 
heating  anthranilic  acid  with  phthaUc  anhydride 
(Gabriel,  B.  11,  2261).    Prisms,  sol.  HOAc. 

Phthalyl-jM-amido-benzoic  acid.  [276°]  (G.)  ; 
[282°]  (P.).  Formed  from  phthahc  anhydride 
and  771-amido-benzoic  acid,  and  also  by  saponify- 
ing its  ether  [152°],  which  is  formed  by  heating 
phthalic  ether  with  m-amido-benzoic  acid  (Pelliz- 
zari, B.  18,  216;  A.  232,  147).  Needles.  The 
amide  is  described  in  vol.  i.  p.  158. 

Anilide.  [209°].  Prisms  (Piutti,  B.  16, 
1322). 

PHTHALYL-AMIDO-ETHANE  SULPHONIC 
ACID  C8H40,,:N.C,,H4.S03H.  Salt.  —  KA'iaq. 
Formed  by  heating  potassium  amido- ethane 
sulphonate  vfith  phthalic  anhydride  (Pellizzari, 
G.  18,  324).  Monoclinic  crystals  ;  a:b:c 
=  7-908:l:2-594;  /8  =  60°  42'.  Decomposed  by 
alcoholic  NH3  into  phthalimide  and  taurine. 

PHTHALYL  -  AMIDO  -  HEXOIC  ACID 
C,4H„N04  i.e.  C(,H40,,:N.CH(C4H,,).CO,H.  [116°]. 
[a]n=  —21-87°  in  a  5  p.c.  alcoholic  solution  at 
22°.  Formed  by  fusing  leucine  with  phthahe 
anhydride  (Eeese,  A.  242, 9).  Needles,  v.  si.  sol. 
hot  water.  Lsevorotatory.  Converted  by  dis- 
tillation into  an  inactive  variety  [142°],  which 
yields  PtN,,H5A'j3|aq.  Cone.  HClAq  at  150° 
forms  leucine  and  phthalic  acid.  NaOHAq 
forms  phthaloxy-amido-hexoic  acid  {q.  v.). — 
NaA'.— NH,A'.    [160°-165°].— PtN2H6A'2  3aq. 

PHTHALYL-AMIDO-NAPHTHALENE  SUL- 
PHONIC ACID  C,H4:C.,0„:N.C,„H,.S03H.  The 
salt  KA'3aq  is  got  by  heating  sodium  (a)- 
naphthylamine  sulphonate  with  phthalic  anhy- 
dride (Pellizzari  a.  Matteuci,  G.  18,  321).  It 
crystallises  in  needles,  sol.  water. 

PHTHALYL-7-AMIDO-w-PROPYL-MALONIC 
ETHER  C,H4:CA:N.CH,.CH,.CH.,.CH(C02Et)2. 
[48°].  Formed  by  the  action  of  sodium  malonic 
ether  on  the  7-bromo-propyl-imide  of  phthalic 
acid  (Gabriel,  B.  23,  1767).  Monochnic  plates 
(from  ligroin) ;  a:b:c  =  3-260  :l:l-644  ;  ,8  =  81°  4'. 
Converted  into  5- amido- valeric  acid  by  heating 
with  HClAq  at  190°. 

Phthalyl  -  amido  -  di  -  propyl  -  malonic  ether 
C„H402:N.CH2.CH,,.CH,.CPr(C02Et),.  [57°]. 
Formed  in  like  manner  from  propyl-malonic 
ether  (Aschan,  B.  23,  3698).  Prisms,  insoL 
water,  v.  sol.  alcohol  and  ether. 

DI  -  PHTHALYL  -  DI  -  AMIDO  -  QUINONE 
Co,H,„N20s  i.e.  C,H202(N:C202:CbH4)2[1:2:4:6]. 
[277°]-.    Prepared  by  heating  tri-amido-phenol 
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hydrochloride  with  phthalic  anhydride,  dis- 
solving the  resulting  C,H,,(0H)(N:C20„:C,HJ3 
[above  300°]  in  potash,  and  treating  the  product 
C6H,(OH)(NH.CO.C„H4.CO„H)3  [above  300°]  with 
nitric  acid  (S.G.  1-48)  (Piutti,  O.  16,  254). 
YeUow  needles  (from  HNO3).  Forms  a  com- 
pound [174°]  with  phenyl-hydrazine.  HoS  passed 
into  its  solution  in  dilute  HOAo  forms  crystal- 
line C„H2(0H)..(N:C.,0o:C,H,)„  not  melted  at 310°. 

PHTHALYL-AMIDO  'SUCCINIC  ACID 
C,2H,N0„  i.e.  C„H,Oj:N.CH(COjH).CH,.CO,H. 
[225°].  Formed  by  heating  aspartio  acid  with 
phthalic  anhydride  for  1  hour  at  180°  (Piutti, 
O.  14,  473;  16,  2).  Tufts  of  prisms  (from 
water).  Decomposed  into  phthalic  and  aspartio 
acids  by  heating  with  HCIAq.  Boiling  aniline 
forms  aspartic  acid  and  the  phenylimides  of 
phthalic  and  phthalyl-amido-succinic  acids. 
Diphenylamine  forms  three  di-phenyl-amic 
acids  CsH,0„:N.C„H3(C0NPh,)(C0„H)  [180°], 
[204°],  and  [194°]";  the  first  and"  third  crys- 
tallises with  aq,  and  all  three  yield  a  salt  AgA' 
and  are  decomposed  by  potash-fusion  into 
aspartic  acid,  phthalic  acid,  and  diphenylamine. 

Salt.— CuA'2  4aq  :  blue  prisms. 

Phenylimide       CgH^OvN  :CH<;^^q -'^p 

[264°].  Formed  from  the  acid  and  aniline. 
Small  needles  (from  HOAc),  nearly  insol.  alco- 
hol. 

Tetra-pheiiyl-diamide 
C„H^0„:N.C2H,:C,0„(NPh„),.  Two  isomerides, 
[273°]  and  [286°],  are  got  by  heating  the  acid 
with  diphenylamine  for  5  hours  at  l'JO°.  Both 
are  split  up  by  HCIAq  at  200°  into  phthalic 
acid,  diphenylamine,  and  aspartic  acid. 

PHTHALYL   CHLORIDE    v.  Chloride 
Phth.\lic  acid. 

PHTHALYL- ETHANE    v.  Anhydride 
Phenyl  ethyl  ketone  o-caeboxylic  acid. 

Di-phihalyl-ethane  C,sH,„0^  i.e. 

^^iK.C0  0  *^^^^0  CO^^'*^^'  Ethine-di- 
phtJialyl.    [above  360°]. 

Formation. — 1.  Together  with  other  pro- 
ducts by  the  condensation  of  phthalic  anhydride 
with  succinic  acid  (Gabriel,  B.  10,  1559  ;  19, 
H37). — 2.  By  the  action  of  cone.  H^SO^  upon 
di-phenyl  ethylene  diketone  di-o-cavboxylic  acid 
CsH,(c6,,H).C0.CH,..CH.,.C0.C„H,(C0,,H),  or  its 
other. — 3.  By  further  elimination  of  HjO  from 
the  (o)  or  (;S)  anhydrides  C,gH|.,0,,  of  the  latter 
acid  (Roser,  B.  17,  2770  ;  18,  3il5). 

Properties. —  Yellow  needles  (from  nitro- 
benzene), insol.  water  and  alcohol.  By  boiling 
with  alkalis  it  is  converted  into  di-phenyl  ethyl- 
ene diketone  di-o-carboxylic  acid.  Nitrous  acid 
forms  C|8H,„N20„  a  crystalline  body  decomposing 
at  160°,  and  converted  by  boiling  HOAc  into 
C,„H,,NO„  [c.  240°]. 

Isoraeride  C|gH|„0,.  Formed  as  a  by-pro- 
duct in  preparing  the  preceding  body  by  heating 
phthalic  anhydride  with  succinic  acid  and 
NaOAc.  Eed  needles  with  green  lustre,  not 
melted  at  280°.  Insol.  water  and  alcohol,  v. 
sol.  hot  aniline  and  nitrobenzene.  Weak  acid, 
forming  unstable  violet  salts. 

PHTHALYL-ETHYL-HYDROXYLAMINE  v. 
vol.  ii.  p.  740. 

PHTHALYL-HYDEOXYLAMINE  v.  vol.  ii. 
p.  738. 


of 
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DI-PHTHALYLIC  ACID  C,,H,„0,  i.e. 
C0,,H.C,H,.C0.C0.C,H,.C02H  (?)  Btphthalic 
acid.  [272°].  Formed  by  oxidation  of  diphthalyl 
(Ador,  A.  164,  236),  of  (,8)-dinap!;thyl-diquiuone 
C.,„H,(,0.,  (Korn,  B.  17,  3021),  and  of  di-phenyl- 
ethane  dicarboxylic  acid  (Dobreff,  A.  239,  68). 
Formed  also  by  the  action  of  alcoholic  potash 
on  diphthalyl  dibromide  (Graebe,  A.  228,  132  ; 
242,  221).  Minute  tables,  almost  insol.  water,, 
alcohol,  and  ether.  Converted  by  boiling  cone. 
KOHAq  into  phthalic  acid.  Dilute  NaOHAq  at 
110°  forms  di-phenyl-carbinol  tricarboxylic  acid. 
Eeduced  by  HI  to  (CO,H.C,H,,),,C,Hj.  Alcoholic 
hydroxylamine  hydrochloride  forms,  on  heating, 
CisH.^NOs  [152°]  and  C„H,N,0,  [286°]. 

Salts:  BaA"  2aq  :  plates. — Ag.,A". 

Methyl  ether  Me^A".  [192"°].  Formed 
from  Ag.A"  and  Mel.  Lemon-yellow  plates. 
By  passing  HCl  into  a  hot  solution  of  the  acid 
in  MeOH  there  is  formed  a  colourless  isomeric 
body  [276°],  partially  converted  into  the  methyl 
ether  by  heating  with  MeOH  at  200°,  and  split 
up  by  HCIAq  at  150°  into  diphthalylic  acid  and 
MeCl. 

Ethyl  ether  Et.A".  [155°].  Got  from 
AgjA"  and  EtI.  Lemon-yellow  needles.  The 
colourless  isomeride  [174°]  is  formed  by  ethyla- 
tion  with  alcohol  and  HCl. 

Anhydride  C.^H^Oj.  [165°].  Formed  by 
lieating  the  acid  with  Ac^O  at  200°.  CrystaU 
(from  HOAc),  v.  sol.  chloroform. 

DIPHTHALYLIMIDE  C.^H^NOj  i.e. 

^^H..<^(^6  0.C0>C.H,?      [above  360^. 

Got  by  warming  di-phthalyl-lactonic  acid  with 
NH,Aq  and  by  heating  phthalimidine  with 
NaOAc  and  phthalic  anhydride  or  phthalimide 
at  220°  (Graebe,  A.  228,  137;  233,  24(1). 
Needles  (from  HOAc)  forming  a  yellow  solution 
in  NaOHA(i. 

DIPHTHALYL-LACTONIC  ACID  C^J1,.,0^  i.e. 

aldehydic  acid.  Formed  by  warming  diphthalyh 
in  an  atmosphere  of  H,  with  alcoholic  potash 
(Graebe  a.  Schmiilzigang,  A.  228,  126;  cf.  Ador, 
A.  164,  229).  Crystals  (from  alcohol).  When 
heated  for  some  time  at  220°  it  splits  up  into 
water  and  diphthalyl,  which  then  melts  above 
300°.  When  quickly  heated  it  decomposes  at 
235°-240°  with  partial  fusion.  Cone.  H,,SO, 
converts  it  into  diphthalyl.  Its  alkaline  solu- 
tion is  yeUow,  but  becomes  colourless  through 
absorption  of  atmospheric  oxygen,  yielding  di- 
plithalic  acid. 

PHTHALYL-MALONIC  ETHER  C,,,H,,0„  i.e. 

C.H.<^°-g,C(CO,Et).;  (^ther)  7-1 

at  9°  ;  58-8  at  35°.  One  of  the  products  of  the 
action  of  phthalyl  chloride  on  sodium  malonic 
ether  (Wislicenus,  A.  242,  23).  Triclinic  prisms 
(from  ether),  v.  sol.  alcohol. 

Reactions. — 1.  Decomposed  by  long  boiling 
with  water  into  phthalic  acid  and  malonic  ether. 
2.  Hot  potash  forms  malonic  and  phthalic 
acids.    A  solution  of  caustic  potash  at  0°  forms 

C.H,<^_-g^Qjj^_(.j,(CQ^j,^j^     whence  acids 

liberate  oily  '  phthalyloxymalonic  '  ether,  which 
quickly  decomposes  into  phthalic  anhydride  aiii 
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malonic  ether. — 3.  NaOEt  forms  the  compound 

^'=^*<^C{OEt).CNa(CO,Et),'  crystallising  in 
prisms,  v.  e.  sol.  water,  yielding  the  cupric  salt 
Cu(C|,H,907)2  2aq  and,  on  adding  an  acid,  oily 
CijH^dO,.  The  dry  salt,  NaC,,H,gO_  is  converted 
by  Etl  at  100°  into  oily  C„H,'gEtO„  upon 
which  alcoholic  potash  reacts  forming  the  salt 

^«H,<^^-3(0K).CEt(C0,K),  PP*^-  ^^"^y 
liquescent  plates  on  adding  alcohol  to  its  aqueous 
solution,  yielding  amorphous  AgjCjjHgO,,  and 
splitting  up  on  acidification  into  ethyl-malonic 
acid  and  phthalic  acid. — 4.  Zinc-dust  and  HOAc 
yield  o-carboxy-benzyl-malonic  ether  (v.  vol.  i. 
p.  705). — 5.  Alcoholic  NH3  forms  the  diamides  of 
malonic  and  phthalic  acids. — 6.  Sodiimi-malonic 
eiher  forms  yellow  C22H24Na20,„,  decomposed  by 
boiling  water  into  phthalyl-dimalonic  ether, 
malonic  ether,  and  phthalic  acid. 

Seminitrile  (^.^<^-t.CGj.GO,Et 
[c.  175°].  Formed  from  phthalyl  chloride  and 
sodium  cyano-acetic  ether  in  dry  Et.,0  (Muller, 
C.  B.  112, 1140).  White  substance,  sol.  benzene. 

Phthalyl-di-malonic    ether    CjjH^uO,,,,  i.e. 

^^'^*<!l^C{CH{CO.M),),-  Formed  from 

sodium-malonic  ether  and  phthalyl  chloride 
(Wislicenus,  A.  242,  23,  80).  Prisms  (from 
alcohol),  insol.  water. 

Reactions. — 1.  Potash  forms  a  yellow  solution 
containing  CjjHj^KjOij,  which  separates  as  orange 
needles  (containing  2aq)  when  EtjO  is  added  to 
a  solution  of  the  ether  in  alcohohc  potash. 
Boiling  aqueous  potash  forms  phthalyl-diacetic 
acid  C,2H,oOs  [158°].— 2.  Alcoholic  NaOH  forms, 
in  like  manner,  lemon-yellow  C,jH.,4Na,0,|,2aq, 
decomposed  by  hot  water  into  malonic  and 
phthalyl-dimalonic  ethers  and  sodium  phthalate. 
EtI  at  100°  converts  the  Na  derivative  into 
C22H.,4Et.>0,|„  which  yields  ethyl-malonic  ether  on 
boiling  with  water. — 3.  Thedi-sodium  derivative 
C,2H24Na„0,„  is  converted  by  treatment  with 
AC2O,  phthalic  anhydride,  or  phthalyl  chloride 
into  'phthaloxy-dimalonic  ether'  C.^fi.^fig  or 

<^«H4<^-gc(Co!Et)„  ^-  (alcohol)  -57  at 
14°,  which  crystallises  from  ether  in  needles 
melting  at  117°  when  slowly  heated  and  at  106° 
when  quickly  heated.  '  Phthaloxy-dimalonic 
ether  '  is  also  one  of  the  products  of  the  action 
of  phthalyl  chloride  on  sodium  malonic  ether 
(Wislicenus,  A.  242,  28,  61).  It  forms  a  yellow 
solution  with  aqueous  K2CO3  and  KOH.  Alco- 
holic potash  forms  CjoHjsKO,,,,  which  is  the  mono- 
potassium  derivative  of  phthalyl-dimalonic  ether. 
Zinc-dust  and  HOAc  reduce  '  phaloxy-dimalonic 
ether '  to  oily  C^M.^fig. 

PHTHALYL-PROPIONIC  ACID  C^-Jlfii  i.e. 

<5sH4<i°i^CH.CH2.CO,H-  [245°-248°]. 
Formed  by  boiling  phthalic  anhydride  (5  pts.) 
with  propionic  anhydride  (10  pts.)  and  sodium 
propionate  (1  pt.)  for  45  minutes  (Gabriel  a. 
Michael,  B.  11,  1013,  1679).  Slender  needles. 
Converted  by  boiling  KOHAq  into  phenyl  ethyl 
ketone  o-carboxylic  acid.  Beduced  by  sodium- 
amalgam  to  C.H^^O'Q^^^^^^^^^  ^^^0°] 

which  yields  BaA'j  and  AgA'  and  is  converted  by 


boiling  baryta-water  into  oxy-carboxy-phenyl- 
butyric  acid  CO.,H.C,H4.CH(OH).G,H4.C02H. 
H2SO4  at  100°  forms  C,,„H,403  [237°]. 

Salt. — AgA':  white  powder. 

Amide  ChHjOjNH,.    [195°].  Leaflets. 

PHYCITE  V.  Eeythrite. 

PHYLLIC  ACID  C^.H^.O,,  (?).  [170°].  S.G. 
1'014.  Extracted  by  alcohol  from  the  leaves  of 
the  cherry-laurel,  apple,  almond,  and  elder  (Bou- 
garel,  BL  [2]  28,  148).  Crystalline  granules, 
decomposing  at  180°.  The  K  salt  crystallises  in 
needles,  si.  sol.  water,  sol.  alcohol. 

PHYLLOCYANIN  v.  Chlorophyll. 

PHYSAIIN  C,4H,„0,.  Occurs  in  the  leaves 
of  the  winter  cherry  (Physalis  Alkekengi),  from 
which  it  may  be  extracted  by  chloroform  (De- 
saignes  a.  Chautard,  J.  Ph.  [3]  21,  24).  Yellow- 
ish amorphous  powder,  with  bitter  taste,  v.  si. 
sol.  cold  water  and  ether,  v.  sol.  alcohol.  Softens 
at  180°,  and  decomposes  at  a  higher  tempera- 
ture. SI.  sol.  acids,  m.  sol.  NHgAq.  Salt. — 
Pb3(C,4H,505),,0., :  white  pp.,  got  by  adding 
Pb(0Ac)2  and  NHjAq  to  the  alcoholic  solution. 

PHYSETOLEICACIDC,sH3„02.  [30°].  Occurs 
in  sperm  oil,  and  is  perhaps  identical  with  hypo- 
gffiic  acid  (Hofstadter,  A.  91,  177).  Stellate 
groups  of  needles.  Not  affected  by  nitrous  acid. 
— BaA'„ :  crystals,  sol.  hot  alcohol. 

PHYSICAL  METHODS  USED  IN  CHE- 
MISTEY.  The  object  of  this  article  is  to  pre- 
sent a  general  account  of  the  chief  physical 
methods  of  inquiry  which  are  made  use  of  in 
attacking  chemical  questions.  In  each  section 
of  the  article  it  has  been  sought  to  lay  down  the 
principles  of  the  method  discussed,  and  to  pre- 
sent, in  a  general  way,  the  more  important  re- 
sults that  have  been  obtained.  No  section 
claims  to  give  a  complete  account  of  the  subject 
with  which  it  deals.  The  following  articles, 
which  are  not  specially  referred  to  in  their 
alphabetical  positions  in  the  present  article, 
should  be  consulted :  Aggregation,  States  of, 
vol.  i.  p.  87  ;  Atomic  and  molecdlab  weights, 
vol.  i.  p.  336 ;  Chemical  and  physical  pro- 
perties of  bodies,  connections  between,  vol.  i. 
p.  730 ;  Densities,  relative,  vol.  ii.  p.  370 ; 
Dissociation,  vol.  ii.  p.  385 ;  Molecular  con- 
stitution OF  bodies,  vol.  iii.  p.  410. 
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I.  CAPILLAKITY,  METHODS  BASED  ON. 
The  term '  capillarity  '  is  given  to  that  property  of 
bodies  which  is  the  cause  of  the  rise  of  hquids 
in  narrow  tubes,  the  spherical  shape  of  rain- 
drops and  soap-bubbles,  the  spreading  of  oil 
on  the  surface  of  water,  and  many  other  pheno- 
mena. 

The  generally  accepted  theory  by  which  these 
phenomena  are  connected  and  explained  is  due 
mainly  to  Laplace,  and  rests  on  the  assumption 
that  the  parts  of  a  body  are  held  together  by 
attractive  forces  which  are  insensible  except  at 
very  small  distances.  We  have  evidence  of  the 
existence  of  these  forces  in  the  cohesion  of 
bodies,  in  the  latent  heat  of  evaporation,  which 
is  merely  the  energy  that  has  to  be  supplied  to 
separate  the  parts  from  each  other,  and  in  the 
fact  that  at  high  pressures,  when  the  parts  of 
which  a  gas  is  composed  are  so  near  together 
that  they  never  get  altogether  away  from  each 
other's  influence,  the  compressibility  is  found 
to  be  greater  than  is  required  by  Boyle's  law. 
Though  Laplace  made  no  reference  to  molecules 
it  is  now  usually  supposed  that  the  attractions 
in  question  are  the  forces  acting  between  the 
molecules. 

Imagine  a  molecule  of  a  liquid  surrounded 
by  a  sphere,  whose  radius  is  the  distance  at 
which  the  force  ceases  to  be  sensible.  If  the 
molecule  is  so  far  from  the  surface  of  the  liquid 
that  this  sphere  is  entirely  immersed,  it  wiU  be 
on  an  average  equally  attracted  all  round,  and 
no  work  will  have  to  be  exjiended  to  move  it, 
but  if  it  be  so  moved  that  part  of  the  sphere  is 
outside  the  surface,  there  will  be  a  resultant  force 
tending  to  draw  it  back  again,  so  that  to  bring 
a  molecule  into  the  surface  requires  an  expendi- 
ture of  work.  Now  if  we  distort  a  given  volume 
of  liquid  so  as  to  increase  its  surface  we  bring 
more  molecules  into  the  surface,  and  we  increase 
the  potential  energy  of  the  liquid  by  an  amount 
proportional  to  the  increase  of  surface,  or  the 
total  potential  energy  arising  from  this  source  is 
proportional  to  the  extent  of  surface.  Hence, 
since  in  the  position  of  equihbrium  of  any  system 
the  i^otential  energy  is  a  minimum,  the  liquid 
will  of  itself  assume  such  a  shape  that  the  sur- 
face is  as  small  as  possible  consistently  with 
other  conditions,  such  as  the  action  of  gravity. 

It  is  plain  that  what  has  been  said  is  not 
restricted  to  liquids,  but  applies  equally  to  sohds 
and  to  the  surface  separating  two  different 
media.  In  the  latter  case  a  molecule  at  the 
surface  of  separation  is  acted  on  by  both  media, 
but  unless  the  attractions  are  equal  there  will 
be  a  resultant  force  acting  on  it,  and  it  will  ha\'e 
potential  energy  by  virtue  of  its  position. 

Capillary  phenomena  are  often  regarded  as 
due  to  the  external  film  of  the  substance  being 
in  a  state  of  tension.  It  is  not  easy  to  imagine 
a  tension  at  the  surface  of  a  soUd,  but  the  con- 
ception leads  mathematically  to  the  same  re- 
sults as  the  assumption  of  the  existence  of  sur- 
face energy,  and  is  practically  only  another  way 
of  stating  tlie  same  thing,  for  we  have  seen  that 
on  the  hypothesis  of  molecular  attractions  we 
arrive  at  the  result  that  the  surface  tends  to 
become  a  minimum,  and  this  is  equally  well 


described  by  saying  that  it  behaves  as  though  it 
were  in  a  state  of  tension.  Further,  the  mea- 
sure of  the  tension — that  is,  the  total  force  acting 
across  a  line  of  unit  length — is  numerically  equal 
to  the  potential  energy  per  unit  area,  which  is 
easily  proved  as  follows.  Imagine  a  rectangular 
piece  of  the  surface  a  cm.  long  and  b  cm.  wide — 
increase  it  to  a  rectangle  a'  cm.  long  and  b  cm. 
wide.  Then  we  have  produced  {a'  —  a)b  sq.  cm. 
of  new  surface,  and  if  E  is  the  potential  energy 
per  sq.  cm.  we  shall  have  done  E(a'  — a)&  units 
of  work.  On  the  other  hand,  if  T  is  the  surface 
tension,  the  force  acting  on  the  side  b  will  be 
T6,  and  we  have  moved  it  through  a'  —  a  cm.,  and 
hence  have  done  Ti(a'  —  a)  units  of  work.  These 
two  measures  of  the  work  must  be  equal,  and 
hence  E  =  T ;  and  since  the  rectangle  can  be 
taken  anywhere  on  the  surface  and  with  its 
sides  in  any  direction,  it  follows  that  the  sur- 
face tension  is  the  same  at  every  point  and  in 
any  direction. 

It  is  to  be  observed  that  this  tension  differs 
from  that  of  a  stretched  piece  of  indiarubber, 
for  instance,  in  the  fact  that  it  does  not  depend 
on  the  amount  of  stretching.  No  matter  how 
much  a  soap  film  is  extended,  the  tension  re- 
mains the  same  until  the  tilm  becomes  so  thin 
that  there  are  only  a  few  molecules  in  the  thick- 
ness. 

The  surface  tension,  then,  is  a  consequence 
of  the  molecular  attractions  which  tend  to  draw 
the  molecules  as  close  together  as  possible.  In 
order  to  balance  this  tendency  and  to  allow  the 
substance  to  be  in  equilibrium,  Laplace  imagined 
the  existence  of  an  internal  hydrostatic  pressure, 
which,  from  the  value  of  the  latent  heat,  is  cal- 
culated by  Stefan  to  be  about  1.300  atmospheres 
in  the  case  of  water.  The  potential  energy  due 
to  this  pressure  is  proiiortional  to  the  volume, 
whicli  is  constant  in  most  capillary  pheno- 
mena, and  hence  has  no  effect  on  the  equilibrium 
position. 

The  forms  of  crystals  are  probably  conditioned 
to  some  extent  by  capillary  forces.  Most  of  the 
properties  of  crystals  being  different  in  different 
dh-ections,  the  potential  energy  of  a  surface  may 
be  expected  to  depend  on  its  direction,  and  those 
faces  will  be  formed  which  have  least  energy. 
Further,  as  a  large  crystal  has  less  surface  in 
proportion  to  its  volume  than  a  small  one,  the 
familiar  phenomenon  of  the  large  crystals  ab- 

I  sorbing  the  small  ones  is  explained  by  the  loss 
of  potential  energy  resulting  from  the  opera- 
tion (v.  Liveing,  Gamb.  Phil.  Trans.  14,  370). 

If  two  immiscible  fluids  are  in  contact  with 
a  solid,  the  surface  separating  them  meets  that 

(  of  the  sohd  at  a  constant  angle,  called  the  angle 
of  contact.    The  most  important  case  is  where 

I  one  of  the  fluids  is  air  and  the  sohd  is  glass. 

I  Many  experiments  have  been  made  to  determine 

'  this  angle,  the  conclusion  being  that  in  most 
cases  it  is  probably  zero,  but  on  this  point  see 
Magie  (TF.  25,  429),  Quincke  (17.  27,  219),  and 
Worthington  (P.  M.  [5]  20,  65). 

The  constant  which  is  most  commonly  used 
is  the  surface  tension  as  defined  above,  but 
Quincke  and  some  others  use  another  called 
the  specific  cohesion,  denoted  by  a-,  which  is 
twice  the  surface  tension  divided  by  the  density 
of  the  liquid,  or  the  height  to  which  the  Uquid 
would  rise  in  a  tube  of  unit  radius. 
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The  following  are  the  principal  methods  that 
have  been  used  in  determining  these  constants : 
1.  By  determining  the  rise  of  liquids  in  capillary 
tubes  (Quincke,  P.  139,  8  ;  Frankenheim,  /.  pr. 
23,  401). — 2.  By  weighing  or  measuring  the  drops 
from  a  rod  or  pipette  (Quincke,  P.  135,  621 ; 
Duclaux,4.C7i.  [5]  13,76  ;  Linebarger,  ^jk.  S.  44, 
83). — 3.  By  measurement  of  large  drops  or 
bubbles  (Quincke,  P.  M.  [4]  41,  245  ;  Eotvos,  W. 
27, 448 ;  Worthington,  P.  M.  [5]  20, 51).— 4.  By  de- 
termining the  force  required  to  detach  a  disc  or 
ring  from  the  surface  of  a  liquid  (Weinberg, 
Z.  P.  C.  10,  34). 

Mendel6eff  states  as  one  of  the  characteristics 
of  a  perfect  hquid  that  its  surface  tension  should 
be  a  linear  function  of  its  temperature,  and  Selby 
(P.  M.  [5]  31,  430)  has  given  thermodynamical 
reasons  for  this  relation.  The  subject  has  been 
investigated  experimentally  by  Frankenheim, 
Weinberg,  and  others,  and  it  is  found  that  the 
equation  7  =  a  —  bt  holds  approximately,  where  7  is 
the  surface  tension,  t  the  temperature,  and  a  and 
b  are  constants ;  hence  by  determmation  of  7  at 
two  temperatures  we  can  calculate  roughly  the 

temperature  ?  at  which  the  surface  tension  is 
b 

zero — that  is,  the  critical  temperature.  Eotvos 
extends  this  result  by  showing  that  the  rate  of 
change  with  temperature  of  yv^,  where  v  is  the 
molecular  volume  of  the  liquid  (and  hence  yvi 
is  proportional  to  the  energy  of  the  amount 
of  surface  which  contains  a  given  number  of 
molecules),  has  a  constant  value  which  is  the 
same  for  all  liquids. 

The  only  measurements  of  the  surface  ten- 
sions of  pure  liquids  which  have  been  carried  out 
extensively  are  those  of  Schifi  {A.  223,  47  ;  and 
G.  14,  368).  Schiff  determined  the  surface  ten- 
sions of  a  large  number  of  organic  substances  at 
their  boiling-points,  and  divided  tlie  observed 
values  by  the  molecular  weights,  denoting  the 
quotient  by  N.  This  quantity  was  found  to  be 
in  general  unchanged  by  the  substitution  of  one 
carbon  atom  for  two  hydrogen  atoms,  of  one 
oxygen  for  three  hydrogens,  and  similarly  for 
other  elements,  so  that  each  atom  had  its  hydro- 
gen equivalent,  and  compounds  with  the  same 
total  of  hydrogen  equivalents  gave  the  same 
value  for  N.  Taking  N  for  ordinate,  and  x,  the 
total  hydrogen  equivalent,  for  abscissa,  Schiii 
plotted  a  curve  from  which  he  obtained  the  rela- 
tion 

log  N  =  2'8155  -  -007282;  -  log  x. 
This  equation  enables  us  to  calculate  the  surface 
tension  of  a  Uquid  compound  from  its  formula. 

There  are  many  exceptions  to  the  law  that 
each  atom  has  a  fixed  hydrogen  equivalent.  For 
instance,  C  must  be  put  equal  to  3H  in  the  free 
fatty  acids  instead  of  2H  as  in  most  compounds ; 
CI  generally  has  the  value  7H,  but  when  seve- 
ral chlorine  atoms  are  attached  to  different  car- 
bons in  a  compound  it  has  the  value  6H  ;  Br  is 
usually  equivalent  to  13H,  but  sometimes  to  IIH, 
and  so  on. 

A  few  preliminary  measurements  of  the  capil- 
lary constants  of  the  surface  separating  water 
and  organic  hquids  which  do  not  mix  with  it, 
have  been  made  by  Linebarger  {Am.  S.  44,  83), 
by  allowing  the  hquid  to  drop  through  the  vi'ater, 
upwards  or  downwards,  according  to  its  specific 


gravity,  and  counting  the  drops  from  a  given 
volume.  The  results  already  pubhshed  show 
that  the  introduction  of  two  methyl  groups  in 
the  meta-  position  into  a  benzene  ring  does  not 
affect  the  surface  tension,  while  if  they  are  in 
the  para-  position  the  surface  tension  is  greatly 
diminished. 

The  surface  tension  of  an  aqueous  solution  of 
a  salt  is  greater  than  that  of  water,  and  increases 
proportionately  to  the  amount  of  salt  present. 
Quincke  (P.  160,  337,  560)  found  that  for  solu- 
tions of  chlorides  of  equivalent  concentrations — 
that  is,  containing  the  same  amount  of  chlorine  per 
o.c. — the  constant  of  proportionality  is  the  same; 
but  Volckmann  (W.  17,  353),  on  repeating  the 
work,  concluded  that  the  agreement  is  not  within 
the  errors  of  experiment.  Traube  {J.  pr.  [2]  31, 
192)  showed  that  the  capillary  constant  of  a 
10  p.c.  solution  of  water  in  alcohol  is  not  raised, 
hke  that  of  water,  but  is  lowered,  by  the  presence 
of  a  dissolved  salt. 

Determinations  of  the  surface  tensions  of 
solutions  of  organic  substances  in  water  have  not 
hitherto  led  to  any  important  general  laws.  Such 
substances  lower  the  surface  tension  but  not 
proportionally  to  the  concentration,  as  appears 
from  the  work  of  Duclaux  {A.  Ch.  [5]  13,  76),  and 
of  Traube  {B.  17,  2294  ;  J.  pr.  [2]  81,  177  ;  34, 
292).  The  former  gives  the  law  that  if  aqueous 
solutions  of  two  alcohols,  or  of  two  acids,  have 
the  same  surface  tension,  the  percentage  compo- 
sitions of  the  two  solutions  will  have  a  constant 
ratio.  Traube's  work  confirms  this  result,  but 
leads  to  nothing  farther  of  interest  beyond  the 
fact  that  solutions  of  isomerides  have  not  gene- 
rally the  same  surface  tensions.       J.  W.  C. 

II.  CRYSTALLOGEAPHIC  METHODS;  v. 
Cbystallisation,  vol.  i.  p.  278  ;  and  Isomorphism, 
vol.  iii.  p.  88. 

III.  DIALYSIS  AND  DIFFUSION,  ME- 
THODS BASED  ON.  When  a  soUd  is  dissolved 
in  a  solvent  a  movement  of  the  particles  occurs 
from  the  places  where  the  solution  is  more  con- 
centrated to  the  places  where  it  is  less  concen- 
trated, and  continues  until  the  concentration  is 
uniform  throughout.  Similarly  when  gases  which 
do  not  react  chemically  are  mixed,  movements 
of  the  particles  take  place  until  the  gases  are 
equally  distributed  throughout  the  space.  The 
mixing  of  gases  or  liquids,  by  reason  of  the 
movements  of  their  particles,  is  called  diffusion. 
When  the  diffusion  of  a  Uquid  is  accompanied 
by  a  total  or  partial  separation  into  unlike  bodies, 
the  process  is  generaUy  caUed  dialysis  ;  this  pro- 
cess is  usually  effected  by  allowing  the  diffusion 
to  take  place  through  an  animal  or  vegetable 
membrane.  The  chemical  applications  of  diffu- 
sion are  chiefly  connected  with  the  diffusion  of 
substances  in  solution,  and  generally  in  solution 
in  water. 

Graham  {T.  1850.  1,  805  ;  1851.  483)  was  the 
first  to  measure  the  rates  of  diffusion  of  different 
compounds,  in  aqueous  solution,  without  a  sepa- 
rating membrane.  He  nearly  filled  glass  jars 
with  the  various  solutions,  carefully  poured  water 
on  the  top  of  the  solutions,  placed  the  jars  n  glass 
dishes,  and  filled  these  with  water  until  the 
water  extended  in  the  dishes  about  3  c.  above  the 
tojjs  of  the  jars.  The  dishes  were  set  aside  for 
some  time ;  when  the  process  was  to  be  stopped, 
glass  plates  were  shd  over  the  mouths  of  the  jars, 
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which  were  then  removed,  and  the  quantities  of 
substance  in  the  liquids  outside  tlie  jars,  called 
the  diff'usatcs  by  Graham,  were  determined. 

Graham  found  that  the  quantities  which 
diffused  varied  much  according  to  the  com- 
positions of  the  diffusing  substances.  The 
quantity  of  a  specified  substance  which  diffused 
in  a  determinate  time  was  found  to  be  nearly 
proportional  to  the  concentration  of  the  original 
solution.  Graham  also  found  that  diffusion  was 
able  to  effect  a  tolerably  complete  separation  of 
two  salts  whose  rates  of  diffusion  differed  con- 
siderably. He  looked  on  his  I'esults  as  showing 
that  nearly  equal  quantities  of  chemically 
similar  salts  diffused  in  equal  times. 

A  few  years  after  Graham's  fundamental  ex- 
periments, Fick,  reasoning  from  Fourier's  theory 
of  the  conduction  of  heat,  came  to  the  tentative 
conclusion  that  the  quantity  of  a  salt  which 
diffuses  through  a  stated  area  is  projMrtional  to 
tlie  difference  between  the  concentrations  of  two 
areas  infinitely  near  mie  another.  Assuming  the 
truth  of  this  statement,  a  definition  was  obtained 
for  the  diffusion-constant  of  a  salt  as  the  quantity 
of  a  salt  which  diffuses  through  unit  area  in 
unit  thne,  when  unit  difference  of  concentration 
l^revails  throughout  unit  distance.  A  long  series 
of  researches  by  Beilstein  [A.  99,  165),  Simmler 
a.  Wild  (P.  100,  217),  Stefan  [W.  A.  B.  79,  161), 
and  especially  by  Weber  (W.  7,  469,  •''>36)  and 
Graham  (T.  1861.  183),  has  fully  confirmed 
I'iek's  law,  and  has  given  measurements  of  the 
difl'usion-constauts  of  many  substances.  Atten- 
tion should  be  di'awn,  in  this  connection,  es- 
pecially to  Graham's  method  of  allowing  salts  to 
diffuse  in  water  gelatinised  by  starch,  gum,  Ac. 
{T.  1861.  183  ;  v.  also  Voigtlander,  Z.  P.  C.  3, 
316).  In  1880,  Long  {W.  9,  613)  made  a  number 
of  determinations  of  rates  of  diffusion  ;  he  divided 
the  numbers  obtained  by  the  molecular  weights 
of  the  salts  used,  and  thus  obtained  figures 
which  represented  the  number  of  molecules  of 
each  salt  which  difl'used  under  the  same  con- 
ditions. The  results  showed  somewhat  regular 
arrangements  of  the  molecular  diffusion-values. 
For  instance.  Long  found  that  the  haloid  com- 
pounds of  K  had  nearly  the  same  value,  that  the 
sulphates  of  Mg,  Zn,  Mn,  Co,  Ni,  and  Cu  had 
approximately  equal  values,  and  so  on. 

Marignao  {A.  Ch.  [5]  2,  546  [1874])  followed 
up  Graham's  observations  on  the  simultaneous 
diffusion  of  pairs  of  salts,  and  arrived  at  the  im- 
portant result  that  the  order  of  the  rates  of 
dilfusion  of  the  salts  of  any  acid  is  independent 
of  the  nature  of  the  acid,  and  that  the  order  of 
the  rates  of  diffusion  of  the  salts  of  a  metal 
is  independent  of  the  nature  of  the  metal. 
Marignac  was  thus  able  to  construct  a  table 
showing  the  order  of  the  diffusion-coefficients  of 
acid  radicles,  on  the  one  hand,  and  of  metals,  on 
the  other  hand.    The  table  is  as  follows  : — 

CI,  Br,  I  H 

NO,  K,  NH, 

CIO  ,,  C10„  MnO,  Ag 

F  Na 

CrO^  Ga,  Sr,  Ba,  Pb,  Hg 

SO.,  Mn,  Mg,  Zn 

CO3  Cu 
Al 

Crystalloids  and  colloids.  Graham  observed 
that  the  rates  of  diffusion  of  different  substances 


differ  much.  He  found  certain  substances  which 
diffused  in  water  with  very  great  slowness  ;  these 
substances  included  gums,  tannin,  albumen, 
caramel,  <fec.  Inasmuch  as  the  substances 
which  diffused  comparatively  rapidly  generally 
assumed  crystalline  forms  when  they  solidified, 
while  substances  which  diffused  very  slowly 
solidified  in  amorphous  forms,  Graham  called 
the  former  crystalloids  and  the  latter  colloids. 
The  solution  in  water  of  crystalloids  is  usually 
accompanied  by  thermal  changes  ;  the  solutions 
boil  and  freeze  at  temperatures  different  from 
the  boiling-  and  freezing-points  of  water,  and  the 
properties  of  the  solutions  differ  considerably 
from  those  of  the  solvent.  On  the  other  hand,  the 
solution  in  water  of  a  colloidal  substance  is  not 
attended  with  any  marked  changes. 

The  solution  oi  a  colloidal  substance  allows 
the  diffusion  through  it  of  a  crystalloid,  in  solu- 
tion, but  scarcely  permits  the  diffusion  of 
another  colloid.  If,  then,  a  solution  containing 
a  crystalloid  and  a  colloid  is  separated  from 
water  by  a  colloidal  membrane,  such  as  animal 
or  vegetable  parchment,  the  crystalloid  will 
diffuse  through  this  membrane  into  the  water 
outside,  but  the  colloid  will  be  retained  in  the 
interior  liquid ;  in  this  way  colloids  can  be 
separated  from  crystalloids  by  diffusion  ;  this 
process  was  called  dialysis  by  Graham. 

By  means  of  dialysis,  Graham  prepared 
many  compounds  in  a  colloidal,  or  jelly-like  form 
(T.  1861.  183).  Most  inorganic  colloidal  com- 
pounds were  found  to  exist  in  two  forms  ;  one 
soluble  in  much  water,  and  the  other  gelatinous 
and  insoluble  in  water.  For  instance,  an  aqueous 
solution  of  silicic  acid,  containing  14  p.c.  of  this 
acid,  was  obtained  by  adding  a  solution  of 
sodium  silicate  to  excess  of  dilute  HClAq,  and 
dialysing  (by  pouring  into  a  flat  saucer  formed 
of  parchment  paper  which  was  floated  on  pure 
water)  for  some  days,  until  the  liquid  inside  the 
dialyser  ceased  to  give  a  reaction  with  AgNO^Aq  ; 
the  liquid  in  the  dialyser  was  then  concentrated 
by  boiling  in  a  flask.  The  solution  of  silicic 
acid  gelatinises  after  a  few  days,  or  at  once  by 
addition  of  a  trace  of  an  alkaline  or  earthy  car- 
bonate, or  by  a  few  bubbles  of  COj,  or  by  certain 
soluble  colloids,  such  as  gelatin  or  soluble 
alumina.  The  gelatinised  colloidal  silicic  acid 
is  insoluble  in  water. 

Graham  prepared  soluble  and  gelatinised 
colloidal  forms  of  Al,,03,  Fe.O,,  Cu,FeCy6,  Cr,0:„ 
stannic  acid,  &c.  Other  soluble  inorganic  col- 
loidal compounds  have  been  obtained  in  recent 
years. 

Graham  looked  on  colloids  as  very  different 
in  their  constitution  from  crystalloids.  He  re- 
garded colloids  as  prone  to  undergo  changes 
which  take  place  very  slowly  ;  he  thought  it 
possible  that  the  molecule,  or  molecular  aggre- 
gate, of  a  colloid  is  formed  '  by  the  grouping 
together  of  a  number  of  smaller  crystalloid  mole- 
cules.' Colloids,  according  to  Graham,  are 
capable  of  loosely  combining  with  various  pro- 
portions of  water ;  this  process  of  '  gelatinous 
hydration  '  was  regarded  by  Graham  as  being 
'  as  truly  chemical  as  that  of  crystalline 
hydration.' 

Graham's  views  on  the  nature  of  colloids 
have  been  confirmed,  on  the  whole,  by  more 
recent  work.  J.  M.  van  Bemmelen  has  especially 


174 


PHYSICAL  METHODS  USED  IN  CHEMISTRY, 


studied  the  hydration  of  colloids.  He  gives  the 
name  hydrogds  to  those  gelatinous  hydrates 
which  contain  varying  quantities  of  water  not 
agreeing  with  any  definite  formula  ;  he  describes 
the  reactions  of  hydrogels  with  gases  and  liquids 
to  form  what  he  calls  absorption-compounds,  and 
discusses  the  part  played  by  such  compounds  in 
the  soil  {L.  V.  35,  69  ;  Abstract  in  C.  J.  54,  985). 
For  van  B.'s  work  on  various  individual  colloids 
V.  B.  T.  C.  7,  37,  69,  75,  87,  106, 114 ;  Abstracts 
in  C.  J.  54,  1157-1162. 

Picton  (C.  J.  61,  137)  and  Picton  a.  Linder 
(C  61,  114,  148)  have  recently  prepared  a 
number  of  soluble  colloidal  forms  of  metallic 
sulphides,  such  as  CuS,  HgS,  ASjS,.  The 
coUoidal  solutions  were  obtained  (1)  by  pouring 
solutions  of  the  metallic  salts  into  HjSAq,  into 
which  HjS  was  continuously  passed,  and  dialys- 
ing,  after  removal  of  excess  of  H^S  by  a  current 
of  H  ;  (2)  by  passing  HjS  into  water  with  metallic 
hydrates  in  suspension  ;  (8)  by  suspending 
freshly  ppd.  metallic  sulphides  in  water  and 
passing  in  H,S.  All  the  solutions  contained 
combined  H.,S,  and  were  therefore  solutions  of 
hydrosulphides.  The  solution  of  AsjS^  contained 
about  5  g.  ASjSj  per  Utre,  and  that  of  HgS  about 
10  g.  per  Utre.  These  colloidal  solutions  were 
shown  to  contain  solid  particles.  In  some  cases 
the  particles  were  visible  through  a  powerful 
microscope ;  in  other  cases  the  particles  were 
proved  to  be  present  by  passing  a  ray  of  bright 
light  through  the  liquids,  and  showing  the 
scattering  of  polarised  light  which  thus  oc- 
curred. Solutions  of  '  colloidal  molybdic  acid,' 
and  coUoidal  siUcic  acid  containing  free  HCl, 
seemed  to  be  free  from  solid  particles.  Solution 
of  colloidal  antimony  sulphide  showed  no  par- 
ticles under  the  microscope,  but  the  presence  of 
particles  was  revealed  by  the  passage  of  a  beam 
of  Ught ;  after  keeping  for  about  ten  days,  par- 
ticles had  formed  sufficiently  large  to  be  seen 
by  the  help  of  the  microscope ;  and  after  some 
weeks  the  Sb  was  all  ppd.  as  SbjSj.  In  this 
case  the  passage  could  be  followed  from  a  Uquid 
containing  very  minute  particles,  whose  presence 
was  detected  only  by  the  fact  that  they  scattered 
Ught,  to  a  liquid  containing  particles  sufficiently 
large  to  be  seen  under  the  microscope.  On  the 
other  hand,  a  solution  of  CrClj  in  water  contain- 
ing a  little  chromous  acetate  was  able  to  scatter 
Ught,  and  therefore  contained  soUd  particles; 
but  after  a  few  days  the  particles  were  no  longer 
present.  In  this  case  the  passage  could  be  traced 
from  a  Uquid  containing  very  minute  particles 
to  a  Uquid  free  from  such  particles. 

The  colloidal  solutions  did  not  diffuse,  with 
one  exception — namely,  arsenious  sulphide.  The 
diffusible  solution  was  obtained  by  running 
AsjOjAq  into  HjSAq,  into  which  H,S  was  con- 
tinuously passed,  and  removing  excess  of  HjS  by 
a  current  of  H.  This  solution  showed  no  par- 
ticles under  the  microscope,  but  as  it  scattered 
polarised  light  particles  were  present  in  it.  The 
Uquid  was  put  into  a  smaU  wide-mouthed  bottle, 
which  was  placed  in  a  beaker  and  covered  with 
water ;  a  distinct  amount  of  AsSs  had  diffused 
in  one  day,  and  after  eleven  days  about  12^  p.c. 
of  the  AsjS,  was  found  in  the  diffusate.  This 
coUoidal  solution  therefore  presented  the  in- 
teresting phenomenon  of  a  liquid  containing 
soUd  particles  capable  of  scattering  polarised 


Ught  from  a  beam  passed  through,  and  yet  able 
to  diffuse  in  exactly  the  same  way  as  true  solu- 
tions undergo  diffusion. 

Picton  a.  Linder  consider  that  their  experi- 
ments estabUsh  '  a  good  prima  facie  case  for  the 
beUef  that  there  is  a  continuous  series  of  grades 
of  solution  passing  without  break  from  suspen- 
sion to  crystalUsable  solution.'  They  look  on 
the  very  small  particles  in  some  of  these  colloidal 
solutions  as  large  molecular  aggregates,  and  they 
think  that  these  aggregates  become  very  small  in 
the  solutions  which  can  difl'use,  and  that  the 
forces  by  which  the  aggregates  are  held  in  solu- 
tion '  become  more  definitely  those  of  chemical 
attraction.'  (In  connection  with  colloidal  solu- 
tions V.  Paterno,  Z.  P.  C.  4,  457  ;  and  Barus  a. 
Schneider,  Z.  P.  C.  8,  278.) 

Diffusion  of  gases.  The  fact  was  observed 
by  Dalton  (P.  M.  24,  8)  that  if  a  heavier  gas  is 
placed  in  a  bottle  which  is  connected  with 
another  bottle  containing  a  lighter  gas,  and 
placed  beneath  the  first  bottle,  after  some  days 
the  gases  wiU  be  equally  mixed  in  both  bottles. 
The  same  fact  was  observed,  and  some  measure- 
ments were  made,  by  BerthoUet  (Mim.  S.  d'A. 
2,  463).  Graham  {Q.  J.  S.  1829.  74  ;  P.  M.  1833. 
175,  269,  351)  made  a  great  many  measurements 
of  the  rates  of  diffusion  of  different  gases.  For 
most  of  these  he  employed  a  diffusiometer,  which 
consisted  of  a  glass  tube  about  20  cm.  long 
and  about  1^  cm.  diameter,  having  a  plug  of 
plaster  of  Paris  in  one  end  extending  inwards 
about  I  cm.,  and  graduated  from  this  end 
downwards.  The  tube  was  filled  with  the  gas 
under  examination  and  placed  in  water ;  when 
the  level  of  the  water  in  the  tube  had  become 
constant,  the  total  volume  of  gas  now  in  the 
tube  was  measured,  and  the  amounts  of  air  and 
original  gas  contained  in  the  tube  were  deter- 
mined. With  gases  lighter  than  air  there  was  a 
decrease  in  the  contents  of  the  tube,  as  the 
lighter  gas  passed  out  through  the  porous  plate 
more  quickly  than  air  passed  in  ;  with  gases 
heavier  than  air  there  was  an  increase  in  the 
gaseous  contents  of  the  tube,  as  air  passed  in 
more  quickly  than  the  heavier  gas  passed  out. 

The  conclusion  which  Graham  arrived  at  was 
that  '  the  diffusion  or  spontaneous  intermixture 
of  two  gases  in  contact  is  effected  by  an  inter- 
change in  position  of  indefinitely  minute  volumes 
of  the  gases,  which  volumes  are  not  necessarily 
of  equal  magnitude,  being,  in  the  case  of  each 
gas,  inversely  proportional  to  the  square  root  of 
the  density  of  that  gas.' 

Modifications  in  Graham's  apparatus  have 
been  made,  and  many  determinations  of  the 
rates  of  diffusion  of  gases  have  been  conducted  ; 
the  results  have  fuUy  confirmed  Graharu's  law, 
which  maybe  stated  in  the  form c:c'=  Vd''  '^d, 
where  c  and  c'  are  the  diffusion-rates  of  two 
gases  whose  relative  densities  are  d  and  d'. 

It  is  evident  that  Graham's  law  of  diffusion 
gives  a  means  for  finding  the  molecular  weights 
of  gases ;  inasmuch  as  the  law  enables  measure- 
ments to  be  made  of  the  relative  densities  of 
gases,  and  the  density  of  a  gas,  referred  to 
hydrogen,  multiplied  by  2  is  (approximately)  the 
molecular  weight  of  that  gas.  For  a  description 
of  an  instrument  for  this  application  of  the  law 
of  diffusion  v.  Bunsen's  Gasomet.  Methoden,  p. 
160.  M.  M.  P.  M. 
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IV.  DYNAMICAL  METHODS.  Several 
methods  used  in  attacking  chemical  problems 
may  bo  put  together  under  this  general  title  :  v. 
Chemical  change,  vol.  i.  p.  731 ;  Affinity,  vol. 
i.  p.  (57  ;  Aggkegation,  States  of,  vol.  i.  p.  87  ; 
Dissociation,  vol.  ii.  p.  385  ;  Eqdilibriom,  Che- 
mical, vol.  ii.  p.  43i  ;  Molbcdlab  constitdtion 
OF  BODIES,  Theohies  OP,  vol.  hi.  p.  410. 

V.  ELECTEICAL  METHODS. 
Historical. — The  history  of  the  science  of 

electricity  divides  itself  into  two  well-defined 
periods,  the  boundary  between  which  lies  at  the 
close  of  the  last  century,  and  is  marked  by  Volta's 
discoveries  concerning  the  production  of  elec- 
tricity when  different  substances  are  brought 
into  contact.  The  investigations  in  the  older 
period,  when  only  the  phenomena  of  frictional 
electricity,  characterised  by  small  quantity  and 
high  tension,  were  known,  showed  no  connection 
with  chemical  problems.  It  is  true,  Deimann 
and  Paets  van  Trostvijk  had  decomposed  water 
by  means  of  the  electrical  machine  ;  this  efiect 
was,  however,  assigned  as  due  more  to  the  high 
temperature  of  the  electric  spark  than  to  a  specilic 
property  of  electricity. 

It  is  only  with  Galvani's  discovery  of  the 
electricity  which  appears  when  different  sub- 
stances are  brought  into  contact,  and  with  the 
scientific  investigation  of  this  discovery  by  Volta, 
that  the  period  of  electro-chemistry  begins.  This 
branch  of  science  is  thus  of  nearly  exactly  the 
same  age  as  the  current  century.  It  was  by 
means  of  the  pile  as  constructed  by  Volta  that 
chemical  changes  were  recognised  to  be  essential 
phenomena  concurrent  with  the  passage  of  an 
electric  current  through  certain  substances. 
Directly  this  apparatus  became  known,  Nichol- 
son and  Carlisle  (1800)  used  it  for  the  decompo- 
sition of  water,  and  since  then  the  fact  that 
there  is  a  close  connection  between  chemical  and 
electrical  phenomena  has  always  been  present 
to  the  mind  of  investigators.  The  mysterious 
and  unexpected  mode  of  action  of  this  apparatus 
soon  revived  the  hope  that  by  means  of  it  the 
problem  of  vital  activity  might  be  fathomed. 
Consequently,  the  electric  current  was  made  to 
pass  through  various  animal  fluids,  such  as  blood, 
protein,  &c.,  with  the  object  of  following  the 
changes  produced  by  this  influence,  and  thus 
obtaining  iziformation  concerning  the  processes 
taking  place  in  the  organism.  It  was  found  that, 
along  with  other  effects,  a  basic  reaction  was 
always  observed  at  one  pole,  and  an  acid  reaction 
at  the  other.  On  further  investigation  it  was 
found  that  the  acid  and  the  base  still  appeared, 
even  when  water  was  taken  instead  of  the  animal 
fluids,  and  thus  the  electric  current  seemed  to 
be  a  means  for  producing  acids  and  bases  from 
pure  water.  This  is  the  point  at  which  the 
classical  researches  of  Humphry  Davy  began. 
In  order  to  decide  whether  acids  and  bases  were 
really  produced  from  pure  water  by  means  of 
electricity,  he  repeated  the  experiments.  He  soon 
recognised  that  the  vessels  in  which  the  water 
was  contained  exerted  a  determinant  influence 
on  the  results ;  he  proved  that  very  small  quan- 
tities of  the  substance  of  the  vessels  were  always 
dissolved  by  the  water,  and  that  vessels  of  glass, 
clay,  basalt,  &c.,  were  subject  to  this  influence. 
The  electric  current  had  the  power  of  decom- 
posing the  very  small  quantities  of  saline  matter 


present  into  acids  and  bases,  and  of  accumulating 
these  at  the  poles,  where  they  could  be  detected 
easily.  Only  vessels  of  gold  proved  to  possess 
the  necessary  resistance,  and  when  these  were 
used  not  the  least  quantity  of  either  acid  or  base 
was  obtained  from  pure  water. 

After  Davy  had  thus  become  acquainted  with 
the  great  p)ower  of  decomposing  compounds 
possessed  by  the  electric  current,  he  proceeded 
at  once  to  submit  the  most  diverse  substances 
to  its  influence.  By  means  of  the  large  batteries 
of  the  Koyal  Institution,  which  had  been  con- 
structed according  to  his  plans,  he  succeeded 
in  obtaining  great  efl'ects  ;  he  decomposed  the 
alkalis,  and  isolated  the  metals  potassium  and 
sodium. 

At  the  present  day  it  is  difficult  to  imagine 
the  impression  which  this  discovery  made  on  his 
contemporaries.  It  was  not  scientific  circles 
only  that  were  full  of  it ;  the  public  at  large  and 
the  daily  i^ress  occupied  themselves  most  dili- 
gently with  this  fact.  Everyone  who  could  pro- 
cure some  dozens  of  copper  and  zinc  plates  tried 
to  repeat  the  experiment,  and  gave  an  account  of 
it.  Napoleon,  who  then  had  just  nearly  reached 
the  zenith  of  his  power,  proceeded  at  once  to  have 
larger  batteries  constructed  in  order  to  smooth 
the  way  for  similar  discoveries  by  the  French 
scientists.  He  also  offered  great  prizes  for  scien- 
tific works  dealing  with  voltaic  electricity. 

Davy's  discovery  was  of  great  importance 
for  the  development  of  the  science  of  chemistry, 
because  it  enabled  the  alkalis  to  be  classed  with 
other  basic  metallic  oxides.  Chemical  classifica- 
tion was  thus  simplified  considerably.  The  in- 
vestigations of  Davy  were,  however,  without 
influence  on  the  knowledge  of  chemical  affinity, 
sound  as  were  the  views  held  by  this  man  of 
genius  concerning  the  relation  between  chemical 
and  electrical  processes. 

It  was  at  this  same  time  that  the  tv/o  Swedish 
naturalists  Berzelius  and  Hisinger  carried  out 
work  which  then,  it  is  true,  did  not  attract  any- 
thing like  the  same  attention  as  had  justly  been 
aroused  by  Davy's  investigations,  but  v?hich  had 
an  even  more  lasting  influence  on  the  later 
development  of  scientific  chemistry.  Davy's  ex- 
periments dealt  chiefly  with  the  fact  that  the 
electric  current  split  compounds  into  their  con- 
stituents, and  aimed  at  the  isolation  of  these 
constituents.  Berzelius  and  Hisinger  went  a  step 
farther  ;  they  tried  to  grasp  the  laws  underlying 
this  decomposition,  and  from  these  they  de- 
veloped a  theory  concerning  chemical  compounds. 
The  generalisations  under  which  Berzelius  and 
Hisinger  comprised  their  results  were  as  follows : 

(a)  Chemical  compounds  are  decomposed  by 
the  electric  current,  and  their  components  collect 
at  the  poles. 

(6)  The  combustible  substances,  the  alkalis, 
and  earths  go  to  the  negative  pole  ;  oxygen,  the 
acids,  and  oxidised  substances  go  to  the  positive 
pole. 

The  fact  that  Berzelius  had  experimented 
chiefly  on  the  salts  of  the  alkalis  determined  the 
theoretical  conception  of  electrolysis.  Sinceacids 
and  bases  appeared  at  the  poles  when  alkaU  salts 
were  electrolysed,  acids  and  bases  were  considered 
to  be  the  components  of  salts.  Berzelius  assumed 
further  that  a  similar  binary  division  prevailed 
throughout  the  whole  domain  of  chemical  com- 
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pounds.  He  conceived  every  atom  as  endowed 
with  a  definite  quantity  of  positive  or  negative 
electricity,  and  tliis  led  him  to  distinguish  be- 
tween positive  and  negative  elements,  and  to 
arrange  the  elements  in  a  series,  beginning  with 
the  most  positive  down  to  the  most  negative. 
It  was  thus  that  for  Berzelius  the  combination 
of  elements  with  each  other  was  simply  an  act  of 
electrical  attraction ;  according  to  him  the  thermal 
and  optical  effects  which  are  jjroduced  along 
with  chemical  combination  are  due  to  the  same 
cause  as  the  corresponding  phenomena  which 
accomijany  the  electric  sjjark.  It  is  true  that 
at  this  point  Berzelius,  with  the  caution  peculiar 
to  him,  himself  brings  forward  the  objection  that 
when  the  opposite  electricities  have  neutralised 
each  other  a  further  cause  of  their  keeping 
together  is  no  longer  present.  It  seems,  how- 
ever, that  he  did  not  consider  this  difficulty  of 
sufficient  importance  to  give  up  his  theory  for  it. 

When  a  positive  and  a  negative  atom  inter- 
act, their  electricities,  according  to  Berzelius, 
are  in  general  not  completely  neutralised,  as  the 
quantities  of  electricity  present  differ  according 
to  the  nature  of  the  atoms.  The  compound 
formed  thus  retains  a  surplus  of  positive  or  of 
negative  electricity,  and  acts  therefore  similarly 
to  an  element,  but  less  intensely.  It  is  in  this 
way  that  compounds  can  again  combine  with 
each  other  to  form  compounds  of  a  higher  order, 
and  so  on,  and  thus  is  brought  about  a  binary 
constitution  of  all  compounds. 

This  electro-chemical  theory  of  Berzelius, 
which  he  developed  more  fully  at  a  later  time, 
has  exerted  a  very  marked  influence  on  the  pro- 
gress of  chemistry,  since  it  has  impressed  on  this 
science  the  form  which  was  the  only  one  recog- 
nised from  1810  to  1840.  It  was  characteristic 
of  this  phase  that  after  this  first  investigation 
Berzelius  did  not  again  undertake  any  experi- 
mental work  on  the  action  of  electricity  on 
chemical  compounds.  The  places  wherein  the 
Berzelian  theory  was  weak  from  the  physical 
point  of  view  were  not  considered  at  all,  as  the 
theory  was  used  only  for  the  purposes  of  chemical 
classification ;  no  attempt  was  made  to  explain 
by  means  of  it  the  problems  of  chemical  affinity. 

After  an  almost  uncontested  reign  of  twenty 
years'  duration  the  theory  of  Berzelius  proved 
itself  insufficient  to  follow  the  progress  of  the 
science.  Since  it  was  deduced  from  the  pheno- 
mena of  the  decomposition  of  compounds  by 
electricity,  it  was  not  surprising  that  it  could 
not  represent  the  chemical  relations  of  organic 
compounds,  which,  as  a  rule,  are  not  decomposed 
by  electricity.  Investigations  on  this  subject 
proved  more  and  more  conclusively  that  in 
chemical  compounds  individual  atoms  could  be 
substituted  by  other  atoms  or  groups  of  atoms, 
quite  independently  of  the  'electro-chemical' 
nature  of  the  elements;  in  the  most  conspicuous 
and  best-known  examples  it  was  a  question  of 
the  substitution  of  'positive  '  hydrogen  by  'nega- 
tive' chlorine.  Such  a  process  Berzelius  con- 
sidered to  be  quite  impossible  in  the  light  of  his 
theory. 

But  it  was  not  this  proposition  of  the  elec- 
tro-chemical theory  alone,  but  the  whole  founda- 
tion of  Berzelius's  system,  which  was  made 
doubtful  and  proved  to  be  untenable  by  the 
newer  development  of  organic  chemistry.  The 


theory  of  the  binary  constitution  of  chemical 
compounds  was  no  longer  capable  of  being 
brought  into  accord  with  facts,  which  rather  led 
to  the  unitary  conception  of  substances.  Closely 
connected  with  this  development  is  the  esta- 
blishment of  the  conception  of  the  chemical 
molecule,  a  conception  which  assigned  a  sharply- 
defined  existence  to  the  combinations  of  the  ele- 
mentary atoms,  and  which  led  to  the  view  that 
these  structures  would  split  up  in  the  most 
diverse  ways,  according  to  the  nature  of  the  in- 
fluences to  which  they  were  subjected,  although 
no  such  division  appeared  pre-existing  in  the 
molecule. 

At  the  same  time  (after  1840)  at  which 
purely  chemical  facts  had  proved  Berzelius's 
system  insufficient  for  the  domain  of  organic 
cliemistry,  the  insufficiency  of  its  physical 
foundations  was  also  made  apparent.  This 
happened  in  consequence  of  Faraday's  funda- 
mental work. 

A  lively  discussion  concerning  the  cause  of 
the  production  of  electricity  in  the  galvanic  pile 
had  been  carried  on  ever  since  the  days  of 
Volta.  While  Volta  and  his  successors  sought 
for  the  cause  of  the  electric  tension  at  the  ex- 
tremities of  the  pile  in  the  contact  of  the  metals, 
a  number  of  other  workers  held  to  the  opinion, 
as  first  expressed  by  Fabbroni,  that  the  cause  of 
galvanic  electricity  was  to  be  found  in  the 
chemical  processes  which  take  place  in  the  pile. 
It  is  not  possible  to  enter  here  into  the  history 
of  the  contest  which  has  lasted  up  to  the  pre- 
sent day.  Faraday  attempted  to  solve  the  pro- 
blem, and  in  so  doing  he  discovered  the  electro- 
lytic law  (1834)  which  goes  by  his  name. 

This  law  affirms,  firstly,  that  when  electricity 
passes  through  a  body  which  is  decomposed  by 
it — that  is,  through  an  electrolyte — the  quantity 
of  substance  decomposed  is  proportional  to  the 
quantity  of  electricity  that  has  passed  through. 
Secondly,  the  law  affirms  that  when  the  same 
quantity  of  electricity  passes  through  different 
electrolytes,  the  quantities  of  the  different  sub- 
stances which  are  thereby  decomposed  are  to 
each  other  in  the  ratio  of  their  chemical  equiva- 
lents. 

These  two  generalisations  primarily  sup- 
ported the  chemical  theory  of  galvanic  electricity, 
as  according  to  them  a  galvanic  current  is  never 
possible  without  a  corresponding  chemical  pro- 
cess. At  the  same  time,  however,  they  were  in 
unresolvable  contradiction  to  the  foundations  of 
the  theory  of  Berzelius  as  conceived  by  him ; 
since,  if  one  and  the  same  quantity  of  electricity 
is  always  necessary  in  order  to  decompose 
chemically  equivalent  quantities  of  any  sub- 
stances, it  cannot  be  true  that  different  quantities 
of  electricity  cause  their  combination,  in  which 
act  they  neutralise  each  other.  Berzelius  was 
keenly  alive  to  this  contradiction,  but  as  he  did 
not  wish  to  doubt  his  own  theory  he  preferred 
to  doubt  the  laws  of  Faraday,  and  he  continually 
argued  against  them. 

It  was  through  the  work  of  Daniell  {T.  1839. 
i.  97,  and  1840.  i.  209),  which  followed  up  the 
researches  of  Faraday,  that  the  electro-chemical 
theory  was  fought  on  the  very  ground  from 
which  it  had  sprung.  The  results  of  the  elec- 
trolysis of  neutral  salts,  such  as  potassium  sul- 
phate or  sodium  chloride,  when  the  two  elec- 
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trodes  of  the  electrolytic  cell  were  sejoarated  by 
a  porous  diaphragm,  showed  that  detonating  gas 
(or  hydrogen)  was  formed  in  the  same  quantity 
as  in  a  voltameter  with  dilute  sulphuric  acid 
inserted  in  the  circuit,  and  besides  this  an  equiva- 
lent quantity  of  the  salt  was  decomposed  into 
acid  and  base.  This  phenomenon  cannot  be 
brought  into  accordance  with  the  law  of  Faraday 
otherwise  than  by  assuming  that  electrolysis  does 
not  split  up  the  salts  into  base  and  acid,  but 
rather  into  the  metals  and  into  the  elements 
(such  as  CI)  or  radicles  (such  as  SO,)  combined 
with  these.  Thus,  when  potassium  sulphate  is 
electrolysed, -hydrogen  and  oxygen  are  only  se- 
condary products,  just  as  the  free  acid  and  the 
base  are  only  secondary  products;  the  salt  K.,SO, 
splits  up  rather  into  free  potassium  Kj,  which 
acts  on  the  water,  forming  potash  (K2H-2H,.0 
=  H2-f2KOII),  and  into  the  radicle  SO4,  which 
with  water  gives  sulphuric  acid  and  oxygen 
(SO4  +  H,0  =  H,_,SO.,  +  0).  Correspondingly,  when 
copper  sulphate  is  electrolysed  we  obtain,  not 
copper  oxide  and  sulphuric  acid,  but  on  the  one 
side  metallic  copper,  and  on  the  other  side  SO, 
which  gives  sulphuric  acid  and  oxygen.  Thus 
Daniell  arrived  at  the  conclusion  that  the  con- 
ception of  salts  as  consisting  of  base  and  acid 
would  have  to  be  given  up,  and  that  they  rather 
consist  of  a  metal  and  a  simple  radicle  (CI,  S, 
&c.),or  a  compound  radicle  (SO,,  NO3,  &c.),  and 
he  further  pointed  out  that  Davy  had  already 
expressed  similar  ideas. 

The  same  result  to  which  the  application  of 
Faraday's  law  led  in  this  case  had  meanwhile 
been  arrived  at  by  chemical  methods.  After 
Graham  {T.  1833.  ii.  253)  had  reduced  the  differ- 
ences exhibited  by  the  salts  of  phosphoric  acid 
to  differences  in  the  amounts  of  water  held  by 
the  acid,  and  had  thus  founded  the  theory  of  the 
polybasic  acids,  Liebig  (1838),  in  his  celebrated 
paper  {A.  25,  113),  enunciated  the  theorem  that 
all  acids  must  be  looked  on  as  hydrogen  com- 
pounds, and  that  the  formation  of  salts  consists 
in  the  replacement  of  this  hydrogen  by  metals 
or  metallic  radicles.  By  means  of  this  conception 
the  unnatural  division  between  the  salts  of  oxy- 
acids  on  the  one  hand,  and  the  halogen  com- 
pounds of  metals  on  the  other,  was  again  put 
aside.  The  necessity  for  such  a  division  had 
been  felt  by  Berzelius  to*be  a  great  trouble,  and 
to  do  away  with  it  he  had  for  long  clung  tena- 
ciously to  the  assumption  that  the  halogens  were 
oxygen  compounds. 

The  first  attempt  to  utilise  the  facts  of  gal- 
vanism for  chemistry  had  failed.  In  1850  Ber- 
zelius's  electrochemical  theory  had  but  few 
supporters  left.  Still  the  consciousness  survived 
that  the  mistake  had  lain  in  the  form  in  which 
the  relation  between  chemical  and  electrical  pro- 
perties had  been  represented  ;  and  it  continued 
to  be  recognised  that  this  relation  actually  did 
exist,  and  that  it  was  of  the  greatest  importance. 
A  sign  of  this  recognition  is  found  in  the  fact 
that  although  Berzelius's  theory  had  been  re- 
jected, the  elements  which  form  bases  were  still 
called  positive  and  those  which  form  acids  were 
called  negative.  In  fact,  the  electrochemical 
contrast  of  the  two  constituents  of  salts  is  a  fact 
which  becomes  obvious  with  each  electrolysis, 
and  which,  therefore,  cannot  be  doubted.  It  was 
only  necessary  to  modify  the  view  of  Berzelius 
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and  to  say  that  it  is  not  the  acids  and  bases  (or 
more  correctly  their  anhydrides)  which  are  the 
constituents  of  salts,  but  rather  it  is  the  metal 
and  the  acid  radicle.  This  modification  of  the 
electrochemical  theory  has,  however,  scarcely 
left  any  traces  in  the  development  of  the  che- 
mistry of  that  time.  The  reason  of  this  is  that 
compounds  of  the  nature  of  salts  receded  quite 
out  of  the  foreground  of  interest.  Organic  che- 
mistry, which  at  that  time  developed  brilliantly, 
dealt  with  substances  very  few  of  which  could 
be  decomposed  by  the  electric  current,  which 
were  not  electrolytes,  and  for  which,  therefore, 
the  electrochemical  contrast  did  not  exist.  The 
unitary  conception  was  consequently  involun- 
tarily extended  to  the  salts,  and  the  important 
distinction  between  electrolytes  and  non-electro- 
lytes was  not  at  all  taken  into  account  by  che- 
mists. It  is  true  that  Faraday  attempted  to 
account  for  these  two  classes  of  bodies  by  sup- 
posing that  in  the  one  case  the  number  of 
positive  and  negative  atoms  was  the  same,  but 
in  the  other  case  these  numbers  were  different ; 
but  this  rule  proved  to  be  incorrect,  and  for  a 
long  time  these  relations  were  neglected  because 
they  could  not  be  grasped  scientifically.  After 
the  refutation  of  the  erroneous  views  of  Berzelius, 
joeople  thought  themselves  justified  in  altogether 
ignoring  the  electrochemical  relations. 

This  was  the  condition  of  electrochemistry 
till  quite  recently.  The  only  attention  it  received 
was  from  the  hands  of  some  physicists,  and  it  is 
only  natural  that  purely  chemical  problems  did 
not  fare  particularly  well  under  these  circum- 
stances, the  more  so  as  even  up  to  the  present 
day  it  often  happens  that  from  this  side  the 
electrolysis  of  dilute  sulphuric  acid  is  represented 
as  the  electrolysis  of  water  '  which  has  been  made 
conductive  by  an  addition  of  sulphuric  acid.' 
Although  the  direct  furtherance  thus  given  to 
chemistry  was  insignificant,  yet  the  indirect 
effects  were  important.  If  it  is  possible  to  speak 
to-day  of  the  develoisment  of  a  new  electroche- 
mical theory,  it  is  almost  exclusively  to  these 
physicists  that  we  owe  the  means  for  so  doing. 

'  The  first  investigator  to  be  mentioned  at  this 
point  is  Hittorf.  He  connected  his  work  with 
the  experiments  of  Daniell,  and  took  up  the 
consideration  of  a  phenomenon  which  had  re- 
mained incomprehensible  to  the  latter.  When 
Daniell  experimented  with  sulphuric  acid  in  his 
apparatus,  he  found  that  besides  the  electrolysis 
of  the  acid  a  change  in  the  concentration  had 
occurred ;  at  the  negative  pole  the  acid  solution 
had  become  more  dilute,  at  the  positive  pole  it 
had  become  more  concentrated.  It  occurred  to 
Hittorf  that  this  phenomenon  must  be  due  to  the 
different  velocities  with  which  the  two  consti- 
tuents or  ions  of  sulphuric  acid — that  is,  2H  and 
SO4 — travel  through  the  liquid.  If,  for  instance, 
the  hydrogen  remained  at  rest  and  the  group 
SO,  alone  moved,  it  would  follow  that  after  the 
electrolysis  of  one  molecular  weight  of  sulphuric 
acid,  there  must  be  an  increase,  by  that  amount, 
in  the  concentration  at  the  positive  pole  towards 
which  SO4  had  travelled.  If,  on  the  other  hand, 
the  hydrogen  alone  travelled,  the  concentration 
would  remain  unchanged.  Now,  it  had  been  found 
by  Daniell  that  the  increase  in  concentration  at 
the  positive  pole  was  equal  to  less  than  a  quarter 
of  the  quantity  of  acid  electrolysed ;  the  necessary 

N 


178 


PHYSICAL  METHODS 


USED  IN  CHEMISTEY. 


conclusion  was,  therefore,  that  both  ions  travelled, 
but  that  SOj  moved  much  more  slowly  than  2H. 
Hittorf  proved  by  a  great  number  of  careful  ex- 
periments (P.  89,  177  ;  98,  1  ;  103,  1 ;  106,  337) 
that  this  conclusion  always  agreed  with  observed 
facts.  He  then  used  the  knowledge  thus  gained 
to  answer  chemical  questions,  for  the  solution  of 
which  no  other  means  existed  at  the  time.  But 
in  spite  of  their  great  importance,  Hittorf's 
results  have  been  all  but  completely  ignored  by 
chemists. 

These  experiments  afforded  verification  of  the 
conclusion  that  the  more  immediate  components 
of  salts  — or  what  is  the  same,  the  ions  of  salts — ■ 
really  are  the  metal  and  the  acid  radicle.  At 
the  same  time  electrolysis  furnished  Hittorf  with 
the  means  of  solving  certain  old  problems.  Thus, 
for  instance,  opinion  was  divided  as  to  whether 
potassium  platinichloride  and  similar  salts  should 
be  considered  as  double  salts — for  example,  as 
2KC1  and  PtCl, — or  as  salts  of  chloroplatinic 
acid  H,PtClg.  Hittorf  submitted  sodium  platini- 
chloride to  electrolysis.  If  it  consisted  of 
2NaCl  +  PtCl^,  it  followed  that  sodium  and  plati- 
num were  the  positive  ions  and  chlorine  the 
negative  ;  if,  on  the  other  hand,  it  was  NajPtClj, 
the  ions  would  be  2Na  and  PtClg.  In  the  first 
case,  therefore,  the  platinum  must  travel  to  the 
negative  pole,  in  the  other  case  to  the  positive. 
Experiment  decided  for  the  latter  view  ;  the 
platinum  did  not  go  to  the  negative  pole,  as  the 
metals  generally  do,  but  travelled  with  the 
chlorine  to  the  positive  pole,  thus  proving  itself 
to  be  a  constituent  of  the  acid  radicle.  In  a  like 
manner  Hittorf  decided  quite  a  number  of  similar 
questions. 

During  these  investigations,  Hittorf  drew  at- 
tention to  another  point,  which  at  a  later  time 
proved  to  be  of  the  utmost  importance.  The 
fact  that  electrolysis  can  be  started  by  the 
weakest  currents  is  in  contradiction  to  the  usual 
chemical  views,  according  to  which  the  consti- 
tuents of  salts,  such  as  KCl,  Na2S04,  &c.,  are 
held  together  by  very  strong  affinities.  At  the 
same  time,  Hittorf  emphasised  the  fact  that  those 
substances  which  conduct  electrolytically  are  the 
most  ready  to  interchange  their  constituents. 
This  fact  also  is  against  the  assumption  of  a 
specially  firm  binding  together  of  the  consti- 
tuents of  salts.  Occasion  will  be  found  later  to 
refer  to  this  remark. 

There  are  other  parts  of  the  science  of  elec- 
tricity, besides  the  phenomena  of  electrolysis, 
in  which  the  chemical  nature  of  substances  has 
to  be  considered.  These  are  the  electrical  con- 
ductivities of  electrolytes,  the  electromotive  force 
of  galvanic  cells,  and  galvanic  polarisation. 
These  fields  have  been  cultivated  till  quite  lately 
only  by  physicists  to  whom  purely  chemical 
questions  were  foreign. 

The  electrical  conductivity  of  an  electrolyte  is 
a  quantity  the  determination  of  which  was 
formerly  attended  vrith  great  difficulties.  These 
difficulties  occur  because  the  ions  which  sepa- 
rate where  the  electric  current  enters  or  leaves 
the  liquid  '  polarise  '  the  electrodes,  and  thus 
produce  new  and  unknown  electromotive  forces. 
Details  of  the  various  attempts  which  have  been 
made  to  overcome  this  difficulty  will  be  given 
later.  It  was,  however,  only  in  1880  that,  after  long 
and  varied  preliminary  investigations,  F.  Kohl- 


rausch  {W.  11,  653)  indicated  a  really  practical 
and  accurate  method.  As  soon  as  the  values  of 
the  electrical  conductivities  of  electrolytes  could 
be  determined  easily,  by  Kohlrausch's  method, 
important  relations  soon  came  to  be  recognised 
between  the  conductivities  and  the  chemical  pro- 
perties of  electrolytes.  The  most  important  of 
these  relations,  the  discovery  of  which  was  made 
by  Arrhenius  (Bigh.  Swensk.  Ak.  8,  Nos.  13  and 
14,  1884),  lies  on  the  path  opened  up  by  Hittorf. 
The  fact  that  substances  capable  of  conducting 
the  current  and  of  being  electrolysed  are  also 
specially  capable  of  entering  into  chemical  re- 
actions, which  was  emphasised  by  Hittorf,  can 
now  be  made  definite  by  saying  that  both  powers 
are  nearly  proportional  for  different  electrolytes. 

From  this  discovery  there  has  grown  a  new 
electrochemical  theory,  which,  in  its  entirety,. 
wiU  be  expounded  later  on. 

The  other  problem  concerning  the  connec- 
tion between  the  electromotive  force  of  galvanic 
cells  and  the  chemical  processes  within  them 
was  solved  by  Helmholtz  (Die  ErJialtung  der 
Kraft,  1847),  and  later  on  also  by  Sir  William 
Thomson  (P.  M.  December,  1858),  and  this  was 
done  primarily  on  the  basis  of  a  hypothetical 
assumption.  According  to  Faraday's  law,  when 
equivalent  quantities  of  different  substances  are 
used  in  the  galvanic  cell,  equal  quantities  of 
electricity  are  always  put  into  motion.  This 
being  so,  the  intensity  of  the  motion,  or  the 
electromotive  force  of  the  galvanic  cells,  must 
be  proportional  to  the  quantity  of  heat  produced 
by  the  chemical  processes  within  the  cell.  The 
supposition  is  made  here  that  all  heat  is  used 
for  electrical  work — a  supposition  which  Thom- 
son found  verified  by  an  experiment  of  Joule. 
Meanwhile  it  has  been  proved,  however,  that  the 
heat  produced  in  chemical  changes  is  not  gene- 
rally completely  transformed  into  electrical  work, 
and  Helmholtz  {B.  B.  1882)  himself  has  worked 
out  the  formula  representing  the  general  relation, 
between  these  two  quantities. 

To  these  problems  are  joined  those  concern- 
ing the  nature  and  the  value  of  galvanic  polari- 
sation. In  this  province  investigation  has,  how- 
ever, made  so  little  way  as  yet  that  it  suffices  tO' 
point  out  that  most  important  problems  here 
await  their  solution. 

The  foundations  of  the  science  of  electricity. 
General  considerations. — If  a  bar  of  per- 
fectly pure  or  amalgamated  zinc  is  placed  in 
dilute  sulphuric  acid,  no  chemical  action  takes 
place,  nor  is  there  any  such  action  if  a  bar  of 
platinum  be  introduced  into  the  acid.  But  as 
soon  as  the  two  metals  are  made  to  touch  each 
other  an  action  occurs  ;  the  zinc  is  transformed 
into  zinc  sulphate  by  expelling  the  hydrogen 
from  the  sulphuric  acid,  which  hydrogen,  how- 
ever, is  evolved  at  the  surface  of  the  platinum 
bar. 

Direct  contact  of  the  two  metals  is  not 
necessary.  If,  for  instance,  the  zinc  is  touched 
with  the  end  of  a  copper  wire  and  the  platinum 
is  touched  with  the  other  end,  the  same  effect  is 
produced.  On  the  other  hand,  there  is  no  effect 
if  the  connection  is  made  through  glass,  wood, 
or  srih  like  substances. 

The  copper  wire  which  connects  the  two 
metals  has  acquired  special  properties  which 
remain  as  long  as  the  chemical  action  of  the 
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sulphuric  acid  on  the  zinc  lasts.  If  the  wire  is 
held  parallel  to  a  movable  magnetic  needle  at  a 
short  distance  above  it,  the  needle  will  be  de- 
flected ;  further,  the  wire  becomes  heated  ;  and 
finally,  if  the  wire  is  cut  in  one  place,  and  the  two 
ends  are  placed  close  to  each  other  on  a  paper 
moistened  with  solution  of  potassium  iodide  and 
starch,  it  can  be  perceived  that  a  chemical  de- 
composition of  the  potassium  iodide  has  occurred, 
since  a  blue  spot  of  iodide  of  starch  appears  under 
one  end  of  the  wire. 

Work,  or,  speaking  generally,  energy,  is  gained 
by  the  chemical  action  between  the  zinc  and  the 
sulphuric  acid ;  the  energy  usually  appears  in  the 
form  of  heat.  The  arrangement  described  shows 
that  it  is  possible  to  conduct  this  energy  away 
from  the  place  where  it  is  set  free — that  is,  from 
the  point  of  contact  between  zinc  and  sulphuric 
acid — and  to  make  it  effective  at  any  point  of 
the  connecting  wire  we  please.  And  further,  we 
can  obtain  this  energy  at  will  in  the  form  of 
thermal  energy,  chemical  energy,  or  mechanical 
energy. 

The  sole  difference  that  can  be  perceived  be- 
tween the  metals  in  their  usual  state  and  when 
dipped  into  the  acid  is  that  they  have  become 
electric  ;  the  platinum  shows  itself  charged  with 
positive,  and  the  zinc  with  negative,  electricity. 
By  means  of  a  suitable  electrometer  this  electric 
charge  can  be  measured.  It  appears  to  be  de- 
pendent on  the  nature  of  the  metals,  as  well  as 
on  that  of  the  acid. 

Hence  we  conclude  that  the  chemical  action 
between  the  zinc  and  the  acid  does  not,  as  usual, 
give  out  its  energy  in  the  form  of  heat,  but  in 
that  of  electrical  energy.  As  to  whether  the 
transformation  from  chemical  to  electrical  energy 
is  complete  or  partial,  and,  if  the  latter,  by  what 
this  partial  amount  is  determined,  these  are 
questions  with  which  we  can  occupy  ourselves 
only  at  a  later  stage. 

As  is  generally  the  case  with  all  forms  of 
energy,  electrical  energy  allows  itself  to  be  re- 
solved into  two  factors,  one  of  which  is  a  capacity, 
and  the  other  is  an  intensity.  For  these  factors 
the  general  law  holds,  that  a  system  can  be  in  a 
state  of  rest  only  if  the  intensity  of  the  energy  is 
the  same  throughout  the  whole.  An  exception 
to  this  occurs  only  if  different  kinds  of  energy 
are  present  simultaneously  in  one  system  ;  then 
there  can  exist  a  difierence  of  one  intensity,  if  a 
compensation  is  produced  by  a  corresponding 
difierence  of  the  other  intensity. 

The  two  factors  of  electrical  energy  are 
called  quantity  of  electricity  and  electromotive 
force  or  potential ;  the  first  is  the  capacity,  the 
second  the  intensity.  In  accordance  with  the 
above-mentioned  law,  we  shall  therefore  say  that 
in  a  system  in  which  electrical  forces  alone  act 
there  is  equilibrium  if  the  electromotive  force 
or  the  potential  is  the  same  throughout.  This 
is  the  well-known  law  for  conductors  of  elec- 
tricity. 

With  substances  which  do  not  allow  of  any 
motion  of  the  electricity — that  is,  with  non- 
conductors— the  potential  can,  it  is  true,  be 
different  in  different  places.  But  then,  owing 
to  the  striving  for  equalisation  on  the  part  of 
the  potential,  small  displacements  are  produced 
in  the  body,  and  the  reacting  forces  of  elasticity 
which  accompany  these  form  the  compensation 


for  the  inequality  of  the  electric  intensity  or 
potential. 

When  contact  between  two  different  sub- 
stances occurs,  a  mutual  action  at  the  surface 
of  contact  is  generally  set  up,  and  a  displacement 
of  energy  is  thus  brought  about.  The  changes 
in  the  surface-energy  which  thus  occur  seem  to 
be  generally  compensated  by  corresponding  dif- 
ferences in  the  electric  intensity,  i.e.  the  surfaces 
of  different  substances  in  contact  attain  different 
potentials.  If  the  substances  are  conductors 
of  electricity,  each  of  them  must  be  at  a  uniform 
potential  at  every  point  within  it ;  hence  a  dif- 
ference of  potential  exists  at  the  surfaces  of  eon- 
tact  only. 

Electrical  measurements.  In  order  to 
examine  systematically  the  nature  of  electrical 
phenomena  we  are  at  the  very  beginning  obliged 
to  find  a  measure  for  them.  We  generally  start 
from  a  definition  of  quantity  of  electricity,  since 
the  historical  development  of  the  science  has  led 
to  the  notion  that  this  is  one  of  the  most  im- 
portant factors  in  the  jDhenomena.  And  yet  we 
have  no  proof  that  such  things  as  the  hypothetical 
electric  fluids  actually  exist.  What  we  do  know 
of  electrical  phenomena  are  the  mechanical, 
thermal,  and  chemical  effects,  i.e.  the  mani- 
festations of  the  electrical  energy,  and  it  is  this 
which  is  the  real  thing  underlying  the  electrical 
phenomena.  Quantity  of  electricity  is  a  mag- 
nitude of  the  same  order  as  perhaps  a  volume, 
and  one  which  can  be  increased  or  decreased  at 
will.  But  electrical  energy  cannot  be  destroyed, 
nor  can  it  be  produced ;  it  can  only  be  changed 
into,  or  obtained  from,  other  forms  of  energy. 

Electrical  energy  is  then  to  be  measured  by 
the  same  units  as  other  forms  of  energy,  me- 
chanical energy  especially.  The  unit  used  for 
kinetic  energy,  which  is  represented  by  the  for- 
mula—'o^  (where  m  stands  for  the  mass,  v  for 
2  ^ 

the  velocity),  is  double  that  energy  which  the 
mass  of  one  gram  possesses  when  moving  with 
the  velocity  of  one  centimetre  in  one  second. 
This  being  so,  the  unit  accepted  for  electrical 
energy  is  that  quantity  of  energy  which  is  ob- 
tained by  the  transformation  of  the  above-defined 
quantity  of  kinetic  energy  into  electrical  energy. 
And  further,  since,  ashas  been  already  mentioned, 
electrical  energy  has  to  be  looked  upon  as  the 
product  of  two  factors,  the  quantity  of  electricity 
Q  and  the  potential  E,  the  unit  by  which  the 
product  QE  must  be  measured  is  thus  also  fixed. 

The  units  of  the  two  factors  Q  and  E  are  still 
arbitrary,  in  so  far  as  we  can  choose  one  of  them 
at  will,  that  for  the  other  being  then  fixed.  In 
fact,  different  units  have  been  chosen  for  different 
purposes,  and  accordingly  different  systems  of 
electrical  magnitudes  have  been  obtained.  Fara- 
day's law,  that  equal  quantities  of  electricity 
travel  with  equivalent  quantities  of  separate 
ions,  supplies  the  chemist  with  a  natural  unit 
for  quantity  of  electricity.  Hence  that  quantity 
of  electricity  which  is  combined  with  one  gram 
of  hydrogen  as  ion  will  serve  as  unit  of  quantity 
of  electricity.  Then  the  unit  of  potential  would 
have  to  be  the  potential  at  which  the  above- 
defined  quantity  of  electricity  must  be  in  order  to 
produce  unit  of  work. 

This  system  of  units  has  not  become  general; 
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it  has  been  displaced  by  a  system  which  is  de- 
rived in  a  somewhat  complicated  manner  from 
the  action  of  current  electricity  on  magnets. 
This  system  also  has  not  been  retained  un- 
changed, but  another  one  has  been  deduced  from 
it,  in  which  instead  of  the  unit  of  length  of  1  cm. 
a  lO'-fold  value  has  been  introduced,  while 
instead  of  the  unit  of  mass  of  1  g.  a  value 
10-"  times  as  small  is  accepted ;  the  second  has 
been  retained  as  the  unit  of  time.  Hereby  the 
unit  of  electrical  energy  has  been  changed  also  ; 
it  no  longer  coincides  with  the  mechanical  unit, 
but  is  10"  times  greater. 

In  this  system  the  unit  of  potential  is  called 
a  volt;  in  order  to  get  a  conception  of  its  magni- 
tude it  is  to  be  remembered  that  the  difference 
of  potential  at  the  ends  of  a  Daniell  cell  is  about 
1-1  volt. 

The  unit  of  quantity  of  electricity  has  been 
called  a  coulomb.  When  a  coulomb  is  forced 
through  a  volt  a  quantity  of  work  equal  to  10' 
mechanical  units  is  done. 

In  order  to  fix  the  relations  of  these  units  to 
other  units  of  energy,  we  must  first  remember 
that  the  work  necessary  to  move  1  g.  through 
1  cm.  against  gravity  is  equal  to  980  mechanical 
units,  approximately.  The  above-defined  unit 
of  electrical  energy  would  therefore  be  equal  to 

10' 

or  approximately  to  10200  gravitation-units. 

Further,  the  unit  of  thermal  energy  is  the  quan- 
tity of  heat  which  raises  the  temperature  of  1  g. 
of  water  by  1°C.,  and  which,  according  to  the 
measurements  of  Joule,  is  equal  to  42350  gra- 
vitation-units, i.e.  42350  g.  would  on  falling 
through  1  cm.  give  up  1  calorie  of  heat,  or  would 
heat  1  g.  of  water  by  1°C.  Hence  this  magnitude 
is  equal  to  4-15  x  10'  mechanical  units.  Since  the 
unit  of  electrical  energy  amounts  to  10'  me- 
chanical units,  it  follows  that  1  calorie  is  equal 
to  4'15  electric  energy  units,  or  1  volt  x  coulomb  is 
equal  to  0'241  calories.  A  number  obtained  more 
recently  by  Dieterici  by  direct  measurements  is 
probably  more  accurate.  According  to  him,  the 
energy  of  1  volt  x  coulomb  is  equal  to  0'2356  cal. ; 
the  unit  of  quantity  of  heat  here  used  is  of 
the  quantity  of  heat  given  out  by  1  g.  of  water  in 
cooling  from  100°  to  0°.  This  factor  is  import- 
ant for  the  relations  between  the  heat  produced  in 
chemical  changes  and  the  corresponding  electri- 
cal phenomena.  Finally,  we  know  from  measure- 
ments by  F.  Kohlrausch  and  Lord  Kayleigh  that 
1  g.  of  hydrogen  as  ion  carries  with  it  96540 
coulombs.  The  same  quantity  of  electricity  is 
carried  by  each  equivalent  of  any  other  ion,  for 
instance,  by  107  g.  of  silver,  ^  x  63-4  g.  of  copper, 
^  X  27  g.  of  aluminium,  &c. 

Electric  currents.  If  the  potential  of 
electricity  is  different  at  different  places  of  a 
conductor,  a  movement  of  the  electricity  is  pro- 
duced in  the  same  way  as  motion  is  produced  in 
a  mass  capable  of  moving  freely  when  it  is  at  a 
higher  level  than  its  surroundings.  If  the  dif- 
ference of  potential  is  maintained,  the  movement 
is  maintained  also. 

The  compensation  of  a  difference  in  electric 
potential  necessitates  a  decrease  in  the  electric 
energy,  which  in  this  process  changes  into  an- 
other form.  The  form  most  easily  produced  is 
thermal  energy,  but,  as  has  been  mentioned 


above,  it  is  possible  also  to  obtain  mechanical 
or  chemical  work. 

The  measure  of  the  quantity  of  energy 
changed  into  another  form  is  given  by  the  pro- 
duct of  the  quantity  of  electricity  moved  into 
the  decrease  of  the  potential.  If  the  differences 
of  potential  are  distributed  over  measurable 
distances  the  process  is  called  an  electric  current. 
The  term  has  been  taken  from  the  analogy  which 
in  fact  does  exist  between  currents  of  water  and 
currents  of  electricity.  The  level  of  the  water 
corresponds  to  the  potential  of  the  electricity, 
and  the  quantity  of  water  corresponds  to  the 
quantity  of  electricity.  In  both  cases  the  trans- 
formable energy,  or  the  available  work,  is  equal 
to  the  product  of  the  quantity  (of  electricity  or  of 
water)  into  the  difference  of  level  or  of  potential, 
and  a  current  sets  in  when  a  difference  of  level 
exists.  It  must  only  be  borne  in  mind  that  the 
phenomena  which  are  brought  about  by  the 
kinetic  energy  of  the  moving  masses  in  water 
currents  have  no  analogy  in  the  domain  of  electri- 
city. The  electricity  behaves  as  if  it  possessed 
only  an  inappreciably  smaU  velocity  or  mass. 
Therefore,  when  the  electricity  has  sustained  a 
definite  decrease  in  potential,  it  has  lost  the  whole 
corresponding  quantity  of  energy,  while  the  water 
can  retain  a  part  of  it  in  the  form  of  velocity- 
energy. 

Electric  currents  are  measured  by  their  in- 
tensity. By  this  is  understood  the  quantity  of 
electricity  which  flows  in  the  unit  of  time  through 
a  cross-section  of  the  current-path ;  hence  the 

intensity  I  has  to  be  put  as  ^,  where  t  stands  for 

the  time.  Since  electricity  moves  only  when 
using  energy,  a  loss  of  electrical  energy  cor- 
responds to  every  current,  the  lost  energy  gene- 
rally reappearing  as  heat.  When  heat  is  the 
only  form  into  which  electric  energy  is  trans- 
formed, the  following  equation  must  hold ; 
W 

W  =  EQ,  and -*^  =  EI,  where  E  stands  for  the 

loss  of  potential  between  the  two  ends  of  the 
Xsath  of  the  current  considered. 

Experience  has  further  shown  that  different 
conductors  when  introduced  into  a  circuit  cause 
different  losses  of  potential  along  their  lengths. 
This  property  has  been  ascribed  to  a  resistance 
of  the  conductor  to  the  motion  of  the  electricity, 
in  a  way  similar  to  that  wherein  tubes  of  different 
bore  offer  different  resistances  to  the  motion  of 
water  within  them.  In  accordance  with  this,  the 
resistance  K  is  defined  as  the  ratio  between  the 
difference  of  potential  E  and  the  quantity  of  electri- 
city forced  by  means  of  it,  in  unit  time,  through 
the  conductor,  or,  what  is  the  same,  the  intensity 
E  E 

I.    Here  we  have  E  =  _  or  I  =  _.    This  is  the 
I  R 

celebrated  law  of  Ohm,  that  the  intensity  or  the 
strength  of  the  current  is  equal  to  the  ratio  be- 
tween electromotive  force  and  resistance. 

Combining  this  law  with  the  preceding  one, 
W 

it  follows  that  ■ —  =  I-R.    This  expression  is  the 
t 

law  arrived  at  experimentally  by  Joule,  accord- 
ing to  which,  for  currents  of  equal  strength,  the 
heat  evolved  in  unit  of  time  is  proportional  to 
the  resistance,  and  for  equal  resistances  it  is  pro- 
portional to  the  square  of  the  current  strength. 
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It  is  easy  to  deduce  from  the  units  already 
given  the  values  for  the  units  of  the  two  new 
terms  introduced  when  defining  electric  currents, 
namely,  the  strength  of  the  current  S  and  the  re- 
sistance R.  The  unit  of  intensity  I  is  that  strength 
of  current  at  which,  in  every  second,  one  coulomb 
flows  through  the  cross-section  of  the  conductor ; 
the  unit  of  intensity  is  called  an  ampere.  The  unit 
of  resistance  is  that  resistance  by  means  of  which 
a  current  of  unit  intensity  (1  ampi^re)  produces  in 
unit  of  time  the  unit  of  heat.  As  we  have  seen 
above,  this  last  is  equal  to  10"  mechanical  units, 
or  to  0'2356  calories.  An  attempt  has  been  made 
to  represent  this  resistance  with  the  utmost 
possible  accuracy,  and  it  has  been  found  that  it 
equals  the  resistance  of  a  column  of  mercury 
of  1  sq.  mm.  section  and  IOG'3  cm.  in  length,  at 
the  temperature  of  melting  ice.  This  unit  of 
resistance  has  the  name  ohm.  Slightly  different 
to  this  is  the  legal  ohm,  which  has  been  fixed 
arbitrarily  as  equal  to  the  resistance  of  a  column 
of  mercury  106  cm.  long  and  1  sq.  mm.  section,  the 
exact  determination  of  the  true  ohm  being  a  very 
difficult  operation.  The  commercial  resistances 
are  graduated  according  to  the  legal  ohm,  and 
in  scientific  works  in  which  the  absolute  value  of 
the  ohm  comes  into  consideration,  this  difference 
of  3  per  thousand  must  be  taken  into  account. 
In  most  cases  this  is  not  necessary,  just  as  in 
most  ca.ses  it  is  immaterial  whether  or  not  a  set 
of  weights  is  made  according  to  exact  grams,  as 
long  as  it  is  only  made  exact  in  its  proportions. 

The  Law  of  Faraday.  Those  substances 
which  allow  a  movement  of  electricity  through 
them,  i.e.  conductors  of  electricity,  are  divided 
into  two  classes.  In  the  cases  considered  so  far, 
the  assumption  has  been  made  that  the  only  form 
of  energy  into  which  the  electric  energy  of  the 
current  is  transformed  is  heat.  Conductors 
which  undergo  no  change  other  than  that  they 
get  heated  when  the  current  passes  through 
them  are  called  conductors  of  tlie  first  class  or 
metallic  conductors.  To  this  dass  belong  the 
metals,  their  alloys,  carbon,  and  certain  com- 
pounds. 

Now,  there  are  many  substances  which  permit 
a  movement  of  electricity  through  them,  but  in 
so  doing  themselves  suffer  chemical  change.  To 
these  belong  aqueous  solutions  of  acids,  bases, 
and  salts,  as  also  salts  in  the  molten  state,  and 
a  few  other  compounds.  Such  substances  are 
called  conductors  of  the  second  class  or  electro- 
lytes. 

The  movement  of  electricity  in  electrolytes 
takes  place  in  such  a  manner  that  the  com- 
ponents of  the  electrolyte  move  independently 
of  each  other.  Hydrogen,  the  metals,  and  the 
metallic  radicles  move  with  the  positive  elec- 
tricity, or,  according  to  the  usual  designation, 
from  places  of  higher  to  places  of  lower  potential. 
The  halogens,  the  acid  radicles,  and  hydroxyl, 
on  the  other  hand,  travel  with  the  negative  elec- 
tricity, or  from  places  of  lower  to  places  of  higher 
potential. 

According  to  Faraday's  nomenclature  the  com- 
ponents of  electrolytes — that  is,  on  the  one  hand 
the  metals,  hydrogen,  &c.,  on  the  other  hand  the 
halogens,  the  acid  radicles,  &c. — are  called  ions. 
The  first  named,  which  travel  down  with  the 
current,  are  called  cations,  those  which  travel  up 
anioyis. 


In  a  circuit  consisting  exclusively  of  an 
electrolyte,  a  motion  of  electricity  can  take  place 
without  the  corresponding  chemical  action  being 
apparent.  But  if  a  conductor  of  the  first  class 
directly  touches  an  electrolyte,  whenever  there  is 
a  movement  of  electricity  there  is  also  a  produc- 
tion of  the  ions  at  the  surface  of  contact,  and  the 
chemical  effects  become  apparent.  As  proposed 
by  I'araday,  the  surfaces  of  metallic  conductors, 
where  they  touch  the  electrolytes,  are  called 
electrodes.  The  surface  at  which  the  anions  ap- 
pear is  called  the  anode,  and  that  whereat  the 
cations  appear  is  called  the  cathode. 

Faraday  also  formulated  the  general  law  to 
which  all  movement  of  electricity  in  electrolytes 
is  subject.  In  every  electrolyte  the  quantity  of 
ion  separated  out  is  proportional  to  the  quantity 
of  electricity  which  has  passed  through,  and  the, 
same  quantity  of  cleetricity  passing  through  dif- 
ferent electrolytes  separates  quantities  of  the  dif- 
ferent ions  that  arc  in  the  ratio  of  the  chemical 
cqiiivalents  of  those  ions.  In  these  propositions 
it  has  been  assumed  for  simplicity's  sake  that  the 
ions  are  actually  separated  out  at  the  electrodes, 
but  this  is  not  essential  for  the  truth  of  Fara- 
day's law.  The  following  wording  completely 
expresses  the  actual  meaning  of  Faraday's  law  : 
Electricity  can  move  in  electrolytes  only  simul- 
taneously with  the  ions,  and  so  that  chemically 
equivalent  quantities  of  the  different  ions  cai-ry 
with  them  equal  quantities  of  positive  or  of 
negative  electricity. 

We  arrive  at  a  perfectly  appropriate  concep- 
tion of  the  nature  of  electrolytic  conduction  if 
we  assume  that  each  equivalent  of  the  different 
ions  possesses  an  equally  large  capacity  for 
electricity,  or,  to  use  the  words  of  Helmholtz, 
I  '  the  electricity  in  electrolytes  behaves  as  if  it 
were  divided  into  equal  atoms.' 

In  applying  Faraday's  law,  it  is  important 
that  we  should  keep  in  mind  the  difference 
between  the  equivalent  and  the  atom ;  the 
equivalent  weight  is  equal  to  the  atomic  weight 
divided  by  tlie  valency.  Thus  the  same  quantity 
of  electricity  travels  with  107  g.  of  silver,  i  x  C5-5g. 
of  zinc,  and  i  x  27  g.  of  aluminium  ;  also  with 
35-5  g.  of  chlorine  there  travels  only  half  as 
much  electricity  as  with  96  g.  of  SO^.  As  an 
amplification  of  the  illustration  used  above,  we 
must  assign  to  each  atom  as  many  equal 
:  capacities  for  electricity  as  the  number  of 
valencies  it  possesses.  Perhaps  this  is  the  path 
by  which  in  the  future  we  may  arrive  at  an 
elucidation  of  the  nature  of  chemical  valency. 

The  truth  of  Faraday's  law  was  tested  by  its 
discoverer  himself  in  many  ways  [Ea^p.  Res. 
vii.  ser.).  He  convinced  himself  that  the  same 
quantity  of  dilute  sulphui'io  acid  was  always  de- 
composed by  the  same  current,  whether  the 
electrodes,  or  the  E.M.F.,  were  large  or  small. 
Nor  did  the  strength  of  the  acid  exert  any  influ- 
ence. Finally,  he  introduced  into  the  same 
circuit  dilute  sulphuric  acid  and  tin  chloride, 
lead  chloride,  or  lead  borate,  or  he  led  the  same 
current  through  different  beakers  with  dilute  sul- 
I  pliuric  acid,  using  electrodes  of  different  metals; 
in  all  cases  he  found  his  law  verified.  Later  on, 
other  investigators  have  tested  whether  part  of 
the  electricity  is  not  perhaps  conducted  through 
electrolytes  in  the  same  way  as  through  metals, 
but  no  trace  of  this  has  been  discovered  ;  in 
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every  case  the  electricity  passed  through  has 
been  strictly  proportional  to  the  quantity  of  ion 
separated  out.  And  the  law  of  equivalency  has 
also  proved  itself  so  correct  that  it  has  been 
used  lately  as  a  means  for  determining  equivalent 
weights,  and  hence  atomic  weights. 

The  cases  in  which  the  same  element  exhibits 
different  valencies  according  to  circumstances  are 
of  special  interest.  Many  such  cases  have  been 
examined  by  Regnauld  (A.  Ch.  [4]  11),  who 
formed  cells  by  taking  platinum  and  different 
metals,  along  with  the  corresponding  electrolytes, 
and  then  determined  the  quantities  of  metal 
dissolved  when  equal  quantities  of  electricity  had 
been  allowed  to  pass.  Thus  it  was  found  that 
mercury  in  dilute  nitric  acid  has  the  equivalent 
200,  since  it  is  changed  into  HgNO,,  a  compound 
of  mono-valent  mercury ;  in  a  solution  of  potas- 
sium cyanide  it  has  the  equivalent  100,  because 
it  becomes  Hg(CN)2,  in  which  the  mercury  is  di- 
valent. Similarly,  copper  in  hydrochloric  acid 
forms  CuCl  and  has  the  equivalent  63'4 ;  in 
nitric  acid  it  forms  Cu(N03)2,  and  has  the  equiva- 
lent 31-7.  Tin  scarcely  ever  passes  into  solution 
except  as  a  di-valent  element ;  it  is  only  in 
alkaline  polysulphides  and  in  a  solution  of  caustic 
potash  containing  nitre  that  it  acts  as  a  tetra- 
valent  element.  Tellurium  also  can  be  made  to 
act  as  a  di-valent  and  a  tetra-valent  element.  It 
is  known  that  the  elements  mentioned  show  quite 
different  reactions  in  their  solutions,  according 
as  they  are  present  as  mercurous  or  mercuric,  as 
stannous  or  stannic  compounds,  &e.  Hence  in 
these  cases  the  nature  of  the  chemical  reactions 
depends  on  the  quantity  of  electricity  with  which 
the  ions  are  combined. 

This  is  the  place  to  refer  back  to  a  mis- 
understanding concerning  the  law  of  Faraday 
into  which  Berzehus  first  fell,  and  which  has 
recurred  many  times  since.  As  has  been  men- 
tioned, Berzelius  saw  in  this  law  a  contradic- 
tion to  his  theory,  and  tried  to  refute  it  by  the 
following  argument :  if  equal  quantities  of 
electricity  were  required  for  the  decomposition 
of  equivalent  quantities  of  the  most  diverse 
compounds,  it  would  follow  that  these  could  be 
decomposed  by  equal  forces ;  this,  however,  is 
not  possible,  since  the  different  substances  are 
evidently  held  together  by  quite  different  forces 
of  affinity.  Prom  the  illustration  given  above  it 
can  be  seen  that,  contrary  to  the  assumption  of 
Berzelius  (which,  however,  was  very  excusable, 
considering  the  state  of  electrical  science  at 
that  time),  Faraday's  law  does  not  in  any  way 
deal  with  forces,  but  rather  with  quantities  of 
electricity.  Comparing  electrical  decomposition 
to  the  raising  of  water  out  of  wells  by  means  of 
buckets,  Faraday's  law  asserts  that  in  spite  of 
the  differences  in  the  depths  of  the  wells,  the 
size  of  the  buckets  is  always  the  same.  We  would 
fall  into  an  error  similar  to  that  of  Berzelius  if 
we  concluded  from  the  equal  size  of  the  buckets 
that  the  work  necessary  for  raising  the  water  out 
of  all  the  wells  of  different  depths  was  the  same. 
The  illustration  also  shows  directly  wherein  the 
diiferences  in  chemical  work,  corresponding  to 
the  different  depths  of  the  wells,  assert  them- 
selves, namely  not  in  the  quantities  of  electricity 
required,  but  in  the  differences  of  potential. 

Electrolytes  and  ions.  It  follows  from 
the  nature  of  an  electrolyte  that  it  must  be  a 


compound  substance,  since  otherwise  its  parts 
or  ions  could  not  transport  the  electricity  in  both 
directions.  Yet  all  compounds  do  not  possess 
the  power  of  conducting  electricity.  In  particu- 
lar, we  do  not  know  of  any  substance  hquid  at 
the  ordinary  temperature  which  is  an  electrolyte  ; 
amongst  pure  substances  it  is  only  the  salts 
melted  at  a  higher  temperature  which  conduct 
at  all  appreciably. 

On  the  other  hand,  all  substances  having  the 
character  of  salts,  acids,  and  bases  possess  electric 
conductivity  when  in  aqueous  solution.  In  these 
cases  the  water  exerts  a  specific  influence,  since 
solutions  of  the  same  substances  in  alcohol  con- 
duct much  less  if  at  all ;  and  solutions  in  ether, 
carbon  disulphide,  and  similar  solvents  are 
scarcely  conductive. 

There  are  two  factors,  therefore,  which  are 
necessary  for  the  production  of  electric  conduc- 
tivity, i.e.  the  nature  of  the  substance  and  the 
condition  in  which  it  is. 

In  electrolysis  the  molecule  of  the  conducting 
compound  appears  to  be  split  into  two  parts. 
There  can  be  no  doubt  as  to  what  these  parts 
are  with  substances  such  as  chloride  of  silver 
or  potassium  iodide ;  since  they  consist  of  two 
elements  only,  the  metal  must  be  one  ion  and  the 
halogen  the  other.  The  question  gets  more 
doubtful  with  ternary  compounds,  such  as  nitric 
acid,  sodium  acetate  NaCOjCHj,  or  ammonium 
chloride  NH^Cl.  Since,  however,  no  important 
distinction  manifests  itself  in  the  behaviour  of 
these  substances  and  those  mentioned  above,  it 
is  simplest  and  most  obvious  to  assume  that  their 
ions  correspond  to  those  of  the  substances  first 
named.  Hence  the  ions  of  nitric  acid  are  H  and 
NOj,  those  of  sodium  acetate  Na  and  CO2CH3, 
and  those  of  ammonium  chloride  NH^  and  CI. 

It  is  possible  to  examine  this  assumption  on 
the  basis  of  Faraday's  law.  In  the  electrolysis 
of  potassium  sulphate  as  much  oxygen  and 
hydrogen  are  obtained  as  from  the  electrolysis  of 
dilute  sulphuric  acid  by  means  of  the  same  cur- 
rent, but  in  addition  to  this  there  is  found  at  the 
anode  an  equivalent  quantity  of  free  sulphuric 
acid,  at  the  cathode  a  corresjjonding  quantity  of 
free  caustic  potash.  If  we  assume  with  Berzelius 
that  the  current  has  decomposed  the  potassium 
sulphate  into  potassium  oxide  and  sulphur  tri- 
oxide,  K,0  and  SO3,  which  combine  with  the 
water  to  form  2K0H  and  H^SO,,  we  should  have 
to  assume  further  that  the  same  current  had  in 
the  same  electrolyte  simultaneously  decomposed 
an  equivalent  quantity  of  water.  But  this  is  in 
contradiction  to  the  law  of  Faraday.  If  we  as- 
sume, however,  that  the  ions  are  K„  and  SO^,  it  is 
comprehensible  that  the  potassium  separated  out 
should  act  on  the  water  of  solution,  evolving 
hydrogen,  according  to  the  equation  2K  +  2H2O 
=  2KOH-i-H2;  in  like  manner  the  ion  SO^  acts 
on  the  water  and  forms  sulphuric  acid  and 
free  oxygen,  according  to  the  equation  HjO  +  SO, 
=  H2S04-i-0.  With  those  metals  which  do  not 
decompose  water,  such  as  zinc,  copper,  and 
silver,  we  actually  obtain  the  metal  only  at  the 
cathode ;  and  similarly,  solutions  of  chlorides, 
bromides,  and  iodides  do  not  generally  give  free 
oxygen,  but  free  halogen. 

It  is  necessary,  therefore,  to  distinguish  care- 
fully between  the  primary  and  the  secondary 
effects  of  electrolysis.  The  primary  effects  consist 
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in  the  separation  of  the  ions  at  the  electrodes. 
But  since  the  ions  do  not  continue  to  exist  as 
such  after  having  given  up  their  electricity,  they 
undergo  further  changes  according  to  circum- 
stances. The  simplest  case  is  that  of  the  metallic 
ions,  when  these  (fennot  act  on  the  water ;  they 
simply  become  solid  or  liquid  metals.  So  also 
the  separated  atoms  of  the  halogens  pass  on,  com- 
bining into  gaseous  chlorine,  Cl„,  or  into  the 
molecules  of  the  dissolved  bromine  or  iodine. 

The  metals  which  decompose  water  can  still 
be  obtained  in  the  metallic  state  when  water  is 
escluded  or  reduced  to  as  small  a  quantity  as  is 
possible.  A  classical  example  of  this  is  furnished 
by  the  electrolysis  of  slightly  moistened  potash, 
by  means  of  which  H.Davy  discovered  potassium. 
The  electrolysis  of  molten  salts,  that  of  the 
chlorides  especially,  furnishes  a  means  for  pre- 
venting the  secondary  reaction  of  the  metals ; 
such  electrolyses,  which  had  first  been  used  by 
Bunsen  for  scientific  investigations,  have  ob- 
tained at  the  present  time  great  technical  im- 
portance in  the  production  of  magnesium  and 
aluminium. 

Complex  cations  of  the  type  of  ammonium, 
NH,,  are  very  unstable,  and  until  recently  it 
was  doubtful  whether  the  so-called  ammonium 
amalgam,  which  is  obtained  on  using  a  mer- 
cury cathode  in  the  electrolysis  of  ammonium 
chloride,  really  contained  the  compound  radicle 
NH^.  By  measurements  of  another  kind  (viz.  of 
the  electromotive  force)  the  existence  of  am- 
monium in  the  amalgam  has  now  been  iilaced 
beyond  a  doubt. 

The  compound  anions  as  such  are  all  of  them 
very  unstable.  Many  of  them,  such  as  the  anions 
■of  the  nitrates,  phosphates,  sulphates,  &c.,  sim- 
ply act  on  the  water  by  taking  up  from  it  the 
hydrogen  required  to  produce  acids,  and  liberate 
the  oxygen.  The  latter,  which  appears  in  the 
nascent  state,  is  capable  of  bringing  about  power- 
ful oxidising  effects.  If,  for  instance,  lead  or 
manganese  salts  are  electi'olysed,  the  oxygen 
acts  on  the  dissolved  metal  and  separates  it 
at  the  anode  as  peroxide.  In  other  cases  the 
anion  splits  up  into  more  stable  compounds. 
Thus  in  the  electrolysis  of  formates  we  obtain 
carbon  dioxide  and  hydrogen  from  the  ion  HCOO, 
according  to  the  equation  2HC00  =  H,  +  2C0... 
The  acetates  give  carbon  dioxide  and  ethane 
2CH3CO,  =  C2H,-f2CO„  and  similarly  the  salts 
of  the  higher  fatty  acids  give  the  corresponding 
paraffins. 

In  some  cases  the  secondary  action  can  take 
place  in  another  direction  ;  in  this  manner  the 
formates  can  produce — instead  of  hydrogen  and 
carbonic  acid — water,  carbon  dioxide,  and  carbon 
monoxide,  as  is  shown  in  the  following  equation, 
2HC02  =  H,0-hCO  +  CO.,.  In  most  cases  such 
secondary  processes  take  place  along  with  the 
primary  actions,  and  the  proportion  between  the 
two  depends  on  external  circumstances,  tem- 
perature, concentration,  current-density,  &c. 

In  a  few  cases  it  is  somewhat  difficult  to 
recognise  the  primary  or  secondary  character 
of  a  product  of  electrolysis.  On  electrolysing 
potassium  silver  cyanide  or  sodium  platinichlor- 
ide,  silver  or  platinum  separates  at  the  cathode, 
so  that  it  seems  as  if  the  silver  cyanide  or  the 
platinichloride  were  decomposed  primarily.  This, 
however,  would  be  an  erroneous  view,  since  the 


ions  of  the  salts  are  K  and  Ag(CN)o,  and  Na.,  and 
PtClg  respectively,  and  the  heavy  metals  are  only 
secondarily  reduced  from  the  solutions  by  the 
alkali  metals.  We  can  convince  ourselves  of  this 
by  using  small  electrodes  and  strong  currents, 
when  the  salt  near  the  cathode  is  soon  used  up, 
and  potassium  (or  sodium),  or,  more  correctly, 
hydrogen  which  has  been  formed  secondarily, 
separates.  More  distinct  proof  of  the  nature  of 
the  ions  is,  however,  obtained  by  studying  the 
migration  of  the  ions,  to  be  discussed  later. 

So  far  the  assumption  has  been  made  that 
the  ions  exert  no  action  on  the  metal  of  the 
electrode ;  this,  however,  is  not  always  correct. 
Only  a  few  metals  when  used  as  anodes  offer  i-e- 
sistance  to  the  chemical  attack  of  the  anions.  If 
the  metal  can  combine  with  the  anion  it  forms 
the  corresponding  salt,  which  either  dissolves  in 
the  water  of  solution,  or,  if  insoluble,  remains 
attached  to  the  electrode  and  often  interrupts 
the  current.  But  also  when  used  as  cathodes 
the  metals  often  combine  with  the  cation  ;  thus 
mercury  forms  amalgams,  and  the  hydrogen 
separated  at  the  cathode  is  occluded  in  greater 
or  smaller  quantities,  especially  by  palladium 
and  platinum,  and  also  by  iron.  In  other  cases 
the  cathode  simply  becomes  coated  with  a  layer 
of  the  corresponding  metal,  which  separates  more 
or  less  uniformly  according  to  its  nature  and  that 
i  of  the  electrolyte.  These  processes  are  used  for 
coating  substances  v^hich  are  conductors,  or  if 
non-conductors,  whose  surfaces  at  least  have 
been  made  conductive;  such  processes  have  also 
been  employed  for  galvanoplastic  coating  with 
gold,  silver,  copper,  etc. 

The    constitution    of  electrolytes. 
It  has  already  been  remarked  that  all  compounds 
are  not  electrolytes,  and  that  some  substances 
which  do  not  conduct  electrolytically  by  them- 
selves obtain  this  power  when  dissolved  in  certain 
solvents,  especially  in  water.  From  this  it  follows 
that  electrolytes  have  a  special  constitution  with 
which  their  special  property  is  connected.  The 
I  question  as  to  what  this  constitution  is  has 
I  scarcely  been  raised  yet,  much  less  has  it  been 
1  answered.    This  is  because  most  of  the  com- 
I  pounds  known  in  the  days  of  the  electrochemical 
I  system  of  Berzelius  were  electrolytes,  and  later 
i  on,  when  many  organic  compounds,  which  are 
I  mostly  non-electrolytes,  were  discovered,  the 
j  electrochemical  theory  had  been  given  up,  and 
I  the  interest  in  it  had  disappeared.    The  first 
I  investigator  who  proposed  the  question  clearly 
j  — and  who,  as  far  as  he  could,  answered  it — was 
Hittorf.  Ke  it  was  who  established  the  proposi- 
tion '  electrolytes  are  salts.'    Under  the  name 
of  '  salt '  Hittorf  comprised  all  those  comjDOunds 
which  are  capable  of  exchanging  their  consti- 
tuents within  the  shortest  time.    Hence  along 
with  the  salts  proper  must  be  classed  acids  and 
bases. 

By  enunciating  this  law,  Hittorf  was  the  first 
to  draw  attention  to  a  most  important  relation 
which  has  become  the  starting-point  for  the  due 
comprehension  of  the  constitution  of  electrolytes. 
The  power  to  conduct  electricity  and  the  power 
to  exert  chemical  reactions  are  so  closely  parallel 
that  both  must  be  considered  as  the  outcome  of 
the  same  cause.  This  cause,  however,  has  to  be 
looked  for  in  the  constitution  of  the  electrolytes 
themselves. 
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Electrolytic  conduction  is  brought  about  by 
the  positive  and  negative  electricities  moving 
through  the  conductor  bound  to  their  ponder- 
able carriers,  the  ions  ;  it  is  necessary,  therefore, 
to  assume  a  considerable  mobility  of  the  ions. 

And,  further,  electrolytic  conduction  occurs  in 
consequence  of  any  diiJerence  in  potential,  how- 
ever small.  It  is  necessary,  therefore,  as  was 
already  pointed  out  by  Clausius  (P.  101,  338), 
that  in  every  electrolyte  there  should  be  present 
a  certain  number  of  ions  capable  of  moving 
freely,  i.e.  in  every  electrolyte  a  portion  of  the 
salt-like  comijound  which  produces  the  conduc- 
tion nmst  be  partly  split  up  into  ions.  Clausius 
left  undecided  how  great  this  portion  is,  as  he 
possessed  no  means  to  determine  it.  To  the 
chemists  who,  in  consequence  of  a  peculiar 
shifting  of  judgment,  considered  electrolytes 
generally  as  si^ecially  stable  comj)ounds,  he  made 
the  concession  that  this  portion  might  be  very 
small.  In  the  imagery  of  the  kinetic  hypothesis 
he  conceived  that,  owing  to  the  collision  of  the 
molecules  of  the  electrolyte  with  each  other  and 
with  those  of  the  solvent,  one  or  other  occa- 
sionally splits  into  its  constituents,  and  so  gives 
the  necessary  free  ions. 

It  is  now  possible  to  urge  similar  considera- 
tions from  the  chemical  side.  While  gaseous 
substances  at  the  ordinary  temperature  react 
but  seldom,  acids,  bases,  and  salts  dissolved  in 
water  do  so  instantaneously.  A  mixture  of 
oxygen  and  hydrogen  does  not  form  water  until 
it  has  been  heated  to  between  400°  and  500°  ;  a 
mixture  of  hydrochloric  acid  and  potash,  how- 
ever, when  in  aqueous  solution,  passes  so  quickly 
into  potassium  chloride  that  it  has  been  found 
impossible  as  yet  to  determine  the  time  required 
for  the  change,  and  yet  in  the  first  case  68,000  cal. 
of  heat  are  produced,  while  in  the  second  the 
heat  produced,  or  the  energy  liberated,  is  only 
13,700  cal. — that  is,  five  times  less.  In  general, 
non-electrolytic  solutions  also  react  with  each 
other  extremely  slowly.  An  example  of  this  is 
afforded  by  the  means  which  must  be  taken  to 
hasten  the  reactions  of  non-electrolytes,  and 
especially  of  organic  compounds ;  this  has  to  be 
done  by  heating  the  reacting  mixtures,  often 
under  increased  pressure.  For  the  formation  of 
acetic  ether  from  a  mixture  of  alcohol  and  acetic 
acid — that  is,  for  a  process  intimately  connected 
with  that  of  the  formation  of  salts — at  least  ten 
years  are  needed,  at  the  temperature  of  the  room, 
before  it  has  approximately  attained  the  end 
which  under  these  conditions  it  can  reach.  From 
the  chemical  point  of  view,  therefore,  it  is  neces- 
sary to  suppose  that  compounds  which  react  in- 
stantaneously— that  is,  electrolytes — possess  a 
special  mobility  of  their  parts  or  ions ;  and  that 
it  is  the  constituents  of  '  salts  ' — the  term  being 
used  in  the  widest  sense — which  are  the  ultimate 
causes  of  electrolyses  as  well  as  of  chemical  re- 
actions. These  constituents  of  salts  are,  on  the 
one  hand,  the  metals,  the  metallic  radicles,  and 
hydrogen  ;  on  the  other  hand,  the  halogens,  the 
acid  radicles,  and  hydroxyl.  It  is  possible,  there- 
fore, to  apply  to  shbstances  which  react  rapidly 
—that  is,  to  salts,  as  this  term  was  used  by 
Hittorf — the  same  kinetic  considerations  as  were 
made  use  of  by  Clausius  to  show  the  presence  of 
ions  in  electrolytes. 

We  are  now  confronted  on  both  sides  by  the 


question  of  how  great  is  the  proportion  of  free 
ions,  or  of  decomposed  molecules,  in  solution  of 
electrolytes.  The  fact  that  a  maximum  reacting 
power  exists  for  a  given  class  of  substances  is  in 
contradiction  to  the  assumption  that  this  propor- 
tion is  inappreciably  small.  It  has  already  been 
explained  (compare  the  article  Affinity)  how  the 
substances  which  have  been  most  carefully  ex- 
amined from  this  point  of  view — the  acids — exert 
their  chemical  reactions  according  to  a  definite 
co-efficient  which  is  characteristic  of  each  acid. 
This  co-efficient — which  can  be  determined,  for 
instance,  by  means  of  the  velocity  of  inversion 
of  cane  sugar — cannot  be  increased  at  will,  and 
does  not  exceed  a  definite  maximum  value,  which 
maximum  is  possessed  by  hydrochloric  acid,  nitric 
acid,  benzenesulphonic  acid,  &c.  All  the  condi- 
tions— such,  for  instance,  as  the  introduction  of 
oxygen,  sulphur,  or  halogen  into  the  molecule — 
which  increase  the  velocity  of  reaction  of  weak 
acids  are  without  any  measurable  effect  on  the 
strongest  acids.  From  this  it  follows  that  the 
circumstance  which  is  the  cause  of  the  velocity 
of  reaction — that  is,  the  unimpeded  mobility  of 
the  ions  — has  in  these  substances  already 
reached  its  highest  degree,  or  is  at  least  very 
near  to  it,  since,  in  opposition  to  Clausius  and 
to  the  views  current  till  now,  we  must  assume 
that  in  aqueous  solutions  of  these  strong  acids  it 
is  not,  perhaps,  a  few  hundredths  or  thousandths 
of  the  molecules  present  which  are  split  into 
their  ions,  btU  rather  that  by  far  the  greater 
part  of  the  electrolyte  is  split  into  ions. 

A  similar  conclusion  can  be  drawn  from  the 
degree  in  which  electrolytes  conduct  the  current. 
The  more  detailed  consideration  of  this  subject 
will  be  taken  up  presently.  Here  it  will  only  be 
mentioned  that  the  results  of  these  investigations 
agree  completely  with  those  on  the  velocities  of 
reactions. 

A  third  entirely  independent  verification  of  the 
unexpected  conclusion  that  aqueous  solutions  of 
the  strong  acids  are  nearly  completely  disso- 
ciated can  be  gained  from  a  study  of  the  pro- 
perties of  these  solutions. 

Only  so  much  of  van't  Hoff's  theory  of  solu- 
tions {Z.  P.  C.  1,  481)  as  is  necessary  for  under- 
standing the  constitution  of  electrolytes  will  be 
explained  here. 

The  fundamental  idea  of  van't  Hofi's  theory 
is  as  follovfs.  The  physical  properties  of  gases, 
and  especially  the  relations  between  pressure, 
volume,  and  temperature,  are  practically  inde- 
pendent of  the  special  nature  of  the  substance, 
while  such  an  independence  does  not  exist  with 
liquid  and  solid  substances.  The  cause  of  this 
phenomenon  may  be  sought  in  the  fact  that  the 
smallest  parts  or  molecules  of  gases  are  always 
at  such  a  distance  apart  that  they  are  not  capable 
of  exerting  an  action  on  each  other.  In  liquid 
and  solid  substances,  however,  the  molecules  are 
in  close  proximity,  and  exert,  therefore,  their 
specific  reciprocal  actions.  But  there  is  another 
condition  in  which  the  molecules  of  a  substance 
are  relatively  distant  from  each  other,  namely, 
when  the  substance  is  present  in  a  solvent  in  the 
state  of  a  dilute  solution. 

We  should  expect,  therefore,  that  in  this  state 
matter  would  be  subject  to  laws  analogous  to 
those  which  hold  for  gases. 

The  first  property  characteristic  of  gases  is 
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their  power  of  extending  uniformly  through  any 
given  space.  Sokitions  exhibit  the  same  pecu- 
liarity. When  the  pure  solvent  is  placed  over 
the  solution  of  any  substance,  the  substance 
begins  directly  to  enter  into  the  solvent  (the  pure 
solvent  playing  the  part  of  a  vacuum),  and  the 
movement  does  not  cease  until,  as  with  gases, 
the  substance  is  uniformly  distributed  through 
the  whole  space.  The  only  apparent  difference 
is  that  in  the  case  of  gases  this  process  is  com- 
pleted in  a  very  short  time,  while  with  solutions 
months,  and  even  years,  are  needed  in  order  to 
bring  it,  practically  speaking,  to  an  end.  This 
movement  can  be  impeded  by  introducing  between 
the  solution  and  the  pure  solvent  a  partition 
which  allows  the  passage  of  the  latter  but  not  of 
the  former.  Such  a  '  semi-permeable  '  partition 
can  be  produced  by  saturating  a  porous  clay  cell, 
for  instance,  with  a  solution  of  copper  sulphate, 
washing  the  cell,  and  filling  it  with  a  solution  of 
potassium  ferrocyanide.  A  pp.  of  amorphous 
copi^er  ferrocyanide  is  thus  formed  in  the  jjores 
of  the  clay,  and  this  pp.  allows  the  passage  of 
■water  through  it,  but  does  not  allow  various  other 
substances  to  pass.  In  order  to  arrive  at  a  con- 
ception of  the  cause  of  such  a  property  we  can 
imagine  that  the  pp.  of  copper  ferrocyanide  acts 
as  a  filter  which  allows  the  passage  of  the  smaller 
water  molecules,  while  it  retains  the  larger  mole- 
cules of  the  dissolved  substance. 

W.  Pfefi'er,  who  has  studied  such  cells  very 
thoroughly,  found  that  if  the  cells  are  closed  a 
very  considerable  amount  of  pressure  is  produced 
in  their  interior.  A  1  p.c.  solution  of  sugar  pro- 
duces a  pressure  of  more  than  50  cm.  of  mercury ; 
a  solution  of  nitre  of  equal  strength  gives  pres- 
sures of  between  three  and  four  atmospheres. 
Pfeffer  also  found  that  the  pressures  increased, 
at  constant  temperature,  to  maximum  values, 
which  remained  constant  as  long  as  the  partition 
remained  intact.  These  pressures  proved  to  be 
proportional  to  the  concentrations,  and  further, 
they  increased  with  a  rise  of  temperature. 

According  to  van't  Hoff,  this  pressure,  the 
'  osmotic  pressure,'  is  to  be  looked  on  as  ana- 
logous to  the  gaseous  pressure.  It  is  possible  to 
form  a  similar  conception  of  its  cause  as  is 
formed  of  the  cause  of  gaseous  pressure  ;  the 
molecules  of  liquids,  like  the  molecules  of  gases, 
possess  a  quantity  of  kinetic  energy  which  is  pro- 
portional to  the  temperature.  The  solvent — for 
instance,  the  water— can  pass  through  the  semi- 
permeable wall,  and  since  it  is  present  on  both 
sides  its  pressure  is  the  same  on  both.  The  sub- 
stance dissolved,  however,  bombards  the  wall 
from  one  side  only,  and  thus  a  pressure  is  set  up. 
This  view — which,  however,  is  only  hypothetical, 
and  which  can  be  accepted  or  rejected  v/ithout 
the  theory  itself  being  called  in  question — has 
been  objected  to  on  the  ground  that  if  it  were 
true  a  weak-walled  vessel  must  needs  be  broken 
by  a  solution  placed  in  it.  But  this  assertion 
overlooks  the  important  point  that  the  osmotic 
pressure  can  exert  itself  only  within  the  solution. 
If  we  imagine  for  simplicity's  sake  a  drop  of  a 
solution  floating  in  space,  it  is  true  that  a  pres- 
sure due  to  the  substance  dissolved  will  be 
exerted  on  the  internal  surface  of  the  drop,  which 
pressure  may  easily  amount  to  100  atmospheres. 
But  to  this  pressure  there  is  opposed  the  normal 
capillary  pressure  of  the  liquid,  the  magnitude  of 


which  we  do  not  yet  know  very  exactly,  but  of 
which  we  can  assert  that  it  has  to  be  measured 
by  thousands  of  atmospheres  (in  the  case  of 
water  it  is  approximately  20,000  atmospheres). 
Hence  this  pressure  is  under  all  circumstances 
quite  sufficient  to  maintain  equilibrium  with  the 
osmotic  jsressure,  and  the  only  effect  of  the 
latter  is  to  slightly  increase  the  volume  of  the 
solution. 

It  has  been  shown  by  van't  Hoff  that  the 
laws  of  osmotic  pressure  exactly  coincide  with 
those  of  gases.  Boyle's  law  enunciates  that 
pressure  and  volume  are  inversely  proportional . 
Pfeffer's  law  says  that  pressure  and  concentra- 
tion (or  density)  are  proportional ;  this  agrees 
with  Boyle's  law.  Further,  the  law  of  Gay- 
Lussac  tells  us  that  at  constant  volume  (or  at 
constant  density)  the  pressure  of  a  gas  increases 
with  the  temperature,  and  that  for  each  degree 
it  does  so  by  of  the  value  at  0°.  A  similar 
thing  has  been  proved  by  van't  Hoff  from 
the  numbers  obtained  by  Pfeffer.  And  finally 
for  gases  we  have  the  law  of  Avogadro,  that, 
temperature  and  volume  being  the  same,  equi- 
molecular  quantities  of  different  gases  exert  the 
same  pressure.  Taking  the  molecular  weights 
in  grams,  and  taking  for  the  common  volume 
1  litre,  then  at  0°  this  pressure  is  equal  to  2'i-37 
atmospheres.  Now,  it  has  been  observed  by 
Pfeffer  that  the  osmotic  pressure  of  a  one  per 
cent,  solution  of  cane  sugar,  which  therefore  con- 
tains 10  g.  in  one  litre,  is  0'649  atmospheres  at  0°. 
The  molecular  weight  of  sugar  C|._>H.,,0,,  is  342  ; 
a  solution  containing  this  quantity  in  grams  in 
one  litre  would  exert  a  pressure  times  as  great 
— that  is,  a  pressure  of  22-2  atmosioheres.  This 
number  agrees  within  the  limits  of  experimental 
error  with  that  which  holds  good  for  gases;  and 
hence  Avogadro's  law  holds  also  for  solutions,  or, 
more  correctly,  so  far,  for  solutions  of  cane  sugar. 

The  question  whether  the  law  holds  for  other 
dissolved  substances  must  be  answered  in  the 
affirmative.  It  is  true  that  only  very  few 
measurements  of  osmotic  pressures  have  been 
made,  but  these  phenomena  are  so  closely  con- 
nected with  others  to  be  considered  shortly,  that 
it  has  been  possible  to  place  the  general  validity 
of  the  law  beyond  doubt. 

Let  us  imagine  a  solution  poured  into  a 
vessel  of  the  form  of  an  inverted  funnel,  the 
opening  of  which  is  closed  by  a  semi-permeable 
wall  in  contact  with  which  is  a  quantity  of 
the  pure  solvent.  Then  the  solution  will  rise 
in  the  tube,  because  of  the  greater  internal 
pressure,  and  equilibrium  will  be  established  only 
when  the  pressure  of  the  liquid  column  in  the 
tube  has  become  equal  to  the  osmotic  pressure. 
Let  this  arrangement  be  covered  by  a  bell-jar, 
from  which  the  air  has  been  completely  expelled  ; 
the  solution  will  then  be  surrounded  by  the  vapour 
of  the  solvent  only.  But  the  pressure  of  the 
vapour  is  slightly  smaller  in  the  upper  part  of  the 
bell-jar,  at  the  level  of  the  solution,  than  below 
at  the  level  of  the  pure  solvent,  and  it  is  smaller 
by  an  amount  which  is  equal  to  the  pressure  of 
the  weight  of  the  vapour  present  between  the  two 
levels.  Moreover,  it  is  by  this  amount  that  the 
vapour-pressure  of  the  solution  must  fall  short 
of  that  of  the  solvent,  because,  if  this  were  not 
the  case,  liquid  would  either  continually  evapo- 
rate, or  condense,  at  the  surface  of  the  solution; 
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in  consequence  of  the  osmotic  pressure,  the 
ohanges  in  level  produced  would  always  equalise 
themselves  again,  and  we  should  have  a  i[)er- 
petuum  motile,  which  is  impossible. 

It  follows,  therefore,  that  in  general  the 
vapour-pressure  of  a  liquid  must  decrease  when 
a  substance  is  dissolved  in  it,  and  that  this  takes 
place  according  to  laws  which  run  parallel  with 
those  of  osmotic  pressure. 

This  theoretical  conclusion  is  in  accordance 
with  observation.  It  has  been  found  by 
Wiilhier  (P.  103,  529)  that,  at  a  constant  tem- 
perature, the  decrease  of  the  vapour-pressure  of 
an  aqueous  solution  is  proportional  to  the  con- 
centration of  the  solution.  Babo  on  his  part  had 
established  that  the  ratio  between  the  vapour- 
pressures  of  the  pure  solvent  and  the  solution  is 
independent  of  the  temperature.  Both  results 
have  been  confirmed,  on  the  whole,  by  later  in- 
vestigations. Eaoult  especially  has  occupied 
himself  with  this  question ;  he  has  shown  that 
this  behaviour  is  general,  and  he  has  also  found 
thatequimolecular  weights  of  different  substances 
dissolved  in  the  same  solvent  produce  equal  di- 
Blinutions  of  the  vapour-pressure,  and  finally 
that  on  using  equimolecular  quantities  of  dif- 
ferent solvents  the  relative  diminution  in  the 
vapour-pressures  is  the  same.  If  /  stands  for  the 
vapour-pressure  of  the  solvent,  /'  for  that  of  the 
solution,  and  if  further  N  stands  for  the  number 
of  molecules  of  the  solvent  (in  gram-units),  n 
for  the  number  of  molecules  of  the  substance 
dissolved,  the  general  expression  holds 
/-/'_  n 
f  N4-w" 

While  Eaoult  discovered  this  law  empirically, 
van't  Hbff  has  deduced  it  theoretically  from  the 
laws  of  osmotic  pressure  [Z.  P.  C.l,  494). 

This  formula  can  be  used  for  determining 
the  molecular  weight  of  a  substance  in  solution. 
Let  p  grams  of  a  substance  with  unknown 
molecular  weight  m  be  contained  in  100  g.  of  the 
solvent,  the  molecular  weight  of  which  is  M ; 

then  ^  M  =  grams  of  substance  dissolved  in  one 
100 

molecular  weight  of  the  solvent ;  let  this  =  s ; 

then  putting  ?z.  =  — ,  and  N  =  l,  and  solving  the 
m 

sf 

equation  for  m,  it  follows  that  j»= 

f-f 

Finally,  a  third  set  of  phenomena  is  known, 
governed  by  similar  laws.  It  has  long  been 
known  that  salt  water  freezes  at  a  lower  tem- 
perature than  pure  water.  As  far  back  as  1788 
Blagden  (T.  1788)  established  the  fact  that  the 
lowering  of  the  freezing-point  of  a  solution  of 
salt  in  water  is  proportional  to  the  amount  of 
salt  dissolved.  Later  on,  Eudorff  (P.  114,  63)  re- 
discovered this  fact,  which  had  been  forgotten, 
and  de  Coppet  found  that  equimolecular  solu- 
tions of  salts  having  analogous  constitutions 
exhibited  equal  lowerings  of  the  freezing-points 
{A.  Ch.  [4]  23,  366).  Eaoult  discovered  that  the 
same  law  held  for  the  most  diverse  solvents. 
This  law  states  that  equimolecular  quantities  of 
whatever  substances  we  take,  added  to  a  constant 
quantity  of  the  solvent,  lower  the  freezing-point  by 
the  same  amount  {C.B.  1882).  Eaoult  thought 
for  a  time  that  the  lowering  of  freezing-point  was 
the  same  for  equimolecular  quantities  of  different 


solvents,  but  this  proved  to  be  erroneous.  Van't 
Hoff  has  deduced  this  important  relation  from 
the  laws  of  osmotic  pressure,  and  his  formula 
agrees  well  with  experiment  (Z.  P.  C.  1,  481). 

We  can  convince  ourselves  of  the  necessity 
of  these  relations  by  a.n  argument  similar  to 
that  used  in  order  to  prove  the  connection 
between  osmotic  pressure  and  change  of  vapour- 
pressure.  As  the  mechanical  theory  of  heat  tells 
us,  below  0°  the  vapour-pressure  of  ice  decreases 
more  rapidly  than  that  of  over-cooled  water.  A 
temperature  must  therefore  exist  whereat  a  salt- 
solution,  which  has  a  vapour-pressure  less  than 
that  of  water,  exhibits  the  same  vapour-pressure 
as  ice.  This  is  the  only  temperature  at  which 
the  solution  can  exist  side  by  side  with  ice,  as 
otherwise  a  perpetuzim  mobile  would  be  possible. 
Since,  therefore,  this  temperature,  which  is  the 
freezing-point  of  the  solution,  is  in  inseparable 
connection  with  its  vapour-pressure,  the  laws 
holding  for  the  one  must  also  hold  for  the  other, 
and  from  this  the  laws  already  stated  foUow  di- 
rectly.   Formulating  these  laws,  we  get  A  =  r-^, 

ml 

where  A  is  the  lowering  of  the  freezing-point,  I 
the  weight  of  the  solvent,  p  that  of  the  substance 
dissolved,  and  m  the  molecular  weight  of  the 
substance,  while  r  is  a  constant  dependent  on 
the  nature  of  the  liquid.    From  the  formula  it 

follows :  m  =         Having,  therefore,  once  for 

all  determined  the  constant  for  a  solvent,  it 
is  possible  to  find  the  molecular  weight  of  a 
substance  by  determining  the  lowering  of  the 
freezing-point  of  its  solution  in  that  solvent. 
Van't  Hoff  has  shown  that  the  constant  can  be 
deduced  thermo-dynamically  from  the  heat  of 
fusion  of  the  substance. 

If  we  now  apply  these  methods  for  determin- 
ing the  molecular  weights  of  dissolved  substances 
to  solutions  of  electrolytes,  we  find  that  the 
molecular  weights  appear  smaller,  and  hence  the 
number  of  molecules  in  solution  are  greater,  than 
correspond  with  the  formulas.  In  many  cases  the 
amount  of  this  deviation  is  very  considerable,  and 
its  existence  at  first  proved  a  great  obstacle  in 
the  way  of  van't  Hoff's  theory  of  solutions.  To 
Arrhenius  (Z.  P.  C.  1)  we  owe  the  means  of 
accounting  for  the  deviation.  The  views  pro- 
pounded by  this  investigator  have  shed  such  a 
flood  of  light  over  difficult  questions  in  chemistry 
and  physics  that  we  must  consider  the  work  of 
Arrhenius  to  be  one  of  the  most  important  ad- 
vances ever  made  in  this  and  in  allied  domains. 

Arrhenius'  idea  consists  in  ascribing  the  de- 
viations of  the  observed  from  the  calculated 
molecular  weights,  to  a  dissociation  of  the 
electrolytes  into  their  ions.  From  the  mag- 
nitude of  this  deviation  a  conclusion  can  be 
drawn  as  to  the  number  of  molecules  which  are 
dissociated  ;  the  problem  which  was  left  unsolved 
by  Clausius  thus  receives  its  solution. 

Eeserving  the  numerical  proofs  of  the  truth 
of  this  view  till  later  on,  it  is  proposed  to  deal 
first  with  some  possible  objections  and  diffi- 
culties of  a  general  nature. 

The  application  of  the  hypothesis  leads  to 
the  conclusion  that  in  moderately  dilute  solu- 
tions of  strong  acids  and  bases,  and  also  of 
normal  salts,  as  much  as  80  to  90  per  cent,  of 
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the  substance  in  solution  is  dissociated  into  its 
ions.  Hence  a  solution  of  potassium  chloride 
contains  little  else  than  ions  of  chlorine  and 
potassium.  How  is  it  that  the  chlorine  does  not 
escape  into  the  air  as  a  greenish  yellow  gas,  and 
the  potassium  does  not  act  on  the  water  ? 

The  answer  lies  in  the  consideration  that  the 
chlorine  which  we  know  as  a  greenish  yellow 
gas  is  the  electrically  neutral  molecule  CL,  and 
does  not  consist  of  the  separate  atoms  of  CI 
which  are  charged  with  a  large  amount  of  nega- 
tive electricity.'  The  potassium  again  is  not 
present  as  the  compact  metal,  but  in  the  form 
of  strongly  positively  charged  ions.  Considering 
the  great  differences  exhibited  by  allotropio  forms 
of  the  same  element  (oxygen  and  ozone,  red 
and  yellow  phosphorus,  &c.),  we  cannot  wonder 
that  in  these  cases  also  considerable  differences 
appear. 

And  it  is  further  possible  to  produce  solu- 
tions in  which  such  ions — as,  for  instance,  potas- 
sium— are  present  in  excess,  and  therefore  cer- 
tainly in  the  free  state.  For  this  purpose,  let  us 
imagine  two  vessels  filled  with  potassium  chloride 
solution  and  placed  on  an  insulating  stand,  and 
then  connected  conductively  by  means  of  a  syphon 
filled  with  the  solution.  Let  us  now  bring  near 
to  the  one  vessel  a  body  charged  with  negative 
electricity.  The  vessel  becomes  charged  posi- 
tively by  induction,  and  an  equivalent  quantity  of 
negative  electricity  moves  through  the  syphon 
into  the  second  vessel.  If  we  now  remove  the 
syphon,  and  then  the  body  charged,  the  first 
vessel  remains  charged  positively,  ther  second 
vessel  negatively.  So  far  the  experiment  con- 
tains nothing  that  is  new ;  it  is  the  elementary 
experiment  used  for  proving  the  inductive  effect 
of  electricity.  If,  however,  we  pay  attention  to 
the  fact  that,  according  to  the  law  of  Faraday, 
electricity  can  move  in  electrolytes  only  simul- 
taneously with  the  ions,  the  conclusion  is  in- 
evitable that  an  excess  of  potassium  ions  must 
be  present  in  the  vessel  charged  positively,  and 
the  same  excess  of  chlorine  ions  must  be  present 
in  the  vessel  charged  negatively.  These  excesses 
of  ions  are  maintained  as  long  as  the  electric 
charge  of  the  vessels  exists.  On  discharging  the 
vessels  the  ions  give  up  their  electricity,  and  the 
substances  appear  at  the  point  of  discharge  en- 
dowed with  their  usual  properties. 

Oviing  to  the  magnitude  of  the  quantities  of 
electricity  contained  in  the  ions,  the  question  may 
be  raised  whether  the  experiment  which  has  just 
been  indicated  really  can  be  carried  out.  Ostwald 
and  Nernst  have  shown  {Z.  P.  G.  3)  that  this  is 
actually  possible.  By  means  of  a  mercury  elec- 
trode contained  in  a  capillary  tube,  such  small 
quantities  of  hydrogen  can  be  observed  that  the 
experiment  becomes  quite  feasible.  Since  under 
ordinary  conditions  one  gram  of  hydrogen  occu- 
pies a  space  of  about  12,000  c.c,  a  small  bubble 
of  O'l  mm.  diameter,  which  one  can  still  see  with 
the  naked  eye,  has  a  weight  of  only  10"^°  g.,  and 
one  of  O'Ol  mm.  diameter,  which  can  be  seen 

'  From  the  number,  already  given,  of  96,510  coulombs, 
which  are  combined  with  1  g.  of  hydrogen  and  which  arc 
also  present  in  one  litre  of  normal  potassium  chloride  solu- 
tion— as  positive  electricity  on  the  potassium,  or  negative 
electricity  on  the  chlorine — it  is  possible  to  calculate  that 
this  quantity  of  electricity  would  suffice  to  charge  a  sphere 
of  an  approximate  diameter  of  10'"  cm. — which,  therefore, 
would  be  larger  than  the  whole  solar  system — to  a  potential 
of  one  volt. 


under  a  microscope,  has  a  weight  of  only  10"'^ g. 
This  is  as  small  a  quantity  of  matter  as  can  be 
recognised  in  any  way,  and  the  electricity  com- 
bined with  it  can  be  detected  in  an  apparatus  of 
very  moderate  dimensions. 

Thus  the  experiment  described  above  is  not 
only  conceivable,  but  feasible;  and  thus  it  is 
proved  that  free  ions,  such  as  those  of  potassium, 
can  be  present  in  aqueous  solutions  without  acting 
on  the  water. 

The  assumption  that  some  of  the  molecules 
of  electrolytes  are  split  into  ions  in  solutions 
explains  many  properties  of  these  solutions.  In 
the  following  paragraph  we  will  assume  for  sim- 
plicity's sake  that  the  splitting  up  is  complete — 
an  assumption  which  is  nearly  correct  in  the 
cases  of  salts,  strong  acids,  and  bases  ;  the  modi- 
fications which  must  be  introduced  into  these 
considerations  by  taking  into  account  the  portions 
not  split  up,  will  be  considered  afterwards. 

Let  us  consider,  first,  the  chemical  reactions 
of  electrolytes.  As  is  well  known,  certain  reac- 
tions are  used  in  analytical  chemistry  for 
indicating  definite  substances.  These  reactions 
must  take  place  quickly,  as  otherwise  they  would 
be  of  no  practical  use ;  hence  they  must  be  reac- 
tions between  ions.  If  asked  what  it  is  that  the 
ordinary  analytical  reactions  allow  us  to  recog- 
nise, we  are  inclined  to  answer,  the  different 
chemical  elements.  But  this  is  not  at  all  appro- 
priate. A  solution  of  a  salt  of  silver  is  called  a 
reagent  for  chlorine,  and  in  fact  by  its  help 
chlorine  can  be  detected  in  metalUc  chlorides. 
But  the  chlorine  in  potassium  chlorate  or  in 
monochloracetio  acid  cannot  be  detected  by 
means  of  silver  solution.  In  the  same  way  chlor- 
ides indicate  silver  ;  but  the  silver  in  potassium 
silver  cyanide  cannot  be  recognised  by  means  of 
chlorides.  The  different  oxyacids  of  sulphur 
also  give  quite  different  reactions,  though  they 
all  contain  the  same  elements ;  similarly,  the 
reactions  of  iron,  copper,  mercury,  tin,  &c.,  are 
quite  different,  according  to  the  degree  of  oxida- 
tion of  the  metal. 

These  examples  prove  that  it  is  not  the  ele- 
ments which  are  indicated  by  analytical  reactions. 
A  more  careful  consideration  shows  that  since  it 
is  the  ions  which  react,  the  ions  are  indicated  by 
the  analytical  tests. 

This  simple  proposition  removes  all  the  diffi- 
culties which  confronted  us.  If  a  solution  of 
silver  is  a  reagent  for  chlorine  ions,  naturally 
it  cannot  indicate  the  chlorine  in  potassium 
chlorate,  whose  ions  are  KandClO^;  nor  in  mono- 
chloracetio acid,  whose  ions  are  H  and  CHoClCO,. 
And,  conversely,  silver  is  indicated  by  chlorides 
only  where  it  appears  as  the  ion  ;  but  the  ions 
of  potassium  silver  cyanide  are  K  and  Ag(CN).,.  The 
behaviour  of  chloroplatinic  acid  HJPtCle  to- 
wards silver  solutions  is  specially  remarkable, 
a  behaviour  about  which  an  incredible  confusion 
has  reigned  in  chemistry,  because  it  has  always 
been  beUeved  that  its  chlorine  must  be  precipi- 
tated by  silver  solution  as  silver  chloride.  The 
matter  was  first  cleared  up  by  Jorgensen  (/.  pr. 
[2]  16),  who  found  that  no  silver  chloride  is 
formed  at  all,  but  rather  the  silver  salt  of  chloro- 
platinic acid  Ag.2PtClB ;  sodium  platinichloride 
is  completely  precipitated  by  two  equivalents  of 
silver  solution  only,  instead  of  by  six,  which 
correspond  to  the  proportion  of  chlorine. 
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Thus  the  so-ealled  anomalies  of  analytical  I 
reactions  are  fully  explained.  It  is  further  ex- 
plained why,  for  instance,  all  the  different 
sulphates  give  the  same  reaction  with  barium 
chloride.  The  nature  of  the  metal  is  of  no  ac- 
count, because  the  reacting  ion  SO4  is  not  com- 
bined with  the  metal  at  all,  but  exists  by  itself. 

It  is  a  remarkable  fact  that  similarly  con- 
stituted ions  give,  under  certain  conditions,  dif- 
ferent reactions.  According  to  this  view,  the 
iron  in  a  solution  of  FeCl^,  and  also  in  a  solution 
of  FeClj,  is  contained  as  an  ion ;  yet  the  two 
act  differently.  In  like  manner,  solutions  of 
K.,Fe(CN)„  as  well  as  those  of  K3Fe(CN)s,  con- 
tain the  same  negative  ion  Fe(CN)u,  and  these 
two  substances  give  quite  different  reactions. 
The  explanation  lies  in  recognising  that  these 
similarly  composed  ions  are  endowed  with  dif- 
ferent quantities  of  electricity  according  to  their 
valency.  Thus  iron  appears  divalent  and  tri- 
valent,  mercury  and  copper  monovalent  and 
divalent,  the  atomic  group  Fe(CN)g  tetravalent 
and  trivalent,  in  that  they  contain  correspond- 
ing numbers  of  positive  or  negative  electric  units 
or  '  atoms.' 

If  the  theory  developed  so  far  is  correct,  then 
all  properties  of  salt  solutions  must  be  of  an 
additive  nature  with  regard  to  the  two  ions — 
i.e.  their  properties  must  be  made  up  of  two 
parts,  one  of  which  depends  only  on  the  posi- 
tive ion,  and  the  other  only  on  the  negative  ion. 
This  fact  was  recognised  before  it  found  an 
explanation  in  terms  of  the  hypothesis  of  the 
independent  existence  of  ions  in  solutions. 
Arrhenius  drew  attention  to  this  fact  (Z.  P.  C.  1) 
when  he  was  establishing  his  theory.  Some 
examples  will  make  the  point  clearer. 

In  1874  Valson  enunciated  a  law  concerning  ! 
the  specific  gravities  of  salt  solutions  (C.  B.  73), 
which  he  called  the  latu  of  the  vioduli.  By 
means  of  it  the  specific  gravity  of  a  '  normal ' 
solution — that  is,  of  a  solution  containing  one 
equivalent  of  the  salt  in  grams  in  one  litre — of 
any  salt  can  be  found  by  adding  to  the  specific 
gravity  of  a  solution  of  ammonium  chloride 
(chosen  as  the  standard)  two  values,  one  of  which 
depends  on  the  metal  only,  and  the  other  on  the 
acid  radicle  only.  According  to  Valson,  these 
moduli  are  (NH^ClAq  of  specific  gravity  1015  being 
takenasthestandard):— K  =  30,Na  =  25,iCa  =  26, 
iMg  =  20,  iSr  =  55,  iBa  =  73,  ^Mn  =  37,  ^Fe  =  37, 
iZn  =  41,  iCu  =  42,  fCr  =  61,  iPb  =  103,  Ag  =  105 ; 
Br  =  34,  1  =  64,  186^  =  20,  N03  =  15,  ^00,=  14, 
HCO3  =  16.  To  these  are  added  the  value  zero 
for  NHj  and  CI.  These  values  allow  us  to  cal- 
culate the  specific  gravities  of  solutions  of 
14  X  7  =  98  salts,  and  the  calculations  agree  very 
well  with  experiment.  Later  on  (1883),  the  law 
was  confirmed  by  C.  Bender  (W.  20,  660),  and 
by  Nicol  (P.  M.  [5]  18,  179),  and  was  also  ex- 
tended by  the  first  named. 

A  similar  law  was  established  by  Gladstone 
(Pr.  16,  439)  for  the  refraction-equivalents  of 
salts.  Gladstone  expressed  his  generalisation  in 
the  form  that  the  difference  between  the  refrac- 
tion-equivalents of  the  salts  of  two  metals  with 
the  same  acid  is  always  the  same,  and  is  inde- 
pendent of  the  composition  of  the  acid.  The 
following  table  shows  how  the  values  agree  in 
the  cases  of  salts  of  potassium  and  sodium  ^yith 
acids  of  different  compositions  : —  ! 
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Potassium 

Sodiiun 

Difference 

Chloride 

18-44 

15-11 

3-3 

Bromide 

25-34 

21-70 

3-6 

Iodide 

35-33 

31-59 

3-7 

Nitrate 

21-80 

18-66 

3-1 

Hydrate 

12-82 

9-21 

3-6 

Alcoholate  . 

27-68 

24-28 

3-4 

Formate 

19-93 

16-03 

3-9 

Acetate 

27-65 

24-03 

3-6 

Tartrate 

57-60 

50-39 

3-6 

Carbonate  . 

34-93 

28-55 

2x3-2 

Bichromate 

79-9 

72-9 

2  X  3-5 

Hypophosphite  . 

26-94 

20-93 

2x3-0 

_  A  similar  law  exists  for  the  salts  of  strong 
acids,  but  with  the  weak  acids  the  differences 
are  much  greater.  We  are  now  in  a  position 
to  account  for  this  discrepancy,  which  was  left 
unexplained  by  Gladstone.  Since  the  weak 
acids  are  only  very  partially  split  into  their 
ions,  it  cannot  be  expected  that  hydrogen  as  an 
ion  should  have  the  same  refraction-equivalent 
as  it  has  in  the  undecomposed  compound. 

Gladstone  also  enunciated  the  general  law 
that  the  colour  of  the  solutions  of  salts  whose 
acid  or  whose  metal  form  coloured  compounds 
is  independent  of  that  of  the  other  constituent 
(P.  M.  [4]  14,  418).  If  we  consider  how  de- 
pendent colour  is  on  constitution  in  other  cases, 
this  fact  must  be  considered  as  a  specially  weighty 
proof  of  the  mutual  independence  of  the  ions. 

The  knowledge  of  the  fact  that  the  character- 
istic colours  of  salts  are  dependent  on  the  nature 
of  the  coloured  ion  only,  and  are  independent  of 
that  of  the  other  ion,  has  existed  for  a  very  long 
time,  almost,  as  one  might  say,  unconsciously. 
In  green  liquids  we  should  always  expect  nickel, 
in  red  ones  cobalt,  in  pale  blue  ones  coijper,  <fec. 
Some  exceptions  to  this  can  easily  be  explained. 
One  such  exception  is  that  most  copper  salts 
show  the  blue  colour  of  the  copper  ions,  while 
concentrated  solutions  of  copper  chloride  appear 
green.  The  cause  of  this  is  that  in  concentrated 
solutions  a  considerable  number  oi  undecomposed 
molecules  CuCl,>  are  present,  which  molecules  are 
coloured  a  deep  yellow,  as  can  be  seen  in  dry 
copper  chloride,  which  looks  almost  reddish 
brown.  This  yellow  colour  mixes  with  the  blue 
colour  of  the  copper  ions,  and  produces  the  green 
colouration.  From  the  fact  that  as  the  tempera- 
ture is  raised  the  green  colour  becomes  more 
intense,  it  must  be  concluded  that  with  rise  of 
temperature  more  molecules  CuClj  form  at  the 
cost  of  the  ions  (y.  Ostwald,  Z.  P.  C.  9,  579). 

Another  additive  property  has  been  found 
by  Marignac  (A.  Ch.  [5]  8,  410)  in  the  specific 
heats  of  salt  solutions.  This  property  is,  how- 
ever, partly  hidden  by  small  deviations  which, 
though  capable  of  explanation,  require  the  know- 
ledge of  some  quantities  the  measurement  of 
which  has  not  yet  been  undertaken. 

And,  further,  Ostwald  {J.pr.  [2]  18,  353)  has 
proved  such  relations  to  hold  in  a  fairly  exten- 
sive manner  for  the  volume-changes  accompany- 
ing neutralisation.  On  saturating  solutions  of 
potash,  soda,  and  ammonia  by  the  same  acid  the 
total  volume  changes  in  a  very  different  manner. 
These  volume-changes  are,  however,  governed 
by  the  law  that  on  saturating  two  bases  by  the 
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same  acid  the  difference  of  the  volume-changes 
is  independent  of  the  nature  of  the  acid ;  and  in 
like  manner  the  difference  in  the  volume-change 
on  saturating  two  different  acids  by  the  same 
base  is  uninfluenced  by  the  nature  of  the  base. 
Hence  the  volume-change  always  depends  on  two 
constants,  one  of  which  is  determined  by  the  acid 
only,  and  the  other  by  the  base  only;  the  specific 
nature  of  the  salt  formed  has  no  influence.  The 
following  table  shows  these  relations  : — 


!Po  1 3.5  siizm 

Snrlmnf> 

Am  Til  0 11  i  til 

20*0 

19'8 

—  6'4 

Hydrochloric  acid  . 

XJ  o 

—  DO 

H!ydrobron2ic  acid  . 

1  Q''^ 
X  J  o 

fvfi 

Hydriodic  acid 

19-8 

19-G 

-  6-4 

Formic  acid  . 

12-4 

12-1 

- 13-0 

Acetic  acid 

9-.5 

9-3 

-16-3 

Monochloracetic  acid 

10-9 

10-6 

-15-1 

Dichloracetic  acid  . 

13-0 

12-7 

-13-0 

Trichloracetic  acid. 

17-4 

17-1 

-  8-7 

Isopropionic  acid  . 

7-8 

7-7 

-17-8 

Butyric  acid  . 

7-0 

6-8 

-18-6 

Isobutyric  acid 

6-3 

6-1 

-19-3 

GlycoUio  acid. 

9-6 

9-8 

-16-5 

Lactic  acid 

8-3 

8-1 

-17-7 

Sulphuric  acid 

11-9 

11-5 

-14-4 

Oxalic  acid  . 

9-9 

9-7 

-16-1 

Succinic  acid . 

8-2 

7-9 

-17-6 

Malic  acid 

8-6 

8-5 

-17-4 

Tartaric  acid  . 

9-4 

9-2 

-17-0 

The  differences  between  the  corresponding 
members  of  two  horizontal  or  of  two  vertical 
columns  in  this  table  are  seen  to  be  constant 
within  the  limits  of  error.  The  all  but  complete 
equality  of  the  values  for  the  four  first-named 
acids,  which  are  almost  completely  split  up  into 
their  ions,  is  remarkable. 

The  most  striking  case  of  the  additive  pro- 
perties of  salt  solutions  is,  however,  given  by 
their  thermal  relations.  Hess  long  ago  esta- 
blished the  law  of  the  thermo-neutrality  of  salts; 
this  law  declares  that  there  is  no  thermal  effect 
on  mixing  the  solutions  of  two  salts  provided  that 
everything  remains  in  solution.  This  fact  is  dif- 
ficult to  understand  as  long  as  we  assume  the 
existence  in  an  undecomposed  state  of  normal 
salts  in  solutions,  since  the  mutual  changes  of 
the  salts  would  have  to  proceed  without  any 
energy-change,  and  this  is  a  behaviour  without 
analogy.  If  we  assume,  however,  that  the  solu- 
tions of  the  salts  contain  chiefly  the  ions  of  the 
salts,  the  fact  becomes  explicable,  because  on 
mixing  the  solutions,  the  ions  remain  unchanged, 
they  do  not  influence  each  other,  and  hence  there 
is  nothing  to  cause  thermal  effects. 

More  remarkable  still  is  the  explanation 
which  the  theory  gives  concerning  the  beats  of 
neutrahsation  of  acids  and  bases.  At  first  sight 
it  seems  as  if  no  action  could  take  place  between 
such  compounds,  if  we  consider  the  strong  acids 
and  bases  to  be  almost  wholly  separated  into 
ions.  Because  if  the  solution  of  the  acid,  of  the 
base,  and  of  the  salt  contains  ions  only,  no 
change  ought  to  occur  when  the  acid  and  the 
base  are  mixed.  If,  however,  we  consider  the 
reaction  more  carefully,  we  arrive  at  different 
results.    For  instance,  let  there  be  given  soda 


and  hydrochloric  acid  ;  the  reaction  will  be 
+       -     -t-     —     +  — 
Na -t- OH -h  H -(■  CI  =  Na -h  CI -I- HjO 
The  ions  sodium  and  chlorine  remain  unchanged; 
but  since  water  conducts  very  badly,  only  a  very 
slight  separation  of  HoO  into  the  ions  OH  and 
H  can  occur,  hence  when  the  ions  OH  and  H 
meet  they  must  combine  to  form  H_,0. 

Hence  the  process  of  neii  tralisation  in  aqiieous 
solutions  is  7wt  a  combination  of  the  consti- 
tuents of  the  salt,  hut  only  a  combination  of  the 
constituents  of  water. 

It  is  true  that  this  remarkable  result  is 
somewhat  contradictory  of  the  usual  views  on  the 
subject,  but  it  is  in  complete  agreement  with  the 
facts.  If  the  process  of  neutralisation  between 
acids  and  bases  decomposed  into  their  ions  really 
consists  only  in  a  formation  of  water  from 
hydrogen  and  hydroxyl,  then  its  concomitant 
phenomena  must  be  independerit  of  the  natwe  of 
the  acids  and  the  bases. 

The  most  important  of  these  concomitant 
phenomena  is  the  heat  of  neutralisation.  This 
value  has  been  determined  by  different  observers, 
with  special  exactness  by  Thomsen  (Th.  1).  A 
number  of  measurements  are  collected  in  the 
following  table,  calculated  for  one  equivalent ; 
the  unit  used  is  the  rational  calorie,  K  =  100 
gram-units  of  heat :— 


NaOir 

KOH 

LiOH 

iBaO,H, 

HCl. 

137 

137 

137 

139 

139 

HBr 

137 

1.37 

HI  . 

137 

136 

HNO3  . 

137 

138 

140 

139 

HCIO,  . 

138 

138 

140 

HBrds  . 

138 

138 

HIO3 

138 

138 

HCIO4  . 

141 

143 

iH,S..O,  . 

13.) 

13'.) 

|H„PtC], . 

13i; 

And,  similarly,  tetramethylammonium  hy- 
droxide, platinodiamine  hydroxide,  and  triethyl- 
sulphine  hydroxide  give  with  hydrochloric  acid 
138,  137,  and  137  K  respectively. 

From  this  table,  which  could  easily  be  en- 
larged, it  follows  that  the  heat  of  neutralisation 
of  the  strong  acids  and  bases  is  a  constant,  and 
is  approximately  equal  to  13,700  cal.  This  num- 
ber must  be  looked  on  as  very  nearly  equal  to 
the  heat  of  formation  of  water  from  the  ions 
+  - 

H  and  OH.  (A  more  exact  calculation  gives 
13,500  cal.)  The  small  deviations  which  are  still 
present  originate  in  the  fact  that  the  splitting 
up  of  the  acids  and  bases  referred  to,  though  very 
considerable,  is  yet  not  quite  complete  ;  it  is  in 
this  undecomposed  remnant  that  the  individual 
nature  of  the  two  substances  still  asserts  itself 
a  little. 

The  conditions  become  quite  changed  when 
we  consider  the  weak  acids  and  bases.  Here 
the  constancy  of  the  heat  of  neutralisation  ceases 
completely,  and  values  are  observed  which  fluc- 
tuate between  163K  and  lOK.  In  these  cases  the 
quantities  of  heat  which  are  concerned  in  the 
splitting  up  of  the  acid  and  the  base  into  their 
ions  must  be  taken  into  account,  besides  the  heat 
of  formation  of  water  from  its  ions,  and  the  heat 
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of  neutralisation  may  be  represented  by  an  ex- 
pression of  the  form  N  =  13,500  +  A  +  B,  where 
A  +  B  is  the  quantity  of  heat  necessary  for  decom- 
posing the  acid  and  the  base  into  ions.  As  ex- 
periment has  shown  that  the  salts  when  in  dilute 
solution  are  uniformly  and  nearly  completely 
decomposed,  their  heats  of  decomposition  need  not 
be  taken  into  account  meanwhile.  This  formula 
also  expresses  a  law  which,  discovered  some  time 
back  by  Favre  and  Silbermann  {A.  Ch.  [3]  37, 
486),  has  been  confirmed  by  the  younger  school  of 
thermo-chemists.  This  law  is,  that  the  difference 
between  the  heats  of  neutralisation  of  any  two 
bases  is  always  the  same  whatever  acid  is  taken, 
and  that  likewise  the  difference  between  the  heats 
of  neutralisation  of  any  two  acids  is  independent 
of  the  base.  This  is  only  another  expression  for 
the  proposition  that  the  acid  and  the  base  each 
contributes  towards  the  heat  of  neutralisation  a 
definite  portion,  which  is  independent  of  the 
nature  of  the  substance  with  which  the  acid  or 
the  base  reacts. 

Very  similar  facts  may  be  noticed  concerning 
the  other  phenomena  which  accompany  neu- 
tralisation. A  table  has  already  been  given 
(p.  189)  showing  that  the  same  relations  hold 
good  for  the  changes  of  volume  that  accompany 
neutralisation  ;  the  strong  acids  and  bases  give, 
on  neutralisation,  very  nearly  the  same  change 
of  volume,  i.e.  20  c.c.  per  litre  of  normal  solutions 
of  acid  and  base.  The  same  holds  good  for  the 
changes  in  the  refractive  indices. 

The  electrical  conductivity  of  elec- 
E 

trolytes.— Ohm's  law  I  =  g  gives  a  definition 

of  E,  the  resistance  of  a  conductor.  It  has  been 
shown  that  the  resistance  is  dependent  on  the 
nature  of  the  conductor,  and  on  its  dimensions, 
in  that  it  varies  directly  as  the  length  and  in- 
versely as  the  cross-section.  It  has  been  agreed 
to  call  the  resistance  of  a  conductor  of  cross- 
section  1  sq.  millim.  and  length  100  centim.  its 
specific  resistance ;  this  depends  on  the  nature 
of  the  material  of  which  the  conductor  consists, 
and  on  its  temperature. 

If  we  define  a  quantity  C  =  ^,and  call  it  the 

conductivity,  Ohm's  formula  becomes  I  =  EC. 
We  may  best  regard  0  as  the  power  of  the  con- 
ductor to  allow  the  electricity  to  pass  through, 
or  the  power  to  transport  the  electricity.  In  the 
illustration  of  a  current  of  water  in  a  tube,  C 
would  be  comparable  to  the  cross-section  of  the 
tube.  The  conductivity  is  the  reciprocal  of  the 
resistance.  In  calculating  the  strength  of  currents 
it  is  more  convenient  to  work  with  resistances  ; 
if  these  are  connected  end  to  end,  the  total  re- 
sistance is  the  sum  of  the  individual  resistances  ; 
but  if  the  resistances  are  connected  side  by  side, 
the  conductivities  must  be  summed  up.  For 
electro-chemical  purposes  the  idea  of  conductivity 
has  always  proved  more  useful  than  that  of  re- 
sistance. 

Measurements  of  resistances  or  of  conduc- 
tivities are  made  according  to  different  methods, 
all  of  which  rest  on  the  application  of  the  for- 
mula above  given.  For  instance,  we  can  measure 
the  current  strength,  I,  using  the  same  electro- 
motive force  E  (from  a  constant  cell,  as,  for  in 
stance,  a  Daniell),  there  being  included  in  the 


circuit  at  one  time  the  resistance  E,  which  is  to 
be  determined,  and  at  another  time  a  resistance  of 
known  magnitude  E^.  We  then  get  the  equations 

EE  T 
I,  =  -  and  I„  =      and  from  these  E,  =  H^^.  It 

1*0  lo 

is  not  necessary  to  discuss  here  the  various 
methods  of  measuring  resistances. 

As  mentioned  before,  the  unit  of  resistance 
used  is  the  ohm — i.e.  the  resistance  of  a  mercury 
column  of  1  sq.  mm.  section,  and  106  or  106-3  cm. 
length  at  0°.  The  unit  of  conductivity  is  given 
by  the  same  quantity ;  since  this  represents  the 
reciprocal  value  of  the  resistance,  it  has  been 
proposed  to  designate  it  by  Mho,  which  is  the 
name  Ohm  reversed,  and  for  which  Mo  might  be 
put  shortly. 

While  so  far  the  different  powers  for  con- 
ducting electricity  possessed  by  the  metals  have 
remained  more  a  question  of  practical  than  of 
theoretical  importance,  the  study  of  the  elec- 
trical conductivity  of  electrolytes  has  led  to 
most  important  and  suggestive  views  as  to  their 
nature.  These  have  only  been  arrived  at  quite 
lately,  chiefly  because  until  recently  there  existed 
no  convenient  and  good  method  for  determining 
the  conductivities  of  electrolytes  in  solution. 

The  difficulty  to  be  surmounted  consists  in 
the  fact  that  the  current  must  be  conducted 
through  the  electrolyte  by  means  of  electrodes, 
and  that  these  get  coated  with  the  ions  which 
separate— i.e.  they  become  polarised.  In  con- 
sequence of  this  the  electrodes  become  the  seat 
of  new  electromotive  forces,  the  magnitude  of 
which  is  variable,  and  therefore  not  capable  of 
being  determined  exactly.  One  method  only  has 
been  brought  forward  as  yet  in  which  this  diffi- 
culty is  completely  obviated ;  it  is  due  to  Guthrie 
and  Boys  (P.  M.  1880.  328),  and  consists  in 
allowing  a  system  of  strong  magnets  to  rotate 
rapidly  round  the  axis  of  a  cyhndrical  vessel  filled 
vdth  tiae  electrolyte  and  suspended  by  a  long  thin 
wire.  By  this  means  currents  are  produced  in 
the  electrolyte  (as  would  be  produced  in  every 
conductor),  the  electrodynamic  effect  of  which 
tends  to  rotate  the  vessel  in  the  same  direction. 
The  strength  of  these  currents  is  proportional  to 
the  conductivity  of  the  liquid,  and  the  vessel  is 
rotated  until  the  torsion  of  the  suspending  wire 
becomes  sufficient  to  maintain  equilibrium  against 
this  rotatory  effect.  We  are  therefore  justified 
in  putting  the  deviation  as  proportional  to  the 
conductivity,  the  velocity  of  the  magnets  remain- 
ing the  same.  As  the  currents  produced  in  the 
electrolyte  occur  exclusively  within  it,  no  polar- 
isation is  possible.  The  method  has  not  been 
applied,  because  the  apparatus  required  is  ex- 
pensive and  difficult  to  handle. 

Becquerel  and  Horsford  tried  to  bring  up 
polarisation  to  its  highest  value  by  using  strong 
currents.  In  this  method  the  current  is  led 
through  the  electrolyte,  then  through  an  adjust- 
able resistance,  and  finally  through  an  instru- 
ment for  measuring  currents  (galvanometer,  &e.), 
and  its  strength  is  determined.  The  distance 
between  the  electrodes  is  next  decreased  by  an 
accurately  measured  amount,  and  resistances 
are  inserted  until  the  strength  of  the  current  has 
regained  its  value  ;  then  the  resistance  inserted 
is  equal  to  that  possessed  by  the  portion  of  the 
liquid  taken  out.    The  method  suffers  from  the 
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disadvantage  that  it  is  difficult  to  keep  the 
electromotive  force  of  polarisation  constant  as 
presupposed;  and,  further,  the  liquid  is  changed 
at  the  electrodes  by  the  use  of  the  stronger 
currents  required,  so  that  what  we  measure  is 
the  resistance  of  the  changed,  and  not  that  of 
the  original,  liquid. 

By  using  electrodes  of  zinc,  which  in  solutions 
of  zinc  salts  give  no  polarisation,  Beetz  (P.  117, 1) 
was  able  to  determine  the  conductivities  of  such 
solutions  by  the  methods  used  for  metals. 
Paalzoff  showed  (P.  136,  489)  that  the  method 
can  be  applied  to  other  solutions  also  if  we 
bring  the  two  zinc  electrodes  into  two  separate 
vessels,  and  establish  conduction  through  a 
syphon  filled  with  the  liquid  to  be  investigated. 
The  process  is  based  on  the  fact  that  no  polarisa- 
tion is  produced  when  a  current  is  passed  through 
the  surface  of  contact  of  different  Uquids. 

But  this  method  is  again  far  surpassed  in  con- 
venience by  one  given  by  F.  Kohlrausch  {W.  11, 
653),  in  which  polarisation  is  made  harmless 
by  using  alternating  currents.  Such  currents, 
in  which  equal  quantities  of  electricity  flow 
alternately  in  opposite  directions,  are  produced 
most  easily  by  means  of  an  ordinary  induction 
apparatus.  It  is  true  that  by  such  currents  the 
electrodes  are  also  polarised,  but  the  polarisa- 
tions occur  rapidly  in  opposite  directions,  so 
that  the  polarisation  produced  by  the  first  cur- 
rent-impact increases  the  strength  of  the  second 
current-impact  which  has  the  opposite  direction, 
and  the  polarisation  resulting  from  the  latter 
adds  itself  on  to  the  third  current-impact,  and 
so  on.  Kohlrausch  has  shown  that  by  using 
platinum  electrodes  of  ten  sq.  cm.  surface 
coated  with  platinum  black,  the  effect  of  polar- 
isation may  be  reduced  to  less  than  0-1  p.c.  of 
the  resistance.  Kohlrausch  uses  for  his  method 
Wheatstone's  bridge  in  Kirchhoff's  arrangement. 
For  details  reference  is  made  to  Kohlrausch's 
memoir.' 

The  definition  of  specific  conductivity  as 
given  above,  and  as  employed  in  physics,  is  not 
of  practical  use  in  considering  electrical  con- 
ductivity from  the  point  of  view  of  the  chemist. 
Since,  according  to  the  law  of  Faraday,  the  ions 
alone  conduct,  and  since  each  ion  carries  the 
same  quantity  of  electricity,  it  is  evident  that 
the  conductivities  of  different  solutions  must  be 
referred  to  the  same  number  of  ions  in  order  to 
obtain  comparable  numbers.  That  we  may 
form  a  concei^tion  of  equivalent  conductivity  fol- 
lowing from  this,  let  us  imagine  two  electrodes 
of  indefinite  extension  placed  at  a  distance  of 
1  cm.  apart,  and  let  there  be  brought  between 
them  so  much  of  a  solution  as  contains  the 
equivalent  weight  in  grams  of  the  dissolved 
electrolyte ;  the  conductivity  of  such  a  system 
is  the  equivalent  conductivity  of  the  electrolyte. 
In  order  to  find  the  relation  between  the  specific 
and  the  equivalent  conductivity,  we  bear  in 
mind  that  the  length  of  the  solution  of  the 
electrolyte  is  106  times  less  than  106  cm.,  which 
was  the  length  of  the  conductor  assumed  in  the 
definition  of  specific  conductivity.  When  the 
solution  is  normal — i.e.  contains  one  g.  equivalent 
per  litre — the  cross-section  is  1,000  sq.  cm. ;  when 
the  same  weight  is  dissolved  in  v  Utres  it  is  l,000^; 

'  A  detailed  description  of  the  method  for  carrying  out 
Buch  measurements  is  to  be  found  iu  Z.  F.  C.  665. 


sq.  cm.  ;  this  is  100,000t;  times  greater  than  the 
cross-section  for  the  specific  conductivity,  which 
is  '01  sq.  cm.  Hence  from  the  specific  conduc- 
tivity I  we  obtain  the  equivalent  conductivity  K 
by  the  equation  A  =  1-06  x  lO'Zy.  It  should  be 
remembered  that  the  specific  conductivity  of  an 
electrolyte  is  not  usually  referred  to  ohms,  but  to 
the  unit  of  Siemens,  formerly  commonly  em- 
ployed, which  is  equal  to  the  resistance  of  a 
column  of  mercury  100  cm.  in  length ;  hence 
instead  of  106  we  must  put  only  100,  and  the 
equivalent  conductivity  becomes  A.=  10-lv. 

In  addition  to  the  equivalent  conductivity 
we  can  calculate  the  molecular  conductivity. 
which  is  as  many  times  greater  than  the  equiva- 
lent conductivity  as  the  molecular  weight  con- 
tains the  equivalent  weight.  So  the  molecular 
conductivity  of  sulphuric  acid  is  twice  as  great 
as  the  equivalent  conductivity,  that  of  aluminium 
chloride  three  times  as  great. 

For  the  general  facts  which  have  been  esta- 
blished regarding  equivalent  conductivities  we 
are  specially  indebted  to  Kohlrausch,  and  to 
several  investigators  who  succeeded  him.  The 
most  simple  relations  are  exhibited  by  dilute 
solutions  in  which  v  is  greater  than  1  lit.,  and 
these  will  be  considered  first. 

1.  The  equivalent  conductivities  of  normal 
salts  are  of  the  same  order  of  magnitude,  but  are 
not  the  same  (Kohlrausch). 

2.  The  conductivities  of  all  salts  increase 
slowly  with  increase  of  dilution,  and  generally 
reach  a  maximum  value,  which  is  not  surpassed 
after  dilutions  of  20,000  to  50,000  litres  per 
gram-equivalent  (Kohlrausch). 

3.  The  increase  of  conductivity  is  least  for 
salts  which  consist  of  two  monovalent  ions  ;  it 
is  about  twice  as  great  for  salts  which  contain 
one  divalent  and  one  monovalent  ion ;  and  about 
four  times  as  great  for  salts  whose  ions  are 
both  divalent  (Ostwald). 

4.  The  equivalent  conductivities  of  equally 
concentrated  solutions  of  the  most  different 
salts  can  be  represented  as  the  sum  of  two  con- 
stants, one  of  which  is  determined  solely  by  the 
positive  ion,  the  other  solely  by  the  negative  ion 
(Kohlrausch).  This  law  agrees  the  better  with 
experience  the  more  dilute  the  solutions  are. 

In  order  to  give  an  illustration  of  these  laws, 
I  append  the  equivalent  conductivities  of  several 
normal  salts  as  measured  by  Kohlrausch.  The 
values  are  for  18°. 


Dilution 

KCl 

Naa 

LiCl 

iBaCl, 

iMgSO. 

11 

91-9 

60-5 

69-1 

66-8 

67-2 

27-0 

m 

104-7 

86-5 

77-5 

86-1 

89-7 

47-4 

WOl 

1147 

96-2 

87-5 

100-6 

109-8 

71-5 

1,000Z 

119-3 

100-8 

92-1 

109-2 

120-7 

93-5 

10,000Z 

120-9 

102-9 

94-3 

112-6 

124-9 

103-4 

50,000/ 

121-7 

102-8 

95-5 

114-4 

126-6 

106-2 

100,000/ 

121-6 

102-4 

96-5 

114-2 

127-5 

105-6 

If  we  attempt  to  form  a  picture  of  the  pro- 
cesses occurring  in  electrolytic  conduction,  we 
must  first  bear  in  mind  that,  according  to  the 
statements  of  Kirchhoff  (P.  78,  506),  free  elec- 
tricity must  be  present  along  the  surface  of  each 
current-path ;  and  the  fall  of  this  potential 
causes  the  motion  of  the  electricity  inside  the 
conductor.  Hittorf  pointed  out  that  the  theories 
of  electrolysis  hitherto  held  could  not  satisfy  this 
requirement.  Assuming  the  presence  of  free  ions, 
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it  is  evident  at  once  that  the  surface  charge  is 
formed  by  these.  Owing  to  the  fall  of  potential 
which  exists,  the  positive  electricity  is  now  driven 
to  the  one  side,  the  negative  to  the  other.  Both 
are  bound  to  the  ions  ;  which  are,  therefore, 
moved  in  the  same  way  by  forces  that  are  of 
equal  magnitudes  on  both  sides. 

The  velocities  acquired  by  the  ions  under  the 
influence  of  these  equal  and  opposite  forces  will 
not  generally  be  the  same,  since  it  cannot  be 
assumed  that  the  resistances  to  motion  encoun- 
tered by  the  ions  in  the  solution  will  be  the  same. 
But  in  dilute  solutions,  anyhow,  the  nature  of 
the  second  ion,  travelling  in  the  opposite  direc- 
tion, will  have  no  influence  on  the  velocity  of 
any  definite  ion — such  as,  for  instance,  CI. 
Hence  the  conductivities  of  salts,  when  referred 
to  equal  quantities  of  ions,  can  be  represented 
as  the  sum  of  the  migration-velocities  of  the 
positive  and  negative  ions.  Calling  these  migra- 
tion-yeloeities  u  and  v,  we  get 
\  =  u  +  v. 

But  this  is  exactly  the  relation  discovered  by 
Kohlrausch  (p.  191),  to  whom  also  the  argument 
just  given  is  due. 

Viewed  thus,  the  phenomena  of  electrical 
conductivity  are  brought  into  connection  with 
another  group  of  facts,  the  comprehension  of 
which  had  presented  great  difficulties  to  the  older 
naturalists.  These  are  the  phenomena  of  the 
'  migratioyi  of  the  ions.''  It  has  been  mentioned 
that  Daniell  observed  the  corresponding  mani- 
festations, but  they  were  not  explained  till  Hit- 
torf  did  so. 

From  the  table  already  given  it  follows  that 
the  different  ions  must  possess  very  different 
migration-velocities.  On  comparing,  for  instance, 
KCl  and  LiCl,  we  find  differences  of  27  to  30 
units.  Since  the  chlorine  must  possess  the  same 
velocity  in  both  cases,  and  hence  participate  to 
the  same  amount  in  the  conductivity,  the  dif- 
ference is  due  solely  to  the  ions  K  and  Li.  In 
the  same  manner  we  can  convince  ourselves  that 
different  negative  ions  migrate  with  different 
velocities. 

On  electrolysing  a  substance  whose  ions 
travel  with  different  velocities,  different  quanti- 
ties of  the  ions  will  collect  at  the  electrodes, 
and,  in  addition  to  decomposition,  the  hquid  will 
undergo  an  unequal  change  of  concentration  at 
the  electrodes.  In  order  to  get  as  good  a  repre- 
sentation as  is  possible  for  these  relations,  let 
the  ions  be  represented  in  the  figure  in  the  next 
column  by  black  and  white  circles.  The  different 
horizontal  rows  represent  different  phases  of  the 
electrolysis,  these  being  such  that  between  them 
there  is  a  distance  equal  to  the  mean  distance  of 
the  ions.  It  is  assumed  that  the  black  ions  mi- 
grate twice  as  quickly  to  the  left  as  the  white 
ones  do  to  the  right.  At  first  there  are  seven 
ions  on  each  side  of  the  central  line.  At  the  end 
of  the  process  six  ions  have  been  liberated  at  each 
end,  and,  in  addition,  five  out  of  the  seven  pairs 
have  remained  behind  at  the  left  side,  and  two 
have  disappeared ;  while  of  the  equal  quantity 
at  the  right  side  three  have  remained  behind  and 
four  have  disappeared.  Hence  the  proportion  of 
salt  h  as  decreased  at  the  right  side  twice  as  much 
as  at  the  left — that  is,  in  the  same  ratio  as  that 
in  which  the  two  ions  migrate. 

Therefore,  in  order  to  determine  the  ratio  of 


the  migration-velocities  of  the  two  ions  of  a  salt, 
it  is  only  necessary  to  determine  the  proportion 
of  undecomposed  salt  at  each  electrode  before 
and  after  electrolysis ;  the  ratio  of  the  decrease 
of  this  proportion  at  each  side  is  equal  to  the 
ratio  of  the  migration-velocities,  or  is  the  '  mi- 
gration-measure. ' 

This  representation  holds  good  on  the  sup- 
position that  the  ions  which  separate  at  the 
electrodes  do  not  again  go  into  the  solution.  If, 
however,  we  electrolyse  a  solution  of  copper  sul- 
phate between  copper  electrodes,  the  copper,  it 
is  true,  will  leave  the  solution  at  the  cathode, 
but  the  ion  SO4  will  not  separate  out  at  the 
anode,  but  will  combine  with  the  copper  of  the 
anode  to  form  copper  sulphate,  which  will  go 
into  solution.  The  solution  will,  therefore,  be- 
come, not  more  dilute,  but  more  concentrated.  It 
is,  however,  easy  to  take  this  circumstance  into 
account.  It  is  only  necessary  to  determine  the 
total  quantity  of  electricity  passed  through  the 
solution  (for  instance,  by  means  of  a  silver 
voltameter)  ;  from  this  we  can  calculate  how 
much  copper  has  gone  into  solution,  and  we  need 
then  only  deduct  this  quantity  from  the  total 
quantity  of  copper  at  the  anode,  as  determined 
by  analysis.  It  is  simpler  still  to  weigh  the 
cathode  before  and  after  the  experiment :  the 


increase  of  weight  is  equal  to  the  weight  of 
copper  which  has  dissolved  at  the  anode. 

Hittorf  examined  (P.  89  to  106)  a  great  many 
salts  and  acids  with  respect  to  their  '  migration- 
measures,'  and  established  the  fact  that  the 
current-strength  has  no  influence  on  the  ratio  of 
the  migration-velocities,  the  temperature  has  an 
inappreciably  small  influence,  but  the  concen- 
tration exerts  a  changeable  effect — in  some  cases 
it  is  inappreciably  small,  while  in  others  it  is 
fairly  important. 

Hittorf  found,  for  instance,  that  the  concen- 
tration of  KClAq  at  the  electrodes  scarcely 
changes  at  all ;  hence  chlorine  and  potassium 
must  migrate  with  very  nearly  equal  velocities. 
If  we  consider  the  solution  v  =  1,000Z  in  the  table 
given  on  p.  191, it  follows  that  of  the  119-3  units  of 
conductivity  of  potassium  chloride,  59'65  belong 
to  the  chlorine  and  the  same  number  to  the  potas- 
sium. Knowing  these  numbers,  we  can  calculate 
the  velocities  of  migration  of  all  the  other  ions 
in  the  table.  NaCl  has  100-8 ;  on  subtracting 
from  this  59-7  for  the  chlorine,  the  velocity  of 
the  sodium  ion  becomes  41-1.  Similarly,  Li  =  32-4, 
iBa  =  49-6.  As  K  =  69-7,  and  as  ^£2804=  120-7, 
ft  follows  that  ^80^  =  61-0  ;  hence"  ^Mg  =  32-5. 

From  these  numbers  we  can  again  calculate 
the  migration-measures,  or  the  changes  of  con- 
centration at  the  electrodes,  of  other  salts. 
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Thus  -  is  for  NaCl  =  ^~  =  0-C9  ;  for  LiCl  — 
V  59-7  59-7 

=  0-54  ;  for  BaCL,        =  0-83,  &c.   It  is  evident 
■  59-7 

that  when  one  migration-measure  is  known,  the 
migration-measures  of  all  corresponding  salts  can 
be  calculated  from  the  measured  conductivities. 
And  since,  on  the  other  hand,  the  conductivities 
of  salts  represent  the  sums  of  the  velocities  of 
their  ions,  we  can  realise  the  very  great  simpli- 
fication which  these  considerations,  due  to 
F.  Kohlrausch,  have  produced  in  the  relations  of 
electrical  conductivity  which  formerly  appeared 
so  complicated.  If,  for  instance,  we  know  the 
conductivities  of  ten  salts  with  the  negative  ion 
A  and  the  positive  ions  B,  to  B,,,,  and  of  other 
ten  salts  with  the  ion  B,  and  the  ions  A,  to 
A,,,,  and  in  addition  to  these  the  migration-mea- 
sure of  one  salt,  we  can  calculate  from  these 
21  measurements  the  conductivities  and  the 
migration-measures  of  100  salts — that  is,  we  can 
deduce  200  data. 

An  extensive  examination  of  these  relations, 
undertaken  by  Kohlrausch  (TF.  6, 104),  and  later 
by  Ostwald  (Z.  P.  C.  1,  74),  as  well  as  by  Loeb 
and  Nernst  {ib.  2,  948),  has  proved  that  'they 
hold  good  with  very  sufficient  accuracy  for  very 
dilute  solutions.  But  deviations  from  these  rela- 
tions become  apparent  in  concentrated  solutions, 
and  these  deviations  are  greater  the  more  con- 
centrated the  solutions.  And,  further,  different 
salts  behave  differently,  inasmuch  as  salts  con- 
sisting of  two  monovalent  ions  show  the  smallest 
deviations,  salts  with  one  monovalent  and  one 
divalent  ion  show  greater  deviations,  and  salts 
with  two  divalent  ions  show  the  greatest  devia- 
tions. Now  these  are  the  classes  of  salts  which 
exhibit  differences  in  the  changes  of  conductivity 
accompanying  dilution  (p.  191), and  we  are,  there- 
fore, led  to  the  conclusion  that  the  same  cause 
underlies  both  phenomena. 

The  free  acids  and  bases  only  partially  con- 
form to  Kohlrausch's  law.  The  following  data, 
taken  from  Kohlrausch's  determinations,  exem- 
l^lify  this  statement.    Temp.  =  18°  : — 


preserving  very  dilute  solutions  of  alkalis  per- 
fectly pure. 

From  these  measurements  it  follows  primarily 
that  hydrogen  and  hydroxyl  possess  much  greater 
migration  velocities  than  the  otherions— namely, 
284  and  about  1.50,  respectively.  It  follows,  there- 
fore, that  if  the  law  of  Kohlrausch  were  generally 
valid, theconductivitiesof  all  acids  would  be  >  284, 
and  the  conductivities  of  all  bases  would  be  >  1.50. 
On  looking  at  the  numbers  in  the  table,  we  find 
that  phosjjhoric  acid  and  acetic  acid,  as  well  as 
ammonia,  are  at  a  quite  hopeless  distance  from 
these  values.  Sulphuric  acid,  also,  does  not  obey 
the  law.  For  iSOjthe  value  61-0  was  found  above ; 
on  deducting  this  number  from  iHoSO^=  331'6, 
there  remains  H  =  270'6,  and  the  difference  of 
this  value  from  the  one  found  before,  284,  exceeds 
the  limits  of  experimental  error. 

On  carefully  studying  the  table  we  now  see 
that  the  acids  and  bases  which  form  exceptions 
to  the  law  exhibit  the  same  peculiarity  as  the 
exceptional  salts;  they  change  their  conductivi- 
ties very  markedly  upon  dilution.  While  the 
substances  which  follow  the  law  have  nearly 
reached  the  maximum  of  the  equivalent  con- 
ductivity at  lOOOZ,  the  numbers  show  that  this 
is  far  from  being  the  case  in  the  exceptional 
substances.  We  are  thus  led  to  inquire  as  to 
the  cause  which  brings  about  the  change  in 
conductivity  that  accompanies  dilution. 

The  arguments  used  so  far  have  tacitly  as- 
sumed that  all  the  molecules  of  the  electrolyte 
participate  in  the  electrical  conductivity,  and 
that  the  electrolyte  is  therefore  completely  split 
into  ions.  This  assumption  is  evidently  arbi- 
trary ;  and  when  we  remember  that  aqueous 
solutions  of  ammonia  and  acetic  acid  exhibit 
nearly  normal  lowerings  of  the  freezing-points, 
and  that,  therefore,  dissociation  occurs  only  to  a 
small  extent,  if  at  all,  we  see  that  the  assumption 
is  completely  erroneous  in  these  cases.  The 
former  equation  K  =  u  +  v,  established  without 
reference  to  the  degree  of  decomposition,  must 
be  changed  into  \  =  x  {u  +  v)  where  x  represents 
the  degree  of  decomposition — i.e.  the  ratio  be- 
tween the  molecules  decomposed  and  the  total 


Dilution 

HCI 

HNO, 

CH:,.GO,H 

KOH 

NaOH 

NH.OH 

11 

278-0 

277-0 

188-9 

29-0 

1-2 

171-8 

149-0 

0-84 

101 

324-4 

3'22-5 

208-4 

43-0 

4-3 

198  6 

1700 

3-1 

lOOZ 

341-6 

339-5 

285-5 

79-0 

13-2 

212-4 

187-0 

9-3 

lOOOZ 

345-6 

342-7 

331-6 

96-8 

38-0 

214-0 

188-0 

26-0 

Among  the  substances  quoted,  HCI,  HNO.„ 
KOH,  and  NaOH  follow  the  law  of  Kohlrausch. 
Thus,  if  .59-7,  whicli  is  the  migration-velocity  of 
K,  is  deducted  from  118,  which  represents  tlie 
conductivity  of  KNO.,  as  determined  by  Kohl- 
rausch, the  difference,  58-3,  is  tlie  velocity  of 
NO.,.  On  deducting  this  number  from  the  con- 
ductivity of  nitric  acid  at  lOOOZ — that  is,  from 
342-7 — it  follows  that  the  velocity  of  hydrogen 
is  284-4.  From  HCI  =  345-6  it  follows  that 
H  =  285-9,  since  CI  =  59-7  ;  these  numbers  agree 
to  within  less  than  one  per  cent.  In  the  same 
way  the  difference  between  KOH  and  NaOH  is 
equal  to  26-0,  thus  approximating  to  equality  with 
that  between  KCl  and  NaCl,  which  is  19-2.'  The 
larger  difference  jsroceeds  from  the  difficulty  of 

Vol.  IV. 


number  of  molecules  orginally  present.  In  doing 
this  we  make  the  most  obvious,  and  probably  only 
possible,  assumption,  that,  cateris  jMribus,  the 
conductivity  is  proportional  to  the  number  of 
conducting  particles  or  ions. 

We  may  find  a  method  for  determining  x 
in  the  deviations  of  electrolytes  from  the  simple 
laws  of  solutions  with  respect  to  vapour-pressure 
and  freezing-point.  We  have  another  and  much 
more  accurate  method,  however,  in  the  deter- 
mination of  the  electrical  conductivity  itself.  As 
was  found  by  Kohlrausch,  the  equivalent  (and 
also  the  molecular)  conductivity  increases  with 
rising  dilution,  reaching  a  maximum  value  in  the 
case  of  salts  within  limits  which  are  still  prac- 
tically measurable.     We   can  interpret  this 
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behaviour  from  the  standpoint  now  gained  in  the 
sense  that  the  number  of  molecules  split  into  ions 
continually  increases  with  increasing  dilution, 
and  that  the  maximum  value  of  conductivity 
corresponds  to  a  (practically  speaking)  complete 
splitting  up.  Then  x  =  l,  and  the  formula  A  = 
x{u  +  v)  changes  into  the  former,  \  =  u  +  v.  Now, 
for  most  salts  the  maximum  value  is  reached  at 
a  dilution  of  lOOOZ,  and  the  decomposition  is 
nearly  complete  ;  it  follows  from  this,  that  the 
law  of  Kohlrausch  K  =  u  +  v  holds  good  for  this 
maximum  dilution.  This  can  be  asserted  for 
the  strong  acids  and  bases,  such  as  HCl,  HNO3, 
KOH,  and  NaOH.  On  the  other  hand,  as  can 
easily  be  seen  from  the  course  of  the  numbers, 
the  increase  has  not  nearly  reached  its  limit  for 
acetic  acid  and  ammonia  at  a  dilution  =1000Z; 
hence  the  value  x  is  still  very  far  removed  from 
unity,  and  the  law  of  Kohlrausch  cannot  hold  in 
its  simplest  form. 

On  the  assumption  that  the  molecular  con- 
ductivities of  dilute  solutions  depend  only  on  the 
number  of  ions  present,  the  values  of  x  can  be 
easily  calculated  from  a  knowledge  of  the  values 
of  the  conductivities  at  difierent  dilutions,  as 
well  as  of  their  maximum  values  ;  designating 
the  molecular  conductivity  at  the  dilution  of 
V  litres  by  /u,,,  and  the  maximum  value  by 
yiiQO  ,  then,  according  to  the  assumption  made. 


Whether  the  above-mentioned  assumption  is 
strictly  correct  cannot  be  asserted  a  priori.  It 
must  be  looked  upon  as  probable,  since  the 
resistances  to  motion  which  the  ions  experience, 
and  which  determine  the  velocities  ti,  and  v, 
depend  on  the  nature  of  the  solvent,  which  in 
these  cases  is  water  ;  and  considering  the  small 
differences  which  exist  between  the  properties  of 
very  dilute  solutions  and  those  of  water,  no  a'p- 
preciable  difference  in  the  resistances  to  motion 
can  be  supposed  to  exist  in  those  differently 
diluted  solutions.  But  the  admissibility  of  the 
assumption  can  also  be  put  to  experimental 
proof  in  determining  x  on  the  one  hand  by  the 
deviations  from  the  laws  of  solution,  and  on  the 
other  hand  by  the  equation  just  given. 

If  mo  is  the  theoretical  molecular  weight,  and 
171  the  molecular  weight  determined  from  the 
laws  of  solution  (for  instance,  from  the  lower- 
ing of  the  freezing-point),  then  for  electrolytes 
m  >  mo ;  following  van't  Hofl,  we  put  the  ratio  of 

the  two      =  i.    If,  on  the  other  hand,  x  is  the 

m 

number  of  molecules  split  up,  the  total  number 
of  molecules  being  put  equal  to  1,  and  if  nis  the 
number  of  ions  into  which  each  molecule  splits 
(for  KCl  11=2,  for  BaClj  w  =  3,  &o.),  the  number 
of  molecules  in  the  solution  will  have  increased 
in  the  ratio  1  :  1  a;  +  nx,  that  is,  in  the  ratio 
l:l  +  (n  —  l)x,  and  we  have,  therefore, 
i  =  l  +  {n—l)x. 

Arrhenius,  to  whom  we  owe  this  calculation, 
has  shown  (Z.  P.  C.  1,  634)  that  in  the  greatest 
number  of  cases  investigated  there  is  an  excel- 
lent accordance  between  the  values  of  i  as 
calculated  from  the  electrical  conductivities  and 
those  deduced  from  the  freezing-points.  Indi- 
vidual cases  which  at  first  seemed  to  be  exceptions 
have,  on  later  investigation,  also  proved  to  be 


subject  to  the  law  {Z.  P.  C.  2,  491),  and  the 
apparent  deviations  have  been  shown  to  be  due 
to  incorrect  observations.  It  is  only  at  greater 
concentrations,  where  the  suppositions  made  in 
determining  molecular  weights  from  the  freezing- 
points,  and  those  made  in  determining  x  from 
the  electric  conductivities,  become  uncertain, 
and  not  applicable,  that  marked  deviations  are 
apparent. 

In  addition  to  this  confirmation  of  Arrhenius' 
assumption  that  in  electrolytes  a  more  or  less 

;  considei'able  portion  of  the  molecules  is  split  up, 
a  further  confirmation  has  been  found  by  W. 
Ostwald,  which  is  based  on  the  following  con- 
siderations {Z.  P.  C.  2,  36,  and  270).  The 
spontaneous  decomposition  which  the  electro- 

^  lytic  molecules  undergo  in  solutions  is  of  the 
nature  of  dissociation  ;  and  since,  according  to 
van't  Hoff,  the  substances  in  solution  are  subject 
to  the  gaseous  laws,  it  must  be  possible  to  repre- 
sent the  process  by  the  same  formulse  as  hold 
for  the  dissociation  of  gases.  Considering  the 
simplest  case,  that  each  molecule  splits  into  two 
parts,  there  holds  for  gases  (vol.  ii.  p.  406)  the 

relation      =  constant,  where  «,  is  the  partial 
Pi 

pressure  of  the  undecomposed  portion,  and 
that  of  the  decomposed  portion. 

In  order  to  apply  this  equation  to  electrolytes, 
we  notice  that  the  pressures  are  proportional  to 
the  numbers  of  the  molecules,  and  inversely  pro- 
portional to  the  volumes  occupied  by  these.  If 
I  X  is  the  part  dissociated,  and  v  the  volume,  then 

L9,  =  a?^ — 5  and        a-;  a  rei^resents  a  factor 

V  V 

dependent  on  the  units  chosen.  Further,  accord- 
'  ing  to  the  former  equation,  we  have  x=-^;  in- 

troducing  these  values  into  the  dissociation  equa- 
l—a; 

tion,  we  get  v  =  k,  where  ^;  is  a  constant, 

a  ^ 

J  and  from  this        '^v  —  kv. 

{i^co  -  )'"00 

This  equation  represents  a  relation  between 
the  conductivity  and  the  volume,  or  the  dilution, 
which  must  be  followed  by  all  binary  electro- 
lytes, if  the  assumptions  made  are  correct. 

The  equation  cannot  well  be  tested  in  the 
case  of  salts,  as  these  very  nearly  reach  com- 
plete decomposition ;  the  value  fj.^  —  thereby 
becomes  very  small,  and  the  experimental  errors 
exert  a  preponderating  influence.  Those  electro- 
lytes which  are  only  partially  dissociated,  such 
as  acetic  acid  &c.,  lend  themselves  much  better 
to  applying  the  test.  Here  also  it  seems  as  if  a 
difficulty  met  us,  the  quantity  /j.^  not  lending 
itself  to  direct  measurement  because,  with  the 
very  great  dilutions  necessary,  the  inevitable 
impurities  of  the  purest  water  make  accurate 
measurements  impossible.  But  the  law  of  Kohl- 
rausch provides  us  with  a  means  for  making 
the  measurements.  It  appears  that  the  salts  of 
weak  acids  are  dissociated  to  just  the  same 
extent  as  those  of  strong  acids  ;  it  is  possible, 
therefore,  as  was  shown  at  pp.  192-3,  to  calculate 
the  migration-velocity  of  the  negative  ion.  On 
adding  to  this  the  migration-velocity  of  hydrogen, 
which  can  also  be  determined  (p.  193),  the  sum 
represents  the  conductivity  of  the  completely 
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dissociated  acid  —  that  is,  fi^,  the  quantity 
sought  (Ostwald,  Z.  P.  C.  2,  840). 

In  this  manner,  then,  we  obtain  all  the  data 
for  testing  the  above  equation,  and  it  proves 
itself  to  be  in  direct  accordance  with  the  facts. 
The  examination  is  best  carried  out  by  calcu- 
lating the  constant  k  for  a  number  of  values  of 
fj.  at  different  dilutions,  and  seeing  whether  it 
really  is  constant.  In  the  following  tables  a  few 
examples  are  given.  The  numbers  hold  for  25°, 
and  are  molecular  conductivities  referred  to  the 
mercury  unit  : — 

Acetic  acid,  ^ij^  =364. 


V 

100^ 

k 

8 

4-34 

1-193 

0-000180 

16 

6-10 

1-673 

179 

32 

8-65 

2-380 

182 

64 

12-09 

3-33 

179 

128 

16-99 

4-68 

179 

256 

23-82 

6-56 

180 

512 

32-20 

9-14 

180 

1024 

46-00 

12-66 

'177 

0-000180 

The  values  of  k,  calculated  from  eight  differ- 
ent measurements,  agree  within  the  limits  of 
experimental  error. 

The  osmotic  pressure  of  acetic  acid  at  «  =  8 
corresponds  to  about  three  atmospiheres,  that  at 
V  =  1024  to  about  i  atmosphere,  or  to  1-7  mm. 
mercury  pressure.  The  dissociation  law 
has,  therefore,  proved  correct  within  these 
wide  limits  ;  no  examination  of  the  law  so  far- 
reaching  as  this  has  ever  been  possible  in  the 
case  of  gases. 

Further  examples  are  :  — 


Cyanacetic  acid,  fi^  =  362. 


V 

100  ^ 

k 

Mod 

16 

788-0 

21-7 

0-00376 

32 

105-3 

29-1 

373 

64 

139-1 

38-4 

374 

128 

176-4 

48-7 

361 

256 

219-1 

60-5 

362 

512 

260-9 

72-0 

361 

1024 

297-3 

82-1 

368 

0-00370 

Here  also  the  individual  values  of  the  con- 
stant vary  irregularly  about  the  mean  value,  so 
that  the  discrepancies  have  to  be  ascribed  to 
experimental  errors. 

In  the  accompanying  tables,  which  have  been 
taken  at  random  from  a  great  number,  the  dis- 
sociation law  ijroves  itself  everywhere  to  be  ac- 
curate. It  has,  in  fact,  been  verified  in  every  case 
in  the  course  of  an  investigation  which,  for 
reasons  to  be  discussed  later,  has  been  carried  out 
with  more  than  400  acids,  and  it  can  be  looked 
upon  as  generally  valid. 

We  must  not  omit  to  remark,  however,  that, 
as  observed  above  in  the  cases  of  the  very  strong 


Oxyisobutyric  acid,       =  355. 


V 

100*^ 

k 

Moo 

32 

20-05 

6-65 

0-000106 

64 

28-05 

7-91 

106 

128 

38-86 

10-95 

105 

256 

53-91 

15-20 

106 

512 

73-49 

20-70 

106 

1024 

99-52 

28-05 

106 

0-000106 

Oxysalicyho  acid,  fir^  =356. 

V 

M- 

WJ>- 

k 

Mao 

64 

84-1 

23-6 

0-00114 

128 

112-5 

31-6 

114 

25  (; 

147-0 

41-3 

113 

512 

187-0 

52-6 

114 

1024 

230-0 

64-7 

110 

2048 

270-4 

76-0 

117 

0-00115 

Orthochlorobenzoic  acid,  Moo 

=  356. 

V 

100  'i^ 

k 

64 

89-2 

25-1 

0-00131 

128 

119-4 

33-5 

131 

256 

156-1 

43-8 

133 

612 

197-0 

55-3 

133 

1024 

238-7 

67-1 

134 

0-00132 

acids,  and  the  neutral  salts,  which  are  very  nearly 
completely  dissociated,  the  calculation  of  the 
constants  becomes  very  uncertain,  and  that 
greater  deviations  exist  between  the  observations 
and  the  formula  than  can  be  ascribed  to  experi- 
mental errors.  Which  of  the  assumptions  already 
made  will  have  to  be  modified  in  order  to  explain 
these  small  discrepancies  cannot  as  yet  be  deter- 
mined; but  anyhow  the  discrepancies  are  so 
inconsiderable,  and  there  are  so  many  cases  of 
agreement,  that  the  deviations  must  be  looked 
upon  as  of  a  secondary  nature,  and  undoubtedly 
they  will  receive  their  explanation  later  on.  It  is 
well  not  to  pass  over  in  silence,  nor  to  attempt  to 
hide,  such  deviations  from  a  law  which  is  other- 
wise generally  valid,  since  in  most  cases  theo- 
retical progress  is  connected  with  the  investiga- 
tion of  the  causes  of  deviations  from  general 
laws.  Examples  of  this  are  found  in  the  devia- 
tions of  gases  from  the  simple  laws,  and  the  theory 
connected  with  this  by  van  der  Waals,  and  in  the 
deviations  of  some  substances  from  the  law  of 
Avogadro  and  the  elucidation  thereof  by  the 
theory  of  dissociation. 

Chemical  ai^plicatimis. — The  laws  of  elec- 
trical conductivity,  as  developed  in  the  prece- 
ding pages,  give  us  the  means  for  solving  many 
chemical  problems.    This  they  do,  because  they 
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give  a  deeper  insight  into  the  constitution  of 
dissolved  substances  than  is  afforded  by  the 
usual  chemical  methods.  A  series  of  such  appli- 
cations is  already  contained  in  the  preceding 
pages ;  others  are  considered  in  the  following 
paragraphs. 

The  first  of  these  applications  is  connected 
■with  the  question  as  to  the  nature  and  composi- 
tion of  the  current-conducting  particles  or  ions 
of  salts.  The  conception  of  Berzelius  that  these 
are  the  'anhydrous'  acid  and  base  has,  in  the 
light  of  Faraday's  law,  been  recognised  as  erro- 
neous. Afterwards,  in  analogy  with  the  com- 
pounds of  organic  chemistry,  the  salts  were  looked 
upon  as  having  a  unitary  composition,  and  this 
view  is  still  generally  held.  But  this  conception 
cannot  be  regarded  as  quite  correct,  since  it  does 
not  take  into  account  the  fundamental  difierence 
■which  undoubtedly  exists  between  salt-like  com- 
pounds and  indifferent  compounds,  a  difference 
which  manifests  itself  chiefly  in  the  capacities 
for  reaction  of  the  two  groups.  The  conception 
of  Berzelius  rested  on  the  correct  recognition 
that  salts  are  dual  compounds  ;  he  had  only  mis- 
conceived their  constituents. 

The  new  electro-chemical  theory  of  Arrhe- 
nius  avoids  both  errors,  and  retains  what  is  cor- 
rect in  each  conception.  The  solid  salts,  and, 
according  to  concentration,  a  greater  or  smaller 
portion  of  the  salts  dissolved  in  ■water, '  salt '  being 
understood  to  include  acids  and  bases,  have,  it 
is  true,  a  unitary  composition  ;  but  that  jjortion 
of  them  which  is  capable  of  reacting  chemically, 
and  which  therefore  is  of  preponderating  interest 
to  the  chemist,  is  split  binarily. 

'  Salts,'  in  the  general  meaning,  are  there- 
fore substances  which  very  readily  undergo  such 
a  binary  splitting,  and  herein  lies  their  binary 
character,  correctly  recognised  by  Berzelius. 

It  is  a  most  remarkable  fact  that  in  the 
splitting  up  of  '  salts  '  their  constituents  appear 
in  oppositely  charged  electrical  conditions.  This 
indicates  that  probably  both  phenomena  stand 
in  the  closest  connection.  It  may  be  asked 
whether  the  salts  split  up  so  easily  because 
their  parts  readily  acquire  opposite  electric 
charges,  or,  conversely,  whether  the  parts  are 
easily  charged  electrically  because  they  are 
readily  separated.  Not  less  remarkable  is  the 
fact  that  whenever  a  salt  molecule  is  split  up 
an  equal  quantity  of  electricity  is  produced  (or 
separated),  independently  of  the  nature  of  the 
parts.  It  is  beyond  doubt  that  this  fact  is  of 
decisive  importance  for  the  recognition  of  the 
nature  of  electricity,  as  well  as  of  that  of  chemical 
affinity ;  when  the  one  is  elucidated,  the  other 
will  be  so  also.  But  which  of  the  two  will  first 
be  thus  advanced  cannot  as  yet  be  foreseen. 

A  further  remarkable  fact  is,  that  pure  salts 
at  ordinary  temperatures  do  not  conduct  appre- 
ciably ;  the  ordinary  solid  salts  do  so  as  little  as 
pure  sulphuric  acid,  acetic  acid,  &c.  Even  the 
halogen  acids  HF,  HCl,  HBr,  and  HI,  when 
liquefied  by  pressure  or  cold,  are  all  non-con- 
ductors. According  to  the  dissociation  theory 
of  electrolytes  this  is  quite  conprehensible ;  the 
pure  substances  do  not  conduct  because  they  are 
not  dissociated,  and  they  are  not  dissociated 
because  their  molecules  have  no  space  wherein 
to  dissociate,  or  because  they  do  not  possess 
sufficient  mobility. 


Whether  dissociation  occurs  or  not  when 
salts  are  dissolved  depends  in  a  marked  way  on 
the  nature  of  the  solvent.  Hydrochloric  acid, 
which  when  liquid  is  not  dissociated,  dissociates 
at  once  when  dissolved  in  water.  But  on  using 
as  solvent  benzene,  xylene,  hexane,  or  ether,  no 
dissociation  ensues  ;  these  solutions  are  non- 
conductors (Kablukoff,  Z.  P.  C.  4,  430).  On 
using  alcohols  as  solvent,  methyl  alcohol  is 
found  to  behave  almost  like  water ;  the  solutions 
of  hydrochloric  acid  in  it  have  a  molecular  con- 
ductivity about  three  times  smaller  than  aqueous 
solutions.  The  conductivities  of  the  solutions 
become  less  and  less  as  we  use  ethyl  alcohol, 
isobutyl  alcohol,  and  isoamyl  alcohol. 

It  is  still  quite  unknown  what  the  condition 
is  which  determines  the  property  of  different 
solvents  to  cause  dissociation  to  a  different  degree, 
and  it  is  not  known  whether,  as  is  somewhat 
j)robable,  these  effects  remain  proportional  in  the 
cases  of  all  salts.  Here  it  seems,  however,  as  if 
the  capability  of  the  solvent  itself  to  separate  into 
ions,  even  if  to  a  small  degree  only,  determined 
its  power  to  cause  the  dissociation  of  substances 
dissolved  in  it. 

Although  the  questions  just  mentioned  still 
await  solution,  partly  for  lack  of  experimental 
researches  in  this  domain,  yet  the  new  concep- 
tion of  the  binary  character  of  salts  allows  us  to 
distinguish  more  sharply  between  the  different 
classes  of  these  compounds  than  was  possible 
before.  This  is  especially  so  in  the  case  of  the 
so-called  double  salts.  This  name  is  at  present 
somewhat  uncertain  in  its  application.  Potas- 
sium copper  sulphate  K,SO.|.CuSOj  is  called  a 
double  salt,  but  sodium  platinichloride  is  also 
[  formulated  as  such,  2NaCl.PtCl|;  the  first  for- 
mula is  correct,  but  the  latter  is  wrong.  This  is 
so  because  potassium  copper  sulphate  gives  all 
the  reactions  of  potassium  sulphate  as  well  as 
those  of  copper  sulphate,  but  from  sodium  platini- 
chloride silver  solutions  do  not  precipitate  silver 
chloride  as  from  sodium  chloride,  but  silver 
platinichloride  AgoPtCl,;  (.Jorgensen,  J.  pr. 
[2]  16,  345).  It  is  probable,  therefore,  that 
sodium  platinichloride  is  a  salt  of  chloro- 
platinic  acid  HoPtClj.  If  this  is  correct,  the 
ions  of  the  sodium  salt  are  2Na  and  PtCl,;,  and  in 
electi'olysis  the  platinum  must  not,  like  the  other 
metals,  go  to  the  cathode,  but  as  a  constituent  of 
the  acid  radicle  to  the  anode.  And,  in  fact, 
Hittorf  has  proved  (P.  106,  520)  that  this  is 
the  case. 

Similarly  with  other  salts ;  for  instance, 
that  which  is  obtained  from  chromium  oxide  and 
potassium  binoxalate,  and  which  has  the  em- 
pirical formula  iK..,C.,O^.Cy:.,{C.f).^<i.  Since  this 
salt  gives  no  pp.  with  calcium  salts  it  cannot  be 
regarded  as  an  oxalate.  In  fact,  in  electrolysis 
the  chromium  goes  to  the  anode ;  the  chromium 
is,  therefore,  a  constituent  of  the  acid  radicle, 
and  the  salt  must  be  looked  upon  as  the  potas- 
sium compound  of  a  tribasic  chromoxalic  acid 
(HC.p^).jCr— that  is,  as  Kfifi^^Cx  (Kistiakowsky, 
Z.  P.  C.  6,  107). 

Such  salts,  therefore,  are  not  double  salts,  but 
are  salts  of  complex  acids ;  it  is  possible  to  test, 
ih  the  way  already  indicated,  in  every  case 
whether  a  definite  salt  is  a  true  double  salt 
or  the  salt  of  a  complex  acid.  On  examination 
we  find  that,  not  a  double  salt,  but  a  salt  of  a 
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complex  acid  is  jsresent  wbenever  the  reactions 
of  the  salt  in  question  are  not  those  of  its  con- 
stituents. This  decision  is  specially  convenient 
when  the  solution  of  the  salt  is  coloured.  Be- 
cause, since  the  properties  of  the  positive  ions, 
and  therefore  their  colour  also,  are  independent 
of  the  negative  ions,  it  will  always  be  possible  to 
conclude  that  the  positive  ions  are  no  longer 
present  when  their  colouration  disappears.  In 
the  easily  decomposable  salt  2KCN.Ni(CN)2  we 
must  not  see  a  double  salt,  but  the  potassium 
salt  of  cyano-nickelic  acid  H^Ni(CN)4,  becauseits 
solution  is  yellow,  and  not  green  as  solutions  of 
the  nickel  salts  are  which  contain  nickel  as  an 
ion. 

The  line  of  demarcation  between  the  two 
groups  of  salts,  however,  is  not  absolute,  as 
many  salts  exist  which  in  aqueous  solutions  are 
both  double  salts  and  also  complex  ones.  This 
is  the  case  with  potassium  ferri-oxalate,  for  in- 
stance. Since  this  salt  is  green,  while  all  true 
ferric  salts  are  yellow  or  brown,  it  may  be  con- 
cluded that  it  is  a  complex  salt,  the  compound 
of  a  ferri-oxalic  acid  H^C^OjoFe  analogous  to 
the  above-mentioned  chromo-oxalic  acid.  The 
solution  of  this  salt  gives,  however,  a  precipitate 
with  calcium  solutions,  which  proves  it  to  be  an 
ordinary  oxalate,  but  on  the  other  hand  the  iron 
goes  to  the  anode.  From  this  it  is  seen  that  the 
aqueous  solution  contains  chiefly  the  ions 
3K  -I-  C^0,2Fe,  but  that  a  portion  of  the  salt  has 
split  in  the  manner  of  a  double  salt  into 
potassium  oxalate  and  ferric  oxalate,  which  on 
their  part  form  the  corresponding  ions. 

The  study  of  such  cases  has  as  yet  scarcely 
been  begun,  because  until  now  we  possessed 
neither  theoretical  nor  experimental  means  for 
answering  the  questions  which  arise.  The  elec- 
trical methods,  in  conjunction  with  the  methods 
for  the  determination  of  molecular  weights 
arising  out  of  the  theory  of  solutions,  now  afford 
easy  access  to  these  hitherto  closed  and  uncul- 
tivated domains. 

The  dissociation-constants  of  organic 
acids.  The  only  province  of  chemistry  which 
has  been  studied  somewhat  thoroughly  in  the 
light  of  the  new  electro-chemical  theory  is  that  of 
the  organic  acids.  We  have  seen  above  that 
the  molecular  conductivity   of  these  can  be 

represented -by  the  formula^  ^^-^ —  =  kv. 

This  formula  contains  only  the  single  constant 
fc,  which  constant  depends  on  the  nature  of  the 
acid,  the  temperature,  and  the  solvent,  but  is  in- 
dependent of  the  dilution.  At  a  given  tempera- 
ture, and  in  the  same  solvent,  the  quantity  k  is 
therefore  a  measure  of  the  electrical  conductivity, 
and  hence  it  is  the  capacity  for  reaction  of  the 
acid  ;  for  the  substance  considered,  k  therefore 
represents  the  long  sought  for  numerical  value 
of  the  chemical  affinity. 

It  is  remarkable  that  the  two  conflicting 
views  concerning  the  nature  of  chemical  affinity, 
as  represented  by  Bergmann  and  Bertliollet  (c/. 
vol.  i.  68)  here  coincide.  Berthollet,  who  re- 
presented the  affinity  as  dependent  on  the  mass, 
was  right,  and  so  was  Bergmann,  who  desired  to 
represent  it  by  a  constant.  By  accurately  formu- 
lating the  idea  of  the  influence  of  mass  as  given 
by  Berthollet,  we  obtain  in  the  equation  for  the 


chemical  effects  a  co-efficient  independent  of  the 
quantity — that  is,  one  referred  to  the  chemical 
unit  of  quantity,  which  is  Bergmann's  measure 
of  chemical  affinity. 

It  has  already  been  sliown  (vol.  i.  81) 
that  the  electrical  conductivities  bear  a  definite 
relation  to  the  composition  and  constitution  of 
the  acids.  But  the  law  of  dissociation  of  elec- 
trolytes had  not  been  discovered  at  the  time 
when  the  article  referred  to  was  written,  and  the 
observed  relations  could  not  be  represented  nu- 
merically. This  has  now  become  possible,  by 
means  of  the  values  of  the  constant  k,  which 
have  been  measured  for  about  400  acids  (Ost- 
wald,  Z.  P.  C.  3,  170  ;  Bethmann,  ib.  5,  385  ; 
Bader,  ib.  6,  289). 

Before  expounding  these  relations,  it  will  first 
be  shown  how  the  laws  which  have  been  found 
empirically  for  the  electrical  conductivities  follow 
directly  from  the  above  dissociation-formula. 
In  order  to  make  the  consideration  easier,  the 
formula  will  first  be  somewhat  simplified  by  sub- 
stituting for  the  molecular  conductivity  Hi,  its 

value   referred   to    the    maximum  =  m. 

The  equation  then  assumes  the  simjjle  form 


In  the  first  place,  we  see  that  as  the  dilution 
V  increases  infinitely,  the  quantity  l~in  must 
approach  zero.  Hence  m  must  approach  unity  ; 
hence  the  electrical  conductivity  increases  with 
dilution  up  to  a  maximum,  as  has  been  shown  by 
experience. 

Further,  it  was  found  that  when  at  any  dilu- 
tions, D,  and  V.,,  two  different  acids  have  the 
I  same  (relative)  conductivity,  they  also  have  the 
!  same  at  other  dilutions  i','  and  vj,  as  long  as  the 
new  dilutions  are  in  the  same  ratio  as  the  old 
ones — that  is,  when  «,  :  v.,-i\'  :  vj.  This  follows 
from  the  formula  in  this  way  :  on  the  supposi- 
I  tion  that  the  relative  conductivities  are  the  same, 
m-  III- 

we  have  first  of  all  r.  =  k.v, ;  :j — —  =  k.,v., ; 

1  —  m  i  —  ni 

therefore  k,v,  =  k.,v.,.  And  in  the  same  way  for 
the  other  dilutions,  ^-■,'«i'  =  ^zV,  from  which  it 
follows  directly  that  r,  :      =  '•'i'  '■  ""-I- 

In  addition,  F.  Kohlrausch  had  already  pointed 
out  that  in  the  cases  of  acids  which  conduct  badly 
(which,  therefore,  are  but  little  dissociated),  the 
molecular  conductivity  increases  nearly  as  the 
square  root  of  the  dilution.    If  in  the  equation 

~ —  =  kv,  m  is  very  small,  l  —  in  differs  little 
l  —  in 

from  unity,  and  can  be  looked  upon  as  constant ; 
then  approximately,  vi-  -  kv,  or  m=  Vkv. 

Finally,  on  taking  the  logarithms  of  the  dilu- 
tions as  abscissiie  and  the  values  of  m  as  ordinates, 
[  we  also  get  from  the  formula  a  curve  resembling 
a  tangent-function  (vol.  i.  page  82) ;  the  inter- 
polation-formula given  in  vol.  i.  must  be  replaced 
by  the  present  rational  formula. 

As  regards  the  meaning  of  the  constant  A:,  we 
recognise  what  this  is  on  putting  hi  =  0-5,  when 

we  get  2k  =  i.    2k  is  therefore  the  recir)rocal 

V 

value  of  the  volume,  or  the  concentration  at 
which  the  electrolyte  is  just  half  dissociated. 
This  number  is  extremely  characteristic  for  dif- 
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ferent  acids,  since  its  value  may  vary  according  to 
the  nature  of  the  substance  between  the  limits  1 
and  1,000,000. 

The  measurement  of  the  quantity  k  for  differ- 
ent acids  has  led  to  the  following  general  law : — 
The  constant  k  is  approximately  the  product  of 
a  number  of  factors,  each  of  which  depends  on,  the 
nature  of  the  constituents  of  the  acid  and  on  their 
position  relatively  to  the  carboxyl  group. 

In  order  to  realise  what  this  law  implies,  and 
in  what  manner  it  is  applied,  we  will  proceed  to 
discuss  in  the  following  pages  the  most  impor- 
tant groups  of  the  organic  acids.  The  relations, 
the  main  features  only  of  which  could  formerly 
(vol.  i.  page  82)  be  investigated,  can  now  be 
represented  numerically  with  perfect  exactitude. 
The  numerical  values  for  Jc  have  been  multiplied 
by  100  in  order  to  get  rid  of  ciphers ;  they  all 
hold  for  aqueous  solutions  at  25°. 

Tlie  fatty  acids.  The  following  constants 
were  measured : — 

Formic  acid  H.CO  JI    .       .       .  0-00214 
Acetic  acid  CHj.CO.H  .       .       .  0-00180 
Propionic  acid  C.,H,.CO.,H    .       .  0-00134 
Butyric  acid  C3H..C0.,H      .       .  0-00149 
Isobutyric  acid  (CH3).,CH.C0.,H   .  0-00144 
Isovaleric  acid  (CH,).,C.,H3.C0.,H  .  0-00161 
Caproic  acid  C^^^^^'OB.     .       .  0-00145 
Formic  acid  has  the  highest  constant ;  the  re- 
placement of  its  hydrogen  by  methyl  reduces 
the  constant  to  half  its  value.     But  on  again 
replacing  one  hydrogen  atom  in  acetic  acid  by 

methyl  the  constant  only  decreases  to  ^  of 

its  value,  and  further  similar  substitutions  no  \ 
longer  produce  a  weakening  of  the  acid,  but  some  ! 
of  them  even  bring  about  a  slight  strengthening.  | 
These  changes  are,  however,  but  small,  so  that 
the  constants  of  acids  of  this  series  having  more 
than  three  carbon  atoms  vary  irregularly  about 
the  mean  value  0-0014. 

It  is  evident,  then,  that  the  substitution  of 
hydrogen  by  methyl  acts  quite  differently,  ac- 
cording as  it  occurs  next  to  the  carboxyl  or  at 
a  greater  distance  from  it.  This  is  a  result 
which  will  afterwards  be  shown  to  hold  good  in 
all  cases ;  on  the  whole,  the  effect  of  each  sub- 
stituent  is  the  smaller  the  more  distant  it  is 
from  the  carboxyl.  The  inference  that  the 
interposition  of  even  two  carbon  atoms  nearly 
counteracts  the  effect  is  correct  for  methyl,  for 
Avhich  it  is  relatively  small.  Other  constituents 
of  greater  energy  extend  their  action  further,  but 
yet  not  over  more  than  three  or  four  atoms  of 
the  '  open  chains  ' ;  in  the  case  of  '  closed  chains ' 
other  relations  hold  good. 

Halogen  derivatives  of  the  fatty  acids.  The 
entrance  of  chlorine  in  the  place  of  hydrogen  in 
the  fatty  acids  exerts  very  considerable  influence. 


The  constants  are — 

Acetic  acid  CHa.COoH  .       .       .  0-0018 
Monochloracetic  acid  CH.,C1.C0^H  0-155 
Dichloracetic  acid  CHCL,.CO.,H    .  5-1 
Trichloracetic  acid  CCl^.COM     .  121 

The  constants  are  in  the  ratio  of 


1  :  86  :  2840  :  67200.  The  ratio  of  the  values  of 
the  constants  for  the  different  acids,  referred  to 
the  entrance  of  each  separate  chlorine  atom,  is 
84,  33,  and  24.  It  is  only  the  ratios  of  the 
constants,  and  not  their  differences,  which  are 


important ;  the  ratios,  though  not  equal,  are 
yet  of  the  same  order  of  magnitude,  while  the 
differences  between  0-155,  5,  and  121  are  quite 
incomparable.  Further,  it  follows  that  the  re- 
lative change  of  the  constants  for  the  entrance 
of  each  chlorine  atom  is  not  of  the  same 
value  ;  the  first  chlorine  atom  acts  more  intensely 
than  the  second,  and  the  second  more  intensely 
than  the  third.  We  shall  again  meet  with  a 
similar  relation  when  dealing  with  substitution 
in  connection  with  the  same  carbon  atom.  From 
this  it  may  be  concluded  that  the  first  chlorine 
atom  which  enters  into  acetic  acid  exerts  its  in- 
fluence under  more  favourable  conditions,  there- 
fore probably  from  a  less  distance,  than  the 
second  and  third,  and  it  becomes  evident  how 
well  such  measurements  lend  themselves  to  in- 
vestigations and  examinations  of  the  relations 
in  space  of  the  atoms  within  the  molecules. 
The  action  of  other  elements  and  radicles  is  very 
similar  to  that  of  chlorine. 

Monobromaeetic  acid  CH,,Br.CO.^  .  0-138 
Cyanacetic  acid  CH.,.CN.CO.,H  .  .  0-370 
Thiocyanacetic  acid"CH2.SCN.C0oH  .  0-265 
So-called    '  carbamine  thioglycollic 

acid '  CH„(SCONH,)CO„H      .       .  0-0246 
Isothiocyanacetic  acid  CjHAS-N     .  0-0000246 
Thiacetic  acid  CH3.COSH  .   "   .       .  0-0469 

The  constant  of  monobromaeetic  acid  does 
not  differ  much  from  0-155,  that  of  monochlor- 
acetic acid,  hence  both  halogens  exert  about 
the  same  influence.  Cyanogen  acts  much  more 
intensely.  The  ratio  of  cyanacetic  acid  to  acetic 
acid  has  risen  to  205  (from  86).  Thiocyanacetic 
acid  also  is  stronger  than  monochloracetic  acid, 
but  not  so  strong  as  cyanacetic  acid,  though  sul- 
phur is  generally  a  negative  substituent — that  is, 
one  which  augments  the  acid  properties.  The 
idea  of  relations  in  space  at  once  suggests  itself; 
by  the  introduction  of  sulphur  there  has,  in 
fact,  taken  place,  on  the  one  hand,  an  increase 
in  the  acid  properties,  but  on  the  other  hand, 
since  the  cyanogen  is  removed  to  a  greater  dis- 
tance from  the  carboxyl,  there  has  been  a 
weakening,  and  the  latter  effect  preponderates 
over  the  former.  By  taking  up  water,  thio- 
cyanacetic acid  easily  passes  into  the  acid 
CH2.SCONH2.CO2H,  the  group  CN  changing  into 
CO.NHo.  This  transformation  is  accompanied 
by  a  marked  decrease  in  the  conductivity,  the 
constant  falling  to  less  than  a  tenth  of  its 
former  value.  The  change  can  be  conveniently 
studied  in  an  aqueous  solution  of  thiocyanacetic 
acid,  by  determining  its  electrical  conductivity ; 
the  conductivity  decreases  continuously,  and  > 
after  even  a  few  days  the  greater  part  of  the 
thiocyanacetic  acid  is  found  to  be  changed. 
Finally,  there  is  a  compound  isomeric  with  thio- 
cyanacetic acid,  which  Volhard  (J.  pr.  [2]  9,  6) 
obtained  by  the  action  of  hydrochloric  acid  on 
suliDhohydantoin,  and  which  is  isothiocyanacetic 
acid.  The  constant  for  this  compound  is  10,000 
times  smaller  than  that  for  thiocyanacetic  acid  ; 
it  is  also  smaller  than  that  of  any  other  carbon 
acid,  so  that  the  inference  must  be  drawn  that 
the  substance  is  not  a  carbon  acid  at  all.  This 
confirms  the  view  expressed  by  Liebermann,  and 
the  reasons  for  which  were  given  by  Hantzsch 
{B.  20,  3129),  that  the  compound  is  a  dioxy- 
thiazole — 
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CO  NH 

I  ! 
CH,  CO 

The  feebly  acid  in-operties  are  ascribed  to  the 
hydrogen  of  the  imide  group.  The  thiacetic  acid 
mentioned  at  the  end  of  the  last  table  contains 
sulphur  in  the  place  of  oxygen  in  the  hydroxyl 
of  the  carboxyl.  In  accordance  with  the  nega- 
tive nature  of  sulphur,  this  acid  proves  to  be 
twenty-six  times  stronger  than  acetic  acid,  and 
this  factor  may  be  looked  upon  as  the  greatest 
to  which  sulphur  can  give  rise  when  replacing 
oxygen,  because  in  this  case  the  sulphur  atom 
acts  from  the  most  favourable  position  which  is 
ever  possible. 

Oxyacetic  acid  and  its  derivatives. 


Glycolhc  acid  CH,,.OH.CO,,H  .       .  .  0-01.52 

Methoxy-acetic  acid  CH„.(0CH3)C0„H  .  0-0335 

Ethoxy-acetic  acid  CH.,(OC„H,jCO  ,H  .  0-0234 

Phenoxy-acetio  acid  CH„(0C,HJC6„H  .  0-075G 

Glyoxylie  acid  CH(OH)„CO,H       .  .  0-0474 


The  replacement  of  hydrogen  by  hydioxyl  in 
acetic  acid  produces  a  rise  in  the  constant  of 
9  times  its  former  value  ;  hydroxyl,  therefore, 
acts  much  less  intensely  than  the  halogens. 
By  introducing  a  second  hydroxyl  the  constant 
again  becomes  greater,  but  only  3-1  times  greater. 
Here  we  find  quite  the  same  effects  as  in  the  cases 
of  mono-  and  di-chloracetic  acid,  the  second 
substitution  of  the  same  substance  acting  less 
strongly  than  the  first.  In  the  numerical  values, 
even,  we  cannot  overlook  a  certain  correspon- 
dence ;  in  the  case  of  chlorine  the  ratios  are 
1 : 86  and  1 : 33  ;  in  the  case  of  hydroxyl  they 
are  1:9,  and  1:3-1.  It  may  therefore  be  said 
that,  using  round  numbers,  in  the  derivatives  of 
acetic  acid  chlorine  acts  ten  times  as  intensely 
as  hydroxyl.  When  the  hydroxylic  hydrogen  of 
glycollic  acid  is  replaced  by  radicles,  the  constant 
changes,  and,  strange  to  say,  methyl  acts  in  this 
case  in  a  strengthening  manner,  the  constant 
rising  to  a  little  more  than  twice  its  former 
value.  The  substitution  of  hydrogen  in  this 
methyl  by  methyl  again  has  a  weakening  elifect, 
as  is  the  case  with  the  fatty  acids  ;  ethoxy-acetic 
acid  is  1-4  times  weaker  than  methoxy-acetic 
acid.  Finally,  by  the  introduction  of  phenyl, 
the  constant  becomes  appreciably  greater ;  it  is 
about  five  times  as  great  as  that  of  glycollic  acid, 
and  is  2-3  times  greater  than  that  of  meth- 
oxy-acetic acid.  The  ratio  is  smaller  than  that 
between  acetic  acid  and  benzoic  acid,  which  is 
1 :  3*3,  an  indication  that  the  exchange  of  methyl 
for  phenyl  has  in  the  latter  case  taken  place  in 
greater  proximity  to  the  COOH  group,  a  con- 
clusion which  follows  also  directly  from  the 
formula?. 

A  number  of  other  substances  related  to 
glycollic  acid  have  given  the  following  numerical 
values : — 

Thioglycollic  acid  CH2(SH)C0„H  .       .  0-0225 
Thiodiglycollic  acid  S(CH2C0.,H)..        .  0-04S 
Dithiodiglycollic  acid  S,(CH„CO.,H),.     .  0-005 

Diglycollic  acid  0(CH,,C0,H)':    "  •'      •  0-11 

As  the  constant  of  glycollic  acid  is  -0152,  we 
see  that  the  substitution  of  S  for  0  in  hydroxyl 
has  caused  the  constant  to  increase  1-5  times ; 
now,  as  substitution  of  S  for  0  in  COOH  of  acetic 


acid  increased  fc  from  1  to  26,  we  see  here  also 
the  great  influence  of  the  position  occupied  by 
the  replacing  atom. 

The  three  other  acids  quoted  in  the  last  table 
are  dibasic,  and  the  question  at  once  arises 
how  their  constants  must  be  calculated,  since 
the  dissociation-formula  has  been  developed  for 
binary  electrolytes — that  is,  for  monobasic  acids 
only,  and  not  for  ternary  ones,  to  which  class  the 
dibasic  acids  belong.  It  can,  however,  easily  be 
shown  that,  as  long  as  the  dissociation  is  not 
;  great,  the  weaker  dibasic  acids  are  not  electro- 
I  lysed  according  to  the  formula  2H-t-E",  but 
according  to  the  formula  H  -i-  HR.  In  other 
words,  at  first  one  hydrogen  atom  only  is  split 
off,  and  the  dissociation  takes  place  according 
to  the  binary  scheme  of  the  monobasic  acids. 
This  follows  from  the  fact  that  the  change  in 
the  molecular  conductivity  of  such  acids  can  be 

represented  by  the  same  formula  — —  =  vk,  so 

1—171 

that  k  remains  constant.  But  the  formula  cal- 
culated on  the  assumption  of  a  dissociation 
according  to  the  scheme  HJR"  =  2H-i-R  does 
not  represent  the  change  in  the  conductivity  of 
these  acids  as  determined  by  experiment. 

Malonic  acid  CH.^(COOH)._,  may  serve  as  an 
example  of  dibasic  acids.    It  gives  : — 


V 

m 

1011/.- 

16 

53-1 

0-149 

0-1.59 

32 

72-3 

0-202 

0-159 

G4 

97-1 

0-272 

0-158 

128 

128-5 

0-359 

0-157 

256 

165-9 

0-404 

0-157 

512 

208-8 

0-586 

0-162 

1024 

253-2 

0-708 

0-168 

2048 

294-2 

0-823 

0-187 

The  constant  does  not  change  till  the  value 
j;i  =  0-586  is  reached — that  is,  till  about  half 
the  acid  has  been  dissociated  according  to  the 
binary  scheme ;  then  it  becomes  greater — a  sign 
that  henceforward  the  formula  loses  its  validity, 
and  that  the  decomposition  according  to  the 
ternary  scheme  2H  +  R"  begins  to  assume  an 
appreciable  value. 

If,  on  the  other  hand,  we  attempt  to  calculate 
the  conductivity  according  to  the  formula  corre- 
sponding to  ternary  dissociation  - — ''-^^  ■ —  =  k, 
°  {l-m)v- 

the  values  of  k  decrease  very  rapidly  and  are  far 
from  being  constant. 

The  values  for  the  constants  of  dibasic  acids 
given  in  the  table  preceding  the  last  one  have 
been  calculated  on  this  principle,  and  refer, 
therefore,  to  the  first  stage  of  binary  dissociation 
H,E  =  HE  +  H. 

Comparing  thioglycollic  acid  with  thiodigly- 
collic acid  and  dithiodiglycollic  acid,  we  find  that 
the  constants  do  increase  distinctly,  though  only 
slightly  ;  they  are  0-0255,  0-048,  and  0-065,  and 
are  in  the  ratio  of  1 :  2-1 :  2-9.  When,  therefore, 
the  residue  of  acetic  acid,  CHXO.,H,  enters  thio- 
glycollic acid,  this  process  has  no  appreciable  in- 
fluence on  the  constant.  On  the  other  hand,  the 
constant  of  diglycollic  acid  is  7-2  times  greater 
than  that  of  glycollic  acid.  From  the  fact  that 
the  same  substituent  produces  such  different 


200 


PHYSICAL  METHODS 


USED  IN  CHEMISTRY. 


effects  in  glycollie  acid  and  in  thioglycollic  acid, 
it  may  be  presumed  that  in  the  first  case  the 
oxygen  brings  the  negative  substituent  nearer  to 
the  carboxyl  than  the  sulphur  does  in  the  second 
case,  and  this  presumption  may  be  further  utilised 
for  hypotheses  concerning  the  configuration  of 
the  sulphur  atom,  and  the  arrangement  of  the 
aflinity  points  on  it.  It  has,  however,  not  yet 
been  established  with  certainty  that  the  greater 
or  less  distance  of  the  groups  is  the  only  cause 
of  their  different  actions,  and  there  are  some 
circumstances  which  allow  us  to  conclude  that 
other  conditions  are  effective  also ;  therefore, 
until  these  have  been  cleared  up,  conclusions 
such  as  the  above  hold  only  hypothetically. 

Derivatives  of  amido-acetic  acid. 
Phenylamido-acetio 

acid  CH.,(NHC,H5)C0^ .       .       .  0-0039 

Hippuric  acid  CH,(NH.CO.C„H,)CO,H  .  0-0222 

Aceturic  acid  CHjNH.CO.CHgjCO.H  .  0-0230 
Phthalylamido-acetic  acid 

CH,(NaO„C,HJCO,H    .       .      .  0-100 

Amido-acetic  acid  has  not  the  character  of  an 
acid ;  the  basic  NHj  group  completely  removes 
the  acid  properties  of  acetic  acid.  But  if  nega- 
tive radicles  are  introduced  into  NH,^,  well  defined 
acids  are  again  obtained.  Phenyl  has  this  effect ; 
the  constant  of  phenylglycocoll  is  2-2  times  as 
great  as  that  of  acetic  acid.  The  constants  of 
the  acids  obtained  by  introducing  CO.C|jH^  and 
CO.CH3  for  H  in  NH^  are  12  to  13  times  greater 
than  that  of  acetic  acid.  The  substitution  of 
the  divalent  residue  of  phthalic  acid  for  the  two 
hydrogen  atoms  in  the  NH,  group  raises  the 
constant  of  acetic  acid  55  times. 

Derivatives  of  propionic  acid. 

Propionic  acid  CHj.CHo.CO.H     .       .  0-00134 

Lactic  acid  CH3.CH(0H)C0„H     .       .  0  0138 

;8-Oxypropionic  acid  CH,(OH).CH,,.CO..H  0-00311 

Glyceric  acid  CH.,.OH.CH.OH.CO.,H    .  0-0228 

i8-Iodopropionic  acid  CHJ.CIL.c6.vH  .  0-0090 

Trichlorlactic  acid  CCla.CH.OH.COJi  .  0-465 

The  constant  of  a-oxypropionic  or  lactic 
acid  is  10  times  greater  than  that  of  propionic 
acid,  but  the  constant  of  /3-oxypropionic  acid  is 
only  2-3  times  greater  than  that  of  propionic 
acid.  The  difference  in  the  action  of  the  same 
substituent,  according  to  its  nearer  or  more 
distant  position  relatively  to  COOH,  asserts  itself 
most  clearly.  The  ratio  between  propionic 
acid  and  lactic  acid  is  slightly  greater  than  that 
between  the  analogous  substances  acetic  acid 
and  glycollie  acid  (1:9);  it  is,  therefore,  not 
quite  immaterial  whether  the  substitution  does 
or  does  not  take  place  in  the  group  CHj.  The 
influence  of  the  more  distant  position  of  the 
substituent  can  be  recognised  in  ^-iodopropionic 
acid  and  trichlorolactic  acid.  The  first  is  only 
6-5  times  stronger  than  the  parent  substance. 
No  measurement  of  o-iodopropionic  acid  has  yet 
been  made,  but  there  is  little  doubt  that  iodine 
in  the  a-  position  must  act  very  similarly  to  chlor- 
ine or  bromine,  and  must,  therefore,  increase  the 
constant  by  70  or  80  times.  The  efl'ect  in  the 
0-  position  is  10  to  12  times  less  than  this.  In 
the  same  way  the  substitution  of  3C1  for  3H  in 
CH3.COOH  increases  k  about  67,000  times ;  but 
the  introduction  of  3C1  into  CH,,.CHOH.COOH 
in  the  fi-  position  increases  k  only  about  33-7 


times.  The  ratio  of  these  effects  is  about 
1:2000 ;  calculated  for  each  CI  atom  the  ratio  is 
.3'2000=  12-6  ;  this  ratio  comes  very  near  that 
estimated  for  a-  and  jS-iodopropionic  acids. 

Derivatives  of  higher  fatty  acids. 
Oxyisobutyric  acid  (CH3)„CH.6h.CO,H  0-0106 
Mononitrocaproic  acid  C5H,„(N0„).C0.JE  0-0123 
Dinitrocaproic  acid  C5Hg(N0.,)„C0,H "  .  0-069 
Lajvulinic  acid  CHj.CO.CH^.CHj.COjH  0-00255 

Since  the  constant  of  isobutyric  acid  is  0-00144, 
the  hydroxyl  in  the  o-  position  here  causes  the 
factor  7-4,  which  is  somewhat  smaller  than  9, 
the  corresponding  ratio  between  acetic  acid  and 
glycollie  acid. 

The  ratio  between  caproic  acid  and  its  mono- 
nitro-  derivative  is  1 : 8-5.  Since,  as  will  soon  be 
shown,  the  nitro-  group  has  a  more  strongly  nega- 
tive action  than  chlorine,  NO.^  must,  in  the  pre- 
sent case,  be  in  the  /3-  position.  The  same  holds 
for  the  dinitro-  compound;  it  is  5-6  times  stronger 
than  the  mononitr-o-  compound  ;  it  is  again 
evident  that  the  second  negative  group  has  less. 
eSect  than  the  first. 

Lasvulinic  acid,  or  )3-acetyl-propionic  acid, 
allows  us  to  recognise  the  smaller  influence  to 
be  expected  of  the  acetyl  in  the  P-  position  ;  the 
constant  is  only  1-9  times  larger  than  that  of 
propionic  acid. 

Benzoic  acid  and  its  derivatives.  The  largest 
and  most  varied  group  of  allied  substances  that 
has  been  investigated  so  far,  is  that  of  benzoic 
acid  and  its  derivatives,  and  consequently  it  has 
been  possible  to  trace  here  many  and  striking 
regularities. 

Benzoic  acid  C.H^CCH      .       .       .  0-0060 
Salioyhc  acid  C^H/OHICO.H      .       .  0-102 
m-Oxybenzoic  acid  C,H,,(OH)CO,H     .  0-0087 
j)-Oxybenzoic  acid  CsH,(OH)CO,,H      .  0-0028(> 
Oxysalicylic  acid  [1:2:3]  C6H3(OH)..CO.,H  0114 
Oxysalicylic  acid  [1:2:5]  C,H.,(OHj.,CO„H  0-108 
;8-Eesorcylic  acid  [1:2:4]  C,H3(0H),C0„H  0-052 
a-Resorcylic  acid  [1:2:6]  CsHajOHJjCOjH  5-0 
Protocatechuic 

acid  [1:3:4]  C,H,(OH),CO„H  .       .  0-0033 
7«-Dioxybenzoic  acid  C,H,(OH)„CO,H  .    0  0091 
Gallic  acid  [1:3:4:5]  C,H„(0H)3C0.,H  .  0-0040 
Pyrogallic  acid  [1:2:3:4]  C,H,(OH)3C02H  0-055 
Phloroglucin  carboxylic 

acid  [1:2:4:6]  C,H._,(OH)3C02H      .  2-1 

The  numbers  indicate  the  positions  of  the 
OH  groups  relatively  to  COOH  supposed  to  be 
in  position  1. 

This  table  contains  the  constants  of  all 
hydroxyl-benzoic  acids  known  n'p  to  the  present 
time.  These  show  such  close  connections  with 
each  other  that,  knowing  the  constants  of  benzoic 
acid  and  of  the  three  monoxybenzoic  acids,  those 
of  all  the  others  can  be  calculated  approximately. 
It  is  true  the  calculation  is  not  quite  exact,  but 
it  is  sufificiently  so  to  enable  us  to  deduce  the 
constitutions  of  the  corresponding  substances 
directly  from  a  knowledge  of  the  constants. 

Between  the  constants  of  benzoic  acid  and  its 
ortho-oxy-  derivative  the  ratio  is  1:17.  This  value 
is  larger  than  the  ratio  when  OH  is  introduced 
in  the  a-  position  into  a  fatty  acid,  in  which  cases 
the  ratio  did  not  exceed  10  ;  in  the  /3-  position, 
which  corresponds  to  the  constitution  of  salicylic 
acid,  the  ratio  was  not  larger  than  2-3.  From  this 
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it  appears  that  the  ortho-  position  involves  a  much 
closer  relation  in  the  benzene  nucleus  than  even 
the  o-  position  in  the  open  chain,  a  fact  vt'hich 
later  on  will  be  confirmed  in  many  ways,  and 
which  seems  to  be  of  great  imj)ortance  in  dealing 
with  the  question  concerning  the  constitution 
of  benzene. 

The  constant  is  increased  but  slightly  by  OH 
in  the  meta-  position.  But  in  the  para-  position 
the  hydroxyl  even  produces  a  diminution  of  the 
constant  to  rather  less  than  half  the  value.  We 
deal  in  this  case,  therefore,  not  only  as  usual 
with  a  greater  or  smaller  value  of  the  influence 
exerted  by  a  substituent  according  to  its  position, 
but  with  a  reversal  of  the  direction  in  which  the 
influence  is  exerted.  This  fact,  which  has  already 
become  evident  in  the  case  of  methyl,  recurs  with 
other  feebly  negative  substituents  in  the  para- 
position  of  the  benzene  nucleus.  This  promises 
to  become  very  important  in  the  construction  of 
a  theory  to  explain  these  phenomena. 

We  have  then  the  following  factors  for  the 
influence  of  the  hydroxyl : — 

Ortho-   1:2    or    1:6  =  17 
Meta-    1:3    „    1:5=  1-4 
Para-     1:4  =  0-5 

By  their  help  we  are  able  to  calculate  the 
constants  of  the  di-  and  tri-oxybenzoic  acids  by 
multiijlying  the  constant  of  benzoic  acid  by  the 
corresponding  factor  for  every  hydroxyl  intro- 
duced. It  must  be  remembered  that  such  a  calcu- 
lation can  only  give  appiroximate  results  ;  for  we 
have  seen  that  substituents  already  present  some- 
what influence  the  magnitude  of  the  factor  of  a 
newly  entering  substituent,  and  that,  generally, 
by  decreasing  it.  It  is,  therefore,  only  the  order 
of  magnitude  of  the  constants,  and  not  their 
exact  value,  that  we  shall  be  able  to  find  in  the 
manner  indicated. 

Four  dioxybenzoic  acids  can  be  derived  fi'om 
salicylic  acid  ;  the  constants  of  these  four  acids 
are  calculated  thus  : — 

1:2:3  gives  -0060  x  17  x  1-4  =  0-143 
1:2:4  „  -0060  x  17  x  0-5  =  0-051 
1:2:5  „  -0060  x  17  x  1-4  =  0-143 
1:2:6     „       -0060  x  17  x  17  =1-73 

The  numbers  observed  are  0-114,  0-052,  0-108, 
and  5-0.  In  the  case  of  the  first  and  the  third 
acid  which  both  contain  a  hydroxyl  in  the 
lit-  position,  a  diminution  of  the  combined  effect 
therefore  makes  itself  felt  as  usual.  In  the 
second  acid  1:2:4,  calculation  and  experiment 
comx)letely  agree  ;  while  the  fourth  acid  1:2:0, 
which  contains  two  ortho-  hydroxyls,  shows  a 
value  about  three  times  greater  than  is  furnished 
by  the  estimation.  We  shall  see  later  that  this 
behaviour  is  common ;  two  substituents  in  the 
ortho-  position  do  not,  as  is  otherwise  usual, 
weaken  one  another,  but  reinforce  each  other's 
effect. 

For  the  two  dioxybenzoic  acids  still  remaining 
we  must  expect  the  following  constants  : 
1:3:4  gives  -006  x  1-4  x  0-5  =  0-0042 
1:3:5     „     -006x1-4  x1-4  =  0-012 

Measurement  gives  -0033  and  -009,  both  con- 
stants being  therefore  as  usual  somewhat  smaller, 
a  consequence  of  the  combined  effect,  yet  being 
quite  of  the  expected  order  of  magnitude. 

The  six  possible  trioxybenzoic  acids  allow  us 
to  estimate  the  following  constants  : 


1:2:3:4  gives 

-0060 

x 

17 

X 

1-4 

X 

0-5 

=  0-07 

1:2:4:6  „ 

•0060 

X 

17 

X 

0-5 

X 

17 

=  0-9 

1:3:4:5  „ 

-0060 

X 

1-4 

X 

0-5 

1-4 

=  0-006 

1:2:3:5  „ 

•0060 

X 

17 

X 

1-4 

X 

1-4 

=  0-2 

1:2:4:5  „ 

•0060 

X 

17 

0-5 

X 

1-4 

=  0-07 

1:2:3:6  „ 

•0060 

X 

17 

X 

1-4 

X 

17 

=  2-4 

Of  the  six  possible  trioxybenzoic  acids  three 
are  known  and  measured.  The  comparison  be- 
tween the  observed  and  estimated  constants 
gives  0-055  instead  of  0-07;  0-004  instead  of  0-006, 
where  as  usual  the  observed  value  is  smaller  than 
the  estimated  value ;  and  in  the  ease  of  the  acid 
with  two  hydroxyls  in  the  ortho-  position  we  have 
2-1  observed  instead  of  0-9  estimated,  which  there- 
fore, as  before,  is  about  twice  as  great.  In  the 
same  way  we  may  expect  in  the  cases  of  tlie 
three  trioxybenzoic  acids  still  unknown,  that 
the  real  constants  of  the  acids  1:2:3:5  and  1:2:4:5 
will  be  somewhat  smaller  than  the  estimated 
values,  and  therefore  about  0-15  and  0-05,  while 
the  third  acid  1:2:3:6  with  two  ortho-  hydroxyls 
will  probably  have  a  constant  from  5  to  5-5.  In 
spite  of  the  uncertainty  of  the  estimation,  the 
differences  are  so  considerable  that  when  in 
future  one  of  these  acids  is  prepared  the  de- 
termination of  the  conductivity  of  an  aqueous 
solution  will  suffice  to  decide  its  constitution. 

The  constitutional  relations  of  the  oxybenzoic 
acids,  as  indicated  by  the  dissociation-constants, 
are  therefore  in  complete  agreement  with  those 
deduced  from  chemical  relations. 

The  methods  just  expounded  may  be  directly 
utilised  for  elucidating  constitutional  relations. 
On  heating  orcin  CsH3(OH)2CH3  with  KHCO3 
there  is  formed  '  paraorsellic  acid,'  whose  con- 
stitution must  correspond  either  to  that  of 
a-  or  /3-resorcylic  acid.  On  measurement,  the 
constant  appeared  to  be  4-1  ;  the  acid  has,  there- 
fore, a  constitution  analogous  to  that  of  o-resor- 
cylic  acid,  corresponding  to  the  arrangement 
CO,H:OH:OH:CH,  =  1:2:6:4. 

Further  substitution  products  of  benzoic 
acid  gave  the  following  numbers  : — 

o-Chlorobenzoic  acid  C,H,C1.C0,H  .  0-132 

7)i-Clilorobenzoic  acid  C,H^C1.C6„H  .  0-0155 

2)-Chlorobenzoic  acid  C,.H^C1.C0.,H  .  0-0093 

o-Bromobenzoic  acid  C„H,Br.C0",H  .  0-145 

«i-Bromobenzoic  acid  CsH^Br.CO.H  .  0-0137 
Monobromgallic 

acid  C,  HBr(OH),CO.,H      .       .  .  0-059 

Dibromgallic  acid  C6Br„(0H),C0.,H  .  1-21 

ju-Fluobenzoic  acid  C„H,F.C0.,H  .  .  0-0136 

«s-Cyanobenzoic  acid  C,H,CN.C0,H  .  0-020 

o-Nitrobenzoic  acid  C,H,N0.,.C02H  .  0-616 

«i-Nitrobenzoic  acid  C,H^N6.,C02H  .  0-0345 

_2.)-Nitrobenzoic  acid  CgH^NO-^COoH  .  0-040 
Bromonitrobenzoic 

acid  [1:2:5]  CeH3BrN0.,C0.,H     .  .  1-4 

o-Amidobenzoic  acid  C„H,NH,,CO..H  .  0-0010 

^j-Amidobenzoic  acid  C^HjNK.CO'.H  .  0  0012 
o-Acetamidobenzoic 

acid  C,,HJNHC0CH3)C0,H  ,  .  0-024 
})i-Acetamiciobenzoic 

acid  C„H,(NHC0CH3)C0,H  .  .  0-0085 
p-Acetamidobenzoic 

acid  C,H,(NHC0CH3)C0,H  .  .  0-0052 
o-Acetoxybenzoic 

acid  C,H,(0C0CH3)C0,H  .  .  0-033 
jp-Acetoxybenzoic 

acid  C,H,(0C0CH3)C0,H         .  .  0  0042 


202 


PHYSICAL  METHODS 


USED  IN  CHEMISTRY. 


j»-Acetoxybenzoic 

acid  C,H,(0C0CH3)C0,H  .  .  0-0099 
o-Methoxy -benzoic 

aeidC,H,(0CH3)C0,H  .  .  .  0-0082 
ji-Methoxy -benzoic 

acid  C,;H,(0CH3)C0,H  .  .  .  0-0032 
The  same  conclusion  may  be  drawn  from 
these  numbers  as  to  the  influence  of  the  halogens 
as  had  been  deduced  for  hydroxyl — namely,  that 
the  ortho-  position  is  that  of  greatest  influence. 
The  constant  of  benzoic  acid  rises  to  22  times 
its  value  on  the  introduction  of  chlorine  in  the 
ortho-  position,  to  2-6  times  its  value  when  CI  is 
put  in  the  meta-  position,  and  to  1-5  times  its 
value  when  CI  is  put  in  the  para-  jjosition.  But 
along  with  this  there  is  a  remarkable  diti'erence 
between  the  behaviour  of  OH  and  that  of  CI; 
hydroxyl  acts  much  more  strongly  in  the  ortho- 
position  of  the  benzene  nucleus  than  in  the 
a-  position  of  the  open  chain,  while  chlorine, 
which  in  the  a-  position  of  the  open  chain  in- 
creases the  constant  to  more  than  80  times  its 
value,  does  so  only  22  times  when  in  the  ortho- 
position  in  the  benzene  nucleus.  For  this  dis- 
crepancy the  explanation  oiiers  itself,  on  the 
one  hand,  that  the  system  of  carbon  atoms 
which  constitutes  the  benzene  nucleus  is  not 
rigid,  but  alters  its  form  according  to  the  atoms 
present  in  it,  and  that  if  so,  the  difference  in 
form  must  be  especially  great  according  as 
hydroxyl  or  chlorine  enters  near  the  carboxyl. 
On  the  other  hand,  the  following  i^ossibility 
strikes  us.  According  to  the  hypothesis  of 
Kekule,  there  are  two  sorts  of  ortho-  positions, 
the  one  being  represented  by  a  double,  the  other 
by  a  single,  linkage.  Now  it  is  quite  possible 
that  in  benzene  itself  the  change  of  the  double 
or  single  linking  to  the  right  or  the  left  takes 
place  easily,  but  that  when  two  adjoining  car- 
bon atoms  have  fixed  different  atoms  or  groups 
of  atoms,  only  one  sort  of  linkage,  either  a  single 
one  or  a  double  one,  is  stable.  Assuming  that 
■ — in  salicylic  acid,  for  instance — double  linkage 
exists  between  the  carbon  atoms,  combined  with 

COOH 
.C 

carboxyl  and  hydroxyl  respectively,  roH 


while  in  o-chlorobenzoic  acid  the  single  linkage 
COOH 

only  is  stable,  CCl  '       difference  empha- 

I 

sised  above  can  be  understood,  since  in  the  first 
case  the  ortho-  relation  is  a  much  more  intimate 
one  than  in  the  second. 

The  small  changes  which  the  constant  of 
benzoic  acid  undergoes  in  m-  and  ^-chloro- 
benzoic  acid  correspond  to  the  greater  distance 
of  the  chlorine  from  the  carboxyl.  According 
to  the  usual  reisresentation  of  benzene,  the  in- 
fluence of  the  para-  position  proves  to  be  the 
smallest.  But  this  behaviour  is  by  no  means 
general. 

Bromine  behaves  very  similarly  to  chlorine. 
The  effect  for  the  ortho-  position  is  somewhat 
larger  than  for  chlorine — i.e.  24  instead  of  22  ; 
that  for  the  meta-  position  somewhat  smaller 
— 2-3  instead  of  2-6. 


When  hydrogen  in  gallic  acid  is  replaced  by 
bromine  in  the  ortho-  position,  the  constant  in- 
creases to  15  times  its  value,  therefore  less 
than  in  the  case  of  benzoic  acid.  This  corre- 
sponds to  the  general  rule  that  several  substi- 
tuents  simultaneously  present  diminish  each 
other's  action.  Only  when  two  substituents, 
which  are  the  same,  occupy  the  ortho-  position 
is  an  increase  in  the  simultaneous  effect  to  be 
observed  ;  in  fact,  a  second  bromine  atom  which 
occupies  the  ortho-  position  brings  about  a 
greater  rise  of  the  constant  than  does  the  first 
— 21  instead  of  15. 

Hydrofluoric  acid  being  much  weaker  than 
hydrochloric  acid,  it  was  to  be  expected  that 
the  fluobenzoic  acids  would  be  weaker  than  the 
chlorobenzoic  acids.  In  case  of  the  meta-  com- 
pound this  occurs,  however,  only  to  a  small  ex- 
tent ;  the  constants  differ  but  little,  and  are  nearly 
the  same  for  the  bromo-  and  fluo-  compounds. 
It  would  be  of  interest  to  determine  whether  in 
the  ortho-  position  also  fluorine  acts  as  strongly 
as  chlorine,  but  o-fluobenzoic  acid  has  not  yet 
been  examined ;  m-cyanobenzoic  acid  is 
markedly  stronger  than  7ii-chlorobenzoic  acid. 
This  completely  corresponds  to  the  fact  that 
cyanacetic  acid  is  much  stronger  than  chlor- 
aoetic  acid. 

From  measurements  of  the  nitrobenzoic 
acids,  the  group  NO,  appears  to  be  the  most 
efl'ective  negative  substituent.  The  ortho-  com- 
pound exhibits  a  103-fold  increase  of  the  con- 
stant, the  meta-  compound  an  increase  equal  to 
5-8-fold,  and  the  para-  compound  a  6-7-fold  in- 
crease. With  regard  to  the  influence  of  posi- 
tion, the  numbers  agree  with  those  found  for  the 
chloro-  and  bromo-  compounds,  in  so  far  as  the 
ortho-  position  is  again  that  of  greatest  influ- 
ence;  but,  on  the  other  hand,  the  influence  of 
the  nitro-  group  makes  itself  more  felt  from  the 
para-  position  than  from  the  meta-  position,  in 
opposition  to  the  relations  found  in  the  case  of 
chlorine. 

Bromonitrobenzoic  acid  contains  the  sub- 
stituents in  the  order  C0.,H:N02:Br  =  1:2:5. 
The  constant  is  made  up  of  that  of  benzoic 
acid,  and  of  the  factor  of  the  o-nitro-  group  103, 
and  that  of  the  7)t-bromine  2-3,  and  is  therefore 
calculated  to  be  1'38,  which  agrees  well  with  1-4, 
the  value  found  by  experiment.  In  this  case, 
therefore,  the  mutual  influence  of  the  simul- 
taneously present  substituents  is  practically 
zero. 

The  constants  of  o-  and^-  amidobenzoio  acid 
show  that  the  amido-  group  considerably  re- 
duces the  strength  of  the  acid.  But  the  values 
quoted  can  only  be  looked  upon  as  approxima- 
tions, since  peculiarities  appear  in  the  determi- 
nations which  are  not  yet  elucidated. 

But  the  numbers  become  regular  when  the 
basic  properties  of  the  amido-  residue  are  com- 
pensated by  the  introduction  of  acetyl.  Of  the 
three  acetamidobenzoic  acids  the  ortho-  com- 
pound is  the  strongest,  it  surpasses  benzoic  acid 
by  four  times  its  value.  The  meta-  compound  is 
only  1-4  times  as  strong  as  benzoic  acid,  and  in 
the  para-  position  the  atomic  group  NHCOCH3 
acts  similarly  to  hydroxyl — that  is,  it  exerts  a 
weakening  effect — the  constant  is  only  0-8G  of 
that  of  benzoic  acid.  The  acetyl-oxybenzoic 
acids  behave  quite  similarly  ;  their  factors  re- 
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latively  to  benzoic  acid  are  5'5, 1'6,  anrl  0'76.  On 
comparing  with  these  and  the  former  numbers 
the  factors  of  the  oxybenzoic  acids — namely, 
17,  I'-l,  and  O'o — it  follows  that  the  substituent 
which  in  the  ortho-  position  acts  most  strongly 
also  exerts  the  greatest  weakening  influence  in 
the  para-  position. 

But  this  relation  again  is  not  universal. 
Keplacement  of  hydroxylic  hydrogen  by  methyl 
in  salicylic  acid  produces  a  quite  extraordinary 
weakening  of  the  acid ;  instead  of  17  times,  the 
constant  is  only  1-4  times,  as  great  as  that  of 
benzoic  acid.  In  the  para-  position,  however, 
the  same  change  produces  scarcely  any  effect ; 
the  constants  of  p-oxybenzoic  acid  and  of 
2J-methoxy-benzoie  acid  or  anisic  acid  are  nearly 
the  same,  and  the  decreasing  effect  of  the  group 
OCH.J  is  much  greater  in  the  para-  than  in  the 
ortho-  position. 

It  is  further  remarkable  that  acetosalicylio 
acid  is  weaker  than  salicylic  acid,  in  spite  of 
acetyl  being  a  negative  radicle.  It  may  be  that 
the  cause  of  this  curious  behaviour  is  to  be  found 
in  a  change  of  linkage  similar  to  that  mentioned 
above. 

Homologties  of  benzoic  acid. 
o-Toluic  acid  C„Hj(CH,,)CO.,H       .       .  0-012 
m-Toluio  acid  C„H,(CH,)C6„H     .       .  0-0051 
2>Toluic  acid  C,jHj{CH3)C0,H      .       .  0-0052 
Phenylacetic  acid  C,H5.CH2.C02H        .  0-0056 
Phenylpropionic 

acid  CH,.CH(C„H3)C0,H  .  .  .  0-0043 
p-Phenylpropionic 

acid  CH,(C,H,)CH,.CO.,H  .  .  .  0-0023 
Cuminic  acid  C6H4(03H,)CO,,H     .       .  0-0050 

A  comparison  of  the  constant  of  benzoic  acid 
with  those  of  the  toluic  acids  shows  that  a 
doubling  of  value  has  occurred  by  the  introduc- 
tion of  methyl  into  the  ortho- position,  but  that, 
as  usual,  the  methyl  group  in  the  rneta-  or  para- 
position  has  a  slightly  weakening  effect.  The 
isomeric  phenylacetic  acid  also  has  a  very  similar 
constant.  This  constant  is  3-1  times  greater  than 
that  of  acetic  acid — an  indication  that  phenyl  is 
a  negative  radicle— but  it  does  not  attain  to  the 
value  of  benzoic  acid. 

The  constants  for  the  two  phenylpropionic 
acids  show  that,  as  in  the  case  of  a-  and  oxy- 
propionic  acids,  the  acid  in  which  the  phenyl  is 
at  a  greater  distance  from  the  carboxyl  is  the 
weaker.  The  other  relations  to  be  expected  are 
also  found;  between  propionic  acid  and  a-phenyl- 
jjropionic  acid  there  is  the  same  ratio  of  the  con- 
stants, 3-1,  as  between  acetic  and  phenylacetic 
acid. 

Cuminic  acid  differs  from  p-toluic  acid  only 
in  that  it  contains  isopropyi  instead  of  methyl. 
To  this  small  difference  in  constitution  corre- 
sponds as  small  a  difference  in  the  constants. 

Hydro.vi/Iiscd  homologncs  of  benzoic  acid. 

Mandelic  acid  C„H,.CH(0H)C6.,H        .  0-0417 

Phenoxy-acetic  acid  C„H.O.CHj'.CO,H  .  0-075G 
o-Nitrophenylglycollio 

acid  C,H,(N0,)0.CH2.C0,H  .  .  0-158 
^j-Nitrophenylglycollic 

acid  C,H.,(NOl)O.CH.,.CO.,H      .       .  0-153 

Tropic  acid  CH„(OH).CH(C,H.)CO„H   .  0-0075 

Phloretic  acid  "CH3CH(C,H^.bH)C0,,H  0  0020 
Hydroparacoumaric 

acid  CH.,(C,Hj.OH)CH,.CO,H.  .       .  0-0017 


Mandelic  acid  is  phenylated  oxyacetic  acid  ; 
the  ratio  of  its  constant  to  that  of  glycollic  acid 
is  2-7,  while  that  between  acetic  acid  and 
phenylacetic  acid  is  3-1 ;  both  values  approxi- 
mate closely  to  each  other. 

On  introducing  into  the  phenyl  of  phenoxy- 
acetic  acid  a  nitro-  group  in  the  ortho-  position, 
the  constant  rises  to  double  its  value.  The  in- 
troduction of  N0._,  in  the  ortho-  position  into 
benzoic  acid  raises  the  constant  to  103  times  its 
former  value.  This  enormous  difference  exem- 
plifies most  prominently  the  influence  exerted  by 
the  varying  distance  of  the  substituent  from  the 
carboxyl.  The  same  thing  is  made  evident  by 
the  constant  of  p-nitroi)henylglycollic  acid,  which 
is  scarcely  different  from  that  of  the  ortho-  com- 
pound ;  the  change  from  the  ortho-  to  para- 
position,  which  is  generally  so  influential,  is  of 
scarcely  any  account  at  this  distance  from  the 
carboxyl. 

Tropic  acid  is  a-phenyl-/3-oxypropionic  acid. 
It  is  2-5  times  stronger  than  oxypropionic  acid. 
For  the  influence  of  phenyl  in  the  a-  position  we 
have  before  found  the  factors  2-7  and  3-1. 

Phloretic  acid  is  phenylpropionic  acid  whose 
phenyl  contains  a  hydroxyl  in  the  para-  position  ; 
its  constant  is  half  as  great  as  that  of  phenyl- 
propionic  acid  ;  hence  the  para-  hydroxyl  here 
exerts  its  characteristic  weakening  effect. 

In  the  same  way  hydroparacoumaric  is 
hydrocinnamic  acid  which  contains  a  para- 
hydroxyl  in  the  phenyl.  This  also  has  a  de- 
creasing action  on  the  constant,  but  owing  to 
the  greater  distance  of  the  phenyl  this  effect  is 
not  so  great  as  in  the  preceding  case. 

Unsaturated  acids.  The  affinity  co-efficients 
of  these  substances  present  a  special  interest 
owing  to  their  isomeric  relations,  which  cannot 
be  represented  by  the  ordinary  chemical 
formulEB.  Following  up  an  idea  of  van't  Hoft', 
an  explanation  of  these  phenomena  has  lately 
been  given  by  Wislicenus  {Abh.  Konig.  Sachs. 
Gcs.  dcr  Wiss.  1887).  In  this  explanation  the 
cause  of  the  chemical  differences  is  supposed 
to  lie  in  differences  in  the  relative  positions  in 
space  of  the  radicles  linked  to  the  carbon.  Since 
the  results  so  far  obtained  from  a  considera- 
tion of  the  affinity-constants  invariably  point  to 
relations  in  space,  it  becomes  possible  to  subject 
this  hypothesis  to  an  experimental  examination. 
Acrylic  acid  CH.,:CH.C0.,H  .  .  0-0056 
Crotonic  acid  GH(CH3):Cn.C0.,H  .  0-00204 
Isocrotonic  acid  CH(CH3):CH.C0.,H  .  0-0036 
Tiglic  acid  CH{CH3):C(CH,)C0,H  .  0-00096 
Angelic  acid  CH(Ca,):C(CH,)CO,,H  .  0-0050 
a-Chlorocrotonic  acid 

CH(CH3):CC1.C0,,H  ....  0-0720 
aZZn-a-Chlorocrotonic  acid 

CH(CH3):CC1.C0,H  ....  0-158 
/3-Chlorocrotonic  acid 

CC1.(CH.,):CH.C0,H  .  =  .  0-0144 
aZZo-yS-Chloroerotonic  acid 

CC1.(CH3):CH.C0,H.  .  .  .  0-0095 
A  consideration  of  these  numbers  shows  that 
the  unsaturated  acids  have  in  general  greater 
constants  than  the  saturated  ones.  We  must, 
therefore,  ascribe  to  hydrogen  a  strongly  basic 
character.  And,  further,  as  in  the  case  of  the 
saturated  fatty  acids,  the  constants  on  the  whole 
decrease  as  the  carbon  increases.  And,  finally, 
we  see  that  the  isomeric  acids  for  which,  accord- 
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ing  to  the  views  hitherto  held,  no  difference  of 
constitution  could  be  formulated  are  in  fact  dis- 
tinctly different. 

Now  Wislicenus  represents  the  difference  be- 
tween crotonic  acid  and  isocrotonic  acid  by  the 
followiuR  formulae  : — 


Crotonic  acid 


and 


Isocrotonic  acid 


CO^H 


In  crotonic  acid  the  methyl  group  stands 
nearer  to  the  carboxyl,  in  isocrotonic  acid  the 
hydrogen.  Since,  in  accordance  with  present 
experience,  a  methyl  group  linked  to  carbon 
which  is  also  directly  linked  to  CO^H  decreases 
the  constant,  a  smaller  constant  must  be  ex- 
pected for  crotonic  acid  than  for  isocrotonic, 
this  difference  being  more  pronounced  owing  to 
greater  ijroximity  in  space.  Experiment  con- 
firms this  conclusion,  and  thus  proves  the  ap- 
propriateness of  Wislicenus'  assumption. 

It  may  be  asked  whether  we  are  not  here 
dealing  with  one  of  the  cases  of  which  some 
were  mentioned  before,  in  which,  as  an  excep- 
tional case,  the  methyl  acts  by  increasing  the 
strength.  But  this  view  is  excluded,  since  both 
acids  are  weaker  than  acrylic  acid.  Methyl  has, 
therefore,  in  both  cases  reduced  the  strength, 
but  to  a  greater  degree  in  crotonic  than  in  the 
iso-  acid. 

Wislicenus  assumes  similar  differences  in 
constitution  for  angelic  and  tiglic  acids.  We  get 

Angelic  acid  Tiglic  acid 

Hence  angelic  acid  again  would  have  to  be 
stronger  than  tiglic,  as  has  been  verified  by 
experience.  But  it  is  remarkable  that  in  this 
case  the  difference  has  been  found  to  be  much 
greater  than  in  the  first  one.  Angelic  acid  has 
a  greater  constant  than  isocrotonic  acid,  which 
contains  CHj  less  than  angelic  acid,  a  fact  as 
unusual  as  that  tiglic  acid  exhibits  a  smaller 
constant  than  the  corresponding  saturated  acid, 
valeric,  which  has  for  constant  0  00161. 

In  the  same  way  the  values  found  for  the 
a-chlorocrotonic  acids  agree  with  experience. 
The  constants  are  very  nearly  in  the  same  ratio 
as  that  of  those  of  the  two  crotonic  acids  them- 
selves, and  the  rise  effected  by  the  chlorine  in- 
troduced into  the  a-  position  is  represented  by 
the  factors  36  and  44,  which,  though  markedly 
smaller,  are  of  the  same  order  of  magnitude  as 
the  factor  for  monochloracetic  acid. 

In  opposition  to  the  agreement  holding 
hitherto  between  theory  and  experiment,  in  the 
case  of  the  ;3-chlorocrotonic  acids,  the  alio-  com- 
pound proves  distinctly  weaker  than  the  deriva- 
tive of  crotonic  acid.  The  cause  of  this  dis- 
crepancy cannot  yet  be  established.  The  ratio 
of  the  constants  for  crotonic  acid  and  /3-chloro- 
crotonic  acid  is  1:7,  which  is  nearly  the  same  as 
the  corresponding  factor  for  propionic  acid  and 
;S-iodopropionic  acid,  viz.  6'6.  On  the  other 
hand,  the  ratio  for  the  factors  of  isocrotonic  acid 
and  the  aZZt>-/3-chloro-  derivative  is  l;2-6,  and  is, 
therefore,  much  smaller. 

Tetrolic  acid  is  formed  from  both  jS-chloro- 
crotonic  acids  by  splitting  off  hydrochloric  acid  ; 
the  constant  is 

Tetrolic  acid  CH3.C:C.C0.,H   .       ,       .  0-246 


Though  hydrochloric  acid  is  one  of  the 
strongest  acids,  yet  the  splitting  oft'  of  its 
elements  from  the  j8-chlorocrotonic  acids  not  only 
has  not  lowered  the  constant,  but  has  raised  it 
considerably.  This  result  makes  evident  the 
strongly  acid  nature  of  carbon  and  the  basic 
nature  of  hydrogen  ;  the  removal  of  four  hydro- 
gen atoms  from  butyric  acid,  whose  constant  is 
0'00149,  has  produced  a  rise  in  the  constant  of 
160  times  its  value. 

Of  other  unsaturated  acids  the  following  have 
been  measured — 

Hydrosorbic  acid  C,H,.C02H  .  .  0-00241 
Sorbic  acid  C5H,.C6.,H  .  .  .  0-00173 
Parasorbic  acid  C^H-.CO.H  .  .  0-00173 
Ethyl-methacrylic  acid  C,H,.CO.,H  .  0-00111 
Atropic  acid  CH,,:C(C,H-)COjH  ".  .  0-0143 
Cinnamic  acid  CH(C„H,):CH.CO„H  .  0-00355 
IsocinnamicacidCH(C,H,):CH.CaH  .  0-0156 
23-Coumaric 

acidCH(C,Hj.OH):CH.COJI       .  0-0022 
o-Coumaric 

acid  CH(C,H,.OH):CH.CO,H       .  0-0021 
Umbellic  acid 

CH(C„H3(0H),):CH.C0,H  .  ,  0-00188 
a-Bromo-cinnamic 

acid  CH(C,H5):CBr.C0„H     <       .  1-44 
/3-Bromo-cinnamic 

acid  CH(C,H.):CBr.CO„H     .       .  0-093 
Phenylpropiolic  acid  C„H,.C;C.C02H  .  0-59 
o-Nitro-phenylpropiolio 

acid  C„H,N0.,.C!C.C0,H       .       .  1-06 

In  accordance  with  the  general  rule,  hydro- 
sorbic acid  is  stronger  than  the  correspond- 
ing saturated  compound,  which  is  caproic  acid 
(&  =  0-00145),  while  sorbic  acid,  which  contains 
2H  less,  is  not  stronger  but  weaker  than  hydro- 
sorbic acid.  It  is,  therefore,  probable  that  sorbic 
acid  has  not  one  treble  linkage,  but  two  double 
ones,  or  it  may  have  an  altogether  different 
constitution,  perhaps  one  with  a  closed  chain 
arrangement  of  the  carbon  atoms. 

Sorbic  acid  is  sometimes  obtained  in  the  form 
of  an  oil  which  only  when  treated  with  acids  or 
alkalis  passes  into  the  crystalline  acid.  Since  it 
did  not  seem  impossible  that  this  was  a  case  of 
isomerism,  such  as  that  of  crotonic  and  isocro- 
tonic acid,  the  constant  of  the  liquid  parasorbic 
j  acid  was  also  measured.  It  proved  identical 
i  with  that  of  sorbic  acid,  and  hence,  with  Fittig 
and  Baringer  {A.  161,  325  [1871]),  these  sub- 
stances must  be  considered,  not  as  isomeric,  but 
as  chemically  identical. 

The  constant  of  methylethylacrylic  acid  is 
remarkably  small ;  it  is  smaller  than  that  of 
the  saturated  fatty  acid,  and  approaches  that 
of  tiglic  acid.  The  acids  o-phenylacrylic,  or 
atropic,  and  ;8-phenylacrylic  or  cinnamic,  behave 
as  we  should  expect ;  the  phenyl  group  causes 
a  much  higher  value  of  the  constant  when  it  is 
in  the  a-  than  when  it  is  in  the  13-  position.  But 
it  is  I'emarkable  that  cinnamic  acid  is  not  only 
weaker  than  atropic  acid,  but  even  weaker  than 
acrylic  acid ;  in  this  case,  then,  the  phenyl 
group  lowers  the  constant. 

In  the  case  of  cinnamic  acid,  two  '  geometri- 
cally isomeric '  compounds  may  be  exijected, 
namely — 


Hn.  p_p/CO,H 


and 


CO^H 
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Quite  recently  there  has  been  discovered  by 
Liebermann  a  second  cinnamic  acid  which 
must  be  regarded  as  geometrically  isomeric 
with  the  ordinary  one ;  it  has  a  much  higher 
constant  than  the  latter,  and  hence  we  may 
conclude  that  in  the  new  isocinnamic  acid  the 
negative  phenyl  has  a  closer  connexion  with  the 
carboxyl  than  in  the  old  one,  and  that  the  new 
acid  may  have  the  second  of  the  above  formulip. 

Similarly,  there  are  known  two  isomeric 
bromocinnamic  acids,  which  are  jsroduced  from 
cinnamic  acid  dibromide  by  splitting  off  hy- 
drobromic  acid,  and  for  which  the  same  kind 
of  isomerism  holds.  Nor  can  there  be  any 
doubt  as  to  which  acid  corresponds  to  each  for- 
mula, the  differences  in  the  constants  being 
very  great,  and  in  fact  it  has  been  made  known 
quite  recently  by  Erlenmeyer  that  he  has  ob- 
tained Liebermann's  isocinnamic  arcid  from  the 
stronger  a-bromocinnamic  acid. 

The  phenylpropiolic  acid  formed  from  the 
bromcinnamic  acids  by  splitting  off  hydrobromic 
acid  is  stronger  than  the  0-  compound,  but 
weaker  than  the  isomeric  a-  compound.  The 
constant  is  also,  as  was  to  be  expected,  greater 
than  that  of  tetrolic  acid.  In  o-nitro-phenyl- 
propiolic  acid  the  nitro-  group  in  the  ortho- 
position  has  again  been  able  to  exert  but  a  slightly 
strengthening  action,  owing  to  its  being  at  a 
great  distance  from  the  carboxyl. 

On  comparing  cinnamic  acid  with|7-coumaric 
acid,  we  find  that  the  hydroxyl  introduced  into 
the  p-  position  again  lowers  the  constant.  But, 
strange  to  say,  a  similar  effect  is  jjroduced  in  the 
derivatives  of  cinnamic  acid  by  hydroxyl  in  the 
ortho-  position  ;  o-coumaric  acid  is  also  weaker 
than  cinnamic  acid.  It  is  in  accordance  with 
this  that  umbellic  acid,  which  contains  one 
hydroxyl  in  the  ortho-  position  and  a  second  one 
in  the  para-  position,  is  weaker  than  all  these 
acids.  It  is  to  be  expected  that  these  relations 
vv'ill  prove  of  impoi'tance  for  the  complete  elu- 
cidation of  the  constitution  of  these  remarkable 
compounds. 

Dibasic  acids.  The  acids  of  the  oxalic  series 
gave  the  following  constants  : 
Oxalic  acid  (CO.,H).,       ....  10(?) 
Malonic  acid  CH^CO^H),,      .       .       .  0-168 
Succinic  acid  C.,H,(CO.,H)„    .       .       .  0-00G6 
Pyrotartaric  acid  C3H„(C0.,H).,      .       .  0-0048 
Adipic  acid  C,H„(CO.iI),  "    .'      .       .  0-0037 
Pimelic  acid  C5H,„(Cb.,H)„     .       .       .  0-0036 
Suberic  acid  C,H,.,(CO.,H),    .       .       .  0-0026 
Sebacio  acid  C„H,„(CO,,H),    .       .       .  0-0023 

It  has  already  been  explained  that  the  weaker 
dibasic  acids  H.ll"  split  electrolytically  accord- 
ing to  the  scheme  H  +  HB",  and  that  therefore 
constants  may  be  calculated  for  these  acids  in  a 
manner  analogous  to  that  adopted  for  the  mono- 
basic acids.  In  the  case  of  oxalic  acid,  however, 
this  is  not  possible,  since  the  dissociation  has 
proceeded  too  far ;  the  constant  is  only  esti- 
mated approximately,  but  beginning  from  ma- 
lonic acid,  the  values  of  the  constants  can  be  very 
well  determined. 

We  see  that  at  first  the  constants  decrease 
very  rapidly  ;  that  of  malonic  acid  is  about  60 
times  smaller  than  that  of  oxalic  acid.  From 
malonic  to  succinic  acid  the  step  is  much 
smaller,  24  :  1,  and  much  smaller  from  the  latter 
to  pyrotartaric  acid,  1-4  :  1,  and  henceforward 


the  numbers  vary  only  by  small  amounts.  The 
influence  which  one  carboxyl  group  exerts  on  the 
hydrogen  of  the  other  decreases,  therefore,  very 
rapidly  in  consequence  of  the  interposition  of 
the  carbon  atoms ;  sebacic  acid  does  not  sur- 
pass by  more  than  twice  the  fatty  acids  richer  in 
carbon.  Of  the  numerous  isomerides  with  side 
carbon  chains,  the  following  have  been  mea- 
sured : 

Methylmalonic  acid  CH(CH3)C0„H        .  0-087 
Ethylmalonic  acid  CH(C.,H,)CO.,H         .  0-127 
Dimethylmalonic  acid  C(CH,)..CC).,H      .  0-077 
Methylsuccinic  acid  C,H^(CH3jC0[fl      .  0-0086 
a-Dimethylsuccinic 

acid  C,J1,(CH3),C0„H  ....  0-0343 
/3-Dimethylsuccinic 

acid  C,H„(CH.,),C02H  ....  0-0245 
The  three  first  acids  appear  at  once  to  be 
derivatives  of  malonic  acid  ;  their  constants  do 
not  differ  much  from  that  of  their  parent  sub- 
stance, but  all  are  somewhat  smaller.  Similarly, 
the  constants  of  the  derivatives  of  succinic  acid 
approach  to  the  value  of  the  latter,  but  are  all 
greater.  The  alcoholic  groups  have  therefore 
acted  in  these  cases  in  the  ordinary  way :  an 
explanation  of  this  has  been  attempted  by  Beth- 
maun  {Z.P.  C.  5,  407). 

Derivatives  of  oxalic  and  of  malonic  acid: — 

Oxamic  acid  C0.NIL,.C0.,H      .       .  .  0-80 

Oxaluric  acid  C0(NH.C0.NH.,)C0.iI  .  4-.5 

Oxanilic  acid  C0(NHC,H,)Cd,H  '  .  .  1-21 
o-Chloro-oxanilic 

acid  CO(NHC,Hp)CO,H  .  .  .  2-03 
^j-Chloro-oxanilio 

acid  C0(NHC,H^C1)C0.,H     .       .  .  1-40 

|;-Tolyl-oxamic  acid  C0(NHG,H,)C0.,H  .  0-88 

The  amido-  group  entering  into  one  of  the 
carboxyls  of  oxalic  acid  causes  a  weakening  of  the 
acid  to  one-twelfth  its  value  ;  the  much  more 
weakly  basic  urea  residue  produces  a  much 
smaller  weakening  effect,  viz.  to  about  half  the 
value.  The  decrease  caused  by  the  residue  of 
aniline  is  smaller  also,  to  about  the  eighth  part ; 
when  chlorine  enters  into  the  phenyl  of  the 
latter,  there  again  occurs  an  increase  in  the  acid 
properties,  which  increase,  however,  in  conse- 
quence of  the  greater  distance,  is  much  smaller 
than  in  benzoic  acid.  But  a  distinct  difference 
between  the  ortho-  and  the  para-  position  still 
asserts  itself.  Methyl  in  the  para-  position  exerts 
a  distinctly  weakening  effect. 
Tartronic  acid  CH(OH)(CO,H),  .  .  0-107 
Phenylmalonicacid(C„H,)„C:(CO,H),  .  0-408 
MalonanilicacidCH,CO(NHC,H,)CO.,H  .  0-0196 

Strange  to  say,  in  spite  of  the  hydroxyl, 
tartronic  acid  is  weaker  than  malonic  acid 
(A:  =  0-158).  The  replacement  of  both  hydrogen 
atoms  of  malonic  acid  by  benzylic  radicles  raises 
the  constant.  Finally,  malonanilic  acid  is  about 
eight  times  weaker  than  the  parent  substance. 

Derivatives  of  succinic  acid. 


Malic  acid  C2H3(OH)(CO.,H)„       .       .  0-0395 

Inactive  malic  acid  C.,H3(0H)(C0,H).  0-0399 

Dextrotartaric  acid  C.,H..(0H).,(C0.,H)„  0-097 

Lajvotartario  acid  C.,H.,(0H).,(C0.,H).,  0-097 

Eacemio  acid  C.,H.(6H„)„(C02H)„        .  0-097 

Mesotartaric  acid  C.,H,.(6H)2(C0.,H)2  .  0-OGO 
Phenyl-succinamic 

acid  C,H^(C0NHC,H,)C0.H    .      .  0-0020 
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o-Chlorophenylsuccinamic 

acid  C2H^(C0NHC,H,C1)C0,H  .  0-002i 
7»-Chloroplienylsucoinamic 

acid  C.,H^(C0NHC,H^C1)C0,H  .  0-0021 
^-Chlorophenylsuccinamic 

acid  C2H,(C0NHC,H^C1)C0„H  .  0-0021 
o-Tolyl-succinamic 

acid  C,H,(CONHaH,)CO,H  .  .  0-0021 
jj-Tolyl-succinamio 

acid  C,H,(CONH0,H,)CO,H  .  .  0-0020 
Succinuric 

acid  0,B4(C0NHC0NH„)C0,H       .  0-00311 
Thio-succinurio 
acid  G,H,(C0NHCSNH2)C0,H       .  0-00333 

Oxysuccinic,  or  malic,  acid  lias  a  constant 
six  times  as  great  as  succinic  acid.  The  factor 
is  somewhat  smaller  than  for  the  monobasic 
acids,  which  may  be  because  a  negative  radicle 
carboxyl  is  already  present.  The  natural  opti- 
cally active  acid  has  exactly  the  same  constant 
as  the  inactive  acid  got  from  monobromsuccinic 
acid.  The  same  relation  recurs  in  tartaric  acid 
and  racemic  acid.  Both  the  dextrorotatory  and 
the  Itevorotatory  acid,  as  also  the  inactive  racemic 
acid  formed  by  a  combination  of  these  two,  are 
all  of  exactly  the  same  strength.  This  result  is 
in  accordance  with  the  present  views  concerning 
the  constitution  of  these  compounds.  The 
dextrorotatory  and  lievorotatory  acids  contain 
their  constituents  in  a  perfectly  symmetrical 
arrangement,  and  must,  therefore,  have  equal 
co-efficients  of  affinity.  It  has  been  assumed 
that  theoptically  inactive  acids  produced  from  the 
optically  rotating  ones  consist  each  of  two  mole- 
cules of  the  active  acids.  This  is  probably  cor- 
rect for  the  solid  crystallised  substances,  but  not 
for  solutions  ;  in  these,  both  compounds  are  pre- 
sent side  by  side,  uncombined,  a  conclusion 
which  has  also  been  arrived  at  in  another  way 
by  Perkin  (0.  J.  52,  362).  The  undecomposable 
inactive  mesotartaric  acid  has,  however,  another, 
and  that  a  smaller,  constant ;  theory  also  as- 
cribes to  it  a  different  constitution. 

In  the  preceding  table  are  further  contained 
a  number  of  derivatives  of  phenylsuccinamic 
or  succLnanilic  acid.  This  acid  itself  is  only  3-3 
times  weaker  than  succinic  acid,  while  the  in- 
troduction of  the  aniline  residue  into  CO^H  of 
malonic  acid  decreased  the  strength  8  times  ; 
this  indicates  that  the  position  of  the  substituent 
at  a  greater  distance  weakens  the  effect.  The 
almost  complete  equality  of  the  constants  for 
all  substitution  products  of  succinanihc  acid  is 
of  great  interest ;  the  distance  of  the  benzylic 
residue  from  the  carboxyl  is  here  too  great  to 
allow  the  substituents  to  exert  their  effect  over 
it.  The  usual  assumption,  that  the  molecular 
forces  cease  to  act  at  even  very  small  distances, 
is  thereby  made  more  definite,  in  that  such 
distances  are  already  given  by  the  molecular 
dimensions. 

As  already  found,  the  introduction  of  the 
urea  residue  produces  a  smaller  decrease  than 
that  due  to  aniline.  Smaller  still  is  the  effect 
of  the  thio-urea  residue. 

Dicarboxylic  acids  of  benzene. 
o-Phthalio  acid  C,H^(C0„H)2        .       .  0-121 
i)j-Phthalic  acid  G,B.,{C6.,B.).,       .       .  0-0287 
Oxyterephthahc  acid  C,H,.OH.{CO.,H)„  0-25 
Phthalamic  acid  C,,H,(CONH.,)CO,H    .  0-0160 
Phthaluric  acid  C,H,(CON,H,CO)CO,,H  0-0290 


As  we  were  led  to  expect,  the  entry  of  a 
carboxyl  in  the  ortho-  position  produces  a  some- 
what considerable  rise  in  the  constant — viz.  to 
twenty  times  the  former  value.  For  the  meta- 
position  the  factor  is  only  4-8.  p-Phthalic  acid 
is  too  insoluble  to  be  measured.  But  assuming 
that  in  oxy-p-phthalic  acid  the  hydroxyl  acts 
as  strongly  as  in  salicylic  acid,  the  constant 
of  p-phthalic  acid  would  be  estimated  as  0-014  to 
0-015,  and  it  would  follow  that,  in  accordance 
with  the  usual  result,  carboxyl  in  the  para-  posi- 
tion— i.e.  in  the  distant  one — exerts  the  least 
action.  A  weakening  effect,  such  as  is  exerted 
by  hydroxyl  in  the  para-  position,  seems  to  be 
excluded. 

The  amide  residue  in  phthalamic  acid  has 
lowered  the  constant  to  one-eighth  its  value,  but 
the  acid  is  yet  stronger  than  benzoic  acid,  and 
the  group  Cjj^NH.,  must  be  looked  upon  as  nega- 
tive. The  urea  residue  exerts,  as  it  always  does, 
a  much  less  marked  weakening  effect. 

Unsaturated  dibasic  acids.  The  dicarboxylic 
acids  CHo„_„(C00H)2  exhibit  very  similar  iso- 
meric relations  to  those  of  the  compounds  of 
the  acrylic  acid  series.     The  following  were 

Maleic  acid  C^H^CCO^H),,      .       .       .  0-17 
Fumaric  acid  C.,H,(CO^),    .       .       .  0-093 
Citraconic  acid  cXiCOjH),, .       .       .  0-340 
Mesaconic  acid  G^B.,  (CCHj^       .       •  0-079 
Itaconic  acid  C3H,(C02H)2    .       .       .  0-0120 
The  isomeric  compounds  are  seen  to  have 
widely  different  constants.    These  results  agree 
very  well  with  the  views  of  van't  Hoff  and  Wis- 
licenus.    For  fumaric  and  maleic  acids  the  fol- 
lowing formulae  have  been  adopted : 
Maleic  acid 

H-^'^"~^\C02H  CO.H 

According  to  this,  the  two  carboxyl  groups 
are  much  nearer  to  each  other  in  maleic  than  in 
fumaric  acid,  and  the  first  must  be  stronger,  as 
is  actually  the  case.  Similarly,  according  to 
Wislicenus,  the  formula 


Fumaric  acid 


CH. 


Citracouic  acid 

H\p_p/CO,H 
>^-^<,CO.,H 


CO, 


Mesaconic  acid 


hold,  and  for  the  same  reason  citraconic  acid 
must  be  stronger  than  mesaconic  acid,  which 
conclusion  again  agrees  with  experiment. 

CH, :  C— CO,a 
Itaconic  acid  has  the  formula  | 

HX-CO^H 

and  therefore  no  double  linkage  between  the 
carbon  atoms  combined  with  carboxyl.  Accord- 
ingly, its  constant  is  much  smaller ;  it  is  only 
twice  as  great  as  that  of  succinic  acid. 

It  may  be  mentioned  that   acetylene  di- 

carboxylic  acid  q_qo"h  ^°  strong^that  a 
constant  cannot  be  determined  for  the  first  stage 
of  dissociation.  The  acid  is  but  little  inferior  to 
sulphuric  acid. 

Thiojyhene  and  pyridine  group. 
a-Thiophenic  acid  C.HaS.CO.H    .       .  0-030 
Pyromucic  acid  C^H^CCOoH      .       .  0-071 
Picolinic  acid  (a)  C3H,N.C6„H    .       .  0-0003 
Nicotinic  acid  (,8)  CsH.N.Cd^H    .       .  0-00137 
Isonicotinic  acid  (7)  C,H,N.CO.,H       .  0-00109 
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jjunciinic  acici  \^/J  ^5^a^^'\^^2^/2 

Ciiicliouisronic 

Isocinchomeronic 

acid  (a/3)  C.H,N.(CO.,H)„ 

.  0-43 

Chinolinio  acid  (a0)  C,H,N.(CO,H), 

.  0-30 

j3/3-Pyridine  dicarboxylic 

acid  CjH3N.(C0„H), 

.  0-15 

The  replacement  of  the  group  CoHj  in  benzoic 
acid  by  sulphur  raises  the  constant  to  five 
times  its  value,  provided  the  carboxyl  is  placed 
next  to  the  sulphur.  In  the  position  the 
carboxyl  is  without  doubt  influenced  less,  but  we 
have  yet  no  measurement  of  the  constant. 

It  is  remarkable  that  a  similar  replacement 
of  CS..  by  oxygen,  forming  pyromucic  acid,  acts 
much  more  strongly  than  a  replacement  by  sul- 
phur. On  account  of  the  magnitude  of  the  con- 
stant it  is  very  probable  that  in  pyromucic  acid 
the  carboxyl  is  in  a  position  next  to  the  oxygen. 

Differently  from  sulpihur  and  oxygen,  the  re- 
placement of  CH.,  by  CNH  has  a  strongly 
weakening  effect  on  the  constant.  The  values 
found  for  the  monocarboxylic  acids  of  pyridine 
correspond  fairly  with  the  assumptions  which 
might  be  made  on  the  basis  of  the  constitutions  of 
these  substances  ;  picolinic  acid,  which  contains 
the  carboxyl  nest  to  the  nitrogen,  is  by  far  the 
weakest ;  but  the  0-  acid  is  stronger  than  the 
7-  compound,  so  that  in  pyridine  the  )3-  position 
proves  the  place  of  smallest  influence. 

The  behaviour  of  the  dicarboxylic  acids  of 
pyridine  is  very  unexpected.  While  all  mono- 
carboxylic acids  of  pyridine  are  weaker  than 
benzoic  acid,  all  dicarboxylic  acids  are  stronger 
than  the  strongest  dicarboxylic  acid  of  benzene 
— that  is,  o-phthalio  acid,  whose  constant  is 
0-12.  A  further  difference  is  that  the  strongest 
dicarboxylic  acids  are  those  which  contain  carb- 
oxyl in  the  a-  position — that  is,  next  to  the 
nitrogen.  Then  follow  the  acids  which  contain 
carboxyl  in  the  y-  position,  and  lastly  those 
with  carboxyl  in  the  ;3-  position.  These  rela- 
tions are  the  exact  reverse  of  those  observed 
for  the  monocarboxylic  acids  ;  where  a  decrease 
of  the  constant  had  been  observed  there,  an 
increase  is  found  here.  No  plausible  hypothesis 
concerning  the  cause  of  these  peculiar  pheno- 
mena has  yet  been  brought  forward. 
Oxycinchomeronic 

acid  C,H.,(0H)»N.(C02H),  .  .  .  1-G7 
Methyl  pyridine  dicarboxylic 

acid  cX(CH3)''N.(C0,H)/«  .  .  ,  0-20 
Dimethyl  pyridine  dicarboxylic 

acid  C,H(CH,)/«N(CO,H),/«'  .  .  0-34 
Dimethyl  pyridine  dicarboxylic 

acid  C3H(CH3),«>'N.(COoH)/'^'  .  .  0-55 
Owing  to  the  entry  of  hydroxyl  in  the  ortho- 
position,  cinchomeronic  acid  has  had  its  con- 
stant increased  to  eight  times  its  value.  The 
methyl  groups  increase  the  strength  of  the  iS/3- 
dicarboxylic  acid,  and  they  do  so  to  a  greater 
extent  in  the  y-  position  than  in  the  a-  position. 

Further,  several  poly-carboxylic  acids  of  pyri- 
dine were  examined  ;  the  constants  cannot,  how- 
ever, be  calculated,  because  the  dissociation 
assumes  a  somewhat  complicated  character. 
But  it  is  evident  that  the  relations  found  in 
the  case  of  the  dicarboxylic  acids  concerning 
the  influence  of  the  position  of  the  carboxyl  hold 
good  in  these  cases  also.    The  rules  found  for 


the  dicarboxylic  acids  were  also  confirmed  in 
the  case  of  methyl  derivatives  of  the  tricarb- 
oxylic acids.  On  the  other  hand,  phenyl  on 
entering  into  lutidine  dicarboxylic  acid,  whose 
constant  is  0-34,  has  a  weakening  efi'ect,  the  con- 
stant for  the  compound  formed  being  only  0-012. 
The  action  here  is  the  reverse  of  that  observed 
in  the  case  of  the  fatty  acids. 
Quinaldinic  acid  C<,H„N.CO,H  .  .  0-0012 
Cinchonic  acid  C,,H,N.CO,,H.  .  ,  0-0013 
Dipyridyl  monocarboxylic 

acid  C,„H,N,.CO,H  ....  0-002 
Dipyridyl  dicarboxylic 

acid  C,(,H,N2(C0,H)o  ....  0-032 
o-Pyridine  benzoic  acid  CiiHgN.COjH   .  0-0005 
Phenyl  pyridine  dicarboxylic 

acid  C,,H;N.(CO,H),,  .  .  .  .  0-011 
The  quinoliue  carboxylio  acids,  which  have 
a  constitution  analogous  to  that  of  the  pyridine 
carboxylic  acids,  are  somewhat  stronger  than 
these,  as  the  naphthoic  acids  are  stronger  than 
the  benzoic  acids.  Concerning  the  other  acids 
but  little  can  be  generalised. 

Amiclobemenc  sidplionic  acids  and  similar 

compounds. 
o-Amidobenzene  sulphonic 

acid  C„H^.NH.,.SO,H  .       .  .  0-330 
7;j-Amidobenzene  sulphonic 

acid  C„H,.NH..SO,H  .       .  .  0-018.5 
j)-Amidobenzene  sulphonic 

acid  C,H,.NH„.S03H  .       .  .  0-0581 

The  results  obtained  from  measurements  of  the 
amidobenzene  sulphonic  acids  are  somewhat  re- 
markable. While  benzene  sulphonic  acid  itself 
is  so  strong  an  acid  that  its  dissociation  constant 
cannot  be  determined,  its  amido-  derivatives  can 
be  measured  with  ease  ;  the  amido-  group  has, 
therefore,  as  it  usually  does,  exerted  a  weaken- 
ing effect.  But  in  the  case  of  the  carboxylic 
acids  the  ortho-  jjosition  was  always  that  of 
greatest  influence  ;  here  it  appears  as  the  posi- 
tion of  least  influence.  The  weakest  of  the 
three  acids  is  the  meta-  compound,  then  follows 
the  para-  compound,  and  then  the  ortho-  com- 
pound, which  comes  nearest  to  the  parent  sub- 
stance. The  assumption  is  thus  suggested  that, 
by  the  agency  of  the  group  SOo,  the  hydrogen 
is  brought  to  such  a  distance  from  the  benzene 
nucleus  that  it  is  more  influenced  by  the  radicles 
in  the  meta-  position  than  by  those  in  the  ortho- 
j  position. 

1  Diamidobenzene  sulphonic 

acid  (2,3)  C,H3(NH,,),S0,,H  .  ,  0-0050 
Bromamidobenzene  sulphonic 

acid  (2,5)  C„H,BrNH,,SO.,H       .       .  7-9 
Bromamidobenzene  sulphonic 

acid  (3,6)  C,H3BrNH,S0:,H  .  .  0  072 
Dibromamidobenzene  sulphonic 

acid  (3,4,6)  C,H.,Br,NH,S03H    .       .  2-5 
Toluidine  sulphonic 

acid  (3,4)  C,H3(CH3)NH2S03H  .  .  0-024 
Xylidene  sulphonic 

acid  (4,2,5)  C,H,,(CH3)„NH,,S03H      .  0-044 
In  indicating  the  constitution,  the  suljiho-  group 
is  put  =1,  then  follows  amide,  and  then  bromine 
or  methyl. 

These  acids  exhibit  the  usual  relations  to  be 
expected  from  the  nature  of  the  substituents 
and  their  position,  and  thus  do  not  call  for  any 
detailed  discussion. 
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General  considerations.  The  proper- 
ties of  chemical  compounds,  \vhich  can  be  ex- 
pressed numerically,  may  be  divided  into  three 
groups — the  additive,  the  cumulative,  and  the 
constitutive.  The  first  are  of  such  a  nature 
that  in  chemical  compounds  their  value  is  the 
sum  of  the  corresponding  values  of  the  consti- 
tuents ;  these  values  have  led  to  the  conception 
of  the  atomic  theory— i.e.  to  the  assumption 
that  the  components  continue  to  exist  in  the 
compounds  as  such. 

The  cumulative  properties  exhibit  the  pecu- 
liarity that,  independently  of  the  number  and 
nature  of  the  constituents,  their  numerical 
value  is  the  same  for  certain  complex  systems. 
These  have  led  to  the  conception  of  the  mole- 
cular theory — i.e.  to  the  assumption  that  the 
components  of  chemical  compounds  primarily 
form  similar  groups  or  systems,  which  have  an 
individual  existence,  and  out  of  which  the  visible 
and  ponderable  substances  are  built  up. 

And,  finally,  there  exists  a  third  group  of 
properties,  which  are  neither  additive  nor  cumu- 
lative, since  even  in  the  case  of  substances 
having  the  same  composition  they  can  assume 
different  values.  These  have  led  to  the  assumij- 
tion  that,  in  addition  to  the  nature  and  number 
of  the  composing  atoms,  the  properties  of  sub- 
stances are  influenced  by  still  another  condition. 
This  condition  has,  from  the  time  of  Berzelius, 
been  considered  to  lie  in  the  different  arrange- 
ment of  the  atoms  within  the  molecule — i.e.  in 
the  constitution. 

Of  all  the  constitutive  properties  hitherto 
known — such  as  boiling-point,  melting-point, 
colour,  crystalline  form,  &o. — not  one  affords 
a  clear  insight  into  the  determining  cause, 
the  chemical  constitution.  It  is  possible,  when 
the  latter  has  been  found,  more  or  less  approxi- 
mately, by  purely  chemical  methods,  to  establish 
empirical  relations  ;  but  these  lie  on  the  surface 
only,  and  lack  generality.  The  cause  of  this  is 
the  defective  development  of  our  conceptions 
concerning  the  kind  and  the  amount  of  the  in- 
fluence which  the  arrangement  of  the  elementary 
atoms  in  the  molecule  exerts  on  the  properties 
mentioned. 

I  believe  I  am  not  deluding  myself  when  I 
aflirm  that  the  affinity  constants,  which  repre- 
sent a  property  of  eminently  constitutive  nature, 
are  far  superior  to  all  others  with  respect  to  their 
theoretical  applicability.  The  result  that  one  and 
the  same  atom  exerts  quite  different  effects,  ac- 
cording to  the  '  position  '  which  it  occupies  in  the 
molecule,  and  that  these  effects  are  the  greater 
the  more  close  is  the  relation  of  the  atom  to  that 
of  the  acid  hydrogen,  leads  to  the  general  infer- 
ence that  these  effects  are  functions  of  the  dis- 
tance in  space  of  the  atoms  in  question.  But 
thereby,  for  the  first  time,  is  gained  a  means  of 
taking  measurements  in  space  of  molecular 
structures.  There  is  no  doubt  that  long  and 
laborious  work  is  needed  before  such  measure- 
ments will  lead  to  results  which  will  give  an  all- 
sufficient  representation  of  the  form  of  molecules. 
But  it  already  seems  certain  that  this  goal  can 
be  reached. 

It  has  been  mentioned,  to  start  with,  that  k, 
the  affinity  co-efficient  of  acids,  appears,  generally 
speaking,  as  a  product  whose  factors  ai'e  given 
by  the  nature  and  position  of  the  elementary 


atoms  composing  the  acid.  This  follows  from 
the  fact  that  with  analogous  changes  in  ana- 
logous substances  the  constants  change  in  the 
same  ratio — i.e.  that  in  consequence  of  these 
changes  the  constants  of  the  original  substances 
must  be  multiplied  by  the  same  factor.  But 
these  factors  are  never  exactly  the  same,  just 
because  two  analogous  changes  are  never  exactly 
the  same.  If,  for  instance,  we  change  acetic 
acid  into  glycolhc  acid,  and  propionic  acid  into 
lactic  acid,  the  two  changes  are,  it  is  true,  very 
much  alike;  but  in  the  first  case  the  hydroxy! 
takes  up  a  position  next  to  two  hydrogen  atoms, 
in  the  second  case  next  to  one  hydrogen  atom 
and  one  methyl  ;  the  hydroxyl  is  therefore  sub- 
ject to  a  different  influence,  and  will  in  con- 
sequence necessarily  act  differently  on  the  carb- 
oxyl.  The  same  holds  for  all  corresponding 
cases.  The  approximate  character  of  the  general 
relation  follows,  therefore,  as  a  necessity ;  the 
deviations  from  the  type  are  caused  by  the 
nature  of  the  subject,  and  themselves  afford  a 
means  for  bringing  to  light  their  cause,  which 
is  the  secondary  influence  mentioned  above. 
Wliat  has  been  said  concerning  the  constitutive 
properties  generally — that  they  can  never  be 
completely  represented  by  a  general  scheme, 
because  this  is  contradictory  to  their  nature — 
holds  particularly  for  the  affinity  co-efficients. 
In  them  the  whole  variety  of  nature  asserts  itself, 
and  within  the  framework  of  great  and  general 
regularities  produces  the  finest  individualisation. 

The  form  of  the  dissociation-constant  as  the 
product  of  factors  0  =  0^.0.^.0^  ....  has  a  deeper 
significance,  which  is  recognised  on  going  back 
to  the  dissociation-formula  itself.  This  formula 
is  obtained  from  the  mechanical  theory  of  heat 
in  the  following  form  : 

where  and  ^2  ^"^^  the  partial  pressures  of  the 
products  of  decomposition,  p  the  pressure  of  the 
undecomposed  substance,  p  the  heat  of  dissocia- 
tion, T  the  absolute  temperature,  B  the  gaseous 
constant,  and  C  is  a  value  which  is  a  function  of 
the  temperature  only,  and  which,  therefore,  at 
constant  temperature  can  be  looked  upon  as  a 
constant. 

In  the  case  in  point  _p,  =p.,,  and  since  and 

7;  must  be  put  proportional  to  —   and  ^ — ^,it 

v  V 

follows  that  ^  =  ^ — and  thence 

log.(l^=  P-  +  C 
m'^  Et 


Now  the  affinity  co-efficient  is  Ic  =  —  ;  and 

(1  —  m)v 

since,  on  the  other  hand,  quite  generally  k  = 
kf.ko.k,  ....  it  follows  that 

log.fc, -hlog./w -l-log.fca  +.  .  .  .  =-^+C\ 

The  constant  C  depends  only  on  the  unit  adopted 
and  on  the  point  chosen  as  zero ;  if,  therefore, 
there  appears  on  the  left  side  of  the  equation  a 
sum  of  terms  represented  by  log.fe,  there  must 
correspond  to  each  of  these  on  the  right  side  a 
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term  of  the  form  —  — ,  so  that  —  also  resolves 
Ut  Rt 

itself  into  a  sum  of  corresponding  terms 

—  -i  (p,  +  /)„  +  p3  +  .  .  .  .  )  in  which  one  R,i  and 
Bt 

one  pn  always  correspond  to  each  other. 

This  moans  :  The  natural  logarithm  of  the 
dissociation-constant  or  affinity-constant  is  (save 
for  a  constant)  proportional  to  the  heat  of  dis- 
sociation of  the  acid  in  splitting  into  ions.  Since 
the  value  of  the  dissociation-  or  affinity-constant 
is  known  from  experiment  to  be  the  sum  of  a 
series  of  terms  which  depend  on  the  nature  and 
on  the  position  of  the  constituent  atoms,  it 
follows  that  the  electrolytic  heat  of  dissociation 
also  is  the  sum  of  a  corresponding  number  of 
terms  each  of  which  is  fixed  by  the  nature  and 
position  of  each  individual  atom. 

Now  in  this  case  the  heats  of  dissociation 
are  the  exact  measures  of  the  quantities  of 
work  which  are  done  in  the  separation  of  the  acid 
hydrogen  atom  from  the  negative  ion.  This  is 
so  because  no  external  work  has  to  be  taken  into 
account,  and  because  the  condition  of  the  sub- 
stances dealt  with  very  closely  approaches  that 
of  ideal  gases.  Hence  the  heat  of  dissociation 
measures  the  potential  or  the  force-function  of 
the  atomic  system  at  the  corresponding  point, 
and  we  see  that  this  force-function  is  the  sum 
of  the  values  which,  according  to  their  nature 
and  position,  the  individual  atoms  contribute 
to  the  total  value.  And  thus  elements  which,  like 
chlorine,  sulijhur,  &c.,  raise  the  constant  k,  cause 
a  decrease  of  the  heat  of  dissociation,  since  log.fe 
and  p  have  different  signs.  The  amide  group, 
on  the  other  hand,  which  decreases  the  constant, 
raises  the  heat  of  dissociation — i.e.  it  increases 
the  amount  of  work  necessary  for  splitting  off 
the  acid  hydrogen. 

It  is  by  these  considerations  that  the  long- 
mooted  question  concerning  the  connection  be- 
tween chemical  affinity  and  the  thermal  values 
of  reactions  has  been  decided  in  principle.  In 
this  result  we  see  the  eminently  constitutive 
property  of  atlinity-quantities  brought  back 
again  to  the  additive  form.  This  has  been  effected 
by  introducing  the  influence  of  constitution,  or 
of  position  in  space,  into  the  terms  themselves. 
A  similar  development  awaits  the  theory  of  all 
constitutive  properties,  as,  in  fact,  we  are  forced 
to  conceive  the  combined  action  of  different 
elements  as  the  sum  of  various  effects. 

Electrical  theory  of  chemical  affiniti/. 
Elsewhere  (Affinity,  vol.  i.  p.  67)  the  laws  of 
chemical  affinity  have  already  been  explained. 
Nothing  definite  could  be  stated  concerning  their 
cause  ;  but  it  followed  from  the  close  connection 
which  was  shown  to  exist  between  the  co-effi- 
cients of  chemical  reacting  power  of  electrolytes, 
and  the  values  of  the  electrical  conductivities, 
that  an  intimate  relation  exists  between  these 
two  properties.  The  prospect  is  thus  opened  of 
carrying  out  in  an  exact  form  the  electro-chemical 
theory  of  affinity  which  was  rather  conjectured 
than  worked  out  by  Davy  and  Berzelius. 

The  new  view  which  affords  such  a  possi- 
bility is  the  common  cause  underlying  electro- 
lytic conduction  and  chemical  reactions  as  recog- 
nised by  Arrhenius,  viz.  the  existence  of  free  ions. 
On  making  the  assumption,  which  is  Justified  by 
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'  this  concordance,  that  chemical  processes  between 
electrolytes  take  place  only  by  the  agency  of  the 
free  ions,  the  laws  of  chemical  affinity,  which 
have  been  established  empirically,  can  be  deduced 
so  as  to  be  in  accordance  with  experiment.  To 
do  this  we  only  further  need  van't  Hoff's  theory 
of  solutions,  and  the  theory  of  the  laws  of  dis- 
sociation as  deduced  for  gases  {v.  Dissociation  in 
vol.  ii.),  which  laws,  thanks  to  van't  Hoff's  theory, 
can  also  be  applied  to  substances  in  solution. 

The  general  law  of  chemical  affinity  first 
recognised  is  that  manifestations  of  this  affinity 
j  on  the  i^art  of  a  definite   substance  are  ex- 
'  pressible  by  a  definite  co-efficient,  dependent  on 
!  the  temperature  and  dilution,  but  iudependc^nt 
of  the  nature  of  the  chemical  reaction  in  which 
the  substance  participates. 

Now,  if  the  reacting  power  of  a  substance  in 
solution  depends  on  the  number  of  dissociated 
ions  which  are  present,  it  can  be  seen  at  once 
that  the  above-mentioned  law  must  of  necessity 
hold  good.  Ho,  for  instance,  the  state  of  dis- 
sociation of  an  acid  determines  the  velocity  with 
which  it  must  act  on  methylacetate,  acetamide, 
marble,  &c.  The  nature  of  the  other  substance 
determines  a  factor  only,  which  in  analogous 
cases  is  the  same. 

Hence  we  must  conclude  that  all  acids,  for 
instance,  when  completely  dissociated  are 
equally  strong.  The  strong  inorganic  acids 
HCl,  HBr,  HI,  HNO,,  HCIO^  must  be  classed 
here,  as  also  the  sulpho-  acids  and  similar  organic 
acids.  No  one  of  these  substances  exhibits  any 
of  the  specific  diiJerences  discussed  in  former 
paragraphs  for  acids  of  medium  strength.  They 
all  exert  a  nearly  equal  effect  when  used  in  equi- 
valent quantities,  and  approach  the  maximum 
conductivity  even  at  moderate  dilutions.  At  a 
time  when  tbe  dissociation  theory  of  electrolytes 
did  not  exist,  the  author  of  this  article  vainly 
tried  to  obtain  from  benzene-sulphonic  acid,  by 
all  the  means  which  make  weak  acids  stronger — 
such  as  the  introduction  of  halogens,  nitro- 
groups,  etc. — acids  stronger  than  tbe  parent  sub- 
stance, which  may  itself  be  ranged  side  by  side 
with  hydrochloric  acid.  This  was  not  possible  ; 
all  '  strengtheners  '  remained  in  this  case  in- 
effective. This  remarkable  fact  shows  that  it 
is  not  its  special  nature,  but  its  electrical  con- 
dition, which  is  determinant  for  the  chemical 
effect  of  a  substance,  especially  if  that  substance 
[  be  an  acid. 

The  greater  the  number  of  the  molecules 
which  are  split  into  their  positively  and  nega- 
tively charged  parts,  the  stronger  is  the  acid  ; 
but  any  ion,  when  once  present  in  the  separated, 
electrically  charged,  condition,  is  as  effective  as 
any  other.  Here,  then,  we  see  that  Berzelius' 
conclusion  drawn  from  false  premisses,  by  means 
of  which  he  attempted  to  demonstrate  the  ab- 
surdity of  Faraday's  law — that  then  the  chemi- 
cal affinity  between  the  ions  of  all  electro- 
lytes would  have  to  be  the  same — is  perfectly 
correct.  The  affinity  of  the  most  diverse  ions  is 
really  the  same,  because  it  does  not  depend  on 
their  nature  but  on  their  electrical  charge,  and 
this,  according  to  Faraday's  law,  is  everywhere 
the  same.  What  does  depend  on  the  nature  of 
the  ions  is  the  degree  to  which  they  dissociate, 
and  herein  alone  lies  the  cause  of  the  differences 
in  the  affinity-quantities. 
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In  the  arguments  used  so  far,  it  has  been  as- 
sumed that  the  state  of  dissociation  of  the  react- 
ing substances  is  determined  by  the  volume  and 
the  temperature,  and  tliat  the  presence  of  other 
substances  does  not  alter  the  state  of  the  one 
considered.  This  case,  however,  only  occurs 
when  there  are  present  either  one  dissociated 
substance  and  nothing  bui,  non-electrolytes 
besides,  or  when  all  the  dissociated  substances 
present  are  for  all  practical  purposes  completely 
split  up.  But  as  soon  as  several  partly  dis- 
sociated substances  are  present,  the  relations 
become  much  more  complicated. 

It  is  known  from  the  theory  of  dissociation 
that  when  two  gaseous  substances  are  present, 
and  the  quantities  of  these  substances  vary,  the 
l^roduct  of  their  active  quantities,  or  of  their  con- 
centrations, must  be  constant,  constant  tempera- 
ture being  presupposed.  If,  for  instance,  a  given 
space  is  tilled  with  the  gaseous  products  of  de- 
composition of  ammonium  hydrosulphide,  the 
addition  of  sulphuretted  hydrogen  will  cause  a 
decrease  in  the  quantity  of  hydrosulphide  disso- 
ciated, because  on  increasing  the  one  factor  the 
other  must  decrease  in  the  same  ratio.  The  same 
must  evidently  hold  for  electrolytes  ;  on  adding 
to  a  solution  which  contains  the  ions  A  -h  B  an 
excess  of  ions  A,  the  quantity  of  ions  B  must 
decrease  until  the  product  of  the  two  quantities 
has  again  become  equal  to  its  original  value. 
Now,  it  is  not  very  well  possible  to  add  ions  A 
only,  but  an  electrolyte  can  be  added  which  is 
also  dissociated,  and  which  contains  the  ions 
A  +  B'  ;  if  B'  is  different  from  B,  the  two  do  not 
influence  each  other. 

We  may  now  ask  how  two  solutions  must  be 
constituted  in  order  that  their  state  of  dissocia- 
tion shall  not  vary  when  the  solutions  are 
mixed.  We  have  the  solutions  of  the  electro- 
lytes A-l-B  and  A-i-B',  which  contain  a  common 
ion  A  ;  let  their  volumes  be  v  and  v'.  Then,  in 
accordance  with  the  general  law  of  the  equili- 
brium of  dissociation,  the  following  equations 
wiU  hold : 

V  V  V 

V  v'  V 

in  which  the  quantities  of  the  electrolytes  origi- 
nally present  are  put  as  equal  to  1,  and  the  dis- 
sociated portions  equal  to  J  and  |'  respectively. 
On  mixing  the  solutions,  the  volume  becomes 
v  +  v',  the  dissociation  ratios  |  and  ^'  remaining 
unchanged,  as  supposed.  The  quantities  of  the 
undissociated  portions  are  1  — |  and  1  — |',  but 
the  products  ^4  and  change  into  -i- 1') 
and  since  the  ion  A  common  to  both 

substances  participates  in  the  equilibrium  con- 
dition of  both.    We  have,  therefore, 

1-1  I      l  +  l' 

v  +  v'        v  +  v''  v  +  v' 

v  +  v'        v  +  v'    v  +  v' 
On  dividing  each  of  these  equations  into  each 
of  the  corresponding  equations  given  above,  it 

follows  that  -i-  = Therefore,  in  order  that 

the  state  of  dissociation  should  not  alter  on  mixing 
solutions  of  two  electrolvtes  which  have  one  ion 


in  common  (for  instance,  two  acids),  the  portions 
dissociated  must  be  in  the  ratio  of  the  volumes. 

Writing  the  equation  in  the  form  -i  =  the 

V  v' 

law  can  also  be  expressed  in  this  form  :  when 
the  concentration  of  the  common  ion  is  the- 
same  in  both  solutions,  these  do  not  influence 
each  other. 

Arrhenius,  to  whom  we  owe  these  considera- 
tions, calls  solutions  which  do  not  influence  each 
other  in  the  sense  just  mentioned  isohydric 
solutions.  Since,  in  accordance  with  the  above 
formula,  it  is  only  necessary  for  this  that  the 
concentration  of  the  common  ion  in  the  two 
solutions  should  be  the  same,  the  ratio  of  the 
quantities  of  the  two  solutions  does  not  enter 
into  consideration ;  isohydric  solutions  can  be 
mixed  in  all  proportions  without  mutually 
changing  their  condition. 

If,  however,  two  non-isohydric  solutions 
which  contain  a  common  ion  are  mixed,  the  pro- 
cess can  be  represented  by  saying  that  the  one 
solution  withdraws  water  from  the  other  until 
both  have  become  isohydric ;  then  they  leave 
each  other  uninfluenced.  This  withdrawal  of 
water  occurs  in  the  following  manner.  First, 
the  total  concentration  of  the  solution  which 
loses  water  increases,  and  thereby  the  concen- 
tration of  the  ions  increases  also.  But,  owing 
to  this,  the  state  of  dissociation  changes  di- 
rectly, since,  in  consequence  of  the  smaller 
volume,  the  dissociation  decreases,  and,  there- 
fore, the  concentration  of  the  ions  increases 
more  slowly  than  the  total  concentration.  Con- 
versely, the  concentration  becomes  less  in  the 
portion  which  takes  up  water  ;  but,  owing  to  the 
increase  in  dissociation,  it  does  so  to  a  smaller 
degree  than  corresponds  to  the  volume  change. 

Since  the  relation  between  the  volume  and 
the  state  of  dissociation  is  known  for  binary 
electrolytes  (p.  194),  a  formula  can  easily  b& 
deduced  which  allows  us  to  calculate  the 
characteristic  quantities  for  a  mixture  of  several 
electrolytes.  But  it  is  generally  simpler  to  pro- 
ceed by  way  of  successive  approximation. 

Two  solutions  which  are  isohydric  with  a 
third  must  be  isohydric  with  each  other ;  because, 
in  order  to  be  isohydric  with  the  third,  there 
must  be  in  both  the  same  concentration  of  the 
common  ion  as  is  in  the  third  solution. 

These  laws  were  all  established  empirically 
by  Arrhenius  {W.  30,  51),  and  it  was  only  lately 
that  he  deduced  them  theoretically  from  his 
theory  of  dissociation  (Z.  P.  C.  2,  284  [1888]). 
The  examination  of  these  relations  is  best  con- 
ducted by  making  measurements  of  electrical 
conductivities.  Since  the  conductivity  of  a  com- 
pound in  solution  is  proportional  to  the  number 
of  free  ions,  it  can  easily  be  recognised  whether 
two  substances  with  a  common  ion — two  acids, 
for  instance — are  isohydric  ;  if  the  conductivity 
of  the  mixture  is  equal  to  the  sum  of  the  con- 
ductivities of  the  components,  the  solutions  are 
isohydric  ;  if  this  is  not  the  case,  the  two  numbers 
differ  from  each  other  more  or  less.  To  quote 
an  example  :  with  a  phosphoric  acid  solution,  of 
specific  conductivity  I  =  225'6,  was  mixed  an  equal 
volume  of  hydrochloric  acid  solution  I  =  225"9  ; 
the  mixture  gave  2Z  =  469"0,  while  the  sum  of 
the  two  values  is  451'5 ;  the  observed  conduc- 
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tivity  was  too  great  by  17'5.  Purtlier,  the  same 
phosphoric  acid  solution  mixed  with  an  equal 
volume  of  a  more  dilute  hydrochloric  acid, 
Z=185*l,  gave  for  the  conductivity  of  the  mix- 
ture 11  =  407'4  ;  this  is  smaller  by  3'3  than  the 
sum410'7.  Finally, hydrochloric  acid  of  Z  =  168-8 
gave  for  the  mixture  2Z  =  394'4,  the  sum  being 
394-4  ;  both  solutions  were  isohydric.  By  such 
experiments  as  this  Arrhenius  arrived  at  the 
laws  stated  above. 

It  need  scarcely  be  mentioned  that  any  other 
property  of  solutions  which  depends  on  the 
molecular  condition  of  the  dissolved  substance 
could  likewise  have  been  used  for  determining 
the  relations  of  isohydricity.  The  best  of 
these  properties  would  be  measurements  of  the 
velocities  of  reaction— for  instance,  those  of  the 
inversion  of  sugar— these  being  proportional  to 
the  state  of  dissociation ;  but  the  freezing- 
points,  vapour  pressures,  &c.,  could  also  have 
been  used. 

So  far  the  only  case  considered  has  been 
that  in  which  the  mixed  electrolytes  contain  a 
common  ion.  If  this  is  not  the  case,  new 
phenomena  appear,  which  we  will  now  consider 
in  greater  detail.  It  has  already  been  pointed 
out  that  the  theory  of  free  ions  leads  to  a 
view  of  the  processes  of  the  formation  and 
mutual  decomposition  of  salts  which  is  very  dif- 
ferent from  that  generally  accepted.  It  has  been 
shown  that,  neglecting  the  small  undissociated 
portions,  the  process  of  neutralisation  between 
the  strong  acids  and  bases  consists  exclusively 
in  the  formation  of  water  from  the  ions  H  and 
OH.  The  cause  why  these  ions  coalesce  to 
form  undissociated  water  lies  in  the  fact  that 
water  is  an  extremely  stable  compound,  which, 
under  ordinary  circumstances,  is  only  very 
sHghtly  split  into  ions.  If,  therefore,  such  ions 
anywhere  appear  simultaneously,  they  combine 
directly  to  form  undissociated  water. 

The  phenomena  take  a  quite  similar  course 
when  a  strong  acid — hydrochloric,  for  instance — • 
acts  on  the  salt  of  a  weak  acid — sodium  acetate, 
for  instance.  The  former  solution  is  almost  ex- 
clusively composed  of  ions  H  and  CI,  the  latter 
of  ions  Na  and  CRj-CO^.  Since  the  sodium 
chloride  also  is  almost  completely  dissociated 
when  in  dilute  solution,  the  ions  Na  and  CI  are 
already  present  in  the  same  condition  as  in  sodium 
chloride  solution,  and  there  exists  no  tendency 
to  the  formation  of  this  compound.  But,  in 
addition,  there  are  present  the  ions  H  and 
CH3C0j,  and  these  cannot  exist  side  by  side 
without  for  the  most  part  combining.  Hence  a 
corresponding  quantity  of  undissociated  acetic 
acid  will  be  formed,  as  is  actually  shown  by 
experiment.  But  while  formerly  tlais  fact  was 
ascribed  to  a  specially  great  affinity  between  the 
chlorine  and  the  sodium,  and  the  acetic  acid 
was  allowed  to  play  a  passive  part,  being  su)3- 
posed  to  be  '  expelled '  by  the  hydrochloric 
acid,  we  now  see  that  the  entire  cause  of  the 
process  lies  in  the  action  of  the  acetic  acid. 
Owing  to  the  great  affinity  of  its  ions,  it  is 
formed  whenever  its  ions  meet,  while  the  com- 
ponents of  the  '  strong '  reagents,  chlorine 
and  sodium,  remain  perfectly  indifferent  in  the 
process. 

The  conditions  under  which  chemical  equili- 
brium is  established  between  four  substances, 


formed  by  a  combination  in  pairs  of  two  positive 
and  two  negative  electrolytes,  must  now  be 
established  in  a  general  manner.  We  assume 
we  have  produced  four  solutions  of  the  sub- 
stances A,B,,  AjBj,  AJ3,,  and  A,Bo,  so  that 
those  solutions  which  contain  a  common  ion  are 
isohydric.  When  this  is  the  case  we  can,  it  is 
true,  mix  the  isohydric  solutions  in  all  propor- 
tions ;  but  if  we  mix  all  four  solutions  the  simple 
law  stated  above  evidently  no  more  holds,  and  we 
must  ask  in  what  proportion  the  mixture  must 
be  made  in  order  that  no  change  in  the  state 
of  dissociation  should  occur.  Let  a,  b,  c,  and  d 
be  the  relative  volumes  of  the  four  solutions  in 
which  this  occurs,  and  let  a,  /3,  7,  and  3  be  the 
undissociated  quantities  of  the  four  substances. 
We  can  represent  the  dissociated  quantities  by 
ha,  hb,  he,  and  hd,  since,  in  consequence  of  the 
assumption  made,  there  must  in  all  cases  be 
equal  concentration  of  the  ions.  The  equa- 
tions of  dissociation  of  the  solutions  thus  become 


a       \  I 


/ha\^ 
a      '\a ) 

c       \  c  / 


P_j.(hby 


d  -Ad-) 


or,  a  =  kji-a,  iS  =  k.,h-b,  7  =  kji-c,  5  =  kji-d. 

If  we  suppose  the  four  volumes  to  be  mixed, 
new  equations  will  make  their  appearance  which 

,       ,,    „  a  h{a  +  b){a  +  c)  . 

have  the  form  r  -  =  /;  —! — —L^  J  ,&c., 

a+b  +  c  +  d       (a  +  b  +  c  +  d)- 

and  which  can  be  brought  to  the  form 

_  kji'{d-  +  ab  +  ac  +  be) 

a+b+c+d  ' 

„    k.,K-ib"-  +  ab+bd  +  ad)  . 

/3  =  -  -J  etc. 

a+b+c+d 

The  quantities  a,  13,  7,  and  5  are  to  remain  un- 
changed, according  to  the  assumption.  Now, 
by  dividing  the  corresponding  equations  by  each 
other,  the  same  equation  follows  from  each  jsair 
ad  =  be, 

i.e.  the  volumes  a,  b,  e,  d  of  the  four  solutions 
must  be  such  that  the  products  of  the  volumes 
of  such  pairs  of  solutions  as  contain  no  common 
ion  must  be  equal  to  each  other. 

Now,  the  volumes  a,  b,  c,  and  d  are  propor- 
tional to  the  active  or  dissociated  portions  of 
the  four  substances  present.  Calling  the  total 
quantities  of  the  latter,  p,  |),,  q,  and  g,,  the 
values  a,  b,  c,  and  d  are  proportional  to  m^p, 
m.,pi,  in^q,  and  wiig,,  and  hence  we  get  from 
ad=  be  the  equilibriuui  formula 

m,  p  .  m/i  =  m,p^  .m^q^ 

This  equation  represents  not  only  Guldberg 
and  Waage's  formula  for  chemical  equilibrium, 
but  it  also  contains  the  extension,  made  by  Ost- 
wald,  that  every  co-efficient  of  the  Guldberg  and 
Waage  equation,  kfpq  =  k„p^q^,  is  made  up  of 
two  factors  each  of  which  depends  only  on  the 
nature  of  the  ions. 

But  the  equation  goes  still  further  than  this 
extension.  In  the  theory  of  affinity  the  co-effi- 
cients in..,  &c.  have  been  considered  as  con- 
stant to  a  first  approximation.  But  from  what 
has  been  said  it  follows  that  they  are  not  con- 
stant ;  they  depend  on  the  state  of  dissociation 
of  the  four  substances,  and  are  rather  com- 
plicated functions  of  the  dissociation-constants, 
of  the  quantities,  and  of  the  total  volume.  The 
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various  deviations  from  the  simple  laws  which 
were  brought  to  light  by  experiment  find  here 
their  appropriate  explanation.  Thus  it  follows 
that  in  the  case  of  slightly  dissociated  acids 
the  degree  of  dissociation  must  be  considerably 
lowered  by  the  presence  of  the  normal  salts  of 
these  acids,  which  salts  are  themselves  consider- 
ably dissociated.  The  corresponding  fact,  that 
such  mixtures  act  much  less  strongly  than  the 
quantity  of  free  acid  present  in  them  would  do, 
was  known  long  befoi'e  theory  explained  it. 

Arrhenius  has  subjected  his  investigations 
on  the  saponification  of  ethyl  acetate  by  means 
of  ammonia  in  the  presence  of  different  salts 
{Z.  P.  C.  1,  110)  to  an  esainination  from  the 
standpoint  of  these  newly-established  ideas  (ib. 
2,  289),  and  has  everywhere  found  them  to  be 
in  complete  agreement  with  experiment.  He 
has  also  re-examined  a  great  number  of  older 
investigations  on  conditions  of  chemical  equili- 
brium in  the  light  of  his  theory  (ib.  5,  1),  and 
here  also  the  discrepancies  found  when  con- 
sidered from  the  point  of  view  of  the  older  theory 
have  for  the  most  part  disappeared  {v.  also 
Z.  P.  C.  9,  487). 

Electromotive  forces.  Contact  theory  or 
chemical  theory  ? ' 

The  laws  of  electromotive  force,  or  of  dif- 
ferences in  potential  produced  on  the  contact  of 
different  substances,  are  not  nearly  so  well  known 
as  those  of  electrical  conductivity.  It  is  true 
the  knowledge  of  the  phenomenon  itself  is  as 
old  as  that  of  galvanic  electricity,  since  Volta 
had  already  carried  out  the  first  approximate 
measurement  of  it,  but  up  to  the  present  day 
no  agreement  has  been  arrived  at  between  the 
different  investigators  concerning  even  the  chief 
phenomena. 

Volta  screwed  a  disc  of  zinc  coated  with  iso- 
lating varnish  on  to  his  straw-electrometer  ;  on 
the  top  of  this  he  placed  a  similar  disc  of  copper, 
connected  the  two  discs  metallically,  and  after 
the  connection  had  been  broken  he  took  off  the 
copper  disc  by  means  of  an  insulating  handle. 
The  electrometer  then  proved  to  be  charged ; 
examination  showed  that  the  straws  were  charged 
with  positive  electricity. 

This  phenomenon  indicates  that  the  sub- 
stances used — that  is  zinc,  copper,  and  the 
isolating  coating — charge  each  other  electrically 
on  contact.  Volta  assumed  that,  of  the  three 
contacts,  only  the  one  between  copper  and  zinc 
was  electromotively  active  ;  the  contact  between 
the  metals  and  the  isolating  layer  of  resin  was 
regarded  by  him  as  indifferent.  Though  neither 
then,  nor  up  to  the  present  day,  has  a  proof  of 
this  assumption  been  brought  forward,  it  has  yet 
met  with  fairly  universal  acceptance,  and  it  often 
passes  as  a  fact  not  to  be  doubted. 

On  the  further  assumption,  which  certainly  is 
incorrect,  that  liquids  also— sach  as  water  or 
salt  solutions  — show  no  diiferences  of  potential 
with  the  metals,  Volta  constructed  his  electric 
pile  by  superposing  alternately  two  metals  and 
a  moist  card  disc.  By  this  he  expected  an  in- 
tensification of  the  electrical  effects,  since  the 
electricity  of  the  metal  lying  underneath  was  to 
communicate  itself  through  the  moist  discs  to 
the  one  lying  above,  without  any  change,  and  so 

'  A  complete  discussion  of  this  questiou  by  0.  Lodge 
is  to  be  found  in     Sf.  [5]  ID. 


the  effects  of  the  individual  pairs  of  metals  were 
to  be  added  together.  Volta  did,  in  fact,  obtain 
the  expected  intensification — a  proof  that  great 
discoveries  may  be  made  on  the  basis  of  quite 
false  hypotheses. 

.  Fabbroni  first  refused  to  accept  the  assump- 
tion that  the  tension  of  the  voltaic  pile  has 
its  seat  only  at  the  point  of  contact  of  the 
metals,  and  numerous  other  investigators  have 
taken  the  same  line.  Faraday  especially,  whose 
work  in  electrochemistry  ranks  with  the  most 
important  done  in  this  subject,  was  an  opponent 
of  Volta's  views.  He  attributed  the  production 
of  the  electric  current  solely  to  the  chemical 
processes  present,  and  transferred  the  cause  of 
the  production  of  electricity  to  the  places  at 
which  these  processes  occur — i.e.  the  point  of 
contact  between  the  metals  and  the  electrolytes. 

The  contention  thus  aroused  between  the 
contact  theory  and  the  chemical  theory  of  the 
galvanic  cell  has  lasted  to  the  present  day,  and 
even  now  it  is  not  completely  decided.  But  most 
of  the  discussions  raised  have  certainly  originated 
in  the  insufficient  lucidity  with  which  the  ques- 
tions have  been  stated. 

In  so  far  as  a  galvanic  current  can  be  pro- 
duced only  by  using  electrical  energy,  it  can  be 
maintained,  to  begin  with,  that  in  order  to  cause 
a  galvanic  current  there  must  be  present  a  cor- 
responding source  of  energy.  If  other  kinds  of 
energy  are  excluded,  as  is  the  case  in  an  ordinary 
galvanic  cell,  it  can  further  be  said  that  chemical 
energy  changes  into  electrical  energy,  and  that, 
therefore,  a  theory  of  the  electric  currents  pro- 
duced by  the  voltaic  cell  must  in  any  case  be  a 
chemical  one. 

But  to  an  electric  current  there  appertain  two 
factors  :  a  quantity  of  electricity,  and  a  difference 
of  potential.  The  first  is  given  by  the  law  of 
Faraday.  Since  in  electrolytes  the  motion  of 
electricity  takes  place  only  simultaneously  with 
the  motion  of  the  ions,  equivalent  quantities  of 
the  different  ions  carrying  equal  quantities  of 
electricity,  a  current  in  a  galvanic  cell  can 
again  not  be  produced  without  a  corresponding 
chemical  process.  From  this  point  of  view,  also, 
the  theory  must  be  a  chemical  one.  As  regards 
the  other  factor  of  the  current  energy — i.e.  the 
difference  of  potential — an  unequivocal  decision, 
as  in  the  preceding  cases,  can  certainly  not  be 
pronounced  easily.  The  experiments  on  this  sub- 
ject, taken  alone,  have  proved  that  all  substances, 
when  separated  from  each  other  after  close  con- 
tact, show  themselves  to  be  electrically  charged. 
The  smallest  difl'evences  suffice  for  this.  It  has 
been  long  known,  for  instance,  that  black  and 
white  silk  stockings  which  have  been  pulled  over 
each  other  are  electrically  charged  after  separa- 
tion. Even  in  such  homogeneous  materials  as 
crystals  of  mica  or  calcite,  the  two  parts  obtained 
by  cleavage  of  the  layers  are  found  to  be  in  dif- 
ferent electrical  conditions  at  the  original  point 
of  contact. 

It  is  imperative,  therefore,  to  accede  to  the 
proposition  of  the  '  contact  theory,'  in  so  far  as 
to  admit  that  a  process  occurs  at  the  surface  of 
contact  when  two  surfaces  touch,  in  consequence 
of  which  the  surfaces  are  at  different  potentials 
after  separation.  We  do  not  know  what  the 
nature  of  this  process  is.  Helmholtz  supposes 
the  different  substances  to  possess  a  different 
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attraction  for  electricity,  in  consequence  of  which 
there  is  brought  about  a  separation  of  the  elec- 
tricity at  the  planes  of  contact ;  then  when  the 
bodies  are  separated  they  appear  electrically 
charged.  A  diliiculty  with  respect  to  this  theory 
is  found  in  the  electrical  phenomena  attending 
the  cleavage  of  crystals,  where  a  difference  in 
attraction  seems  excluded. 

In  order  that  the  equilibrium  of  electricity 
may  be  changed  when  two  bodies  charge  them- 
selves oppositely  on  contact,  the  expenditure  of 
a  certain  quantity  of  energy  is  required.  The 
source  of  this  energy  has  to  be  sought  in  the 
change  which  the  surfaces  of  the  bodies  undergo 
owing  to  their  mutual  contact. 

In  order  that  this  difference  of  potential 
may  cause  an  electric  current,  two  things  are 
needed.  Firstly,  the  bodies  touching  must  be 
conductors,  as  otherwise  the  electricity  cannot 
move ;  and  secondly,  a  cause  must  be  present 
which  will  maintain  unchanged  the  condition  of 
the  surfaces  in  contact,  in  consequence  of  which 
condition  the  arrangement  of  the  electricity  is 
changed ;  otherwise  a  charging  motion  of  the 
electricity  could  take  j)lace  once  only,  but  not  a 
continuous  current.  The  current  can  be  pro- 
duced by  mechanical  action,  and  then  the 
phenomena  of  frictional  electricity  appear,  or 
the  renewal  of  the  surfaces  occurs  by  chemical 
action,  and  we  deal  with  galvanic  cells. 

When  considered  from  this  point  of  view  also, 
the  chemical  processes  appear  as  the  causes  of 
galvanic  currents,  and  a  final  theory  of  these 
currents  will  doubtless  be  much  more  a  '  chemi- 
cal '  than  a  '  contact '  theory. 

Galvanic  cells.  The  simplest  conditions  for 
examining  the  relations  between  chemical  and 
electrical  energy  are  found  in  the  so-called  con- 
stant galvanic  cells,  of  which  the  Daniel!  cell  is 
a  type.  This  cell  consists  of  a  copper  plate  in  a 
solution  of  copper  sulphate,  and  a  zinc  plate 
in  a  solution  of  zinc  sulphate  ;  both  solutions 
are  in  contact  with  each  other.  Such  agalvanio 
cell  has  an  electromotive  force  of  about  1'09 
volts,  which  does  not  change  appreciably  when 
the  metals  are  connected  by  a  conductor,  and  the 
galvanic  current  is  thus  allowed  to  pass  for  a 
longer  or  a  shorter  time. 

The  chemical  process  in  such  an  element  is 
also  of  the  simplest  kind  :  zinc  dissolves  to  zinc 
sulphate,  while  copper  is  separated  from  the 
copper  sulphate.  Hence  the  same  process  takes 
place  as  when  a  piece  of  zinc  is  brought  into 
a  copper  sulphate  solution. 

The  chemical  energy  which  is  available  iu 
this  process  can  easily  be  measured  by  experi- 
ment ;  it  proves  to  be  .50,100  cal.  for  the 
reaction 

Zn  +  CuSOjAq  =  Cu  +  ZuSO^Aq. 

Now,  since  (p.  ISO)  the  unit  of  electrical 
energy,  volt  x  coulomb,  is  equal  to  0''235G  cal., 
this  quantity  of  heat  corresponds  to  212,600 
electrical  units. 

Now,  of  the  two  factors  making  wp  the  elec- 
trical energy  of  the  voltaic  cell,  one  is  given  by 
Faraday's  law.  One  gram-equivalent  of  a  metal 
carries  (p.  180)  96,540  coulombs.  Since  copper 
and  zinc  are  divalent,  the  above  equation  refers 
to  2  gram-equivalents  ;  when,  therefore,  65  g.  of 
zinc  dissolve  in  the  Danieil  cell,  193,080  coul. 
are  transferred.    Dividing  this  value  into  the 


number  212,000  (volt  x  coulomb),  we  get  1-10 
volts  for  the  electromotive  force  of  the  Danieil 
element,  a  number  which  agrees  well  with  the 
observed  value. 

This  calculation  was  first  carried  out  by  W. 
Thomson  with  the  help  of  numbers  due  to  Joule. 
From  the  agreement  between  observation  and 
calculation,  the  inference  was  drawn  that  the 
assumption  made  in  this  case — namely,  that  the 
chemical  energy  transforms  itself  completely  into 
electrical  energy — was  universally  correct.  From 
this  was  deduced  the  possibility  of  calculating, 
on  the  basis  of  thermochemical  data,  the 
electromotive  force  of  all  constant  elements,  and 
further,  the  electromotive  force  of  all  elements 
in  which  the  chemical  process  is  known.  It 
was  only  necessary  to  multiply  the  heat  of  the 
reaction  referred  to  one  erpdvalcnt  (not  molecular 

weight)  by  -^^^  =  0-0000024i;.     It  would  also 
'  96540 

follow  that  the  electromotive  force  of  all  cells 
would  be  proportional  to  the  heat  of  the  chemical 
reaction. 

This  theory  could  not,  however,  be  main- 
tained. On  the  one  hand,  theoretical  doubts 
were  raised,  and  that  specially  by  Braun  (W.  5, 
188),  against  the  premisses  that  the  chemical 
energy  of  the  galvanic  cell  was  always  com- 
pletely transformed  into  electrical  energy  ;  and, 
on  the  other  hand,  experience  proved  that  as  a 
rule  the  assumed  proportionality  between  heat 
of  reaction  and  electromotive  force  did  not 
exist.  Kaoult  {A.  Ch.  [4]  4,  392)  discovered  a 
number  of  cells,  some  of  which  produced  less, 
and  some  produced  more,  energy  than  corre- 
sponded to  the  heat  of  reaction  of  their  chemical 
changes ;  and  at  a  later  time  it  was  proved — 
chiefly  by  F.  Braun  and  Alder  Wright  (P.  M.  [5] 
19,  1),  by  means  of  direct  measurement — that 
only  in  rare  cases  do  the  chemical  and  electrical 
energy  exactly  correspond  to  each  other. 

The  simple  theory  must,  therefore,  be  aban- 
doned, and  without  assuming  that  the  chemical 
energy  is  wholly  transformed  into  electrical 
energy,  we  must  seek  to  discover  a  relation 
between  the  two.  Such  a  formula  has  been  found 
by  W.  Gibbs  and  H.  von  Helmholtz  (B.  B.  1882). 
The  following  statement  is  a  simple  way  of 
deducing  this  equation.  Let  there  be  given 
a  galvanic  cell  whose  heat  of  reaction  calcu- 
lated for  one  equivalent  is  W.  Let  its  electro- 
motive force  at  the  absolute  temperature  t  be 
6.  On  raising  the  temperature  by  dr  the 
electromotive  force  is  changed  by  de. 

Now  let  us  carry  out  the  following  cycle.  The 
cell  is  heated  from  t  to  r  +  dr.  Then  let  the 
quantity  of  electricity  q,  by  means  of  which  one 
equivalent  of  the  reacting  substance  undergoes 
chemical  decomposition,  jiass  through  the  cell, 
the  electromotive  force  remaining  e  -i-  ch,  and 
the  temperature  being  kept  constant.  Now  let 
the  temperature  be  brought  to  t  and,  the  electro- 
motive force  being  e,  and  the  temperature  being 
constant,  let  the  same  quantity  of  electricity  q 
be  passed  through  the  element  in  the  opposite 
direction.  Thereby  the  element  returns  exactly 
to  its  initial  condition. 

According  to  the  mechanical  theory  of  heat, 
the  portion  of  heat  transformable  into  work,  in 
a  reversible  cycle  taking  place  in  the  temperature- 
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interval  dr,  is  —  of  the  total  quantity  of  heat 

T 

produced.  Now,  the  work  is  given  by  qde,  and 
the  total  heat  which  has  been  communicated  to 
and  taken  from  the  cell  is  eg  —  W.  If  an  electric 
current  alone  were  produced,  the  quantity  of  heat 
would  be  eq.  But  since  a  chemical  process  also 
takes  place,  which  yields  a  portion  of  the  heat 
— namely,  the  heat  of  reaction,  W — it  is  only 
necessary  to  communicate  the  difference  eq  —  W. 
We  have  then  the  equation — 

dr  =  qde 

r     eq  —  W 

W     1  cZe 
or  6  =  -  +  -  .  -Y- 

g      T  dr 

W 

The  former  equation  was  e  =  —  ;  we  see,  there- 
2 

fore,  that  a  correcting  term  must  be  added,  and 

that  this  term  is  dependent  on        that  is,  on 

dr 

the  change  of  electromotive  force  with  change 
of  temperature.    In  the  case  that  —  =  0,  the 

CIT 

new  equation  is  the  same  as  the  old  one  ;  in  the 
Daniell  cell  the  temperature  co-efficient  is,  in 
fact,  nearly  equal  to  zero,  and  thus  it  is  explained 
that  in  this  case  the  chemical  energy  is  equal  to 
the  electrical  energy. 

The  equation  has  been  examined  in  many 
ways.  At  first  it  gave  only  partially  correct 
results,  and  in  some  cases  observation  and  cal- 
culation differed  from  each  other.  The  differences 
occurred,  however,  only  in  cells  which  contained 
mercury  compounds,  and  the  cause  was  the  use 
of  a  wrong  number  for  the  heats  of  formation 
of  these  compounds.  When  this  error  was  cor- 
rected by  Nernst  (Z.  P.  C.  2,  23)  the  discrepancies 
disappeared ;  and  a  very  careful  investigation 
by  H.  Jahn  {W.  34,  755),  in  which  the  thermal 
and  electrical  quantities  were  measured  simul- 
taneously, has  fully  confirmed  the  correctness  of 
the  Gibbs-Helmholtz  formula. 

The  formula  has  been  deduced  primarily  for 
constant  galvanic  cells,  and  when  deducing  it 
the  conditions  assumed  have  been  expressed  ; 
the  chemical  process  resulting  from  the  passage 
of  the  quantity  of  electricity  q  (which,  however, 
can  be  as  small  as  we  will)  must  be  reversible, 
by  allowing  the  same  quantity  of  electricity  q  to 
pass  through  the  element  in  the  opposite  direc- 
tion. In  order  that  a  galvanic  cell  should  fulfil 
this  condition,  it  is  generally  requisite  that  each 
metal  should  be  surrounded  by  its  corresponding 
salt.  Therefore,  when  the  salt  is  soluble,  the 
metal  must  stand  in  a  solution  of  the  salt.  In 
the  case  of  insoluble  salts  it  generally  sulfices  to 
cover  the  metallic  surface  with  the  solid  salt ; 
in  this  case,  either  the  salt  of  another  metal  with 
the  same  acid  (which  salt  is  not  precipitated  by 
the  first  metal),  or  the  free  acid  itself,  serves  as 
the  electrolyte. 

The  action  in  a  Daniell  cell  is  as  follows. 
Individual  atoms  of  the  metal  pass  from  the  zinc 
as  positively  charged  ions  into  the  solution  of  the 
sulphate.  Since  no  free  electricity  can  exist 
within  the  solution,  the  copper  ions  of  the  copper 
sulphate  must  go  to  the  copper  plate,  where 
they  give  up  their  positive  electricity,  passing 
into  ordinary  metallic  copper.    Owing  to  this 


action,  a  motion  of  the  positive  electricity  from 
the  zinc  to  the  copper  takes  place  in  the  solu- 
tion ;  on  connecting  both  metals  by  a  wire  the 
current  passes  continually  through  it,  corre- 
sponding quantities  of  zinc  and  copper  being 
dissolved,  and  precipitated,  respectively.  If  the 
cell  is  not  closed,  the  zinc  becomes  charged  nega- 
tively, owing  to  the  exit  of  positive  ions,  and  the 
copper  positively,  owing  to  their  entrance  ;  and 
this  goes  on  until  the  attraction  of  the  zinc  for 
the  positive  ions,  and  their  repulsion  by  the 
copper,  is  so  great  that  neither  can  zinc  pass 
into  solution  nor  can  copper  separate  out.  The 
capacity  of  the  ions  being  enormous,  this  is 
brought  about  by  even  extremely  small  numbers 
of  them. 

Nernst,  who  has  studied  these  changes  in 
detail  {Z.  P.  C.  4,  129),  assigns  to  the  metals 
which  are  in  contact  with  electrolytes  definite 
solutionpressures,  just  as  volatile  liquids  or  solids 
have  definite  vapour  pressures.  This  pressure  is 
the  cause  of  zinc  tending  to  pass  into  solution. 
The  solution  pressure  of  copper  is  very  much 
smaller  than  that  of  zinc.  Hence  when  the 
Daniell  cell  is  newly  set  up,  both  metals  will  at 
first  send  positive  ions  into  the  solution.  But, 
since  no  free  electricity  can  exist  in  the  interior 
of  the  solution,  that  metal  which  has  the  greater 
pressure  will  maintain  the  preponderance ;  its 
ions  will  pass  into  solution,  and,  in  order  that  no 
free  electricity  may  accumulate  in  the  liquid,  an 
;  equal  number  of  copper  ions  must  leave  the  solu- 
tion, and  be  precipitated  in  the  metallic  state. 

Similar  arguments  hold  for  all  reversible 
elements.  By  their  help,  and  with  the  help 
of  the  theories  of  electrolytic  solutions  ex- 
pounded above,  a  great  number  of  special  cases 
referring  to  galvanic  cells  can  be  deduced  theo- 
retically. The  results  thus  obtained  have,  on 
the  whole,  been  confirmed  by  experiment ;  but 
details  cannot  be  entered  into  here. 

Besides  the  constant  galvanic  cells  of  the 
tyi^e  just  described,  which  are  reversible,  there 
still  exists  a  great  number  of  cells  which,  though 
practically  constant,  are  not  reversible.  The 
constancy  of  these  cells  rests  on  the  fact  that 
the  nature  of  the  surfaces  in  contact  is  not 
altered  by  the  chemical  processes.  When  metal 
dissolves  at  the  surface  of  the  zinc,  and  when 
metal  deposits  at  the  surface  of  the  copper,  the 
nature  of  the  bounding  surfaces  is  not  thereby 
influenced ;  this  cell  is  also  reversible,  because 
on  sending  a  current  through  in  the  opposite 
direction  zinc  is  precipitated  and  copper  dis- 
solved, but  the  surface  again  undergoes  no 
alteration. 

Cells  of  the  type  of  that  of  Grove,  which 
consists  of  zinc  in  sulphuric  acid  and  platinum 
in  nitric  acid,  are  also  constant.  On  working  this 
cell,  zinc  dissolves,  expelling  the  hydrogen  ions 
from  the  sulphuric  acid ;  these  hydrogen  ions 
go  to  the  nitric  acid,  whose  own  hydrogen  ions 
go  to  the  platinum  ;  at  the  moment  when  they 
give  up  their  jiositive  electricity  there,  and  pass 
into  ordinary  hydrogen  (which,  however,  is. in 
the  nascent  state),  they  are  oxidised  by  the 
nitric  acid  to  water,  and  the  platinum  surface 
remains  unaltered.  But  such  elements  are  not 
reversible.  When  an  opposite  current  is  passed 
through  the  cell,  since  the  platinum  ions  cannot 
23ass  into  solution,  the  ions  NOg  of  the  nitric 
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acid  separate  out  at  the  platinum,  while  hydro- 
gen appears  at  the  zinc  ;  both  these  actions 
change  the  condition  of  the  bounding  surfaces, 
and  thereby  simultaneously  change  the  electro- 
motive force  also. 

Finally,  there  still  remains  the  large  group 
of  the  non-constant  cells.  These  are  distin- 
guished by  the  fact  that  even  when  the  current 
passes  through  them  in  the  direct  way,  the  ions 
separated  out  produce  an  alteration  in  the 
bounding  surfaces,  or  in  one  of  them  at  least. 
To  these  belongs  Volta's  cell,  which  consists  of 
zinc  and  copper  in  salt  water,  and  all  the  other 
similar  combinations.  A  type  still  in  use  is 
Smee'scell,  which  consists  of  zinc  and  platinum 
in  dilute  sulphuric  acid.  On  closing  the  circuit, 
zinc  ions  enter  into  the  solution,  expelling  the 
hydrogen,  which  gives  up  its  electricity  at  the 
platinum,  whereby  it  first  combines  with  or 
dissolves  in  the  metal,  and  when  that  is  saturated 
escapes  in  the  gaseous  form.  In  consequence 
of  this,  the  surface  of  contact  between  the  acid 
and  the  platinum  is  altered,  and  the  electro- 
motive force  also  changes,  until  saturation  with 
hydrogen  has  taken  place  ;  after  this  point  has 
been  reached  the  electromotive  force  of  Smee's 
cell  remains  practically  constant.  If  the  cell  is 
left  with  the  circuit  open,  the  hydrogen  gradually 
disappears,  partly  through  diffusion  into  the  air, 
partly  through  combination  with  the  free  oxygen 
of  the  air,  induced  by  the  catalytic  action  of  the 
platinum.  Thus,  the  cell  again  gradually  resumes 
its  original  electromotive  force.  Such  cells  are, 
therefore,  quite  workable  in  cases  where  only 
small  quantities  of  electricity  are  required  at 
long  intervals. 

The  seat  of  tJie  electroinofive  forces.  Volta 
found  that  no  galvanic  pile,  giving  a  current, 
could  be  ijroduced  from  metals  only.  When 
considered  from  the  p)oint  of  view  of  the  prin- 
ciples of  energy,  such  behaviour  follows  neces- 
sarily, because,  no  continuous  source  of  energy 
being  present  in  a  circuit  of  metals  alone,  no 
current  can  be  produced. 

The  cause  of  tliis  may  be  of  a  two-fold 
nature.  Either  there  exist  no  differences  of 
potential  between  metals,  or  these  follow  a  defi- 
nite law,  which  involves  that  in  a  closed  circuit 
these  differences  just  neutralise  each  other. 
With  Volta,  we  will  assume  the  latter  alter- 
native, of  which  the  former  is  only  a  special 
case.  If,  then,  we  have  several  metals  A,  B, 
C.  .  .  and  if  we  call  the  differences  in  poten- 
tial between  A  and  B,  A  and  C,  B  and  C, 
<fcc.,  in  succession  (a  —  h),  (a  —  c),  (&  — c)  .  .  . 
the  law  is  that  we  must  always  have 
{a-b)  +  {b-c)  +  {c-d)+  .  .  .  +{y-2)  =  {a-z). 
The  difference  of  potential  of  a  series  of  metals 
depends  only  on  the  nature  of  the  first  and  the 
last  metal,  and  not  on  the  nature  of  the  inter- 
vening metals. 

This  result  necessarily  follows  if  the  values 
a,  b,  c  .  .  .  in  the  quantities  {a—b)  &o.  are 
considered  as  the  potentials  of  the  individual 
metals  referred  to  a  zero  value  which  must  be 
fixed  arbitrarily.  For  the  zero  value  of  potential 
we  generally  use  the  potential  of  the  earth,  or, 
more  correctly  speaking,  that  of  a  large  metallic 
mass  which  is  in  connection  with  the  earth,  as 
are,  for  instance,  iron  water-pipes.  It  can, 
therefore,  be  assumed   that  every  metal  con- 


nected with  the  '  earth '  assumes  a  definite 
value  of  potential  which  depends  only  on  the 
nature  of  the  metal.  These  values  of  potential 
are  the  same  for  every  metal,  whether  the  dif- 
ferent metals  are  in  contact  with  each  other 
OT  not. 

In  order  to  measure  these  differences  of  po- 
tential, the  experiment  of  Volta  mentioned  before 
(p.  212)  has  been  improved  ujjon,  in  that  instead 
of  a  dividing  layer  of  resin  one  of  air  is  used  ; 
and,  dating  from  the  time  that  K.  Kolilrausch  (P. 
75,  88)  thus  carried  out  the  first  experiments,  a 
great  deal  of  similar  work  has  been  done.'  But 
in  this  case  also  we  are  dealing,  not  with  one, 
but  with  three  separating  surfaces — namely, 
copper-zinc,  zinc-air,  air-copper,  and  only  when 
we  make  the  assumption  that  the  differences 
of  potential  at  the  last  two  surfaces  are  zero, 
are  we  enabled  to  judge  from  the  measurements 
of  the  total  difference  of  potential  as  to  the 
difference  between  the  metals. 

The  legitimacy  of  this  assumption  has  formed 
the  subject  of  much  discussion.  Considering  the 
universality  of  differences  in  potential  between 
heterogeneous  substances,  the  absence  of  a  dif- 
ference between  metal  and  air  would  be  very 
strange,  and  we  are  quite  entitled  to  demand  a 
proof  of  it  from  the  champions  of  this  view.  But, 
on  the  contrary,  it  seems  as  if  the  following  fact 
proved  the  existence  of  such  differences  of  poten- 
tial. All  tlie  investigators  who  have  undertaken 
such  measurements  complain  of  the  extraor- 
dinary inconstancy  in  the  differences  of  potential 
observed.  On  placing  two  freshly-cleaned  plates 
opposite  to  each  other  and  measuring  their 
difference,  one  is  sure  to  find  different  values 
after  a  little  time.  If  the  surfaces  are  again 
cleaned,  the  original  values  approximately  recur. 
Therefore,  it  is  not  the  point  of  contact  of  the  two 
metals  (besides,  this  can  be  made  unalterable  by 
soldering),  but  their  surfaces  with  respect  to  air, 
which  are  the  seat  of  the  changes.  Let  us  now 
assume  that  at  a  definite  moment  the  difference 
of  potential  of  both  plates  towards  air  is  equal 
to  zero ;  since  another  value  is  observed  after 
some  time,  the  difference  of  potential  of  the  metals 
towards  air  cannot  now  be  zero,  i.e.  between 
metals  and  air  there  exist  differences  of  potential. 
How  great  these  are  cannot  as  yet  be  determined. 
There  is  nothing  against  the  assumption  that 
these  make  up  the  greatest  part  of  the  apparent 
differences  of  potential  between  the  metals 
(measured  in  air).  It  is  true  an  attempt  has  been 
made  to  eliminate  the  influence  of  the  air  by 
making  the  experiment  -in  vacuo.  But  since  we 
have  learned  by  observation  of  the  electrical 
phenomena  in  vacuum  tubes,  how  difficult — 
how  impossible,  even— it  is  to  witlidraw  from  a 
substance  the  last  remnants  of  air  condensed  on 
it  and  in  it,  these  experiments  cannot  be  looked 
upon  as  affording  any  conclusive  proof. 

Other  methods  for  solving  the  difficulties 
must  be  sought.  Unfort^mately,  there  does  not 
exist  a  single  process  quite  free  from  objection. 
The  following  consideration  still  appears  to  be 
the  best  :— 

When  a  given  quantity  of  electricity  e  is 
brought  from  a  potential  A  to  a  higher  potential 
A  -(-  a,  a  quantity  of  worlv  a q  is  required.  There- 

j  '  Compare  0.  Lodge,  I.e. 
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fore,  when  we  lead  a  current  through  two  metals 
which  touch  in  one  place,  and  which  there  exhibit 
a  difference  of  potential  a,  an  absorption  or  a  pro- 
duction of  energy  will  occur  at  the  place  of  con- 
tact, according  to  the  direction  of  the  current ; 
and,  if  there  is  no  other  source  of  energy,  this 
energy-change  will  be  produced  from,  or  will  be 
added  to,  the  heat  which  is  present,  as  the  case 
may  be.  In  the  case  of  metals  such  a  pheno- 
menon is  actually  known ;  it  is  the  effect  dis- 
covered by  Peltier  {A.  Cli.  56,  371  [1834]).  If 
the  strength  of  the  current,  and  the  total  heat 
produced,  are  measured,  the  corresponding  dif- 
ference of  potential  can  be  calculated.  Such 
experiments  have  been  made  by  Le  Eoux,  and 
again  quite  recently,  with  great  accuracy,  by 
H.  Jahn  {W.  34,  755),  and  the  results  have 
shown  the  values  to  be  very  small ;  they  are 
mostly  only  a  few  thousandths  of  a  volt. 

It  is  true  we  must  not  pass  over  in  silence 
the  following  objection  made  against  the  validity 
of  this  argument.    Since  we  know  nothing  defi- 
nite concerning  the  nature  of  the  electric  current, 
the  possibility  is  not  excluded  that  it  may  be 
connected  with  movements  of  energy  of  other 
kinds.    It  has  been  especially  assumed  as  pro- 
bable by  several  authors  that,  simultaneously 
with  the  electric  current,  a  heat-current  flows 
through  the  conductor.    If  so,  the  quantity  of 
heat  flowing  with  the  unit  quantity  of  electricity 
might  be  different  in  different  conductors  ;  and 
at  the  point  of  contact  of  the  metals,  in  addition 
to  the  thermal  exchange  resulting  from  the  dif- 
ference of  potential,  there  might  occur  a  further 
exchange  of  heat  resulting  from  the  difference  i 
in  the  '  thermal  capacity  of  electricity.'    Since  1 
these  two  quantities  need  not  have  a  necessary  | 
connection,  it  would  not  be  permissible  to  draw  ! 
any  conclusion  from  the  Peltier  effect — that  is,  ! 
from  the  sum  of  two  independent  effects — as  to  { 
the  magnitude  of  the  difference  of  potential. 

Without  attempting  to  decide  this  difficult  [ 
question  here,  I  should  like  to  draw  attention  to  j 
a  circumstance  which  makes  it  probable  that  the 
second  effect,  if  present  at  all  (which  so  far  has 
not  been  proved),  must  probably  be  of  the  same 
order  of  magnitude  as  the  difference  of  potential 
corresponding  to  the  Peltier  effect.  According 
to  the  second  law  of  the  mechanical  theory  of 
heat,  the  carrying  of  a  definite  quantity  of  heat 
Q  from  a  lower  to  a  higher  temperature  involves 

work  which  is  given  by  QiJ — -■.     If,  therefore, 

we  pass  an  electric  current  through  a  wire  whose 
temperature  varies,  it  follows  that,  if  heat  is 
carried  with  the  current,  in  places  of  rising  tern-  \ 
perature  a  corresponding  quantity  of  work  must 
be  expended,  i.e.  an  opposing  electromotive 
force  must  there  assert  itself.  Indications  of 
such  a  force  appear  to  manifest  themselves  in 
the  so-called  Thomson  effect  (supposing  that 
this  effect  does  not  find  its  explanation  in 
differently  heated  portions  of  one  metal  having 
differences  of  potential  to  each  other),  but  in 
any  case  the  quantities  of  work,  or  the  differences 
of  potential,  indicated  by  this  phenomenon  are 
extremely  small  (of  the  same  or  of  a  smaller 
order  of  magnitude  as  those  corresponding  to 
the  Peltier  eiiects),  so  that  the  assumption  of  an 
appreciable  carrying  of  heat  by  means  of  elec- 


tricity (for  which,  at  any  rate,  we  lack  the  power 
of  forming  a  conception)  seems  excluded. 

From  this  it  is  evident  that  though  nothing 
quite  certain  is  known  concerning  the  differences 
of  potential  between  different  metals,  yet  pre- 
ponderating reasons  favour  the  assumption  that 
such  a  thing  does  exist,  but  that  its  magnitude 
does  not  exceed  a  few  thousandths  of  a  volt,  and 
particularly  that  it  does  not  attain  the  order  of 
magnitude  of  1  volt.  But,  varying  slightly  with 
the  nature  of  the  metals,  such  a  value  has  been 
observed  by  means  of  the  air-condenser  method. 

As  regards  differences  of  potential  between 
various  electrolytes,  such  differences  certainly 
do  exist.  This  can  be  inferred  from  the  fact 
that  there  exist '  liquid  chains,'  i.e.  combinations 
of  different  liquids,  which  produce  an  electric 
current.  If,  for  instance,  we  put  into  a  series  of 
beakers  water,  concentrated  hydrochloric  acid, 
concentrated  soda  solution,  and  water,  and  if  we 
connect  these  by  small  syphons  or  by  moist 
threads,  then  the  two  quantities  of  water  at  the 
ends  exhibit  a  difference  of  potential  which  may 
attain  to  0'5  volt. 

In  such  liquid  chains  we  have  always  to  deal 
with  three  distinct  differences  of  potential  at 
least ;  designating  the  three  liquids  named  above 
by  A,  B,  and  C,  there  exist  in  the  chain  the 
differences  of  potential  (a— 6),  (b  —  c),  and  (c  — a), 
whose  sum  is  observed.  There  is  no  combina- 
tion of  the  liquids  by  which  we  could  succeed  in 
obtaining  as  many  independent  observations  as 
there  are  differences  of  potential,  so  that  it  is 
impossible  to  determine  by  measurements  on 
liquid  chains  only  the  individual  differences  of 
potential. 

This  determination  has;  however,  been 
achieved  in  another  way.  Since  in  electrolytes 
the  electricity  moves  only  with  the  ions,  differ- 
ences in  potential  between  two  liquids  in  contact 
can  only  be  produced  if  the  different  positive 
and  negative  ions  distribute  themselves  un- 
equally. A  cause  for  such  an  inequality  lies  in 
the  different  velocities  of  migration  of  the  ions 
(p.  92),  and,  in  an  extensive  investigation,  W. 
Nernst  has  shown  (Z.  P.  C.  4,  129)  how  thereby 
the  actually  observed  differences  of  potential 
can  be  theoretically  calculated  in  a  great  number 
of  cases.  The  fundamental  idea  of  these  calcu- 
lations is  the  following.  When  any  solution  is 
brought  into  contact  with  pure  water,  forces 
make  themselves  apparent  at  the  surface  of  sepa- 
ration, which  forces  can  be  calculated  by  van't 
Hoff's  theory  (pp.  184-5) ;  for  '  normal '  solutions 
(which  contain  one  gram-molecular  weight  per 
litre)  they  are  equal  to  the  pressure  of  about 
22  atmospheres,  and  they  are  proportional  ta 
the  quantity  of  substance  in  the  solution. 
Owing  to  the  osmotic  pressure,  the  molecules 
of  the  substance  are  forced  into  the  water.  The 
velocity  of  their  motion  is  determined  by  the 
resistance  which  they  encounter,  and  this  de- 
pends on  their  form  as  well  as  on  the  nature  of 
the  solvent. 

This  statement  contains  a  physical  theory 
of  hydro-diffusion  (Nernst,  Z.  P.  C.  2,  613),  and 
from  it  the  law  of  Fick  follows  directly,  that  the 
velocity  of  diffusion  at  any  point  is  proportional 
to  the  change  in  concentration  at  that  point. 
From  this  we  see  at  once  how  a  separation  must 
occur  in  the  diffusion  of  dissolved  substances. 


ELECTRICAL  METHODS. 


217 


because  those  molecules  which  are  endowed 
with  greater  mobility  or  suffer  less  friction  out- 
strip the  slower  ones.  The  same  laws  hold  for 
each  kind  of  molecules,  only  the  constants  are 
different. 

These  arguments  can  only  be  applied  im- 
mediately to  electrolytes  in  solution  if  both  ions 
have  equal  rates  of  motion.  This  condition  is 
very  nearly  fulfilled  in  the  case  of  potassium 
chloride,  and  this  substance  conforms,  therefore, 
to  the  simple  law  of  diffusion. 

It  is  now  possible,  in  the  case  of  electrolytes, 
to  determine  the  resistances  which  the  ions  en- 
counter, as  well  as  to  measure  the  impelling 
forces.  If  the  ions  are  moved  past  each  other 
by  electrical  iovcea  of  separation,  they  encounter 
exactly  the  same  resistance,  and  since  in  the 
electrical  conductivity  we  have  a  measure  of  the 
velocity  of  the  corresponding  motion  of  the  ions, 
it  is  possible,  as  first  shown  by  F.  Kohlrausch 
{W.  6,  160),  to  calculate  the  magnitude  of  the 
resistances  from  a  knowledge  of  the  imjielling 
force  and  of  the  velocity  attained.  On  intro- 
ducing this  resistance  (which,  owing  to  the  small- 
ness  of  the  molecules,  is  enormously  great)  into 
the  equation  for  the  velocity  of  difl'usion,  indi- 
cated above,  Nernst  has  found  {I.e.)  that  the 
velocities  of  diffusion  agree  very  well  with  the 
results  of  experiment. 

In  the  case  of  electrolytes  whose  ions  do  not 
migrate  with  equal  velocities  the  phenomena 
become  much  more  complicated.  If,  for  in- 
stance, we  imagine  hydrochloric  acid,  in  which 
the  hydrogen  ion  travels  about  six  times 
more  quickly  than  the  chlorine  ion,  to  be 
brought  into  contact  with  water,  the  quicker 
hydrogen  atoms  will,  to  start  with,  pass  into 
water,  and  the  chlorine  atoms  will  remain  be- 
hind. But  since  the  hydrogen  atoms  are  charged 
with  positive  electricity,  the  water  will  become 
positively  electrified,  while  the  acid,  owing  to 
the  preponderance  of  chlorine  atoms,  becomes 
charged  negatively.  But  the  further  exit  of 
hydrogen  atoms  is  thus  rendered  more  difficult, 
owing  to  the  electro-static  effect,  while  from  a 
similar  cause  the  chlorine  atoms  are  subject  in 
addition  to  the  osmotic  pressure,  and  also  to  an 
electric  impelling  force,  and  are  thus  driven  into 
the  water.  The  consequence  is  that  both  ions 
influence  each  other's  velocity  until  they  again 
migrate  at  equal  rates. 

At  the  same  time,  we  see  that  every  electro- 
lytic solution  whose  ions  travel  with  unequal 
velocities  on  contact  with  water — or,  speaking 
more  generally,  on  contact  with  a  solution  of 
different  concentration — at  once  acts  as  the 
cause  of  difference  of  potential,  and  also  that 
the  more  dilute  solution  will  always  assume  the 
sign  of  the  ion  which  has  the  greater  migration 
velocity.  The  exact  expression  which  has  been 
deduced  by  Nernst  {I.e.  p.  138)  is 

E,-e.,  =  0-0000800   T  tofif.-^li 

u  +  v  Pi 

Where  f,  — f.>  is  the  difference  of  potential  (in 
volts)  of  two  solutions  in  which  the  osmotic 
pressures  of  the  (positive  as  well  as  negative) 
ions  are  and^., ;  wis  the  velocity  of  the  positive, 
V  that  of  the  negative,  ion  ;  t  is  the  absolute 
temperature,  while  log.  stands  for  the  natural 
logarithm. 


We  see  that  for  u  =  v  the  electromotive  force 
becomes  zero,  and  it  becomes  the  greater  the 
greater  the  difference  between  the  migration- 
velocities  of  the  two  ions.  Further,  we  see  that 
as  regards  the  electromotive  force,  only  the  ratio 

■^-^  of  the  two  pressures,  and  not  their  absolute 

values,  enters  into  consideration.  By  increasing 
the  concentration  n  times  in  both  solutions,  the 
difference  of  potential  does  not  change.  If  one 
of  the  solutions  is  pure  water,  we  get  p,  =  0, 
and  the  electromotive  force  becomes  infinitely 
great.  Since  '  pure  water  '  in  this  sense  does 
not  exist,  such  values  cannot  come  under  our 
observation.  But  yet  we  see  that  li(iuid  chains 
with  '  water  '  can  give  very  different  values 
according  to  the  degree  of  purity  of  this  liquid. 

The  preceding  formula  is  the  fundamental 
expression  for  all  kinds  of  liquid  chains,  since 
in  the  combination  of  any  solutions  the  corre- 
sponding differences  of  potential  are  superposed. 
It  would  take  us  too  far  afield  to  enter  into  the 
different  cases ;  in  the  memoir  of  Nernst,  a 
number  of  cases  are  discussed  theoretically  as 
well  as  experimentally.  But  on  the  whole  it  may 
be  concluded  that  the  differences  in  potential 
apparent  on  contact  of  approximately  equally 
concentrated  solutions  of  the  most  varied  kind, 
vary  within  fairly  small  limits,  which  probably 
do  not  surpass  0-01  volt. 

Now,  since  we  cannot  suppose  that  differences 
of  potential  of  the  order  of  magnitude  of  those 
observed  in  galvanic  cells  exist  either  between 
metals  alone,  or  electrolytes  alone,  we  are  obliged 
to  regard  the  surfaces  of  contact  between  the 
metals  and  the  electrolytes  as  the  real  seat  of 
the  electromotive  forces.  This  result  quite 
corresi^onds  with  what  was  to  be  expected  from 
the  relations  between  the  chemical  and  electrical 
energies.  This  is  so  because  these  surfaces  of 
contact  are  the  only  seat  of  the  processes  by 
which  energy  becomes  available  in  the  chains, 
i.e.  they  are  the  result  of  the  chemical  changes. 
Since,  on  the  one  hand,  the  cause  of  the  gal- 
vanic current  of  the  chains  has  to  be  sought  in 
the  transformation  of  chemical  into  electrical 
energy,  and  since,  on  the  other  hand,  a  galvanic 
current  can  be  produced  only  when  a  difference 
of  potential  exists,  it  does  not  seem  very  logical 
to  wish  to  separate  in  space,  and  in  their  nature, 
the  more  approximate  and  the  less  aiDproximate 
causes  of  the  same  phenomenon,  as  is  done  in 
the  assumption  that  the  difference  of  potential 
is  to  be  sought  at  the  surface  of  contact  of  the 
metals. 

The  question  now  arises  again,  whether  some 
means  does  not  exist  for  directly  measuring  the 
differences  of  piotential  between  metals  and  electro- 
lytes. The  answer  is  that  up  to  the  present  only 
one  such  means  is  known.  A  second  independent 
way  for  arriving  at  these  numbers  does  not  as 
yet  exist,  and  hence  it  has  hitherto  been  im- 
possible to  put  to  the  proof  the  results  obtained 
by  that  method. 

The  method  in  question  is  based  on  the 
phenomena  exhibited  by  mercury  surfaces  when 
in  contact  with  electrolytes.  Lippmann  (P.  149, 
561 ;  A.  Ch.  [5]  5,494)  has  shown  that  there  is 
a  close  connection  between  the  condition  of  the 
surface  of  mercury  touching  an  electrolyte  and 
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the  electrical  state  of  the  system.  If,  for  in- 
stance, mercury  is  covered  with  dilute  sulphuric 
acid,  and  tlie  surface  of  contact  between  the  two 
is  then  increased,  a  galvanic  current  is  produced, 
because  the  mercury  becomes  less  positive  on  ex- 
pansion. This  can  be  observed  most  easily  by 
allowing  mercury  to  drop  out  of  a  funnel  with  a 
small  orifice  immersed  m  dilute  sulphuric  acid. 
On  connecting  the  mercury  in  the  funnel  and  that 
collected  below  the  sulphuric  acid  by  means  of  a 
galvanometer,  a  current  passes  from  the  lower 
mercury  to  the  higher ;  in  the  sulphuric  acid 
the  reverse  occurs. 

This  phenomenon  is  reciprocal.  On  leading 
a  current  through  the  surface  of  contact  between 
mercury  and  sulphuric  acid  the  surface  tends 
to  diminish  or  to  increase,  according  to  the 
direction  of  the  current — i.e.  the  capillary  ten- 
sion at  this  point  changes.  As  is  always  the 
case,  both  phenomena  are  in  such  a  relation 
that  they  oppose  each  other — i.e.  when  the  sur- 
face is  made  larger  the  current  has  the  direction 
such  that  if  it  alone  were  active  it  would  tend 
to  make  the  surface  smaller,  and  vice  versd. 

Helmholtz  (W.  16,  35  [1882])  has  given  a 
theory  of  these  phenomena  which  is  based  on  the 
following  considerations.  When  a  metal  and  an 
electrolyte  are  in  contact,  they  generally  possess 
a  varying  difference  of  potential.  Owing  to  this 
circumstance,  the  opposite  electricities  must  ac- 
cumulate on  both  sides  of  the  bounding  sur- 
faces, since  they  are  prevented  from  combining 
by  the  cause  which  produces  the  difierence  of 
Xjotential  (and  which,  without  making  a  definite 
assumption,  can  be  designated  as  a  different 
attraction  of  the  substances  for  the  electricity). 
The  result  is  the  formation  of  an  '  electric 
double  layer,'  which  will  exhibit  a  similar 
arrangement  to  the  charge  of  a  Franklin  plate. 

But  such  a  double  layer  will  have  the  pro- 
perty of  tending  to  increase  its  surface  as  much  as 
possible,  since  the  similarly  electrified  particles 
present  at  each  side  repulse  each  other,  and 
therefore  tend  to  stretch  the  surface.  Hence 
the  development  of  such  a  double  layer  will  act 
in  opposition  to  the  surface  tension,  which  seeks 
to  decrease  the  surface,  and  the  actually  ob- 
served surface  tension  is  the  difference  between 
the  real  tension  and  the  electric  force. 

When  a  surface  so  constituted  is  made 
larger,  the  electric  layers  are  thereby  extended, 
and  their  difference  of  potential  decreases. 
But  since,  as  is  known  from  experience,  a  con- 
stant difference  of  potential  is  always  formed  at 
the  boundary,  which  difference  of  potential 
does  not  depend  on  the  size  of  the  surface  of 
contact,  electricity  will  flow  from  the  mercury 
as  well  as  from  the  electrolyte  to  replace  the 
loss,  and  in  this  way  the  current  is  produced. 

If,  on  the  other  hand,  the  difference  of  poten- 
tial of  the  electric  double  layer  is  changed,  the 
surface  tension  must  change  also.  It  must  get 
smaller  when  the  difference  of  potential  is  made 
larger,  and  larger  when  it  is  made  smaller. 

By  leading  electric  currents  of  varying  elec- 
tromotive force  through  a  system  consisting  of 
two  masses  of  mercury  in  sulphuric  acid — one 
of  which  had  a  very  small,  the  other  a  very 
large,  surface  of  contact  with  the  acid — Lipp- 
mann  was  able  to  followthe  change  of  surface  ten- 
sion at  the  small  bounding  surface  which  accom- 


panied the  change  in  the  difference  of  potential 
at  that  surface.  Because,  since  the  cliange  in 
the  difference  of  potential  between  a  metal  and 
an  electrolyte  is  proportional  to  the  density  of 
the  current  (current  strength  divided  by  the 
cross-section),  the  resulting  difference  of  poten- 
tial practically  restricted  itself  to  the  small 
bounding  surface,  which  was  surpassed  in  ex- 
tension some  thousand  times  by  the  large  one. 
It  was  found  that  when  the  mercury  of  the  small 
surface  was  connected  with  the  positive  pole  of 
the  external  cell,  the  surface  tension  decreased. 
On  the  other  hand,  when  negative  electromotive 
forces  acted,  the  surface  tension  increased  until 
the  external  force  was  0-9  to  I'O  volt ;  beyond 
that  it  again  decreased. 

In  accordance  with  Helraholtz's  theory,  we 
must  infer  from  this  that  the  difference  of 
potential  between  mercury  and  sulphuric  acid 
is  of  such  a  kind  that  the  former  becomes 
charged  positively — i.e.  that  the  positive  elec- 
tricity of  the  double  layer  is  on  the  side  of  the 
mercury,  and  the  negative  electricity  is  on  the 
side  of  the  electrolyte.  If  the  difference  of  po- 
tential is  increased  by  addition  of  positive  elec- 
tricity to  the  mercury,  the  electric  repulsion 
increases,  and  therefore  the  surface  tension 
decreases.  If,  however,  negative  electricity  is 
added,  the  charge  of  the  double  layer  decreases 
and  the  surface  tension  increases.  On  making 
I  the  successive  additions  of  negative  electricity 
'  larger  and  larger,  the  difference  of  potential  of 
j  the  double  layer  eventually  becomes  zero;  the 
I  surface  tension  has  reached  its  greatest  value, 
and,  beyond  this,  a  new  double  layer  of  opposite 
sign  is  produced.  When  this  state  is  reached, 
the  surface  tension  must  again  decrease. 

According  to  the  experiments  of  Lippmann, 
the  maximum  of  surface  tension  is  reached 
when  the  external  electromotive  force  is  0-9  to 
I'O  volt.  Then  no  more  double  layer  is  present 
at  the  small  surface  of  the  mercury,  and  the 
metal  and  electrolyte  have  the  same  potential. 
Since  this  condition  is  separated  from  the  ordi- 
nary one  by  about  0'9  volt,  it  follows  that  tlie 
usual  difference  of  potential  between  dilute  sul- 
phuric acid  and  mercury  is  0'9  volt. 

This  result  is  confirmed  by  the  following  ex- 
periment of  Pellat  {C.  B.  104,  1099).  When  the 
surface  of  contact  between  mercury  and  sul- 
phuric acid  is  increased,  a  motion  of  electricity 
is  produced,  owing,  as  has  been  mentioned 
above,  to  tlie  stretching  of  the  double  layer. 
But  this  must  disappear  when,  by  the  use  of  a 
difference  of  potential  of  about  l-Q  volt,  the 
double  layer  has  been  made  to  disappear  ;  and, 
in  fact,  under  these  conditions,  Pellat,  on 
changing  the  surface,  could  observe  no  current. 

Another  confirmation  can  be  obtained  in  the 
following  manner.  When  mercury  is  dropped 
very  quickly  out  of  a  fine  point  into  an  electro- 
lyte, it  must,  after  a  short  time,  as  Helmholtz 
has  shown,  assume  the  potential  of  the  latter 
{W.  16,  35),  because  if,  for  instance,  the  mer- 
cury were  at  the  beginning  positive,  every  fall- 
ing drop  would  form  a  double  layer  at  its  sur- 
face, which  would  take  positive  electricity  out 
of  the  mercury,  and  which  would  make  its  posi- 
tive potential  smaller  and  smaller  till  it  became 
equal  to  that  of  the  liquid. 

But  it  is  to  be  remembered  that  the  mercury 
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in  contact  with  sulphuric  acid  spontaneously 
becomes  positively  charged  ;  everything  will  de- 
pend, therefore,  on  allowing  the  formation  of 
drops  to  take  place  as  quickly  as  possible,  in 
order  that  the  discharge  may  preponderate  over 
the  charge.  Experiments  by  W.Ostwald  (Z.  P.  C. 
1,  583  [1887])  have  shown  that  the  discharge 
can  be  achieved  to  a  great  extent,  but  not  com- 
pletely; there  still  remain  over,  even  with  the 
best  dropping  electrodes  which  have  yet  been 
made,  differences  of  some  hundredths  of  a  volt. 
But  within  these  limits  the  experiment  confirms 
the  conclusion  which  Helmholtz  had  drawn — 
the  difference  of  potential  between  the  drop- 
ping electrode  and  the  mercury  at  rest  in  sul- 
phuric acid  amounts  in  '  normal '  sulphuric 
acid  solution  to  0-81  volt,  while  the  maximum 
of  surface  tension  (tliat  is,  the  true  difference  of 
potential)  lies  at  0-86  volt. 

Finally,  another  inference,  which  must  be 
drawn  from  the  theory  of  Helmholtz,  has  been 
confirmed  by  the  same  author.  If  the  maxi- 
mum of  the  surface  tension  of  mercury,  as 
obtainable  by  means  of  suitable  electromotive 
forces,  actually  is  the  real  surface  tension  of 
mercury  in  contact  with  aqueous  liquids,  free 
from  auxiliary  effects,  then  it  must  have  the 
same  value  whatever  be  the  nature  of  the  elec- 
trolyte, while  experience  shows  that  the  natural 
surface  tension  changes  considerably  witli  the 
natui'e  of  the  electrolyte.  This  also  was  con- 
firmed ;  while  the  natural  surface  tension  in 
different  solutions  varied  between  485  and  504, 
the  maximum  values  were  640  to  644,  and  were, 
therefore,  jjractically  constant. 

All  these  facts  speak  for  the  correctness  of 
Helmholtz's  theory  of  the  electric  double  layers, 
and  leave  us,  therefore,  with  the  final  conclusion 
that  the  electromotive  force  required  for  pro- 
ducing the  maximum  of  surface  tension  of  mer- 
cury in  contact  with  an  electrolyte  is  equal  to 
the  ordinary  difference  of  potential  at  this 
bounding  surface  (but  witlr  inverted  sign).  But 
it  must  be  again  emphasised  that  this  is  the 
only  group  of  phenomena  from  which  the  values 
considered  can  be  deduced.  An  examination  of 
the  results  by  means  of  another  entirely  inde- 
pendent method  has  not  yet  been  feasible. 

If,  now,  the  difference  of  potential  between 
mercury  and  sulphuric  acid  is  known,  the  differ- 
ence of  potential  between  all  other  metals  and 
sulphuric  acid  can  be  measured  by  experiments 
which  are  easily  carried  out.  For  this  purpose 
the  electromotive  force  of  the  combination  Dier- 
curij,  sulphuric  acid,  and  metal  alone  need  be 
measured ;  this  is  the  sum  of  the  differences  of 
potential  of  mercury-sulphuric  acid  and  sulphuric 
acid-metal,  and  since  the  first  of  these  is  known 
the  other  follows  by  difference.  But  here  it  is 
supposed  that  no  appreciable  diff'erence  of  poten- 
tial exists  between  the  metals.  Again,  if  the  dif- 
ference of  potential  between  mercury  and  any 
other  electrolyte  is  determined,  either  by  the 
maximum  surface  tension  or  by  means  of  the 
mercury-dropping  electrode,  the  diff'erence  of 
potential  of  these  electrolytes  against  any  other 
metals  can  also  be  determined.  In  this  manner, 
therefore,  the  whole  subject  of  the  differences  of 
potential  between  metals  and  electrolytes  has 
been  made  amenable  to  measurement. 

But  few  trustworthy  measurements  of  this 


kind  have  as  yet  been  made ;  in  the  following 
table  some  numbers  are  given  : — 


HCl 

HBr 

HI 

Zn  . 

-0-54 

-0-4(! 

-0'.30 

-0-62 

Cd  . 

-0-24 

-0-18 

-  0-08 

-0-22 

Sn 

+  0'02 

+  0*12 

+  \J 

—  u 

Pb    '.  '. 

+  0-03 

-f  0-10 

-)-0-26 

-0-04 

Cu  . 

-1-  0-35 

-f  0-35 

+  0-36 

H-0-46 

Bi  . 

+  0-41 

-f-0-47 

+  0-60 

-fO'46 

Sb  . 

-fO-51 

-f-0-60 

+  0-54 

-fO-48 

Ag    .  . 

-fO-57 

+  0-51 

+  0-45 

4-0-73 

Hg    .  . 

-fO-57 

-f  0-50 

+  0-44 

-f  0-8C) 

The  values  refer  to  '  normal '  solutions  of  the 
electrolytes  mentioned,  and  indicate  the  potential 
of  the  metal  when  that  of  the  electrolyte  is  put 
equal  to  zero. 

We  see  that  those  metals  which  dissolve  in 
the  acids  become  negative  ;  the  others  become 
positive.  The  values  are  also  in  very  nearly 
the  same  order  as  the  corresponding  heats  of 
reaction,  but,  as  a  calculation  shows,  they  are  not 
proportional.  The  nature  of  the  electrolyte  has 
generally  a  smaller  influence  than  that  of  the 
metal,  but  there  are  cases  where  the  reverse  is 
true. 

It  should  be  mentioned  that  nearly  the  same 
numbers  are  obtained  when  salts  of  the  acids, 
with  metals  which  are  not  precipitated  by  the 
metal  under  examination,  are  used  instead  of 
the  acids  themselves.  The  diff'erence  of  poten- 
tial between  the  metal  and  the  electrolyte  de- 
Ijends,  therefore,  chiefly  on  the  negative  ion  of 
the  latter.  From  the  numbers  in  our  possession 
it  is  seen,  for  instance,  that  in  the  Daniell  cell, 
whose  diff'erence  of  potential  is  1-08  to  1-10  volt, 
the  greater  part  of  this  (0-02  volt)  is  present 
at  the  bounding  surface  between  zinc  and  zinc 
sulphate,  and  the  smaller  part  at  the  surface 
(0-46  volt)  between  copper  and  copper  sulphate. 

No  further  conclusions  of  more  general  in- 
terest have  as  yet  been  drawn  from  these  num- 
bers. 

Galvanic  iwlarisation.  When  two  metal 
plates  are  introduced  into  an  electrolytic  liquid 
and  a  galvanic  current  is  made  to  pass  through  the 
electrolyte  by  means  of  the  plates,  these  plates 
generally  become  the  seat  of  a  new  electro- 
motive force  which  acts  in  opposition  to  the 
current  already  active.  This  phenomenon  is 
called  galcanic  polarisation,  and  it  may  be  per- 
ceived by  connecting  the  plates  with  a  galvano- 
meter immediately  after  breaking  the  primary 
current. 

The  cause  of  this  phenomenon  is  to  be  found 
in  the  change  which  is  i^roduced  by  the  current 
at  the  boundary  surface  between  the  metal  and 
the  electrolyte.  There  the  ions  of  the  electrolyte 
separate  out,  and  cause  changes  of  the  most 
manifold  kind. 

The  simplest  case  occurs  when  the  metal 
plates  are  surrounded  by  the  solution  of  a  salt 
which  contains  the  same  metal,  for  such  a 
system  scarcely  exhibits  the  phenomenon  of 
polarisation  at  all ;  such  electrodes  are  '  un- 
polarisable.'  The  reason  is  that  in  this  case  the 
changes  occurring  at  the  electrodes  do  not 
change  the  condition  of  the  bounding  surfaces. 
If,  for  instance,  we  have  zinc  in  zinc  sulphate, 
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zinc  is  separated  out  at  the  cathode,  and  this 
combines  with  the  metal  present  without  chan- 
ging it,  and  at  the  anode  SO4  separates  out,  which 
then  dissolves  zinc  and  forms  zinc  sulphate. 
The  only  efiect  is  that  the  zinc  sulphate  solution 
becomes  more  concentrated  at  the  anode,  and 
accordingly  a  small  concentration-current  can 
be  observed,  whose  electromotive  force  is,  how- 
ever, very  inconsiderable. 

Such  a  system  of  unpolarisable  electrodes 
differs  from  all  similar  combinations  in  that  it 
allows  any,  even  the  smallest,  current  to  pass 
through.  Polarisable  electrodes  do  not  behave 
thus.  If,  for  instance,  two  platinum  plates  are 
placed  in  dilute  sulphuric  acid,  and  a  current 
of  small  electromotive  force — say,  O'l  volt — is 
allowed  to  pass,  we  observe  by  the  galvano- 
meter that  at  first  a  motion  of  electricity  takes 
place,  but  that  this  ceases  after  a  very  short  time. 
It  is  a  phenomenon  such  as  a  condenser  exhibits 
on  being  charged,  with  this  difference,  that  the 
capacity  of  such  electrolytic  condensers  appears 
to  be  very  great.  On  increasing  the  electromo- 
tive force,  a  corresponding  quantity  of  electricity 
answering  to  a  greater  charge  of  the  condenser 
always  enters,  but  no  permanent  current  is  pro- 
duced until  the  electromotive  force  is  somewhat 
more  than  2  volt ;  then  a  more  copious  passage 
of  the  current  suddenly  takes  place,  and  simul- 
taneously gaseous  oxygen  and  hydrogen  appear 
at  the  electrodes. 

We  must,  therefore,  represent  the  pheno- 
menon to  ourselves  in  the  following  way.  Be- 
tween the  electrolyte  and  the  platinum  plates 
there  exists  originally  some  one  difference  of 
potential,  and  in  consequence  the  double  layers 
form  there.  Now,  on  allowing  the  electromotive 
force  to  act,  on  the  one  side  the  difference  of 
potential  of  the  double  layer  is  increased,  on 
the  other  it  is  diminished.  The  corresponding 
process  to  this  is  the  condensing  charge.  On 
increasing  the  difference  of  potential,  there  is  a 
moment  at  which  the  condenser  no  more  iso- 
lates under  the  influence  of  the  electro-static 
effects  ;  a  passage  of  electricity  from  the  metal 
to  the  ions  (or  vice  versd)  occurs,  corresponding 
to  the  disruptive  discharge  of  the  condenser,  and 
the  ions,  deprived  of  their  electric  charges, 
separate  out.  When  sulphuric  acid  is  the  elec- 
trolyte, the  ions  are  H.,  and  SO4 ;  the  latter 
substance  is  not  stable,  and  reacts  with  the 
water  present  to  form  sulphuric  acid  and  oxygen, 
the  latter  escaping  in  the  gaseous  state. 

From  this  we  see  that  a  difference  of  poten- 
tial of  definite  magnitude  must  exist  when  the 
electricity  is  to  leave  an  ion  in  order  to  travel 
to  a  metal ;  until  this  difference  of  potential  is 
reached,  the  system  acts  at  the  electrode  like 
an  isolator.  But  why  does  this  not  occur  with 
unpolarisable  electrodes  ?  The  answer  to  th's 
question  follows  from  the  consideration  of  the 
processes  occurring  at  these  electrodes.  Let  us 
again  take  zinc  plates  in  zinc  sulphate,  and  let 
us  lead  positive  electricity  into  one  plate.  This 
electricity  can  at  once  enter  into  the  solution, 
by  using  as  its  vehicle  a  corresponding  number 
of  zinc  atoms,  which  travel  with  it  as  positively 
charged  zinc  ions.  At  the  other  zinc  plate  an 
equal  number  of  zinc  ions  can  also  deposit  at 
once,  and  since  there  exists  no  difference  of 
potential  between  zinc  and  zinc  these  can  at 


once  deliver  up  their  electricity.  Here,  there- 
fore, no  cause  exists  for  condensing  effects. 
It  is  not,  however,  as  if  no  difference  of  poten- 
tial existed  between  the  metals  and  their  solu- 
tions ;  such  differences,  in  fact,  are  present,  and 
hence  also  corresponding  double  layers  are 
formed,  which  at  one  side  are  made  up  of  ions. 
But  these  do  not  act  as  condensers,  free  com- 
munication of  their  ions  between  the  metal  and 
the  electrolyte  being  possible,  and  consequently 
the  diii'erence  of  potential,  independent  of  the 
current,  maintains  itself  at  an  unaltered  value. 

Beside  the  unpolarisable  electrodes  and  those 
polarisable  at  both  sides,  there  still  exist  com- 
binations in  which  polarisation  occurs  only  at 
one  side,  mostly  at  the  cathode.  This  takes 
place,  for  instance,  with  copper  plates  in  dilute 
sulphuric  acid.  At  the  cathode,  when  the  elec- 
tromotive force  is  sufficient,  hydrogen  separates 
out,  just  as  it  does  at  a  platinum  plate.  But  at 
the  anode,  on  the  other  hand,  copper  sulphate 
is  formed  by  the  ion  SO.,  acting  on  the  copper — 
i.e.  the  ion  SO.,  need  not  give  up  its  negative 
electricity  there,  since  in  its  stead  positive 
electricity  fixed  to  copper  comes  out  of  the  plate. 
Hence,  no  polarisation  occurs  here. 

From  what  has  been  said  an  explanation 
follows  of  the  cause  of  the  polarisation  current, 
which  occurs  after  breaking  the  primary  current 
and  connecting  both  plates  in  the  opposite  direc- 
tion. It  is,  in  brief,  the  discharge  of  the  elec- 
trolytic condenser.  Looking  at  the  process  more 
in  detail,  we  see  that  when  the  charge  in  the 
double  layers  is  formed,  the  electricity  led  in 
has  remained  in  the  electrodes,  equal  quantities 
of  the  opposite  electricities  having  collected 
from  the  electrolyte  on  the  electrodes — the  elec- 
tricity being,  of  course,  bound  to  the  ions.  On 
the  primary  current  being  broken,  and  the  elec- 
trodes being  connected  with  each  other,  the 
electricities  present  in  these  neutralise  each 
other,  and  the  ions,  which  are  no  longer  fixed, 
form  the  carriers  of  the  current  in  the  electrolyte. 
This  lasts  until  the  original  condition  of  equili- 
brium has  re-established  itself. 

In  accordance  with  what  has  been  said,  the 
measurement  of  galvanic  polarisation  refers 
almost  exclusively  to  the  maximum  value  it  can 
assume,  or  to  the  value  of  the  difference  of 
potential  at  which  the  double  layer  condenser 
no  more  isolates.'  The  measurement  of  this 
quantity  is  somewhat  difficult ;  because,  when 
carrying  out  the  simple  experiment  indicated 
above — i.e.  when  increasing  the  primary  current 
up  to  decomposition,  interrupting  it,  and  after- 
wards connecting  the  electrodes  with  an  electro- 
meter— we  observe  that  (in  consequence  of  the 
secondary  effects)  the  electromotive  force  of 
polarisation  decreases  very  rapidly.  We  are, 
therefore,  not  sure  whether  a  considerable  por- 
tion of  the  polarisation  has  not  already  been  lost 
in  the  time  which  elapses  before  the  measure- 
ment. But  there  exists  a  means  of  obtaining 
information  concerning  the  magnitude  of  the 
possible  error.  If  the  change  of  connections  is 
carried  out  more  and  more  quickly,  increasing 
values  at  first  are  observed.    But  these  approach 

^  It  must  be  observed  that  complete  isolation  does  not 
occur ;  a  small  amount  of  percolation  of  electricity  takes 
place  when  the  maximum  value  is  not  reached.  But,  as 
Helmholtz  has  shown,  this  phenomenon  is  a  consequence 
of  electrolytic  convection,  and  is  of  a  secondary  character. 
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•to  a  maximum,  and  when  the  number  of  current 
reversals  reaches  about  100  per  second  a  further 
rise  in  the  velocity  no  longer  produces  an  in- 
crease, as  was  found  by  Eaoult  {A.  Ch.  [4]  2, 
326),  and  the  value  observed  under  these  con- 
ditions may  be  regarded  as  the  correct  one. 

Other  methods  are  based  on  making  mea- 
surements of  current  strengths  and  resistances 
in  the  primary  circuit,  and  on  calculating  from 
this  the  electromotive  force  of  polarisation. 
These  become  uncertain  by  the  fact  that,  owing 
to  the  processes  occurring  at  the  electrodes,  the 
resistance  of  the  cell  undergoes  variations  during 
the  passage  of  the  current,  which  variations  can- 
not be  determined.  Finally,  we  can  use  elee- 
trometric  methods,  by  measuring  the  difference 
of  potential  between  the  electrode  to  be  polarised 
and  an  auxiliary  electrode  through  which  no 
current  passes,  both  before  closing  the  circuit 
and  while  the  current  passes ;  the  difference  be- 
tween the  two  magnitudes  is  the  polarisation 
required.  But  difliculties,  which  have  not  yet 
been  removed,  appear  in  the  practical  applica- 
tion of  this  ingenious  method,  which  was  pointed 
out  by  Fuohs  (P.  156,  158). 

Because  of  these  difficulties  only  a  small 
number  of  trustworthy  measurements  of  the 
electromotive  force  of  the  maximum  polarisa- 
tion have  as  yet  been  made.  Consequently,  no 
certain  relations  with  chemical  conditions  have 
been  discovered  as  yet.'  Though  an  attempt 
has  been  made  to  calculate  the  electromotive 
force  of  polarisation  in  a  manner  similar  to  that 
of  the  galvanic  cell,  from  the  thermal  effects  ap- 
pertaining to  it,  the  same  objections  can  be 
raised  against  it  as  in  the  former  case  (p.  213) : 
the  observed  electromotive  force  is  generally 
different  from  that  calculated. 

It  is  especiallyremarkable  that  the  maximum 
forces  of  polarisation  corresponding  to  one  and  i 
the  same  chemical  process  may  be  very  different  | 
according  to  the  nature  of  the  metal.    If  we  j 
form  galvanic  cells  of  zinc,  dilute  sulphuric  I 
acid,  and  different  metals — such  as  copper,  silver, 
gold,  platinum — or  of  charcoal,  and  if  we  close 
the  circuit  in  the  cells,  the  same  process  occurs 
in  all :  zinc  sulphate  is  formed,  and,  to  make  ujj 
for  it,  hydrogen  is  expelled  from  the  sulphuric 
acid.     The  latter  appears  at  the  metal,  and 
polarises  it.    It  is  found  that  the  electromotive 
forces  of  these  cells,  even  after  they  have  com- 
pletely polarised  themselves,  are  distinctly  diffe- 
rent ;  according  to  the  nature  of  the  second  metal, 
a  gi'eater  or  less  portion  of  the  energy  liberated 
by  the  reaction  Zn  -i-  H,,S04  =  ZnSO^  +  Hjis  trans- 
formed into  electrical  energy. 

The  cause  of  this  can  be  understood  after 
what  has  already  been  explained.  The  elec- 
tricity must  overcome  unequal  difl"erences  of 
potential  in  passing  from  the  H  ions  to  the 
different  metals  ;  hence  different  portions  of  the 
total  available  energy  are  used,  and  only  the  re- 
sidue of  this  energy  finds  its  expression  in  the 
electromotive  force  of  the  cells.  We  see,  then, 
that  the  electromotive  force  cannot  possibly 
bear  the  simple  relation  to  the  heat  of  reaction 
which  was  formerly  supposed  to  be  the  case.  But 
it  is  possible  that  the  equation  of  Gibbs  and 
Helmholtz  (p.  214)  is  applicable  to  galvanic 

'  See,  howrvev,  a  reoeut  investigation  by  M.  Le  Blano 
(Z.  P.  C.  8,  200 


polarisation  also  ;  if  this  is  so  we  shall  be  able, 
from  a  knowledge  of  the  electromotive  force  and 
its  changes  with  the  temperature,  to  draw  con- 
clusions as  to  the  thermal  changeB  due  to  the  pro- 
cesses which  primarily  participate  in  the  polari- 
sation. W.  0. 

VI.  FBEEZING-POINTS  OF  SOLUTIONS, 
METHODS  BASED  ON  ;  v.  Molecular 
WEIGHTS,  vol.  iii.  p.  417  ;  and  Eleotbical 
METHODS,  this  vol.  p.  186. 

VII.  OPTICAL  METHODS.— Section  1: 
REFRACTION  AND  DISPERSION.  When  a  ray 
of  light  passes  at  an  angle  from  a  rarer  into  a 
denser  medium,  it  is  always  reflected  towards 
the  perpendicular,  the  sine  of  the  angle  of  inci- 
dence being  in  a  constant  ratio  to  the  sine  of 
the  angle  of  refraction,  namely  the  ratio  of  the 
velocities  of  wave  propagation  in  the  two  media. 
This  constant  ratio  is  called  the  index  of  refrac- 
tion, and  is  generally  represented  in  England 
by  the  Greek  letter  n,  and  on  the  Continent 

by  u :    ju=  fl"!^.    The    angle    of  incidence 
snie  r 

being  in  such  case  greater  than  the  angle  of 
refraction,  the  index  of  refraction  will  be  greater 
than  1.  The  reverse  will  be  the  case  when  the 
ray  passes  from  a  denser  to  a  rarer  medium. 

The  refraction  of  a  ray  of  light  is,  however, 
always  accompanied  by  another  phenomenon  — 
dispersion,  as  the  ray  is  made  up  of  a  number 
of  vibrations  of  different  velocities  which  are 
affected  diversely  in  passing  from  one  medium 
to  another.  This  causes  the  ray  of  common  or 
white  light  to  be  spread  out  into  a  number  of 
coloured  rays  corresponding  to  vibrations  of 
different  rapidity.  In  all  precise  determinations, 
therefore,  a  definite  point  of  the  spectrum  thus 
formed  must  be  measured  for  refraction,  and 
two  such  points  for  dispersion.  The  work  of 
early  observers  on  the  refraction  of  light  is 
usually  wanting  in  precision  in  this  respect, 
the  records  being  commonly  described  as  having 
reference  to  the  bright  or  yellow  part  of  the 
spectrum,  or  to  the  extreme  red ;  while  they 
furnish  no  data  at  all  for  calculating  the  disper- 
sion. Moreover,  as  each  colour  occupies  a 
certain  breadth  in  the  spectrum,  and  the  boun- 
daries of  the  colours  are  not  well  defined,  it  is 
by  no  means  certain  that  two  observations  made 
on  the  same  colour  will  refer  to  exactly  the 
same  part  of  the  spectrum.  In  more  recent 
observations  the  most  conspicuous  lines  of  the 
solar  spectrum,  such  as  A,  D,  F,  H,  are  adopted, 
or,  if  artificial  light  be  used,  the  o,  /3,  and  7  lines 
of  the  hydrogen  spectrum ;  these  are  recorded  as 
Ma,  P-n,  &o. ;  fia.  fip,  iJy.  The  greater  part  of  the 
English  data  of  recent  times  are  given  for  the 
solar  lines,  while  foreign  observers  have  gene- 
rally adopted  the  hydrogen  lines. 

Refraction  and  dispersion  equivalents. 
The  index  of  refraction,  minus  unity,  when 
divided  by  the  relative  density  (d)  and  multi- 
plied by  the  atomic  weight  if  an  element  is  ex- 
amined, or  by  the  molecular  weight  if  a  compound 
is  examined  (P),  is  usually  represented  by  the  for- 
mula P  in  England  and  P  on  the 
d  d 

Continent,  and  is  termed  the  refraction-equiva- 
lent. It  will  be  expressed  in  this  article  by  the 
simple  letter  E.  When  Lorenz's  formula  is  used, 
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— 5'^?,  the  refraction-equivalent  so  calcu- 

lated  will  be  distinguished  as  R.  The  part  of 
the  spectrum  to  which  the  observation  refers 
will  be  indicated  by  adding  the  sign  for  infinity, 
or  the  letters  of  the  solar  or  other  lines  ob- 
served, as  Eoo  ,  Ea,  Ba,  &c.  The  dispersion- 
equivalent  represents  the  difference  between 
the  refraction-equivalents  of  two  selected  por- 
tions of  the  spectrum  ;  thus  the  dispersion- 
equivalent  for  H  — A  will  be  expressed  as 

(/.H-1)_K-1)^    o,,    niore    briefly  "/-S 

d  cl  d 

multiplied  by  P  ;  or  Eh  —  E^. 

The  index  of  refraction  of  solids  is  generally 
ascertained  by  the  method  of  total  reflection, 
unless  they  are  transparent,  and  can  be  cut  into 
the  form  of  a  prism ;  that  of  gases  is  best  deter- 
mined by  interference.  The  refraction  of  liquids 
is  most  conveniently  arrived  at  by  placing  the 
substance  in  a  hollow  prism,  with  sides  of  plate 
glass  ;  on  the  prism  being  so  adjusted  that  the 
incident  and  emergent  rays  make  equal  angles 
with  the  refracting  surfaces,  the  minimum  devia- 
tion will  be  arrived  at.  Let  D  be  the  deviation, 
i  and  r  the  angles  of  incidence  and  refraction, 
and  a  the  refracting  angle  of  the  prism  ;  then 
sine  i_  sine  ■j(a-fD) 
sine  r  sine  \a 
Newton,  acting  upon  the  emission  theory, 

~^d 

refractive  power  of  any  substance,  and  this 
formula  met  with  general  adoption  till  recent 
times.  Gladstone  and  Dale  {T.  1863),  as  the 
result  of  a  long  series  of  experiments  with 
different  substances  at  various  temperatures, 
found  that  the  refractive  index,  minus  unity, 
multiplied  by  the  volume,  gave  nearly  a  con- 
stant. To  ;U  —  1  they  accordingly  gave  the  name 
of  '  refractive  energy  '  as  really  representing  the 
influence  of  the  substance  itself  on  the  rays  of 


proposed 


as  representing    the  absolute 


light ;  and  to  ^^-^  that  of 
d 


specific  refractive 


energy.'  This  empirical  formula  has  been 
adopted  by  most  subsequent  investigators  ;  and 
Sutherland  (P.  M.  [5]  27,  141)  has  lately  advo- 
cated it  on  mathematical,  as  well  as  on  physical, 
grounds.  It  holds  its  position  side  by  side  with 
the  theoretical  formula  we  have  now  to 
consider. 

Lorenz's  formula.  H.  A.  Lorentz,  of 
Holland  (W.  9,  641),  and  L.  Lorenz,  of  Copen- 
hagen {W.  11,  70),  came  almost  simultaneously 
to  the  conclusion,  from  purely  theoretical  con- 
siderations, based,  in  the  ease  of  the  former,  on  the 

electro-magnetic  theory,  that  --^ — ^  must  ex- 
(a-  +  2)(^ 

press  the  relation  between  the  velocity  of  the 
transmission  of  light  and  the  density  of  the 
medium  through  which  it  is  propagated. 
Landolt  {B.  15,  64)  tested  the  comparative 
merits  of  this  formula,  and  that  which  he  had 

previously  adopted— viz.        — and  found  that 

so  far  as  liquids  were  concerned  there  was 
nothing  to  choose  between  them,  but  that 
Lorenz's  formula  showed  much  less  difference 
between  the  specific  refractive  energy  of  a  liquid 


and  that  of  its  vapour.  This  is  shown  in  the 
following  table,  in  which  it  will  be  also  noticed 
that  the  difference  with  the  rise  in  temperature 
is  uniformly  plus  in  the  one  case,  and  minus  in 
the  other.  Weegmann  {Bonn.  1888)  experi- 
menting at  10°,  20°,  and  30°,  noted  the  same 
rise  in  the  one  case  and  fall  in  the  other. 


Substance 

State 

Temp. 

-1 

-1 

d 

Water  ■ 

Liquid 
Vapour 

10° 
20° 
100° 

0-2062 
0-2061 
0-2068 

0-0001 
0-0007 

0-3338 
0-3336 
0-3101 

0-0002 
0-0235 

iiiHuyi  aico- 
hoi 

Li(^uid 
Vapour 

10° 
20° 

0-2804 
0-2807 
0-2825 

0-0008 
0-0018 

0-4682 
0-4581 
0-4237 

0-0001 
0-0344 

Ethyl  ether  . 

Liquid 
Vapour 

10° 

20° 
100° 

0-3026 
0-3029 
0-3068 

0-0003 
0-0039 

0-4935 
0-4930 
0-4599 

0-C005 
0-0331 

Ethyl  ace- 

Liquid 

10° 

0-2547 

0-0002 
0-0134 

0-4174 

0-0002 
0-0148 

tate 

Vapour 

20° 
100° 

0-2549 
0-2683 

0-4172 
0-4024 

Ethyl  iodide 

Liquid 
Vapour 

10° 

20° 
100° 

0-1557 
0-1658 
0-1571 

0-0001 
0-0013 

0-2663 
0-2658 
0-2356 

0-0005 
0-0302 

Chloroform  . 

Liquid 
Vapour 

10° 
20° 
100° 

0-1790 
0-1791 
0-1796 

0-0001 
0-0005 

0-3000 
0-2996 
0-2694 

0-0004 
0-0302 

Carbon  di- 
sulphide  . 

Liquid 
Vapour 

10° 
20° 

0-2805 
0-2809 

0-0004 
0-0089 

0-4977 
0-4970 

0-0007 
0-0622 

100° 

0-2898 

0-4348 

In  the  case  of  liquid  and  solid  phosphorus,  as 
well  as  of  other  highly  refractive  bodies,  the 
empirical  formula  appeared  to  give  the  best 
results.  Landolt  also  found  the  simpler  formula 
best  adapted  to  his  process  of  optical  analysis 
subsequently  described.  But  while  he  found  that 
the  refraction-equivalents  {i.e.  the  specific  re- 
fractive energy  multiplied  by  the  atomic  weight 
in  the  case  of  elements,  or  by  the  molecular 
weight  in  the  case  of  compounds)  of  substances 
calculated  by  Lorenz's  formula  are  about  one- 
third  smaller  than  the  numbers  calculated  by 
the  formula  previously  adopted  by  him,  the 
values  which  he  obtained  for  the  elements  carbon, 
oxygen,  hydrogen,  and  chlorine  did  not  bear  the 
same  proportion.  Adopting  Briihl's  figures  for 
Ea  (as  described  later  on),  the  values  accord- 
ing to  Lorenz's  formula  vary  from  about  to  | 
the  values  found  by  using  the  other  formula. 
Thus  :— 


Carbon 
Hydrogen  . 
Oxygen,  alcoholic 
,,  aldehydic 
Chlorine 

Increase  for  double  carbon 
bond  ... 


Old 
Formula 


5-0 

1-  3 

2-  8 

3-  4 
9-8 

2-4 


Lorenz's 
Formula 


2-48 
1-04 

1-  58 

2-  34 
6-02 

1-78 


Briihl,  however,  in  1886  {A.  235,  1),  maintained 
that  the  statement  of  Landolt,  that  the  two 
formulas  lead  practically  to  the  same  conclusions 
in  respect  to  chemical  constitution  and  the  re- 
fraction of  light,  cannot  any  longer  be  accepted 
in  its  general  sense.  In  this  paper  Briihl  con- 
tended that  the  expression  of  the  molecular  re- 

1 

fraction  hitherto  used— viz.  P is  generally 

adapted  only  to  the  paraffinoid  series  of  carbon 
compounds,  and  for  unsaturated  compounds  of 
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weak  dispersive  power ;  and  that  in  these  cases 
even  the  results  are  not  altogether  satisfactory. 
For  the  investigation  of  the  relations  between 
the  refractive  power  and  the  constitution  of 
bodies,  Briihl  claimed  that  in  future  Lorenz's 
formula  must  be  used.  The  tables  appended  to 
the  paper  certainly  show  better  proportionate 
results  for  Ra  by  this,  formula,  especially  in  the 
case  of  the  most  dispersive  substances  ;  but  in 
using  these  tables  it  must  be  borne  in  mind  that 
the  values  assigned  to  the  elements  under  the 
two  formula  are  not  strictly  comparable.  Nasini 
(Lincei,  Rc.  3,  128)  stated  that  he  and  Bern- 
heimer  did  not  consider  that,  from  a  chemical 
point  of  view,  any  great  preference  should  be 
given  to  Lorenz's  formula  over  the  formula 

— 5—,  as  the  newer  formula  was  insufficient  to 
d 

represent  every  relation  between  the  chemical 
constitutions  of  the  substances  and  their  re- 
fractive powers.  Ketteler  does  not  accept  the 
Lorenz  formula  as  altogether  satisfactory  ;  in 

place  of  it  he  has  proposed  J^~^rxycr  ^^^^^  ''^ 

a  variable  quantity  depending  on  the  nature  of 
the  substance,  but  averaging  about  3'5  instead 
of  2.  Sutherland  (P.  M.  [5]  27,  141)  objects 
to  Lorenz's  formula  on  the  ground  that  it 
assumes  a  mean  wave  length,  whereas  the  wave 
length  must  vary  in  passing  from  ether  to  mat- 
ter ;  and  he  maintains  that  while  the  formula 
holds  good  for  both  the  liquid  and  gaseous  states, 
it  fails  when  change  of  density  is  produced  by 
change  of  pressure.  On  the  other  hand, lie  thinks 
that  Gladstone's  formula  meets  the  last  require- 
ment, but  fails  to  bridge  over  the  great  gap  in 
density  between  liquid  and  vapour.  Ketteler 
(Z.P.  G.  2,  y05)  suggests  an  equation  of  the  form 
(n-  —  1)  (y  —  /8)  =  M,  where  /3  is  the  volume  actually 
occupied  by  the  ponderable  molecules,  v  that  of 
the  space  in  which  they  are  contained,  and  M  a 
molecular  function  depending  on  the  constitution 
of  the  medium.  M  may  have  one  of  two  values, 
both  of  which  are  definite  constants,  the  one  for 
the  liquid  and  the  other  for  the  gaseous  state. 
The  value  of  /8  may  be  obtained  by  varying  the 
temperature,  the  pressure,  or  the  constitution  of 
the  media  examined.  Sutherland  says  that  this 
formula  gives  for  compressibility  results  less  satis- 
factory than  those  given  by  that  of  Gladstone. 

Zehnder  [W.  34,  91)  investigated  the  influence 
of  pressure  upon  the  index  of  refraction  of  water 
at  different  temperatures,  and  on  comparing  the 
results  with  the  co-efficient  of  compressibility,  he 

came  to  the  conclusion  that  the  formula  ^  7-— 

a 

was  practically  exact — much  more  so  than  that 
of  Lorenz.  Rontgen  and  Zehnder  {W.  44)  have 
since  applied  the  same  inquiry  to  CS^,  and  0^11^,, 
ether,  and  a  series  of  alcohols,  with  the  result 
that  in  the  cases  of  all  these  substances  neitlier 
formula  is  sufficiently  exact,  the  experimental,! 
figures  occupying  very  nearly  the  mean  place 
between  those  given  by  the  two  formulffi. 

Perkin  (0.  /.  61,  287)  in  studying  magnetic 
rotation  at  widely  different  temperatures,  ob- 
served a  slight  reduction  as  the  temperature  was 
raised.  Dale  and  Gladstone  (as  long  ago  as 
1863)  had  observed  that  the  specific  refractive 
energy  of  substances  was  similarly  affected ; 
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Nasini  and  Bernheimer  [G.  15,  59)  in  1885,  and 
Ketteler  (W.  33,  506,  662)  in  1888,  also  found 
small  differences  in  the  same  direction.  Perkin 
accordingly  made  a  series  of  experiments  to 

see  if  the  changes  in  due  to  temperature 

vary  with  different  classes  of  substances,  as  they 
do  in  the  case  of  the  magnetic  rotation.  The 
results  seem  to  corroborate  this,  though  not  very 
definitely.  On  trying  Lorenz's  formula,  he  found 
the  refraction  rise  with  increase  of  temperature, 
and  he  came  to  the  conclusion  that  this  formula 
is  not  suitable  when  dealing  with  high  tempera- 
tures. 

Guye  (Ar.  Sc.  Genive,  23,  197,  204)  pointed 
out  a  relation  between  the  constants  of  the 
equation  of  Van  der  Waals  and  that  of  the 
formula  of  Lorenz  for  the  refraction  of  light. 
He  maintained  that  the  relation  of  the  absolute 
critical  temperature  to  the  critical  pressure, 
which  he  termed  the  '  critical  co-efficient,'  is  pro- 
portional to  the  molecular  refraction,  and  that 
it  furnishes  a  valuable  means  of  determining  the 
molecular  constitution  of  bodies  at  the  critical 
point.  By  a  comparison  of  the  data  given  by  a 
number  of  observers  for  forty  different  substances 
he  obtained  the  result  that  the  critical  co-eificient 
(K)  is  in  proportion  to  R^o  asl  to  1'8.  The  ex- 
perimental difficulties  connected  with  the  deter- 
mination of  K,  and  the  fact  that  Guye  had  not 
always  the  data  for  reducing  R  observed  to 
Eqq  ,  rendered  the  final  results  less  uniform  than 
they  might  be  otherwise ;  but  the  extreme  range 
of  his  factor  varied  from  1-6  to  2-0,  giving  I'B  as  p. 
mean.  Guye  found,  however,  certain  classes  of 
bodies  which  gave  a  different  factor  to  that  above 
mentioned.  Such  gases  as  0,  N,  and  CO,  gave  a 
factor  ranging  from  1*1  to  1-4.  Water  gave  I'l, 
and  methylic  alcohol  I'l  to  1'2.  He  also  recorded 
some  which  are  exceptionally  high,  but  in  most 
of  these  cases  the  results  of  the  experiments 
seem  untrustworthy  in  consequence  of  chemical 
action  having  taken  place.  Having  determined 
his  factor,  he  was  able  to  divide  by  it  the  recog- 
nised refractions  of  the  elements  according  to 
Briihl,  and  so  to  get  what  he  termed  the '  atomic 
critical  co-efficient,'  from  which  he  could  build  up 
the  critical  co-efficient  of  any  substance  of  which 
the  theoretical  constitution  was  determined. 

Dispersion  formulas.  As  the  observations 
of  Gladstone  extended  to  the  solar  line  A,  his 
calculations  were  but  slightly  affected  by  dis- 
persion ;  whereas  nearly  all  the  Continental 
observers  have  used  the  hydrogen  light,  and 
have  no  actual  measurements  below  the  line  a. 
They  have,  therefore,  usually  sought  to  get  rid 
of  the  effect  of  dispersion  by  ado^jting  one  or 
other  of  the  suggested  formuliE  for  calculating 
the  theoretical  ray  of  infinite  wave  length,  and 
have  worked  out  their  results  both  for  the 
observed  line  a,  and  for  the  assumed  limit.  The 
simplest  of  these  methods,  and  on  that  account 
the  one  most  generally  adopted,  is  that  of 
Caucliy.    It  is  usually  expressed  by  the  formula 


in  which  A  represents  the  wave  length  of  any 
given  hne  of  the  spectrum.  As  this  formula  con- 
tains three  unknown  quantities,  it  requires  for 
their  determination  three  simultaneous  equa- 
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tions  ;  but  the  third  term  is  often  dispensed  with 
to  reduce  the  amount  of  calculation  required. 
By  the  process  of  elimination,  the  values  of  A,  B, 
and  Care  obtained,  A  being  Cauchy's  co-efficient 
of  refraction,  and  B  and  C  the  co-efficients  of 
dispersion.  This  theory  accords  fairly  with  the 
experimental  data  for  substances  of  moderate 
dispersive  power,  though  by  no  means  well  with 
the  data  for  substances  of  high  dispersive  power, 
such  as  oil  of  cassia.  Wiillner  {A.  133)  con- 
sidered that  this  formula  was  sufficiently  exact 
for  bodies  of  low  dispersive  power  when  two  con- 
stants were  used ;  but  that  for  highly  dispersive 
substances,  such  as  carbon  disulphide,  it  was 
necessary  to  go  to  the  third  term,  as  the  difference 
between  the  observed  value  of  fj-p  and  that  calcu- 
lated from  ^la  and  /xy  amounted  to  as  much  as 
0-0022  ;  while  on  using  three  terms  the  calcula- 
tion was  correct  to  the  fourth  decimal  place. 
He  also  tried  the  formula  of  Christofle 
 w„  ^/2  

in  which  and  A„  signify  two  selected  constants, 
and  71  is  the  corresponding  index  of  refraction  of 
the  wave  length  A. ;  this  also  gave  results  which 
were  not  sufficiently  accurate.  Taking  the  ob- 
served indices  for  the  hnes  a  and  y  of  carbon 
disulphide  at  0°  as  1-634066  and  1-692148,  this 
formula  gave  1-609397  for  13,  while  the  observed 
value  was  1-669076.  At  20°  the  calculated 
value  for  /8  was  as  much  as  -000494  too  high. 
Langley  (P.  M.  [.5]  17,  194)  has  discussed  the 
relative  merits  of  Biot's,  Cauchy's,  and  Eedten- 
bacher's  formulas,  and  has  come  to  the  conclu- 
sion that  while  each  of  them  is  sufficiently  exact 
within  the  limits  of  the  visible  spectrum,  they 
soon  begin  to  give  too  small  results  for  p.  when 
that  limit  is  passed.    Biot's  formula 


of  from  one  to  five  units  in  the  third  place  of 
decimals  : — 


~  =  a  +  b 


(S)-O-(S) 


gives  more  trustworthy  results  than  either  of  the 
others. 


1  c 

Eedtenbacher's  formula  —  =  a+  6a-  +  — 


has 


the  serious  objection  that  it  reached  a  mini- 
mum at  a  point  corresponding  to  w=  1-5647  in 
the  prism  which  he  employed,  so  that  for  every 
value  of  n  greater  than  1-6647  it  gave  two  diffe- 
rent values  for  A.  Langley  has  experimentally 
determined  wave  lengths  in  the  invisible  pris- 
matic spectrum  far  beyond  the  extreme  limit 
possible  according  to  Cauchy's  formula.  Briihl, 
after  working  out  his  results  for  as  well  as 
for  Ka,  has  latterly  (A.  235,  1;  236,  233)  come 
to  an  adverse  conclusion  as  to  the  utility  of 
Cauchy's  co-efficient  of  refraction  for  getting 
rid  of  the  effect  of  dispersion,  and  he  even 
asserts  that  when  three  terms  are  used  the 
results  are  less  to  be  relied  upon  for  this  pur- 
pose than  when  two  terms  only  are  employed. 
The  following  table  shows  the  dift'erences  in 
Cauchy's  A  when  calculated  with  two  and 
three  terms  respectively,  from  the  observed  in- 
dices fj.a  and  /j.y  in  the  former  case,  and 
from  ,Ua,  /j-p,  and  fj.y  in  the  latter ;  and  also 
/iP,  as  observed,  compared  with  the  same  index 
of  refraction  as  calculated  by  Cauchy's  formula 
from  fj.  and  ,uy,  showing  in  this  case  a  difference 


Substance 

Cauchy's  A 

2  terms 

3  terms 

Ob- 
served 

Cal- 
culated 

Benzoyl  chloride 

1-51906 

1-52700 

1-56964 

1-57097 

Orthotolnldine  • 

1-53715 

1-54460 

1-58945 

1-59069 

Cinnamic  alcohol 

1-54307 

1-55253 

1-59993 

1-60151 

AnUine 

1-54741 

1-55689 

1-60434 

1-60592 

Furfurol 

1-48269 

1-49816 

1-54566 

1-54824 

Cinnamic  aldehyde  . 

1-55066 

1-58256 

1-65090 

1  65622 

In  the  case  of  substances  of  small  disper- 
sion, Briihl  regards  the  use  of  Cauchy's  for- 
mula as  superfluous;  with  substances  of 
medium  dispersion,  the  results  are  generally 
preferable  to  those  for  the  line  a,  though  not  to 
any  great  extent ;  but  with  substances  of  great 
dispersive  power  the  differences  are  too  great  to 
be  neglected  in  considering  questions  of  chemi- 
cal structure. 

Nasini  (Lincei,  Atti,  18  [3])  comes  to  the  same 
conclusion,  that  Cauchy's  co-efficient  of  re- 
fraction ought  to  be  rejected  in  studies  of  this 
nature,  and  that  his  co-efficient  B  is  still  more 
misleading  if  it  be  regarded  as  a  measure  of 
dispersion.  N.  (Lincei,  Atti,  19  [3])  had  already 
tested  the  merits  of  several  formulas,  and  given 
the  preference  to  that  of  Lommel  as  affording 
better  results  than  those  arrived  at  by  Cauchy's 
formula  with  two  terms.  The  following  table 
will  show  the  differences  between  ixg  as  observed, 
and  as  calculated  by  these  two  formulfe  : — 


Substance 

ft/s  ob- 

Calculated 

Difference 

served 

Cauchy 

Lommel 

Cauchy 

Lommel 

Benzene. 

1-51339 

1-51404 

1-51369 

0-00065 

0-00030 

Aniline  . 

1-60434 

1-60592 

1-60522 

0-00158 

0-00088 

Methyl- a- 

naphthol  . 

1-64597 

1-6477 

1-64678 

0-00173 

0-00081 

Dimethyl- 

naphthalene 

1-63200 

1-6330 

1-6324 

0-00100 

0-00040 

Weegmann  (Bonn.,  1888)  gives  reasons  why 
Cauchy's  formula  for  the  limit  of  the  spectrum 
is  not  to  be  relied  upon  ;  and  maintains  that  his 
B,  or  co-efficient  of  dispersion,  must  not  be 
taken  as  a  measure  of  dispersive  power,  but 
that  it  should  in  any  case  be  divided  by  the  rela- 
tive density. 

Helmholtz  has  proposed  the  formula 

in  which  n  and  A  represent  the  index  of  refrac- 
tion and  the  corresponding  wave  length,  and 
Q,  P  and  A^m  are  three  constants  dependent 
upon  the  nature  of  the  medium.  Ketteler  has 
subsequently  proposed  another,  viz. 

2    1         A.     ,  C 
IT? — 1  =   -1-    +    .  .  . 

A-— B  a2— D 
Briihl  has  tested  the  comparative  merits  of 
both  these  formulfe,  as  well  as  that  of  Cauchy. 
Taking  Gladstone  and  Dale's  observations  of  a 
solution  of  phosphorus  in  carbon  disulphide, 
he  calculated  the  values  of  the  lines  B,  D,  F, 
and  G  from  the  observed  values  of  A,  E,  and 
H,  and  again  those  of  A,  B,  E,  and  G  from 
those  of  D,  F,  and  H.  The  follo\ving  table 
shows  the  differences  in  the  two  cases  between 
the  observed  and  calculated  values  (A.  236,  233) : 
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'3 

N 

u 

Line 

o 
O 

s 

a 

-a) 

Kettel 

o 

o 

g 

M-l 

Kettel 

A. 

7*606 

l-920!( 

+  19 

+  48 

+  108 

B 

6-372 

1-9314 

-3 

-5 

+  2 

+  9 

+  21 

+  47 

D 

5-893 

1-9527 

_2 

-4 

E 

6-271 

1-9744 

-4 

-  5 

-6 

"-9 

V 

4-862 

1-9941 

+  8 

+  9 

G 

4-304 

2-0361 

+  1 

+  2 

-7 

-7 

-6 

H 

3-956 

2-0746 

Dispersive  po-wer.  The  difference  between 
the  indices  of  refraction  of  the  rays  of  the 
spectram  of  any  refracting  medium  is  termed 
tlie  '  dispersion  ' ;  and  by  tlie  dispersive  power 
of  a  substance  is  expressed  the  I'atio  of  the 
co-efficient  of  dispersion  to  the  index  of  re- 
fraction of  the  mean  ray  minus  unity.  Thus 
taking  the  full  length  of  the  visible  spectrum 
:as  extending  from  A  to  H,  and  F  as  the  mean 
ray,  the  dispersive  power  would  be  represented 

by  the  formula,  ^ILZL^-^. 

Mf  - 1 

Ketteler  (Thcorctischc  Optik,  Braunschweig, 
1885)  has  proposed  two  formuto  for  dispersion 
based  upon  theoretical  grounds  : 

^Zlli  and 

■when  n  is  a  ray  more  refractive  than  m.  Costa 
(Q.  19)  regards  these  as  having  the  advantage 

over  the  formula  ^ — ^  on  account  of  their 
a 

being  independent  of  the  density  of  the 
medium. 

Early  experiments.  Newton,  Herschel, 
Young,  Wollaston,  Brewster,  and  others  deter- 
mined the  indices  of  refraction  of  a  lai-ge 
number  of  solids  and  liquids,  in  most  cases  for 
the  yellow  or  brightest  part  of  the  spectrum. 
The  index  for  the  solids  ranged  from  1-111  for 
tabaslieer  to  2-974  for  chromate  of  lead,  and  for 
liquids  and  soft  solids  from  1-0.570  for  ether  ex- 
panded by  heat  to  thrice  its  volume,  to  1-678 
for  disulphide  of  carbon,  and  about  I'S  for 
chloride  of  antimony  {Encijc.  Brit.,  8tli  edit. 
Optics,  558). 

Arago  and  Fresnel  applied  the  method  of 
interference  to  the  comparison  of  the  refractive 
indices  of  moist  and  dry  air,  with  the  result 
that  moist  air  was  found  to  be  rather  less  re- 
fractive than  dry  air.  Dulong  determined  the 
indices  of  refraction  of  a  considerable  number 
■of  gases  and  vapours. 

Dulong,  together -with  Arago,  Biot,  and  others, 

adopted  the  formula  of  Newton  '5^— i  and 

d  ' 

came  to  the  following  conclusions  ;  that  the 
refractive  power  of  a  mixture  of  gases  is  equal 
to  the  mean  of  the  refractive  powers  of  the 
constituent  gases  calculated  for  the  pressure 
to  which  each  gas  is  actually  subjected  in  the 
mixture,  and  that  the  refractive  power  of  a 
■compound  gas  is  not  equal  to  the  mean  of  those 
of  the  component  gases,  but  is  sometimes  greater 
and  sometimes  less. 

Hock  also  found  this  formula  to  apply  to 
some  mixtures  of  liquids,  and  Schrauf  (P.  133, 
479)  has  more  recently  supported  the  same 
mode  of  calculating  the  refractive  power ;  but 
Ketteler  (P.  124,  390)  found  that  liquid  sul- 

VoL.  IV. 


phnrous  acid  was  not  accordant  with  the  known 
refraction  of  the  gas  as  arrived  at  by  the  formula 

— ,  while  the  two  came  into  agreement  when 

he  adopted  the  modern  formula  for  the  specific 

refractive  energy  — 

Jamin  {A.  Ch.  [4]  3,  49)  made  careful  ex- 
periments on  the  influence  of  the  presence  of 
aqueous  vapour  in  the  atmosphere  upon  the  re- 
fractive index,  and  he  found  that  the  difference 
between  the  refractive  indices  of  dry  air  and 
air  saturated  with  aqueous  vapour  was  only 
■000000726,  a  quantity  so  small  that  it  may  be 
safely  neglected  in  the  calculation  of  atmospheric 
refraction  for  astronomical  purposes. 

Ketteler  {B.  B.  1865)  adopted  Jamin's  inter- 
ference refractor  for  the  measurement  of  the 
index  of  air,  CO,,  CN,  H,  and  SO,,  for  the  line  D. 
He  calculated  the  lithium  and  thallium  lines  from 
the  wave  length  of  the  sodium  line,  according  to 
the  proportional  number  of  rulings  that  coincide, 
it  being  found  that  this  is  independent  of  density 
and  is  a  true  function  of  the  wave  lengths. 

Eelations  between  Physical  and  Chemical 
Properties  and  Reekaction  of  Liquids. 
Dale  and  Gladstone  (T.  1858.  887)  made  an 
elaborate  series  of  experiments  on  what  they 
then  termed  the  sensitiveness  of  liquids,  or  the 
effect  of  temperature  on  the  refractive  index. 
The  principal  conclusions  they  arrived  at  were 
that  both  the  index  of  refraction  and  the  length 
of  the  spectrum,  ;Uh— Ma,  diminish  as  the  tem- 
perature rises,  and  that  the  sensitiveness  of  a 
substance  is  independent  of  its  specific  refractive 
or  dispersive  power.  These  conclusions  were 
the  result  of  observations  on  CS.,,  Et,0,  H,0,  P, 
alcohols,  Ac.  The  following  table  and  the  table 
on  p.  226  give  the  data  for  CS,  and  H._,0  : — 


Carbon  disulphide  (,b.p.  =43°) 


Sensi- 

Disper- 

Temp. 

tiveness 

''h-'^a 

sive 

power 

0" 

1-6217 

1-6442 

1-7175 

0-0045 
0-0051 
0-0013 
0-0042 
0-0041 
0-0038 
0-0042 
0-0037 
0-0042 

0-0958 

0-1489 

5" 

1-6180 

1-6397 

1-7119 

0-0939 

0-1467 

10° 

1-6144 

1-6346 

1-7081 

0-0937 

0-1477 

15° 

1-6114 

1-6303 

1-7035 

0-0921 

0-1462 

20° 

1-6076 

1-6261 

1  0993 

0-o:)17 

0-1463 

25° 

1-C036 

1-6220 

1-6942 

0-0906 

0-1460 

30° 

1-5995 

1-6182 

1-6896 

0-0901 

0-1457 

35° 

1-5956 

1-6140 

1-6850 

0-o;-;94 

0-1456 

40° 

1-5919 

1-6103 

1-6810 

0-0S91 

0-1459 

42-5° 

1-5900 

1-6082 

1-G778 

0-0878 

0-1443 

The  sensitiveness  is  reckoned  from  the  indices 
of  the  line  D,  and  the  dispersive  power  repre- 


sents -'^ — T^.     The  sensitiveness  indicates  an 
- 1 

anomaly  in  water,  which  has  also  been  observed 
by  others. 

Gladstone  and  Dale  {T.  1863.  317)  extended 
the  same  inquiry  to  the  following  five  points  : — 
(1)  the  relation  between  sensitiveness  and  the 
change  of  volume  by  heat ;  (2)  the  refraction 
and  dispersion  of  mixed  liquids ;  (3)  the  re- 
fraction, dispersion,  and  sensitiveness  of  dif- 
ferent members  of  homologous  series  ;  (4)  the 
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Water 


Temp. 

Sensi- 
tiveness 

Disper- 
sive 
power 

0 

l'o291 

1-3330 

l-o438 

0-0001 
0-0002 
0-0003 
0-0004 
0-0003 
0-0006 
0-0006 
0-0006 
0-0009 
0-OOOS 
0-0009 
0-0012 
0-0010 
0-0012 
0-0012A 

0*0147 

(\'f\A  nn 

V  U429 

5° 

1'3290 

1-3329 

1-3436 

0-0146 

10^ 

1'328S 

1-3327 

1-3434 

0*0146 

0*0439 

ID 

1*3284 

1-3324 

1-3431 

0-0147 

20° 

1*3279 

1-3320 

1'3427 

0*0148 

0*0445 

1'3275 

1-3317 

1-3420 

0*0145 

oO 

1"3370 

1-3309 

1*3415 

0-0145 

0*0438, 

35° 

1-3264 

1-3303 

1-3410 

0-0146 

40° 

1-3257 

1-3297 

1*3405 

0*0148 

0-0449 

45° 

1-3250 

1-3288 

1*3396 

0*0146 

50° 

1-3241 

1-3280 

1*3388 

0*0147 

0*0448 

55° 

1-3235 

1-3271 

1*3380 

0*0145 

60° 

1-3223 

1-3259 

1-3307 

0*0144 

0*0441 

65° 

1-3218 

1-3249 

70= 

1-3203 

1-3237 

1-3344 

0-0141 

0*0435 

80° 

1-3178 

1-3321 

0-0143 

refraction,  dispersion,  and  sensitiveness  of  iso- 
meric liquids ;  (5)  the  effect  of  chemical  sub- 
stitution on  these  optical  properties.  As  to  the 
first  point  of  the  inquiry,  they  came  to  the 
conclusion  that  the  specific  refractive  energy 

(^^^-^^  *  constant  not  affected  by  tempera- 
ture. They  made  the  reservation,  however,  '  that 
there  is  some  influence,  arising  wholly  or  par- 
tially from  dispersion,  which  gives  rise  to  the 
slight  progression  of  most  of  the  calculated 
products,  and  perhaps  to  the  non-inversion  of 
the  sensitiveness  of  water  at  4°,  remarked  on 
already  by  Jamin  and  ourselves.'  As  to  the 
second  point  of  inquiry,  it  was  found  '  that  the 
specific  refractive  power  of  a  mixture  of  liquids 
is  the  mean  of  the  specific  refractive  powers  of 
its  constituents,'  subject  to  some  slight  excep- 
tions, as  in  the  case  of  sulphuric  acid  and  water. 
The  inquiry  into  the  refraction,  dispersion,  and 
Bensitiveness  of  different  members  of  homo- 
logous series  showed  a  progressive  increase  in  the 
specific  refractive  energy  as  the  series  advanced  ; 
but  that  the  influence  of  each  addition  of  CH^, 
which  is  observable  throughout  the  series  of  the 
methyl  group,  does  not  necessarily  hold  good 
with  reference  to  substances  of  quite  another 
type.  The  observations  on  isomeric  bodies 
showed  that  some  of  them  are  widely  different 
in  their  optical  properties  ;  but  that  those  which 
have  a  close  chemical  relationship  show  an 
identity  in  their  optical  properties  also.  In  the 
last  branch  of  the  inquiry  it  was  sought  '  to 
determine  the  amount  of  change  in  the  optical 
properties  which  results  from  a  replacement  of 
one  element  by  another,  the  type  remaining  the 
same,'  in  order  to  '  attain  to  a  knowledge  of  the 
influence  of  the  individual  elements  on  the  rays 
of  light  transmitted  by  them.'  The  general 
conclusion  of  Gladstone  and  Dale  was  that 
'  every  liquid  has  a  specific  refractive  energy 
composed  of  the  specific  refractive  energies  of 
its  compound  elements,  modified  by  the  manner 
of  combination,  and  which  is  unaffected  by 
change  of  temperature,  and  accompanies  it  when 
mixed  with  other  liquids.'  This  opened  up  a 
question  which  has  since  occupied  the  attention 
of  many  observers. 

Landolt   (P.   117,  122,  123)  took  up  the 

inquiry,  adopting  the  formula     ,^   used  by 


Gladstone  and  Dale,  and  applied  it  in  the  first  in- 
stance to  an  investigation  of  the  values  of  C,H,  and 
0.  He  simplified  the  investigation  bymultiplying 
the  specific  refractive  energy  by  the  molecular 

weight  of  the  compound,  which  gave  P  ^~ ^ 

d 

as  the  molecular  refractive  power,  or  refraction- 
equivalent,  terms  which  had  already  been  applied 

by  Beiihelot  and  Schrauf  to  the  formula  P  ~  ■. 

d 

By  comparing  series  of  homologous  compounds, 
acids  of  the  series  CnlLjiO^,  alcohols  of  the 
series  C„H.„+.^0,  and  esters  of  the  series 
C„H,„0„,  L.  obtained  the  increment  due  to  each 
addition  of  Ctf,  -is  shown  in  the  following 
selection  from  his  data  : — 


Substance 

S.O. 

1^ 

(/ 

DifE. 

CH^ 

Acids 
C,iH,,,0, 

Alcoliols 
Esters 

Formic 
Acetic  . 
Propionic 
Butyric  . 
Valerianic 
Caproic 
CEnantliylic  . 

1*2211 
1-0514 
0-9963 
0-9610 
0-9313 
0-9252 
0-9175 

1*3693 
1-3699 
1*3846 
1-3955 
1-4022 
1*4116 
1-4192 

0*3024 
0-3518 
0*3860 
0*4116 
0*4319 
0*4449 
0-45C9 

13-91 
21*11 
28*57 
36*22 
4405 
61-61 
59-40 

7*20 
7-46 
7-65 
7-83 
7-56 
7*79' 

Methyl 
Ethyl  . 
Propyl  . 
Butyl  . 
Amyl 

0-7964 
0-8011 
0-8042 
0-8074 
0-81.35 

1-3279 
1-3605 
1*3794 
1*3940 
1*4057 

0-4117 
0-4501 
0*4717 
0-4879 
0-4987 

13-17 
20-70 
28-30 
36-11 
43-89 

7-53 
7-60 
7-81 
778 

■  Methyl 

acetate  . 
Ethyl 

acetate  . 
■Methyl 

butyrate 
Ethyl 

butyrate 
'Methyl 

valerate 
Ethyl 

valerate  . 
Ethyl 

formate  . 
Ethyl 

acetate  . 
Methyl 

butyrate 
Methyl 

valerate 
'  Ethyl 

butvrate 
Ethyl 

valerate  . 

0-9053 
0-9015 
0-8976 
0-8906 
0*8809 
0-8674 
0-9078 
0*9015 
0*8976 
0*8809 
0-8906 
0-8674 

1*3592 
1*3705 
1*3869 
1*3940 
1-3927 
1*3950 
1*3580 
1*3705 
1-3869 
1-3927 
1-3940 
1-3950 

0-3967 
0*4110 
0*4311 
0*4424 
0-4458 
0*4554 
0-3944 
0*4110 
0*4311 
0*4458 
0*4424 
0-4554 

29-36 
36-17 
43-97 
51*32 
51*71 
59*20 
29-18 
36*17 
43-97 
51-71 
51*32 
59-20 

6-  81 

7-  35- 
7*49- 

6-  99- 

7-  74 
7*88. 

The  mean  of  Landolt's  comparisons  gave  the 
value  E  =  7-60  for  OH,.  Dealing  in  the  same 
manner  with  compounds  differing  by  one  atom 
of  carbon,  by  two  atoms  of  hydrogen,  and  by 
one  atom  of  oxygen,  respectively,  he  assigned  to 
the  several  elements  the  following  refraction- 
equivalents  ;  C  =  5*00;  H  =  l*30;  0  =  3*00. 
Subsequent  investigations  would  lead  one  to  re- 
ject several  of  the  substances  which  he  brought 
into  comparison. 

Landolt  also  adopted  a  modification  of  Biot 
and  Arago's  formula  for  mixtures  of  gases,  by 
substituting  7i  for  n-  throughout,  so  that 
N  —  It.     n—1        n'  —  1  ,  , 
D  d  d' 

N,  D  and  P  representing  the  index  of  refraction, 
density,  and  '  molecular  weight '  of  the  mixture, 
and  the  small  letters  the  same  values  of  the 
several  substances  forming  the  compound.  In 
this  manner  he  calculated  the  value  of  or 
for  mixtures  of  liquids  as  shown  in  the  follow- 
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ing  table.  It  will  be  seen  tbat  the  calculated 
and  observed  values  correspond  very  closely. 


Oiiserved 

Calru- 

P 

d 

lateil  /j^ 

Methyl  alcohol 

PG 

0-7964 

1-3279 

0-8135 

1-4057 

jiixture  . 

IS-l 

0-8038 

1-3640 

1-3G44 

Ethyl  alcohol 

92 

0-8011 

1-3605 

Amyl  „ 

• 

88 

0-8135 

1-4057 

JMixture 

180 

0-8065 

1-3822 

1-3821 

Ethyl  alcohol 

4G 

0-8011 

1-3G05 

Amyl  „ 

176 

0-8135 

1-4057 

Mixture 

0-8104 

1-3961 

1-3960 

Acetic  acid 

60 

1-0518 

1-3706 

Butyric  „ 

88 

0-9610 

1-3953 

Mistm'e  . 

148 

0-9930 

1-3850 

1-3847 

Ethyl  alcohol 

46 

0-8011 

1-3005 

Formic  acid 

4G 

1-2211 

1-3G93 

Mixture 

92 

0-9602 

1-3G10 

1-SG12 

Oil  of  bitter  almonds . 

106 

1-0474 

1-5391 

Formic  acid 

46 

1-2211 

1-3G93 

Mixture  . 

152 

1-0876 

1-4900 

1-4900 

Landolt  subsequently  (A.  4,  S?/jjpZ.)  reversed 
the  process,  and  applied  it  to  the  quantitative 
analysis  of  mixed  liquids  by  means  of  their  re- 
fractive indices  and  specific  gravities.  The  fol- 
lowing will  serve  as  instances  of  the  percentage 
results  obtained  : — 


M»-l 

d 

Percentage 

d 

Calcu- 
lated 

Actual 

Amvl  alcohol  . 
Methyl  „ 

Mixture  . 

1-4057 
1-3279 
1-3640 

0-8135 
0-7964 
0-8038 

0-4987 
0-4117 
0-4529 

47-4 
52-6 
100-0 

47-8 

52-2 
100-0 

Acetic  acid 
Butyric  „ 

Mixture  . 

1-3706 
1-3955 
1-3860 

1-0518 
0-9G10 
0-9930 

0-3523 
0-4116 
0-3877 

40-3 
59-7 
100-0 

40-5 
89-5 
100-0 

Ethyl  alcohol  . 
Formic  acid 

Mixture  . 

1-3606 
1-3G93 
1-3610 

0-  8011 

1-  2211 
0-9G02 

0-4501 
0-3034 
0-3760 

49-8 
60-2 
100-0 

60-0 
50-0 
100-0 

Oil  of  bitter  al- 
monds 
Formic  a'  id 

Mixture  . 

1-5391 
1-3693 
1-4900 

1-0474 
1-2211 
1-087G 

0-5147 
0-3024 
0-45(15 

60-8 
30-2 
100-0 

69-7 

30-3 
100-0 

Halogen  compounds.  Landolt's  values  for 
the  refraction-equivalents  of  C,  H,  and  0  are  : 
Carbon        .       .  4-86    E,  5-00 

Hydrogen  .  .  „  1-29  „  1-30 
Oxygen  .  .  „  2-90  „  3-00 
Adopting  these  values,  Haagen  (P.  131,  117) 
deduced  values  for  CI,  Br,  and  I  from  some  of 
their  organic  liquid  compounds,  and  then  de- 
duced values  for  other  elements  from  obser- 
vations of  Efor  their  chlorine  compounds.  The 
following  are  the  results  he  obtained  for  E-^, 
and  E„ : — 


Element 

Ex 

Chlorine 

9-53 

9-79 

Bromine 

14-75 

15-34 

Iodine  .... 

23-55 

24-87 

Sulphur 

14-74 

16-03 

Phosiihorus. 

14-60 

14-93 

Arsenic 

18-84 

20-22 

Antimony  . 

25-66 

Silicon 

7-81 

7-90 

Tin  . 

18-G4 

19-89 

Sodium 

4-71 

4-89 
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Eef raction-equivalents  of  the  ele- 
ments.   Gladstone  (T.  159,  13;  Pr.  18,  49) 

applied  Landolt's  P  to    inorganic  com- 

pounds in  order  to  arrive  at  the  refraction- 
equivalents  of  the  several  elements,  and  also  to 
determine  whether  or  not  any  of  the  elements 
had  more  than  one  definite  refraction-equivalent. 
As  most  of  his  observations  were  made  upon 
crystalline  salts,  many  of  which  were  doubly  re- 
fracting, Gladstone  adopted  the  plan  of  dissolv- 
ing them  in  water,  or  alcohol,  and  deducting 
from  the  E  of  the  solution  the  E  due  to  the  sol- 
vent. This  mode  of  operation  was  supported 
by  the  consideration  that  in  the  cases  of  rock- 
salt  and  sugar,  where  the  refraction-equivalent 
of  the  substance  has  been  obtained  both  in  the 
solid  and  dissolved  condition,  it  is  found  to  be 
the  same.  On  comparing  a  series  of  salts  of  K 
and  Na,  it  was  evident  that,  while  the  refraction- 
equivalents  of  the  compounds  differed  very 
widely,  according  to  the  nature  of  their  nega- 
tive constituents,  the  refraction-equivalents  of 
the  compounds  of  Na  differed  |jari  passu  with 
those  of  the  K  compounds,  and  hence  it  was 
concluded  that  the  negative  constituent  has  the 
same  effect  on  light,  whichever  metal  it  is  united 
with.  Values  were  arrived  at  for  forty-six  of 
the  elements,  a  number  which  has  been  subse- 
quently somewhat  increased ;  and  more  recent 
investigations  have  led  to  slight  modifications 
in  the  figures.    The  latest  list  is  as  follows  :  — 


Element 

At.  w. 

Ra 

Aluminium 

27-5 

7-7 

Antimony 

120 

24-5 

Arsenic  .... 

75 

15-4 

Barium  .... 

137-2 

16-8 

Beryllium 

9-1  . 

5-1 

Bismuth  .... 

208 

38-2 

Boron,  in  borates  . 

11 

about  4 

Bromine  .... 

80 

15-3 

Cadmium 

111-6 

13-1 

Caesium  .... 

132 

19-1 

Calcium  .... 

40 

10-0 

Carbon  .... 

12 

5-0 

,,      doubly  linked 

6-1 

Cerium  .... 

138-2 

19-6? 

Chlorine  .... 

35-2 

9-9 

Chromium 

52-4 

15-4 

,,        in  chromatcs . 

about  22 

Cobalt  .... 

58-7 

104 

Copper  .... 

63-4 

11-5 

Didymium 

145 

23-3 

Fluorine  .... 

19 

1-6? 

Gold  .... 

196-2 

23-1 

Hydrogen 

1 

1-3 

Iodine  .... 

127 

24-5 

Iron,    in    ferrous  com- 

pounds 

56 

11-6 

Iron,    in    ferric  com- 

pounds 

19-4 

Lanthanum 

138 

22-9 

Lead  .... 

207 

24-3 

Lithium  .... 

7 

3-5 

Magnesium 

24 

6-7 

Manganese 

55 

11-7 

,,         in  permanga- 

nates .... 

)> 

about  25 

Q  2 
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Element 

At.  w. 

Ka 

Mercury  .... 



200 

19-4? 

Nickel  .... 

58-7 

10-0 

Nitrogen 

14 

4-1 

,,       in  bases,  oxides, 

(fee  

„ 

5-1 

•Oxygen,  singly  linked  . 

16 

2-8 

doubly  linked  , 

3-4 

Palladium 

106 

21-6? 

Phosphorus 

31 

18-3 

Platinum 

195 

24-7 

Potassium 

391 

7-85 

Rhodium 

103-4 

23-4? 

Piubidium 

85-4 

12-1 

Selenion .... 

78 

30-1 

Silicon  .... 

28 

7-4 

,,      in  silicic  acid  . 

about  6 

Silver  .... 

108 

13-2 

Sodium  .... 

23 

4-4 

Strontium 

87-5 

13-0 

Sulphur  .... 

32 

16-0 

,,      singly  linked 

14-1 

Thallium 

203-6 

20-4 

Tin  .... 

118 

27-0? 

18-6? 

Titanium 

48 

24-6 

Uranium 

237-6 

19-4 

Vfinadium 

51-3 

24-8? 

Zinc  .... 

65-3 

9-8 

Zirconium 

90 

21-3 

Anomalies  were  pointed  out  in  the  refraction- 
equivalents  of  the  hydracids,  and  of  the  benzenoid 
carbon  compounds.  With  regard  to  the  specific 
refractive  energy  it  was  remarked  : — First,  hydro- 
gen has  more  than  double  the  energy  of  any 
other  element,  even  in  the  lowest  number  that 
can  be  assigned  to  it.  Second,  phosphorus, 
vanadium,  titanium,  and  sulphur  have  singularly 
high  energies,  and  they  are  substances  that 
present  certain  chemical  analogies.  Third,  there 
are  several  pairs  of  analogous  elements  having 
nearly  the  same  energy ;  thus  bromine  and 
iodine,  arsenic  and  antimony,  potassium  and 
sodium,  manganese  and  iron,  nickel  and  cobalt. 
Fourth,  an  element  in  altering  its  valency  alters 
its  energy.  Fifth,  if  the  metals  are  arranged  in 
the  order  of  their  energies,  they  are,  with  few 
exceptions,  in  the  inverse  order  of  their  atomic 
weights. 

Benzenoid  hydrocarbons. — The  ano- 
malous refraction  and  dispersion  of  the  hydro- 
carbons already  referred  to  was  treated  in  a  paper 
by  Gladstone  {C.J.  23,  147),  the  tables  in  which 
indicated  that  the  values  for  all  these  bodies  and 
their  derivatives  were  largely  in  excess  of  the 
normal,  calculating  of  carbon  at  5-0.  The  re- 
fraction-equivalents of  the  typical  hydrocarbons 
were  expressed  as  in  the  following  table  ;  but 
while  the  physical  fact  indicated  has  been  fully 
verified  by  subsequent  research,  the  particular 
numbers  in  the  third  column  have  been  modified, 
and  a  plus  has  been  assigned  to  the  defines. 

A  similar  table  is  given  illustrating  the  in- 
creased influence  on  light  of  carbon  which  is 
combined  with  two  atoms  of  hydrogen  or  one 
of  oxygen,  in  a  series  of  oxidised  bodies  obtained 
from  essential  oils,  differing  from  one  another 
only  in  the  quantity  of  hydrogen. 


Hydrocarbons 

Typical 
Foi-mula 

R 

Paraffins  . 

Normal 

defines 

Terpenes  .  . 

C„H 

3 

Benzenes  . 

„  + 

6 

Naphthalene 

.1  + 

14 

Anthracene 

..  -t- 

17 

Bedson  and  Williams  {B.  A.  1881. 155)  tested 
the  question  whether  the  specific  refraction  of  a 
solid  body  could  be  determined  from  the  refrac- 
tive power  of  its  solution  as  stated  by  Dale  and 
Gladstone,  as  this  method  had  been  called  in 
question  by  Janovsky  (Sitz.  W.  82,  148).  They 
found  the  specific  refractive  energy  for  the  ray  of 
infinite  wavelength,  calculated  from  solutions  of 
NaCl,  Na^BjO,,  H3BO3,  and  NaPOj  to  be  in  sub- 
stantial accord  with  the  results  derived  from 
observations  on  the  solids.  They  also  found  that 
the  specific  refraction  of  liquid  phenol  is  prac- 
tically identical  with  the  value  calculated  from 
solutions  in  alcohol  and  in  acetic  acid. 

In  taking  the  index  of  refraction  of  solid 
NaPOj,  B.  and  W.  immersed  it  in  a  liquid  of 
greater  refractive  power,  and  then  added  a  feebly 
refractive  liquid  until  the  refractive  power  of  the 
mixture  appeared  to  be  the  same  as  that  of  the 
solid  suspended  in  it.  The  index  of  refraction 
of  the  mixture  was  then  determined.  The  result 
being  found  satisfactory,  the  prisms  of  rock- 
salt  and  of  fused  borax  were  also  tried  by  the 
same  process,  as  well  as  in  the  ordinary  way,  and 
with  similar  results. 

Double  values  of  carbon  and  oxygen. 
Briihl,  in  1879  and  1880  (A.  200,  139;  203, 
1,  255),  conducted  a  long  investigation  into  the 
chemical  constitution  of  carbon  compounds  in 
reference  to  their  relative  densities  and  their 
power  to  refract  light.  Taking  up  the  observa- 
tions of  Gladstone,  and  also  referring  to  some  of 
the  anomalous  results  in  the  tables  issued  by 
Landolt,  whose  mode  of  investigation  suggested 
that  the  grouping  of  the  atoms  exercised  a  certain 
influence  upon  the  refraction  of  light,  Briihl  set 
himself  to  inquire:  What  is  the  typical  peculiarity 
which  must  be  common  to  all  the  bodies  that 
refract  light  in  an  abnormal  manner?  He  usually 
determined  the  indices  for  the  three  H  lines,  fi^_ 
fjLfi^  and  iXy^  and  for  the  Na  line  Md,  and  calcu- 
lated the  refraction-equivalents  both  for  the  line 
a,  and  for  Cauohy's  A,  viz.  E^^ .  The  following 
table  is  so  arranged  that  between  each  horizon- 
tal line  the  fii-st-named  substance  has  the 
highest  molecular  weight,  while  those  below 
differ  only  in  having  a  smaller  quantity  of 
hydrogen,  and,  therefore,  contain  doubly-linked 
carbon  atoms. 

It  will  be  observed  that  the  density,  the  index 
of  refraction,  and  the  co-efficients  of  refraction 
and  dispersion  of  Cauchy  always  increase  with 
the  diminution  of  H,  and  that  the  loss  in 
specific  refractive  energy  which  is  suffered  by 
the  disappearance  of  two  atoms  of  H  is  at  least 
fully  made  up  by  the  consequent  double  linking 
of  the  carbon  atoms.  For  the  calculated  values 
of  the  refraction-equivalents,  Briihl  has  adopted 
the  following  values  for  the  elements,  viz. — for 

0  =  5-0,  H  =  l-3,  0-3-0,  01  =  9-8,  Br  =15-3, 
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Substance 

Formula 

S.G. 

1^ 

Cancliy's 
A 

Cauchy's 
B 

</\;' 

Ra. 

Ob- 

Calcu- 
lated 

Propyl  alcohol  . 
AUyl  alcohol 

C,H,0  . 
C,H„0  .  . 

0-8044 
0-8540 

1-38345 
1-41051 

1-37542 
1-39881 

0-34630 
0-60453 

0-4767 
0-4807 

27-88 

25-8 

Propyl  aldehyde . 
Acrolein 

C,H,0  . 
C3H,0  . 

0-8066 
0-8410 

1-36157 
1-39620 

1-35344 
1-38010 

0-35065 
0-69427 

0-4483 
0-4711 

26-38 

25-8 
23-2 

Propyl  ether 
AUyl  ether  . 

C,H.(OC,.PI,)  . 

C3h;(oc,h,)  . 

0-7386 
0-7651 

1-36758 
1-38565 

1-35975 
1-37547 

0-33758 
0-43882 

0-4977 
0-5041 

43-35 

41-0 

Propyl  acetate  . 
Allyl  acetate 

C,H,(C,H,0.,) 
C3H,(C,H30,) 

0-8856 
0-9276 

1-38235 
1-40205 

1-37427 
1-39151 

0-34832 
0-45468 

0-4317 

0-4334 

44-04 
43-34 

44-0 
41-4 

Propyl  chloride  . 
Allyl  chloride 

C,H,C1  . 
C,H,C1  . 

0-8898 
0-9379 

1-38659 
1-41245 

1-37813 
1-40007 

0-36474 
0-53369 

0-4345 
0-4398 

34-11 

oo  utt 

33-9 
ox  o 

Isobutyric  acid  . 
Methacrylie  acid . 

C^H^O.,  . 

c,H„o.; . 

0-  9490 

1-  0153 

1-39093 
1-42815 

1-38259 
1-41400 

0-35971 
0-61013 

0-4119 
0-4217 

36-25 
36-27 

36-4 
33-8 

Amylene  (34°  to 

35°) 
Valerylene  . 

0-6476 
0-6786 

1-37330 
1-39763 

1-36352 
1-38565 

0-42173 
0-51660 

0-5764 
0-6680 

40-35 
39-85 

38-0 
35-4 

Hexane 
Diallyl 

Benzene 

C,H,„  . 

U  UbUo 

0-6880 
0-8799 

16  tool 
1-39180 
1-496G8 

i  ODOdO 

1-38589 
1-47562 

f\.0  A  A  lici 

U  o44b^ 
0-52733 
0-90816 

U  -JOOO 

0-5787 
0-5645 

48-63 
47-45 
44-03 

48-2 
43-0 
37-8 

Triethylamine  . 
Aniline 

C,,H,,N  . 

0-  7277 

1-  0216 

1-39804 
1-57948 

1-38803 
1-54741 

0-  43179 

1-  38319 

0-5470 
0-5672 

55-25 
52-75 

55-3 
44-9 

N  =  5-8 ;  the  first  three  being  the  values  given 
by  Landolt,  the  two  halogens  those  by  Haagen, 
and  that  for  N  being  determined  by  Briihl  him- 
self. From  the  observations  recorded  in  the 
foregoing  table  and  others,  Briihl  has  arrived  at 
the  following  conclusions : — That  the  closing  of 
the  chain  of  atoms  in  the  form  of  a  ring,  with 
which  so  marked  an  increase  in  the  density  and 
index  of  refraction  is  associated,  exercises  a  very 
special  influence  on  the  power  of  the  substances 
to  disperse  light ;  that  the  mol.  refraction  of 
the  substances  in  which  the  existence  of  one 
or  more  jjairs  of  doubly-linked  carbon  atoms  is 
recognised  is  greater  than  the  sum  of  the  re- 
fractions of  the  constituent  atoms  by  2-0  in  the 
case  of  Cauchy's  limit,  and  2-3  in  the  case  of 
the  line  H,.  for  each  such  pair.  For  combina- 
tions of  the  acetylene  type,  including  the  pro- 
pargyl  derivatives,  he  gives  a  rather  lower 
value,  viz.  :  1-8  and  1-9  respectively.  These 
data  give  the  following  atomic  refractions  for 
carbon,  viz. — 

C  .  .  4-86  5-00 
C"  .  .  6-86  6-15 
C"  .       .    5-76  5-95 

Nasini  and  Bernheimer  {Lined,  Atti,  18)  do 
not,  however,  admit  Brtihl's  views  as  to  the 
constitution  of  the  propargyl  compounds,  as 
■well  as  some  of  the  other  conclusions  at  which 
he  has  arrived.  They  give  tables  of  observa- 
tions on  naphthol  compounds,  styrol,  cinnamic 
alcohol,  anethol,  anisol,  thymol,  and  diamylene, 
and  have  worked  out  the  results  by  the  two 
ordinary  formuto  for       and  R^,  and  also  for 


E^Q  and  ,  as  well  as  showing  the  small 
ditierences  both  in  specific  refraction  and  speci- 
fic disperson  due  to  differences  in  temperature. 
The  principal  conclusions  at  which  they  arrive 
are  as  follows : — The  statement  that  every 
double  bond,  and  only  every  double  bond,  causes 
the  mol.  refraction  to  increase  by  a  constant 
quantity  is  not  confirmed  by  complete  series  of 
substances,  because  in  compounds  containing 
only  four  or  five  double  bonds  the  increase  in 
refraction  indicates  a  much  greater  number. 
That  the  increase  in  mol.  refraction  grows  step 
by  step  as  the  compounds  become  poorer  in  H  ; 
but  no  proportion  exists  between  the  increased 
values  and  the  number  of  pairs  of  atoms  of  H  that 
is  lost ;  nevertheless,  a  simple  relation  exists 
with  the  other  structural  changes  in  the  formula, 
expressed  by  double  bonds,  closed  chains,  &c. 
That  the  augmentation  increases  more  or  less 
rapidly  from  the  paraffins  to  the  olefines,  and 
thence  to  the  benzenes,  and  again  to  the  naph- 
thalenes, but  by  what  law  is  not  evident,  and  is 
not  capable  of  expression  by  our  structural  for- 
mulfe.  They  consider  it  established,  however, 
that  the  principle  is  approximately  valid,  that  in 
every  series  of  compounds  each  atom  in  the 
molecule  furnishes  its  fixed  contribution  of  re- 
fraction, and  that  in  the  paraffin  series  the  mean 
values  of  the  atomic  refractions  coincide  with 
those  derived  directly  from  the  elements  them- 
selves. They  remark  that  even  in  the  paraffin 
series  the  constancy  of  the  atomic  refractions  is 
not  absolute ;  because  the  more  the  mol.  w. 
increases  the  greater  is  the  dift'erence  between 
the  calculated  and  experimental  values.  For 
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other  series  the  same  values  no  longer  apply, 
being  too  low,  and  hence  other  constants  are  re- 
quired. 

Kanonnikofi  {Bl.  [2]  36,  557)  has  published 
observations  confirming  Briihl's  calculation  of 
the  increase  due  to  the  double  bond  between 
carbon  atoms,  and  of  the  loss  in  specific  refrac- 
tive energy  due  to  the  elimination  of  two  atoms 
of  hj'drogen  being  counterbalanced  by  the  in- 
crease due  to  the  consequent  double  linking  of 
the  carbon  atoms. 

Landolt  {P.  117,  122)  had  determined  the 
refraction  of  oxygen  from  a  comparison  of  the 
refraction-equivalents  of  various  substances 
the  empirical  formulas  of  which  differed  by  one 
atom  of  oxj'gen ;  and  from  acids  of  the  formula 
CnHouO.,  by  deducting  the  value  of  w  times  CHo. 
The  results  were  somewhat  discordant,  the  first 
series  giving  a  mean  value  for  oxygen  of  2-76, 
and  the  latter  of  3-0.  The  former  of  these  mani- 
festly represented  the  atomic  refraction  of 
oxygen  in  hydroxyl ;  and  if  oxygen  varied  in  its 
refraction  according  to  its  valency  it  is  evident 
that  a  general  average  resulting  from  these  two 
modes  of  determination  could  not  be  taken. 
Briihl  shows  that,  adopting  Landolt's  second 
plan  for  arriving  at  the  value  of  oxygen  in  the 
aldehydes  and  ketones  of  the  formula  C„H.,,jO, 
the  for  oxygen  will  average  3-4 ;  and  that 
chloral,  butyl-chloral,  and  the  oxychlorides 
give  substantially  the  same  result.  On  the  other 
hand,  deducting  the  refraction-equivalents  of 
the  aldehydes  from  those  of  their  corresponding 
acids,  of  the  alcohols  from  the  glycols,  and  of 
the  acids  from  the  oxyacids,  he  obtains  2-75  as 
the  mean  value  for  oxygen.  An  approximate 
result,  2-80,  is  obtained  if,  from  the  ethers, 
C,iH,„0,,,  the  value  of  n  times  CHj-l-the  higher 
value  (3'4)  for  one  atom  of  oxygen  be  deducted. 
For  oxygen  united  to  carbon  by  a  double  bond, 
Briihl  therefore  assigns  the  refraction-equivalent 
3-4  for  the  line  a ;  and  for  oxygen  in  hydroxyl, 
or  generally  for  oxygen  united  to  two  other 
atoms,  he  gives  the  value  2'8 ;  he  represents  the 
former  as  0"  and  the  latter  as  0'. 

Hence  0=0  =  5-0 -h  3-4  =  8-4. 
C— 0  =5-0 +  2-8  =  7-8. 
Whether,  however,  the  increased  result  of  the 
double  linking  of  the  carbon  and  the  oxygen  is 
due  to  one  of  the  elements  only,  or  whether  both 
of  them  share  in  it,  he  leaves  an  open  ques- 
tion, though  he  regards  the  latter  as  the  more 
Ijrobable.  If  two  atoms  of  H  are  removed  from 
a  substance  without  involving  the  double  link- 
ing of  carbon  atoms,  as  in  the  case  of  an  alcohol 
being  converted  into  an  aldehyde  or  ketone, 
there  follows  a  very  marked  reduction  of  the 
specific  refractive  energy.  This  reduction,  how- 
ever, becomes  less  and  less  marked  as  the  quan- 
tity of  G  increases  in  the  higher  members  of  the 
series.  When  the  removal  of  two  atoms  of 
H  involves  the  double  linking  of  the  C,  the  loss 
of  refractive  energy  is  more  than  compensated  by 
the  increase  due  to  the  doubly-linked  0. 

A  comparison  of  a  considerable  number  of 
isomeric  bodies  of  the  parattinoid  series  of  acids 
shows  that  the  indices  of  refraction  of  the 
primary  and  normal  compounds  are  a  little 
greater  than  those  of  the  secondary  and  iso-com- 
pounds,  and  that  the  densities  are  proportional. 
In  the  case  of  unsaturated  compounds  of  similar 


empirical  composition,  however,  the  double  link- 
ing of  the  carbon  atoms  increases  the  refractive 
power  more  than  the  density. 

In  a  subsequent  paper  {A.  235,  1),  Bruhl 
treated  of  the  molecular  refraction  of  organic 
liquids  of  high  dispersive  power.  He  arrived  at 
the  conclusion  that  the  dispersion  of  different 
substances  stands  in  no  clearly  recognisable  re- 
lation either  to  their  refraction  or  chemical 
constitution ;  and  that  it  cannot  be  numerically 
expressed.  This,  however,  is  contested  by  Glad- 
stone (Pr.  42,  401),  who,  while  admitting  that 
there  are  difficulties  in  the  investigation  of  dis- 
persion which  are  not  felt  in  dealing  with  re- 
fraction, still  holds  (1)  '  that  dispersion,  like 
refraction,  is  primarily  a  question  of  the  atomic 
constitution  of  the  body  :  the  general  rule  being 
that  the  dispersion-equivalent  of  a  compound  is 
the  sum  of  the  dispersion-equivalents  of  its  con- 
stituents ;  (2)  that  the  dispersion  of  a  compound, 
like  its  refraction,  is  modified  by  profound  dif- 
ferences of  constitution,  such  as  changes  of 
atomic  valency ;  (3)  that  the  dispersion  fre- 
quently reveals  differences  of  constitution  at 
present  unrecognised  by  chemists,  and  not  ex- 
pressed by  our  formulte.'  Briihl  held  that  the 
differences  which  still  appear  between  the  calcu- 
lated and  experimental  values  when  Lorenz's 
formula  is  used,  and  which  he  showed  to  be  less 
in  proportion  than  when  the  old  empirical  for- 
mula is  used,  are  principally  due  to  the  influence 
of  dispersion,  and  that  they  would  in  great 
measure  vanish  if  this  disturbing  cause  could  be 
overcome ;  that  with  substances  with  a  dis- 
persion equal  to  about  that  of  cinnamic  alcohol 
the  molecular  refraction  for  the  line  a  would 
serve  as  a  help  to  the  determination  of  the 
chemical  constitution,  but  beyond  that  limit  the 
numerical  results  are  too  uncertain  to  be  of  use 
except  as  collateral  evidence ;  that  there  is  a 
direct  and  simple  proportion  between  the  num- 
ber of  unsaturated  groups  of  atoms  in  any  com- 
pound and  the  increase  of  the  molecular  re- 
fraction ^^^-^^^^  over  the  value  derivable 

from  the  empirical  chemical  formula  ;  that  the 
effect  on  refraction  of  the  acetylene  combina- 
tion, which  he  represents  by  s ,  is  analogous  to 
that  of  the  ethylene,  or  doubly-linked  carbon, 
= ,  and  that  it  is  somewhat  greater,  but  not 
twice  as  great,  as  the  latter. 

Gladstone  questions  Briihl's  assumption  that 
both  cinnamic  alcohol  and  cinnamic  aldehyde 
have  four  pairs  of  doubly-linked  carbon  atoms, 
on  the  ground  that  they  have  widely-different 
dispersions ;  also  that  allyl  paracresolate  and 
anethol  are  similarly  constituted,  for  the  same 
reason.  He  also  thinks  that  the  evidence  as  to 
the  constitution  of  cymol  and  hexahydro-naph- 
thalene  from  Briihl's  observations  is  not  conclu- 
sive as  to  the  one  having  three  pairs,  and  the  other 
two  i^airs,  of  doubly-linked  carbon  atoms,  seeing 
that  they  have  nearly  the  same  dispersion. 
Nasini  {Lined,  Be.  3,  164)  in  like  manner  holds 
that  these  particular  compounds  do  not  justify 
the  conclusions  that  Briihl  has  come  to  respect- 
ing them,  and  agrees  with  G.  that  the  dis- 
persion may  be  a  constant,  and  a  much  more 
sensitive  one  than  the  specific  refraction ;  and 
that  as  such  it  is  affected  more  and  varies  more 
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by  certain  little  differences  of  composition  and 
constitution  of  which  the  specific  refraction  does 
not  feel  the  influence. 

Briihl  (Z.  P.O.  1,  G)  maintains  that  Erlen- 
meyer's  constitutional  formula,  with  five  ethylene 
combinations,  correctly  represents  the  structure 
of  naphthalene,  and  those  derivatives  in  which 
hydrogen  is  replaced  by  monovalent  elements. 
But  the  results  of  the  observations  on  which  he 
bases  this  conclusion  all  show  a  larger  incre- 
ment than  can  be  accounted  for  by  this  formula; 
the  excess  he  attributes  mainly  to  the  intiuenee 
of  disjsersion.  In  this  and  all  the  other  inquiries 
he  has  adopted  Lorenz's  formula,  and  the  solar 
line  C,  without  attempting  to  get  rid  of  the  influ- 
ence of  dispersion  by  the  use  of  Cauchy's  co-effi- 
cient of  refraction.  In  the  same  jDaper  he 
formulates  the  following  six  propositions  : — 
(1)  Isomerides  of  similar  atomic  arrangement  1 
{Stdliingsisomere}  have  similar  specific  and 
molecular  refractive  powers;  on  the  other  hand, 
those  isomerides  which  show  dift'erences  of  satu- 
ration [Sdttirjungsisoinere)  have  various  specific 
and  molecular  refractive  powers ;  (2)  polymeric 
combinations  never  show  similar  specific  refrac- 
tive energy,  or  multiple  molecular  refraction  cor- 
responding to  the  molecular  weights;  (3)  trans- 
formations of  multiple  linkings  of  atoms  into  ; 
simple  ones  have  as  their  result  a  diminution  of  I 
refraction,  e(iually,  whatever  the  kind  of  chemical 
change  may  be  (polymeric  or  isomeric  change) ; 
(4)  the  optical  effect  of  the  accumulation  of  mul- 
tiple linkings  is  the  same,  whether  it  produces 
open  chains  (amylene — diamylene)  or  ring  for- 
mations with  one  or  more  groups  of  rings  (as  in 
paraldehyde,  cymhydrene,  menthol,  &c.  in  the 
one  case,  and  in  turpentine  and  cajeputol  in  the 
other)  ;  (.5)  the  molecular  refraction  of  a  fully 
saturated  body  is  very  nearly  that  of  the  sum  of 
the  refractions  of  the  atoms  of  the  empirical 
chemical  formula,  each  of  these  being  reckoned 
as  united  by  single  bonds — all  those  are  to  be 
regarded  as  saturated  bodies  in  which  there  is  no 
multiple  linking  of  the  atoms,  such  as  the  true 
paraffins,  or  derivatives  of  the  general  formula 
(C„H„„^.„)  —  a-H^;  (6)  all  unsaturated  bodies  show 
an  increased  refraction  which  is  proportional  to 
the  number  of  ethylene,  acetylene,  or  carbonyl 
combinations  present ;  the  proportion,  as  a  rule,  is 
the  more  exact  the  less  the  substances  in  question 
are  distinguished  by  a  specially  great  dispersion. 
While  holding  to  the  opinion  that  the  monovalent 
elements  have  virtually  each  but  one  refraction 
equivalent,  and  that  the  change  of  valency  in  the 
others  is  the  chief  cause  of  their  variable  refrac- 
tion, Briihl  considers  that  exact  values  cannot 
be  obtained,  because  the  mode  of  the  grouping 
of  the  atoms  may  not  be  altogether  without  in- 
fluence. 

In  the  meantime,  Gladstone  (C.  /.  4.5,  241) 
had  brought  together  a  large  number  of  observa- 
tions on  organic  compounds,  both  liquids  and 
solutions  of  solids,  and  placed  against  them  the 
refraction-equivalents  calculated  on  the  basis  of 
the  following  values  for  the  elements : — 


Carbon,  saturated  .       .       .        Ev  5-0 
in  C„H„    ....  5-95 
„      doubly  linked    .       .       .  6"1 

Hydrogen  1-3 

Oxygen,  singly  linked    .       .       .  2'8 
doubly  „  ...  3-4 


Nitrogen   4-1 

„  in  bases,  NO.,  Ac.  .  .  .5-1 
Chlorine        .       ,    '  .       .  .9-9 

Bromine   15-3 

Iodine    ......  24-5 

Sulphur,  singly  linked   .       .       .  14-1 

,,       doubly  linked  .       .       .  KrO 


Gladstone's  observations  confirm  Landolt's 
original  determination  for  H,  and  also  for  C  in 
saturated  compounds.  Gladstone  points  out 
that  the  hydrocarbons  of  the  formula  C„H„ 
scarcely  come  up  to  Bruhl's  previous  estimate 
of  the  higher  value  of  C,  so  that  in  these  cases 
he  has  adopted  the  figure  .5-95  instead  of  6-1,  as 
the  dift'erence  is  more  than  he  considers  can  be 
accounted  for  either  by  dispersion  or  by  the 
distance  from  the  boiling-points.  In  the  case  of 
those  substances  where  the  C  atoms  outnumber 
those  of  H,  all  of  which  showan  inordinately  high 
refraction  and  are  at  the  same  time  enormously  dis- 
persive, Gladstone  points  out  that  Kanonnikoff's 
view  that  the  increase  is  due  to  dispersion  alone 
is  not  established  by  that  observer's  own  figures 
for  the  theoretical  limit  of  the  spectrum  according 
to  Cauchy's  formula.  He  admits,  however,  that  if 
the  limit  were  carried  back  considerably  further, 
though  still  fairly  within  what  Langley's  obser- 
vations would  allow,  the  values  would  so  far  ap- 
proximate as  to  render  it  not  impossible  that  the 
refraction-equivalent  of  C  might  prove  to  be  the 
same  in  these  compounds  as  in  the  benzenoid 
series,  or  wherever  it  is  doubly  linked.  As  to  the 
halogens,  the  figures  in  the  table  are  generally 
consistent  with  the  values  which  were  originally 
assigned  by  him  to  CI,  Br,  and  I,  viz.  9-9,  1.5-3, 
and  24'5  respectively.  These  numbers  are  very 
nearly  the  same  as  those  arrived  at  independently 
by  Haagen,  viz.  9-8,  15-3,  and  24-8.  The  values 
for  0  are  taken  from  Briihl's  original  determina- 
tions, though  the  evidence  of  the  alcohols  rather 
favours  his  old  estimate  of  2-9  for  the  line  A. 

With  regard  to  the  phenomena  of  dispersion, 
Gladstone  points  out  '  that  the  double  linking  of 
carbon  atoms,  while  it  does  not  much  affect  the 
j  specific  refraction,  widens  the  spectrum  greatly, 
'  to  such  an  extent  indeed  that  where  there  are 
i  three  pairs  of  such  carbon  atoms  the  specific 
:  dispersion  is  about  double  that  of  a  saturated 
compound  ;  where,  however,  the  carbon  atoms 
are  actually  in  excess  the  dispersion  becomes 
far  more  rapid.   This  is  evident  throughout,  but 
the  following  typical  hydrocarbons  may  illus- 
trate it  :  — 

Hexane    .  C„H,4  sp.  ref.  0-5026,  sp.  disp.  0-0242 


Amylene  .  C^Hio     „      0-5708  „  0-0300 

Benzene  .  C^H,      „      0-5595  „  0-0486 

NapthaleneC.oHg      „      0-5870  „  0-0782 

Difluorene  C„Ji,s  „  0-0057  „  0-1108 
or  the  following  alcohols  : — 

Isobutyl  alcohol  G.,H,„0  sp.  ref.  0-4878,  sp.  disp.  0-0209 

AUyl  alcohol      CH^O        „       0-473i  „  0-027.5 

Pheuol  C,H,0        „       0-5090  „  0-0476 

Naphthol  C,„H,0       „      05487  „  0-0832 


'  The  effect  of  the  halogens  in  lowering  both 
the  specific  refraction  and  dispersion  is  very 
marked,  and  that  of  N0._,  is  still  more  re- 
markable.' 

Gladstone  (C.  59,  290,  589)  has  since  pub- 
lished other  long  series  of  observations  ;  includ- 
ing a  record  of  experiments  on  the  effect  of 
changes  of  temperature  on  the  refraction  of 
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some  highly-refractive  substances,  which  seem 
to  confirm  the  opinion  previously  expressed  by 
Dale  and  himself.  Among  the  substances  con- 
tained in  these  tables  the  benzyl  and  benzal 
camphors  of  Haller  call  for  special  notice,  as 
they  have  a  very  high  refraction,  and  a  disper- 
sion which  is  altogether  excessive.  The  latter 
compound  has  in  like  manner  a  very  high  rota- 
tory power.  The  hydracids  in  aqueous  solution 
are  shown  to  have  not  only  a  higher  value  than 
the  normal,  a  fact  which  has  long  been  observed, 
but  also  that  the  value  rises  with  dilution  ;  and 
that  in  the  dispersion  the  excess  is  still  more 
striking.  The  same  fact  was  observed  by  Perkin 
in  regard  to  the  molecular  magnetic  rotation 
of  these  acids  dissolved  in  water,  both  as  to  the 
initial  excess,  and  to  its  increase  with  the  dilution 
up  to  a  certain  point  where  it  remained  nearly 
constant. 

Other  investigators  have  availed  themselves 
of  the  optical  properties  in  order  to  determine 
the  constitution  of  compound  bodies,  or  to  con- 
firm the  views  arrived  at  on  other  grounds. 
Knops  (A.  248, 175)  has  determined  the  indices  of 
refraction  of  the  methyl,  ethyl,  and  propyl  salts 
of  fumaric,  maleic,  mesaconic,  citraconic  and 
itaconic  acids.  A  comparison  of  these  acids  with 
their  ethereal  salts  leads  to  the  conclusion  that 
fumaric  and  maleic  acids  contain  only  one 
doubly-linked  carbon  atom ;  and  that  fumaric 
acid  stands  in  the  same  I'elation  to  maleic  acid 
as  mesaconic  acid  does  to  citraconic  acid. 

Kanonnikoff  (J.  pr.  [2]  31,  321,  497)  has  made 
a  long  series  of  observations  on  solutions  of 
solids,  of  which  he  tabulates  seventy-nine 
different  substances,  using  water,  alcohol, 
benzene,  and  chloroform  as  the  solvents.  As 
a  preliminary  inquiry,  he  reviewed  the  work 
of  former  investigators,  and  in  some  cases 
added  experiments  of  his  own  to  confirm  pre- 
vious conclusions  :  that  the  refractive  energy 
of  a  substance  is  not  changed  in  passing  from 
the  state  of  a  liquid  to  tliat  of  a  gas  or  vapour ; 
that  the  same  applies  to  bodies  in  passing  from 
the  solid  to  the  liquid  condition  ;  that  the  re- 
fraction-equivalent of  a  mixture  of  liquids  is 
the  sum  of  the  refraction-equivalents  of  its  con- 
stituents ;  and  that  if  the  refraction-equivalent 
of  a  mixture  and  that  of  one  of  the  components, 
together  with  the  proportion  of  the  same,  is 
known,  the  refraction-equivalent  of  the  other 
component  can  be  calculated  ;  that  the  same 
law  applies  to  solutions  of  solid  bodies,  and 
that  like  results  will  be  obtained  whatever  the 
solvent  may  be  ;  that  a  derivative  will  be  com- 
parable with  the  substance  from  which  it  is 
derived,  though  the  one  may  be  a  liquid  and  the 
other  a  solid  body,  as  in  the  case  of  mesaconic 
acid  and  ethyl  mesaconate.  From  the  results  of 
the  observations  above  referred  to,  K.  has  deter- 
mined the  refraction-equivalents  of  fourteen  of 
the  elements,  as  follows  : — 


Elemeut 

RqO 

Elemeut 

Rao 

Lithium  . 

3-16 

3-00 

Maguesium  . 

7-03 

6-47 

Sodium  . 

4'22 

4-00 

Calcium 

9-32 

9-05 

Potassium 

7-75 

7-40 

Ziuo 

980 

9-40 

Copper 

U-30 

Strontium  . 

n-61 

11-25 

Eubidium 

12-04 

11-60 

Cadmium 

13-03 

12-66 

Silver 

13  05 

12-53 

Barium 

15-84 

15-28 

Cssium  . 

19-55 

18-70 

Mercury 

19-20 

17-90 

K.'s  values  for  the  solar  line  C  will  be  found  to  be- 
generally  slightly  lower  than  those  determined 
by  Gladstone  for  the  line  A.  The  refraction - 
equivalents  for  the  theoretical  limit  of  the  spec- 
trum were  also  calculated  by  Cauchy's  formula 
from  observations  of  the  lines  a  and  ;8  of  hydro- 
gen. K.  also  gave  determinations  of  refraction- 
equivalents  of  thirty  organic  liquids,  showing 
the  excess  due  to  the  double  linking  of  the  car- 
bon atoms  V7herever  this  occurred. 

Nasini  {Lincei,  Be.  1,  1)  points  out  that  the 
suggestion  thrown  out  by  Gladstone  that  there 
may  be  a  third  and  higher  value  of  carbon  when  its 
four  bonds  are  satisfied  by  other  carbon  atoms, 
is  supported  qualitatively  by  the  researches  of 
Bei-nheimer  and  himself,  but  not  quantitatively, 
and  that,  therefore,  this  hypothesis  is  not  a 
sufficient  explanation  of  the  facts.  He  argues 
as  follows :  naphthalene  derivatives  have  two 
such  atoms,  while  cinnamic  alcohol  has  but  one, 
whereas  the  values  differ  but  very  little.  Anethol 
with  one  such  carbon  atom  has  a  much  greater 
excess  than  the  naphthalene  derivatives,  while 
styrol  shows  so  slight  an  excess,  that  on  this 
hypothesis  it  could  hardly  be  allowed  to  have 
any  carbon  atom  in  this  condition.  He  compares 
two  pairs  of  isomeric  bodies,  both  as  to  refraction 
and  dispersion, 


Substance 

d 

Allyl  phenylate . 

70-45 

0-0173 

Cinnamic  alcohol 

73-83 

0-0220 

Allyl  paracresolate  . 

78-79 

0-OlS 

Anethol 

82-95 

0-0257 

from  which  he  infers  that  when  the  allyl  group  is 
directly  united  to  the  benzene  nucleus  the  mole- 
cular refraction  greatly  increases,  whereas  when 
the  union  takes  place  through  the  intervention 
of  oxygen  no  augmentation  takes  place ;  so  far, 
therefore,  while  supporting  the  hypothesis  of 
Gladstone,  he  does  not  find  any  proportionality 
between  the  number  of  such  carbon  atoms  and 
the  increase  of  refraction. 

Nasini  {Lined,  Be.  3,  164)  criticises  some  of 
the  conclusions  of  Briihl  in  the  paper  on  the 
molecular  refraction  of  organic  liquids  of  high 
dispersive  power  {A.  235,  1)  already  referred 
to ;  and  in  particular  he  points  out  that  the 
elimination  of  dispersion,  if  that  were  possible, 
would  not  get  rid  of  the  discrepancies  between 
the  observed  and  calculated  values  for  the  re- 
fraction of  substances  of  high  refractive  power, 
and  he  cites  observations  on  a  series  of  sub- 
stances in  which  he  finds  the  constant  fact 
that  on  adding  a  saturated  side  chain  to  an 
aromatic  nucleus  the  specific  dispersion  di- 
minishes while  the  refractive  power  increases. 

Costa  {G.  19)  has  made  observations  with  the 
special  object  of  testing  the  effect  on  dispersion  of 
adding  saturated  side  chains  to  a  benzene  or 
naphthalene  nucleus.  For  this  purpose  he  used 
compounds  of  amyl  with  benzene,  thymol, 
eugenol,  resorcin,  and  naphthol,  and  found  in 
each  case  a  still  further  increase  in  the  refrac- 
tion-equivalent than  could  be  accounted  for  by  the 
nucleus  itself,  while  at  the  same  time  the  specific 
dispersion  showed  a  decrease. 
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Dispersion  equivalents.  In  the  same  way 
that  Gladstone  arrived  at  the  refraction-equiva- 
lents of  the  elements,  he  has  sought  also  to 
determine  the  dispersion-equivalents  of  several 
of  them;  and  (Pr.  42,  401)  he  has  given  the 
results  of  his  observations  upon  nine  of  them, 
together  with  the  values  for  the  combinations 
CH.,  and  N0.„    The  values  are  as  follows :— 


Substance 

-ctA 

rti^n  Tnt'  TT— A 

Phosphorus 

1  Q-Q 
±o  O 

o  yj 

Sulphur,  doubly  linked 

160 

2-6 

„  singly 

14-0 

1'2 

Hydrogen  . 
Carbon 

1-3 

004 

5-0 

0-2G 

6-1? 

0-61 

Gl 

0-06 

Oxygen,  doubly  linked 

3-4 

0-18 

singly 

2-8 

0-10 

Chlorine  . 

9-9 

0-50 

Bromine  . 

15-3 

1-22 

Iodine 

24-5 

3-G5 

Nitrogen  . 

4-1 

0-10 

CH„  .... 

7-6 

0-34 

NO,  . 

11-8 

0-82 

It  will  be  observed  that  G.  gives  three  dis- 
persion equivalents  for  C,  which  he  considers 
pretty  well  established,  and  he  raises  the  ques- 
tion whether  there  may  not  be  an  intermediate 
refraction-equivalent  corresponding  to  the  dis- 
persion-equivalent O'ol,  which  is  found  in  such 
bodies  as  the  allyl  compounds  and  defines.  In 
his  previous  paper  (IV.  31,  327),  G.  suggested 
that  there  is  a  still  higher  refraction-equivalent 
of  C  in  those  cases  in  which  it  has  four  bonds 
satisfied  by  other  C  atoms,  as  in  naphthalene 
and  pyrene.  Whatever  may  be  the  truth  of  this 
view,  it  appears  that  the  dispersion-equivalents 
of  these  bodies  are  enormously  high  —  much 
beyond  what  is  recognised  in  the  above  table. 

Briilil  (Z.  P.  C.  7,  2,  140)  has  since  modified 
his  views  upon  the  subject  of  dispersion  ;  and 
has  worked  out  carefully  the  atomic  dispersions 
of  some  of  the  most  important  elements  that 
enter  into  organic  compounds.  In  the  course  of 
this  investigation  he  has  been  led  to  revise  his 
previous  figures  for  the  refraction  as  well  as  the 
dispersion.    They  now  stand  as  follows  : — 


Symbol 

E. 

Carbon,  singly  linked  . 

C 

2-365 

0-039 

Hydrogen 

H 

1-103 

0-036 

Oxygen  (hydroxyl) 

0' 

1-506 

0-019 

,,  (ether) 

o< 

1-655 

0-012 

,,  (carbonyl) 

0" 

2-328 

0-086 

Nitrogen,  linked  singly 

with  C      .       .  . 

N' 

2-76 

0-19 

Chlorine 

CI 

6-014 

0-17C) 

Bromine 

Br 

8-863 

0-348 

Iodine  .... 

I 

13-808 

0-774 

Ethylene  bond 

1-836 

0-23 

Acetylene  bond  . 

2-22 

0-19 

It  will  be  observed  that  B.  retains  Lorenz's  for- 
mula ;  and  that  he  takes  the  difference  between 
the  refraction  of  the  hydrogen  lines  7  and  a  as 
his  measure  of  dispersion.  He  now  acknow- 
ledges that  the  molecular  dispersion  can  be  re- 


garded and  employed  in  like  manner  with  the 
molecular  refraction  as  a  specific  expression  of 
the  material  composition  of  chemical  bodies ; 
and  that  the  dispersion  is  decidedly  more  sensi- 
tive to  structural  influences  than  the  refraction. 
His  inquiries  have  convinced  him  that  refrac- 
tion and  dispersion  are  in  no  general  sense  cor- 
relative properties ;  but  that  certain  structural 
peculiarities  that  have  much  influence  upon  re- 
fraction have  little  upon  dispersion,  while  others 
have  the  opposite  effect,  and,  as  a  rule,  exercise 
a  much  stronger  influence  upon  the  dispersion. 
It  is  evident  that  this  must  be  so,  from  the  very 
high  relative  dispersion  of  0"  as  compared  with 
that  of  O'  or  0<,  and  the  large  proportionate 
dispersion  due  to  the  ethylene  bond.  This  figure, 
•23,  B.  does  not,  however,  recognise  as  a  constant 
value.  These  revised  values  have  since  been 
used  by  him  in  his  inquiries  into  the  relations 
between  the  optical  properties  and  chemical 
constitution  of  epichlorhydrin,  the  aldehydes 
and  benzoyl  (B.  B.  24,  656),  in  which  he  draws 
attention  to  the  concurrence  of  the  evidence  de- 
rived from  chemical,  calorimetrical,  and  optical 
investigations. 

Essential  oils.  Gladstone  (C.  J".  17,  1; 
25,  1)  gave  a  long  list  of  observations  in 
which  he  recorded  the  circular  polarisation  as 
well  as  the  index  of  refraction.  The  power  of 
the  oils  in  rotating  the  plane  of  polarisation 
appears  to  be  very  diverse,  both  in  degree  and 
direction  ;  but  he  suggests  that  a  comparison  of 
the  specific  gravity  and  of  the  length  of  the 
spectrum  may  in  some  cases  be  of  service  in 
determining  the  genuineness  or  otherwise  of  the 
oils.  The  hydrocarbons  obtained  from  these 
oils  (of  which  a  long  table  is  given)  divide  them- 
selves into  two  great  groups,  which  are  more 
fully  investigated  in  the  second  paper. 

Subsequently  (C.  J.  49,  609)  the  effect  of  the 
higher  refraction  and  dispersion  of  C  when 
united  by  double  bonds  was  applied  to  the  deter- 
mination of  the  structure  of  the  essential  oils. 
Taking  2-2  as  the  increased  refraction  for  the 
solar  line  A,  and  0-8  as  the  increased  dispersion, 
H — A,  due  to  one  pair  of  doubly-linked  carbon 
atoms,  the  terpenes  indicate,  both  by  their  re- 
fraction and  dispersion,  that  they  contain  only 
one  pair  of  carbon  atoms  doubly  linked,  thus 
corroborating  the  views  of  those  who,  on  chemi- 
cal grounds,  have  held  that  a  terpene  requires 
the  addition  of  only  two  atoms  of  hydrogen,  or 
their  equivalent,  to  saturate  it.  The  refraction 
and  dispersion  of  solid  inactive  camphene  also 
show  that  this  substance  does  not  contain  more 
than  one  pair  of  doubly-linked  carbon  atoms, 
which  is  consistent  with  the  fact  that  it  com- 
bines with  only  one  molecule  of  hydrochloric 
acid,  and  is  directly  converted  by  oxidation  into 
camphor  C||,H|,jO,  which  is  certainly  a  saturated 
compound  both  by  chemical  and  optical  evi- 
dence. In  the  same  way,  the  citrenes  give  a 
refraction  and  dispersion  indicative  of  the  pre- 
sence of  two  pairs  of  doubly-linked  carbon  atoms. 
Allied  to  these  are  several  hydrocarbons  having 
different  amounts  of  hydrogen,  and  the  number 
of  doubly-linked  carbon  atoms  varying  accord- 
ingly. Thus,  while  citrene  C|„H|5  has  two 
pairs,  cyniene  C,(|H,,,  has  three,  while  menthene 
C,„H,3  has  but  one  pair  of  doubly-linked  carbon 
atoms,  and  cymhydrene  CmHjy  has  none,  being 
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a  saturated  body.  Pentene  and  isoprene  C-Hg 
are  identical  in  their  optical  properties,  and  in- 
dicate that  no  less  than  four  of  the  five  carbon 
atoms  are  doubly  linked,  which  accords  -with 
the  fact  that  these  compounds  combine  with  four 
atoms  of  bromine  or  two  molecules  of  hydro- 
chloric acid.  The  following  table  will  illustrate 
the  foregoing  conclusions  : — 


MLi  2-408449 

MNa  2-417024  and  2-417227 

^Ti  2-42.5487 
These  figures  give  E  =  4-8,  a  result  slightly  lower 
than  his  earlier  observations  on  the  diamond,  in 
which  the  index  for  the  red  part  of  the  spec- 
trum is  recorded  as  2-434,  and  the  S.G.  3-55. 
Selenion.      Sirks  (P.  143,  429)  made 


V  tlr  0  c  ciirb  0 11  s 

Experimental 

Pairs  of  C 
9^toms  donljlv 
linked 

Theoretical 

Specific  refrac- 
tive energy 

Specific  dis- 
persive energy 

Specific  refrac- 
tive energy 

Specific  dis- 
persive energy 

Cymhydrene 

0-543 

0-0246 

none 

0-543 

0-0243 

Mentliene  .... 

0-548 

0-0313 

one 

0-647 

0-0298 

The  terpenes 

0-537 

0-0295 

do. 

0-537 

0-0296 

Terebenthene 

0-537 

0-0294 

do. 

Camphene .... 

0-528 

0-0269 

do. 

The  cedrenes 

0-538 

0-0296 

do. 

The  citrenes 

0-551 

0-0334 

two 

0-553 

0-0354 

Isoterebenthene  . 

0-552 

0-0337 

do. 

Caoutchene 

0-554 

0-0366 

do. 

Cymene  .... 

0-560 

0-0406 

three 

0-558 

0-0413 

Isoprene  .... 

0-592 

0-0470 

four 

0-585 

0-0472 

The  advance  in  these  experimental  figures 
with  the  double  linking  is  evident,  though  it  is 
obscured  in  the  first  two  cases  by  the  larger 
amount  of  hydrogen  contained  in  cymhydrene 
and  menthene.  The  influence  of  the  double 
linking  upon  the  specific  dispersive  energy  is 
apparent  at  a  glance,  and  renders  this  property 
more  valuable  than  the  refractive  energy  in 
determining  the  rational  constitution  ;  though, 
of  course,  it  is  in  the  agreement  of  the  two  that 
the  most  conclusive  evidence  must  be  sought. 

Kanonnikoff  {Bl.  [2]  36,  557)  had  already 
pointed  out  the  diiferences  between  the  calcu- 
lated and  observed  refraction- equivalents  for  the 
following  substances  : — 


Substance 

Calcu- 
lated 

Differ- 
ence 

Peppermint  camphor  . 

77-6 

77-1 

+  0-5 

Cajeputene  hydrate 

74-8 

74-5 

-t-0-3 

Terebenthene  hydrate, 

Iffivogyrate 

77-1 

74-5 

Prench  terebenthene, 

Ia3vogyrate 

71-7 

69-2 

-h2-5 

Hydrocarbon  from 

oleum  camillce  . 

71-9 

69-2 

+  2-7 

Hydrocarbon  from 

oleum  tliymiani 

71-4 

69-2 

+  2-2 

Isoterebenthene  . 

73-6 

69-2 

+  4-4 

Carvol  .... 

74-8 

69-4 

+  5-4 

Cymene  from  camphor  . 

72-0 

66-6 

+  5-4 

K.  has  drawn  the  conclusion  that  the  first 
two  contain  no  double  bond,  that  the  two  tere- 
.benthenes  and  the  two  hydrocarbons  contain 
•one  double  bond,  that  isoterebenthene  contains 
two,  and  that  carvol  and  cymene  contain 
three,  double  bonds. 

Carbon.  Schrauf  {W.  22,  424)  made  ob- 
servations on  the  refraction  of  a  Brazilian 
diamond  of  the  first  water,  the  S.G.  of  which 
was  3-516,  with  the  following  results  : — 


observations  on  the  refraction  and  dispersion 
of  solid  Se.  By  pressing  a  small  quan- 
tity of  melted  Se  between  two  glass  plates, 
he  prepared  a  thin  film  of  the  substance,  which 
exhibited  Newton's  interference  bands.  From 
these  he  was  able  to  calculate  the  index  of 
refraction  for  the  solar  lines  A,  a,  B  and  C,  with 
an  estimated  error  not  exceeding  0-003 ;  and 
for  D,  with  some  difficulty  and  uncertainty,  to 
the  second  jjlace  of  decimals  only.  The  values 
obtained  were :— ju^  2-654,  p.„  2-692,  2-730, 
2-787,  Md  2-98.  From  these  S.  calculated 
the  dispersion  as  comijared  with  water,  calcspar, 
and  CS,,  the  figures  in  each  case  being  reduced 
to  the  standard  of  — /t^  =  100  : — 


/"d-A'c 

Water 

36 

31 

33 

88 

Calcspar  . 

36 

30 

34 

90 

Bisulphide 

of 

carbon  . 

34 

31 

35 

99 

Selenion 

29 

30 

42 

146 

Comparing  Se  with  CS,,  he  found  that  while  in 
the  case  of  CS.  Md— A*c  differed  very  slightly  from 

i"c — /"a>  ii  the  case  of  Se  ^ — ^^°  =  l-46. 

y-a—f^A 

In  testing  Gauchy's  and  Christofle's  formulffi 
for  the  index  of  the  ray  of  infinite  wave-length 
by  the  above  observations,  the  former  gave  2-733 
and  the  latter  2-433.  It  will  be  observed  that 
Gauchy's  co-efficient  of  refraction  is  somewhat 
higher  than  the  observed  value  for  the  solar  line 
B,  which  is  2-730,  the  co-efficient  of  dispersion 
in  this  particular  case  being  a  minus  quantity. 

Phosphorus.  Gladstone  and  Dale  (P.  M. 
1859)  measured  the  index  of  refraction  of  both 
solid  and  liquid  P,  an  element  remarkable  not  only 
for  its  very  high  refractive  power,  but  for  an  un- 
precedented amount  of  dispersion.  For  solid  P 
at  25°  they  obtained  for  2-1059,  for  fj.j,  2-1442, 
and  for  the  extreme  limit  visible  in  the  violet 
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portion  of  the  spectrum  2-3097.  Assuming  the 
latter  to  be  equivalent  to  /xn,  the  length  of  the 
spectrum  Mn— "a  =  0-2038.  For  liquid  P  at  35° 
they  obtained  the  following  : — 


End  of 

violet 

2-0389 

2-074G 

2-1201 

2-1710 

2-22G7 

The  change  from  the  solid  to  the.  liquid  state 
is  attended  with  a  considerable  diminution  of 
density,  the  ratio  between  the  density  and  the 
refraction  being  about  the  same  in  the  two  con- 
ditions. The  Ra  of  P  is  taken  at  18-3  from  the 
above  observations  on  liquid  P,  but  Gladstone 
points  out  (C  J.  23,  101)  that  when  combined 
with  0  it  seems  to  have  a  much  smaller  refrac- 
tion, HPO.,  giving  a  less  value  (18-0)  than  the  P 
it  contains,  while  HjPO^  also  has  a  refraction- 
equivalent  of  only  23-6. 

Sulphur.  It  was  pointed  out  by  Gladstone 
in  1869  (T.  159,  9)  that  while  S,  whether  sohd  or 
liquid,  has  a  refraction-equivalent  of  16-0  or  16-3 
for  the  solar  line  A,  the  equivalent  for  S  deduced 
from  CS,^,  was  15-85 ;  that  the  difference  between 
KCN  and  KCNS  gave  a  value  of  16-24,  and  that 
SjCl,  gave  a  similar  figure.  On  the  other  hand, 
however,  it  was  evident  that  in  the  two  gases 
H,,S  =  14-28,  and  SO.,  =  14-91,  or  in  liquefied 
SO.,  =  14-59,  the  refraction-equivalent  of  S  can- 
not amount  to  10-0,  nor  yet  in  H.^S04,  which  has 
a  refraction-equivalent  of  only  21-9. 

Wiedemann  and  Nasini  have  subsequently 
given  considerable  attention  to  the  values  of  S 
in  combination.  Wiedemann  (TF.  17,  577)  in- 
vestigated the  sulphur  substitution  products  of 
the  carbonic  esters,  and  obtained  the  following 
results  :  — 


influences,  in  a  very  distinct  manner,  the  value 
of  the  index  of  refraction.  Prom  the  refraction- 
equivalents  given  above  W.  obtains  the  value 
14-04  for  S'  in  the  compounds  11.  and  III.;  and 
for  S"  15-20,  16-31,  and  17-45  respectively. 
Using  Lorenz's  formula  he  gets  the  value  of 
7-94  for  S',  and  9-09,  9-44,  and  9-33  for  S". 
Whichever  formula  be  adopted,  the  figures  show 
that  the  atomic  refraction  of  S,  like  that  of  0,  is 
greater  when  S  is  doubly  linked  to  an  atom  of 
carbon.  It  should  be  observed  that  the  above 
results  are  based  upon  the  recognised  values  of 
C,  H,  0',  and  0",  which  give 


p^OC.H-  _  -p 
^*^OC,H,--^^^ 


45-91,  and        27-76  ; 


and  also  that  W.  takes  as  the  value  of  S'  the 
mean  derived  from  the  observations  II.  and  III. 
If  Wiedemann  had  adopted  a  direct  comparison 
of  the  actual  observations,  the  values  of  S" 
would  approximate  more  closely  according  to 
the  old  formula,  and  less  closely  according  to 
Lorenz's  formula. 

Nasini  (G.  13,  296;  Lined,  Rc.  1,  1)  has 
determined  the  value  for  S  in  various  compounds. 
From  sundry  organic  sulphides  and  mercaptans 
he  obtained  the  atomic  refraction  of  S  corre- 
sponding to  alcoholic  oxygen.  From  CS.,,  and 
from  the  compound  CS(0C.^H5),,,  he  deduced  the 
refraction  of  S  corresijonding  to  aldehydic  oxy- 
gen :— 


Sulphur 

Ra 

15  CO 

S'  (singly 

linked) 

14-10 

13-53 

7-87 

7-65 

S"  (doubly 

linked) 

16-05 

15-09 

9-02 

8-84 

I. 

CO 

II. 

CO* 

III. 

CO 

IV. 

CS 

V. 

CS 

VI. 

CS 

OCH^ 

oc:;h3 

OCHj 
SCHj 
SG..U, 
SCHj 
OCHj 
OCH. 
,  OCHj 
SCM, 
SCH, 
SCH-, 


d 

Km 

0-975 

1-3837 

1-3858 

1-3870 

45-66 

27-86 

1-0285 

1-4479 

1-4515 

1-4544 

56-95 

34-11 

1-085 

1-5168 

1-5237 

1-5287 

69-15 

40-57 

1-0325  ? 

1-4563 

1-4001 

1-4632 

57-82 

34-56 

1-085 

1-5304 

1-5370 

1-5431 

70-26 

41-23 

1-152 

1-6105 

1-0210 

82-73 

47-56 

From  these  figures  it  will  be  seen  (1)  that  the 
index  of  refraction  rises  whenever  an  atom  of  O 
is  replaced  by  an  atom  of  S,  and  that  so  much 
the  more,  the  more  S  there  is  already  in  the 
compound  ;  (2)  that  the  refractive  indices  of  the 
combinations  which  contain  the  radicle  CS  are 
greater  than  those  of  their  analogues  containing 
CO ;  (3)  that  the  refractive  index  likewise 
increases  if,  besides  the  radicle,  first  one  and 
then  a  second  atom  of  S  replaces  0,  and  in  the 
latter  case  more  than  in  the  former ;  (4)  the 
isomeric  bodies  II.  and  IV.,  as  well  as  III.  and 
v.,  have  quite  different  indices  of  refraction,  and 
in  both  eases  the  compound  that  has  the  S  in 
the  radicle  has  the  higher  index.  This  indi- 
cates that  the  position  of  the  S  in  the  compound 


But  when  examining  other  compounds,  such  as 
H.,SOj,  SO3,  and  SO,,  N.  found  that  whatever 
hypothesis  he  adopted  as  to  their  constitution 
— or,  in  other  terms,  whatever  value  he  took  for 
the  atomic  refraction  of  0— he  obtained  values 
for  S,  not  very  discordant  among  themselves,  but 
totally  different  from  those  given  above.  Treat- 
ing the  sulphur  as  divalent.  Ego  varied  from 
8-10  to  9-01  ;  as  tetravalent,  from  6-94  to  8-43  ; 
as  hexavalent,  from  6-63  to  7-85.  Calculating 
by  Lorenz's  formula,  B,,^  ranged  from  5-24  to 
6-27  in  the  first  case,  from  4-51  to  4-91  in  the 
second,  and  from  3-13  to  3-79  in  the  third. 
Some  observations  recorded  by  Kanonnikoff 
(/.  B.  15,  434)  substantially  support  these 
figures. 
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Nasini  and  Scala  {Lincei,  Be.  1886. 617,  623) 
record  observations  on  the  sulphocyanides, 
which  show  that  the  mustard-oil  compounds  have 
refractive  and  dispersive  powers  in  excess  of  those 
of  their  isomerides,  while  phenylic  isosulpho- 
cyanide  has  a  specific  refraction  and  dispersion 
far  above  the  calculated  values — exceeding,  in 
fact,  oil  of  cassia  or  CSj.  In  this  combination 
the  union  of  the  group  S=C=N,  endowed  with 
a  high  refractive  power,  with  the  phenylic  group, 
also  highly  refractive,  appears  to  produce  a 
heightening  of  the  refrangibility,  a  phenomenon 
which  N.  regards  as  analogous  to  the  increase 
in  refraction  which  he  observed  when  in  the 
benzene  group  an  unsaturated  side  chain  is 
joined  to  an  unsaturated  carbon  atom.  In  com- 
pounds containing  four  atoms  of  S  there  is  an  ex- 
cess of  refraction  above  what  is  estimated  from 
the  value  of  S  in  CS^,  the  monothiocarbonates 
of  Et  and  Pr  giving  a  value  of  17'4  and  17'5  for 
the  refraction-equivalent  of  sulphur. 

Nasini  a.  Costa  (1st.  Ch.  Rome,  1891)  made 


lished  (Ar.  N.  3)  a  long  series  of  very  care- 
ful determinations  of  the  indices  of  refraction  of 
mixtures  of  H2SO4  and  11,0,  in  various  propor- 
tions for  all  the  principal  lines  of  the  solar 
spectrum  from  A  to  H  inclusive.  These  show 
a  progressive  increase  in  refraction  and  disper- 
sion with  every  addition  of  HoSOj,  until  a  maxi- 
mum is  reached  at  a  point  corresponding, 
apparently,  with  the  monohydrate  of  the  acid, 
after  passing  which  the  refraction  and  disper- 
sion suddenly  decline,  while  the  density  of  the 
mixture  continues  to  increase.  Out  of  the 
seventeen  series  of  determinations  at  diiierent 
concentrations,  the  seven  most  cone,  are  given 
below,  the  central  one  of  the  series  representing 
the  nearest  approach  to  the  maximum.  The 
indices  are  all  reduced  to  a  temperature  of  18-3°. 
The  specific  gravity  given  in  the  line  below  is 
for  0°,  water  at  the  same  temperature  being 
taken  as  1-0.  In  the  cases  of  the  two  G's  and 
the  two  H's,  the  higher  one  in  each  corresponds 
with  the  lines  so  designated  by  Fraunhofer. 


63-69  p.c. 

71-07  p.c. 

81-41  p.c. 

85-93  p.c. 

88-97  p.c. 

91-43  p.c. 

04-72  p.c. 

SO3 

SO3 

SO3 

SO3 

SO3 

SO3 

SO3 

A 

1-40819 

1-41930 

1-43049 

1-43279 

1-43151 

1-42918 

1-42683 

a 

1-40928 

1-42042 

1-43168 

1-43385 

1-43270 

1-43035 

1-42781 

B 

1-41016 

1-42133 

1-43263 

1-43476 

1-43357 

1-43114 

1-42868 

C 

1-41112 

1-42227 

1-43360 

1-43579 

1-43444 

1-43198 

1-42944 

D 

1-41342 

1-42466 

1-43596 

1-43807 

1-43669 

1-43426 

1-43163 

E 

1-41618 

1-42740 

1-43877 

1-44081 

1-43944 

1-43701 

1-43431 

b 

1-41669 

1-42793 

1-43928 

1-44130 

1-43996 

1-43749 

1-43484 

F 

1-41838 

1-42967 

1-44103 

1-44311 

1-44168 

1-43922 

1-43649 

G 

1-42058 

1-43186 

1-44327 

1-44534 

1-44392 

1-44144 

1-43869 

G 

1-42233 

1-43364 

1-44507 

1-44706 

1-44569 

1-44316 

1-44037 

H 

1-42421 

1-43561 

1-44703 

1-44901 

1-44759 

1-44512 

1-44229 

H 

1-42567 

1-43696 

1-44841 

1-45040 

1-44883 

1-44640 

1-44347 

S.G. 

1-55438 

1-64925 

1-76066 

1-80676 

1-83123 

1-84485 

1-84994 

further  studies  of  S  and  its  compounds.  They 
conclude  that  the  oxygen  compounds,  which  are 
generally  distinguished  by  a  low  refractive  and 
dispersive  power  as  compared  with  those  not 
oxygenated,  may  be  divided  into  two  principal 
groups  :  those  which  may  be  regarded  as  derived 
from  SO2  have  the  higher,  and  those  derived  from 
SO;,  have  the  lower,  refractive  and  dispersive 
powers.  Kanonnikoff  {S.  Ph.  Ch.  Buss.  16,129) 
assumed  that  the  refraction  of  S  varies  with  the 
change  of  valency,  and  assigned  the  following 
values  for  K„  :  — 

S  divalent     14- 10 
S  tetravalent  8-72  (in  sulpliones) 
S  hexavalent  4-85  (in  H.SO.,) 
but  this  is  not  accepted  by  N.  and  C.    They  find 
that  the  accumulation  of  S  in  the  molecule  is 
almost  always  accompanied  by  an  increase  in 
the  refractive  and  dispersive  power.    In  this  re- 
spect, though  not  in  others,  S  appears  to  have 
much  analogy  with  carbon.    Throughout  this 
investigation  N.  and  C.  tested  the  dispersion 
f^a—i- 

formula  of  Ketteler,  — ; — t,  in  which  a  and  b 

represent  rays  of  different  wave-length,  and  found 
that  it  gave  very  uniform  results  ;  but  from  a 
physico-chemical  point  of  view  they  do  not  regard 
this  fact  as  an  argument  in  favour  of  the  formula. 
Sulphuric  acid.    Van  der  Wilhgen  pub- 


Van  der  Willigen  pointed  out  that  the  formula 

(ioo-i>)!!-zi  +  _p!i!!zi=ioo  '^--zl  not 

a  a  d' 

apply  to  mixtures  of  HjSOj  and  water,  where 
100  —p  and  p  are  the  respective  weights  of  the 
two  mixed  liquids,  11,  n',  and  n"  the  indices  of 
refraction,  and  d,  d' ,  d"  the  densities  of  the  two 
liquids  and  the  mixture  respectively.  Dale  and 
Gladstone  had  formerly  stated  that  the  same  was 
the  case  in  respect  of  their  formula. 

Nickel  and  iron  carbonyls.  Ludwig 
Mond  has  prepared  Ni(CO)^  and  Fe(C0)5,  both 
liquids  of  a  highly-refractive  character.  The 
former  has  been  examined  optically  by  Nasini 
(Lincei,  Be.  7,  411),  and  the  latter  by  Gladstone. 
Ea  for  the  nickel  compound  was  found  to  be  as 
high  as  57-7,  which,  deducting  8-4  for  the  value 
of  each  CO,  gives  Ea  =  24-1  for  the  metal  itself, 
instead  of  about  10-0,  as  determined  from  the 
chloride,  sulphate,  and  nitrate.  This  would 
seem  to  confirm  the  hypothesis  that  the  refrac- 
tive power  varies  with  change  of  valency,  in- 
creasing with  the  increased  power  of  combination. 
In  this  compound  the  Ni  is  regarded  by  Mond  a. 
Nasini  as  octovalent,  and  as  justifying  Men- 
del6efi  in  placing  it  in  Group  Vlll.  of  his  system 
of  classification.  Gladstone,  on  the  other  hand, 
is  disposed  to  think  that  the  metal  in  both  com- 
pounds is,  as  usual,  divalent,  and  that  it  is  the 
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CO  which  has  a  greatly  increased  value.  He 
-obtained  for  Fe{CO),„  Ei  =  67-33,  Ed  =  69-40. 
These  figures  show  not  only  a  very  high  refrac- 
tion, but  also  very  great  dispersive  power. 

Silver  iodide,  bromide,  and  chloride. 
Wernicke  {A.  142,  560)  measured  the  re- 
fraction and  dispersion  of  light  by  these  salts 
in  two  different  ways :  (1)  by  examining  the 
light  reflected  from  glass  plates  covei-ed  with  a 
layer  of  these  salts,  by  means  of  a  spectroscope, 
and  noting  the  position  of  the  dark  interference- 
bands  ;  (2)  by  direct  measurements  of  small 
prisms  made  of  the  fused  salts.  The  portion  of 
the  spectrum  observed  ranged  from  the  solar 
line  C  to  G.  The  dispersion  iJ-G-fj-B  was  about 
twenty-seven  times  that  of  water  in  the  case  of 
the  iodide  ;  that  of  the  other  two  salts  is  much 
less,  though  considerably  greater  than  that  of 
flint  glass.  Agl  seems  capable  of  existing  in 
two  conditions  :  at  temperatures  above  138°  it 
gives  a  short  spectrum  limited  to  the  red,  yellow, 
and  green,  while  below  that  temperature  it 
gives  a  spectrum  twice  as  long,  showing  all  the 
colours.  W.  believes  that  Agl  is  partly  disso- 
ciated at  the  higher  temperatures. 

Bromine.  Weegmann  (Diss.  Bonn,  1888) 
determined  the  refraction-equivalent  of  Br  by  Lo- 
renz's,  as  well  as  by  the  older,  formula,  for  both 
the  hydrogen  lines,  a,  and  Cauchy's  limit,  from  a 
series  of  ethylene  and  acetylene  compounds, 
adopting  Briihl's  values  for  C,  H,  and  the  ethyl- 
ene linking.  The  following  are  his  figures  for 
Br  compared  with  those  arrived  at  by  Briihl : — 


Bi'omiue 

TS.a 

Weegmann 

14-78 

15-38 

8-56 

8-83 

Bruhl 

14-81 

15-39 

8-70 

8-95 

Fluorine.  The  writer  of  this  article  has 
collated  the  observations  made  by  various  ob- 
servers on  bodies  containing  F  in  order  to  arrive 
at  the  refraction-equivalent  of  this  element 
(P.  M.  1885.  481).  Those  of  Brewster  on  cryo- 
lite, of  Brewster,  Wollaston,  Fizeau,  Stefan, 
and  Kohlrausch  on  fluorspar,  and  of  Gladstone 
on  aqueous  solutions  of  KF,  give  a  refraction- 
equivalent  for  F  varying  from  0-29  to  0-32. 
Those  of  Topsoe  and  Christiansen  on  crystalline 
silicofluorides  of  Cu,  Ni,  Zn,  Mg,  and  Mn,  of 
"the  formula  KSiF„.6H^0,  give  a  refraction- 
equivalent  for  F  varying  from  0-62  to  0-84  ;  while 
(NHJ.SiF,  gives  0-59  for  F.  The  latter  figures 
must  be  accepted  with  caution,  as  a  very  slight 
difference  in  the  values  ascribed  to  the  other 
elements  will  account  for  the  whole  of  the  dis- 
crepancy. It  is  evident,  however,  that  in  any 
case  the  refraction-equivalent  is  of  exceedingly 
small  amount,  and  that  the  specific  refraction, 
even  if  the  highest  value  be  taken,  can  scarcely 
be  the  half  of  that  of  any  other  element  known. 

J.  H.  and  G.  Gladstone  (P.  M.  1891.  1)  have 
investigated  the  optical  properties  of  fluorbenz- 
ene  and  allied  compounds.  The  molecular  re- 
fraction for  C^HjF,  for  six  lines  of  the  solar 
spectrum,  is  given  in  the  following  table;  from 
this  is  deducted  the  value  for  benzene  less  one 
atom  of  H,  leaving  a  small  balance  as  the  atomic 
refraction  of  fluorine. 

These  figures  are  remarkable  as  giving  a  nega- 
tive value  for  the  dispersion  Eh-Ra,  namely  the 


Rjj 

42-92 
42-29 

43-33 
42-70 

43-70 
43-17 

44-68 
44-20 

45-61 
45-17 

46-40 
46 -Uo 

p 

0-63 

0-63 

0-53 

0-48 

0-44 

0-35 

quantity,  —  0-28.  According  to  Lorenz's  formula 
R'a  =  0-92  and  R'^  =  0-84,  showing  in  like  manner 
a  negative  dispersion.  The  observations  of 
Bailie,  Stefan,  and  Sarasin  on  fluorspar,  and 
those  of  the  authors  on  solutions  of  KF  and 
NH^F,  all  distinctly  confirm  the  foregoing  evi- 
dence as  to  the  anomalous  dispersion  ;  while  a 
comparison  of  the  refraction  of  the  three  lines 
C,  D,  and  F  of  the  solid  silicofluorides  measured 
by  Topsoe  and  Christiansen,  and  the  author's 
observations  on  aqueous  solutions  of  R.SiFg, 
seem  to  point  in  the  same  direction. 

Liquefied  gases.  Bleekrode  (Pr.  37,  339) 
adopted  a  special  apparatus  for  measuring 
the  indices  of  refraction  of  liquefied  gases,  con- 
sisting of  a  modification  of  a  Faraday  tube, 
forming  a  vessel  having  two  parallel  side  plates, 
free  from  leakage  even  at  high  pressures.  By 
observing,  through  a  microscope  provided  witli 
a  graduated  scale  and  a  micrometer  screw,  test 
objects,  such  as  lepidoptera  scales,  attached  to 
the  inner  surface  of  the  glass  plates  of  the  cell,  the 
variation  in  the  focus  between  the  direct  obser- 
vation and  that  through  the  cell  and  liquid  was 
found,  and,  with  a  correction  for  the  effect  of 
the  glass,  he  obtained  the  data  from  which  to 
calculate  the  index  of  refraction  according  to 

the  equation  giJL^  =  ;i,  in  which  D  represents 

the  thickness  of  the  layer  of  liquid  and  d  the 
apparent  displacement  of  the  test  object.  The 
observations  were  taken  both  with  a  sodium  flame 
and  with  daylight,  and  the  calculated  probable 
error  of  the  result  amounted  to  ±  0-003.  The 
first  table  on  p.  238  gives  the  results  of  B.'s  obser- 
vations compared  with  those  of  Dulong,  Ketteler, 
CrouUebois,  and  Lorenz  on  the  same  substances 
in  the  gaseous  state;  the  specific  refraction  is 
calculated  by  both  the  formulas  in  common  use. 

B.  drew  attention  to  the  remarkably  low 
S.G.  of  ethylene,  as  the  lightest  fluid  substance 
known  ;  his  determinations  gave  0-335  at  8°, 
0-361  at  6°,  and  0-386  at  3°.  B.  also  gave 
determinations  of  the  indices  of  refraction  of  the 
following  substances  taken  by  the  same  process  ; 
and  commented  on  the  high  indices  of  the 
organo-metallic  compounds  as  inconsistent  with 
the  opinion  expressed  by  early  observers  that  a 
high  index  of  refraction  is  indicative  of  a  body 
being  combustible. 


Substance 

Temp. 

Hydrobromic  acid 

10° 

1-325 

Do. 

15° 

1-330 

Hydriodic  acid  . 

16-5° 

1-466 

Bromine  .... 

13° 

1-571 

Methylamine 

17-5° 

1-342 

Dimethylamine  . 

17° 

1-350 

Trimethylamine . 

16° 

1-353 

Zinc  ethyl  .... 

12-5° 

1-485 

Zinc  methyl 

14° 

1-474 

Aluminium  ethyl 

6-5° 

1-480 

Aluminium  methyl 

12° 

1-432 
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Substance 

Liquid 

d 

-1 

1 

S.G. 

Liquid 

Gas 

Liquid 

Gas 

Sulphurous  anhydride  .... 

1-359 

1-351 

0-252 

0-236 

0-153 

0-157 

Cyanogen  .   

0-866 

1-327 

0-378 

0-350 

0-234 

0-233 

Hydrocyanic  acid  .... 

0-697 

1-264 

0-379 

0-368 

0-238 

0-246 

Nitrous  oxide  

0-870 

1-204 

0-235 

0-255 

0-150 

0-170 

Carbonic  anhydride  .... 

0-863 

1-196 

0-227 

0-221 

0-145 

0-147 

Hydrochloric  acid  .... 

0-854 

1-257 

0-300 

0-277 

0-190 

0-185 

Chlorine  ...... 

1-33 

1-367 

0-270 

0-240 

0-169 

0-160 

Ammonia  ...... 

0-616 

1-325 

0-528 

0-490 

0-327 

0-327 

Ethylene  ...... 

0-361 

1-180 

0-498 

0-526 

0-321 

0-350 

Hydrogen  phosphide  .... 

0-622 

1-323 

0-519 

0-500 

0-322 

0-333 

Hydrogen  sulphide  .... 

0-91 

1-390 

0-429 

0-413 

0-262 

0-275 

Liveing  and  Dewar  (P.  M.  1892.  205)  have 
determined  the  refractions  of  three  liquefied  gases, 
at  their  respective  boiling-points,  by  direct  ob- 
servation through  a  hollow  prism.  They  obtained 
the  following  results  for  the  sodium  line  D  : — 


Md 

Ed 

Oxygen     _  . 

1-2236 

3-182 

2-024 

Nitrous  oxide 

1-3345 

11-587 

7-163 

Ethylene 

1-3632 

17-556 

10-752 

Alums.  The  indices  of  refraction  of  some 
of  the  alums  have  been  measured  by  several 
observers,  amongst  them  Grailich,  Fook,  Kohl- 
rausch,  Stefan,  Topsoe,  and  Christiansen.  The 
most  complete  series  of  observations  on  in- 
organic sulphuric  alums  is  that  of  Soret  {Ar.  Sc. 
Oenive,  12,  553  ;  14,  96  ;  20,  517),  including  those 
containing  Eb,  Cs,  In  and  Ga.  His  mode  of 
determination  was  by  total  reflection,  which  he 
considered  the  best  adapted  for  the  purpose ;  he 
gave  indices  which  he  calculated  to  be  correct 
to  two  units  in  the  fourth  place  of  decimals. 
His  observations  were  given  for  eight  rays  of  the 
solar  spectrum,  viz.  the  hnes  a,  B,  C,  D,  E,  b,  F, 
and  G.  He  remarked  on  the  very  low  value  of 
the  index  of  refraction  of  the  Na — Al  alum. 
He  gave  the  following  comparative  table  for  ^j,, 
showing  that  the  different  series  of  alums  vary 
in  general  with  much  regularity.  The  hori- 
zontal lines  contain  the  same  metal,  and  the 
vertical  lines  the  same  metal  or  alkaline 
radicle. 


K 

Rb 

Cs 

Tl 

Aluminium 

1-4594 

1-4564 

1-4566 

1-4586 

1-4975 

Indium  . 

1-4664 

1-4C38 

1-4652 

Gallium 

1-4683 

1-4G53 

1-4658 

1-4649 

1-5066 

Chromium . 

1-4842 

1-4814 

1-4815 

1-4810 

1-5228 

Iron  . 

1-4848 

1-4817 

1-4823 

1-4838 

1-6236 

Calculating  for  each  salt  the  difference  between 
its  fio  and  that  of  the  ammoniacal  alum  on  the 
same  horizontal  line,  Soret  obtained  : — 


NH,-Cs 

Aluminium 

-f  0-0030 

-(-0-0028 

-1-0-0008 

-0-0381 

Indium 

0-0026 

0-0012 

Gallium 

0-0030 

0-0025 

0-0034 

0-0383 

Chromium  . 

0-0028 

0-0027 

0-0032 

0-0386 

Iron  . 

0-0031 

0-0025 

0-0010 

0-0388 

appear  to  be  too  low.  Soret  did  not  consider 
that  the  impurityinthe  specimens,  if  any  existed, 
could  be  due  to  the  Cs. 

Gladstone  (P.  M.  1885.  162)  worked  out 
the  refraction-equivalents  from  the  data  given 
in  the  first  named  of  Soret's  papers,  and  also 
from  those  by  Topsoe  and  Christiansen,  in  order 
to  test  his  former  conclusions  that  a  salt  has 
the  same  specific  refraction  whether  it  is  in  a 
solid  form  or  in  solution,  and  that  the  refrac- 
tion-equivalent of  a  compound  body  is  the  sum 
of  the  refraction-equivalents  of  its  constituents. 
As  to  the  first  point,  in  the  case  of  the  two 
alums  given  below  he  found  the  specific  refrac- 
tions, after  deducting  the  amount  due  to  the 
solvent,  to  be  in  substantial  accord  : — 

Dissolved  Crystallised 
Ammonium-aluminium  alum  0-2780  0-2784 
Sodium-aluminium  alum     .  0-2613  0-2604 

To  test  the  second  point,  the  alums  were  regarded 
as  compounds  of  the  sulphates  of  two  metals 
of  different  kinds  with  twenty-four  molecules  of 
water.  Taking  the  of  water  in  the  uncom- 
bined  state  at  5-926 — and  taking  the  observations 
of  Kanonnikoff,  Topsoe,  and  Christiansen,  as  well 
as  his  own,  of  the  several  sulphates — Gladstone 
arrived  at  the  results  given  in  the  following 
table.  The  other  observers  did  not  take  the 
A  line,  but  their  observations  have  been  reduced 
to  A  for  purposes  of  comparison.  The  agree- 
ment between  the  calculated  and  observed  re- 
fraction-equivalents is  as  near  as  might  be  ex- 
pected, except  in  the  case  of  Cs. 


These  figures  show  a  close  accord,  except  in  the 
case  of  Cs,  in  which  the  Ga  and  Cr  compounds 


Ea  observed 

and  reduced 

Ea 

-a 

Substance 

calcu- 

a 5! 

lated 

Soret 

:o  3 

Ammonium-aluminium  alum 

252-0 

252-2 

Sodium              ,,  „ 

239-3 

238-.5 

Methylamine       „  ,, 
Potassium          „  „ 

267-2 

267-7 

245-1 

246-8 

Rubidium           ,,  „ 

254-0 

253-7 

Caesium             ,.  ,, 

268-0 

262-3 

Ammonium-chromium  alum 

204-0 

265-9 

Potassium          „  „ 

257-1 

261-2 

Eubidium           „  „ 

266-0 

266-7 

CiEsium             „  „ 

280-0 

275-5 

Ammonium-iron  alum  . 

270-6 

269-1 

268-5 

Potassium      „      ,,  . 

263-7 

266-0 

261-4 

Rubidium              ,,  ■ 

272-6 

273-2 

Cesium         „      „  . 

286-6 

276-0 

OPTICAL 

Gladstone  also  sought,  by  means  of  Soret's 
observations,  to  determine  the  refraction-equiva- 
lents of  In  and  Ga,  and  {B.  A.  1892)  he  gave  the 
following  constants: — 


At.  W. 

Ea 

Indium 

113-4 

13-7 

Gallium 

69-9 

11-6 

These  figures,  however,  can  only  be  looked 
upon  as  approximate,  as  aU.  experimental  errors 
are  accumulated  on  these  residual  numbers. 

Perrot  {Ar.  Sc.  Geneve,  1880)  has  made  a 
series  of  observations  on  the  refraction  and  dis- 
persion of  an  isomorphous  series  of  biaxial 
crystals— the  double  sulphates  of  Zn  with  K.„ 
Rb„,  (NHJ.,,  Cs.,,  K,,  and  of  Mg  with  Rb.,,  and 
in  each  case  6H,p.  He  has  followed  the  plan 
adopted  by  Soret  in  his  observations  on  the 
alums.  The  results  conform  satisfactorily  to  the 
values  computed  on  the  same  principle  as  that 
adopted  by  Gladstone  with  respect  to  the  alums, 
except  in  the  case  of  caesium  and  rubidium,  in 
both  of  which,  especially  the  former,  the  ob- 
served values  are  lower  than  the  theoretical. 
The  mean  ray  adopted  for  this  calculation  is, 
however,  the  arithmetical  mean  of  the  three  in- 
dices observed  for  each  of  the  lines  of  the  spec- 
trum, and  has,  therefore,  no  real  physical 
significance.  A  glance  at  the  tables  of  observa- 
tions will  show  at  once  what  a  wide  scope  for 
error  there  is  in  arriving  at  a  mean  value  by 
this  process. 

Analogy  between  refraction  and  dispersion 
and  magnetic  rotation.  Gladstone  and  Perkin 
have  recently  observed  an  analogy  between  the 
magnetic  rotation  and  the  refraction  and  dis- 
persion of  light.  They  have  tested  this  in  the 
case  of  organic  compounds  containing  nitrogen 
(G.  J.  55,  750),  with  the  result  that  they  have 
found  a  correspondence  that  points  to  some 
connection  between  the  rotation  of  the  polar- 
ised ray  under  magnetic  influence  and  the 
retardation  of  the  rays  of  light  in  passing 
through  a  material  substance.  These  three 
properties  are  really  comparable  with  one 
another,  for  in  each  case  the  observed  value 
is  divided  by  the  density  of  the  substance,  and 
it  is  determined,  not  for  equal  weights,  but  for 
an  equal  number  of  molecules.  It  has  been 
found  that  each  property  is  determined  in  the 
first  instance  by  the  atomic  composition  of  the 
substance,  so  that  it  may  be  laid  down  as  a 
primary  law  that  the  molecular  magnetic  rota- 
tion, like  the  molecular  refraction  or  dispersion, 
of  a  compound  is  the  sum  of  the  molecular  mag- 
netic rotation,  refraction,  or  dispersion  of  its  con- 
stituents. The  values  are,  however,  subject  to 
large  modifications  dependent  upon  differences 
in  the  structures  of  the  compounds.  Thus  a 
change  of  valency  is  attended  by  a  marked 
change  of  value  in  these  optical  properties,  and 
they  are  apparently  affected  by  some  circum- 
stances which  are  not  as  yet  recognised  in 
structural  formulas. 

The  following  values  have  been  deduced  by 
Perkin  for  the  molecular  magnetic  rotations  of 
certain  elements  in  the  paraflin  group  of  carbon 
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compounds ;  and  against  them  are  placed  the  re- 
cognised values  for  their  molecular  refraction 
and  dispersion  :  — 


Molecular  mag- 
netic rotatiou 

CH, 

1-023 

7-6 

0-34 

C  . 

0-515 

5-0 

0-20 

H  . 

0-254 

1-3 

0-04 

0,  alcoholic  . 

0-194 

2-8 

0-10 

0,  aldehydie  . 

0-261 

3-4 

0-18 

CI 

1-733 

9-9 

0-50 

Br 

3-562 

1.5-3 

1-22 

I  . 

7-757 

24-5 

2-62 

N,  in  amines 

0-717 

5-1 

0-38 

These  figures  show  a  certain  analogy ;  and 
when  modifications  are  introduced  by  changes  in 
the  mode  of  combination,  the  change  that  occurs 
in  the  one  property  is  noticeable  also  in  the  other 
two,  and  that  in  the  same  direction,  though  not 
necessarily  to  the  same  extent.  Thus  there  are 
in  all  cases  two  different  values  for  oxygen  in 
alcohol  and  aldehydes,  and  a  very  great  increase 
of  the  values  in  the  case  of  unsaturated  carbon 
compounds.  The  values  also  of  CH.,  in  the  first 
and  second  members  of  homologous  series  (such 
as  the  alcohols,  paraifinoid  acids,  ifcc.)  are  differ- 
ent from  its  value  in  the  higher  members  of  the 
same  series,  and  always  in  the  same  direction. 

P.  also  applied  the  same  inquiry  to  solutions 
of  HCl,  HBr,  and  HI,  which  when  dissolved  in 
water  were  known  to  give  higher  values  for  re- 
fraction and  dispersion  than  the  normal.  The 
same  was  found  to  be  the  case  in  the  magnetic 
rotations.  When  HCl  was  dissolved  in  isoamyl- 
oxide,  however,  all  three  values  were  found  closely 
approximating  to  the  normal,  as  will  be  seen  in 
the  following  table  : — • 


Hydrochloric  acid 

Molecular 
magnetic 
rotation 

In  water 

4-412 

14-45 

1-12 

isoamyloxide  . 

2-238 

11-36 

0-51 

By  calculation  for 

free  acid  . 

2-187 

11-20 

0-54 

It  is,  therefore,  laid  down  as  generally,  if  not 
always,  true,  that  where  there  is  a  departure 
from  the  normal  values  in  regard  to  one  or  other 
of  these  properties,  it  is  to  be  found  in  the  other 
two.  The  different  properties  are  evidently 
similarly  affected  by  change  in  chemical  consti- 
tution. The  investigation  seems  to  indicate 
another  close  relationship  between  electro-mag- 
netism and  the  velocity  of  light.  G.  G. 

OPTICAL  METHODS.— Section  2  :  SPEC- 
TROSCOPIC METHODS. 

Historical  notes. — Spectrum  analysis  is  an 
optical  method  of  making  a  diagnosis  of  the 
chemical  composition,  and  in  certain  cases  the 
chemical  constitution,  of  either  (a)  a  self-luminous 
body,  or  (&)  an  absorbing  medium,  whether  self- 
luminous  or  not.  Newton  first  discovered  that 
light  could  be  analysed  when  passed  through  a 
prism,  and,  in  1752,  Thomas  Melvill  made  an 
optical  analysis  of  alcohol  flames  coloured  with 
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salt  and  with  nitre.  WoUaston,  in  1802,  observed 
with  the  prism  certain  obscure  bands  in  the  solar 
light  which  had  traversed  a  narrow  slit  in  his 
window  shutter.  Fraunhofer,  in  1814-15,  was  the 
first  to  employ  a  very  narrow  and  accurately- 
formed  aperture  with  a  prism,  telescope,  and  di- 
vided circles,  and  he  not  only  observed  the  dark 
lines  in  the  solar  spectrum,  but  measured  their 
indices  of  refraction  or  refrangibilities.  He  ex- 
amined, subsequently,  the  spectra  of  the  stars, 
of  electric  light,  and  of  the  exterior  envelope 
of  the  flame  of  a  wax  candle.  The  latter 
spectrum  he  discovered  to  consist  of  homo- 
geneous yellow  light,  composed  of  two  distinct 
rays  very  close  together,  and  coincident  with  the 
two  dark  lines  in  the  solar  light  which  he  had 
termed  D.  Brewster  noted  the  presence  of  this 
yellow  light  in  the  combustion  of  many  sub- 
stances, but  it  was  Fox  Talbot  who,  in  1826, 
clearly  proved  that  the  source  of  this  light  was 
sodium.  He  likewise  connected  a  red  ray  with 
the  presence  of  potassium  and  an  orange  ray  with 
strontium,  and  concluded  that  a  glance  at  the 
prismatic  spectrum  of  a  flame  may  show  it  to 
■contain  siib stances  which  it  would  other-wise  re- 
quire a  laborious  chemical  analysis  to  detect. 
Herschel  had  previously  described  the  spectra  of 
a  few  of  the  metals  and  of  boracic  acid.  In  1834 
Fox  Talbot  described  the  strontia  and  lithia 
spectra,  and  stated  that  oiDtical  analysis  could 
distinguish  the  most  minute  portions  of  these 
two  substances  with  as  much,  if  not  greater, 
certainty  than  was  afforded  by  any  other  known 
method. 

Wheatstone,  nearly  at  the  same  time,  pub- 
lished some  experiments  similar  to  those  of  Fox 
Talbot,  and  Swan  first  estimated  the  amount  of 
sodium  which  can  produce  the  D  lines.  At  the 
Manchester  meeting  of  the  British  Association  in 
1842,  Brewster  read  a  paper  On  Luminous  Lilies 
in  Certain  Flames  corresponding  to  the  defective 
Lines  in  the  Sun's  Light.  He  discovered  the 
dark  lines  of  absorption  in  nitrogen  peroxide  gas 
when  white  light  is  directed  through  it,  and  he 
observed  and  mapped  a  number  of  atmospheric 
lines  in  the  solar  spectrum.  In  184S  Foucault 
obtained  a  reversal  of  the  D  lines  in  the  electric 
arc.  Stokes,  about  1850,  gave  in  his  lectures  the 
true  explanation  of  the  coincidence  of  sodium 
lines  with  the  dark  lines  D.  Angstrom  in  1853 
stated  that  an  incandescent  gas  emits  luminous 
rays  of  the  same  refrangibility  as  those  which  it 
absorbs,  and  Balfour  Stewart,  1858-9,  based  the 
following  statement  on  experimental  data :  The 
radiating  poioer  of  a  body  for  any  ray  is  equal 
to  its  absorbing  poioer  for  the  same  ray. 

In  1859,  Kirchhoff  and  Bunsen  gave  a  great 
impetus  to  spectrum  analysis  by  publishing  their 
researches  on  the  constitution  of  the  sun,  and 
also  by  designing  an  extremely  simple  spectro- 
scope and  describing  its  use.  Chemists  were 
further  made  aware  of  the  new  power  placed  in 
their  hands  by  Bunsen's  discovery  of  two  new 
metals,  rubidium  and  caesium,  in  1860,  by  the 
discovery  of  thallium  by  Crookes  and  by  Lamy 
in  1862,  of  indium  by  Reich  and  Richter  in  1863, 
and  ol  gallium  byLecocq  de  Boisbaudran  in  1875. 

Fundamental  laws.  Spectrum  analysis  pri- 
marily depends  on  the  following  two  laws  :  — 
1.  Every  solid  and  liquid  when  heated  begins  by 
emitting  rays  of  longest  wave-length,  which  are 


the  result  of  comparatively  slow  vibrations,  but 
as  the  temperature  rises  the  vibrations  become 
more  rapid,  and  shorter  waves  are  emitted,  so 
that  at  the  highest  temperatures  the  sum  of  the 
radiations  is  white  light,  consisting  of  waves  of 
all  possible  lengths,  the  effect  of  which  is  a 
continuous  spectrum.  A  mass  of  iron  gradually 
raised  to  its  melting-point  would  be  an  example 
of  this.  2.  Every  substance  vapourised  by  heat 
emits  rays  of  definite  wave-lengths,  and  these 
rays  are  characteristic  of  each  substance,  because 
it  alone  can  emit  them.  In  other  words,  every 
substance  vapourised  by  heat  has  its  own  definite 
periods  of  vibration,  by  which  it  can  be  absolutely 
identified,  because  no  other  substance  can  vibrate 
in  the  same  manner  and  with  the  same  periods. 
All  flame  and  spark  spectra  furnish  examples. 
From  this  second  law  it  follows  that  the  spec- 
trum of  an  element  is  a  constant  of  very  great 
importance.  The  determinations  of  the  spectra 
and  of  the  atomic  weights  present  similar  diffi- 
culties, which  arise  from  the  necessity  for  ob- 
taining the  elements  or  their  compounds  in  the 
highest  possible  degree  of  purity,  and  also  in 
many  cases  from  the  complexity  of  the  spectra, 
and  the  careful  observations  which  are  necessary 
in  identifying  and  measuring  the  wave-lengths 
of  the  rays. 

Determinations  of  the  absolute  wave-lengths 
of  the  bright  lines  in  any  spectrum  are  now 
usually  made  either  with  a  plane  or  a  concave 
diffraction  grating  ruled  on  speculum  metal. 
When  a  sufficient  number  of  accurately-measured 
lines  is  known  for  any  region  of  the  spectrum, 
determinations  of  the  wave-lengths  of  lines  in  new 
spectra  may  be  made  by  observing  with  a  prism- 
spectroscope,  and  by  the  use  of  an  interpolation 
curve  the  wave-lengths  corresponding  to  the 
positions  of  the  lines  measured  may  be  found. 
From  time  to  time  the  curve  will  require  verify- 
ing and  correcting. 

There  are  two  classes  of  spectra,  emission 
and  absorption  spectra. 

Emission  spectra  consist  of  :  (1)  Con- 
tinuous spectra  and  (2)  Interrupted  spectra. 
1.  Continuous  spectra  are  characteristic  of  most 
incandescent  solids,  liquids,  and  gases  at  great 
pressures,  or  of  a  cloud  consisting  of  solid 
glowing  particles.  2.  Literrupted  spectra  consist 
of  :  [a]  Bands  of  light  or  '  fluted  band  '  spectra, 
characteristic  of  certain  vapours,  especially  the 
vapours  of  compound  substances  rendered  glowing_ 
at  comparatively  low  temperatures ;  (i)  bright 
line  spectra,  characteristic  chiefly  of  transparent 
vapours  at  high  temperatures  or  at  low  pres- 
sures ;  (c)  reversed  line  spectra,  which  are  dark 
lines  seen  on  a  brilliantly-illuminated  ground. 
When  a  bright  line  spectrum  is  observed  in  front 
ol  a  more  brilliant  continuous  spectrum,  the  lines 
appear  dark  on  a  bright  ground  of  colour,  instead 
of  bright  and  coloured  on  a  dark  ground,  and 
they  are  then  said  to  be  reversed. 

Absorption  spectra.  When  rays  capable  of 
giving  a  continuous  spectrum  are  made  to 
traverse  (a;  transparent  solids,  (6)  transparent 
liquids,  (c)  ti-ansparent  gases  at  ordinary  tem- 
peratures, it  is  frequently  observed  that  a  definite 
band  of  rays  is  absorbed  at  either  end  of  the 
spectrum.  This  is  called  a  continuous  absorption. 
Quite  as  frequently  a  band  of  rays  is  cut  out  of 
the  middle  of  the  spectrum ;  this  is  called  a 
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selective  absorption,  and  the  region  of  the  rays 
absorbed  is  said  to  be  occupied  by  an  absorption 
band. 

The  production  of  emission  spectra.  Emission 
spectra  may  bo  produced  in  the  following  ways 
{a)  By  flames  of  low  temperature,  e.g.  by  a  spirit 
lamp  or  Bunsen  burner,  acting  on  solids,  or  the 
spray  of  solutions.  The  flame  may  be  fed  with 
chlorine,  bromine,  or  iodine,  or  with  hydro- 
•chloric  acid  when  salts  of  the  halogens  are  ex- 
amined, (b)  By  flames  of  high  temjjerature  : 
blow-pipe,  and  oxyhydrogen  flame,  (c)  By  sparks 
in  vacuum  tubes  containing  residual  gases  or 
vapours,  (d)  By  sparks  of  low  tension  acting  on 
solids  or  solutions,  {e)  By  sparks  of  high  ten- 
sion. (/)  By  solids  in  the  electric  arc.  (g)  By 
electric  discharge  on  solids  in  vacuo ;  these  are 
phosphorescence  spectra. 

As  a  rule,  line  spectra  are  the  spectra  of 
elements,  hand  spectra  are  the  spectra  of  com- 
pounds. 

Salts  of  the  alkali  metals  in  the  Bunsen 
flame  emit  line  spectra  characteristic  of  the 
metals,  while  the  alkaline  earth  salts  emit  lines 
and  bands  which  are  characteristic  of  the 
metallic  oxides.  On  the  other  hand,  the  burning 
■of  hydrogen  and  of  hydrogen  compounds  causes 
the  emission  of  more  than  160  lines  in  the  ultra- 
violet region,  which  can  only  be  assigned  to  the 
vapour  of  water  at  a  high  temperature.  Carbon 
is  an  element  which  emits  bands  in  the  coloured 
region,  in  hydrocarbon  flames.  A  list  of  com- 
pounds which  emit  characteristic  banded  flame- 
spectra  is  given  on  p.  246.  Erbia  and  erbium 
phosphate  emit  luminous  bands  when  the  solid 
substances  are  heated  in  a  Bunsen  or  blow-pipe 
flame.  Discharges  in  vacuum  tubes  sometimes 
emit  a  continuous  spectrum  ;  oxygen  does  so  at 
the  lowest  temperature  at  which  it  is  luminous. 
Most  gases  emit  a  banded  spectrum  with  low 
tension  sparks  at  ordinary  pressures  ;  the  spec- 
trum alters  with  diminution  of  pressure  until 
finally  nothing  but  a  line  spectrum  is  visible — for 
example,  this  is  the  case  with  air  in  the  ultra- 
violet region.  Sji^-i'^s  of  low  tension  fi'om  solids, 
such  as  metallic  electrodes,  and  from  solutions, 
€mit  lines  chiefly  in  the  visible  region,  while  those 
of  high  tension  are  generally  richest  in  radiations 
of  high  refrangibility,  chiefly  in  the  ultra-violet 
region. 

Low-tension  sparks  may  be  produced  in  two 
ways  from  solutions,  first  by  wires  of  platinum 
moistened  by  the  liquid,  secondly  by  pieces  of 
charcoal  giving  the"  flaming  spark  used  by 
Bunsen.  Many  elements  have  been  shown  to 
emit  a  few  bands  or  lines  in  the  infra-red.  The 
difference  in  action  of  high-  and  low-  tension 
sparks  is  chiefly,  if  not  entirely,  due  to  tem- 
perature ;  the  highest  temperatures  cause  the 
emission  of  rays  of  the  highest  refrangibility. 
Solid  elements,  with  few  exceptions,  yield  spectra 
in  the  electric  arc.  The  lines  exhibited  by  some 
of  the  metalsareexceedingly  numerous.  Reversed 
line  spectra  are  common  in  the  sun,  and  afford 
evidence  of  the  presence  of  metals  whose  bright 
line  spectra  are  coincident  therewith.  The 
number  of  bright  lines  seen  reversed  in  the 
sun's  spectrum  indicates  the  strength  of  the 
evidence  of  the  existence  in  the  sun  of  certain 
elements. 

As  to  the  distribution  of  known  kinds  of 
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matter  in  space,  the  following  list  shows  the 
elements  observed  in  the  sun  with  the  numbers 
of  their  reversed  lines  seen  in  the  solar  spec- 
trum :  Fe  730,  Ti  230,  Ca  94,  Mn  85,  Ni  102, 
Co  91,  Cr  71,  Ba  20,  Na  11,  Mg  17,  Cu  7,  H  5, 
Pd  .5,  V  4,  Mo  4,  Sr  4,  Pb  3,  U  3,  Al  18,  Ce  2, 
Cd  2,  Be  2,  Sn  1. 

Methods  of  spectrum  analysis.  For  efificient 
work  with  the  spectroscope  an  instrument  is  to 
be  preferred  which  admits  plenty  of  light,  has  a 
rigid  collimator,  and  immovable  prism.  Com- 
pound prisms  of  Grubb's  and  of  Thollon's  con- 
struction are  among  the  best.  The  arc  should 
be  divided  on  the  vertical  edge  of  the  prism- 
table  or  on  an  edge  inclined  at  an  angle  of  4.5^. 
A  vernier  travelling  over  the  arc  and  a  mounted 
!  lens,  for  convenience  in  reading  the  scale  and 
I  vernier,  should  be  fitted  near  the  telescope.  A 
I  beautiful  instrument  made  by  the  SociHe 
Gi>nevoLSO  pour  la  Construction  des  Instruvients 
j  de  Physique  has  a  circle  completely  divided,  and 
[  tittings  for  investigating  ultra-violet  spectra, 
j  either  by  photography  or  with  a  fluorescent  eye- 
jjiece  of  Soret's  design.  It  is  provided  with  two 
verniers,and  an  automatic  arrangement  admitting 
of  the  prism  being  placed  at  the  minimum  angle 
of  deviation  for  each  ray  under  examination. 
This  is  necessary  in  order  to  secure  the  best  de- 
finition. The  instrument,  of  whatever  form, 
should  be  capable  of  dividing  and  measuring  the 
lines  D'  and  D-  of  sodium,  the  first,  second,  and 
third  lines  of  the  yellow  band ;  and  in  the  carbon 
spectrum  the  first,  second,  third,  and  fourth  lines 
of  the  green  band,  and  the  first,  second,  and  third 
lines  of  the  blue  band,  which  are  seen  in  the 
green  inner  cone  of  a  powerful  Bunsen  burner. 
An  instrument  with  a  photographic  scale,  if  it  is 
suliiciently  delicate,  which  is  seldom  the  case,  is 
of  great  use.  One  of  these,  constructed  by 
Duboscq,  was  employed  by  Lecocq  de  Boisbaudran. 
A  lens  of  short  focus  should  be  used  to  concen- 
trate the  light,  from  whatever  source,  upon  the 
I  slit  of  the  instrument.  A  test  tube  about  12  mm. 
I  diam.,  supported  vertically,  if  filled  with  water 
and  placed  close  to  the  slit  of  the  instrument, 
answers  this  purpose.  The  telescope  should  be 
capable  of  easy  movement  without  vibration,  and 
be  supj)orted  for  two-thirds  of  its  length  from 
the  object  glass  ;  neither  clamping  nor  the  use 
of  the  focussing  screw  should  be  capable  of 
displacing  its  position.  The  rays  should  pass 
straight  down  the  collimator  and  completely  fill 
the  lens.  Before  commencing  any  serious  work, 
the  capabilities  of  the  instrument  and  its  use 
for  obtaining  measurements  should  be  carefully 
studied. 

Supports  of  platinum  wire  fused  into  glass 
tubes  are  used  for  examining  concentrated  solu- 
tions and  fused  beads  of  salts  in  ordinary  flames. 
Bunsen  burners  with  steatite  tops  are  particu- 
larly useful.  Blow-pipe  flames  with  a  vertical 
direction,  urged  by  bellows  worked  by  the  foot, 
are  useful  for  examining  the  alkaline  earths. 
Hydrogen  gas  from  a  constant  genei-ator  made 
of  lead  and  of  large  size  is  better  than  coal-gas 
for  all  flame  spectra.  Whether  coal-gas  or 
hydrogen  be  used,  it  is  advantageous  in  exami- 
ning salts  of  the  alkaline  earths,  particularly 
chlorides,  to  pass  the  gas  through  a  litre  of 
strongest  hydrochloric  acid  into  a  Bunsen 
burner,  which  is  made  of  hard  glass  tube  tipped 
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•with  platinum.  The  flame  is  thus  supjjlied  with 
hydrochloric  acid,  and  the  chlorides  are  volatilised 
apparently  without  decomposition,  so  that  they 
emit  rays  of  great  brilliancy  which  yield  simple 
line  spectra.  For  high  temperatures  a  very 
small  gas  blowpipe  may  be  supplied  with  oxy- 
gen. In  this  case  the  supports  of  platinum 
would  be  fused,  and  it  has  therefore  been  found 
convenient  to  use  a  wire  of  iridium,  twisted  into 
a  loop,  the  compound  being  placed  in  the  loop. 
In  this  manner  manganese  dioxide  yields  the 
bands  of  the  dioxide,  the  spectrum  of  which  is 
observed  in  the  Bessemer  flame.  Calcium  fluoride 
and  copper  oxide  readily  yield  characteristic 
spectra.  The  alkaline  earths  yield  very  brilliant 
spectra,  which  are  due  to  the  metallic  oxide  in 
each  ease.  When  volatile  substances,  such  as 
salts  of  lithium  and  the  other  alkalis,  are  under 
observation,  it  frequently  happens  that  a  difli- 
culty  in  measuring  their  lines  occurs  owing  to 
the  evanescent  appearance  of  their  spectra ;  more 
lasting  spectra  may  be  produced  by  converting 
the  volatile  salts  into  silicates  or  borates  by  heat- 
ing in  a  platinum  spoon,  or  even  in  a  porcelain 
crucible,  with  crystals  of  boracic  acid.  Beads  of 
the  borates  will  continue  to  illumine  a  flame  for 
a  lengthened  period ;  with  lithium  and  thallium, 
measurements  have  been  made  for  as  long  as 
twenty  minutes  without  renewing  the  material. 
Should  the  alkalis  be  accompanied  by  lime, 
strontia,  or  baryta,  the  spectra  of  these  earths 
are  suppressed,  but  towards  the  end  of  the  ob- 
servation sometimes  the  green  colour  of  boric 
oxide  appears.  Sparks,  both  of  low  and  high 
tension,  may  be  used  with  Delachanel  and  Mer-  i 
met's  fulgurator.  This  instrument  has  the  ad-  | 
vantage  of  using  very  little  solution,  and  losing  j 
none.  Some  solutions,  such  as  salts  of  yttria,  t 
do  not  yield  their  characteristic  spectrum  to  low- 
tension  sparks,  and  it  is  necessary  to  strengthen  j 
the  current  by  interposing  a  Leyden  jar  in  the 
circuit,  or,  what  is  better,  a  pane  of  glass  coated 
on  either  side  with  930  square  centims.  of  tinfoil. 
The  spark  should  be  3  to  6  mm.  in  length.  The  [ 
lines  of  platinum,  hydrogen,  sodium,  and  a  few 
of  chlorine  are  visible,  but  these  are  known  and 
are  measurable.  When  the  solution  becomes 
contaminated  with  platinum,  it  may  be  removed 
and  purified  to  be  used  over  again  if  necessary. 
For  such  work  it  is  best  to  use  a  coil  which  can 
yield  sparks  170-180  mm.  long  in  air. 

For  observations  on  ultra-violet  spectra  the 
arrangements  described  by  Soret  and  by  Cornu 
consist  of  an  optical  train  of  quartz  and  a  prism  of 
60°,  which  is  composed  of  two  halves  each  of  30° ; 
one  of  the  two  lenses  and  one  half  of  the  prism 
are  cut  from  a  right-handed  crystal,  the  other  cor- 
responding parts  from  a  left-handed  crystal,  so 
that  the  double  refraction  of  one  is  corrected  by 
that  of  the  other.  One  half  of  the  pi'ism  may 
be  fixed  on  the  collimator  close  to  the  lens,  the 
other  in  front  of  the  object-glass.  For  ordinary 
observations  a  fluorescent  eye-piece  is  neces- 
sary, but  generally  photography  is  more  con- 
venient. Cornu  has  used  lenses  achromatised 
with  colourless  fluorsisar,  but  this  is  not  neces- 
sary, because  the  peculiarity  of  the  camera  em- 
ployed by  Hartley  enables  whole  spectra  to  be 
accurately  focussed  on  one  plate  if  only  one 
prism  of  60  degrees  be  used.  The  camera  back 
is  sloped  at  an  angle  of  about  22°  to  the  normal. 


which  brings  one  end  of  the  plate  nearest  to  the 
rays  of  shortest  wave-length,  and  the  locus  of 
the  foci  of  all  the  rays,  from  the  least  to  the 
most  refrangible,  lies  upon  the  plate.  There  is- 
thus  a  saving  of  time  in  the  observation  of  com- 
13licated  spectra,  with  the  additional  advantage 
that  angular  measurements  are  abolished  and 
linear  measurements  substituted.  Moreover,  an 
increased  dispersion  and  separation  of  the  rays- 
is  obtained.  This  arrangement  is  most  suitable 
for  use  with  two  half-prisms  of  quartz  of  30°. 
Six  hundred  lines  in  the  spectrum  of  iron  have 
thus  been  photographed  with  such  excellent  de- 
finition that  a  magnifying  power  of  25  diameters 
was  used  in  their  measurement.  A  quartz  lens 
75  mm.  in  diameter  and  of  75  mm.  focus  is  placed 
in  front  of  the  slit.  The  camera  back  is  so  con- 
structed that  by  a  rack  and  pinion  motion  a 
succession  of  twelve  or  fifteen  spectra  may  be 
taken  on  one  plate.  The  lenses,  which  are  not 
achromatised,  are  of  425  mm.  focus  for  yellow 
light,  and  50  mm.  in  diameter,  the  prisms  being 
of  corresponding  dimensions. 

Sparks  of  high  tension  obtained  in  the 
manner  already  described  are  necessary.  They 
may  be  passed  between  metallic  electrodes  3  to 
6  mm.  apart. 

For  photographing  spectra  yielded  by  solu- 
tions electrodes  of  graphite  are  used,  or  wicks  of 
fine  wire  drawn  from  pure  gold.  The  solution 
is  placed  in  a  small  J  tube  ;  in  the  shorter  limb 
the  electrode  is  placed,  and  a  platinum  wire 
passes  down  the  longer  limb  to  make  connection 
with  the  coil.  By  means  of  a  pipette  the  tube  is 
easily  charged.  The  graphite  electrodes  are  cut 
from  good  sound  pieces  of  Ceylon  or  Siberian 
graphite,  and  are  chisel-shaped,  with  grooves 
scored  along  them  with  the  point  of  a  pin.  The 
opposite  electrode  may  be  of  graphite  or  of  any 
suitable  metal.  In  order  that  the  strongest  dis- 
charges may  xjass  from  below  upwards  the  lower 
should  be  the  negative  electrode.  The  admira- 
ble work  of  Lecocq  de  Boisbaudran  on  flame  and 
spark  spectra  (Spectres  Lumineux,  1874)  not 
only  gives  the  practical  details,  but  maps  of  pris- 
matic spectra,  and  the  same  applied  to  a  scale 
of  wave-lengths,  as  well  as  a  complete  description 
of  the  spectra  and  a  description  of  each  line. 
The  publication  proves  to  be  all  that  a  guide  to 
the  use  of  the  spectroscope  should  be,  but  it 
deals  only  with  the  visible  region.  In  photo- 
graphing spark  spectra  the  trouble  of  making 
drawings  is  unnecessary,  since  the  photographs 
themselves  are  better  than  any  reproduction  ;  all 
that  is  required  is  a  description  and  a  map  of 
the  principal  lines  on  the  scale  of  wave-lengths. 
In  photographing  the  spectra  of  solutions  by 
means  of  graphite  electrodes  it  is,  of  course, 
necessary  to  ascertain  that  the  material  does 
not  yield  any  of  the  numerous  lines  in  the 
spectrum  of  iron,  generally  speaking  four  lines 
of  magnesium  with  wave-lengths  2801-1  to  2789'6 
are  visible.  Although  photography  has  been  ap- 
plied almost  exclusively  to  the  ultra-violet  rays 
and  to  the  infra-red,  there  is  no  reason  why  it 
should  not  be  used  for  visible  rays,  since  gelatin 
plates  stained  with  cyanine,  cosine,  erythrosine, 
and  some  other  dyes,  render  the  plates  sensitive 
to  the  orange,  red,  and  yellow  rays.  Cyanine  is 
a  dye  which  is  sensitive  to  most  of  the  spectrum 
as  far  as  the  rays  of  very  long  wave- lengths. 
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On  the  sensitiveness  of  emission  spectra. 

The  following  table  gives  the  sensitiveness  of 
the  emission  spectra  of  various  elements  in 
fractions  of  a  milligram.  It  will  be  observed 
that  radiations  in  different  regions,  and  excited 
by  different  means,  greatly  vary  in  emissive 
power  even  with  the  same  element. 
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Visible  flame  spectra. 
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Visible  spark  spectra  (Cappel). 
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Photographed  ultra-violet  spark  spectra 
(Hartley). 
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On  ultra-violet  spectra.  The  conditions 
necessary  in  photographing  ultra-violet  spectra, 
are  :  1st,  a  sensitive  salt  exerting  an  equality  of 
action  throughout  the  whole  range  of  the  spec- 
trum ;  '2nd,  a  perfectly  diactinic  vehicle  to  hold 
the  salt ;  Brd,  a  process  of  development  which 
will  not  exert  a  preferential  action  on  any  portion 
of  the  spectrum.    These  conditions  are  fulfilled 


by  the  use  of  silver  bromide  emulsion,  the  gelatin 
being  of  the  purest  description,  and  the  image 
being  developed  by  pyrogallol,  hydroqninol,  or 
hydroxylamine  hydrochloride  and  caustic  soda. 
The  new  developer  eikonogen  is  suitable.  Ferrous 
oxalate,  as  usually  employed,  is  not  to  be  recom- 
mended, because  strong  lines  become  developed 
much  more  strongly  than  weak  lines.  The  ex- 
posure varies  slightly  with  the  sensitive  nature  of 
the  plates,  the  width  of  the  slit,  the  conducting 
power  of  the  electrodes,  the  emissive  power  of 
the  rays  to  be  observed,  and  lastly  with  the  ex- 
cellence of  the  developer.  Having  once  ascer- 
tained by  comparative  exposures  how  to  obtain 
the  best  eifect,  there  is  very  seldom  any  necessity 
for  altering  the  exposure. 

The  following  facts  have  been  established 
regarding  ultra-violet  spark  spectra:  1.  When 
carbon  or  metallic  electrodes,  which  emit  short 
lines,  are  moistened  or  partially  immersed  in 
water,  the  short  lines  are  lengthened.  2.  The 
impurities  in  a  metal,  or  the  minute  constituents 
of  an  alloy,  generally  appear  as  spectra  com- 
posed of  short  lines.  When  both  electrodes  are 
of  the  same  material,  the  impurities  in  minute 
proportion  appear  at  the  negative  pole  onh/,  but 
when  the  proportion  of  the  impurity  or  alloy  is 
increased,  the  long  lines  ai'e  seen  as  short  hues 
at  both  poles  ;  a  further  increase  in  proportion 
brings  them  out  as  long  lines.  3.  Of  the  non- 
metallic  elements,  boi~on,  carbon,  and  silicon 
exhibit  line  sp)ectra.  The  line  spectra  of  the 
elements  are  seen  in  spectra  of  borates  and  sili- 
cates, and  in  boracic  and  hydrofluosilicic  acids. 
4.  The  spectra  of  carbon  and  silicon  may  nearly 
always  be  detected  in  photographs  taken  from 
electrodes  of  metallic  iron.  5.  Insoluble  com- 
pounds which  are  not  volatile,  such  as  ferrous 
sulphide,  ferric  oxide,  and  ferrous  phosphate,  do 
not  yield  spark  spectra.  Insohible,  though 
somewhat  volatile,  compounds,  such  as  thallium 
chloride,  yield  a  feeble  spectrum  of  metallic 
lines.  6.  With  the  exception  of  boron  and  sili- 
con, the  non-metallic  constituents  of  a  salt  do 
not  alfect  the  spark  spectra  of  solutions.  7.  The 
spectrum  of  a  metallic  chloride,  nitrate,  or  sul- 
phate yields  spectral  lines  identical  in  number 
and  position  with  the  principal  lines  of  the 
metal  itself.  Some  of  the  short  lines  become 
long  lines,  but  whether  the  spectra  are  produced 
by  metallic  electrodes  or  solutions  their 
character  is  identical.  8.  The  effect  of  diluting 
solutions  of  metallic  salts  is  first  to  weaken  and 
attenuate  the  metallic  lines,  then,  with  a  more 
extensive  dilution,  to  shorten  them,  the  length  of 
the  longest  and  strongest  lines  generally  deci-eas- 
ing  until  they  finally  disappear.  There  are  two 
lines  in  the  spectrum  of  copper  which  disappear 
by  attenuation  only,  and  a  similar  pair  of  lines 
in  the  sp>ectruni  of  silver  behaves  in  like  manner. 
Both  jjairs  of  lines  have  been  observed  as  short 
lines  in  alloys  containing  very  small  quantities 
of  these  metals.  9.  Accidental  diff'erences  in  the 
passage  of  the  spark,  or  in  the  time  of  exposure 
of  the  photographic  plate,  when  the  normal 
period  varies  from  half-a-minute  to  five  minutes, 
do  not  cause  sensible  variations  in  spectra  ob- 
tained from  the  same  substances,  under  any 
ordinary  circumstances.  10.  Spectra  of  metallic 
electrodes  and  of  solutions  are  liable  to  con- 
tain the  lines  of  calcium,  with  wave-lengths 
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2967"3  and  3933,  also  occasionally  those  with 
wave-lengths  3736-5  and  3705'3.  These  calcium 
lines  are  due  to  dust  when  the  electrodes  are 
dry,  and  to  impurity  in  the  acids  when  solu- 
tions are  prepared  therewith  and  examined. 
11.  Five  modified  spectra  have  been  observed  in 
photographs  taken  from  graphite  electrodes, 
which  apparently  belong  to  no  other  element 
but  carbon.  The  first  and  second  were  pro- 
duced under  identical  circumstances,  and  were 
taken  from  dry  points  in  air.  The  first  contains 
20  lines,  the  second  only  12.  The  third  was 
taken  from  wet  electrodes  in  air,  and  consists  of 
20  lines,  some  of  which  are  lengthened.  The 
fourth  was  taken  from  dry  electrodes  in  oxygen, 
and  consists  of  17  lines,  some  being  much 
lengthened.  The  fifth  was  taken  from  dry 
electrodes  in  carbon  dioxide,  and  consists  of 
13  lines,  all  much  lengthened  and  strengthened 
(T.  pt.  i.  1884). 

The  exam  ination  of  me  tals  and  alloys.  When 
a  metal  is  to  be  examined  it  may  be  filed  or 
hammered  into  electrodes  of  a  convenient  shape, 
and  held  between  screw  clips  or  between  the 
points  of  cheap  drawing  pens.  According  to 
circunistmces,  both  electrodes  need  not  be  of 
the  same  metal,  but  one  may  be  of  gold,  pla- 
tinum, or  a  tin-cadmium  or  lead-cadmium  alloy 
containing  in  either  case  20  p.c.  of  cadmium. 
Such  an  alloy  gives  convenient  reference  lines. 
If  it  be  required  to  bring  out  the  lines  of  the 
constituent  of  an  alloy  present  in  the  metal  in 
minute  proportion,  or  present  as  an  impurity  in 
the  metal,  it  is  best  to  partially  immerse  the 
lower  electrode  in  water  contained  in  a  small 
glass  J  tube,  as  if  a  solution  were  being  photo- 
graphed. Under  these  circumstances  the  short 
lines  become  much  lengthened  and  consequently 
more  prominent.  The  best  form  for  electrodes 
is  flat  with  curved  edges,  or  even  somewhat 
rounded  discs,  such  as  blow-pipe  globules 
flattened. 

The  identification  of  lines  in  photographed 
spectra.  When  the  spectrum  of  an  alloy,  me- 
tallic precipitate,  or  solution  has  been  photo- 
graphed, it  is  seldom  easy  to  determine  what 
substances  are  present  or  absent,  partly  on  ac- 
count of  the  complexity  of  the  spectra  and 
partly  from  the  absence  of  colour.  It  is 
necessary  in  such  cases  to  have  recourse  to  one 
or  both  of  the  following  methods  of  identification. 
(a)  Method  of  identifying  the  elements  by  lines 
photographed  from  a  known  specimen.  A  series 
of  photographs  taken  from  metallic  electrodes 
and  from  solutions  should  always  be  kept  for 
reference.  A  substance  may  then  be  readily 
identified  even  when  the  wave-lengths  of  its 
lines  are  unknown,  by  superposing  one  photo- 
graph on  the  other,  film  to  film,  since  there  are 
but  very  few  cases  of  actual  coincidences  of 
lines  of  similar  chai-acter  belonging  to  different 
elements.  If  this  examination  does  not  account 
for  all  the  lines,  it  is  necessary  to  proceed  ac- 
cording to  the  next  method,  (b)  Method  of 
identifying  lines  when  comparison-spectra  are 
not  available.  By  chemical  processes  of  separa- 
tion it  is  easy  to  ascertain  what  metals  may  be 
looked  for.  The  wave-lengths  of  the  unrecog- 
nised lines  may  then  be  ascertained  by  measure- 
ments and  reference  to  an  interpolation  curve. 
The  measurements  need  not  be  made  with  a 


micrometer  unless  great  accuracy  is  required. 
It  suffices  generally  to  measure  the  spectra  by 
means  of  an  ivory  scale  with  bevelled  edges,  the 
divisions  on  the  scale  being  hundredths  of  an 
I  inch.    With  a  strong  magnifier  we  may  read  by 
I  judgment  to  tenths  of  a  division  or  thousandths 
!  of  an  inch.    The  best  form  of  magnifier  is  made 
i  like  the  compound  eyepiece,  of  a  microscope 
with  cross  hairs  or  fibres  of  cocoon  silk  in  the 
field.    The  lens  is  placed  very  close  to  the  sur- 
face of  the  scale  and  photograph,  so  that  false 
'  readings  caused  by  parallax  are  avoided.  When 
all  the  lines  in  a  photograph  which  have  been 
recognised,  or  vice  versd,  have  been  pricked  ofi', 
the  scale  is  very  carefully  adjusted  so  that  it 
gives  correct  readings  with  lines  of  known  wave- 
lengths at  different  parts  of  the  spectrum,  such 
for  instance,  with  Nos.  9,  10,  11,  12,  17,  and  25 
of  cadmium.    In  order  to  adjust  the  scale  ac- 
curately, it  is  advisable  to  rule  a  line  along  the 
'  whole  of  the  spectrum,  which  may  be  done  when 
photographing  by  placing  a  wire  at  right  angles 
to  the  slit,  and  one-third  or  one-fourth  the  length 
of  the  spark,  above  the  lower  electrode.  The 
edge  of  the  scale  is  applied  to  this  line,  and  held 
in  position  by  spring  clips  or  screws.    The  scale 
1  numbers  of  the  unrecognised  lines  are  then 
read  off,  and  by  reference  to  the  interpolation 
curve  their  oscillation-frequencies  or  their  wave- 
lengths are  obtained.    From  maps,  or  descrip- 
tions of  spectra,  accompanying  a  list  of  wave- 
lengths, the  corresponding  Unes  are  selected 
and  identified. 

Descriptions  of  the  spectra  of  the  eleinents. 
Emission  spectra.  The  spectra  of  non-metallic 
elements,  particularly  those  which  are  gaseous, 
have  been  found  to  vary  in  character  with  the 
conditions  under  which  they  have  been  obtained. 
Thus  N,  0,  C,  Br,  I,  S,  Se,  Te,  and  P  yield  band 
spectra  or  line  spectra,  according  to  variations  in 
temperature  or  pressure.  The  chlorides  of  B  and 
Si  likewise  give_line  spectra  due  to  B  and  Si ;  under 
certain  conditions  they  emit  spectra  of  their  own. 
The  fluted  spectrum  of  carbon  has  given  rise  to 
great  discussion.  Swan,  and  later  Angstrom, 
1  attributed  the  bands  to  a  hydrocarbon,  so  also  did 
I  Morren,  and  Liveing  a.  Dewar,  but  they  finally 
arrived  at  the  conclusion  first  enunciated  by  Att- 
field,  that  the  bands  were  caused  by  the  element 
carbon.  Van  der  Willingen,  Pliicker  and  Hittorf, 
Marshall  Watts,  WiUlner,  Lockyer,  and  Fievez, 
have  all  adduced  evidence  of  this.  It  appears, 
however,  that  a  banded  spectrum  of  cyanogen  can 
be  obtained  which  is  distinct  from  that  of  carbon. 
I  Certain  bands  in  the  ultra-violet  spark  spectrum, 
which  have  been  considered  by  Liveing  and  Dewar 
to  be  caused  by  cyanogen,  have  been  observed  by 
Hartley,  and  he  is  led  to  the  conclusion  that  they 
are  in  reality  carbon  bands  intensified  by  the 
presence  of  an  atmosphere  of  nitrogen,  but  not 
cyanogen  bands,  for  the  reason  that  they  cannot 
be  obtained  from  various  cyanogen  compounds, 
'  such  as  soluble  cyanides.  They  are  always 
present  when  graphite  electrodes  are  used  in  air, 
they  are  intensified  when  the  electrodes  are 
moistened,  and  they  become  particularly  strong 
when  concentrated  solutions  of  chlorides,  such 
as  zinc  chloride  or  calcium  chloride,  surround 
the  electrodes ;  moreover,  the  strength  of  the  bands 
increases  with  the  strength  of  the  solutions. 
A  review  of  the  facts  shows  that  large  mole- 


OPTICAL  METHODS. 


245 


eules  give  banded  spectra,  as  is  evident  from 
the  spectra  of  compounds,  and  various  other 
considerations  lead  to  the  conclusion  that  the 
elements  which  give  such  are  capable  of  exist- 
ence in  different  molecular  conditions,  the  most 
complex  molecules  emitting  bands  of  rays,  the 
simpler  molecules  emitting  line  spectra. 

Hydrogen.  When  sparks  are  passed  through 
hydrogen,  four  very  well  known  lines  appear. 
Hug^ins  has  observed  the  same  in  some  stars, 
together  with  a  remarkable  series  of  lines  in  the 
ultra-violet,  and  it  has  been  surmised  that  the 
whole  series,  visible  and  invisible,  belong  to  the 
one  element.  Cornu  has  recently  proved  this  to 
be  the  case.  Fifteen  lines  in  the  visible  and 
ultra-violet  constitute  .the  only  true  line  spec- 
trum of  hydrogen. 

The  alkali  metals,  Li,  Na,  K,  Eb,  Cs. 
These  metals  are  distinguished  by  the  fact  that 
most  of  their  salts  are  decomposed  in  the  flame, 
and  the  metal  set  free,  or  the  metallic  oxide 
formed  from  it,  is  sufficient  to  colour  the  flame  in- 
tensely. The  spectra  are  very  simple,  and  all  the 
principal  lines  are  in  the  visible  region.  Their 
ultra-violet  spark  spectra  are  insignificant. 

The  alkaline  earth  metals,  Ca,  Sr,  Ba. 
The  spectra  of  these  elements  are  obtainable  by 
flames.  When  the  chlorides  are  fused  and 
heated  in  a  flame  supplied  with  hydrochloric  acid, 
lines  due  to  the  metallic  chlorides  are  visible. 
Without  hydrochloric  acid,  the  spectrum  is  at 
first  a  simple  line  spectrum,  but  subsequently 
bauds,  shown  by  Mitscherlich  to  be  due  to  the 
oxides,  take  their  place.  Feeble  sparks  give  line 
spectra  with  solutions  of  salts.  In  the  ultra- 
violet, a  series  of  well-marked  groujss  of  doublets 
and  triplets  is  seen. 

The  magnesium  group,  Be,  Mg,  Zn,  Cd. 
The  element  beryllium  stands  at  the  head  of 
two  families,  that  of  the  alkaline  earths  and  the 
magnesium  family.  It  occupies  a  position  simi- 
lar to  that  of  lithium  with  regard  to  the  alkali 
metals  and  the  copper  and  silver  family.  Its 
spectrum  is  similar  in  many  respects  to  that  of 
lithium,  being  very  simple  and  composed  of  iso- 
lated lines.  There  are  two  in  the  blue  and  five 
in  the  ultra-violet  not  visible  in  the  flame,  but 
obtainable  by  the  action  of  condensed  sparks. 
Magnesium  and  the  compounds  of  the  other 
metals  of  this  group  do  not  easily  yield  flame 
spectra,  but  give  characteristic  groups  of  lines 
when  solutions  are  submitted  to  feeble  or  con- 
densed sparks.  In  the  ultra-violet  these  consist 
of  well-marked  groups  of  isolated  lines,  pairs, 
triplets,  and  groups  of  four  and  of  five  lines. 

The  aluminium  elements,  B,  Al,  Ga, 
In,  Tl.  Boron,  which  stands  at  the  head  of  this 
group,  gives  a  flame-spectrum  only  of  its  oxide, 
but  the  boron  compounds,  such  as  borates,  emit 
three  lines  in  the  ultra-violet  due  to  this  ele- 
ment. Aluminium  gives  no  flame  spectrum,  but 
gallium,  indium,  and  thallium  emit  rays  in  the 
violet  and  green.  Sparks  taken  from  solutions 
of  indium  and  thallium  yield  characteristic 
spectra  in  the  ultra-violet  consisting  of  many 
isolated  lines  and  pairs  of  lines. 

The  tin  elem  ents,  C,  Sn,  Ge,  Pb.  Carbon 
presents  a  very  simple  spectrum  when  condensed 
sparks  are  used ;  most  of  the  lines  are  in  the 
ultra-violet.  It  is  a  remarkable  fact  that  under 
the  same  conditions  the  number  of  lines  some- 


times varies,  and  no  satisfactory  reason  for  this 
can  be  assigned.  Four  spectra  of  graphite  have 
been  mapped  from  photographs  described  as 
follows  :  1.  Dry  electrodes  in  air.  2.  Wet  elec- 
trodes in  air.  3.  Dry  electrodes  in  oxygen.  4.  Dry 
electrodes  in  carbon  dioxide.  The  strength  and 
length  of  the  lines  vary  under  certain  circum- 
stances ;  in  1  the  lines  are  all  short,  in  2  some 
lines  are  lengthened,  in  3  some  lines  are  much 
lengthened,  and  in  4  all  the  lines  are  lengthened 
and  strengthened. 

The  spark  spectra  of  tin,  germanium,  and 
lead  contain  numerous  lines  which  are  not 
characterised  by  any  evident  siJecial  grouping. 
Tlie  ultra-violet  spectrum  of  germanium  has  yet 
to  be  photographed. 

The  group  of  rare  earths,  Ce,  La,  Di, 
j  Sm,  Yt,  Sc,  Er,  Tr.  These  elements  give  no  flame 
spectra,  and  but  weak  spectra  with  feeble  sparks. 
Ce,  Di,  Yt,  Sm,  Sc,  Tr  yield  very  complicated 
spectra  to  powerful  sparks,  the  spectrum  of 
cerium  in  the  ultra-violet  being  remarkable  for 
tlie  immense  crowd  of  lines.  Yttrium  and  scan- 
dium chlorides  give  spectra  coniiiosed  of  bands 
which  are  very  characteristic  in  the  visible  re- 
gion. Didymium,  samarium,  erbium,  and  thallium 
will  be  dealt  with  under  the  head  of  Absorption 
spectra.  Lanthanum  gives  a  large  number  of 
lines  in  the  visible  region,  but  very  few  in  the 
ultra-violet. 

The  nitrogen  elements,  N,  P,  As,  Sb,  Bi, 
V.  Nitrogen  gives  a  large  number  of  lines  under 
the  action  of  condensed  sparks.  The  ultra-violet 
portion  of  the  spectrum  has  been  photographed. 
Nothing  of  the  same  kind  is  known  of  phos- 
phorus. Phosphorus  in  a  current  of  hydrogen 
gives  a  beautiful  banded  flame  spectrum,  espe- 
!  cially  when  the  flame  is  cooled.  This  reaction 
'  is  exceedingly  sensitive.  The  spectra  of  arsenic, 
antimony,  and  bismuth  in  the  ultra-violet  are 
very  well  marked,  and  they  each  contain  a  large 
number  of  lines,  some  of  which  are  nebulous, 
others  are  mere  dots,  and  there  is  a  charac- 
teristic background  of  continuous  rays.  Vana- 
dium yields  spark  spectra,  with  a  large  number 
of  lines. 

1       The  chromium  elements,  Te,  Cr,  Mu. 
,  The  line  spectrum  of  tellurium  obtained  from  the 
i  element  is  very  complex,  and  by  far  the  greater 
j  number  of  lines  are  in  the  ultra-violet ;  the 
character  of  the  spectrum  resembles  those  of 
arsenic,  antimony,  and  bismuth.  The  chromium 
and  manganese  spectra  are  very  complex  and 
similar  to  those  of  the  ijcon  group, 
j       The  iron,  nickel,  and  cobalt  group. 
1  These  metals  present  very  complicated  spectra 
when  condensed  sparks  are  employed  in  the 
I  visible,  and  more  particularly  the  ultra-violet, 
j  regions.    The  grouping  of  the  lines  in  the  dii- 
1  ferent  spectra  is  similar. 

The  palladium,  gold,  and  platinum 
!  group.     These  elements  present  complicated 
spectra,  though  less  so  than  the  foregoing.  The 
strong  lines  of  gold  are  few  in  number.  These 
metals  do  not  excel  in  emissive  power.  Feeble 
sparks  with  them  give  feeble  spectra.  Iridium 
gives  a  spectrum  only  with  condensed  sparks, 
which  in  the  ultra-violet  consists  of  a  great 
crowd  of  lines. 
I       The  spectra  of  many  elements,  such  as  tung- 
\  sten  and  uranium,  have  yet  to  be  examined 
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thorouglily.  It  may  here  be  remarked  that  ele- 
ments usually  associated  by  their  natural  occur- 
rence, or  by  classification  according  to  their 
chemical  properties,  exhibit  spectra  with  charac- 
ters in  common. 

A  very  important  paper  by  Mitsoherlich 
{A.  121,  459)  first  drew  attention  to  the  fact 
that  a  number  of  compounds  emit  distinct 
spectra,  for  the  most  part  band  spectra.  A  list 
of  such  compounds  here  follows,  most  of  the 
spectra  of  which  were  originally  described  by 
Mitsoherlich.  Diacon  also  (Thises  de  Physiqite 
et  de  Cheviie,  Montpelier,  1864),  using  a  flame  the 
interior  of  which  was  fed  with  chlorine,  obtained 
distinct  spectra  of  chlorides,  such  as  those  of  the 
alkaline  earths,  gold,  lead,  iron,  cobalt,  and  nickel ; 
the  alkalis  gave  7io  spectra  excepting  where  they 
became  converted  into  oxides  or  metal,  as  in  the 
mantle  of  the  flame. 

Compounds  emitting  distinct  spectra 
(Mitscherlich).  '  Venetian-blind  '  or  degraded 
band  spectra.  Flame.  BaO;  BiCl^,  BiBrg,  Bil,; 
BA;  CuCL,CuBr.„  Cu.J^,  CuO  ;  AuClj ;  FeA; 
MgO  ;  MnO'„ ;  PbCL,  PbO  ;  MgCL. 

Plain  band  spectra.  BaFj,  BaCl.,,  BaBr., ; 
Bil,;  CaF.„  CaO;  CuF, ;  SrO. 

Line  spectra,  or  lines  with  bands.  BaCL, 
BaBr.,,  Bal, ;  CaCU,  CaBr,,  Cal.,;  SrF^,  SrCU, 
SrBr^,  SrI.. 

Other  observers  have  discovered  and  de- 
scribed specific  spectra  emitted  by  the  following 
compounds: — ALO^;  feeble  sparks  (Wiillner  and 
others).  NH,  ;  flame  (Dibbits).  CO  ;  spark 
(Plucker  and  others).  CN  ;  flame  (Fox  Talbot, 
Draper,  Dibbits,  and  others).  Er^O^  and  ErPOj; 
flame  (Bunsen  a.  Bahr).  MgO  and  hydride  of 
Mg;  flame  and  spark  (Liveing  a.  Dewar).  PH.,; 
flame  cooled  (Christofle  a.  Beilstein).  SiCl„ 
SiBr^,  Sil  , ;  spark  (Plucker,  also  Salet).  HjO ; 
flame  (Liveing  a.  Dewar  ;  Huggins). 

Harmonic  relations  between  the  lines  of  a 
spectrum.  The  self-luminous  nature  of  a  mole- 
cule is  connected  with  the  vibrations  of  those 
parts  of  the  molecule  which  are  called  atoms. 
The  number  of  vibrations  is  indicated  by  the  in- 
verse wave-lengths  of  the  lines  in  the  spectra. 
The  spectrum  of  iron  contains  more  than  1,200 
distinct  lines,  and  it  follows,  therefore,  that  the 
molecule  or  its  atoms  must  simultaneously  ex- 
cite as  many  different  vibrations.  We  are 
acquainted  with  similar  relations  in  acoustics. 
For  instance,  it  has  been  observed  by  Hipkins 
that  the  simplest  vibration  of  a  pianoforte 
string  will  cause  it  to  emit  its  own  proper  note, 
and  as  many  as  twenty-four  overtones  or  har- 
monics. Johnstone  Stoney  first  discovered  such 
harmonics  in  spectra.  The  visible  spectrum 
of  hydrogen  contains  the  three  lines  Ha  wave- 
length 6563-9,  H;8  =  4862-1,  H5  =  4102-4,  these  are 
the  20th,  27th  and  32nd  overtones  of  a  vibration, 
of  which  the  wave-length  =  0-013127714  mm. 
But  the  fourth  line  H7  =  4341,  and  the  lines  in 
the  ultra-violet  do  not  fall  in  with  this  system. 
Soret  has  calculated  the  harmonics  of  the  three 
groups  of  triplets  in  the  magnesium  spectrum 
to  be  the  20th,  27th,  and  31st  harmonics  of  the 
fundamental  vibration.  Similar  groups  occur 
in  the  cadmium  spectrum,  which  are  the  20th, 
23rd,  27th,  and  31st  of  a  fundamental  vibration. 
Schuster  has  observed  several  harmonics  in  the 
spectrum  of  strontium ;  also  in  the  spectra  of 


bismuth,  calcium,  thallium,  and  gold.  According 
to  Mascart,  sodium  has  five  series  of  doublets 
which  are  the  132nd,  138th,  143rd,  158th,  and 
163rd  harmonics.  One  of  the  most  remarkable 
spectra  is  the  absorption  caused  by  chromyl 
chloride.  Johnstone  Stoney  and  Emerson  Key- 
nolds  have  shown  that  under  great  dispersion 
and  lime-light  illumination  it  gives  a  series  of 
harmonics  which  are  similar  to  those  of  a  violin 
string,  and  of  which  the  order  lies  between  628 
and  733.  Liveing  and  Dewar  have  observed  that 
many  ultra-violet  spectra  contain  lines  which 
are  harmonically  related,  not  so  simply  related 
perhaps  as  the  harmonics  of  a  uniform  stretched 
string,  but  like  the  overtones  of  a  string  which  is 
not  of  uniform  thickness,  or  is  loaded  at  different 
points,  similarly  related  in  origin  though  not 
exact  harmonics.  Lithium,  potassium,  calcium, 
magnesium,  and  zinc  are  such  elements.  The 
alkali  metals  have  each  one  series  in  the  visible 
spectrum,  and  another  in  the  ultra-violet.  It 
may  happen  in  other  cases  that  two  or  more  such 
series  overlap,  and  it  may  be  very  difficult  to 
distinguish  and  separate  them.  There  is  a  re- 
markable fact  to  be  noted  with  regard  to  ultra- 
violet spectra,  namely,  that  similar  groups  of 
lines,  evidently  harmonically  related,  are  alter- 
nately sharp  and  nebulous  in  character. 

Huggins  discovered  that  the  four  hydrogen 
lines  in  the  solar  spectrum  are  part  of  a  much 
longer  series  of  lines  which  occur  in  the  spectra 
of  white  stars.  Cornu  discovered  the  whole  series 
in  the  spectrum  of  pure  hydrogen,  and  Balmer 
showed  that  the  whole  series  of  lines  can  be 
expressed  by  the  following  formula : 

Nm-2  =  ^f^  1— — \  ill  which      is  a  constant 

V  m-y 

for  the  whole  series,  and  by  substituting  the 
whole  numbers  3,  4,  5,  6,  &o.,  for  m,  we  obtain 
values  for  N  which  are  the  oscillation-fre- 
quencies of  the  successive  lines. 

Relations  between  the  spectra  of  different 
elements.  Lecocq  de  Boisbaudran  has  observed 
such  a  relationship  between  the  lines  in  the  dif- 
ferent spectra  of  the  alkali  metals  and  their 
atomic  weights,  that  he  has  been  able  to  calcu- 
late the  atomic  weight  of  gallium  from  its  spec- 
trum. It  may  be  stated  that  the  atoms  of  greater 
mass  vibrate  more  slowly,  and  therefore  emit 
rays  of  proportionally  greater  wave-lengths. 
Ciamician  made  an  extended  series  of  observa- 
tions on  the  spectra  of  elements  usually  classed 
together  on  account  of  their  chemical  properties, 
and  he  described  several  of  these  spectra  as 
being  homologous,  that  is  to  say,  similarly  con- 
stituted. A.  Griinwald  observed  mathematical 
relations  between  the  spectrum  of  water  vapour 
and  the  line  spectra  of  H  and  O,  which  led  him  to 
predict  the  existence  of  many  lines  in  the  spectrum 
of  water  vapour  which  had  not  been  photo- 
graphed. By  prolonged  exposures,  Liveing  and 
Dewar  obtained  photographs  of  a  number  of 
lines  approximating  very  closely  to  those  calcu- 
lated by  Griinwald. 

Hartley,  in  1883,  observed  the  law  of  homo- 
logy in  the  visible  and  ultra-violet  spectra  of  the 
magnesium,  zinc,  and  cadmium  group.  Elements 
with  properties  in  common  exhibit  spectra  with 
similar  groupings  of  lines,  but  the  dispersion  of 
the  lines  and  the  ref  rangibility  of  the  strong  lines 
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in  each  group  vary  with  the  atomic  weights  of 
the  elements.  In  each  spectrum  the  differences 
between  the  oscillation-frequencies  of  the  indi- 
vidual lines  of  each  triplet  is  a  constant  quantity. 
The  law  also  applies  to  the  series  of  doublets.  The 
differences  between  the  oscillation-frequencies  of 
individual  rays  in  the  series  of  triplets  increases 
with  the  atomic  weights  of  the  elements  to  which 


who  it  appears  recognised  it  independently  in 
1885.  J.  S.  Ames,  in  1890,  proved  the  perfect 
homology,  line  for  line,  of  the  arc  spectra  of  zinc 
and  cadmium.  Kayser  and  Ilunge  have  shown 
that  the  series  of  triplets  referred  to  in  the 
magnesium,  zinc,  and  cadmium  spectra  are  in 
reality  three  series  of  harmonic  vibrations,  a 
principal  series  and  two  subordinate  series  over- 


•the  triplets  belong.  A  survey  of  these  facts  led 
to  the  conclusion  that  as  the  molecules  of  these 
elements  contain  but  one  atom,  the  atoms  have  a 
complex  constitution,  and  that  those  elements  the 
spectra  of  which  are  homologous  are  composed 
of  the  same  kind  of  matter  in  different  states 
of  condensation,  the  molecules  having  similar 
modes,  but  diiferent  rates,  of  vibration.  The  law 
of  homology  has  been  studied  by  J.  E.  Kydberg, 


lying  each  other.  The  magnesium  series  they 
place  along  with  those  belonging  to  the  calcium, 
strontium,  and  barium  family,  but  according  to 
the  periodic  law,  the  magnesium  spectrum  might 
be  expected  also  to  stand  at  the  head  of  the  spectra 
of  the  family  which  includes  zinc  and  cadmium. 
The  series  of  lines  in  the  alkali  and  alkaline  earth 
metals  do  not  fall  in  with  Balmer's  law  for  the 
hydrogen  lines.    Homology  has  been  observed 
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in  the  spectra  of  the  following  groups  :  lithium, 
sodium,  potassium,  rubidium,  caesium,  also  in 
aluminium,  indium,  thallium.  Kunge  announces 
that  doublets  and  triplets  existing  in  the  spec- 
trum of  an  element  can  be  arranged  in  series 
which  show  an  appearance  of  great  regularity, 
and  are  seemingly  analogous  to  the  overtones  of  a 
vibrating  body  (see  figs.  1,  2,  and  3).  In  fig.  1 
the  spectrum  of  sodium  is  shown  with  a  scale  of 
unequal  parts,  A.  corresponding  to  wave-lengths, 

and  a  scale  of  equal  parts  ^  corresponding  to 

oscillation-frequencies.  The  lines  forming  the 
entire  spectrum  are  arranged  in  three  series. 
Each  line  in  the  maps  indicates  a  closely-placed 
pair  of  lines.  Series  P  is  the  principal  series, 
series  D  is  the  subordinate  series  of  diffuse 
lines,  series  S  the  subordinate  series  of  sharp 
lines.  The  three  series  are  regular,  the  intervals 
between  the  lines  decrease  as  the  wave-lengths 
of  the  lines  diminish  from  right  to  left.  In 
fig.  2  we  have  similar  maps,  but  the  scales  run 
the  reverse  way,  from  left  to  right.  The  principal 
and  subordinate  series  of  lines  are  shown  in  the 
spectra  of  Mg,  Ca,  Zn,  Cd,  and  Hg.  Correspond- 
ing lines  in  two  different  series  of  the  same 
spectrum  are  numbered  alike.  The  homology 
of  the  spectra  is  evidenced,  and  also  variations 
following  increase  of  atomic  mass  in  elements 
of  the  same  group.    In  fig.  3  the  homology  of 


determined  the  composition  of  somehomogeneous 
alloys  of  gold  and  silver,  also  of  lead  and  cad- 
mium, by  comparison  of  their  spectra  with  check 
pieces  of  known  composition.  Sir  J.  G.  Alleyne 
estimated  phosphorus  in  iron  and  steel,  and  Ball- 
man  attempted  the  estimation  of  litliium  by  the 
spectroscope.  Liveing  and  Dewar  made  observa- 
tions on  a  spectroscopic  method  of  estimating 
sodium  by  measuring  the  width  of  the  sodium 
lines.  Hartley  determined  the  different  spectra 
emitted  by  solutions  of  different  strengths,  and 
found  these  constant  when  the  ultra-violet  lines 
were  photographed.  Accordingly,  by  comparison, 
the  metals  may  be  determined  in  solutions  made 
from  determinate  weights  of  material,  diluted  to 
a  definite  volume.  Quantitative  determinations 
of  the  basic  constituents  of  limestones,  of  copper 
in  pyrites  cinder,  and  of  lead,  silver,  and  copper 
in  zinc  blende,  have  been  made  with  quantities 
of  matter  so  small  that  no  other  method  could 
have  dealt  with  them.  It  will  be  seen  later  on,, 
that  absorption  spectra  are  serviceable  in  quanti- 
tative analysis. 

Spectra  of  the  infra-red  region  and  spec- 
tra of  solids  in  vacuo.  There  are  three 
methods  of  spectroscopy  which  have  not  yet 
been  much  employed.  1.  The  method  of  E. 
Beoquerel  for  observing  the  infra-red  rays. 
This  is  accomplished  by  the  use  of  an  eyepiece 
covered  with  Balmain's  phosphorescent  paint. 
When  it  is  excited  by  exposure  to  a  brilliant 


Fig.  3. 


the  spectra  of  copper  and  silver  is  well  shown. 
The  difference  of  two  consecutive  oscillation- 
frequencies  deci'eases  as  these  values  increase, 
and  there  seems  to  be  a  finite  limit  to  the 
oscillation-frequencies  of  a  series.  If  n  repre- 
sent whole  numbers,  the  oscillation-frequencies 
of  a  series  may,  with  great  accuracy,  be  repre- 
sented by  the  formula  A  —  B)i.~-— Cw~*,  where  A, 
B,  C,  are  positive  constants.  B  has  nearly  the 
same  value  for  all  the  series  of  the  different 
spectra.  A  is  the  limit  towards  which  the  oscil- 
lation-frequency tends  when  n  increases.  For 
elements  that  are  chemically  related  the  series 
are  distinctly  homologous,  both  in  appearance 
of  the  lines  and  the  values  of  A,  B,  C,  and  with 
increasing  atomic  weight  they  shift  towards 
the  less  refrangible  end  of  the  spectrum.  The 
spectra  show  relationships  between  the  elements 
similar  to  those  between  their  chemical  proper- 
ties. 

Quantitative  analysis  by  the  spectroscope. 
In  1862  W.  A.  Miller  first  attempted  to  apply  the 
spectroscope  to  the  quantitative  estimation  of 
the  constituents  of  an  alloy.  Jansen,  in  1870, 
proposed  two  methods  of  quantitative  analysis. 
Champion,  Pellet,  and  Grenier  successfully  ap- 
plied a  spectro-photometrical  method  to  the  esti- 
mation of  alkalis.    Lockyer  and  Eoberts-Austen 


light,  it  glows,  but  as  soon  as  any  radiation  of 
very  low  refrangibility  falls  upon  it  the  phos- 
phorescence is  destroyed.  2.  Abney  observes 
the  same  rays  by  means  of  specially-prepared 
photographic  plates,  sensitive  to  exceedingly 
slow  vibrations.  Even  the  radiations  from  a 
kettle  of  boiling  water  can  impress  themselves 
permanently  on  his  preparation  of  silver 
bromide.  V.  Schumann  and  also  Waterhouse 
have  used  photographic  plates  prepared  with 
cyanine,  erythrosine,  and  other  dyes  for  the 
same  purpose  with  some  success.  3.  Crookes 
has  made  much  use  of  the  phosphorescent 
spectrum  obtained  by  the  action  of  an  electric 
discharge  in  high  vacua,  and  has  made  a  most 
interesting  series  of  observations  on  the  rare 
earths  by  this  means.  Among  other  results  he 
has  proved  the  wide  distribution  of  yttria,  its 
occurrence  in  strontianite,  coral,  oyster  shells, 
and  limestones.  He  considers  that  there  are 
several  kinds  of  yttria  with  different  phos- 
phorescent spectra,  but  as  they  all  give  the  same 
spectrum  when  excited  by  the  spark  in  the  usual 
manner,  they  must  be  considered  as  being  de- 
rived from  the  same  elementary  yttrium. 

Absorption  spectra.  In  dealing  with  absorp- 
tion spectra,  we  may  observe  the  effect  on  a. 
continuous  spectrum  of  (a)  gases,  (6)  liquids,  (c) 
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solids.  When  rays  enter  a  transparent  medium —  i 
either  gaseous,  liquid,  or  solid — they  do  not  leave 
it  in  a  condition  identical  with  that  in  which 
they  entered  it.  They  may  be  either  partially 
absorbed  or  altered  in  rcfrangibiliiy.  No  known 
substance  is  capable  of  transmitting  radiations 
of  all  known  wave-lengths ;  those  media  which  do  , 
not  absorb  appreciably  any  of  the  coloured  rays, 
or  any  of  the  rays  in  the  ultra-violet  which  are 
capable  of  being  photographed,  absorb  a  portion 
of  the  infra-red  spectrum.  It  may  be  remarked 
that  substances  like  air  and  water  which  in  thin 
layers  do  not  appear  to  absorb  the  rays  in  the 
visible  spectrum,  in  thicker  layers  are  seen  to 
absorb  the  rays  of  a  limited  region.  The  A  and 
B  groups  of  lines  in  the  solar  spectrum  have 
been  shown  to  be  due  to  oxygen  in  the  atmo- 
sphere, while  nine  lines  lying  between  the  two 
D  lines  in  the  solar  spectrum  were  observed,  and 
proved  by  Josiah  P.  Cooke,  in  1866,  to  be  caused 
by  water  vapour  in  the  atmosphere  amounting 
to  not  more  than  1-5  g.  in  100  litres  of  air.  With 
0-18  g.  only  one  line  was  visible,  and  with  0-55  g. 
two  lines.  The  successful  application  by  Piazzi 
Smyth  of  the  spectroscope  to  weather  forecasts 
is  based  upon  such  facts. 

Many  cases  of  absorption  are  known  in  the 
infra-red  and  in  the  ultra-violet,  when  no  visible 
rays  are  absorbed.  Colours  may  be  either  visible 
or  invisible,  since  we  must  regard  every  substance 
which  absorbs  rays  as  coloured.  The  eye  cannot 
always  distinguish  colour,  because  the  most 
sensitive  eye  cannot  observe  the  rays  which  are 
absorbed  by  its  own  aqueous  humour,  and  are 
thus  prevented  from  affecting  the  optic  nerve. 
Hence  the  infra-red  rays  have  no  effect  upon  the 
retina,  and  most  of  the  ultra-violet  cannot  affect 
it.  The  colour  of  a  substance  is  determined  by 
the  combined  effect  of  the  rays  which  are  not 
absorbed.  Cobalt  glass,  which  absorbs  the 
yellow  and  green  rays,  transmits  the  red,  blue, 
and  violet,  but  as  it  transmits  comparatively 
little  of  the  red  its  colour  appears  blue.  The 
purity  of  the  light  by  which  the  substance  is 
examined  is  of  importance.  Chromium  solutions 
which  are  green  by  daylight  are  red  by  gaslight, 
because  the  yellow  and  red  rays  are  predominant 
in  gaslight,  and  as  the  red  rays  and  the  green 
are  transmitted  by  pure  white  light,  the  dominant 
colour  is  red  by  light  of  less  purity.  There  is  but 
little  importance  to  be  attached  to  the  general 
absorption  of  rays,  but  well-detined  absorption 
bands  afford  evidence  both  of  the  composition 
and  the  constitution  of  substances. 

The  theory  of  absorption  spectra.  It  is  a 
well-known  fact  in  acoustics  that  a  vibrating 
musical  instrument,  a  tuning-fork,  or  a  stretched 
string,  will  communicate  its  vibrations  to  any 
similar  instrurqent  near  to  it  which  is  capable 
of  similar  vibrations,  and  a  sufficient  number  of 
strings  or  tuning-forks  can  entirely  absorb  the 
vibrations  of  a  similar  string  or  fork.  In  like 
manner  when  a  molecule  of  a  substance  is 
capable  of  vibrating  synchronously  with  a  radia- 
tion, the  rays  received  on  the  substance  are  ab- 
sorbed by  reason  of  the  molecules  being  put  in 
motion  by  the  waves  which  strike  them.  The 
absorption  is  complete  if  the  direction  of  vibra- 
tion of  the  rays  and  of  the  molecule  is  the  same, 
but  the  phase  is  opposite.  A  general  absorption 
appears  (in  the  ultra-violet  at  any  rate)  to  be  due 


to  the  vibration  of  the  molecule,  while  selective 
absorption  appears  to  be  caused  by  the  vibra- 
tions of  atoms  within  the  molecule.  When  a 
substance  in  solution  absorbs  all  the  rays  of  a 
certain  region  of  the  spectrum  which  fall  upon 
it,  it  is  because  the  molecules  are  vibrating 
synchronously  with  these  rays,  and  the  number 
of  molecules  present  is  sufficient  to  damp  all  the 
vibrations.  When  the  rays  traverse  a  smaller 
quantity  of  substance — as,  for  instance,  when  a 
solution  is  diluted — the  number  of  molecules  pre- 
sent is  not  sufficient  to  damp  all  the  vibrations, 
and  some  rays  i5ass  through.  If,  however,  cer- 
tain atoms  within  the  molecule  are  vibrating 
synchronously  with  certain  rays,  we  shall  have 
a  selective  absorption  of  these  rays  after  the 
general  absorption  has  been  so  weakened  by  dilu- 
tion as  to  allow  them  to  pass.  It  has  been 
shown  by  Hartley  that  the  vibrations  of  the 
atoms  depend  upon  the  rate  of  vibration  of  the 
molecule,  or  in  other  words,  the  rate  of  vibra- 
tion of  the  molecule  determines  the  rate  of 
vibration  of  its  parts.  Four  absorption  bands 
in  the  three  hydrocarbons  benzene,  naphthalene, 
and  anthracene  are  evidence  of  this.  The  mean 
rate  of  vibration  of  the  rays  absorbed  by  naph- 
thalene andanthraceneis  less  than  that  of  the  rays 
absorbed  by  benzene,  and  the  vibrations  of  the 
carbon  atoms  within  the  molecule  are  not  inde- 
pendent of,  but  are  a  consequence  of,  the  mole- 
cular vibrations  ;  they  must,  in  fact,  be  regarded 
as  overtones  or  harmonics  of  the  fundamental 
or  molecular  vibrations.  When  the  rate  of  the 
fundamental  vibration  is  reduced  by  an  increase 
in  the  mass  of  the  molecule,  the  rate  of  vibra- 
tion of  the  carbon  atoms  is  reduced  in  a  similar 
ratio.  Greater  amplitude  of  vibration  means  a 
louder  note,  or  in  the  case  of  luminous  radia- 
tions a  brighter  light.  Consequently  the  con- 
verse of  this  may  be  considered  to  hold  good, 
that  a  greater  intensity  of  absorption  is  caused 
by  a  greater  amplitude  of  vibration  in  the  mole- 
cules of  the  absorbing  medium,  the  number  of 
atoms  or  molecules  remaining  constant. 

An  examination  of  the  three  hydrocarbons 
benzene,  naphthalene,  and  anthracene  shows 
that  the  mean  rate  of  vibration  of  the  rays  ab- 
sorbed by  benzene  is  greatest,  naphthalene  comes 
next,  and  anthracene  is  least;  but  the  absorptive 
power  is  in  the  reverse  order,  that  of  anthracene 
being  greatest.  Hence  we  conclude  that  the 
amplitude  of  vibration  is  greater  as  the  rate  of 
vibration  is  slower  (C  J.  1881).  The  approxi- 
mate rates  of  vibrations  of  the  three  hydrocarbons 
are  given  as  follows  : — ■ 

Mean  wave-length  Molecular  vi bra-  Molecular 
of  rays  absorbed,   tious  per  seeoad.  weights. 

Benzene  2526  1,248  biUions  78 
Naphthalene  2687  1,177  „  128 
Anthracene     3439         910       „  178 

The  various  absorption  spectra  may  be  referred 
to  in  no  better  order  than  that  of  the  refrangi- 
bility  of  the  rays  absorbed. 

Infra-red  absorption  spectra.  Abney  and 
Testing  have  photographed  rays  extending  down 
to  A.  12000;  the  visible  region  ends  about  \  7600. 
They  studied  the  absorption  spectra  of  water, 
hydrochloric  acid,  chloroform,  carbon  tetra- 
chloride, cyanogen,  and  a  number  of  hydro- 
carbons and  their  derivatives.    The  compounds. 
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containing  hydrogen  show  the  same  group  of 
lines,  which,  however,  do  not  appear  in  carbon 
compounds  containing  no  hydrogen  ;  they  do 
not  all  appear  in  some  hydrogen  compounds. 
The  inference  is  that  they  belong  to  hydrogen. 
When  oxygen  is  present  as  a  part  of  hydroxyl  it 
obliterates  the  rays  between  two  of  those  lines 
which  are  due  to  hydrogen.  When  it  forms  part 
of  the  carbon  nucleus  of  a  compound,  as  it  does 
in  aldehyde,  the  spectrum  is  inclined  to  beUnear, 
or  the  bands  are  bounded  by  well-defined  lines. 
There  appear  to  be  characteristic  bands  which 
indicate  the  carbon  nucleus  of  a  series  of  sub- 
stances. Certain  radicles  have  a  distinctive  ab- 
sorption lying  near  A  7000  and  others  about 
A.  9000 ;  thus  in  the  three  compounds  C^H,., 
C,H5.H.,N,  C,H,(C2H5).H,N  we  have  the  following 
coincident  bands  probably  due  to  the  benzene 
nucleus ;  the  line  A.  8670  is  the  principal  one  ; 
A  8670,  A  8670  to  8720,  A  8720  to  8880,  a  fourth 
band  about  A  9300,  a  fifth  about  A  10400-10660. 
In  benzene  and  ethyl-aniline  there  occurs  a 
band  also  at  A  10970  to  11050.  If  the  hne  A  8670 
is  associated  with  a  band,  it  is  almost  certain  to 
be  caused  by  the  benzene  nucleus.  Ethyl  com- 
pounds are  indicated  by  absorption  at  A  7410, 
A  8950  to  9030,  9040  to  9070,  9130  to  9180,9270 
to  9300-5,  9320  to  9420.  The  solar  spectrum 
shows  an  absorption  at  A  8660,  and,  with  the  ex- 
ception of  the  line  at  7410,  the  absorptions  noted 
above  have  been  observed  to  be  coincident  with 
bands  or  lines  in  the  solar  spectrum. 

Visible  mid  ultra-violet  absorption  spectra. 
The  absorption  spectra  of  the  coloured  region 
were  long  since  carefully  studied  by  Gladstone. 
These  spectra  pass  gradually  into  the  extreme 
violet  and  ultra-violet.  In  dealing  with  the  sub- 
ject it  will  be  convenient  first  to  consider  the 
absorption  caused  by  gases  and  vapours,  ele- 
mentary or  compound,  then  the  absorption  by 
inorganic  salts,  and  lastly  the  spectra  of  organic 
substances. 

Elements  tohich  exhibit  absorption  spectra. 


Gases  and  vapours. 

Br,  CI,  I,  0,  ozone,  K, 
Na. 


Metals,  the  salts  of  which 
show  banded  spectra. 

Cr,  Er,  Sm,  U,  dyspro- 
sium, holmium,  neo- 
dymium,  praseody- 
mium, thulium. 

Compoxmcls  wliich  exhibit  absorption  spectra. 

Salts  the  acids  of  which 


Gases  and  vapours. 

ICl,   IBr,    NO^,  H,,0 
vapour,  oxides  of  CI. 


show  banded  spectra. 
Chromates  1  Ultra- 
Nitrates     /  violet. 
Nitrites  (some) ;  per- 
manganates. 

Organic  stibstances  luhich  exhibit  absorption 
spectra.  All  benzenoid  hydrocarbons  and  ter- 
tiary bases  derived  from  the  same.  All  haloid, 
hydroxyl,  carboxyl,  and  amide,  derivatives  of 
benzenoid  hydrocarbons.  Cyanuric  and  uric 
acids,  with  colouring  matters  derived  there- 
from. Albumens  and  alUed  substances.  Organic 
colouring  matters  of  unknown  constitution,  such 
as  chlorophyll  and  hjemoglobin.  Many  alkaloids 
and  their  derivatives,  e.g.:  Aconitine,  pseud- 
aconitine,  japaconitine,  morphine,  narcotine, 
codeine,  papaverine,  oxynarcotine,  apomorphine 
hydrochloride,     tetracetylmorphine,  diacetyl- 


codeine,  quinine,  quinine  sulphate,  ciuchonine 
sulphate,  quinidine  sulphate,  cinchonidine  sul- 
phate, veratrine,  piperine,  brucine,  strychnine. 

The  relation  of  absorption  spectra  to  the 
chemical  constitution  of  carbon  compounds. 
1.  Substances  with  a  nucleus  consisting  of  an 
open  chain  of  carbon  atoms  transmit  continuous 
spectra  and  are  highly  diactinic.  Examples: 
the  alcohols,  acids,  ethereal  salts,  haloid  ethers, 
and  the  carbohydrates.  2.  In  homologous 
series  the  greater  the  number  of  carbon  atoms 
the  shorter  the  transmitted  spectrum.  3.  In  sub- 
stances with  the  same  carbon  nucleus  that  con- 
taining the  most  oxygen  transmits  the  shortest 
spectrum,  as,  for  instance,  in  acids  the  spec- 
trum is  shorter  than  in  alcohols,  and  in  dibasic 
shorter  than  in  monobasic  acids.  4.  Substances 
with  a  closed  chain  nucleus  when  not  more  than 
two  atoms  of  carbon  are  doubly  Unked  transmit 
continuous  spectra,  but  their  absorptive  power 
is  much  greater  than  that  of  open  chain  com- 
pounds ;  e.g.  camphor,  benzene  hexachloride,  and 
the  terpenes,  also  hexahydropyridine.  5.  The 
more  closely  the  carbons  in  a  closed  chain  are 
linked,  the  greater  is  the  absorjitive  power  of  the 
molecule ;  e.g.  the  terpenes  withstand  dilution 
more  strongly  than  benzene  hexachloride,  and 
camphor.  6.  The  carbon  nuclei  of  benzenoid 
hydrocarbons  possess  strong  absorptive  power, 
and  after  great  dilution  exhibit  absorption 
bands ;  e.g.  four  bands  are  seen  in  the  spectrum 
transmitted  by  benzene  when  1  part  is  diluted 
with  2,400  parts  of  alcohol,  three  bands  in  naph- 
thalene with  a  dilution  of  1  in  100,000  parts,  one 
band  in  phenanthrene  with  1  in  500,000  parts, 
and  one  band  in  anthracene  with  1  in  5,000,000 
parts  of  alcohol.  7.  The  introduction  of  radicles 
in  place  of  hydrogen  and  of  side-chains  into 
the  benzenoid  nuclei  diminishes  the  number  of 
absorption  bands,  but  increases  their  width  and 
intensity.  8.  The  simple  union  of  carbon  to  ni- 
trogen does  not  cause  selective  absorption  ;  e.g.  in 
hydrocyanic  acid  and  cyanides.  9.  When  a  ben- 
zenoid nucleus  contains  an  atom  of  nitrogen  in 
place  of  an  atom  of  carbon,  the  molecule  exhibits 
absorption  bands,  and  its  absorptive  power  is 
generally  not  impaired,  but  is  sometimes  in- 
creased, e.g.  picoline,  pyridine,  quinoline,  and 
their  derivatives.  10.  Isomerides  exhibit  dif- 
ferent spectra,  e.g.  the  terpenes  and  isomeric 
benzene  derivatives.  11.  When  the  condensa- 
tion of  the  carbon  atoms  in  the  quinoline 
nucleus  is  modified  by  the  combination  there- 
with of  four  atoms  of  hydrogen,  the  intensity  of 
the  absorption  bands  is  reduced  but  is  not  de- 
stroyed. 12.  Nitrogen  combined  with  oxygen — 
as  in  nitroxyl,  nitrites,  and  nitrates — exhibits 
absorption  bands.  13.  When  several  carbon 
atoms  are  united  by  oxygen  and  nitrogen  atoms, 
the  resulting  compounds  exhibit  intense  absorp- 
tion bands,  e.g.  cyanuric  acid,  uric  acid,  and  de- 
rivatives, including  murexide.  14.  Molecules  of 
compounds — that  is  to  say,  molecules  composed 
of  dissimilar  atoms — vibrate  as  wholes  or  units, 
and  the  fundamental  vibrations  give  rise  to 
secondary  vibrations  which  stand  in  no  visible 
relation  to  the  chemical  constituents  of  the 
molecule,  whether  these  be  atoms  or  groups  of 
atoms.  Hence  it  appears  that  a  molecule  is  a 
distinct  and  individual  particle  which  is  not  fully 
represented  by  our  usual  chemical  formul®, 
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since  these  only  symbolise  certain  chemical  re- 
actions and  fail  to  express  any  relation  between 
physical  and  chemical  properties.  As  certain 
molecular  groupings  are  characterised  by  the 
absorption  of  rays  of  particular  wave-lengths 
(absorption  bands),  it  is  evidently  possible  to 
draw  conclusions  as  to  the  constitution  of  sub- 
stances from  their  absorption  spectra.  Many  of 
the  foregoing  statements  may  be  usefully  and 
clearly  sunamarised  by  means  of  formul.T.  These 
render  evident  how  the  optical  properties  of  a 
compound  are  determined  by  the  skeleton  of 
carbon  atoms. 


compounds  which  exhibit  selective  absorption  of 
the  ultra-violet  rays  are  coloured.  The  subtlety  of 
the  colour,  however,  is  such  that  the  eye  cannot 
perceive  it  without  the  aid  of  photography  or  a 
fluorescent  screen. 

That  which  in  the  ordinary  acceptation  of 
the  term  is  a  coloured  substance  is  merely  one 
in  which  the  absorption  of  rays  extends  into  a 
region  limited  by  the  red  and  violet  ends  of  the 
spectrum,  or  between  wave-lengths  7000  and 
4000.  According  to  this  view,  the  colour  of  a 
substance  may  be  invisible  to  the  unaided  eye. 
As  bands  of  selective  absorption  appear  to  be  the 


Typical  carbon  nuclei,  transmitting  continuous  spectra. 
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Nuclei  containing  oxijgcn  and  nitrogen,  exhibiting  absorption  bands.  B  representing  any 
radicle. 
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On  the  cause  of  colour  in  organic  compounds. 
According  to  O.  Witt,  the  tinctorial  character  of 
aromatic  compounds  is  conditional  upon  the 
simultaneous  presence  of  a  colour-producing 
group  and  a  salt-forming  group  in  the  molecule. 
A  group  of  atoms  of  the  former  kind  he  terms  a 
chromogen,  and  of  the  latter  a  chromophor.  He 
says :  '  For  instance,  NOj  is  the  chromophor  of 
nitraniline  and  nitrophenol,  but  nitrobenzene  is 
the  chromogen  of  these  bodies.  The  ditferent 
nitrodiphenylamines  are  all  acids  and  dye-stuffs, 
and  their  tinctorial  power  increases  with  the 
number  of  nitroxyls.'  In  this  connexion  it  is  of 
interest  to  study  the  relation  of  the  hydrocarbons 
to  the  more  complex  compounds  which  are 
colouring  matters  derived  from  them. 

If  a  source  of  light  emits  all  luminous  and 
invisible  vibrations  capable  of  being  transmitted 
through  3  feet  of  air,  a  perfectly  colourless  sub- 
stance will  transmit  these  rays  without  impairing 
their  intensity.  A  coloured  substance  is  one 
which  absorbs  rays  at  either  end  of  the  spectrum, 
or  selects  rays  of  a  definite  wave-length  from  the 
middle  of  the  spectrum.  Every  fluorescent  sub- 
stance is  therefore  coloured,  and  benzene,  ben- 
zenoid  hydrocarbons,  phenols,  and  other  derived 


effect  of  vibrations  taking  place  within  the  mole- 
cules of  a  substance,  and  these  are  dependent 
upon  the  rate  of  vibration  of  the  molecules 
themselves,  they  are  called  in  general  "molecular 
vibrations.'  If,  then,  it  be  desired  to  convert  a 
substance  such  as  benzene,  the  colour  of  which 
is  invisible,  into  a  compound  with  a  visible 
colour,  it  is  necessary  to  slacken  its  rate  of 
vibration  so  that  the  molecule  will  absorb  rays 
with  oscillation-frequencies  (inverse  wave- 
lengths) occurring  within  the  limits  of  visibility. 
That  which  is  called  a  cltromogen  is  an  in- 
visibly coloured  substance,  and  that  termed  a 
chronioplwr  is  an  atom  or  group  of  atoms  capable 
of  so  affecting  the  molecule  as  to  reduce  its  rate 
of  vibration,  so  that  it  absorbs  rays  within  the 
limits  of  visibility.  Under  certain  conditions  of 
combination,  nitrogen  and  oxygen  are  chromo- 
Ijhors,  hence  also  nitroxyl  and  hydroxyl ;  that  is 
to  say,  they  are  themselves  coloured  either 
visibly  or  invisibly.  When  two  benzene  mole- 
cules are  doubly  linked  by  two  nitrogen  atoms, 
as  in  azobenzene,  their  mode  of  vibration  is  pro- 
foundly modified,  and  a  brilliant  colour  as  low 
down  in  the  scale  as  the  yellow  rays  is  the  result. 
A  similar  modification  takes  place  when  two 
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atoms  of  oxygen  replace  two  of  hydrogen,  as  in 
quinone,  which  is  of  a  golden-yellow  colour. 
The  effect  of  linking  two  or  more  benzene  nuclei 
by  carbon  atoms  has  been  already  dealt  with  ;  the 
colours  are  not  rendered  visible,  but  the  mole- 
cular vibrations  are  greatly  reduced  in  rapidity, 
and  the  amplitude  of  the  vibrations  is  much  in- 
creased. That  is  to  say,  the  absorption  bands 
are  transferred  to  less  refrangible  rays,  and  with- 
stand a  much  larger  amount  of  dilution.  These 
modifications  are  both  observed  in  the  curve  of 
benzene  as  modified  in  triphenyhnethane.  The 
vibrations  of  this  radicle  are  reduced  in  rapidity 
in  rosaniline  hydrochloride,  Hofmann's  violet, 
iodine  green,  and  other  such  derivatives  in  which 
the  carbon  nucleus  remains  intact. 

There  is  a  family  likeness  in  the  curves  of 
azo-benzene,  azo-naphthalene,  chrysoidine,  and 
other  derivatives  of  these  substances,  which  is 
quite  in  accordance  with  these  observations.  In 
short,  in  a  general  way,  the  change  of  colour 
effected  by  any  given  series  of  reactions  may  be 
predicted  from  an  inspection  of  the  curve  of  mole- 
cular vibrations  of  any  benzenoid  hydrocarbon. 

W.  N.  H. 
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OPTICAL  METHODS.— Section  3  :  KOTA- 
TION  OF  THE  PLANE  OF  POLARISATION 
OF  LIGHT. — When  a  ray  of  plane  polarised 
light  is  passed  through  a  plate  of  quartz  out  at 
right  angles  to  its  optical  axis,  it  is  found  that 
the  plane  of  polarisation  of  the  emergent  ray  is 
not  coincident  with  that  of  the  incident  ray ;  the 
angle  through  which  the  plane  has  been  rotated 
is  called  the  angle  of  rotation.  If  the  rotation 
takes  place  in  the  same  direction  as  that  in 
which  the  hands  of  a  watch  move  when  the  face 
of  the  watch  is  looked  at,  the  quartz  is  said  to 
show  dextrorotatory  power  ;  if  the  rotation  is  in 
the  opposite  direction,  the  quartz  is  said  to  show 
Icevorotatory  power.  The  symbol  +  is  used  to 
express  dextrorotation,  and  the  symbol  —  to  ex- 
press Iffivorotation.  Substances  which  rotate  the 
plane  of  polarisation  of  a  ray  of  light  passed 
through  them  are  said  to  be  optically  active. 

The  polariincter  is  an  instrument  whferein  a 
ray  of  light  can  be  polarised,  the  position  of  the 
plane  determined,  the  ray  passed  through  a  de- 
terminate quantity  of  an  optically  active  sub- 
stance, and  the  position  of  the  plane  of  the 
emergent  ray  determined. 

The  angle  of  rotation  depends  upon  (1)  the 
nature  of  the  active  substance,  (2)  the  thickness 
of  the  layer  of  the  substance  through  which  the 
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light  passes,  (3)  the  wave-length  of  the  light 
used,  and  in  most  cases  (4)  the  temperature. 

The  composition  of  the  substance  examined 
must  then  be  known  ;  the  length  of  the  column 
of  liquid  used  if  the  substance  be  liquid,  or 
the  thickness  of  the  layer  if  the  substance  be  a 
soUd,  must  be  measured  ;  the  temperature  must 
be  noted — observations  ought  to  be  made  at  a 
common  temperature  ;  and  monochromatic  light 
should  be  employed. 

Suppose  we  are  dealing  with  a  liquid  carbon 
compound.  Let  I  =  length  of  column  of  liquid  in 
decimetres,  d  =  sp.gr.  of  liquid  (referred  to  water), 
and  a  =  angle  of  rotation  of  the  plane  of  polari- 
sation of  light  of   stated  wave-length  ;  then 


The  value  of  [a]  is  usually  called  the  specific 
rotatory  poiocr  of  the  substance.  It  is  customary 
to  indicate  the  light  employed  by  placing  a  letter 
to  express  the  wave-length  below  the  bracket ; 
thus  [a]  I,  means  spec.  rot.  power  for  light  of 
wave-length  d.  The  spec.  rot.  power  of  a  liquid 
as  thus  defined  is  the  angle  through  which  the 
plane  of  polarisation  of  a  ray  of  light  of  stated 
wave-length  is  rotated  by  passing  through  a 
column  one  decimetre  long  of  the  liquid  contain- 
ing one  g.  of  the  substance  in  1  c.c. 

If  a  solid  compound  is  to  be  examined,  it 
must  be  dissolved  in  an  optically  inactive  sol- 
vent. In  this  case  I  =  length  of  column  of 
solution  in  decimetres,  d  —  sp.  gr.  of  solution, 
p  =  g.  of  optically  active  substance  in  100  g.  of 
solution ;  then,  assuming  that  the  solvent  is 
without  influence  on  the  rotatory  power  of  the 

100a 

dissolved  substance,  ral  =  ,  ques- 

'-        I  .p.d 

tion  as  to  the  eiJect  of  an  inactive  solvent  on 

the  rotatory  power  of  an  active  substance  in 

solution  will  be  examined  later  (p.  257). 

Connections  between  optical  activity  and 
constitution.  Landolt  {Handbook  of  the  Polari- 
scopc,  English  trans.)  has  divided  substances 
which  rotate  the  plane  of  polarisation  of  a  ray 
of  light  into  three  classes :  (1)  those  which  are 
active  only  when  in  the  form  of  crystals  ;  (2)  those 
which  are  active  only  when  liquid  or  in  solution  ; 
(3)  those  which  are  active  both  as  crystals  and 
also  in  solution  or  in  the  liquid  state.  The  only 
substance  at  present  known  to  belong  to  the 
third  class  is  strychnine  sulphate.  The  liquid 
crystals  examined  by  Lehmann  {Z.  P.  C.  4,  462  ; 
6,  427)  probably  belong  to  the  first  class. 

The  optical  activity  of  carbon  compounds. 
All  compounds  which  exhibit  optical  activity  un- 
connected with  crystalline  form — in  other  words, 
all  compounds  which  are  optically  active  when 
liquid  or  in  solution  — are  compounds  of  carbon. 
Le  Bel  [Bl.  [2]  22,  337)  was  the  first  (1874)  to 
trace  a  definite  connection  between  the  optical 
activity  and  the  constitution  of  carbon  com- 
pounds. He  was  followed  by  van't  Hoff  {Bl. 
[2]  23,  295  [1875]).  The  subject  has  been  much 
advanced  by  van't  Hofi'  in  his  pamphlet.  La 
Chintie  dans  VEspace,  and  more  especially  by  a 
small  book  published  in  1887,  Dix  Annees  dans 
VHistoire  d'une  Thioric  (translated  into  English 
by  Marsh,  and  published  in  1891,  entitled 
Chemistry  in  Space). 

The  hypothesis  of  Le  Bel  and  van't  Hoff 
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connects  optical  activity  with  the  presence  of  one 
or  more  asymmetric  atoms  of  carbon  in  the 
molecule  of  the  active  compound.  An  asym- 
metric atom  of  carbon  is  one  which  is  in  direct 
combination  with  four  diflerent  atoms  or  radicles, 
these  atoms  or  radicles  being  arranged  so  that 
any  three  are  similarly  situated  with  regard  to 
the  fourth.  The  conception  of  the  asymmetric 
atom  carries  with  it  the  conception  of  the  ar- 
rangement in  space  of  the  parts  of  the  molecule. 
The  asymmetric  atom  of  carbon  is  supposed  by 
van't  Hoff  to  be  placed  in  the  centre  of  a 
regular  tetrahedron,  and  a  diii'erent  radicle  is 
supposed  to  be  held  by  the  carbon  atom  at  each 
summit  of  the  tetrahedron.  Two  forms  of  this 
arrangement  may  exist,  and  these  forms  are 
geometrically  different.  Neither  is  superposable 
on  the  other.  They  bear  to  one  another  the  re- 
lation of  an  object  to  its  image,  or  of  the  right 
hand  to  the  left,  as  shown  in  the  figure. 


This  arrangement  corresponds  to  the  cnantio- 
morplions  (non-superposable)  form  of  crystals. 
Ammonium  malate,  for  instance,  crystallises  in 
two  non-superposable  forms,  which  differ  in 
exactly  the  same  way  as  the  molecules  of  two 
geometrical  isomerides,  each  containing  an 
asjTiimetric  carbon  atom  and  both  having  the 
composition  CR,E2R3E4,  are  supposed  to  differ. 
If  one  of  the  isomerides  CE,RJl3Rj  rotates  the 
plane  of  polarisation  to  the  right,  the  other 
rotates  to  the  left.  If  this  hypothesis  is  to  be 
accepted,  every  compound  of  carbon  which  is 
optically  active  must  contain  at  least  one  asym- 
metric carbon  atom.  So  far  as  investigation  has 
gone,  this  deduction  from  the  hypothesis  has 
been  confirmed  {v.  van't  Hoff,  Dix  Annies  &a., 
81 ;  Landolt,  Handbook,  25  et  seq.).  Further,  it 
has  been  found  that  compounds  which  do  not 
themselves  contain  asymmetric  carbon  atoms  are 
inactive,  although  they  are  derived  from  optically 
active  compounds. 

There  is  no  doubt  that  compounds  exist 
which  contain  asymmetric  carbon  atoms  but  do 
not  affect  the  plane  of  polarisation  of  a  ray  of 
light.  At  first  sight  this  fact  might  be  supposed 
to  be  irreconcileable  with  the  hypothesis  ;  but 
the  recognition  of  the  existence  of  inactive  com- 
pounds containing  asymmetric  carbon  atoms 
has  led  to  a  most  ingenious  and  interesting  de- 
velopment of  the  hyi^othesis. 

Some  inactive  compounds  containing  asym- 
metric carbon  atoms  can  be  separated  each  into 
two  optically  active  isomerides,  one  of  which  is 
dextrorotatory  and  the  other  is  Ifevorotatory. 
Some  inactive  compounds  which  contain  asym- 
metric carbon  atoms  cannot  be  separated  into 
active  isomerides.  Eacemic  acid,  which  can  be 
resolved  into  dextrorotatory  and  Ifevorotatory 
tartaric  acid,  is  an  example  of  the  first  of  these 
classes,  called  inactive  resolvable  compounds ; 
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mesotartaric  acid,  which  cannot  be  resolved  into 
active  isomerides,  is  an  example  of  the  second 
class,  called  inactive  non-resolvahle  com- 
Ijounds. 

Inactive  resolvable  compounds  are  said,  in 
-the  language  of  van't  Hoff's  hypothesis,  to  be  in- 
active by  external  compensation ;  inactive  non- 
resolvable  compounds  are  said  to  be  inactive  by 
internal  compensation. 

To  understand  these  expressions  consider 
the  formula;  {E3EJR,)C.G(B,R2E,,)  and 
(R2E,R,)CC(R,R3E,) ;  an  italicised  C  represents 
an  asymmetrical  atom  of  carbon.  Each  formula 
contains  two  asymmetric  carbon  atoms,  and  both 
carbon  atoms  in  either  formula  are  united  to  the 
same  radicles  ;  in  the  first  formula  each  C  is 
united  to  the  radicles  E,,  E„,  E^,  and  C(E,E.,E3) ;  in 
the  second  formula  each  C  is  united  to  the  radicles 
E,,  E3,  Ej,  and  C(E|E3E2).  The  structure  repre- 
sented by  one  of  these  formulae  is  the  reflected 
image  of  that  represented  by  the  other  :  hence  if 
one  of  these  geometrically  isomeric  compounds  is 
dextrorotatory,  the  other  will  be  Ifevorotatory,  and 
both  will  rotate  the  plane  of  polarisation  to  the 
same  degree.  But  if  a  compound  were  formed  by 
the  combination  of  equal  numbers  of  molecules  of 
these  two  geometrical  isomerides,  that  compound 
would  be  inactive,  for  the  tendency  to  right- 
handed  rotation  of  one  part  of  the  compound 
molecule  would  be  exactly  neutraUsed  by  the 
equal  tendency  to  left-handed  rotation  of  the 
other  part.  Moreover,  if  the  inactive  compound 
were  split  into  two  compounds,  one  consisting  of 
molecules  of  the  form  represented  by  the  first  of 
the  above  formulae,  and  the  other  of  molecules  of 
the  form  represented  by  the  second  formula,  then 
each  of  these  compounds  would  be  optically  ac- 
tive, and  the  compounds  would  be  active  in 
opposite  directions.    The  hypothetical  inactive 

compound  {R^Sllc.cKEf)  ^^""^'^  ^^^^^ 
to  be  inactive  by  external  compensation. 

Eacemic  acid,  which  is  optically  inactive,  can 
be  resolved  into  dextrorotatory  and  Itevorotatory 
tartaric  acids.  Both  tartaric  acids  have  the  for- 
mula C2H2(OH)2(C02H), ;  the  hypothesis  we  are 
considering  represents  one  of  these  acids  as 
(H.OH.HOOC)C'.C(COOH.OH.H) ;  and  the  other 
acid  as  (H.COOH.OH)C.C(OH.COOH.H) ;  and 
the  hypothesis  represents  racemic  acid  as  made 
up  of  an  equal  number  of  molecules  of  the  two 
active  acids,  and  therefore  as  a  substance  which 
is  inactive  by  external  compensation. 

But  suppose  the  molecule  of  a  compound 
contained  two  asymmetric  carbon  atoms,  both 
united  to  the  same  radicles  but  having  one  half 
of  the  molecule  the  reflected  image  of  the  other, 
then  the  tendency  to  right-handed  rotation  be- 
longing to  one  part  of  this  molecule  would  be 
neutralised  by  the  tendency  to  left-handed  rota- 
tion belonging  to  the  other  part  of  the  molecule  ; 
the  molecule  as  a  whole  would  be  incapable  of 
rotating  the  plane  of  polarised  light,  and  the 
compound  would  be  inactive  by  internal  com- 
pensation. The  general  formula  of  such  an  in- 
active compound  is  (E2E3E|)C.C(R,E2E3). 

A  compound  of  this  type  cannot  be  resolved 
into  active  isomerides,  because  a  resolution  into 
parts  is  only  possible  by  splitting  the  molecule, 
removing  one  of  the  radicles,  and  so  destroying 
the  asymmetry  of  one,  or  both,  of  the  atoms  of 


carbon.  Mesotartaric  acid,  which  is  non-resolv- 
able, probably  belongs  to  this  class  of  com- 
pounds ;  it  may  have  the  formula 

(H.COOH.OH)  C.C(COOH.OH.H). 

The  hypothesis  therefore  provides  for  the  exis- 
tence of  two  classes  of  optically  inactive  com- 
pounds, both  containing  asymmetric  carbon 
atoms  ;  the  members  of  one  class  are  resolvable 
into  active  isomerides,  the  members  of  the  other 
class  cannot  be  so  resolved. 

Those  compounds  which  contain  in  their 
molecules  more  than  one  asymmetric  carbon 
atom,  each  of  which  atoms  is  united  to  the  same 
radicles,  whether  these  radicles  are  arranged  in 
space  in  exactly  the  same  way,  relatively  to  each 
carbon  atom,  or  not,  are  called  by  van't  Hoff 
symmetrical  compounds  ;  and  the  term  imsym- 
metrical  compounds  is  used  to  designate  those 
which  contain  more  than  one  asymmetric  carbon 
atom  each  of  which  is  united  to  different  radi- 
cles. The  typical  formulse  for  symmetrical  com- 
pounds containing  two  asymmetric  carbon  atoms 
are 

(R,E2E3)C.C(E,E2E,),  (EjE3E2)C.C(E3E2E,),  &c. 

The  typical  formula  for  an  unsymmetrical 
compound  containing  two  asymmetric  carbon 
atoms  is  (EiEjEjjC.ClE.RjEe). 

Unsymmetrical  compounds  may  be  either 
active  or  inactive  ;  if  inactive,  they  must  be  in- 
active by  external  compensation,  and  therefore 
they  must  be  resolvable  into  pairs  of  active 
isomerides.  Symmetrical  compounds  may  be 
active  or  inactive ;  if  inactive,  they  may  be  in- 
active by  external,  or  by  internal,  compensation, 
and  therefore  they  may  be  either  resolvable  or 
not  resolvable. 

An  unsymmetrical  compound  containing  n 
asymmetric  carbon  atoms  may  exist  in  2«  iso- 
meric forms,  which  will  always  be  grouped  in 
pairs,  one  being  dextrorotatory  and  the  other 
laevorotatory.  A  symmetrical  compound  con- 
taining n  asymmetric  carbon  atoms  may  exhibit 
12"  active  isomeric  forms,  grouped  in  pairs  of 
opposite  rotatory  power,  and  may  also  exist  in 

non-resolvable  inactive  modifications  (van't 
Hoff  ;  Dix  Annies  &c.,  54-5). 

There  are  three  general  methods  for  sepa- 
rating inactive  resolvable  bodies  into  their  dex- 
trorotatory and  Isevorotatory  isomerides. 

In  the  first  method  advantage  is  taken  of  the 
differences  between  the  actions  of  certain  minute 
organisms  on  the  two  active  isomerides.  The 
second  method  proceeds  by  treating  the  inactive 
compound  with  an  active  body  with  which  one 
of  the  isomeric  constituents  of  the  inactive  com- 
pound combines  more  readily  than  the  other. 
The  third  method  consists  in  separating  the, 
inactive  body  into  two  active  isomerides  by  crys- 
tallisation at  a  definite  temperature  (van't  Hoff, 
l.c.  63-69). 

Eacemic  acid,  which  is  an  inactive  compound, 
can  be  resolved  into  equal  quantities  of  right- 
and  left-handed  tartaric  acid  by  each  of  the 
three  methods.  When  penicillium  is  allowed  to 
act  on  a  dilute  solution  of  ammonium  racemate, 
Isevorotatory  ammonium  tartrate  is  found  in  the 
solution  after  a  time,  the  dextrorotatory  tartrate 
having  been  destroyed  by  the  action  of  the  or- 
ganism. When  a  quantity  of  active  cinchonine 
sufficient  to  neutralise  half  of  a  determinate 
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quantity  of  racemic  acid  is  added  to  a  solution 
of  the  racemic  acid,  crystals  of  Isevorotatory  cin- 
chonine  tartrate  are  obtained,  and  dextrorota- 
tory tartaric  acid  remains  in  solution.  When  a 
solution  of  racemic  acid  is  neutralised  by  soda, 
and  another  equal  quantity  is  neutralised  by 
ammonia,  and  the  solutions  are  mixed,  and 
evaporated  at  a  temperature  slightly  below  28°, 
crystals  of  two  forms  are  obtained  ;  one  set  of 
crystals  is  dextrorotatory,  and  the  other  is  la-vo- 
rotatory,  sodium-ammonium  tartrate.  Van't 
Holf  (I.e.  09)  has  shown  that  sodium-ammonium 
racemate  is  changed  to  a  mixture  of  the  active 
isomeric  tartrates  by  heating  the  dry  salt  with 
water,  in  the  ratio  NaNH,.H,,CjO,.H,0:3H.,0  (the 
salt  crystallises  with  H„0),  to  a  httle  under  27°, 
and  that  the  reverse  change  is  effected  by  heat- 
ing the  mixed  tartrates  to  a  little  above  27°. 
The  changes  may  be  represented  thus — 


centre  of  figure  of  the  tetrahedron.  When  the 
molecule  is  asymmetric,  the  centre  of  gravity 
will  not  be  situated  on  any  one  of  the  six  planes 
of  symmetry  of  the  tetrahedron.  So  long  as  the 
substitution  of  one  radicle  by  another  does  not 
move  the  centre  of  gravity  of  the  molecule  to  the 
other  side  of  one  of  the  planes  of  symmetry  of 
the  tetrahedron,  Guye  supposes  that  the  rotatoiy 
power  is  increased  or  diminished,  but  is  not 
changed  in  sign,  by  such  substitution  ;  but  that 
a  change  of  sign  of  the  rotatory  power  accom- 
panies a  substitution  which  results  in  moving 
the  centre  of  gravity  of  the  molecule  from  one 
side  to  the  other  side  of  one  of  the  planes  of 
symmetry  of  the  tetrahedron.  Guye  gives  about 
fifty  cases  to  which  he  has  applied  his  hypothesis 
successfully.  The  derivatives  of  tartaric  acid 
afford  the  most  complete  example. 

Eeplacement  of  the  acidic  hydrogen  of  tar- 


2(NaNHj.H^C,0,.4H,0):;^;2(NaNH,.H,C,0,.H,0)  +  6H,0. 


The  racemate  crystallises  with  HjO,  and  the 
tartrates  with  4H„0.  Slight  variations  of  tem- 
perature above  or  below  27°  determine  the  direc- 
tion in  which  the  change  shall  occur. 

The  change  of  inactive  sodium-ammonium 
racemate  to  a  mixture  of  the  active  tartrates, 
and  vice  vcrsd,  is  very  similar  to  some  changes 
which  occur  among  inorganic  compounds  ; 
for  instance,  when  a  mixture  of  MgS0j.7H,0 
and  Na^SO^.lOH.^O  is  heated  to  a  little  above 
21°,  it  is  changed  to  the  double  sulphate 
Mg]Sfa.j(S0.,),.4H,0,  and  water,  and  this  double 
sulphate  is  resolved  into  the  two  single  sulphates 
at  a  little  under  21° ;  these  changes  may  be 
represented  thus : — 


taric  acid  by  alcoholic  radicles  is  accompanied 
by  increase  of  rotatory  power,  and  the  greater 
the  molecular  weight  of  the  replacing  alkyl  the 
greater  is  the  increase  of  rotatory  power  ;  thus — 
Methyl  tartrate  [a]o  =  -)-2-14 
Ethyl        „  7-0(5 
Propyl       „  12-44 
Isobutyl     „  19-87 
Beplacement  of  the  hydroxylic  hydrogen  of 
the  acid  by  benzoyl  moves  the  centre  of  gravity 
to  the  other  side  of  the  plane  of  symmetry  which 
is  situated  between  the  COOH  and  OH  groups  ; 
this  replacement  is  accompanied  by  a  change  of 
sign  of  the  rotatory  power.    But  if  the  H  of  the 
COOH  group  is  now  replaced  by  one  alkyl  group, 


MgS04.7H,0  +  Na,SO,.10H,O-^MgNa,(SO,),.4H,O  +  13H,0. 


Van't  Hoff  calls  the  temperature  at  which 
such  a  chemioo-pliysical  change  as  this  occurs 
the  transition-point  of  the  system  (v.  Z.  P.  C. 
1,  165,  227). 

Extension  of  the  hypothesis  of  van't  Hoff 
mid  Lie  Bel.  The  hypothesis  of  van't  Hoff  and 
Le  Bel  connects  the  power  of  rotating  the  plane 
of  polarisation  of  a  ray  of  light  primarily  with 
the  configuration  of  the  parts  of  molecules,  but 
it  points  to  the  formation  of  molecular  aggregates, 
Nvithout  change  of  molecular  structure,  as  a  cause 
of  the  disappearance  of  optical  activity.  Although 
optical  activity  is  primarily  dependent  on  the 
arrangement  of  the  parts  of  certain  molecules, 
and  although  we  cannot  assign  a  definite  part  of 
the  total  rotatory  power  of  a  molecule  to  each 
atom,  or  to  each  group  of  atoms  which  together 
form  the  molecule,  nevertheless  a  consideration 
of  the  constitution  of  optically  active  compounds 
shows  that  the  amount  of  the  activity  of  any 
compound  is  dependent  on  the  greater  or  less 
differences  between  the  four  radicles  which  are 
in  direct  union  with  the  asymmetric  carbon 
atom  or  atoms  in  the  molecule  of  that  compound. 
The  greater  the  differences  between  the  radicles 
the  greater  will  be  the  asymmetry  of  the  mole- 
cule, and,  therefore,  the  greater  will  be  the  rota- 
tory power.  An  attempt  has  been  made  by 
P.  A.  Guye  (C.  R.  110,  714)  to  connect  the  degree 
of  asymmetry  of  the  molecule  of  an  optically 
active  compound  with  the  mass  of  each  radicle, 
and  the  distance  of  its  centre  of  gravity  from  the 


the  centre  of  gravity  is  moved  back  towards  the 
plane  of  symmetry  already  mentioned,  and  the 
rotatory  power  is  diminished.    Thus — 

Dibenzoyl  tartaric  acid  [a]i,=  — 117-7 
Methyl  salt  of  „  88-8 
Ethyl      „  „  00-0 

Isobutyl  „  „  42-0 

If  acetyl  is  used  in  place  of  benzoyl  the  rota- 
tory power  changes  its  sign,  but  the  value  of  the 
lajvorotation  of  diacetyl  tartaric  acid  is  less  than 
that  of  dibenzoyl  tartaric  acid  ;  the  replacement 
of  acidic  hydrogen  in  the  diacetyl  acid  by  alkyl 
radicles  decreases  the  rotatory  power,  and,  as  the 
alkyl  radicles  of  large  molecular  weight  exert  a 
greater  effect  than  the  acetyl  group,  and  an  effect 
in  the  opposite  direction,  the  rotatory  power 
again  changes  its  sign.    Thus — 

Diacetyl  tartaric  acid  [a]jr,=  — 23-1 
Methyl  salt  of    „  14-3 
Ethyi       „         „  -fl-0 
Propyl     ,,         ,,  0-5 
Isobutyl  „         „  10-3 
Crum  Brown  (Pr.  E.  17,  181)  has  tried  to 
connect  the  greater  or  less  rotatory  powers  of 
different  active    compounds  with  differences 
between  the  constitutions  of  the  substituting 
radicles.    Crum  Brown  admits  the  influence  of 
the  masses  of  the  radicles,  but  he  tries  to  show 
that  their  constitution  must  also  be  taken  into 
account.    If  two  methyl  groups  are  introduced 
into  dextrorotatory  tartaric  acid,  the  salt  thus 
obtained  is  still  dextrorotatory ;  in  this  change 
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two  CO. OH  radicles  have  been  changed  into  two 
radicles  CO.O.CH3.  If  now  this  dimethyl  tar- 
trate is  treated  with  acetyl  chloride,  a  strongly 
Isevorotatory  dimethyl  diacetyl-tartrate  is  ob- 
tained ;  in  this  change  the  CO.O.CH3  groups 
remain,  and  two  OH  groups  have  been  changed 
to  two  groups  O.CO.CH3.  In  the  first  change, 
the  introduction  of  the  group  CO.O.CH3  for  H 
altered  the  rotatory  power  but  did  not  change  its 
sign,  in  the  second  change  the  introduction  of 
the  group  O.CO.CH.,  changed  the  sign  of  the 
rotatory  power ;  therefore.  Crura  Brown  argues, 
the  effect  of  the  radicle  O.CO.CH;,  on  the  rotatory 
power  is  greater  than  the  effect  of  the  isomeric 
radicle  CO.O.CH3.  As  the  masses  of  these  two 
radicles  are  the  same,  it  is  evident  that  the  con- 
stitution of  the  substituting  radicle  affects  the 
rotatory  power  of  the  compound.  . 

The  specific  rotatory  powers  of  compounds  often 
change  more  or  less  with  small  changes  in  certain 
physical  conditions.  Some  active  bodies  become 
inactive  by  heating,  and  at  another  temperature 
the  change  is  sometimes  reversed.  The  values  of 
the  rotatory  powers  of  active  bodies  dissolved  in 
inactive  solvents  are  dependent  on  the  nature 
and  the  quantity  of  the  solvent  used  (ii.  post, 
p.  2.57) ;  the  rotatory  power  of  a  solution  some- 
times changes  on  keeping  until  a  constant  value 
is  attained  {v.  Landolt's  Handbook  of  the  Polari- 
scope,  62).  This  readiness  to  change  shown  by 
the  rotatory  powers  of  carbon  compounds  finds 
some  explanation  in  van't  Hoff's  hypothesis,  and 
especially  in  the  development  of  it  made  by 
Wislicenus.  According  to  Wislicenus  (Kon. 
Scichsischen  Oes.  der  Wiss.  14,  1)  the  arrange- 
ment of  the  four  radicles  attached  to  an  asym- 
metric carbon  atom  is  conditioned  chiefiy  by  the 
affinities  of  these  radicles  for  one  another  in  the 
sense  that  those  radicles  which  have  the  greatest 
mutual  aftlnity  will  tend  to  get  as  near  as  possible 
to  one  another  ;  but  besides  those  configurations 
which  are  conditioned  by  the  affinities  of  the 
radicles,  and  which  will  be  comparatively  stable, 
other  configurations  will  probably  exist  con- 
ditioned by  the  temperature  and  by  the  collisions 
of  other  molecules — for  instance,  the  molecules 
of  the  solvent — and  these  arrangements  will  be 
relatively  unstable.  These  unstable  forms  may 
be  optically  active,  as  they  are  only  geometrically 
different  from  the  stable  forms,  but  their  rotatory 
powers  will  probably  differ  from  those  of  the 
stable  forms.  This  way  of  looking  at  the  ques- 
tion of  optical  activity  enables  us  to  connect  the 
fact  that  active  compounds  easily  undergo 
changes  in  the  values  of  their  rotatory  powers 
with  the  conception  which  the  hypothesis  of 
van't  Hoff  and  Le  Bel  furnishes  of  the  cause  of 
optical  activity. 

Molecular  rotatory  povjer.  The  notion  of 
molecular  rotation,  as  the  product  of  the  specific 
rotation  into  the  molecular  weight  of  a  substance, 
was  introduced  by  Wilhelmy  (P.  81, 527).  Krecke 
{J.  pr.  [2]  5,  12)  proposed  to  define  molecular 

rotatory  power  as  \m'\  =  —  x  f  ,  where  m  = 
^       100  l.d 

molecular  weight  of  compound,  and  a,  Z,  and  d 
have  the  same  meaning  as  before  (p.  253)  ;  m 
is  divided  by  100  to  obviate  the  use  of  incon- 
veniently large  numbers. 

Krecke  endeavoured  to  generalise  the  rela- 


tions between  the  values  of  [m]  for  certain  com- 
pounds and  bodies  derived  from,  or  closely  con- 
nected with,  these  compounds.  Some  years 
before  Krecke's  attempt,  Mulder  {Z.  1868.  58) 
put  forward  a  statement  to  the  effect  that  opti- 
cally active  compounds  contain  certain  active 
radicles,  which  may  be  transferred  to  other  active 
atomic  aggregations,  and  the  rotatory  powers  of 
the  new  bodies  bear  a  simple  relation  to  those  of 
the  original  radicles.  Krecke,  on  the  basis  of 
further  experimental  results,  modified  and  ex- 
tended Mulder's  statement.  Krecke  announced 
two  generalisations : 

(i.)  '  When  an  optically  active  body  forms  a 
compound  with  an  inactive  body,  or  when  it  is 
altered  by  the  action  of  chemical  reagents,  either 
the  molecular  rotatory  power  of  the  body  is  un- 
changed, or  the  molecular  rotatory  power  of  the 
new  substance  is  a  simple  multiple  of  that  of  the 
parent  substance.' 

(ii.)  '  The  molecular  rotatory  powers  of  iso- 
merides  are  multiples  of  one  and  the  same  value.' 

Most  of  Krecke's  values  were  obtained  from 
measurements  of  substances  in  solution,  and,  as 
we  shall  see  in  another  paragraph,  the  results  of 
such  measurements  are  trustworthy  only  in  a 
few  cases.  Landolt  (B.  6,  1073)  made  a  careful 
examination  of  the  rotatory  powers  of  tartrates 
in  solution  ;  he  came  to  the  conclusion  that  the 
value  of  [m]  for  tartrates  containing  a  single 
atom  of  a  monovalent  metal  is  double  the  value 
of  [711]  for  free  tartaric  acid,  and  that  [w]  for  tar- 
trates containing  two  atoms  of  a  monovalent 
metal  is  three  times  [m]  for  the  free  acid.  In 
this  case,  Krecke's  first  statement  was  confirmed. 

In  1885,  Oudemans  {v.  P.  B.  9,  635)  arrived 
at  the  conclusion  that  the  compounds  of  active 
bases  with  inactive  acids,  and  also  the  com- 
pounds of  active  acids  with  inactive  bases,  follow 
the  sunple  law  that  '  the  molecular  rotatory 
power  of  a  salt,  in  fairly  dilute  solution,  is  inde- 
pendent of  the  nature  of  the  inactive  part  of  the 
salt.'  This  result  has  been  confirmed  by  the 
measurements  of  camphorates  and  tartrates 
made  by  Landolt,  of  salts  of  cholic  acid  by 
Hoppe-Seyler,  of  malates  by  Schneider  [A.  207, 
286),  and  of  camphorates  by  Hartmann  [B.  21, 
221). 

This  result  indicates  that  the  rotatory  powers 
of  salts  in  solution  are  not  affected,  to  anything 
like  the  extent  that  the  rotatory  powers  of  liquid 
compounds  are  affected,  by  the  nature  of  the 
radicles  which  compose  them.  The  rotatory 
power  of  a  salt  in  solution  approaches  to  being 
an  additive  property,  whereas  the  rotatory  power 
of  a  liquid  compound  is  a  constitutive  property 
(c/.  Ostwald,  Lehrbuch,  1,  499  [2nded.]). 

Optical  activities  of  bodies  in  solution.  The 
specific  rotatory  power  of  an  active  substance  in 
an  inactive  solvent  has  been  defined  (p.  253)  as 

[al  ^  where  Z  =  length  of  column  of  solu- 

l.p.d. 

tion  in  decimetres,  d  =  spec.  grav.  of  the  solution, 
and  p  =  g-  of  active  substance  in  100  g.  of 
the  solution.  This  formula  is  expressed  in  more 

general  terms  as  [a]  =  J"" '  °  ,  where  n  =  g.  of 
l.g.d. 

solution  containing  g  g.  of  the  substance ; 
in  this  case,  1  c.c.  of  the  solution  weighs  d  g. 

and  contains  ^^-1^1  g.  of  the  active  substance. 
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This  formula  assumes  that  the  rotatory  power 
of  the  dissolved  active  substance  is  not  affected 
by  the  inactive  solvent.  In  1838  Biot  (A.  Ch. 
[3]  36,  257  ;  cf.  59,  206)  found  that  the  rotatory 
power  of  tartaric  acid  in  aqueous  solution  in- 
creased with  increasing  dilution  ;  that  solutions, 
of  equal  concentration,  of  the  same  active  sub- 
stance in  different  inactive  solvents  had  differ- 
ent rotatory  powers  ;  and  that  the  same  inactive 
solvent  raised  the  rotatory  powers  of  some  active 
substances,  and  decreased  the  rotatory  powers  of 
others.  Eesults  similar  to  those  of  Biot  were 
obtained  by  Oudemans  (A.  166,  65;  182,  33), 
Hoorweg  (Maanblad  voor  Nattmpct,i,l'i[l%l%]), 
and  Hesse  (A.  176,  89,  189). 

Landolt  (A.  189,  241 ;  B.  21, 191 ;  Handbook 
of  the.  Polariscope,  80-94)  made  many  observa- 
tions on  the  effect  of  inactive  solvents  on  the 
rotatory  powers  of  active  substances  ;  he  came 
to  the  conclusion  that  the  specific  rotatory 
powers  of  such  solutions  are  expressed  by  equa- 
tions of  the  following  forms  :  [a]  =  A  -I-  Eg,  or 

[a]  =  A  +  Bg  +  Cg-,  or  [a]  =  A  -I-        ,  where  A,  B, 
C  +  (2 

and  C  are  constants,  and  q  is  weight  of  active 
substance  in  100  pts.  of  the  solution.  Wliich 
formula  must  be  employed  is  discovered  from 
the  results  of  several  observations  made  with 
solutions  of  different  concentrations  in  different 
solvents.  In  some  cases  the  observed  values  of 
[a]  for  liquid  compounds  agree  with  the  values 
calculated  from  series  of  observations  of  a  for 
solutions  of  the  same  compounds.  Thus  Landolt 
got  the  following  results  : — 


on  the  solubility  in  water  of  the  salt  used ;  the 
I  greater  the  atomic  weight  of  the  metal,  the 
greater  was  the  concentration  whereat  the  change 
j  began,  and  the  greater  was  the  difference  from 
I  the  normal  state  of  the  salt.  Schneider  [A.  207, 
257)  found  that  the  rotation  of  an  aqueous  solu- 
tion of  malic  acid  was  right-handed  in  concen- 
trated solutions,  left-handed  in  dilute  solutions, 
and  at  34  p.c.  was  equal  to  zero.  These  observa- 
tions, and  others  of  a  similar  character,  seem  to 
me  to  show  that  observations  of  the  rotatory 
powers  of  solutions  of  solid  compounds  cannot 
be  appUed,  at  least  not  in  all  cases,  to  draw  con- 
clusions concerning  the  connections  between  the 
rotatory  powers  and  the  chemical  constitutions 
of  the  compounds  themselves.  There  is  un- 
doubtedly an  action  of  some  kind  between  the 
molecules  of  the  active  dissolved  substance  and 
the  molecules  of  the  inactive  solvent.  Molecular 
aggregates  of  the  sohd  substance  may  be  broken 
down  by  the  solvent,  or  the  solvent  may  form  a 
series  of  unstable  compounds  with  the  dissolvetl 
substance,  or  the  solvent  may  bring  about  changes 
in  the  configuration  of  the  atoms  which  form  the 
molecule  of  the  dissolved  body,  or  the  dissolved 
compound  may  be  electrolytically  dissociated  into 
ions  by  the  solvent.  Some  of  these  actions  may 
occur  in  certain  cases,  and  others  in  other  cases. 
The  action  of  much  water  on  active  salts  dis- 
solved therein  seems  to  consist  in  the  electro- 
lytic dissociation  of  the  salts  into  their  ions. 

Magnetic  rotatory  power.     Following  ob- 
servations made  in  1871  byA.de  la  Rive  (.1.  Cli. 
I  [4]  15,  57),  Becquerel  in  1877  {A.  Ch.  [4]  22,  5) 
I  made  a  number  of  measurements  of  the  rota- 


Active  substance 

observeil 

[a] 

(1) 

EtOH 

jj  calculated  fi 

(2) 
MeOH 

om  observatio 

(-3) 
11,0 

as  on  solution; 

ia 

f5) 
AcOH 

Max.  diffi. 

Dextro-  ethyl  tartrate 
Dextro-  turpentine 
Lajvo-  turpentine 
Lffivo-  nicotine 

8-31 
14-15 
37-01 
lGl-55 

8-27 
14-87 
36-97 
l(;0-83 

8-42 

8-09 
161-29 

36-97 

36-89 

-  -22 
+  -72 
--12 
--72 

It  is  not  possible  to  determine  with  certainty 
whether  the  true  values  of  [a]  for  solid  com- 
pounds can  be  determined  from  observations  on 
solutions  of  such  compounds.  In  some  cases  the 
values  obtained  seem  to  approach  constancy 
when  the  solutions  become  very  dilute  ;  but  ac- 
cording to  Pribram  {B.  B.  1887.  605;  B.  20, 
1840),  who  used  a  very  delicate  method  of 
measuring,  [a]  does  not  certainly  attain  final 
constant  values  in  aqueous  solutions  of  tartaric 
acid,  nicotin,  and  cane  sugar,  even  with  very 
grea,t  dilution.  E.  von  Sonnenthal  (Z.  P.  C.  9, 
656)  determined  [a]  for  dilut'^  aqueous  solutions  of 
normal  and  acid  tartrates  of  K,  Na,  Li,  and  NHj ; 
he  found  that  [a]  decreased  as  dilution  increased, 
but  that  when  the  solutions  became  very  dilute 
(c.  -4  to  -2  p.c.  salt  in  solution)  [a]  began  to  in- 
crease as  dilution  still  further  increased.  The 
conclusion  come  to  by  von  Sonnenthal  was,  that 
a  change  in  the  state  of  the  dissolved  tartrates 
occurred  when  more  water  was  added  to  the  very 
dilute  solutions;  this  change  was  supposed  to 
be  of  the  nature  of  dissociation.  The  dilution 
whereat  the  change  occurred  was  found  to  depend 
on  tlie  nature  of  the  metal  of  the  tartrate,  and 
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tory  powers  of  hquid  substances,  and  of  salts  in 
solution.  The  subject  was  taken  up  by  Perkin 
in  1882,  since  which  time  a  series  of  memoirs 
by  this  investigator  has  appeared  (C.  J.  45,  421  ; 
49,  777  ;  51,  808  ;  53,  561 ;  55,  680 ;  59,  981 ;  61, 
800).  The  methods  employed  in  the  measure- 
ments are  based  on  the  discovery  which  Faraday 
made  in  1846  {T.  1846.  1),  that  most  transparent 
bodies  acquire  the  power  of  rotating  the  plane  of 
polarisation  of  a  ray  of  light  when  they  are  brought 
within  the  action  of  a  magnet,  or  of  an  electric 
current  which  is  made  to  pass  round  the  body 
so  that  its  plane  is  at  right  angles  to  the  direc- 
tion of  the  ray  of  light.  Faraday  showed  that 
the  amount  of  rotation  is  proportional  to  the 
strength  of  the  current,  or  the  intensity  of  the 
magnetic  action,  and  to  the  length  of  the  layer 
through  which  the  light  passes,  and  that  it  is 
dependent  on  the  temperature  and  on  the  nature 
of  the  substance  examined.  Perkin  has  worked 
with  liquid  compounds  and  with  solutions.  The 
fluid  to  be  examined  was  placed  in  a  glass  tube 
about  103  mm.  long,  and  9  mm.  diameter,  the 
ends  of  which  were  closed  by  circles  of  glass 
cemented  on ;  the  ends  of  the  tube  were  let  into 
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the  pole-pieces  of  a  large  electro-magnet.  Sodium 
light  was  employed  by  Perkin.  (For  a  descrip- 
tion of  the  apparatus,  and  the  various  precautions 
and  corrections,  v.  Perkin,  C.  J.  45,  421-445.) 
Perkin  calculates  his  results  so  that  the  ob- 
served rotations  of  liquid  compounds  are  referred 
to  lengths  of  the  liquids  related  to  one  another 
in  the  same  proportion  as  the  molecular  weights 
of  the  gaseous  compounds  obtained  by  vapour- 
ising  the  liquids  ;  the  results  when  thus  cal- 
culated represent  the  magnetic  rotatory  powers 
of  quantities  of  the  various  compounds  propor- 
tional to  the  weights  of  the  gaseous  molecules  of 
these  compounds. 

The  molecular  rotation  of  water  is  taken  as 
unity.  If  r  is  the  rotation  of  unit-length  of  liquid, 
and  r'  is  the  rotation  of  the  same  length  of 

r 

water  under  the  same  conditions,  then  -/  is  the 

r 

specific  rotation  of  the  Uquid  ;  and 

s]).  rot.  X         is  the  molecular  rotation,  where 


is  not  constant ;  the  change  from  a  normal 
paraffin,  CHj-nCH^CH,,  to  the  next  higher  iso- 
paraffin,  CH(CH3)2.mCH2.CH.„  raises  Mol.  E.  by 
1-023  +  -105  ;  in  the  change  from  a  normal  acid 
to  the  next  higher  iso-  acid  of  the  same  series, 
CHj  has  a  different  value  ;  and  so  on.  When  CI 
is  substituted  for  H  in  a  hydrocarbon  the  mol. 
rotatory  power  increases,  but  each  CI  atom  has 
a  different  value  from  the  others.  So  with  the 
replacement  of  H  in  a  hydrocarbon  by  OH ;  each 
OH  group  has  its  own  value,  the  effect  on  Mol. 
E.  of  the  second  OH  being  less  than  that  of  the 
first.  So  again  with  the  group  NO3 ;  the  second 
NO3  does  not  increase  Mol.  E.  so  much  as  the 
first. 

The  molecular  rotatory  powers  of  various 
homologous  series  of  carbon  compounds  may  be 
expressed  by  the  general  formula 
(Mol.  E.)  =  cH-wl-023,  where  «  =  number  of 
atoms  of  C  in  the  molecule  of  any  stated  com- 
pound in  the  series,  and  c  is  a  constant  for  each 
series.  Perkin  gives  the  following  table  (C  J. 
45,  574)  :— 


Mol.  R.  of  members  of  Jiomologous  series. 


ParafiBns  

•508  +  M1-023 

„  iso-   

•621 

Alcohols  

■699 

,,       iso-  and  sec. 

•844 

Oxides  

•642 

„     iso-       .  . 

•932 

Aldehydes  

•261 

„          iso-  and  ketones 

•375 

Acids  

•393 

„  iso-  

•509 

Formic  ethereal  salts  (Et,  and  higher) 

•495 

Acetic           „  „ 

•370 

),               ,1                   ).  iso- 
Methyl  salts  

•485 

•273 

Ethyl      „    and  higher  salts  . 

•337 

,,                      ,,  iso- 

)> 

•449 

Succinic  methyl  salts        .       .       .  . 

•093 

ethyl      „           .       .       .  . 

•196 

„          „        „  iso- 

»» 

•422 

Chlorides  

CnHon+iCl 

1-988 

„       iso-  and  sec  

Bromides  

2-068 

CjiHjii+iBr 

3-816 

,,       iso-  and  sec  

3-924 

Iodides  

C„H2„+iI 

8-011 

,,      iso-  and  sec  

8-099 

Ethyl  salts,  unsaturated    .       .       .  . 

1-451 

M  =  molecular  weight  of  substance,  M'  =  molecular 
weight  of  water,  and  (i  =  relative  density  of 
substance.    The  calculation  may  be  expressed  by 

r  M 

one  equation,  thus  :  (Mol.  E.)  =  ,  '  , 

^  r'.M'.d 

About  200  compounds  have  been  examined 
by  Perkin,  the  observation  of  r  being  repeated  five 
to  ten  times  for  each  compound,  and  the  specific 
gravity  of  each  being  determined  with  great 
care. 

Magnetic  molecular  rotatory  powers  of  liquid 
carbon  compounds.  In  strictly  homologous 
normal  series  of  carbon  compounds,  each  in- 
crement of  CHj  produces  a  constant  increase 
in  molecular  rotatory  power,  amounting  to 
1-023.  But  when  the  addition  of  CHj  is  ac- 
companied by  a  change  in  the  distribution  of 
the  atomic  interactions  the  change  of  Mol.  E. 


These  results  indicate  that  the  molecular 
rotatory  power  of  a  liquid  carbon  compound  is 
not  the  sum  of  certain  constant  values  belonging 
to  each  atom  or  atomic  group,  but  that  it 
depends,  to  some  extent,  on  the  arrangement  of 
the  atoms  which  form  the  molecule.  This  result 
is  confirmed  by  the  outcome  of  attempts  to 
assign  values  to  the  atomic  rotatory  powers  of 
oxygen  and  carbon.  The  following  data  are 
given  as  examples  of  such  attempts. 

The  atomic  rotatory  power  of  hydrogen  may 
be  deduced  thus: 

1.  Mol.  E.  C„H.„+-.  =  Mol.  E.  wCH„+H.,;  but 
Mol.  E.  wCH2  =  m1-023. 

The  value  thus  deduced  for  At.  E.  of  H  = 
•254. 

2.  Mol.  E.  C„H.,„+2  minus  Mol.  E.  C„H2„+,  = 
At.  E.  of  H. 
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Thus,  Mol.  E.  C,Ha  =  3-577 

Mol.  K.  C,H,  =  3-323  =  Mol.  U.CJi,, 
At.  K.  of  H=  -254  2  " 

Now,  At.  II.  of  C  =  Mol.  E.  CH  ,  minus  At.  E.  of 
Hx  2  =  1-023 --508  = -515. 

By  applying  similar  methods  to  the  data  for 
compounds  of  0,  the  following  results  are 
obtained : 

At.  E.  of  0  in  alcohoUc    OH  =  -194 
carbosvlic  OH  = -137 
C0  =  -2G1 

The  At.  E.  of  CI  varies  according  to  the  series 
of  compounds  considered,  and  also  as  one  or 
two  atoms  of  H  are  replaced  by  one  or  two  atoms 
of  CI,  according  as  the  H  replaced  is  in  one  part 
of  the  molecule  or  in  another  part,  and  so  on. 
Two  values  are  obtained  for  At.  E.  of  N,  accord- 
ing as  the  atom  of  N  is  directly  connected  with 
3  or  5  other  atoms  or  groups.  The  general  con- 
clusion is  that  changes  in  the  magnetic  molecular 
rotatory  powers  of  liquid  carbon  compounds  are 
intimately  connected  with  changes  in  molecular 
structure,  so  that  any  cause  which  alters  this 
structure  also  alters  the  rotatory  power. 

In  C.  J.  61,  800,  Perkin  gives  an  elaborate 
study  of  the  constitution  of  ethyl  acetoacetate 
and  allied  compounds,  which  elucidates  very 
clearly  the  connections  between  the  constitution 
and  the  magnetic  rotatory  powers  of  carbon 
compounds. 

ilol.  B.  of  compounds  in  presence  of  tcatcr. 
Perkin  has  used  determinations  of  Mol.  E.  of 
certain  compounds  before  and  after  addition  of 
water,  to  throw  light  on  the  question  whether 
hydrates  are  formed  by  the  action  of  water  on 
these  compounds  (C.  J".  49,777 ;  51,808;  55,680). 
In  all  measurements  of  Mol.  E.  the  molecular 
rotatory  power  of  water  is  taken  as  unity  ;  if 
therefore  a  compound  is  formed  by  the  addition 
of  water  to  another  compound,  the  Mol.  E.  of 
the  new  compound  might  be  exjaected  to  be 
nearly  equal  to  that  of  the  original  compound, 
■plus  one  unit  for  each  molecule  of  water  added; 
if  the  observed  Mol.  E.  is  distinctly  less  than  that 
calculated  in  this  way,  the  difference  may  be 
explained  by  supposing  that  the  formation  of 
the  new  oomjjound  has  been  accomiDanied  by  a 
rearrangement  of  the  atoms  of  the  reacting  mole- 
cules. 

The  following  are  examples  of  the  application 
of  this  method.  In  each  case  the  compound  and 


formic,  acetic,  and  propionic  acids  in  the  ratio 
of  equal  molecules  of  water  and  acid,  either  a 
hydrate  or  a  mixture  is  formed  in  each  case  ;  but 
that  when  H.,SO^  and  H,_,0  react  in  about  the 
ratio  H._,S0^:H.0  (or  a  little  more  HoO  than 
this),  a  rearrangement  of  atoms  occurs  with 
formation  of  a  new  compound  of  S,  0,  and  H 
(perhaps  S0(0H)|);  and  that  reactions  of  this 
nature,  involving  rearrangements  of  atoms,  also 
occur  between  HNO^  and  H..0,  and  CCla.CHO 
and  H.O. 

The  following  data  are  interpreted  by  Perkin 
to  mean  that  a  solution  of  NHj  in  water,  or  in 
alcohol,  '  simjjly  consists  of  the  solvent  and 
ammonia '  : 

MoL  E.  NH3  +  2-lH,,0  =  3-91 
2-lH20  =  2-l^ 
NHj  1-81 
Mol.  E.  NH3+  2-18C.,H,0  =  7-886 
2-18C,H^O  =  6-06 
1-826 

Mol.  B.  of  acids  and  salts  in  aqueous  solu- 
tions. Perkin  (C.  /.  65,  680;  59,  981)  gives 
Mol.  E.  for  HCl  as  2-187.  This  is  arrived  at  by 
finding  values  for  At.  E.  of  H  and  CI  from  ob- 
servations of  Mol.  E.  of  various  chlorides  of 
alcoholic  radicles.  By  similar  methods  of  cal- 
culation values  for  Mol.  E.  of  HBr  and  HI  were 
obtained.    The  three  results  are  : 

Mol.  E.  HCI  =2-187 
„  HBr  =  4-016 
„     HI  =8-211 

The  value  for  HCl  was  confirmed  by  measu- 
ring Mol.  E.  of  HCl  dissolved  in  isoamyl  oxide ; 
the  result  was  Mol.  E.  HCl  =  2-24. 

Values  were  then  obtained  for  the  three  acids 
in  aqueous  solutions.  The  numbers  increased  as 
dilution  increased  ;  in  any  ease  they  were  much 
larger  than  the  values  obtained  by  the  method 
stated  above.  The  following  table  gives  the 
minimum  and  maximum  values  for  each  acid : 

Mol.  R.  ill  aqueous 
sulutious. 


HCl 


HBr 


HI 


Maximmn. 

4-419 
(15-63  p.c.  HCl) 

8-519 
(15-47  p.c.  HBr) 

18-451 
(31-77  p.c.  HI) 


Miuimum. 

4-045 
(41-7  p.c.  HCl) 

7-669 
(65-99  p.c.  HBr) 

17-769 
(67-02  p.c.  HI) 


Compound  and  water 

Mol.  R.  observed 

Mol.  R.  calculated  for 

Diffi. 

HCO.,H.H„0 

2-606 

H.CO„H -1-1  =  2-671 

-  -005 

CH3C0,H.H.,0 

3-554 

CH,CO„H-i- 1  =  3-5-25 

+  -029 

C..H,CO".,H.H.,0 

4-512 

C..H-CO"..H-hl  =  4'462 

+  -05 

H,S0,.H„0 

3-188 

H.,Sb,  +  1  =  3-315 

-  -127 

H.S0^.2H.,0 

4-113 

H,,SO^-h2  =  5-188 

- 1-075 

H.,S0,.3H„0 

5-064 

H„SO,  +  3  =  6-188 

-1-124 

HNO,.2-67H„0 

3-656 

HNO, -1-2-67  =  3-85 

-  -194 

CC1,,.CH0.H.,0 

7-037 

CC1,.CH0 -1-1  =  7-591 

-  -554 

water  were  mixed  in  the  ratio  shown  by  the 
formula  given,  and  the  Mol.  E.  of  the  product 
was  determined ;  the  Mol.  E.  of  the  product  was 
then  calculated  by  adding  one  unit  for  each 
molecule  H,0  to  the  observed  Mol.  E.  of  the 
original  compound  without  water. 

Perkin  thinks  that  when  water  is  added  to 


It  is  evident  that  the  magnetic  mol.  rotatory 
powers  of  HCl,  HBr,  and  HI  in  aqueous  solu- 
tions are  much  greater  than  the  values  calcu- 
lated from  those  obtained  for  the  same  three 
acids  from  observations  made  with  compounds 
of  them  with  C  and  H  ;  in  the  case  of  HCl,  the 
value  of  Mol.  E.  in  aqueous  solution  is  much 

s  2 
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greater  than  the  valile  for  the  same  compound 
in  solution  in  isoamyl  oxide.  There  must  be  an 
action  of  some  kind  between  water  and  these 
tliree  compounds. 

It  has  been  shown  already  that  addition  of 
water  to  H„SO ,  results  in  a  value  for  the  Mol.  R. 
of  the  acid  different  from  that  observed  for  the 
pure  acid  itself ;  but  in  this  case  addition  of 
water  reduces  the  Mol.  E.  of  the  acid.  A  similar 
reducing  effect  was  noticed  as  accompanying  the 
addition  of  water  to  HNO3. 

Perkin  was  unable  to  explain  these  results. 
Ostwald;  however,  has  shown  that  they  are  in 
keeping  with  the  electrolytic  dissociation  hypo- 
thesis (C.  J.  59,  198).  According  to  this  hypo- 
thesis strong  acids  are  dissociated  in  aqueous 
solutions  into  their  ions.    Aqueous  solutions  of 

-I-  — 

IICl,  HBr,  and  HI,  contain  the  ions  H  and  CI, 
+  -  -f  - 

H  and  Br,  and  H  and  I,  each  with  its  electric 
charge.  The  observed  rotatory  powers  of  these 
solutions,  minus  the  value  for  the  water  con- 
tained in  them,  therefore  represent  the  rotatory 
powers  of  these  ions,  and  not  of  the  compounds 
themselves  ;  and  the  rotatory  powers  of  these 
ions  are  considerably  greater  than  those  of  the 
non-dissociated  compounds.  An  aqueous  solu- 
tion of  HoSOj,  or  HNO3,  must  also  contain  dis- 
sociated, electrically  charged,  ions—  according  to 
the  hypothesis ;  but  Perkin's  observations 
(ante,  p.  259)  show  that  the  rotatory  powers  of 
the  ions  of  these  acids  are  slightly  smaller  than 
those  of  the  acids  themselves. 

Now,  the  hypothesis  of  electrolytic  dissocia- 
tion asserts  that  the  metallic  salts  of  acids 
are  dissociated  into  electrically  charged  ions  in 
dilute  aqueous  solutions ;  hence  determinations 
of  Mol.  R.  for  aqueous  solutions  of  metallic  salts 
of  HCl,  HBr,  HI,  H  .SO^,  and  HNO3  ought  to 
give  results  different  from  the  values  obtained 
for  these  salts  themselves.  But  the  values  ob- 
tained for  aqueous  solutions  of  salts  of  HCl,  HBi, 
and  HI  ought,  on  the  whole,  to  be  greater  than 
the  calculated  values,  whereas  the  values  ob- 
tained for  salts  of  HoSOj  and  HNO3  ought, 
generally,  to  be  slightly  smaller  than  the  calcu- 
lated values.  This  deduction  is  partly  confkmed 
by  Perkin' s  results. 

The  values  of  Mol.  R.  for  NH^Cl  is  calculated 
by  Perkin  as  follows  (C.  J.  55,  743).  The  value 
for  HCl  is  found  from  determinations  of  Mol.  R.  of 
alcoholic  chlorides,  which  enable  values  to  be 
found  for  H  and  CI  in  combination  ;  the  value 
for  NH3  is  taken  as  1-818,  which  is  the  mean  of 
the  values  found  from  observations  on  NH3  in 
water  and  alcohol  [ante,  p.  259) ;  the  sum  of  the 
values  for  HCl  and  NH,,,  with  the  subtraction 
of  -5,  gives  the  calculated  Mol.  R.  of  NH,C1.  The 
number  '5  is  taken  from  the  sum  of  the  values 
for  HCl  a,nd  NH3  because  observation  has  shown 
that  this  is  about  the  difference  between  the 
values  for  N"'  and  N"*',  and  in  NHj  the  N  atom 
is  trivalent,  while  in  NH,,C1  it  is  supposed  to 
be  pentavalcnt.  The  values  for  the  other  salts  of 
NH,  are  calculated  in  a  similar  way.  Perkin's 
results  for  Mol.  R.  of  NH,I,  NHjBr,  and  NH,I 
show  that  practically  the  same  values  are  ob- 
tained for  solutions  containing  from  c.  30  to  c.  CO 
p.c.  of  the  salts.  The  results  with  the  six  salts 
were  as  follows : 


NH.Cl 

NHjBr 

NHJ 

NHjNO, 

NH.HSO, 

(NHJ.SO, 


4-305 
6-096 
8-149 

2-  298 

3-  433 

4-  551 


Observed,  in 
aqueous  solu- 
tions 


6-  096 

7-  997 
9-896 

2-  320 

3-  455 

4-  980 


-1-1-791 
-f  1-901 
4  1-747 
+  -022 
-I-  -022 
-439 


With  regard  toNH,N03  and  the  two  sulphates,  it 
is  to  be  observed  that  the  calculated  values  are 
found  by  adding  the  values  for  the  acid  and  the 
base  (NH,),  then  deducting  -5  for  the  change  of 
N'"  to  N^,  and  then  deducting  -2  for  the  change 
from  the  free  acid  and  base  to  the  combination 
of  these  compounds ;  now,  -5  is  merely  an  ap- 
proximate value  for  the  change  from  N"i  to  N^', 
and  2  is  also  merely  a  rough  approximation 
for  the  value  of  the  process  of  combination  of 
acid  and  base.  As  the  differences  between  the 
observed  and  calculated  values  for  NH.|C1, 
NH.|Br,  and  NHJ  are  large,  small  errors  in  the 
method  of  calculating  Mol.  B.  for  these  com- 
pounds do  not  materially  affect  the  differences  in 
question  ;  but  as  the  differences  are  small  in  the 
cases  of  the  nitrate  and  sulphates,  small  errors  in 
the  method  of  calculating  Mol.  R.  for  these  com- 
pounds do  materially  affect  those  differences. 
Moreover,  the  observations  of  Mol.  R.  of  the 
nitrate  and  the  sulphates  of  ammonium  in 
aqueous  solutions  were  made  with  a  single  solu- 
tion in  each  case  (59-7  p.c.  NH1NO3,  66-6  p.c. 
NH,HSOj,  and  40  p.c.  (NH,),,SO  j  ;  hence  it  is 
not  certain  that  the  numbers  set  down  as  the 
values  of  Mol.  R.  of  these  compouiids  in  aqueous 
solutions  are  the  true  values. 

Perkin  has  also  (C  J.  59,  981)  made  mea- 
surements of  the  magnetic  mol.  rotatory  powers 
of  the  ammonium  salts  of  formic,  acetic,  and 
propionic  acids  in  aqueous  solutions,  and  com- 
pared the  results  with  the  values  calculated. 
He  gives  the  results  as  follows  : 


Observed, 
iu  aqueous 
solution 

Calcu- 
lated 

Dif- 
ferences 

Ammonium  formate 

3-363 

3-489 

-•126 

acetate 

4-247 

4-343 

-•096 

„  propionate 

5-259 

5-280 

-•021 

The  interpretation  which  the  electrolytic  dis- 
sociation hypothesis  gives  of  these  results  is  that, 
as  in  their  aqueous  solutions  the  salts  examined 
are  dissociated  into  their  ions,  and  as  the  observed 
results  are  smaller  than  the  calculated  values, 
therefore  the  magnetic  mol.  rotations  of  the  ions 
of  HCO,,H,  CHjCO.H,  and  C.H^COjH  are  shghtly 
less  than  the  rotations  of  the  acids  themselves 
(v.  Ostwald,  Z.  P.  C.  9,  513  ;  cf.  Ostwald,  C.  J. 
59,  201). 

But  it  seems  to  me  that  the  numbers  given 
by  Perkin  as  the  calculated  values  of  Mol.  R.  for 
the  three  salts  cannot  be  accepted  as  correct. 
For  these  values  were  found  by  adding  the  values 
of  Mol.  R.  for  the  free  acids  to  the  value  for  free 
NH., ;  no  deduction  was  made  for  the  change  of 
rotation  accompanying  the  combination  of  the 
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acid  and  the  base,  and  no  deduction  was  made 
for  the  change  of  N^'^  to  N^.  Either  these 
values  cannot  be  accepted  as  the  true  values,  or 
the  values  calculated  for  the  salts  of  NHj  with 
the  halogen  acids,  and  with  HNO.,  and  H,,SOj, 
are  not  correct  {ante,  p.  2U0).  If  the  values  of 
Mol.  R.  for  the  salts  of  formic  acid  &a.  are  cal- 
culated by  the  same  method  as  was  used  in  the 
cases  of  the  other  salts  of  ammonium,  then  the 
results  of  this  investigation  are  as  follows  : 


Observed 
ill  aqueous 

SOllltiOD 

Calcu- 
lated 

Dif- 
ferences 

Ammonium  formate 

3-363 

2-789 

+  -574 

,,  acetate 

4-247 

3-Ci43 

+  •(;04 

propionate 

5-259 

4-580 

+  -679 

If  these  results  are  accepted,  then  the  differ- 
ences are  much  greater  than  those  given  by 
Perkin,  and  they  are  in  the  opposite  direction. 

Measurements  of  the  Mol.  E.  of  formic,  acetic, 
and  propionic  acid  in  aqueous  solution  would 
enable  the  question  to  be  settled  as  to  the  effect 
of  water  on  these  acids  ;  at  present  it  seems  that 
the  magnetic  rotations  of  the  ions  of  these  acids 
would  be  found  to  be  greater  than  the  rotations 
of  the  acids  themselves. 

This  conclusion  is  confirmed  by  combining 
the  results  obtained  by  Perkin  (C  59,  98G)  for 
Mol.  E.  of  sodium  salts  of  formic  and  other  acids 
with  the  value  calculated  by  him  for  sodium 
(C.  J.  Proc.  1890.  141).  In  the  following  table 
I  have  calculated  the  values  for  the  salts  as  Per- 
kin calculated  the  values  for  NI-I,C1,  NH.NO, 
d'C,  by  deducting  -2  from  the  sum  of  Mol.  E.  of 
acid  and  At.  E.  of  Na,  and  then  further  deduct- 
ing -254  for  the  loss  of  H  : 


Ohserveil 
ill  aque- 
ous solu- 
tion 

Calcu- 
lated 

Differ- 
ences 

Sodium  formate  . 

2-347 

1-775 

-f -572 

,,      acetate  . 

3-281 

2-629 

-1--652 

,,  propionate 

4-308 

3-566 

-f -742 

,,  butyrate. 

5-332 

4-576 

+  -756 

In  a  more  recent  communication  (C.  J.  63,  57) 
Perkin  gives  theMol.E.sof  aqueous  solutions  of 
H,SO,„  HNO„  Na,SO„  and  LiNO,  of  varying 
degrees  of  concentration.  His  results  show  that 
the  Mol.  E.s  of  these  solutions  do  not  vary  with 
dilution  in  the  same  way  as  the  electrical  con- 
ductivities vary.  The  most  dilute  solution  of 
H;,SO|  examined  by  P.  contained  c.  9-2  p.c. 
H.SOj,  and  the  most  dilute  solution  of  HNO^ 
contained  o.  22-5  p.c.  HNO.,.  Now  it  has  been 
shown  repeatedly,  by  Ostwald  and  others,  that 
measurements  of  the  conductivities  of  fairly  cone, 
solutions  of  acids  and  salts  cannot  lead  to  just 
conclusions  regarding  the  amount  of  electrolytic 
dissociation  of  the  compounds  in  solution ;  hence 
it  is  not  to  be  expected  that  the  amount  of  dis- 
sociation of  H.SOjand  HNO.,  should  be  calculable 
from  the  Mol.  E.s  of  these  compounds  as  deduced 
from  observations  on  solutions  so  concentrated 
as  those  used  by  Perkin.  What  the  observations 
of  P.  show  is  that  the  magnetic  rotations  of 
certain  compounds   diverge  from  the  calcu- 
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lated  results  in  all  cases  wherein  electrolytic 
dissociation  occurs.  The  laws  which  express 
the  electric  dissociation  of  compounds  are  to  be 
deduced  from  the  study  of  very  dilute  solutions, 
and  as  no  measurements  of  magnetic  rotations 
have  yet  been  made  for  such  solutions,  it  is  not 
justifiable  to  draw  detailed  quantitative  conclu- 
sions concerning  the  electrolytic  dissociations  of 
compounds  from  the  measurements  of  the  mag- 
netic rotations  of  those  compounds  which  P. 
has  made.  M.  M.  P.  M. 

VIII.  OSMOTIC  PEESSUEE,  METHODS 
BASED  ON ;  v.  Molecdl.vr  weights,  vol.  iii. 
p.  418 ;  and  Elecieical  methods,  this  vol. 
p.  185. 

IX.  PHOTOGEAPHIC  METHODS  ;  v. 
Photogb.\phic  chemistry,  this  vol.  p.  154. 

X.  SPECIFIC  HEATS  OF  SOLIDS, 
METHODS  BASED  ON  ;  v.  Atomic  and  Mole- 
cular WEIGHTS,  vol.  i.  p.  342. 

XI.  THEEMAL  METHODS.  Determina- 
tions of  the  quantities  of  heat  which  are  j^ro- 
duced,  or  which  disappear,  in  chemical  reactions 
help  to  elucidate  the  nature  of  these  reactions. 
There  are  two  sides  to  every  chemical  operation  ; 
there  is  a  change  in  the  form  or  distribution  of 
matter,  and  a  change  in  the  form  or  distribution 
of  energy.  Light  is  thrown  on  the  second  of 
these  changes  by  thermo-chemical  investigations, 
and  the  connections  between  the  two  parts  of  the 
complete  occurrence,  and  the  mutual  dependence 
of  both,  are  thus  made  clearer.  Thermo-chemical 
methods  rest  on  the  principle  of  the  conservation 
of  energy.  When  a  chemical  reaction  occurs,  heat 
may  be  produced,  electricity  generated,  mechani- 
cal work  done  by  expansion,  and  sound  or  radiant 
heat  may  leave  the  system ;  the  sum  of  these 
forms  of  energj',  added  to  the  energy  remaining 
in  the  system  at  the  close  of  the  reaction,  must 
equal  the  energy  originally  present  in  the  system 
at  the  moment  when  the  change  began.  As  a 
large  part  of  the  energy  set  free  during  any 
chemical  reaction  usually  takes  the  form  of  heat, 
it  follows  that  measurements  of  the  heat  pro- 
duced during  the  reaction  must  give  information 
regarding  the  differences  between  the  initial  and 
final  energies  of  the  system.  The  primary  aim 
of  thermo-chemical  measurements  is  to  deter- 
mine such  energy-differences  ;  the  secondary 
aim  is  to  connect  these  differences  with  the  dif- 
ferences of  composition,  constitution,  and  pro- 
perties which  the  reacting  systems  undergo. 

The  loss  or  gain  of  energy  which  accom- 
panies the  passage  of  a  system  from  one  defined 
state  to  another  is  independent  of  any  inter- 
mediate states  through  which  the  system  may 
pass.  This  generalisation  was  proved  experi- 
mentally for  several  cases,  so  far  as  heat  energy 
was  concerned,  by  Hess  in  1840  (P.  50,  385) ; 
the  generaUsation  may  be  deduced  from  the 
principles  of  energy.  On  this  statement  rest 
the  methods  for  determining  the  thermal  values 
of  chemical  changes  when  these  values  cannot 
be  observed  directly. 

Notation  used  in  thermo-chrmistry.  Thom- 
sen's  notation  is  followed  in  this  Dictionary;  the 
formuliB  of  the  reacting  substances  are  taken  to 
represent  grams  of  these  substances — thus  HCl 
means  36-5  g.  of  hydrogen  chloride  ;  the  formulffi 
are  inclosed  in  a  square  bracket,  and  the  figures 
I  representing  the  number  of  atoms  of  each  ele- 
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ment  are  placed  above  the  symbols  ;  the  react- 
ing substances  are  separated  by  a  comma.  The 
unit  of  heat  is  that  quantity  which  raises  the 
temperature  of  1  g.  of  water  at  c.  18°  through  1°. 
Ostwald,  in  his  Lehrbuch  der  Allgcmeinen 
Chemie,  employs  a  unit  almost  exactly  100 
times  greater  than  this,  viz.  the  quantity  of  heat 
given  out  by  1  g.  of  water  in  cooling  from  100° 
to  0°.  The  symbol  Aq  means  that  a  large  quan- 
tity of  water  is  present.  Thus  [H,C1]  =  22,000 
means  that  22,000  gram-units  of  heat  are  pro- 
duced when  1  g.  H  combines  with  35-5  g.  CI; 
[H,Cl,Aq]  =  30,660  means  that  30,660  gram- 
units  of  heat  are  produced  when  1  g.  of  H  com- 
bines with  3.5-5  g.  of  CI  in  presence  of  a  large 
quantity  of  water  in  which  the  HCl  dissolves  ; 
[HCl.Aq]  =  17,320  means  that  17,320  gram- 
units  of  heat  are  produced  when  36-5  g.  of  HCl 
dissolve  in  a  large  quantity  of  water ;  and 
[HCL«Lq,KOHAq]  =  13,760  means  that  the  neu- 
tralisation of  36'5  g.  HCl,  dissolved  in  much 
water,  by  56  g.  KOH,  dissolved  in  much  water, 
the  products  of  neutralisation  being  allowed  to 
remain  in  solution,  is  accompanied  by  the  pro- 
duction of  13,750  gram-units  of  heat.  The 
symbol  H.O  is  used  as  in  ordinary  notation  to 
represent  18  g.  of  water ;  thus  [As-0',3H^0] 
=  6,800  means  that  6,800  gram-units  of  heat  are 
produced  during  the  formation  of  284  g.  H3ASO4 
by  the  combination  of  230  g.  AsjOj  with  54  g. 
water;  and  [As-0\3H.,0,Aq]  =  —800  means  that 
800  gram-units  of  heat  disappear  during  the 
solution  of  284  g.  HjAsO,,  in  a  large  quantity  of 
water.  Thomsen's  notation  does  not  indicate 
the  products  of  the  reaction,  the  thermal  value 
of  which  is  set  down ;  nor  does  it  show  the 
physical  states  of  the  reacting  substances,  or  of 
the  products  of  the  reaction,  except  in  the  one 
case  when  the  substances  are  dissolved  in  much  1 
water.  Ostwald  (Lehrbuch)  uses  the  ordinary 
notation,  and  adds  figures  to  express  the  quan- 
tities of  heat  which  are  produced  or  disappear  in 
the  reactions;  he  employs  ordinary  type  for 
liquids,  thick  type  for  solids,  and  italics  for 
gases.  Thus,  a -i- CZ,,  =  2 JJCZ -I- 44,000  means 
that  44,000  gram-units  of  heat  are  produced 
when  2  g.  gaseous  hydrogen  combine  with 
2  X  35-5  g.  gaseous  chlorine  to  form  2  x  36-5  g. 
gaseous  hydrogen  chloride;  2S,S-i-2l2 
=  4H'I -I- 23-34,000  means  that  34,000' gram- 
units  of  heat  disappear  when  2  x  34  g.  gaseous 
hydrogen  sulphide  react  with  2  x  254  g.  solid 
iodine  to  form  4  x  128  g.  gaseous  hydrogen  iodide 
and  2  X  32  g.  solid  sulphur ;  and  2H.,SAq  4  2l2Aq 
=  4HIAq  +  2S  +  34,000  means  that  34,000  gram- 
units  of  heat  are  produced  when  2  x  34  g.  hydro- 
gen sulphide  dissolved  in  much  water  react  with 
2  X  254  g.  iodine  dissolved  in  much  water,  to  form 
a  dilute  aqueous  solution  of  4  x  128  g.  hydrogen 
iodide,  and  2  x  32  g.  solid  sulphur.  Ostwald 
sometunes  indicates  the  temperature  by  figures 
in  brackets  placed  after  the  formulaa  of  the  sub- 
stances :  thus,  HjOjijj  =  HjO^^j  +  1440  means  that 

1440  gram-units  of  heat  are  produced  when  18  g. 
liquid  water  at  0°  become  18  g.  solid  water  at  the 
same  temperature. 

Measurements  of  thermal  values  of  chemical 
changes.  The  quantities  of  heat  produced  during 
chemical  processes  are  measured  by  causing  the 
processes  to  take  place  in  vessels  arranged  so 


that  the  whole  of  the  heat  is  used  in  raising  the 
temperature  of  known  masses  of  water,  or  of 
water  and  a  solution  the  specific  heat  of  which 
is  known.  When  the.process  consists  in  a  reaction 
between  substances  in  aqueous  solutions,  the 
calorimeter  employed  usually  consists  of  a  vessel 
of  platinum  holding  500  to  1000  c.c.  placed  inside 
another  vessel  of  silver,  or  thin  sheet  hon,  with 
water  between  the  two  vessels.  The  reacting 
liquids  are  brought  to  the  same  temperature,  and 
are  then  mixed  in  the  platinum  vessel,  and  the 
rise  of  temperature  of  the  contents  of  this  vessel 
is  noted,  any  change  in  the  temperature  of  the 
outside  water  being  also  measured.  When  the 
thermal  value  of  a  process  of  combustion  is  to 
be  determined,  the  combustion  is  caused  to  pro- 
ceed in  a  vessel,  usually  made  of  platinum,  sur- 
rounded by  a  determinate  quantity  of  water  ;  if 
the  products  of  combustion  are  gases,  an  appa- 
ratusis  attachedwherein  these  gases  are  absorbed, 
and  thus  the  quantity  of  substance  burnt  is 
determined.'- 

To  calculate  the  thermal  value  of  a  reaction, 
it  is  necessary  to  know  the  initial  temperatures  of 
the  reacting  bodies,  the  final  temperatures  of  the 
products  of  reaction,  the  masses  of  the  reacting 
substances,  the  specific  heat  of  water,  the  specific 
heat  of  the  liquid  formed  by  the  reaction  if  the 
reaction  be  one  wherein  a  solution  is  produced, 
and  the  water-equivalent  of  the  calorimeter. 
The  water-equivalent  of  the  calorimeter  must  be 
determined  ;  it  is  equal  to  the  number  of  unit- 
weights  of  water  which  would  be  raised  to  the 
same  temperature  as  that  to  which  the  calori- 
meter and  its  accessories — thermometer,  stirrer, 
&c. — are  raised  by  the  heat  produced  in  the  pro- 
cess. When  dilute  solutions  of  acids  and  alkalis, 
or  similar  compounds,  react,  the  specific  heat  of 
the  dilute  salt-solutions  produced  may  be  taken 
as  equal  to  the  specific  heat  of  the  water  they 
contain,  without  appreciable  errors. 

Let  Q  be  the  quantity  of  heat  produced  in  a 
reaction  between  two  solutions  ;  let  t  be  the 
initial  temperature  of  one  solution,  t'  the  initial 
temperature  of  the  other  solution,  and  T  the 
final  temperature  of  the  solution  produced ; 
further,  let  a  be  the  calorimetric  equivalent  of 
one  solution,  i.e.  mass  x  spec,  heat,  b  the  calori- 
metric equivalent  of  the  other  solution,  and  c  the 
water-equivalent  of  the  calorimeter ;  then 
Q  =  {T-t)a  +  (T-t')(b  +  c). 

In  the  cases  of  dilute  aqueous  solutions,  a  and 
b  represent  the  masses  of  water  in  the  solutions 
mixed.  If  a  change  occurs  in  the  state  of  aggre- 
gation of  some  of  the  constituents  of  the  reacting 
system,  e.g.  if  liquid  water  is  formed  from  gaseous 
hydrogen  and  oxygen,  the  quantity  of  heat  which 
is  produced  or  disappears  in  this  change  must  be 
taken  into  account  in  the  calculation  of  the 
thermal  value  of  the  reaction.  If  contraction  or 
expansion  occurs,  without  change  of  state,  the 
thermal  value  of  such  contraction  or  expansion 
must  be  determined  and  allowed  for.'^ 

Heats  of  combustimi,and  of  formation,  ofcom- 
powids.  The  heat  of  combustion  of  an  element 
or  compound  is  the  thermal  value  of  the  reaction 
which  takes  place  when  that  element  or  com- 

'  For  references  to  descriptions  of  calorimetrical  appa- 
ratus V.  References,  p.  2(58. 

For  methods  of  calculating  Q  at  one  temperature  when 
it  is  known  at  another  temperature,  v.  Th.  1,  60-78. 


THERMAL  METHODS. 


2R3 


pound  is  completely  oxidised  to  those  masses  of 
theproduct,  or  products,  of  oxidation  which  are  re- 
presented by  the  formulas  of  theseproducts.  Thus 
[H-,0]  =  G8",360  ;  [C0,0]  =  67,960.  In  this  Dic- 
TioNAET  the  quantities  represented  by  formulaa 
are  taken  in  grams. 

The  heat  of  formation  of  a  compound  is  the 
thermal  value  of  the  reaction  whereby  the  for- 
mula-weight of  the  compound  is  produced  from 
the  formula-weights  of  its  constituents.  Thus, 
the  heat  of  formation  of  H^SOj  varies  according 
to  the  constituents  from  which  it  is  produced ; 
we  have  the  following  statements :  [SO'',H-0] 
=  21..320  ;  [SO-,0,H-0]  =  53,480  ;  [SO-,0-,H-] 
=  121,840  ;  [S,O^H-0]  =  124,560  ;  [S,0',H'-] 
=  192,920. 

It  is  often  practicable  to  measure  heats  of 
combustion  directly ;  but  in  very  many  cases  it 

(1)  [KOHAq,HClAq]= -[K,0,H,Aq] 

(2)  [KOHAq,HBrAq]  =  -  [K,0,H,Aq] 

is  necessary  to  determine  heats  of  formation  by 
indirect  methods.  These  indirect  methods  rest 
on  the  principle,  deduced  from  the  laws  of  energy, 
that  the  total  change  of  energy,  and  therefore 
the  total  thermal  change,  which  accompanies  the 
passage  of  any  system  from  a  definite  initial 
composition  to  a  definite  final  composition  is  in- 
dependent of  the  intermediate  states.  Suppose 
that  a  system  changes  from  a  certain  arrangement 
or  configuration  A  to  another  configuration  B,  and 
that  X  units  of  heat  are  produced  in  this  change. 
Suppose  also  that  the  same  initial  system  then 
passes  from  the  state  A  to  a  new  state  a,  from 
that  to  6,  from  that  to  c,  and,  lastly,  from  that  to 
B,  and  that  there  are  x'  units  of  heat  produced 
in  the  first  of  those  intermediate  changes,  x" 
units  produced  in  the  second,  and  x'"  units  in  the 
third;  then  a;  —  4- a:" -I- a:'")  gives  the  thermal 
value  of  the  change  from  the  state  c  to  the  state 
B.  If  then  the  thermal  value  of  a  chemical  pro- 
cess, whether  the  formation  of  a  compound,  or 
other  process,  cannot  be  determined  by  direct 
measurement,  it  may  be  determined  if  the  process 
can  be  made  a  portion  of  a  series  of  changes,  the 
total  thermal  value  of  which  is  measurable,  and 
the  thermal  values  of  all  the  portions  of  which 
are  measurable  with  the  exception  of  the  value 
of  that  portion  which  is  sought. 

For  instance,  formic  acid,  cannot  be 

directly  produced  from  C,  H,  and  O,  and,  there- 
fore, the  heat  of  formation  of  this  acid  cannot 
be  determined  by  direct  measurement ;  but  C 
and  H  can  be  burnt  to  CO,  and  H,0,  and  CH.O, 
can  also  be  burnt  to  CO,  and  H.,0  ;  hence  we 
can  acquire  the  data  needed  for  calculating  the 
value  of  [C,H-,0-].  The  data  are  these  :  [C,0-] 
=  96,960  ;  [H-,0]  =  68,360  ;  sum  =  165,.320  ; 
[CH^O-,©]  =  65,900.  Now,  suppose  that  the  first 
stage  of  the  combustion  of  C  and  H,  consists  in 
the  formation  of  CH„0„,  and  that  tliis  is  then 
burnt  to  CO.,  and  H„0,  we  should  have  the  state- 
ment :  [C,0-]  +  [H-,0]  =  [C,H-,0-]  +  [CH-0'-,0] 
=  165,320.  But  [CH-0-,0]  =  65,900  ;  and  also 
[C,0-]  +  [H=,0]  -  rCH-0^0]  =  [C,H-,0-].  Hence 
[C,H2,0-]  =  165,320  -  65,900  =  99,420. 

Another  example  will  show  tlie  application 
of  the  principle  to  a  more  complicated  case.  It 
is  required  to  find  the  heat  of  formation  of  gaseous 
hydrogen  bromide  from  gaseous  H  and  Br,  i.e. 
the  thermal  value  of  the  reaction  H  +  Br  =  HBr. 


To  begin  with  :  let  [H,Br,Aq]  =  .'o,  and  let  [H,Br] 
=  £c';  direct  measurement  gives  [HBr.Aq]  =  19,900. 
.•.cc  — 19,900  =  k'  =  heat  of  formation  of  HBr. 
Hence  it  is  necessary  to  determine  x. 

Now,  the  thermal  values  of  the  neutralisation 
of  HClAq  and  HBrAq  respectively  by  KOHAq 
are  found  to  be  the  same,  i.e.  [KOHAq, HClAq] 
=  [KOHAq,HBrAq].  If  these  reactions  are 
analysed,  the  first  is  seen  to  consist  in  (1)  the 
sphtting  of  HClAq  into  H  and  CI  in  presence 
of  water ;  (2)  the  separation  of  KOHAq  into  K, 
O,  and  H  in  presence  of  water;  (3)  the  com- 
bination of  K  and  CI,  in  presence  of  water,  to 
form  KClAq ;  (4)  the  combination  of  H,  H,  and 
0,  in  presence  of  water,  to  form  water  ;  and  the 
second  is  similar  to  this,  only  putting  Br  in 
place  of  CI.  These  reactions  may  be  stated  in 
thermo-chemical  notation  thus : 

-  [H,Cl,Aq]  +  [K,Cl,Aq]  +  [H,H,0,Aq]; 

-  [H,Br,Aq]  +  [K,Br,Aq]  +  [H,H,0,Aq]. 

The  first  and  fourth  terms  on  the  right  side  are 
the  same,  and  the  total  thermal  values  are  the 
same.    Are  the  values  of  the  second  and  third 
terms  the  same  ?    To  answer  this  question  we 
pass  CI  into  KBrAq,  forming  KClAq  and  BrAq, 
and  measure  the  thermal  disturbance  ;  we  then 
analyse  the  reaction,  and  see  what  information 
it  has  afforded.    These  are  the  results  : 
[KBrAq,Cl]  =  11,500, 
i.e.  -  [K,Br,Aq]  -f  [K,Cl,Aq]  +  [Br,Aq]  =  11,500. 
Now,    [Br,Aq]  =  500,    by   direct  measurement, 
.•.-[K,Br,Aq]  4- [K,Cl,Aq]  =  11,000,  i.e.  to  form 
KCl,  in  solution,  from  K  and  CI  produces  11,000 
units  of  heat  more  than  to  form  KBr,  in  solu- 
tion, from  K  and  Br. 

Now,  turning  back  to  equations  (1)  and  (2) 
above,  and  remembering  that  the  thermal  values 
of  these  are  the  same,  it  is  evident  that,  since 
11,000  more  heat-units  are  produced  in  forming 

i  KClAq  than  in  forming  KBrAq,  each  from  its 
elements,  11,000  more  heat-units  must  disap- 
pear in  splitting  up  HCl,  in  presence  of  water, 
into  H  and  CI,  in  presence  of  water,  than  in 
similarly  separating  HBr  into  H  and  Br  in  pre- 
sence of  water  ;  and  therefore,  since  the  heat 
energy  required  to  decompose  a  stated  mass  of  a 
compound  is  equal  to  the  heat  energy  that  is 
produced  when  the  same  mass  of  that  compound 
is  formed,  11,000  more  heat-units  will  be  pro- 
duced in  the  formation  of  HClAq  from  H,  CI, 

i  and  Aq  than  in  the  formation  of  HBrAq  from 
H,  Br,  and  Aq ;  or,  stated  in  thermo-chemical 

;  notation  :  [H.Cl.Aq]  - 11,000  =  [H,Br,Aq].  Now 
[H,Cl,Aq]  =  39,300    by    direct  measurement, 

[         .-.  [H,Br,Aq]  =  39^300  - 11,000  =  28,300. 
At  the  beginning  of  this  calculation  we  had 

'  [H,Br,Aq]- 19,900  =  [H,Br].    We  can  now  sub- 

\  stitute  the  value  of  [H,Br,Aq],  and  write 
[H,Br]  =  28,300  - 19,900  =  8,400.  That  is  to  say, 
8,400  gram-units  of  heat  are  produced  when  81 
g.  gaseous  hydrogen  bromide  are  formed  from  1 
g.  gaseous  hydrogen  and  80  g.  gaseous  bromine. 

Exothermic  and  cndothcrinic  reactions. 
Chemical  changes  which  are  accompanied  by  pro- 
duction of  heat  are  sometimes  classed  together 
as  exothermic  reactions,  and  are  distinguished 
from  changes  accompanied  by  disappearance  of 
heat,  which  changes  are  called  endothermic  re- 
actions. The  terms  endothermic  and  exothermic 
are  sometimes  useful.    It  should  not  be  forgotten. 
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that  most  chemical  reactions  consist  of  portions 
which  are  exothermic  and  portions  which  are 
endothermic.  Substances  which  are  formed  with 
the  disappearance  of  heat  are  generally  more 
readily  decomposed  by  the  appUcation  of  out- 
side forces  than  substances  which  are  formed 
with  the  production  of  heat. 

Interpretation  of  thermo-chemical  measure- 
ments. Thermo-chemical  measurements  aim  at 
determining  the  quantities  of  heat  which  are 
produced  or  disappear  during  definite  and  defined 
chemical  changes.  But  every  chemical  change  is 
inextricably  bound  up  with  more  or  less  exten- 
sive physical  changes  ;  hence  some  portion  of  the 
thermal  value  of  a  chemical  occurrence  is  always 
due  to  a  process  which  is  not,  strictly  speak- 
ing, chemical.  A  purely  chemical  change  is  a 
change  in  the  distributions,  configurations,  and 
motions  of  atoms.  But  in  only  some  cases  are 
we  able  to  form  clear  conceptions  as  to  the  con- 
figurations and  motions  of  atoms ;  therefore, 
even  if  it  were  possible  always  to  disentangle  the 
purely  chemical  from  the  accompanying  physical 
parts  of  a  change,  we  should  still  very  frequently 
be  unable  to  connect  the  thermal  values  of 
purely  chemical  processes,  in  a  clear  and  definite 
way,  with  measurable  changes  in  the  distribu- 
tions, configurations,  and  motions  of  atoms. 

The  heats  of  formation  of  HCl,  HBr,  and  HI 
are  said  to  be  22,000,  8,440,  and  -  6,050  gram- 
units  respectively.  But  these  thermal  values 
are  not  strictly  comparable,  because  the  first  re- 
presents the  heat  produced  in  forming  gaseous 
HCl  from  gaseous  H  and  01 ;  the  second  repre- 
sents the  heat  produced  in  forming  gaseous  HBr 
from  gaseous  H  and  hquid  Br,  and  the  third  re- 
presents the  heat  which  disappears  when  gaseous 
HI  is  formed  from  gaseous  H  and  solid  I.  In 
other  words,  more  heat  is  used  in  the  second 
change  than  in  the  first,  and  still  more  in  the 
third  than  in  the  second,  in  accomplishing  sub- 
sidiary physical  changes.  Steam  is  decomposed 
by  chlorine,  with  formation  of  hydrogen  chloride 
and  oxygen.  All  the  reacting  substances  are 
gases.  This  change,  which  is  stated  in  formulsB 
as  2H20-i-2CU  =  4HCl  +  02,  when  analysed 
thermo-chemically,  is  found  to  consist  of  four 
parts,  thus  :  [2H-0,2Cr-J 

-  -2[H,H,0]  -  2[C1,C1]  +  [0,0]  +  4[H,C1]. 
We  measure  the  thermal  value  of  this  complete 
change,  but  we  cannot  at  present  separate  the 
portions  of  the  change  and  assign  to  each  its 
proper  thermal  equivalent ;  hence  we  cannot 
give  a  complete  explanation  of  the  thermo- 
chemical  measurement  we  have  made. 

Notwithstanding  these  difficulties,  attempts 
have  been  made  to  generalise  from  thermo- 
chemical  measurements  to  statements  of  uni- 
versal applicability.  The  most  widely  known  of 
such  attempts  is  that  which  finds  expression  in 
Berthelot's  '  lato  of  maxinmm  work.' '  This  so- 
called  law  asserts  that  '  Every  chemical  change 
accomplished  tuithout  the  addition  of  energy 
from  withozit  tends  to  the  formation  of  that  body, 
or  system  of  bodies,  the  production  of  which  is 
accompanied  by  the  development  of  the  maximum 
quantity  of  heat.'  In  another  place  Berthelot 
states  the  law  more  rigidly,  thus :  '  Every  che- 
mical change  luhich  can  be  acconiplished  without 

'  iUcanique  Chimique,  i.  xxi.x. 


the  aid  of  a  preliminary  action,  or  the  addition- 
of  energy  from  without  the  system,  necessarily 
occurs  if  it  is  accompanied  by  disengagement  of 
heat.' 

The  same  generalisation  was  stated  by 
Thomsen  {v.  Th.  1,  12-16)  some  years  before  it 
was  enunciated  by  Berthelot.  Thomsen's  state- 
ment took  this  form  :  '  Every  simptle  or  complex 
reaction  of  apurely  chemical  kind  is  accompanied 
by  production  of  heat.'  None  of  these  state- 
ments is  strictly  apphcable  to  actually  occurring 
chemical  changes,  because  we  never  have  to  deal 
with  reactions  of  a  purely  chemical  kind,  but 
with  reactions  that  are  partly  chemical  and 
partly  physical — that  is,  with  reactions  which 
consist  in  part  in  changes  in  the  arrangement 
and  motions  of  atoms,  and  partly  in  changes  in 
the  arrangement  and  motions  of  molecules.  A 
consideration  of  the  way  in  which  the  so-called 
law  is  apphed,  especially  by  Berthelot  and  his 
school,  shows  that  it  is  taken  to  mean  that 
measurements  of  the  thermal  values  of  various 
possible  chemical  changes  enable  us  to  predict 
which  of  these  will  occur.  Thus,  suppose  we 
start  with  a  system  A  -I-  B  H-  0,  and  suppose  that 
from  this  may  be  formed  AB-t-C,  AC  +  B,  or 
ABO ;  suppose  also  that  x  thermal  units  are 
produced  in  the  first  of  these  changes,  x'  thermal 
units  in  the  second,  and  x"  thermal  units  in  the 
third  ;  finally,  suppose  that  x"  >x'  >x;  then  the 
law  of  maximum  work  is  taken  as  asserting  that 
the  reaction  A  +  B-1-0  =  AB0  will  occur,  and 
will  occur  to  the  complete,  or  almost  complete, 
exclusion  of  the  two  other  possible  reactions. 

It  is  easy  to  show  that  many  reactions  are 
known  to  occur  which  would  be  impossible  were 
this  '  law  '  a  true  generaUsation.  But  it  is  better 
to  treat  the  law  as  a  deduction  from  the  prin- 
ciples of  energy,  and  to  show  that  it  is  not  a 
warrantable  deduction. 

The  statements  made  by  Thomsen  and  Ber- 
thelot are  true  only  when  an  arbitrary  separa- 
tion is  made  of  chemical  changes  into  two  parts, 
and  one  of  these  parts  is  alone  called  chemical. 
Every  chemical  change,  however  simple,  consists 
of  at  least  two  parts,  the  first  of  which  is  the 
necessary  antecedent  of  the  second  ;  the  '  law  of 
maximum  work '  ignores  this  duality,  or,  it 
might  be  more  accurate  to  say,  the  law  assumes 
that  the  second  part  of  a  chemical  process  may 
occur  without  the  first.  A  process  of  chemical 
change  may  be  compared  to  the  flight  of  a  stone 
from,  and  its  return  to,  the  surface  of  the  earth. 
During  the  first  part  of  this  process  there  is  a. 
continual  transference  of  kinetic  energy  from 
the  moving  stone  to  the  surrounding  medium 
and  during  the  second  part  there  is  a  continual 
transference  from  the  medium  to  the  stone,  until 
the  stone  comes  to  rest,  when  its  energy  becomes 
a  part  of  the  total  energy  of  the  system  earth 
plus  stone.  If  the  final  resting-place  of  the  stone 
is  nearer  the  centre  of  the  earth  than  the  spot 
from  which  it  was  projected  in  its  upward  flight, 
then  the  stone  contains  less  energy,  relatively  to 
surrounding  systems,  at  the  close  of  the  trans- 
action than  at  the  beginning.  On  the  other 
hand,  if  the  starting-point  is  nearer  the  earth's 
centre  than  the  final  point  of  rest,  then  the 
transaction  has  resulted  in  a  gain  of  energy  to 
the  stone.  In  both  cases  the  second  part  of  the 
transaction,  that  which  occurs  between  the  turn- 
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ing-point  and  the  coming  to  rest  of  the  stone,  is 
attended  with  loss  of  energy  to  the  stone  :  but 
this  second  part  does  not  represent  the  complete 
transaction.  The  'law  of  maximum  work,'  if 
applicable  at  all,  is  applicable  only  to  the  second 
part.  And,  moreover,  this  law  ignores  the  fact 
that  the  stone,  or  chemical  system,  does  not 
leave  its  initial  resting-place  of  its  own  accord  ; 
the  law  assumes  that  no  work  need  be  done,  no 
energy  need  be  expended,  in  the  passage  of  the 
stone,  or  chemical  system,  from  its  original  posi- 
tion to  that  whereat  the  energy-relations  between 
it  and  surrounding  systems  come  within  the 
cognisance  of  the  law. 

The  '  law  of  maximum  work  '  asserts  a  certain 
condition  of  equilibrimn  for  a  chemical  system, 
for  the  law  states  that  equilibrium  results  when 
that  change  has  occurred  which  is  attended  with 
the  maximum  i^roduction  of  heat.  But  the  true 
condition  of  equilibrium  of  a  material  system 
undergoing  a  reversible  change  is  laid  down  in 
the  statement  that  equilibrium  results  when  the 
entropy  of  the  system  has  attained  the  maximum 
value  under  the  conditions  which  prevail. 

Let  Q  =  quantity  of  heat  added  to  a  body  at 

constant  temperature  T,  then    =  gain  of  entropy 

to  the  body ;  let  Qi  =  quantity  of  heat  lost  by  a 

body  at  constant  temperature  T,,  then  ^  =  loss 

of  entropy  to  the  body.  All  chemical  and  physi- 
cal changes  which  occur  spontaneously  increase 
the  entropy  of  the  system.  This  statement  holds 
good  for  non-reversible  changes ;  and  as  no 
actually  occurring  change  is  completely  rever- 
sible, the  statement  holds  for  all  changes. 

Suppose  that  one  of  two  bodies  is  hotter  than 
the  other  and  loses  heat  to  the  colder  body  ;  the 
hotter  body  at  temperature  T,  loses  heat  Q, 

therefore  its  entropy  is  diminished  by     ;  the 

colder  body  at  temperature  To  gains  heat  Q, 

therefore  its  entropy  is  increased  by     ;  but  as 

T.  >  T.„  it  follows  that  S  <  —  ;  in  other  words, 

the  entropy  of  the  system  is  increased  by  the 
passage  of  heat  from  the  hotter  to  the  colder 
body. 

Now,  a  system  is  in  equilibrium  when  its 
entropy  has  attained  the  maximum  value  possible 
under  the  conditions.  But,  inasmuch  as  entropy 
is  measured  by  a  quantity  of  heat  divided  by  a 
temperature,  it  is  only  at  the  absolute  zero  of 
temperature  that  <iS  =  (^Q  (S  =  entropy,  Q  = 
quantity  of  heat) ;  hence  it  is  only  at  the  abso- 
lute zero  that  thermal  changes  directly  measure 
changes  of  entropy.  When  a  chemical  change 
is  accompanied  by  the  production  of  much  heat, 
and  the  change  occurs  at  a  low  temperature,  the 
thermal  change  will  roughly  measure  the  change 
of  entropy ;  therefore,  if  such  a  change  be  pos- 
sible, it  will  occur.  But  if  the  quantity  of  heat 
produced  in  a  chemical  process  is  small,  the 
change  of  entropy  may  be  conditioned,  to  a  large 
extent,  by  changes  other  than  the  thermal 
change.  Indeed,  in  some  cases,  heat  may  dis- 
appear from  the  system,  and  yet  the  total  change 
of  entropy  may  be  positive ;  in  such  cases, 
chemical  change  will  occur  with  the  disappear- 


ance of  heat,  because  the  decrease  in  the  entropy 
of  the  system  caused  by  the  loss  of  heat  will  be 
more  than  balanced  by  the  increase  in  the 
entropy  caused  by  the  changes  of  state  which 
the  system  undergoes. 

The  general  conception  of  chemical  change 
which  is  given  by  applying  the  law  of  entropy  is 
that  of  a  system  attaining  equilibrium  as  the 
result  of  processes  taking  place  in  opposite 
directions.  According  to  van't  Hoff  {DijnamiqKe 
CJiimique,  153),  the  directions  of  chemical  p)ro- 
cesses  which  result  in  equilibrium  vary  with 
variations  of  temperature  in  such  a  way  that  the 
lower  the  temperature  the  more  is  equilibrium 
established  with  the  production  of  heat,  but  the 
changes  can  take  place  wholly  in  one  direction 
only  at  the  absolute  zero.  The  '  law  of  maximum 
work  '  would  then  hold  good  for  the  limiting 
case  that  the  change  should  occur  at  —  27o". 
As  the  temperatures  at  which  most  chemical 
changes  occur  are  not  very  high,  many  chemi- 
cal processes  are  accompanied  by  production  of 
heat. 

The  '  law  of  maximum  work '  is  not,  then, 
a  law  of  nature.  But  it  is  true  that  most 
chemical  processes  which  occur  without  the 
expenditure  of  much  energy  from  without,  and 
which  take  place  at  moderate  temperatures,  are 
accompanied  by  the  disengageuient  of  heat.  If 
it  is  known  that  a  certain  chemical  change  would 
be  attended  by  the  disappearance  of  much  heat, 
we  may  conclude  that  this  change  will  be  difficult 
to  accomplish  ;  that  it  will  be  brought  about  only 
by  the  expenditure  of  a  considerable  quantity  of 
energy,  and  that  the  most  successful  way  of 
accomplishing  the  change  will  be  to  make  it 
one  part  of  a  series  of  changes  the  sum  of  which 
is  attended  with  the  disengagement  of  heat. 

Applications  of  thermo-chemical  methods. 
The  applications  of  thermo-chemical  methods  are 
many  and  varied.  A  few  of  the  more  important 
will  be  briefly  dealt  with  here. 

Neutralisation  of  acids  and  bases.  In  1842 
Hess  stated  the  principle  of  the  thermo-neutrality 
of  salts  in  solutions  (P.  52,79).  He  said  that  when 
aqueous  solutions  of  two  normal  salts  are  mixed 
the  thermal  disturbance  is  nil ;  in  other  words, 
that  the  thermal  value  of  the  reactions  consist- 
ing in  the  exchange  of  the  acids  and  bases  is 
equal  to  zero.  Hess  supposed  that  the  heats  of 
neutralisation  of  acids  were  independent  of  the 
nature  of  the  bases  used.  Andrews  {P.  54,  208; 
59,  428)  thought  that  the  heats  of  neutralisation 
were  dependent  only  on  the  bases,  and  were 
independent  of  the  nature  of  the  acid  employed. 
Favre  a.  Silberniann  {A.  Ch.  [3]  34,  357  ;  36,  1 ; 
37,  400)  put  the  law  of  therrao-neutrality  in  its 
proper  form  by  showing  that  the  differences  be- 
tween the  heats  of  neutralisation  of  any  two 
bases  by  any  acid  have  a  constant  value,  and  the 
differences  between  the  heats  of  neutralisation 
of  two  acids  by  any  base  are  constant.  Let  the 
composition  of  various  salts  be  represented  by 
the  scheme  : 


A  +  B 
A-i-B' 
A-i-B" 
A  +  W" 


A'-f  B 
A'-hB' 
A'  ■)-  B" 
A'  +  B'" 


A"  +  B 
A"  +  B' 
A"  +  B" 
A"-l-B"' 


A'"  +  B 
A'"  -t-  B' 
A"'-f  B" 
A'"  +  B'" 


And  let  f(A  +  B),  f(A' +  B),  &c.,  represent  the 
quantities  of  heat  produced  by  the  union  of  the 
acid  A  with  the  base  B,  the  acid  A'  with  the  base 
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B,  &c.  Then  the  law  of  thermo-neutrality  asserts 
that 

/(A  +  B)  +/(A'  +  B')  -/(A  +  B')  -/(A'  +  B)  =  0 
or   /, A  +  B)  -/(A  +  B')  =/(A'  +  B)  -/(A'  +  B') 
and  /(A  +  B)  -/(A'  +  B)  =  /(A  +  B')  -/(A'  +  B') 

Exceptions  have  been  found  to  this  law,  but 
these  exceptions  have  all  proved  to  be  connected 
with  some  abnormality  in  the  behaviour  of  the 
salts  formed.  The  law  may  be  stated  by  saying 
that,  in  the  normal  formation  of  a  salt,  in  solu- 
tion, by  the  reaction  between  an  acid  and  a  base, 
the  acid  contributes  a  definite  portion  of  the  total 
heat  of  neutralisation,  independently  of  the 
nature  of  the  base,  and  the  base  contributes  a 
definite  portion  of  the  total  heat  of  neutralisa- 
tion, independently  of  the  nature  of  the  acid. 
If  the  statement  is  correct,  then  the  heat  of 
neutralisation  of  an  acid,  in  solution,  must  be 
independent  of  the  nature  of  the  base,  and  the 
heat  of  neutralisation  of  a  base,  in  solution,  must 
be  independent  of  the  nature  of  the  acid,  unless 
there  be  some  divergence  from  the  normal  con- 
dition of  affairs.  By  the  heat  of  neutralisation 
of  an  acid  is  meant  the  quantity  of  heat  produced 
when  an  equivalent  weight  of  the  acid  reacts 
with  an  equivalent  weight  of  a  base,  both  being 
in  dilute  aqueous  solution.  If  A'  represents  a 
formula-weight  of  a  monobasic  acid,  A"  a 
formula-weight  of  a  dibasic,  and  A'"  a  formula- 
weight  of  a  tribasic,  acid  ;  and  if  B  represents  a 
formula- weight  of  a  mono-acid  base  ;  then  the 
heats  of  neutralisation  of  these  three  acids  are 
the  thermal  values  of  the  reactions, 

[A'Aq,BAq]  ;  [iA"Aq,BAq]  ;  and 

[iA"'Aq,BAq].  Sometimes  it  is  more  con- 
venient to  take  the  thermal  values  of  the 
reactions  [A"Aq,2BAq]  and  [A"'Aq,3BAq]  to 
represent  the  heats  of  neutralisation  of  the 
dibasic  and  tribasic  acids  respectively. 

The  following  table,  taken  chiefly  froin 
Thomsen's  results,  shows  that  the  heats  of 
neutralisation  of  the  strong  acids  are  prac- 
tically independent  of  the  base,  provided  the 
base  used  is  strong  ;  the  numbers  all  refer  to 
reactions  between  dilute  solutions  of  the  acids 
and  bases  : — 


Acid 


HCl 
HNO, 


NH, 


12,200 
12,300 


NMe, 


8,700 


NH„OH 


9,200 


When  weak  acids  neutralise  strong  bases, 
the  thermal  values  differ  from  those  obtained 
for  strong  acids  ;  and  when  weak  acids  neutralise 
weak  bases  the  reactions  have  different  values 
from  any  of  the  preceding  cases.  The  following 
numbers  illustrate  this  : 


The  electrolytic  dissociation  hypothesis  gives 
an  explanation  of  the  facts  concerning  the 
thermo-chemical  reactions  between  acids  and 
bases.  According  to  this  hypothesis,  a  dilute 
aqueous  solution  of  a  salt  contains  the  ions  of 
the  salt  each  with  its  electric  charge ;  the  salt 
is  dissociated  into  its  ions ;  when  two  dilute 
salt  solutions  are  mixed,  the  ions  remain  as  they 
were,  there  is  no  change,  and  therefore  heat  is 
neither  produced  nor  consumed.  The  law  of 
thermo-neutrality  holds.  The  hypothesis  looks 
on  a  dilute  aqueous  solution  of  a  strong  acid,  or 
a  strong  base,  as  containing  the  ions  of  the  acid 
or  the  ions  of  the  base  ;  when  the  solutions  of  the 
strong  acid  and  strong  base  are  mixed,  a  salt  is 
not  formed  in  the  solution,  because  in  dilute 
solutions  salts  are  whoUy  dissociated,  but  water 
is  formed  by  the  union  of  the  ion  H  of  the  acid 
with  the  ion  OH  of  the  base.  Thus,  the  com- 
position of  dilute  solutions  of  HCl  and  NaOH, 
before  and  after  mixing,  are  represented  by  the 
hypothesis  as  follows  : 

+       -     -I-     -  +  - 

Na  +  0H  +  H-^C1  and  Na -t- CI -t- HOH. 


before  mixing 


after  mixing 


Acid 

NaOH 

KOH 

LiOH 

TIOH 

^BaOjHj 

4CaO.H, 

iSrO.H, 

lPt(NH3),(0H), 

S(C,H,)30H 

N(CH3),0H 

HCl 

13,300 

13,300 

13,300 

13,300 

13,300 

13,300 

13,300 

13,600 

13,700 

13,600 

HBr 

13,300 

13,300 

HI 

13,300 

13,300 

HNO, 

13,500 

1A,500 

13,500 

14,000 

13,900 

HCIO3 

13,600 

13,600 

14,000 

HBrOj 

13,600 

13,600 

HIO, 

13,600 
14,000 

13,600 

HCIO^ 

14,000 

13,500 

13,800 

13,600 

'H.CaH5.S0i 

13,500 

13,600 

If  concentrated  solutions  are  employed,  the 
heats  of  neutralisation,  even  of  the  strong  acids, 
show  considerable  differences  with  different 
bases.  If  the  salt  which  is  formed  by  neutral- 
ising an  acid  by  a  base  is  allowed  to  precipitate, 
then  the  apparent  heat  of  neutralisation  as  thus 
determined  is  not  the  true  heat  of  neutralisation 
{v.  Th.  1, 440).  The  following  numbers  represent 
the  heats  of  neutralisation  of  two  strong  acids 
by  weak  bases  ;  these  numbers  differ  from  one 
another,  and  also  from  the  values  given  in  the 
preceding  tables  in  which  strong  acids  and  strong 
bases  only  were  included  : 


Or,  generally,  if  M  represent  the  positive  ion  of 
a  strong  base,  and  A  the  negative  ion  of  a  strong 
acid ;  we  have  the  composition  of  the  dilute 
aqueous  solutions,  before  and  after  mixing,  re- 
presented by  the  two  schemes  : 

+      -      +    -         +  - 

M  +  OH-i-H-fA  and  M  +  A-fHOH 


before  mixing  after  mixing 

Hence,  as  the  only  process  wherein  heat  can 
be  produced  consists  in  all  cases  in  the  union 
of  H  with  OH,  the  quantity  of  heat  produced  is 
always  the  same. 
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The  hypothesis  asserts  that  HOH  is  jiro- 
duced  because  water  is  a  non-dissociable,  or 
nearly  a  non-dissociable,  compound  ;  pure  wator 
is,  approximately,  a  non-electrolyte. 

But  when  a  weak  acid  is  mixed,  in  dilute 
aqueous  solution,  with  a  strong  base,  or  when 
dilute  solutions  of  a  weak  acid  and  a  weak  base 
are  mixed,  the  processes  are  more  complex  ;  for, 
according  to  the  hypothesis,  only  a  portion  of 
the  weak  acid  is  dissociated  into  ions,  and  only 
a  portion  of  the  base  is  dissociated  if  the  base 
is  weak.  In  such  cases  the  state  of  matters, 
before  and  after  mixing,  would  be  represented 
thus  (supposing  both  acid  and  base  to  be 
weak)  — 

HA  +  R  +  A  +  llOR  +  U  +  OU 


before  mi-'cing 
-I-  — 

and    HA  +  MOH  -^  M  -i-  A  -f  HOH 


after  mixingf 

But  the  process  does  not  necessarily  stop  here ; 
there  is  a  striving  towards  the  formation  of  the 
comparatively  non-electrolytic  compound  HOH, 
therefore  more  of  the  acid  and  more  of  the  base 
become  dissociated,  so  that  we  have,  as  a  final 
condition,  less  or  more  of  the  acid  HA,  and  less 
or  more  of  the  base  MOH,  remaining  in  the 
solution.  The  dissociation  of  the  acid  and  the 
base,  when  these  are  mixed,  is  accompanied  by 
a  thermal  change  ;  and  as  the  degree  to  which 
this  dissociation  proceeds  depends  on  the  nature 
of  the  acid  and  the  base,  the  values  of  the  heats 
of  neutralisation  of  weak  acids  and  weak  bases 
differ  one  from  another  (c/.  Electeic.u^  methods, 
p.  189  in  this  vol.). 

If  this  treatment  of  the  heats  of  neutralisa- 
tion of  acids  and  bases  is  accepted,  it  is  evi- 
dent that  the  thermal  values  of  the  neutral- 
isations of  acids  by  a  base  do  not  necessarily 
measure  the  affinities  of  these  acids  for  that 
base.  If  the  acids  were  all  equally  dissociated 
in  solution,  they  would  all  be  equally  strong- 
er their  affinities  would  be  equal — and  their 
heats  of  neutralisation  would  be  equal.  The 
statement  Q  =  about  13, -500  -f  A  +  B  expresses 
the  heat  of  neutralisation  of  any  acid  by  any  base 
in  dilute  aqueous  solution.  A  represents  the  heat 
of  dissociation  of  the  acid,  and  B  is  the  heat  of 
dissociation  of  the  base,  into  their  ions ;  A  and 
B  may  be  positive  or  negative  at  any  specified 
temperature.  Under  the  conditions  of  the  ex- 
periment only  a  portion  of  the  acid,  or  of  the 
base,  may  be  dissociated  ;  therefore  the  observed 
heat  of  neutralisation  cannot  measure  the  affi- 
nity of  the  acid  for  the  base.  But  at  the  same 
time,  it  is  evident  that  there  is  a  connection  be- 
tween the  heats  of  neutralisation  and  the  affini- 
ties of  acids  and  bases.  On  the  one  hand, 
measurements  of  the  thermal  values  of  the  re- 
actions between  acids  and  bases  enable  conclu- 
sions to  be  drawn  as  to  the  distribution  of  two 
acids  between  one  base,  or  two  bases  between 
one  acid,  and  such  measurements  therefore  lead 
to  determinations  of  the  affinities  of  acids  and 
bases  {v.  infra)  ;  on  the  other  hand,  although 
the  affinity  of  an  acid  for  a  base  probably  con- 
sists in  a  striving  towards  electrical  equilibrium 
among  the  ions,  yet,  as  electrical  and  thermal 
phenomena  are  closely  connected,  measurements 


of  the  heats  of  dissociation  of  acids  and  bases,  in 
aqueous  solutions,  must  help  us  to  understand 
the  relative  affinities  of  acids  and  bases,  to 
classify  acids  and  bases  in  accordance  with  their 
affinities,  and  to  connect  the  afiinities  of  these 
substances  with  their  constitution  {rf.  ]<]lecti!Ical 
METHODS,  especially  pp.  208  and  20'.)). 

Monobasic  and  poJjihasic  acids.  When  an 
equivalent  of  a  monobasic  acid  is  added  to  an 
equivalent  of  a  base,  both  in  dilute  solutions,  a 
certain  quantity  of  heat  is  produced,  iind  there 
is  no  further  thermal  disturbance  on  addinj,' 
more  of  the  acid  to  the  neutral  solution ;  but 
heat  is  either  produced  or  dis.Tppears  when  a 
polybasic  acid  is  added  to  a  solution  of  the  same 
acid  which  has  been  neutralised  by  an  equiva- 
lent quantity  of  a  base.  This  behaviour  enables 
a  thermo-chemical  distinction  to  be  drawn  be- 
tween monobasic  and  polybasic  acids  (c/.  Acids, 
Basicity  of,  vol.  i.  p.  51). 

Bistrihution  of  an  acid  between  two  bases. 
Thomson  found  the  following  data  : 

[H-SO'Aq,2NaOHAq]  =  31,380  ; 
[2HNO'Aq,2NaOHAq]  =  27,230  ; 
[Na-S0'Aq,2HX0,,Aq]  =  -  3,.".0O. 
Now,  supposing  that  the  reaction  of  equivalent 
quantities  of  Na._,SO|  and  HNO^,  in  dilute  solu- 
tion, produced  NaNO.,  and  H\S0,„  and  these 
compounds  only,  this  reaction  would  be  attendp<l 
by  the  disappearance  of  31,380-27,230  =  4,150 
thermal  units  ;  but  as  only  3, -500  thermal  units 
disappear  in  the  reaction,  it  is  evident  that  some 
change  has  occurred  wherein  heat  has  been  pro- 
duced, or  that  the  whole  of  the  Na.,SO.|  has  not 
been  changed  to  NaNO.  by  the  reaction  of  the 
equivalent  quantity  of  HNO^,.  If  we  suppose 
tliat  the  discrepancy  in  the  quantity  of  heat 
consumed  is  due  to  the  partial  decomposition 
of  the  Na,SO,  by  the  HNO, ;  in  other  words,  if 
we  suppose  that  when  equivalent  quantities  of 
Na.SOj  and  HNO.,  react  in  solution,  some  of  the 
base  remains  united  with  the  H.SO,  and  some 
goes  into  combination  with  the  HNO.„  and  that 
no  other  reaction  occurs,  it  is  easy  to  calculate 
the  distribution  of  the  base  between  the  two 
acids.  For  it  is  evident  that,  on  this  supposition, 
3500 

^^j^  =  •8i5  of  the  quantity  of  Na.^SO^  present 

has  been  decomposed.  Thomson  found  that 
H.SO^  reacts  with  Na.,SO,,  to  form  NaHSO,,,  with 
disappearance  of  heat.  He  also  found  that  this 
reaction  is  expressed  thermo-chemically  by  the 
statement  [MH-SO'Aq,Na-SO'Aq] 

=  31,380  -  ^-^^^  3,300.  These  data  give  a  means 

for  calculating  the  distribution  of  the  base  be- 
tween the  two  acids.  The  complete  reaction  be- 
tween equivalent  quantities  of  Na^.SO.,  and 
UNO.,  will  consist  of  three  parts  :  (1)  the  decom- 
position of  a  equivalents  of  Na._,SO|,  attended 
with  the  disappearance  of  a  .  .31,380  thermal 
units ;  (2)  the  formation  of  a  equivalents  of 
NaNO:,,  attended  witli  the  production  of  a  .  27,230 
units  of  heat;  (3)  the  reaction  of  a  equivalents 
of  H,,SO,  witli  1-a  equivalents  of  Na„SO„ 
attended  with  the  disappearance  of 


1-a 

l-a—          3,300  units  of  heat. 

^  +  ■8 
1  —  a 
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The  complete  thermo-chemieal  change  may  be 
stated  thus : 

[Na-SO  'Aq,2HN0^Aq]  =  -  3,500 
a 

=  a(27,230- 31,380) -(1 -a)  3,300. 

-^  +  •8 
1  -  a 

Thomsen  found  that  if  a  is  taken  as  ^,  the 
number  —  3550  is  obtained,  which  is  almost  iden- 
tical with  the  observed  value.  Hence  Thomsen 
concluded  that  f  of  the  base,  NaOH,  went  to  the 
nitric  acid,  and  ~  to  the  sulphuric  acid ;  or,  that 
the  affinity  of  nitric  acid  for  soda  (Thomsen  used 
the  term  avidity)  is  twice  as  great  as  the  affinity 
of  sulphuric  acid  for  the  same  base. 

The  relative  affinities  of  various  acids  for 
different  bases  have  been  measured  by  Thomsen 
by  this  method  (v.  Affinity,  vol.  i.  pp.  74-75). 

Allotropy  and  isomerism.  The  generally 
accepted  views  regarding  the  allotropy  of  ele- 
ments and  the  isomerism  of  compounds  would 
lead  us  to  expect  that  the  formation  of  one 
allotropic  form  of  an  element  from  another 
form,  or  the  formation  of  one  isomeride  from 
another,  should  be  accompanied  by  changes  of 
energy,  and,  therefore,  probably  by  the  produc- 
tion or  disap)pearance  of  heat.  This  expectation 
is  confirmed  by  thermo-chemieal  measurements. 
The  following  tables  i^resent  some  typiical  data : — 

Combustion  of  allotropic  forms  of  sulphur, 
phosphorus,  and  carbon. 
[S,0-]      to  form  gaseous  SO., 
71,220     for     S  crystallised  from  CS., 
71,720      „      rhombic  S 
72,300      ,,      native  opaque  S 

[P=,OT     to  form  soUd  R.O^ 
369,900     for     ordinary  P 
362,800      „      red  P 

[C,0-]     to  form  gaseous  CO^ 
96,900     for     amorphous  C 
93,200      „  diamond 

Combustion  of  isomeric  carbon  compounds. 
[C«H«,0'T  to  form  6C02-i-3H.,0 
787,900     for  benzene 
883,200      ,,  dipropargyl 

[C-H«0,0»]  to  form  2C0..  -I-  3H„0 
330,400     for     ethylic  alcohol 
344,200      „      methyhc  ether 

[C^H«0,08]  to  form  3C0„  +  3H..0 
442,600     for     allyl  alcohol 
424,000      „  acetone 
420,000      „  propaldehyde 

These  values,  and  many  more  might  be  given, 
show  that  the  quantity  of  heat  produced  in  the 
change  from  the  combination  of  a  certain 
number  of  atoms  to  certain  other  combina- 
tions of  these  atoms  is  dependent,  in  part,  on 
the  arrangement  of  the  atoms  in  the  initial  com- 
bination. Isomeric  molecules  differ  in  the  ar- 
rangements of  their  parts  ;  and  they  also  differ 
in  the  quantities  of  energy  which  are  associated 
with  the  different  atomic  arrangements. 

The  attemjats  which  have  been  made,  chiefly 
by  Thomsen  {v.  Th.  vol.  iv.),  to  connect  in  a 
definite  way  the  thermal  values  of  the  combus- 
tion and  formation  of  carbon  compounds  with 


the  constitutions  of  these  compounds  have  not 
led,  as  yet,  to  any  very  satisfactory  results  (v. 
also  Armstrong's  criticism  of  some  of  Thomsen's 
conclusions;  P.  ill.  Feb.  1887.  73). 

Dissociation. — This  very  important  branch 
of  the  subject  is  fully  discussed  in  the  article 
Dissociation  in  vol.  ii.  pp.  385-410. 
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XIII.  VISCOSITY  OF  LIQUIDS.  A  per 
feet  fluid,  if  such  existed,  would  offer  no  resist- 
ance to  a  change  of  shape,  and  if  its  parts  were 
set  in  motion  relatively  to  each  other  by  the 
action  of  any  forces,  the  work  done  would  be 
exactly  equal  to  the  kinetic  energy  produced. 
Moreover,  this  energy  of  motion  would  continue 
unchanged  in  amount  if  the  fluid  were  then  left 
to  itself,  and  would  not  die  away  by  being  con- 
verted into  heat  as  is  the  case  with  every  known 
fluid.  The  property  which  causes  this  subsidence 
of  relative  motion  is  called  viscosity.  In  con- 
sequence of  the  existence  of  viscosity  a  continual 
expenditure  of  energy  is  required  to  maintain 
the  parts  of  a  fluid  in  a  state  of  steady  motion 
relatively  to  each  other,  just  as  the  existence  of 
friction  makes  it  necessary  to  apply  a  constant 
force  to  a  body  to  keep  it  moving  uniformly  over 
another.     From  this  resemblance  in  the  two 
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cases  the  viscosity  of  a  substance  is  often  called 
its  internal  friction. 

Imagine  a  layer  of  a  liquid  one  cm.  thick, 
contained  bet\Yeen  two  flat  plates,  one  of  which 
is  at  rest  and  the  other  is  moving  parallel  to  the 
first.  The  liquid  in  contact  with  the  plate  which 
is  at  rest  is  at  rest  also,  and  the  successive  layers 
have  velocities  which  increase  uniformly  as  we 
go  towards  the  moving  plate,  so  that  the  liquid 
is  being  sheared,  and  this  requires  a  continual 
supply  of  work ;  which  is  proportional  to  the 
area  and  velocity  of  the  moving  plate.  If  this 
velocity  is  one  cm.  per  second,  the  coefficient  of 
viscosity  is  defined  as  the  tangential  force  which 
must  be  applied  per  sq.  cm.  to  the  moving  plate 
to  maintain  the  motion,  or  if  the  relative  velocity 
of  the  two  surfaces  is  f ,  and  their  distance  apart 
is  Z,  the  tangential  force  T  per  unit  area  required 

to  maintain  the  motion  is  given  by  T^-qj  where  ' 
1)  is  the  coefficient  of  viscosity. 

From  this  definition  it  can  be  proved  that  if 
a  circular  jjlate  or  other  solid  of  revolution  be 
set  vibrating  about  its  axis  of  figure  in  a  liquid, 
the  amplitudes  of  successive  vibrations  will  bear  i 
a  constant  ratio  to  each  other,  and  the  experi- 
mental verification  of  this  is  the  best  proof  we 
liave  of  the  proiJortionality  of  the  viscous  forces 
to  the  relative  velocity  of  the  parts  of  the  fluid. 

The  coefficient  of  viscosity  is  regarded  by 
Maxwell  {P.  M.  [4]  35,  133)  as  being  the  product 
of  two  factors,  a  coefficient  of  elasticity  and  a 
time  of  relaxation.     If  between  the  parallel 
plates  spoken  of  above  we  have  an  elastic  solid 
without  viscosity,  instead  of  a  liquid,  the  result  i 
of  moving  one  of  the  plates  parallel  to  the  other  ' 
will  be  to  distort  the  sohd,  and  give  rise  to  a 
force  or  stress  tending  to  restore  it  to  its  original 
shape,  and  this  force  will  be  proportional  to  the  I 
amount  of  distortion  and  to  the  coefficient  of 
rigidity  of  the  body.    Now,  if  the  body  is  a 
viscous  substance  like  pitch,  the  stress  will  soon 
die  away,  even  though  the  surfaces  be  held  in 
the  new  jiosition,  the  molecules  rearranging 
themselves  so  that  this  position  becomes  one  of 
equilibrium.    The  time  required  for  this  to  take 
place  is  what  Maxwell  called  the  time  of  relaxa-  i 
tion.  For  solids  it  may  be  very  large,  extending  ' 
to  several  hours  or  even  days,  but  for  ordinary  j 
liquids  it  is  a  small  fraction  of  a  second,  while 
for  a  gas,  such  as  air.  Maxwell  estimated  it  at  ! 
the  fifty  thousand  millionth  of  a  second.    The  | 
rate  at  which  this  internal  stress  is  disappear- 
ing at  any  moment  is  proportional  to  the  strain 
at  that  moment.    If  the  upper  surface  is  moved 
uniformly,  relatively  to  the  lower  one,  the  strain 
will  never  disappear  entirely,  for,  although  the 
rearrangement  of  the  molecules  is  continually 
going  on  andthe  substance  is  tending  towards 
its  equilibrium  state,  the  strain  is  being  con- 
tinually set  up  again  by  the  relative  motion  of 
the  two  surfaces  we  are  considering,  and  the 
body  will  soon  get  hito  a  steady  state  in  which 
the  rate  whereat  the  strain  is  being  produced  is 
equal  to  the  rate  whereat  it  is  dying  away.   The  | 
stress  produced  by  this  constant  strain  is  the  j 
tangential  force  required  to  maintain  the  motion, 
and  Maxwell  proved  that  this  stress  is  propor- 
tional to  the  coefficient  of  rigidity  of  the  substance 
and  to  the  time  of  relaxation.  1 


For  the  determination  of  coefficients  of 
viscosity,  Coulomb  and  others  allowed  some 
solid  of  revolution,  such  as  a  circular  plate  or  a 
sphere  immersed  in  the  fluid,  to  vibrate  about 
its  axis  of  figure,  and  observed  the  ratios  of  the 
amplitudes  of  consecutive  vibrations,  from  which 
the  coefficient  can  be  calculated.  0.  E.  Meyer 
(W.  43,  1) modified  the  method  by  hanging  a  flat 
cylindrical  box  by  a  bifilar  suspension,  filling  it 
with  liquid,  and  observing  the  rate  at  which  the 
vibrations  died  away.  This  method  has  been 
used  by  Miitzel  (W.  43,  15),  and  is  capable  of 
considerable  accuracy.  For  absolute  measure- 
ments it  has  some  advantages  in  the  fact  that 
the  lengths  to  be  measured  are  not  very  small; 
but  in  most  cases  only  relative  values  are  re- 
quired, and  for  obtaining  these  the  transpiration 
method  described  below  is  preferable,  as  it  is 
more  readily  applied,  requires  a  smaller  quantity 
of  material,  and  lends  itself  better  to  accurate 
adjustment  of  temperature. 

In  the  common  form  of  the  experiment  the 
liquid  is  caused  to  flow  through  a  capillary  tube 
in  consequence  of  a  constant  difl'erence  of  pres- 
sure, P,  between  the  ends,  and  the  time,  is  ob- 
served which  is  required  for  a  volume,  v,  to  flow 
through  the  tube  ;  then  the  coefficient  of  vis- 
cosity, 7],  is  given  by  the  equation  ??  =  -  ^ 

8    Iv  , 

where  r  is  the  radius  and  I  is  the  length  of  the 
tube.  Hence  the  coefficients  for  two  liquids  will 
be  in  the  ratio  of  the  times  required  for  the  out- 
flow of  the  same  volume  with  the  same  difl'erence 
of  pressure.  If  the  liquid  flows  through  the 
tube  in  consequence  of  its  own  weight,  P  will  be 
proportional  to  its  sisecitic  gravity,  and  the  co- 
efficients of  viscosity  will  be  proportional  to  the 
product  of  specific  gravity  and  time  of  flow. 

The  formula  given  above  assumes  that  the 
work  done  by  the  pressure  is  entirely  converted 
into  heat  inside  the  tube,  or,  in  other  words,  that 
the  liquid  flows  out  without  any  appreciable 
kinetic  energy.  If  the  tube  is  very  long  and 
narrow  this  may  be  taken  to  be  the  case,  but 
generally  a  small  correction  has  to  be  applied 
for  the  energy  of  the  issuing  fluid.  The  form  of 
this  correction  is  doubtful.  Hagenbach  (P.  109, 
385)  has  given  a  formula  which  has  been  largely 
used,  but  Wilberforce  (P.  M.  1891.  407)  has 
piointed  out  an  error  in  his  assumptions  which 
makes  the  correction  probably  too  small. 

The  coefficient  of  viscosity  falls  off  very 
rapidly  with  rise  of  temperature,  the  average 
rate  of  fall  for  water  between  0°  and  10°  being 
nearly  3  p.c.  per  degree,  which  shows  the  neces- 
sity for  very  accurate  adjustment  of  the  tempera- 
ture during  an  experiment. 

Using  Maxwell's  conception  of  the  nature  of 
viscosity,  and  making  certain  assumptions  as  to 
the  way  in  which  the  rigidity  and  the  time  of 
relaxation  vary  with  the  temperature,  Graetz  { W. 

24,  25)  deduced  the  formula  r)  =  A  ^i^-*,  where 

is  some  low  temperature  at  which?; is  infinite, 
and  t„  is  the  critical  temperature.  The  formula 
expresses  the  facts  very  v^ell  over  a  moderate 
range,  but,  as  we  might  as  reasonably  assume 
the  connection  between  t]  and  t  as  between  the 
time  of  relaxation  and  t,  it  can  only  be  regarded 
as  empirical. 
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Extensive  observations  of  the  viscosity-co- 
efSoients  of  organic  liquids  have  been  made  by 
Graham  {T.  1861),  Kellstab  (Inaug.  Diss.  Bonn, 
1868),  Guerout  (C.  R.  81,  1025  ;  83,  1291),  Pri- 
bram a.  Handl  (Sltz.  W.  1878  and  1879),  and 
Gartenmeister  {Z.  P.  G.  6,  524) ;  but  few  laws 
have  been  observed  beyond  qualitative  relatiohs'' 
applicable  to  small  classes  of  compounds.  In 
general  the  viscosity  increases  with  the  molecular 
weight,  but  formic  acid  is  an  exception,  as  it  is 
more  viscous  than  acetic  acid.  Isomeric  esters 
have  nearly  the  same  viscosities,  that  with  the 
higher  alcohol  radicle  having  the  greater.  Normal 
compounds  are  generally  more  viscous  than  the 
corresponding  iso-  compounds,  but  the  propyl 
halogen  compounds,  and  a  few  others,  form  ex- 
ceptions. At  high  temperatures  these  differences 
are  less  marked  than  at  lower  ones,  rise  of  tern-  j 
perature  tending  to  efface  the  distinction  between 
normal  and  iso-  compounds.  Pribram  a.  Handl 
endeavoured  to  find  the  conditions  of  tempera- 
ture under  which  the  results  are  comparable,  by 
determining  the  coefficients  of  viscosity  of  a 
number  of  liquids  at  various  temperatures  up  to 
50°.  Talsing  the  series  PrCl,  EtBr,  PrBr,  EtI, 
and  PrI,  they  plotted  the  curve  connecting  vis- 
cosity with  molecular  weight,  and  found  that 
while  at  the  lower  temperatures  it  was  distinctly 
curved  it  got  gradually  flatter  with  rise  of  tem- 
perature, till  at  50°  it  was  almost  a  straight  line,  j 
showing  that  at  this  temperature  the  increase  of  ; 
viscosity  is  pi'oportional  to  the  increase  of  mole- 
cular weight,  whether  this  be  due  to  the  intro- 
duction of  CHj  or  of  a  halogen. 

Though  sulphuric  acid  is  much  more  viscous 
than  water,  the  first  effect  of  adding  water  to  it 
is,  as  Graham  showed,  to  increase  its  viscosity, 
and  this  continues  till  18  p.c.  of  water  has  been 
added,  when  a  maximum  is  reached,  and  further 
addition  of  water  causes  a  rapid  diminution  of 
viscosity.  The  mixture  with  maximum  vis- 
cosity corresponds  to  the  piroportions  given  by 
the  formula  H.2S04.H,,0,  and  there  is  a  maximum 
in  the  electrical  resistance  near  the  same  point. 
Similar  relations  are  shown  by  nitric  and  acetic 
acids.  For  mixtures  of  alcohol  and  water  Gra- 
ham showed  that  the  particular  proportion  of 
the  constituents  which  gives  the  greatest  con- 
traction has  maximum  viscosity,  andTraube  (B. 
19,  871)  showed  further  that  aqueous  solutions 
of  most  alcohols  and  acids  of  the  fatty  series 
have  maxima  which  occur  at  different  concen- 
trations according  to  temperature. 

Arrhenius  {Z.  P.  C.  1,  285)  has  investigated 
the  relation  between  the  concentration  of  a  solu- 
tion and  its  viscosity ;  he  finds  that  for  indif- 
ferent   substances    the    exponential  formula 

•jj  =  A'^~'*B^  expresses  the  results,  where  t]  is  the 
viscosity,  x  the  proportion  by  volume  of  the  dis- 
solved substance,  and  1  —  x  that  of  the  solvent,  so 
that  A  is  the  viscosity  of  the  pure  solvent,  and 
B  is  a  constant  for  the  dissolved  substance  which 
is  independent  of  the  concentration  up  to  about 
10  p.c.  As  the  solvent  is  usually  water,  and  its 
viscosity  is  taken  as  .the  unit  in  comparative 
measurements,  the  formula  can  be  written  in  the 
form  t]  =  B^.  In  every  case  investigated  by 
Arrhenius  B  proved  to  be  greater  than  unity, 
showing  that  the  viscosity  of  water  is  increased 
by  the  addition  of  a  small  quantity  of  an  indif- 


ferent substance.  The  same  is  generally  true  of 
salts,  but  not  quite  invariably  so.  A  viscous  fluid 
like  glycerin  has  less  effect  than  ether  has  ;  there 
seems,  in  fact,  to  be  no  relation  between  the 
value  of  B  and  the  viscosity  of  the  dissolved 
substance  alone. 

The  latest  and  most  comprehensive  deter- 
minations of  the  viscosities  of  salt  solutions  are 
by  Keyher  (Z.  P.  C.  2,  744),  Wagner  [Z.  P.  C. 
5,  31),  and  Lauenstein  (Z.  P.  C.  9,  417).  The 

formula  of  Arrhenius  in  the  form  rj  =  A'^,  where 

X  is  now  the  number  of  gram -molecules  in  a  litre 
of  solution,  or  A  is  the  viscosity  of  a  normal 
solution,  is  found  to  hold  moderately  well,  but 
for  many  salts  of  acids  of  the  aromatic  series  it 
shows  divergences  if  the  strengths  of  the  solu- 
I  tions  are  greater  than  half  normal. 

Wagner  worked  with  sulphates,  nitrates,  and 
chlorides  of  metals,  and  found  that  the  viscosities 
of  solutions  of  equivalent  quantities  of  the  various 
salts  are  additive  quantities,  the  part  which  the 
base  or  the  acid  contributes  being  approximately 
constant.  A  further  relation  is  shown  by  tabu- 
lating the  viscosities  of  normal  solutions  of  the 
chlorides  arranged  according  to  the  periodic  law, 
when  the  coefficients  are  found  to  diminish  in 
any  group  as  the  molecular  weight  increases. 
From  this  arrangement  it  would  seem  that  copper 
j  and  manganese  should  be  put  in  the  eighth  group, 
;  for  their  coefficients  are  almost  exactly  equal  to 
those  of  nickel  and  cobalt. 

Keyher  determined  the  viscosities  of  a  number 
of  acids  and  their  sodium  salts,  and  found  they 
could  be  divided  into  two  classes.  The  strong 
mineral  acids  have  viscosities  about  3  p.c.  less 
than  those  of  the  sodium  salts,  while  the  weaker 
mineral  acids  and  organic  acids  have  coefficients 
from  20  to  30  p.c.  less. 

Lauenstein  has  found  the  viscosity-coefficients 
of  solutions  of  the  sodium  salts  of  many  organic 
acids.  In  the  fatty  series  he  found  that  substitu- 
tion of  CHj  for  H  increases  the  viscosity,  while 
the  replacement  of  H  by  COOH  or  OH  diminishes 
it.  The  change  from  succinic  to  maleic  acid 
diminishes  the  viscosity,  but  if  we  remove  two 
more  atoms  of  hydrogen,  giving  acetylene  di- 
carboxylic  acid,  we  get  a  large  increase. 

In  the  aromatic  series  the  results  are  less 
regular.  Introduction  of  a  carboxyl  group  into 
the  ring  still  diminishes  the  viscosity,  and  this 
diminution  is  greater^  in  the  para-  position  than 
in  the  meta-,  and  greater  in  the  meta-  than  in 
theortho- ;  thus  the  viscosity  diminishes  regularly 
in  the  series  shown  by  the  formulas  at  the  top 
of  p.  271. 

According  to  the  usual  theory,  the  electricity 
which  constitutes  the  current  in  an  electrolyte 
is  carried  by  charged  ions,  and  it  might  be  ex- 
pected that  the  conductivity  would  be  greater 
the  more  easily  these  ions  were  able  to  move 
along  under  the  influence  of  the  electromotive 
force — that  is  to  say,  the  less  the  frictional  re- 
sistance they  had  to  overcome.  On  this  account 
Wiedemann  thought  there  would  prove  to  be  a 
connection  between  the  viscosities  and  conduc- 
tivities of  solutions.  Some  experiments  which  he 
made  seemed  to  point  to  the  conductivity  being 
inversely  proportional  to  the  viscosity,  but  though 
this  was  found  at  a  later  time  to  hold  only  in  a 
few  special  cases,  it  has  been  shown  that  there  is 
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■C,H,COONa,  C,H,<^gOJJ^l: 


XT /COONa,  „  p  TT  /-^^vju«a,  , 


COONa, 


With  other  replacing  groups  we  have  the  following  series, 
each  being  arranged  in  order  of  diminishing  viscosity  :  — 


,1.2  C,H,<;  , 


1:3  C,H,<^gONa_  C,H,COONa,  1:4  C,H,<COO^^ 


1:4  C,H,<COgf  ^  CACOONa,  1:3  C,H<^*gNa_ 


1:2  C,H<COONa 


1:2C„H,<*='00N^  1:4  C„H,<^<gg^^  CA.COONa,  1:3  C,H,<C00f  ^ 


undoubtedly  a  close  connection  between  the  two 
properties. 

This  connection  is  shown  very  clearly  by  the 
work  of  Grotrian  (P.  157,  130,  237  ;  160,  238), 
who  determined  the  proportional  rate  of  change 
with  temperature  of  the  viscosity  and  conduc- 
tivity of  salt  solutions  for  various  concentrations — 
that  is,  he  calculated  from  his  observations  the 

values  of  -'^^  and  -  — ,  where  f  is  the  coefS- 
/  dt        kdt  ■' 

cient  of  viscosity  and  k  is  the  electrical  conduc- 
tivity, and  found  that  though  not  equal  they 
always  vary  in  the  same  way  with  the  concen- 
tration. If  curves  be  drawn  with  the  values  of 
these  coefficients  at  a  fixed  temperature  for 
ordinates,  and  the  concentrations  for  abscissa, 
W.N.  Shaw  (Camh.Phil.  Proc.  7,  21)  has  shown 
that  the  two  curves  run  almost  exactly  parallel, 
any  peeuharities  in  the  shape  of  one  being  re- 
peated in  the  other. 

That  the  conductivity  is  not  dependent  on 
the  viscosity  alone  is  shown  by  the  fact  that  if 
we  add  to  an  electrolyte  such  quantities  of  dif- 
ferent non-conductors,  as  alcohol,  sugar,  gly- 
cerin, &c.,  as  increase  the  viscosity  by  the  same 
amount,  the  conductivity  will  generally  be  affected 
differently  by  the  different  substances.  Arrhenius 
{Z.  P.  C.  9,  495)  has  investigated  this  effect  at 
some  length.  He  finds  that  the  conductivity  can 

be  expressed  by  the  equation  :  I  =  l,i  1  — 


where  Z,,  is  the  conductivity  of  the  electrolyte 
alone,  and  I  that  which  it  has  when  x  p.c.  of  the 
water  is  replaced  by  a  non-conductor.  Thus  a 
may  be  taken  as  defining  the  change  in  the  con- 
ductivity. The  change  in  the  viscosity  of  the 
electrolyte  on  the  addition  of  1  p.c.  of  non-con- 
ductor is  the  same  as  the  change  would  be  with 
water  alone,  and  is  hence  equal  to  A  — 1,  where 
A  is  the  constant  of  the  formula  fi  =  A-''. 

On  tabulating  the  values  of  1000a  and 
1000  (A  — 1)  for  a  number  of  different  salt  solu- 
tions and  non-conductors,  it  appears  that  the 
equation,  1000  a  =  c -flOOO  c'(A-l)  holds  as  a 
first  approximation,  and  the  electrolytes  fall  into 
four  classes,  for  the  members  of  any  one  of 
which  the  constants  c  and  c'  are  the  same. 
These  classes  are  : 

(1)  Solutions  of  strong  acids  and  bases  ; 

(2)  Solutions  of  salts  of  the  type  KCl ; 

(3)  „  „  „      K„SO., ; 

(4)  „  „  „  Bad,. 

Arrheiuus  considers  the  relation  not  to  be  exact, 
but  thinks  it  should  include  a  term  depending  on 
the  degree  of  dissociation,  which  can  be  neglected 
only  in  the  cases  of  the  more  completely  dis- 
sociated salts.  J.  W.  C. 
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PHYSODIN  C,„H,„0,.  [125°].  Extracted  by 
ether  from  the  dried  lichen  Parmelia  physodes 
(or  Geratojphylla]  and  crystallised  from  alcohol 
(Gerding,  N.  Br.  Arch.  87,  1).  Mass  of  minute 
prisms,  insol.  water.  Forms  a  yellow  solution 
in  KOHAq. 

PHYSOSTIGMINE  v.  Eseeine. 

PHYTO-ALBUMOSES  v.  Peoteids. 

PHYTOLACCIC  ACID.  Occurs  as  K  salt  in 
the  Poke  Berry,  the  fruit  of  Phytolacca,  decaudra 
(Terrell,  C.  B.  91,  856  ;  cf.  Claesson,  Ph.  [3]  10, 
.566).  Extracted  by  dilute  alcohol.  Yellowish- 
brown  resin. 

PHYTOSTEEIN  v.  vol.  ii.  p.  149. 

PHYTO-VITELLIN  v.  Proteids. 


PIAZTHIOLE  CH 


.Kn>S- 


[44°].  (206°). 

Formed  by  heating  o-p)henylene-diamine  with 
aqueous  SOj  at  190°  (Hinsberg,  B.  22,  2899). 
Colourless  crystals,  si.  sol.  hot  water.  Feeble 
base.  Keduced  by  tin  and  HCl  to  o-phenylene- 
diamine. 

Reference. — Methyl-piazthiole. 

PICENE  C.H,j.  [345°  cor.].  (520°).  V.D. 
9-8  (obs.).  Occurs  in  the  highest  boiling  por- 
tions of  brown-coal  tar  (Burg,  i?.  13,  1834),  and 
in  the  residues  of  Calif  ornian  petroleum  (Graebe 
a.  Walter,  B.  14,  175).  Appears  also  to  be 
formed  by  the  action  of  ethylene  bromide  and 
AlCLj  on  naphthalene  (Lespeau,  £1.  [3]  6,238). 
White  plates  with  blue  fluorescence,  insol.  alco- 
hol and  ether,  sol.  boiling  solvent  naphtha 
(150°-170°).  On  oxidation  with  CrO^  it  yields 
picoquinone  Co,,H,,0„  which  crystallises  from 
HO  Ac  as  a  dark  orange-red  powder,  sublimes  in 
red  needles,  and  forms  a  green  solution  in  pure 
H.,SO,,. 

"  Di-bromo-picene  C,,H|,Br.,.  [206°].  Needles, 
(from  xylene),  insol.  alcohol. 

Picene  hydrides  C.Hj^  (over  360°)  and 
C,,H36  [175°]  (over  360°)  are  got  by  heating 
picene  with  HIAq  and  red  P  at  250°  (Lieber- 
mann  a.  Spiegel,  B.  22,  781).    C^^Hj^  is  liquid. 

PICHURIN  OIL  contains  the  glyceryl  ether 
of  lauric  acid  (Sthamer,  A.  53,  390). 

PICOLINE  V.  Methyl-pykidine. 

PICOLINIC  ACID   I'.  Pyridine  caeboxylic 

ACID. 

Dipicolinie  acid  v.  Pyeidine  dicaeboxyijIC 

ACID. 

DIPICOLYL  V.  Di-methyl-dipyridyl. 
PICRACONITINE  v.  Aconite  alkaloids. 
PICRAMIC  ACID  V.  Di-niteo-amido-phenol. 
PICRAMIDE  V.  Tei-niteo-aniline. 
PICRASMIN  C.,,H,„0,(,.    [204°].     A  bitter 
substance  which,  together  with  CjuH^gO,,,  [209°- 
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212°],  may  be  extracted  by  dilute  alcohol  from 
FicrcBua  excelsa  (Massute,  Ar.  Ph.  [3]  28,  147  ; 
G.  J.  58,  791).  HClAq  converts  it  into  pioras- 
mic  acid  03,H.||,Os(C02H)2,  while  fuming  HIAq 
displaces  three  methyls. 

PICRIC  ACID  V.  Tri-nitro-phenol. 

PICRO-ACONITINE  v.  Aconite  alkaloids. 

PICEOCROCm  C,„H,,0,,.  [75°].  Obtained  by 
extracting  saii'ron  with  ether  (Kayser,  B.  17, 
2233).  Colourless  prisms.  V.  sol.  water  and 
alcohol,  si.  sol.  ether.  Bitter  taste.  By  heating 
with  baryta-water  or  with  dilute  acids  it  is  split 
up  into  crocose  and  the  ethereal-oil  of  saffron 

PICR0ER7THEIN  v.  Erytheite. 

PICROLICHENIN  C,,H,„Os.  [100°]  (A.). 
S.G.  1-17G.  Extracted  by  alcohol  from  the 
lichen  Variolaria  amara  (Alms,  A.  1,  61 ;  Vogel, 
J.  1857,  615).  Trimetric  octahedra,  si.  sol.  hot 
water,  v.  sol.  alcohol  and  ether.  Tastes  very 
bitter.    Its  alkaline  solutions  turn  red  in  air. 

PICEOROCCELLIN  C.-Hj^NsOs.  [194°]. 
Occurs  in  a  variety  of  the  lichen  Roccella  fuci- 
forinis  (Stenhouse  a.  Groves,  A.  185, 14).  Prisms, 
insol.  water,  m.  sol.  boiling  alcohol,  si.  sol. 
ether.  Yields  benzoic  acid  when  oxidised  by 
chromic  acid  mixture.  Converted  by  boiling 
with  HOAc  and  HCl  into  xanthoroccellin 
C.,,H|5N„0„,  which  crystallises  from  alcohol  in 
yellow  needles  [183°].  Boiling  dilute  (1|  p.c.) 
NaOHAq  converts  picroroccellin  into  C2iH,|jN.^03 
crystallising  from  alcohol  in  prisms  [164°]. 

PICROSCLEROTIN.  Occurs  in  ergot  of  rye 
■(Dragendorff,  C.  C.  1878,  125,  141 ;  Blumberg, 
Ph.  [3]  9,  23,  66,  147).  Dissolved  in  acids  and 
is  reppd.  by  ammonia.  It  is  an  active  poison 
with  bitter  taste.    V.  Ergotiniiib. 

PICROTOXIW  C3„H3,0,3  (P.  a.  0.;  S.) ; 
CirjHigOe  (B.  a.  K.).  Occurs  in  Cooculus  Indicus, 
the  seeds  of  Menisperinum  cocculus  (Boullay, 
A.  Ch.  [1]  30,  209  ;  Casaseca,  A.  Ch.  [2]  30, 
S07;  Oppermann,  Mag.  Pliarm.  35,233;  Pelle- 
tier  a.  Couerbe,  A.  Ch.  [2]  54,  181 ;  Liebig,  A. 
10,203;  Eegnault,  A.  Ch.  [2]  68,160;  Earth, 
/.  pr.  [1]  91,  155 ;  Paterno  a.  Oglialoro,  O.  6, 
521;  7,  193).  It  is  accompanied  by  anamirtin 
and  picrotin  (Earth  a.  Kretschy,  M.  1,  99, 
2,796). 

Preparation. — 1.  The  grains  are  exhausted 
with  boiling  alcohol,  the  extract  evaporated,  and 
the  residue  boiled  with  water.  The  aqueous 
solution  is  ppd.  by  lead  acetate  and  the  filtrate, 
freed  from  lead  by  H.JS,  evaporated.  The  resi- 
due is  crystallised  from  benzene  and  water  suc- 
cessively (B.  a.  K.). — 2.  The  powdered  seeds 
are  boiled  with  water,  the  filtrate  treated  with 
lead  acetate  and  H,S  successively,  and  evapo- 
rated to  crystallisation.  The  product  is  re- 
crystallised  from  water  and  alcohol  successively 
(Schmidt,  A.  222,  313). 

Properties. — Colourless  needles,  v.  si.  sol. 
cold  water,  si.  sol.  ether  and  chloroform,  v.  sol. 
alcohol.  Very  poisonous  and  very  bitter.  Sol. 
alkalis.  Eeduces  Fehling's  solution  and  am- 
moniacal  AgNO,. 

Beactions. — 1.  When  boiled  with  benzene 
for  some  time  it  is  split  up  into  picrotin  and 
picrotoxinin  (Schmidt).  Probably  the  picro- 
toxin  employed  was  a  mixture  of  these  two 
bodies. — 2.  HCl  passed  into  an  ethereal  solu- 
tion forms  picrotoxide. — 3.  Cold  AcCl  also  forms 


I  picrotoxide,  but  on  boiling  it  yields  a  crystalline 
I  acetyl  derivative  [185°]. — 4.  NaOAc  and  Ac.O 
form  C,gH.,„0,,  [227°]. 

Picrotoxinin  Ci.Hi.Osaq.    [201°].    S. -14  at 
15°;  S.  (benzene) -34  at  21°.  Obtained  from  picro- 
!  toxin  by  treatment  with  benzene,  CHCI3,  HCl,  or 
I  AcCl.    It  constitutes  about  30  p.c.  of  crude 
!  picrotoxin   (Earth    a.  Kretschy).  Colourless 
j  needles  or  plates.    Very  bitter  and  very  poison- 
I  ous.    V.  sol.  hot  water.    Colours  H.^SO^  orange- 
red.    Mixed  with  dry  KNO3  (3  pts.),  moistened 
I  with  H2SO4,  and  saturated  with  cone.  NaOHAq 
it  gives  a  red  colour  (Langley,  Am.  S.  [2]  34, 
109).    After  heating  with  milk  of  magnesia,  the 
cold  filtrate  is  coloured  red  by  FeClj,  the  colour 
being   destroyed    by    HCl.      Bromine  forms 
Ci.Hi^BrOs  [250°-255°].    BzCl  gives  a  crystal- 
line compound  (not  the  benzoyl  derivative) 
[238°]. 

Picrotoxide    (C,5H„0,)x.       [above  310°]. 
Formed  by  the  action  of  AcCl  on  picrotoxin, 
j  and  by  passing  HCl  into  its  ethereal  solution 
(P.  a.  0.).    Crystalline,  insol.  ordinary  solvents. 
According  to  Schmidt,  picrotoxide  obtained  by 
means  of  AcCl  crystallises  in  needles  [225°],  si. 
i  sol.  cold  water  and  alcohol. 
!       Picrotin  C.,,n,,0^„.   [c.  247°].    S.  -16  at  17°  ; 
S.  (benzene)  -023  at  22°  (Schmidt).  Constitutes 
60  p.c.  of  crude  picrotoxin  (B.  a.  K.).  Crystal- 
lises with  2i  aq,  85  aq,  and  4^aq.    It  is  very 
bitter,  but  not  poisonous.    Keduces  hot  Feh- 
ling's solution  and  ammoniacal  AgNOj.  H.,SOj 
forms  a  yellow  solution.    EzCl  forms  a  benzoyl 
derivative  [245°]  (S.). 

Anamirtin  C,,,H.,jO,(|.  Constitutes  2  p.c.  of 
crude  picrotoxin  (Earth  a.  Kretschy,  M.  1,  131). 
Short  needles  (from  water),  v.  si.  sol.  benzene. 
Neither  bitter  nor  poisonous.  Turns  brown  at 
260°  and  black  at  280°  without  melting. 

Coeculin  CigHj^O,,,.  Occurs  in  small  quantity 
in  Cocculus  Indicus  (Lowenhardt,  A.  222,  353). 
Slender  needles,  si.  sol.  hot  water,  nearly  insol. 
alcohol  and  ether.  Does  not  give  Langley's 
reaction.    Is  perhaps  identical  with  anamirtin. 

PICRYL.    The  radicle  tri-nitro-phenyl. 

PICRYL  CHLORIBE  v.  Chloro-tri-nitro- 

BENZBNE. 

PIGMENTS,  ANIMAL. 

Bile  pigments.  Bile  contains  bilirubin,  bili- 
fuscin,  biliprasin,  and  probably  also  biliverdin, 

j  which  is  a  product  of  oxidation  of  bilirubin. 

■  Nitric  acid  changes  the  colour  of  the  bile  pig- 
ments through  green,  blue,  and  red  to  yellow 
(Gmelin).  These  colours  may  be  observed  by 
adding  nitric  acid  to  a  dilute  solution  of  the  bile 
pigments  in  aqueous  alkali,  or  by  gently  pouring 
H.SOj  into  a  solution  of  the  pigments  mixed 

1  with  NaNO.,  (Fleischl,  Fr.  15,  502).  The 
changes  in  the  absorption  spectra  produced  by 
nitric  acid  have  been  studied  by  Jaffe  {Z.  [2]  5, 
666).  An  alcoholic  solution  of  bromine  also 
produces  a  play  of  colours  with  bile  pigments 
(Capranica,  G.  11,  430).  The  absorption  spectra 
of  the  bile  pigments  have  been  studied  by  Heyn- 
sius  a.  Campbell  (P/.  4,  497)  and  McMunn  (Pr. 
35,  388).  Bilirubin,  hasmoglobin,  and  chloro- 
phyll all  absorb  the  violet  end  of  the  spectrum, 
giving  an  abrupt  edge  :  biliverdin  transmits  more 
green; biliprasin,  bilifuscin,and  bilihumin absorb 
up  to  between  D  and  E.  The  colouring  matters 
of  bile  are  probably  got  by  reduction  of  hismatiue, 


itself  formed  by  the  action  of  bile  acids  on  hfemo- 
globin  (McMuiin,  Pr.  31,  206).  According  to 
Latschenberger  (M.  9,  52),  hfemoglobin  yields 
simultaneously  melanin  and  bile  pigments.  All 
the  colouring  matters  of  bile,  including  haima- 
tine,  urobilin  (in  bile),  and  bilirubin,  are  oxidised 
to  choletelin,  which  body  apparently  joasses  into 
blood  serum,  and  is  then  excreted  by  the  kidneys. 
The  absorption  bands  of  bile  are  due  to  chole- 
telin and  urobilin. 

Bilirubin  C,„H3„N,,0,  (Stadeler,  A.  132,  323  ; 
Maly,  A.  181,  i()6),  or  C,„H,8N.,0,  by  Eaoult's 
method  (Nencki  a.  Eotschy,  M.  10,  568).  S. 
•{chloroform)  -17  (Thudichum,  Z.  [2]  4,  554).  Ox 
gall  stones  are  often  largely  composed  of  the 
lime  comijound  of  bilirubin  (Maly,  A.  11  o,  76). 

PrepM-ation. — Brown  human  gall  stones  are 
powdered  and  extracted  with  ether  ;  the  residue 
is  boiled  with  water,  and  treated  with  dilute  HCl. 
The  mass  is  washed,  dried,  and  extracted  with 
diloroform ;  the  chloroform  is  distilled  off,  and 
the  residue  treated  with  absolute  alcohol.  It  is 
then  treated  with  ether  and  alcohol  repeatedly, 
again  dissolved  in  chloroform,  and  precipitated 
by  absolute  alcohol  (Burdon-Sanderson). 

Properties. — Orange  powder,  insol.  water, 
nearly  insol.  ether,  v.  si.  sol.  alcohol,  sol.  benzene 
and  chloroform.  The  colour  of  the  skin  in 
jaundice  is  probably  due  to  bilirubin.  Bilirubin 
dissolves  in  alkalis,  forming  an  orange  solution, 
which  gradually  absorbs  oxygen  from  the  air, 
and  then  gives  a  green  pp.  of  biliverdin  on  add- 
ing an  acid.  An  alkaline  solution  of  bilirubin 
mixed  with  an  equal  bulk  of  alcohol  gives,  on 
adding  HNO3  containing  nitrous  acid,  a  green 
colour  changing  through  blue  to  red.  Sodium- 
amalgam  forms  hydrobilirubin.  Bromine-vapour 
yields  various  brominated  products  (Thudichum, 
C.  J.  28,  389  ;  30,  27).  Br  in  chloroform  gives 
CjoH^jBr^NjOj,  a  dark  bluish-green  powder, 
forming  a  dark-blue  solution  in  alcohol  or  ether 
(Maly,  A.  181,  106).  Chlorine  passed  into  a 
solution  of  bilirubin  in  CHCI3  forms  several 
chlorinated  bodies  (Thudichum).  A  solution  of 
p-diazobenzene  sulphonic  acid  added  to  a  solu- 
tion of  bilirubin  in  chloroform  mixed  with  alco- 
hol gives  a  red  colour  changing  to  blue  on  adding 
cone.  HClAq,  and  turned  red  again  on  adding 
an  alkali  (difference  from  other  bile-pigments) 
{Ehrlich,  Fr.  23,  275).— CaO-.^HsiN^O,.  Occurs 
in  gall  stones.  Obtained  also  by  ppg.  an  am- 
moniacal  solution  by  CaClj,  as  brown  flakes 
drying  to  a  lustrous  dark-green  mass,  which 
yields  a  dark-blue  powder. 

Hydrobilirubin  C3.,Hj„N.,0,.  Obtained  by 
reducing  bilirubin  in  alkaline  solution  with 
sodium-amalgam  (Maly,  A.  103,  77).  According 
to  McMuun  it  is  not,  as  had  been  stated,  identical 
with  the  urobilin  which  is  found  in  normal  urine, 
in  the  urine  of  febrile  patients  (Jaiie,  Virchoiv's 
Archiv,  47  ;  Disqu6,  H.  2,  271),  and  in  excrement 
(Vaulair  a.  Masius,  Centralbl.f.  d.  Med.  Wissensch. 
1871,  No.  24).  A  similar  substance  is  formed  by 
reducing  haemoglobin,  ha^matine,  or  hasmato- 
porphyrin  in  alcoholic  solution  with  tin  and  HCl 
(Hoppe-Seyler,  B.  7,  1065;  Le  Nobel,  C.  C. 
1887,538;  McMunn,  Proc.  Physiol.  Soc.  1888, 
1),  and  by  the  action  of  H„SO,  on  a  solution  of 
albumen  in  HOAc  (Michailoff,  J.  R.  16,  269). 
Reddish-brown  powder  with  green  lustre,  si.  sol. 
water,  v.  sol.  alcohol,  m.  sol.  ether.    Its  alkaline 
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solutions  are  brown,  its  solution  in  chloroform 
is  yellowish-red.  The  alcoholic  solution  shows 
an  absorption-band  near  F.  Does  not  give 
Gmjelin's  reaction  with  HNO3.  May  be  reduced 
by  sodium-amalgam  or  by  tin  and  HCl  to  a 
colourless  product,  which  in  acid  solutions  is  re- 
oxidised  by  air  to  hydrobilirubin. 

Choletelin  C,5H,8N,,Oj.  Occurs  in  normal 
urine,  and  is  obtained  by  passing  nitrous  vapours 
into  a  solution  of  bilirubin  in  alcohol  (Heyn- 
sius  a.  Campbell ;  McMunn,  J.  Th.  1881,  2i3). 
Brown  amorphous  powder,  sol.  alkaUs  and 
alkaline  carbonates,  alcohol,  ether,  and  chloro- 
form. Ammoniacal  AgN03  ppts.  reddish-brown 
CioHiijAgjNjOg.  Does  not  give  Gmelin's  reaction. 
Its  absorption  spectrum  contains  a  broad  band 
from  6  to  F. 

Biliverdin  C32H3„N  ,09.  Formed  by  oxidation 
of  a  solution  of  bilirubin  by  air  or  by  PbO.^. 
Dark-green  powder,  insol.  water  and  chloroform, 
si.  sol.  ether,  v.  sol.  alcohol,  CS.,,  and  benzene. 
Its  solutions  are  green.  Its  alcoholic  solution 
gives  dark-green  pps.  with  baryta-water,  am- 
moniacal CaCl„,  and  AgNO.,.  Ag.p  added  to  its 
alcoholic  solution  ppts.  bilipurpin,  sol.  NHjAq 
and  reppd.  by  HCl  as  a  purple  powder.  Pro- 
longed treatment  with  Ag.,0  converts  bilipurpin 
into  yellow  bilillavin.  HNO.j  added  to  an  alco- 
holic solution  of  biliverdin  gives  a  bluish-violet, 
red,  and,  finally,  yellow  colour  (Thudichum). 

Bilifuscin  C,6H,„N.,0.|.  Prepared  by  washing 
gall  stones  with  ether,  hot  water,  and  chloroform, 
adding  dilute  HClAq,  and  extracting  with  hot 
chloroform.  The  extract  is  evaporated  and  the 
bilifuscin  dissolved  in  alcohol,  which  leaves 
bilirubin  undissolved  (Briicke,  J.  pr.  77,  72 ; 
Stadeler,  A.  132,  325).  Almost  black  mass, 
which  yields  a  dark-brown  powder.  Forms  a 
brown  solution  in  alcohol  and  alkalis,  nearly 
insol.  water,  ether,  and  chloroform.  Gives 
Gmelin's  colour-reaction.  Ppd.  by  ammoniacal 
CaCh.  Simony  {Sitz.  W.  [3]  73,  181)  obtained 
from  the  bile  of  a  corpse  a  bilifuscin  which  did 
not  give  Gmelin's  reaction,  and  which  formed 
an  olive-brown  solution  in  alcohol,  HOAc,  and 
alkalis. 

Biliprasin  C,gH_,,No05.  Extracted  by  alcohol 
from  the  residue  of  gall  stones  from  which  bili- 
rubin and  bilifuscin  have  been  removed  by 
chloroform  (Sttideler).  Nearly  black  mass, yield- 
ing a  greenish-black  powder,  insol.  water,  ether, 
and  chloroform,  v.  e.  sol.  alcohol,  forming  a  green 
solution  which,  unlike  one  of  bihverdin,  is  turned 
brown  by  ammonia.    Gives  Gmelin's  reaction. 

Bilihumin.  Left  after  extracting  bilijDrasin 
with  alcohol  (S.).  Black  powder,  m.  sol.  warm 
NaOHAq.    Exhibits  Gmelin's  reaction. 

Bilicyanin.  A  product  of  partial  oxidation 
of  bilirubin  and  other  bile  pigments  (Maly,  Sitz. 
W.  [2]  59,  597).  Prepared  by  adding  an  alco- 
holic solution  of  Br  to  a  solution  of  biUrubin  in 
chloroform.  Occurs  in  gall  stones.  Its  alcoholic 
solution  is  blue,  but  turned  dingy  green  by  al- 
kalis, the  blue  colour  being  restored  by  acids. 
Bile  also  contains  a  blue  substance  strongly  re- 
sembling indigo,  forming  a  yellowish  solution  in 
alkalis  (Bitter,  Bl.  [2]  13,  212 ;  Andouard,  Bl. 
[2]  31,  139). 

Ubinaet  Pigments.  Urine  usually  contains 
urobilin  (v.  supra).  After  urine,  containing  uro- 
bilin, has  been  mixed  with  its  own  bulk  of 
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HClAq  and  heated  to  boiling,  and  then  allowed 
to  cool,  the  urobilin  may  be  extracted  by  ether 
and  recognised  by  its  absorption  band  (Grimbert, 
J.  Ph.  [5]  18,  481).  According  to  McMunn 
(Proc.  Physiol.  Soc.  1888,  5),  there  are  two  kinds 
of  urobilin,  one  in  normal  urine  and  the  other  in 
pathological  urine,  and  neither  is  identical  with 
hydrobilirubin.  Normal  ui'obilin  is  identical  with 
a  pigment  got  from  acid  hasmatin  by  successive 
treatment  with  HoO„  and  sodium-amalgam.  By 
the  action  of  oxidising  agents  indigo-blue  and 
indirubin  can  be  obtained  from  urine  (ii.  Indigo). 
Pigments  can  also  be  obtained  by  boiling  urine 
with  HClAq. 

Uromelanin.  Prepared  by  evaporating  urine 
to  one-sixth  of  its  bulk  at  60°,  adding  10  p.c. 
HCl,  and,  after  two  days,  removing  uric  acid  by 
filtration.  The  filtrate  is  then  boiled  for  18  hours, 
and  the  ppd.  pigment  washed  with  water,  alco- 
hol, and  ether,  dissolved  in  NaOHAq,  and  reppd. 
by  H^SO,  (Udranski,  H.  11,  537 ;  12,  33  ;  cf. 
Plosz,  H.  8,  89).  Brownish-black  plates,  insol. 
cold  water,  ether,  and  chloroform,  si.  sol.  alcohol 
and  HClAq,  v.  sol.  isoamyl  alcohol  and  alkalis. 
Not  decomposed  at  115°.  Potash-fusion  yields 
NH3,  formic,  acetic,  butyric,  and  protocatechuic 
acids  and  pyrocatechin.  Urine  contains  '03  p.c. 
of  this  substance,  which  appears  to  be  a  humous 
body  formed  by  decomposition  of  the  reducing 
substance  of  normal  urine. 

Urofuscohaematin  Cj^HsjN^O,^  (?)  and  uroru- 
brohaematin  CjjH.igN^FeO^  (?)  were  obtained  by 
Baumstark  (B.  7, 1170)  from  the  urine  of  a  patient 
suffering  from  Lepra.  Urofuscohjematin  is  a 
black  pitchy  substance,  insol.  water,  alcohol, 
ether,  chloroform,  acids,  andNaClAq,  sol.  alkalis, 
alkaline  carbonates,  and  alkaline  phosphates, 
forming  brown  solutions.  Urorubrohiematin  is 
a  light  blue-black  mass,  which  differs  from  uro- 
fuscohfematin  in  not  being  ppd.  when  HCl  is 
added  to  its  solution  in  NaOHAq. 

Black  pigment  in  Melanuria,  v.  vol.  iii. 
p.  199. 

Urorosein.  An  unstable  substance  which 
can  sometimes  be  extracted  from  acidified  patho- 
logical urine  by  isoamyl  alcohol,  to  which  it  im- 
parts a  rose  colour.  The  solution  shows  an 
absorption  band  in  the  green  (Nenoki  a.  Sieber, 
J.iw.  [2]  26,  333).  A  similar  substance  (uro- 
rubin)  was  extracted  by  ether  from  urine  that 
had  been  boiled  15  minutes  with  7  p.c.  HCl, 
exposed  to  air  (Plosz,  H.  8,  85).  It  was  left 
on  evaporation  as  a  dark  cherry-red  mass. 
Apparently  the  same  pigment,  or  rather  its 
leuco-  compound,  occurs  in  urine  of  dogs  after 
administration  of  skatole  (Mester,  H.  12,  130). 
The  pigment  itself  is  then  got  by  adding  HCl  to 
an  alcoholic,  ethereal,  or  aqueous  extract  of  the 
evaporated  urine. 

Other  pigments. 

Blood  pigments  v.  Haemoglobin. 

Muscle  pigments  v.  Muscle. 

Eye  pigment  v.  Melanin.  A  purple  pigment 
occurs  in  the  retina  of  animals.  It  is  insol. 
ordinary  solvents,  but  dissolves  in  bile,  and  in 
an  aqueous  solution  of  the  bile  acids.  It  loses 
its  colour  in  daylight,  but  recovers  it  in  the  dark 
(BoU,  J.  Th.  1877,  313  ;  Kiihne,  J.  Th.  1877, 
313  ;  1878,  279  ;  Ayres,  J.  Th.  1879,  259). 

Yellow  pigment  of  animals  v.  Lutein. 


ANIMAL. 

Tetronerythrin.  A  red  pigment  extracted  by 
chloroform  from  the  red  spot  in  the  eye  of  the 
blackcock  and  red  grouse  (Wurm,  J.  1872,  842 ; 
1875,  885;  Merejkowski,  Th.  1881,  371). 
H2SO4  gives  a  blue  colour  changing  to  black. 

Pyocyanin.  Occurs  in  blue  pus  (Fordos,  J. 
1860,  596 ;  Liicke,  J.  1863,  658 ;  Gessard,  J.  Th. 
1882,  55).  It  is  formed,  together  with  other 
pigments,  by  Bacillus  pyocyanicus  in  peptonised 
gelatin  (Bab^s,  C.  B.  Soc.  Biol.  [9]  1,  438).  Blue 
trimetric  prisms  or  needles  (from  CHCI3)  which 
become  green  on  keeping,  v.  sol.  chloroform, 
alcohol,  and  water.  Turned  red  by  acids,  but 
becomes  blue  again  on  adding  alkalis.  It  shows 
two  absorption  bands,  one  being  in  the  ultra- 
violet. 

Pigments  of  Purpura  lapillus.  The  pigments 
are  furnished  by  a  yellowish-white  fascia  which 
extends  along  the  rectum  (Letellier,  C.  B.  109, 
82).  This  contains  two  green  substances,  apple- 
green  monoclinic  crystals  turned  dark  blue  by 
light,  and  dull-green  trimetric  crystals  turned 
violet  or  crimson  by  light.  The  green  substances 
are  sol.  ether  and  chloroform,  but  become  in- 
soluble on  exposure  to  light.  The  change  to 
purple  (punicin)  is  accompanied  by  absorption 
of  oxygen  (Schunck,  B.  12, 1359). 

Pigments  of  sea-anemones.  Actinia  mesem- 
hryantliemum  contains  a  pigment  allied  to 
hfemo-chromogen  and  hiemato-porphyrin,  and  to 
hfematine.  It  also  contains  biliverdin.  Actinia 
cereus,  Bunodes  ballii,  and  Sagartia  bellis  con- 
tain a  green  pigment  resembling  chloro-fucin,  but 
not  identical  with  any  animal  or  plant  chloro- 
phyll (McMunn,  Pr.  38,  85). 

PIGMENTS,  VEGETABLE,  v.  Chlorophyll, 
Alkanet,  Beth-a-babka  colour, Bixin,  Beazllein, 
Chica,  Colein,  Curcumin,  Dragon's  blood,  Km- 
matoxylin,  Lithospermum  ertthrorhizon.  Lit- 
mus, LuTEic  acid,  Palmellin,  and  Santalin. 

Anthocyanin.  The  blue  pigment  of  flowers 
is  sol.  water  and  alcohol,  insol.  ether.  It  is  free 
from  N,  and  is  turned  red  by  acids  and  green  by 
alkahs  (Fremy  a.  Cloez,  J.  Ph.  [3]  25,  249 ;  Filhol, 
C.  B.  39,  194 ;  50,  345,  1132 ;  Schonn,  Fr.  9, 
328). 

Anthoxanthin.  Yellow  flowers  contain  an- 
thoxanthin,  which  is  insol.  water,  and  anthoxan- 
thein,  which  is  sol.  water.  Both  are  sol.  alcohol 
and  ether.  The  petals  of  Bosa  gallica  contain 
a  pigment  sol.  alcohol,  insol.  ether,  which  forms 
amorphous  Pb,C,,,H3„03„(?)  (H.  Senier,  Ph.  [3]  7, 
650).  The  colouring  matter  of  the  berries  of 
Phytolacca  clecandra  h.&&  been  examined  byHilger 
and  Bischoff,  L.  V.  23,  456  ;  B.  C.  1879,  875). 

PILIGANINE.  A  very  poisonous  alkaloid 
occurring  in  piligan,  a  Brazilian  lycopod  (Adrian, 
C.  B.  102,  1322).  Soft  mass,  with  alkaline  re- 
action, fuming  with  HCl.  Sol.  water,  alcohol, 
and  chloroform,  si.  sol.  ether.  Emeto-cathartic 
in  action.  Its  hydrochloride  forms  minute  deli- 
quescent crystals. 

PILOCARPENE  C,„H,„.  (178°).  S.G.  -8.52. 
V.D.  4-0.  [a]Q  =  l-21.  Obtained  by  steam  dis- 
tillation from  jaborandi  leaves  (Hardy,  Bl.  [2] 
24,  498).  Fragrant  oil.  Dextrorotatory.  Yields 
C,„H„2HC1  [49-5°]. 

PILOCARPINE  ChHi^N^O.  i.e. 

CH<g£^i>C.CMe<CO^^>0.  [159°] 
(Blyth).  =  101-6  in  a  7-24  p.c.  solution. 


PIMELIC  ACID. 


275 


Occurs  in  the  leaves  and  bark  of  jaborandi 
(Pilocarpus)  (Gerrard,  Ph.  [3]  5,  865,  965; 
Hardy,  Bl.  [2]  24,  497 ;  Kingzett,  C.  J.  30,  367  ; 
Harnack  a.  Meyer,  A.  204,  67).  Prepared  syn- 
thetically from  a-oxy-a-pyridyl-propionic  acid 
CH3.C(OH)(CjH,N).Cb2H  by  treatment  with 
phosphorus  tribromide  and  heating  the  resulting 
CH,,.CBr(C,H,N)CO,H  with  NMe,  at  150°.  In 
this  way  pilocarpidine  C|„H|  ,N„0„  is  formed,  and 
this  is  converted  into  pilocarpine  by  heating 
with  Mel  and  MeOH,  and  oxidising  the  product 
with  aqueous  KMnO,  (Hardy  a.  Calmels,  C.  B. 
105,  68;  Bl.  [2]  48,  233). 

Preparation. — Jaborandi  leaves  are  digested 
with  1  p.c.  HClAq,  the  extract  treated  with 
Pb(OAc)„,  filtered,  and  the  filtrate  ppd.  by  phos- 
phomolybdic  acid.  The  pp.  is  decomposed  by 
baryta-water  at  100=  (Pohl,  Bl.  [2]  34,  340).  _ 

Properties. — Crystalline  ;  begins  to  sublime 
at  153°  ;  at  160°-170°  the  sublimate  consists  of 
yellow  drops  (BIyth).  Dextrorotatory.  Pilo- 
carpine may  he  estimated  by  means  of  the 
aurochloride  (Christensen,  Ph.  [3]  12,  400). 
Poisonous,  being  diaphoretic.  Forms  resinous 
compounds  with  jjotash,  NaOH,  and  baryta ; 
these  compounds  are  v.  sol.  water,  v.  si.  sol. 
alcohol,  and  are  decomposed  by  acids,  even  by 
CO,,.  They  may  be  considered  to  be  salts  of 
pilocarpic  acid  CnHisN^Oj. 

Reactions.— 1.  Fuming  HNO3  (300  pts.)  con- 
verts it  into  pilocarpidine  nitrate  (Chastaing, 
G.  R.  94, 968).— 2.  Boiling  loith  water  for  twelve 
hours  splits  it  up  into  trimethylamine  and  oxy- 
pyridyl-propionic  acid  (Hardy  a.  Calmels,  C.  R. 
102,  1562).— 3.  Boiling  HClAq  forms  MeOH  and 
pilocarpidine. — 4.  KMnOj  forms  NMe^,  oxy- 
pyridyl-malonic  acid,  and  finally  pyridine  (3)- 
carboxylic  acid. — 5.  Bromine  added  to  a  chloro- 
form solution  forms  CnHi.N.pjBrs,  crystallising 
in  minute  prisms,  converted  by  moist  Ag.^O  into 
di-bromo-pilocarpine  C||H,  iBr^NoO.,  (Chastaing, 
C.  R.  97,  1435).  Chlorine  forms"  C,,H,5NACl5. 
which  is  amorphous,  and  slowly  forms  crystal- 
line C„H,,,N,P2C13.— 6.  Yields  NMe,  when  dis- 
tilled with  potash  (Harnack  a.  Meyer  ;  cf.  Chas- 
taing, C.  E.  94,  223). — 7.  The  barium  compound 
on  distillation  yields  jabonine  C,,H||N2,  an  oil 
with  foetid  odour,  yielding  the  amorphous  salts 
B'AuClj,  B'HAuCl^,  B'.PtClj,  and  B'jHsPtCl^. 

Salts. — B'HCl :  needles,  v.  sol.  alcohol.— 
B'HNOj :  trimetric  lamella;.— B',H,,PtCl6 :  golden 
tablets  (from  hot  water). — B'PtCl, :  crystals. — 
B'HAuCl^:  minute  needles.— B'AuCl^  [88°]: 
slender  needles. — B'2AuCl3 :  small  needles. — 
B'HAu.^Cl, :  minute  needles. — B'AgNOj :  minute 
radiating  needles.  —  B'2AgN0.5  :  needles.  — 
B'CrN,H.(SCN),, :  red  silky  needles,  sol.  alcohol 
(Christensen,  pr.  [2]  45,  368).— B'„CuO,H, : 
green  powder,  ppd.  by  adding  CuCU  to  a  solution 
of  pilocarpine  in  baryta-water. — B'AgOH  :  curdy 
pp.— B'Me^PtCl,. :  crystals.— B'Etl.  [c.  30°].— 
B'EtBr.  [c.  60°].  Very  hygroscopic  (Chastaing, 
C.  R.  101,  507). 

Pilocarpidine  C|„H,,,N20.,  i.e. 
NMe,.CMe(C,HjN).CO,H.  Occurs  in  jaborandi 
leaves  (Harnack,  A.  238,  230).  Formed  by  the 
action  of  HClAq  or  fuming  HNO,  on  pilocarpine, 
by  heating  dry  pilocarpine  for  twenty-four  hours 
at  120°,  by  boiling  pilocarpine  or  its  baryta  com- 
pound with  water  for  forty  eight  hours,  and  by 
heating  the  baryta  compound  for  thirty  minutes 


at  150°.  Prepared  synthetically  by  heating 
CH3.CBr(C5H,,N).CO.,H  with  trimethylamine  at 
150°  (H.  a.  C).  Very  deliquescent,  m.  sol.  water, 
V.  sol.  alcohol.  Acts  physiologically  like  pilo- 
carpine, but  not  so  strongly.  Its  alkaline  salts 
are  gummy,  sol.  water,  insol.  alcohol,  and  de- 
composed by  C0„. — B'HCl :  radiating  needles,  v. 
soluble  in  water. — B'HAuCl.i  aq.  Eectangular 
prisms.  —  B'AuClj.  [145°].  Yellow  plates.  — 
B'„H,PtCl|;  aq  :  small  red  prisms.  —  B'Mel. — 
B'MeAuClj  [153°].  Prismatic  needles.  Changes 
when  fused  into  MeCl  and  B'AuCl.,. 

PIMARIC  ACID  C,„H3„0,.  [211°].  [a]i,  =  72-5 
in  a  3'8  p.c.  (saturated)  alcoholic  solution  at  15°. 
Occurs  in  galipot,  the  hardened  resin  of  Pinus 
maritima,  (Laurent,  A.  Ch.  [2]  72,  384  ;  [3]  22, 
459 ;  Sievert,  Z.  f.  d.  g.  Naturioiss.  14,  311 ; 
Maly,  A.  129,  94  ;  132,  253  ;  Strecker  a.  Duver- 
noy,  A.  148,  143  ;  150,  131 ;  Cailliot,  Bl.  [2]  21, 
387  ;  Bruylants,  B.  11,  447 ;  Haller,  B.  18, 
2165  ;  Vesterberg,  B.  18,  3331  ;  19,  2167  ;  20, 
3248). 

Preparation. — Finely-divided  galipot  is  stirred 
with  half  its  weight  of  dilute  (70  p.c.)  alcohol, 
left  for  some  days,  and  squeezed  in  a  cloth. 
The  press-cake  is  treated  several  times  in  this 
way,  finally  with  80  p.c.  alcohol.  The  residue 
is  dissolved  in  somewhat  more  than  the  calcu- 
lated quantity  of  hot  dilute  (3  p.c.)  NaOHAq. 
The  mixture  of  Na  salts  that  separates  after 
some  days  is  recrystallised  from  water,  decom- 
posed by  HCl,  and  the  free  acids  crystallised 
from  alcohol  or  HOAc.  (^)-Pimaric  acid  re- 
mains in  the  mother-liquor. 

Properties. — Eectangular  plates,  insol.  water, 
V.  si.  sol.  alcohol,  ether,  and  HOAc,  m.  sol.  hot 
ligroin,  m.  sol.  hot  NaOHAq,  si.  sol.  NH.(Aq. 
On  shaking  the  ethereal  solution  with  a  drop  of 
ammonia  the  NH,  salt  separates  in  slender 
needles.  Not  reduced  by  sodium-amalgam.  May 
be  distilled  in  vacuo.  Dextrorotatory.  HIAq 
(S.G.  1-96)  forms  C.^Hj,  (320°-330°  uncor.).  By 
distillation  of  the  (crude)  Ca  salt  Bruylants  ob- 
tained ethylene,  propylene,  amylene,  acetone, 
methyl  ethyl  ketone,  di-ethyl  ketone,  toluene, 
xylene,  ethyl-toluene,  terebene,  and  diterebene. 

Salts. — All  the  salts  are  insol.  ether.  KA' 
(dried  at  100°).  Soapy  mass  of  p)liant  needles. — 
NaA'  5aq.  Slender  needles  (from  80  p.c.  alcohol), 
si.  sol.  cold  water.  —  CaA',  aq :  needles.  — 
BaA'o  9aq  :  pliant  needles.  —  CuA',.  —  PbA'j. 
— AgA' :  amorphous  pp.,  becoming  crystalline. 

Ethers.— Uek'.    [69°].— EtA.  [52°]. 

Chloride  C„„H,,0C1.  [66°].  Got  by  adding 
PCI5  to  a  solution  of  the  acid  in  CS.,.  Small 
prisms,  v.  e.  sol.  ether  and  CS.,. 

(i8)-Pimaric  acid  C„„H,„0.,."  [140°-150°].  S. 
9-26  in  98  p.c.  alcohol  at  15°.  [a]^  =  -  272°  in  a 
3-17  p.c.  alcoholic  solution.  Obtained  as  above 
(Vesterberg,  B.  20,  3248).  Trimetric  prisms; 
a:i):c  = 'SlOil: -614,  insol.  water,  v.  sol.  NH^Aq. 
Ltevorotatory. — NaA' :  m.  sol.  ether. — PbA',_, : 
needles,  insol.  alcohol  and  ether.  Haller  [B.  18, 
2165)  obtained  an  inactive  pimaric  acid  [c.  149°], 
which  was  perhaps  a  mixture  of  the  dextro-  and 
ItBvo-  varieties. 

PIMELIC  ACID  C,H,.,0,  i.e. 
C0,_,H.CHPr.CH,..C02H.  Isopropnjl-succinic  acid. 
Moi.  w.  160.    [114°].    Electrical  conductivity  : 
Walden,  B.  24,  2037.    Formed  by  fusing  cam- 
phoric acid  with  potash  (Hlasiwitz  a.  Grabowski, 

T  2 


276 


PniELIO  ACID. 


A.  145,  205;  Kachler,  4.  169,  168).  Formed 
also  by  heating  either  of  the  following  isopent- 
ane  tricarboxylic  acids:  (C02H),CPr.CH2.CO„Hor 
C0„H.CHPr.CH(C0.,H)2  (Waltz',  B.  15,  609  ;  A. 
214,  60  ;  Hjelt,  B.  16,  2622  ;  Schleicher,  A.  267, 
123).  Obtained  also  by  the  action  of  KOHAq 
on  isopropyl-acetyl-succinic  ether  (Boser.  A.  220, 
276).  According  to  Arppe  1864,  377)  it  is 
not  formed,  as  stated  by  Laurent  {A.  Ch.  [2]  66, 
163),  by  oxidation  of  oleic  acid.  ISlodules  (from 
^Yater)  or  triclinio  crystals  ;  a:6:c  =  •497:1: '599  ; 
a  =  81°  50';  /3  =  100°  2';  7  =  85°  6'  (Wreden,  A. 
163,  323  ;  Von  Zepharovitch,  Sitz.  W.  [1]  73,7). 
V.  sol.  water,  alcohol,  and  ether.  Yields  butyric 
acid  when  fused  with  potash. 

Salts . —  (NHj)2A".  Hygroscopic  leaflets. — 
Na,A"  (dried  at  130°). — CaA"aq:  sandy  crystal- 
line powder.  S.  -47  at  9°  ;  -25  at  100°  (Bauer  a. 
Schuler,  J.  1878,  734  ;  B.  10,  2031 ;  M.  4,  345) ; 
•30  at  13°  (Eoser).— SrA" :  nearly  insol.  hot 
water,  v.  e.  sol.  cold  water. — Ag„A"  :  pp. 

Ethyl  ether  Et.A".  (236°-240°). 

Chloride  C-H,„aCl...  (210°). 

Anhydride  C.n'.Jdl.  (245°-250°).  Got  by 
distilling  the  acid.  Eeconverted  into  the  acid 
by  alkalis. 

Imide  C.HnNOj.  [60°].  Got  by  heating 
the  ammonium  salt.  Tables  (from  water)  or 
small  needles  (from  alcohol-ligroin).  Insol. 
ligroin,  v.  sol.  alcohol  and  ether. 

n-Pimelic  acid  CH„(CH.,.CH2.C0,H)„.  [103°]. 
(272°  at  100  mm.)  (Krafft  a.  Noerdlinger,  B.  22, 
818).  S.  4-2  at  20°.  H.C.p.  828,900.  H.F. 
243.100  (Stohmann,  J.  pr.  [2]  45,  480). 

Formation. — 1.  By  heating  suberone  with 
HNO3  (Dale  a.  Schorlemmer,  C.  J.  35,  686 ;  A. 
199,  147). — 2.  By  heating  furonic  acid  with 
HIAq  and  P  at  200°  (Baeyer,  B.  10,  1358).— 
3.  By  heating  pentane  m-tetra-carboxylic  acid 
(Perkin,  jun.,  C.  J.  51,  242 ;  59,  825  ;  B.  18, 
3249). —  4.  By  oxidation  of  myristic  acid  with 
HNO.,  (Noerdlinger,  B.  19, 1898).— 5.  By  reducing 
CO(CH„.CH„.CH.,H).,  [cf.  Fuefdbyl-ackylic  acid) 
(Marckwald!;  B.  21,  1398). 

Properties.  —  Kectangular  trimetric  plates 
(from  water),  v.  sol.  alcohol,  ether,  and  hot 
benzene.  May  be  sublimed.  NaOEt  forms 
Ci^HjuNa^Og,  a  white  powder,  insol.  ether,  sol. 
water.  Not  converted  into  anhydride  by  AcCI 
or  by  PCI5  (Volhard,  A.  267,  82). 

Salts.  —  BaA"  aq.  —  CaA".  Deposited  as 
granular  powder  when  a  cold  saturated  solution 
is  heated.—  Ag,A"  :  white  pp. 

Ethyl  ether  Et„A".  S.G.  |  1-0080;  1^ 
•9988  ;  II  •9920.  M.M.  11-424.  Oil  with  pene- 
trating odour  (Perkin,  C.  J.  59,  826). 

Piraelic  acid  C,H,.,0,.  [103°  cor.].  Got  by 
heating  chelidonic  acid  -with  HIAq  at  205° 
(Haitinger  a.  Lieben,  M.  5,  358).  Monoclinic 
tables,  V.  sol.  hot  benzene.  Perhaps  identical 
■with  w-pimelic  acid. 

(/3)-Pimelic  acid  C3H,„(C02H).,.  [106°].  Oc- 
curs among  the  products  of  oxidation  of  castor 
oil  and  earth-nut  oil  with  nitric  acid  (Gantter 
a.  Hell,  B.  17,  2212).  Large  tables  (from  water). 
Readily  forms  supersaturated  solutions.  — 
BaA"aq:  plates.- Pb A". -CuA'^—AgjA":  pp. 

Iso  -  pimelie  acid  C,H,„(C02H)„.  [104°]. 
Formed  from  amylene  bromide  by  successive 
treatment  with  alcoholic  KCy  and  HClAq  at  170° 
(Bauer,  M.  4,  345 ;  Hell,  B.  24,  1389).  Prisms, 


V.  sol.  water  and  alcohol.  Begins  to  form  an 
anhydride  at  135°.  — (NHJ.,A".  — BaA"liaq  : 
sandy  powder.— CaA".  S.  -2  at  22°  ;  -14  at  100°. 
—  SrA"4aq.— NiA"2iaq.— ZnA".— PbA".  S.  -  01 
at  100°.— CuA"aq.  S.  -04  at  16° ;  -07  at  100°. 
Bluish-green  plates. —  CdA"2aq:  needles.  S. -12 
at  15°  ;  -13  at  100°.— Ag.,A". 

An  amorphous  pimelie  acid  was  got  by 
Bauer,  as  well  as  the  preceding  acid,  from 
amylene  bromide.  Its  Ca  salt  was  more  soluble 
(S.  4-7). 

Pimelie  acidCjHjjOj.  [87°].  Got  by  oxidising 
menthol  with  KMn04  in  acid  solution  (Arth, 
A.  Ch.  [6]  7,  455;  C.  B.  107,  107).  Needles,  v. 
sol.  water.  Can  be  extracted  by  ether  from  its 
aqueous  solution. — Ag2A". 

Isomerides  —  v.  Di-methyl-glutaeic  acid, 
Methyl-ethyl-succinig  acid,  Tki-methyl-suc- 
ciNic  acid,  and  Pkoptl-succinic  acid. 

PIMENTO.  The  volatile  oil  obtained  from 
the  pods  and  seeds  of  Myrtus  Pimenta  contains 
eugenol  and  a  terpene  (255°)  S.G.  i-  -98 
(Bonastre,  J.  Ph.  11,  187;  Oeser,  A.  131,  277). 

PINACOLIC  ALCOHOL  v.  Sec  ■  hexyl 
alcohol. 

PINACOLIN  V.  Methyl  icri- butyl  ketone. 

Benzpinacolin  v.  vol.  i.  p.  488. 

PINACONE  C,H,,0,,i.c.  CMe2(0H).CMe,(0H). 
Hexylene  glycol.  [38°].  (170°  cor.).  S.G.  ^ 
-9672 ;  IS  -9609.  M.M.  7-245  (Perkin,  C.  J.  45, 
506).  H.C.  897,697  (Louguinine,  A.  Ch.  [5]  25, 
143).  Formed  by  the  action  of  Na  or  sodium- 
amalgam  on  aqueous  acetone  (Fittig,  J..  110,  25; 
114,  54  ;  Stadeler,  A.  Ill,  277  ;  Friedel,  A.  124, 
324;  Bl.  [2]  19,  289;  Linnemann,  A.  Suppl.  3, 
374).  Formed  also  from  CM&.Br.CMejBr  by 
successive  treatment  with  AgOAc  and  baryta 
(Pawloff,  A.  196,  122).  Small  needles  (from 
CS2),  V.  sol.  cold  alcohol  and  ether,  si.  sol.  cold 
CSj.  SI.  sol.  cold  water,  but  v.  sol.  hot  water, 
separating  on  cooling  as  a  hydrate 
CjH,,02  6aq  [46-5°],  crystallising  in  four-sided 
tables,  decomposed  by  distillation  into  water  and 
pinacone. 

Reactions. — 1.  Chromic  acid  mixture  recon- 
verts it  into  acetone. — 2.  Gaseous  HI  yields  PrI 
and  some  hexane  (Linnemann,  Sitz.  W.  [2]  63, 
255).    HIAq  at  100°  forms  C,;H,,I  (Bouohardat, 

1871, 699).— 3.  Boiling  dilute  H2SOJ converts  it 
into  pinacolin.  Heating  with  HOAc  has  the  same 
effect.— 4.  POCI3  forms  di-chloro-hexane  [160°] 
(Friedel  a.  Silva,  B.  6,  35). — 5.  Does  not  form 
an  acetal  when  heated  with  aldehyde  (Lochert, 
A.  Ch.  [6]  16,  60).— 6.  When  passed  through  a 
red-hot  tube  it  yields  acetone  and  isopropyl 
alcohol  (Thiirner  a.  Zincke,  B.  13,  645). 

PINACONES.  Compounds  of  the  form 
HO.CEE'.CRR'.OH,  where  E  and  E'  are  alkyls. 
They  are  obtained  by  reduction  of  ketones.  On 
treatment  with  dehydrating  agents  they  yield 
(/8)-pinacolins  CEE'j.CO.R  or  isomeric  (a)-pina- 

T      r\  /CEE'       CEE'.O.CEE'     xj?  •  ±i 
cohns  0<(^JJJJ,  or  crr,.o.CEE'- 

formuL-B  E  =  H,  the  (jS) -pinacolin  will  be  an  alde- 
hyde ;  while  if  at  the  same  time  E'  =  H,  we  find 
that  glycol  is  the  simplest  pinacone,  aldehyde  the 
simplest  (0) -pinacolin,  and  ethylene  oxide  the 
simplest  (o)-pinacolin  (Zincke,  A.  216,  296). 
Some  (iS)-pinacolins  are  decomposed  by  heat- 
ing with  soda-lime  or  alcoholic  potash,  thus : 
PhCXj.COPh  +  H„0  =  PhCX^H  +  HOBz  (Zincke 
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a.  Thorner,  B.  11,  65  ;  Zagumenny,  J.  B.  12, 
429)  ;  but  phenyl  (ci)-naphthyl  (;8)-pinacolin 
reacts  with  alcoholic  jjotash,  thus  : 

PhC(C,„H,).COPli  +  H,0  =  PliC(G,„H,;..OH  +  Ph.CO.H 
(Elbs,  J.pr.  [2]  35,  506). 

PINE- APPLE  OIL.  Artificial  pine-apple  oil 
may  be  made  by  dissolving  butyric  ether  in  alco- 
hol (Hofmann,  A.  81,  87). 

PINENE  V.  Teepexes. 

PINEY  TALLOW.  A  fat  obtained  by  boiling 
the  fruits  of  Valeria  indica  (of  Malabar).  Melts 
at  30°  to  38°.  Its  fatty  acids  consist  of  palmitic 
acid  (75  p.c.)  and  oleic  acid  (25  p.c.)  (Dal-Sie, 
G.  8,  107). 

PINIPICEIN  C^^H^gO,,.  Occurs  in  the 
needles  and  bark  of  the  Scotch  fir  {Pinus  sijl- 
vestris)  and  in  the  green  parts  of  Thuja  occi- 
dentale  (Kawalier,  Sitz.  W.  11,  350;  13,  515). 
Bright-yellow  amorphous  powder,  beginning  to 
soften  at  55°,  and  quite  liquid  at  100°.  Hygro- 
scopic. Tastes  bitter.  V.  sol.  water,  sol.  alco- 
hol, insol.  ether.  Boiling  dilute  H^SO^  yields 
glucose  (2  mols.)  and  ericiuol  C,„H|^0  (1  moL), 
V.  vol.  ii.  p.  458. 

PINITANNIC  ACID  C,,H,„Oe?  Occurs  in 
the  needles  of  the  Scotch  fir  and  in  the  green 
parts  of  the  Arbor  vitcs  {Thuja  occidcntale)  (Ka- 
waher,  Sitz.  W.  11,  357  ;  29,  19).  Keddish-yel- 
low  powder,  v.  sol.  water,  alcohol,  and  etiier. 
FeClj  colours  its  aqueous  solution  brown.  Gives 
yellow  pps.  with  lead  acetate  and  subacetate. 
Not  ppd.  by  gelatin. 

PINITE  CjH.^O,.  Methijl  ether  of  dextro- 
rotatory inosite.  [186°].  [a]T,  =  05°  51'.  Sup- 
loosed  to  be  extracted  by  water  from  the  hardened 
sap  of  Pinus  lambcrtiana  of  California  (Berthe- 
lot,  A.  Ch.  [3]  46,  76  ;  Johnson,  Am.  S.  [2]  22, 
6;  Combes,  C.  B.  110,  46;  Maquenne,  A.  Ch. 
[6]  22,  264).  Crystalline  crusts,  v.  e.  sol.  water, 
almost  insol.  alcohol.  Tastes  sweet.  Dextro- 
rotatory. Non-fermeutable.  Does  not  reduce 
Fehling's  solution.  HIAq  splits  it  up  into  Mel 
and  dextrorotatory  inosite  [248°].  Finite  is 
identical  with  matezite  and  sennite. 

PINOL  C,„H,„0  i.e.  C,H„OMePr.  (184°). 
S.G.  ^  -953  ;  m„  =  1-469.  Formed,  together  with 
pinene  nitroso-chloride  when  oil  of  turpentine  is 
treated  with  HOAc,  nitrous  ether,  and  HClAq 
(Wallach,  A.  253,  251 ;  259,  322  ;  268,  222  ;  B. 
24,  1552).  Purified  by  conversion  into  the  di- 
bromide  C,|,H,5Br„0  [94°J,  which  is  dissolved  in 
dry  benzene  and  treated  with  sodium-wire. 
Liquid,  smelling  like  cineol. 

Bcactions. — 1.  Oxidised  by  KMnO,  to  C0„, 
oxalic  acid,  and  terebic  acid  [176°]. — 2.  Br  forms 
C,„H„Br,0  and  C,„H,,Br30  [160°].  —  8.  HBr 
forms  an  addition  product  converted  by  water 
into  the  hydrate  Ci.iNj^OH.O  [131°]  which  is  not 
attacked  by  Ac_,0,  but  is  reconverted  into  pinol 
by  warming  with  dilute  H2SO4,  and  yields  ter- 
penylic  acid  [57°]  on  oxidation  by  KMnO^. 

Dibromide  C,JI,^Brfi.  [94°].  (144°  at 
11mm.).  Trimetric crystals;  a:ii:c  =  •570:1:1-555. 
Insol.  water,  volatile  with  steam.  Converted  by 
alcoholic  potash  into  '  pmol  giycollic  ether ' 
C,„H„(OEt).,0  [53°]  (c.  115°  at  14  mm.).  AgOAc 
forms  C,„H,e(dAc).,0  [98°]  (127°  at  13  mm.), 
which  on  saponification  by  hot  dilute  H„SO,, 
yields 'pinol-glycol'  C,„H,;(0H)20  [125°],  crys- 
tallising in  matted  needles,  v.  e.  sol.  chloroform. 
Boiling  with  water  and  Pb(0H)2  also  converts 


the  dibromide  into  the  glycol.  Silver  propionate 
yields  C,„H|5(O.COEt)2  [i06°].  Formic  acid  at 
100°  reduces  the  dibromide  to  cymene. 

Nitroso-chloride  C,„H,50NOC1.  [103°]. 
Formed  by  the  action  of  amyl  nitrite  and  HCl 
on  pinol  in  HOAc  (Wallach,  '.4.  2.53,  261).  Con- 
verted by  alcoholic  NH,,  into  the  nitrolamine 
C,„H„ONONH,  (130°  at  14  mm.),  a  viscid  mass 
which  yields  a  crystalline  hydrochloride,  B'HCl. 
Aniline,  piperidine,  and  benzylamine  form  the 
three  analogous  bodies  Cn.HieO.NO.NHPh  [175°], 
C,„H,„O.NO.NC,H,„  [154°],  and  the  compound 
C,„H,„O.NO.NHC,H,  [13G°],each  of  which  forms 
a  crystalline  hydrochloride.  (/3)-Naphthylamine 
forms,  in  like  manner,  pinol-nitrol-naphthyl- 
amine  C|„H„,O.NO.NHC,„H,  [195°]. 

PINYLAMINE  C.^H.^NH,.  (208°).  S.G. 
•943.  Formed  by  reducing  with  zinc-dust  and 
HOAc  nitroso-pinene  C,„H,._NO  [132°],  which  is 
got  from  C,„H,„N0C1  and  alcoholic  NaOH  (Wal- 
lach a.  Lorenz,  A.  268,  197 ;  B.  24,  1550).  Oil, 
turning  yellow  in  air,  and  giving  off  NH,.  Ab- 
sorbs CO2  from  air,  forming  a  solid  carbonate 
Benzoic  aldehyde  forms  C,„H,.N:CHPh  [53°] 
furfuraldehyde  gives  C|„H|5N:CH.CjH30  [81°], 
whilst  salicylic  aldehyde  forms  the  compoun(.\ 
C,„H,5N:CH.C,H,.0H  '  [109°].— B'HCl.  [230°]. 
Needles  (from  water).  Yields  cymene  on  distilla- 
tion.— B'JH.jPtCle.  Yellow  plates  or  needles. — 
B'HNO,,. 'Crystals,  si.  sol.  cold  water.— B'.H.SO^. 
— B'HCyS.  [136°].  Prisms  (from  water).- 
B'.,H.,C204.    [248°].  Scales. 

Acetyl  derivative  C,„H,,.NHAc.  [109°] 

Benzoyl  derivative.  [125°].  Needles. 

PINYL-UREA  NH,.C0.NHC,„H,5.  [156°]. 
Formed  from  pinylamine  hydrochloride  an^ 
potassium  cyanate  (Wallach,  A.  268,  204). 
Needles,  v.  sol.  alcohol. 

PIPEOOLIWE    V.   Methyl-pymdinb  hexa- 

HYDIilDE. 

PIPERAZINE  V.  Pyrazine  hexahydeide. 
PIPERHYDRONIC  ACID  v.  Methylene  deri- 
vative of  Dl-OXY-l'HENYL-V.iLEHIC  ACID. 

PIPERIC  ACID  C,,H,„Oj  i.e. 

CHj<^Q>CJi3.CH:CH.CH:CH.C0,,H.     Mol.  w. 

218.  [217°].  S.  (alcohol)  -37  in  the  cold;  2  at 
78°.  Formed,  together  with  piperidine,  by  boil- 
ing piperine  with  alcoholic  potash  (Von  Babo  ; 
Strecker,  A.  105,  317;  118,  280;  G.  C.Foster, 
C.  J.  15,  17;  Fittig  a.  Mielk,  .4.  152,  25;  172, 
134).  Yellowish  needles  (from  alcohol).  After 
fusion  it  melts  at  213  ^  Nearly  insol.  water, 
m.  sol.  hot  alcohol  and  ether. 

Reactions. — 1.  Reduced  by  sodium-amalgam 
to  two  hydropiperic  acids,  which  are  the  methyl- 
ene derivatives  of  di-oxv-phenyl-angelic  acids 
CH.,0,/.C,H,.CH2.CH:CH.CH„.C0IH  [78°]  and 
CH20.,:C,;H3.CH2.CH,.CH:CH.CO„H  [131°]  (Eegel, 
B.  20,  414).— 2.  Dilute  alkaline  potassium  per- 
manganate at  4°  oxidises  piperic  acid  to  piperonal 
CH20._,:C„H3.CHO  and  racemic  acid  (Doebner,  B. 
23,  2375). — 3.  Potash-fusion  yields  protocate- 
chuic,  oxalic,  and  acetic  acids. — 4.  Brcnnine  in 
CO.,  forms  a  tetrabromide  which  decomposes  at 
16U°-165°. 

Salts.  —  NHjA'.    Satiny  scales.  —  KA'.  — 
BaA'2.    S.  -02  in  the  cold. — AgA' :  powder. 
Ethyl  ether  EtA.'.    [78°].  Plates. 
Reference . — BROJio-riPEP.ic  acid. 
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PIPEEIDEiNE.  A  name  for  Pyridine  teika- 

HYDRIDE. 

Dipiperideine  C,|,H,jjN.,  i.e. 

CH:.Nh!cH.CH.NH.CH:-  t^l  J-  Formed  by 
slowly  adding  I'-chloro-piperidine  to  a  boiling 
10  p.c.  solution  of  potash  in  alcohol  (Lellmann 
a.  Schwaderer,  B.  2'2,  1000,  1318).  Monoclinio 
crystals,  si.  sol.  water,  v.  sol.  alcohol  and  ether. 
Between  200°  and  230°  it  begins  to  dissociate 
into  (2  mols.  of)  pyridine  tetrahydride ;  hence  it 
has  no  constant  boiling-point.  Slightly  volatile 
■with  steam.  Ac^O  forms  an  acetyl  derivative 
(220°).  S.G.  i-0531.  Tin  and  cone.  HClAq 
reduce  it  to  piperidine.  Phenyl  thiocarbimide 
gives  C,„H„N,.CS.NHPh  [144°].  CS^  forms 
CiyHigNoCSj,  crystallising  in  needles,  and  melt- 
ing at  150°  with  evolution  of  gas. 

Salt.— B"H2CL2aq.  [150°].  Plates,  lique- 
fies c.  80°  when  quickly  heated. 

Isodipiperideine  C,|jH,,N2.  Formed  by  heat- 
ing diazobenzene  piperidide  at  250°  (Heusler,  A. 
260,  239).  Thickish  liquid,  miscible  with  water, 
but  can  be  extracted  therefrom  by  ether.  Ee- 
duces  Fehling's  solution  and  ammoniacal  AgN03. 
Its  salts  are  hygroscopic. 

PIPEUIDIC  ACID  C,H,N02  [184°],  which  is 
got  by  oxidising  piperidine  j'-carboxylic  ether 
with  fuming  HNO3  and  heating  the  product  with 
HClAq  at  140°,  is  7-amido-butyric  acid  (Schot- 
ten,  B.  16,  643;  Gabriel,  B.  23,  1770). 

PIPERIDINE  C,H„N  i.e. 

CE.^K^^^-'^^'^^iB..     Pyridine  licxahydridc. 

]^ol.  w.  85.  (106°).  S.G.  ^5  -8664;  P  "8591. 
M.M.  5-810  (Perkin,  C.  J.  55,  700).  S.V.  108-76. 
S.H.  -533  (Colson,  Bl.  [3]  3,  8).  H.F.v.  24,090. 
H.F.p.  26,990  (Thomsen,  Th.  4,  145).  Appears 
to  occur  in  the  husks  of  pepper  (Johnstone,  C.  N. 
58,  235  ;  An.  14,  41). 

Formation. — 1.  By  distilling  piperine  with 
potash-lime  or  soda-lime,  or  by  boiling  it  with 
alcoholic  potash  (Wertheim,  A.  127,  75;  Ander- 
son, A.  75,  82  ;  84,  345  ;  Cahours,  A.  Ch.  [3] 
38,  76;  Von  Babo  a.  Keller,  J.  pr.  T2,  53).  — 

2.  By  reduction  of  pyridine  in  alcoholic  solution 
by  sodium -amalgam ;  the  yield  being  75  p.c.  of 
the  theoretical  (Ladenburg  a.  Both,  A.  247,  51). 

3.  By  heating  pentamethylene-diamine  hydro- 
chloride (Ladenburg,  B.  18,  3100).— 4.  By  heat- 
ing hygric  acid  C„H,iN02  with  HjSOj  for  a  few 
minutes  at  300°  (Liebermann  a.  Kiililing,  B.  24, 
413). 

Properties. — Liquid,  with  ammoniacal  and 
peppery  smell,  miscible  with  water.  Alkaline 
in  reaction.  Caustic  taste.  Ppts.  salts  of  zinc 
and  copper,  but  does  not  redissolve  the  ppd.  hy- 
drates. Not  attacked  by  fuming  HClAq  at  300° 
or  by  boiling  HNO,  (S.G.  1-5).  Piperidine  acts 
as  an  anaasthetic  {B.  14,  713).  Oxidised  by  H^O, 
to  glutaric  acid  and  its  imide  and  5-amido-valeric 
aldehyde  (Wolff enstein,  B.  25,  2777). 

Reactions. — 1.  Bromine  and  water  at  200° 
yield  di-bromo-oxy-pyridine  and  some  CHBr, 
(Hofmann,  B.  12,  984).  Piperidine  hydro- 
chloride, heated  with  dry  Br  at  180,  yields  di- 
bromo-pyridine  (Schotten,  B.  15,  427).  Bromine 
and  NaOHAq  give  crystalHne  C,H,Br2N0  (Hof- 
mann, B.  16,  560).  Bromine  and  lime-water 
yield  bromo-piperidine  C^HioBrN  [234°]  (Lell- 


mann, B.  22,  1327).— 2.  Chlorine  acts  with  ex- 
plosive violence  on  dry  piperidine.  In  presence 
of  water  or  chloroform  it  yields  f-chloro-piper- 
idine,  which  may  also  be  got  by  using  bleaching- 
powder.  It  is  an  unstable,  heavy  oil  (52°  at  25 
mm.),  with  pungent  odour,  and  deposits  piper- 
idine hydrochloride  when  kept  for  some  time 
(Bally,  B.  21,  1772).— 3.  Cone.  H.SO^  at  300° 
forms  pyridine  (Kosnigs,  B.  12,  2341).  Nitro- 
benzene at  260°  also  oxidises  it  to  pyridine  (L.). 
4.  Chloroform,  on  boiling  for  some  days,  yields 
CH(C5H,„N)3  aq  (98°  at  15  mm.)  (Busz  a.  Kekule, 

B.  20,  3246).— 5.  CH3CCI3  forms,  on  boiling, 
ethenyl-tripiperidine  CH3.C(C5H,„N)3,  a  liquid 
(262°)  yielding  B"'H3Cl3  and  B"'23H2PtCl,  (B.  a. 
K.). — 6.  Boiling  oxalic  ether  (1  mol.)  yields 
piperidyl-oxamic  ether  C.H,„N.CO.CO.,Et  (289°) 
(Wallach,  A.  214,  278  ;  237,  247).  The  corre- 
sponding acid  [129°]  splits  up  on  fusion  into  CO, 
and  the  formyl  derivative  of  iDiperidine.  PCI5 
yields  CO^  and  CjHijN.COCl  (238°),  which  acts 
upon  piperidine  forming  (C.HioN^^CO  [43°]  (298°). 
NH3Aq  converts  the  ether  into  piperidyl-oxamide 
CjHijN.CO.CO.NHo  [127°],  crystaUising  in  mono- 
clinic  prisms,  converted  by  P2O5  into 
CjH.^N.CO.CN,  a  heavy  oil  (264°).  When  piper- 
icline  (2  mols.)  is  distilled  with  oxalic  ether 
(1  mol.)   there    is    formed  oxalyl-piperidine 

C.  H.jN.CO.CO.CjH.oN  [89°]  (above  350°).- 
7.  By  heating  with  phtlialic  acid  (2  mols.)  as 
long  as  phthalic  anhydride  sublimes  there  is 
formed  '  piperilene-amine-phthalein  '  CuHj^NoO, 

or  CgH|<^^|^^*'^'"|^^,  an  oil  which  yields  crys- 
talline C,sH2^Br2N202  (Piutti,  G.  13,  535;  A. 
227,  197). — 8.  Phthalic  anhydride  unites  in  the 
cold  with  piperidine,  forming  a  mixture  of '  piper- 
ilene-phthalamic  acid '  C^H^N.CO.CsHi.COoH 
and  its  piperidine  salt  (P.).  On  shaking  with 
ether  and  water  the  acid  goes  into  ethereal  solu- 
tion, and  the  salt  into  aqueous  solution.  Piper- 
ilene-phthalamic  acid  is  a  heavy  oil,  v.  sol. 
alcohol.  It  yields  AgA',  C^HuNHA'  [c.  150°], 
and  CigHjjBriNjOj,  crystalUsing  in  long  needles. 
9.  Alloxan  and  aqueous  sulphurous  acid  give 
(CjH.,N,0j)C5H,,NH.,S03,  crystaUising  in  plates 
(PelUzzari,  A.  248,  160).— 10.  On  heating  with 
isatin  and  alcohol  on  the  water-bath  there  is 
formed    the    compound  C8H5NO(C5H,„N)2  or 

C5Hj<^^^g crystallising  in  flat  colour- 
less prisms,  m.  sol.  hot  alcohol,  turned  red  by 
HCl,  and  yielding  a  blue  dye  (indigo  ?)  when 
treated  with  AC2O,  or  when  rapidly  heated  to 
125°-160°.  Bromo-isatin  forms,  in  like  manner, 
C„H,BrN0(C5H,„N)„,  crystallising  in  needles, 
while  di-bromo-isatin  reacts  with  production  of 
C,;H„Br.,(NH.,).C0.C0.NC,H,„  [152°]  (Schotten, 
B.  24,  1367,  2605).— 11.  A  solution  of  diazo- 
benzene chloride  and  sodium  acetate  forms 
Ph.NiN.NCjHio,  which  yields  phenol  and  piper- 
idine when  treated  with  dilute  H2SO4,  and 
phenyl-hydrazine  and  piperidine  when  reduced 
by  SnCl,  and  HCl  (Nolting  a.  Binder,  B.  .20, 
3016).  Other  diazo-  compounds  act  in  like  man- 
ner. Diazobenzene  piperidide  is  decomposed 
on  heating  to  250°,  yielding  benzene,  N,  and 
isopiperidein  (Heusler,  A.  260,  239). — 12.  Potas- 
sium cyanate  converts  piperidine  sulphate  into 
NHo.CO.NCjH,^,  crystallising  from  alcohol  in 
needles  (Cahours).    Methyl  and  ethyl  cyanates 
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yield  corvesponding  ureas.  Phemjl  cyaJiatc  forms 
NHPh.CO.NC,-H|„,  crystallising  from  alcohol  in 
prisms  [172°].  C,H-NH.C0C1  gives  rise  to 
C,H,NH.C0.NC5H,„  [102=],  crystallising  from 
dilute  alcohol  in  needles  (Kiihn  a.  Kiesenfeld, 

B.  24,  3818).— 13.  Methyl  thio-carbimide  forms 
NHMe.CS.NC,,H|„  [129°]  (Hecht,  B.  28,  287  ;  25, 
815);  while  ethyl-, propyl-,  andphenyl-  thiocarb- 
imides  form  corresponding  thio-ureas  [46°],  [75°], 
and  [99°]  respectively.  Phenyl-,  o-,  and  p-tolyl- 
thiocarbiinides  form  C.,H,„N.CS.NHPh  [98°]  (G.) ; 
[104°]  (Skinner  a.  Euhemann,  C.  J.  53,  558)  and 
C^HioN.CS.NHCjH,  [98°]  and  [132°]  respectively. 
Potassium  sulphocyanide  reacts  with  piperidine 
sulphate,  forming  C^HioN.CS.NH,  [92°]  Geb- 
hardt,  B.  17,  3039).  Allyl-thiocarbimide  forms 
oily  CsHi^N.CS.NHCjHs,  which  is  converted  by 

cone.  HClAq  at  100°  into  C^HioN.C^I'^^'^®,  a 

liquid  (277°)  yielding  B'C.H^N.O,  [112°]'  and 
B'Mel  [67°]  (Avenarius,  B.  24,  262).— 14.  Bens- 
oyl-thiocarbimide  added  to  a  solution  of  piperid- 
ine in  dry  benzene  forms  CjH.^N.CS.NHBz  [123°], 
crystallising  in  needles,  sol.  alcohol  and  ether 
(Dixon,  C.  J.  55,  624).  Beiizyl-thiocarbimide 
gives  C5H,„N.CS.NHCH,,Ph  [88°]  (Dixon,  C.  J. 
59,  568). — 15.  Tri-viethyl-trithiocyanurate  at 
200°  forms  C,jH.,.,N,S  [107°],  which  gives 
B'.>H,,PtCl,  (Hofmann,  B.  18,  2779).— 16.  Quin- 
one  forms  red  needles  [178°],  which  are  probably 

C,  H20.(NC5H,„),  (Lachovitch,  M.  9,  506).— 
17.  Benzoic  aldehyde  in  presence  of  KoCOj  forms 
CHPh(NG,H,(,).,  [80°]  crystallising  from  alcohol 
in  flat  needles  (Ehrenberg,  J.  pr.  [2]  36,  130 ; 
Lachovitch,  M.  9,  695). — 18.  Tri-oxy -methylene  i 
forms  CH.,(NC,H,„).,  (230°),  which  unites  with  i 
CS.  giving  CiiHjoN^CSj  [58°].  —  19.  Pinene 
niiroso-chloride  in  alcoholic  or  aqueous  solution 
yields  crystalline  C,„H,eN0NC5Hi„  [119°]  which 
forms  B'HCl.  The  corresponding  terpine  and 
dipentinene  derivatives  melt  at  154°  (Wallaeh, 
A.  241,  320;  245,  253).— 20.  Amylene  nitroso- 
nitrate  in  boiling  alcoholic  solution  forms 
CMe2(NC5H,„).CMe:NOH,  which  crystallises  from  | 
ether  in  prisms  [96°],  and  is  converted  by  boiling 
dilute  H,SO^  into  CMe,(NC,H,J.C0.CH3,  an  oil 
(220°),  MD  =  i'934,  volatile  with  steam,  yielding 
a  very  hygroscopic  hydrochloride  (Wallaeh,  A. 
248, 172).— 21.  Pliiorescein  chloride  at  220°forms 
C,H,:C,0,<^A(NG,H,„)^Q     ^^^^^  ^j^^^^^ 

B"H,PtCl,and  B"H,,C1,.  which  is  purple  in  dilute 
solution  and  yellow  in  cone.  HGlAq  (Lellmann 
a.  Biittner,  B.  23,  1387).— 22.  Bromo-phen- 
anthrcnc  at  260°  forms  crystalline  C^HpNGjIIij, 
[113°]  which  yields  B',,H.,PtCl,,  6aq  (L.  a.  B.).— 

23.  Bromo-anthracene  at  260°  reacts  forming 
C,,,HgNCjH,||  crystallising  from  ether  in  yellow 
prisms  and  giving  B'.,H.,PtGl5  2aq  (L.  a.  B.). — 

24.  Chloro-acctic  acid  fo'rms  G^HioN.GHo.COoH, 
which  forms  hemihedral  prisms  (containing  aq) 
and  yields  CuA'„4aq,  HA'HCl,  HA'HBil,, 
(HA'),,3HAuCl4,  and  HA'BaCL  (Kraut,  A.  157, 
66).  —  25.  a-Chloro-propionic  ether  produces 
CjHinN.CHMe.COjH  crystallising  from  water  and 
alcohol  in  prisms  and  yielding  HA'HAuCl4 
(Briihl,  B.  9,  34). — 26.  Benzene  sulphochloride 
and  NaOHAqform  C.Hs.SOj.NG.H,^  [93°]  (Hins- 
berg,  ^.  265,  182;  Schotten  a.  Schlomann,  S. 
24,  3689).  This  body  is  oxidised  by  KMnO^ 
to      CeH,.S02.NH.CH..CH„.GH2.GH2.C02H.  - 


27.  Picryl  chloride  forms  C5H,„N.C,H.,(NO„)3 
[106°]  (S.  a.  S.).— 28.  Glycerin  dichlorlnjdrin 
forms  liquid  G,„H.,3N.,0  (280°-290°)  which  yields 
B"H„PtCl,  (Ladenburg,  B.  14,  1879).— 29.  GS., 
forms  (GjH|,N)2GS.,  or  G,H,„N.GS.SNC,,H,„  crys- 
tallising in  slender  monoclinic  needles  [174°], 
converted  by  an  alcoholic  solution  of  iodine  to 
{C,Il,„N.Cii).,S,[lB0°].—30.Dicyandiamiderea,cts 
on  '  piperyl-biguanide '  with  formation  of  G^Hj^N,, 
i.e.  G,H,„N.G(NH).NH.C(NH).NH,  [163°?]  crys- 
tallising in  silky  needles,  and  yielding  the  salts 
B'H.,GL  [217°],  B'H„S04  [173°],  B'„H,.SO,  [219°], 
B'HJtGle  [252°],  B'H.^uGl„  and  the  copper 
compound  Cu(C,H,,iN5)2H2S04  crystallising  in 
rose-red  needles  (Bamberger,  B.  24,  605,  904). 
Pil^eryl-biguanide  is  converted  by  CHCI3  and 
caustic  xjotash  into  '  piperyl-formoguanamine ' 

G,H,„N.C<^;£*™?'^N  [194-5°]  which  yields 

the  salts  B'HCl  [201°],  B^H^SOjaq  [222°], 
B'2GeH3N30,  [188°],  B'^KftGl,  [219°],  B'HAuCl, 
[90°]  and  [158°],  and  B'^AgNOj  [229°-238°] 
(Hjelt,  B.  25,  529).  Piperyl-biguanide  sulphate 
heated  with  NaOAc  at  200°  yields  piperyl-aceto- 

guanamine    C,H,„N.C<^;^gf  ■^>>N  [179°] 

(Hjelt,  B.  25,  533).  The  acetyl  derivative  of 
piperyl-biguanideG5H,„N.G(NAc).NH.C(NH).NH,, 
[193°]  is  got  by  heating  the  copper  salt  with 
HOAc. 

Salts.— B'HCl.  [2.37°].  M.M.  10-034  in  a 
53  p. c.  solution  (Perkin,  C.  J.  55,  716).  Needles, 
V.  sol.  water  and  alcohol.— B'HAuCl^  [206°].  Not 
decomposed  by  boiling  water  (De  Coninck,  Bl.  [2] 
45,  131).— B'.,H,,PtCl,.  [196°]  (Ladenburg,  £.18, 
3100) ;  [200°]  (Wallaeh  a.  Lehmann,  ^.237,  241). 
Ked  needles.  Not  decomposed  by  boiling  water 
(De  Coninck,  Bl.  [2]  45,  131).  Crystalhses  also 
with  EtOH  in  orange  needles  [191°].— B',PtCL,.— 
B'Zn^OClo :  amorphous  pp.  got  by  adding  piper- 
idine to  a  solution  of  ZnCl,  (Lachovitch,  M.  9, 
517).— B'HBr.  Plates  (Lellmann,  B.  20,  680).— 
B'HI.  Long  needles.— (B'HI)3  2Bil3.  Scarlet 
plates  (from  alcohol)  (Kraut,  ^4.  210,  319). — ■ 
B'ICl.  [143°].  White  needles.  —  B'IGIHCI. 
[90°].  Yellow  crystals  (from  water)  (Pictet  a. 
Kratft,  Bl.  [3]  7, 72).— B'HNOa.  Small  needles.— 
B'oH.CoO^ :  needles.— B'.,HjPeCy„  3aq.  Yellow 
triclinic  crystals. — Piperate  B'C|J3|(|04.  Silky 
laminfe  [100°]  (Babo  a.  Keller).— B'-oH^SO^. 

Nitrosamine  CsH.oN.NO.  (218°).  S.G. 
151?  1-066.  Formed  from  piperidine  and  nitrous 
acid  (Wertheim,  A.  127,  75  ;  Schotten,  B.  15, 
425  ;  Knorr,  A.  221,  298).  Pale-yellow  liquid, 
si.  sol.  water,  v.  sol.  cone.  HClAq,  but  reppd.  on 
dilution.  Zinc  and  HClAq  reduce  it  to  piperidine 
and  NH3.  Heated  in  a  current  of  HCl  at  100° 
it  gives  piperidine  and  NOCl.  Sodium-amalgam 
forms  CjHioN.NHj  and  piperidine. — B"H2Cl2: 
syrupy. —  ''B"HC1 :  crystalline  mass. 

Hydrazine  C^Hi^N.NH,,.  '■  Piperyl-hijdraz- 
ine.'  (146°)  at  728  mm.  S.G.  lili  -928.  Got  by 
reducing  the  nitrosamine  with  zinc-dust  and 
HOAc  (Knorr,  B.  15,  859  ;  A.  221,  299).  Liquid, 
with  ammoniacal  odour,  miscible  with  water, 
alcohol,  and  ether.  Volatile  with  steam.  Oxidised 
by  HgO  in  the  cold  to  the  tetrazone  CmH.oN^ 
[45°],  which  yields  B'„H,PtCl„.  Beduces  cold 
ammoniacal  AgN03  and  hot  Fehling's  solution. 
Nitrous  acid  converts  it  into  piperidine.  CS.>  gives 
rise  to  (C,H,oN.NH).,CS  [181°].    The  compound 
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C5H,„N.NH.CS.NC,H,„  [86°]  may  also  be  obtained. 
BzCl  in  ether  forms  C,H,„N.NHBz  [196°]. 
Benzoic  aldehyde  forms  CjHioN.NiCHPh  [63°]. 
Salt.— B'HCl.  [162°].  Tables  (from  alco- 
hol). Beacts  with  potassium  cyanate  forming 
C,H,„N.NH.CO.NH.,  [136°]  and  with  potassium 
sulphocyanide  forming  CjHioN.NH.CS.NH, 
[167°].— M  ethylo-iodide  B'Mel.  [215°]. Begins 
to  decompose  at  150°. 

Formyl  derivative  G^R^.'N.CHO.  (222°). 
S.G.  f  l-dl93.  Formed  by  the  distillation  of 
C^H.oN.CO.CCH  {v.  Beaction  6)  (Wallach  a. 
Lehmann,  A.  228,  251 ;  237,  252).  Got  also  by 
heating  piperidine  with  formamide  (Lachovitch, 
M.  9,  699).  Liquid,  miscible  with  water,  alcohol, 
and  ether.  PGI5  yields  a  base  C„H„„N2.— B'HCl : 
deliquescent  needles.  —  B'^HoPtCl^.  [172°]. 
Plates.— B'HgClj.    [149°].  Needles. 

Acetyl  derivative  Ci,H,„NAe.  (227°). 
S.G.  2  1-011  (Wallach  a.  Kamensky,  A.  214,  238  ; 
cf.  Schotten,  B.  15,  426).  Liquid,  miscible  with 
water.  When  heated  with  BzCl  it  gives  AcCl 
and  benzoyl-piperidine  (Pictet,  B.  23,  3014). 
On  heating  with  bromine  it  gives  pyridine, 
bromo-pyridine,  and  di-bromo-pyridine  (Hof- 
mann,  B.  16,  587).  When  CI  is  passed  into 
cooled  acetyl-piperidine  and  the  product  is 
warmed  with  water,  there  is  formed  0,11,, CljNOj 
[122°]  (Bally,  B.  21,  1772). 

Benzoyl  derivative  CjHi^NBz.  [48°]. 
(above  360°).  Formed  from  piperidine,  BzCl, 
and  NaOHAq  (Cahours  ;  Schotten,  B.  17,  2544  ; 
21,  2238).  Triclinic  prisms  (from  alcohol).  Oxi- 
dised by  KMnO.,  to  benzoyl-5-amido-valeric  acid 
[94°].    Benzoic  aldehyde  forms  the  compound 

NH<^j^^pjjj;^^^>CH,  [89°],  which  yields 

B'HCl  [166-]  and^B'HNO,  [98°],  both  being 
crystalline  (Eiigheimer,  B.  24,  2186). 

Bromo-hemoyl  derivative 
C^HidN.CO.CiiH^Br.  The  0-  compound  is  an  oil, 
while  the  ])-  compound  crystallises  from  alcohol 
in  rectangular  monoclinic  tables  [95°]  (Schotten, 
B.  21,  2248). 

m-Nitro-henzoyl  derivative 
CsHi^N.CO.C^HjNOo.  [34°].  (184°  at  54  mm.). 
S.  (alcohol)  33  in  the  cold,  50  at  78°.  Dark- 
yellow  monoclinic  crystals.  Crystallises  from 
water  with  about  5aq,  and  then  melts  at  84°. 
Yields,  on  reduction,  the  7?j-amido-benzoyl  de- 
rivative [125°]. 

Oxy  -benzoyl  derivative  v.  Piperidide 

of  OXX-BENZOIC  ACID. 

Cuminyl  derivative  C,5Ho,N0.  Tables. 

Cinnamyl  derivative  CgHjCO.NC^H,,. 
[122°].  Formed  from  the  anhydride  and  piper- 
idine (Herstein,  B.  22,  2265).   Stellate  needles. 

Alkyl-piperidines.  On  heating  the  alkylo- 
iodides  of  pyridine,  a  pair  of  alkyl-pyridines  is 
produced,  that  of  lower  boiling-point  being 
(a)-alkyl-pyridine,  and  the  other  (7)-alkyl-pyr- 
idine.  On  reduction  these  give  the  correspond- 
ing alkyl  -  piperidines.  The  same  isopropyl- 
pyridines  are  obtained  both  from  pyridine 
isopropylo-iodide,  and  ijyridine  ?i-propylo-iodide, 
an  intramolecular  change  taking  place  in  the 
propyl  group  in  the  latter  case.  Conyrine  is 
(a) -propyl-pyridine,  coniine  is  (a)-propyl-piper- 
idine  (Ladenburg,  B.  18,  1587).  By  adding 
potash  to  piperidine  alkylo-iodides,  I'-alkyl- 
piperidines  can  be  obtained. 


Methyl-,  Ethyl-,  Propyl-,  Phenyl-,  and  Tolyl- 
Piperidincs  v.  Methyl,  Ethyl,  Propyl,  Phenyl, 
and  ToLYL  Pyridine  hexahydeides. 

PIPERIDINE  ^/-CARBOXYLIC  ACID 
PTT  PPT 

CH,<^^"-;^g2-^N.C0„H.  Methyl  ether  Me  A'. 

(201°).  Formed  from  piperidine,  ClCO,Me,  and 
KOHAq  (Schotten,  B.  15,  425;  16,  647).  Heavy 
oil.  Converted  by  HNO3,  containing  urea,  into 
C5H,(N0„)N.C0,Me  [103°],  whence  Br  forms  a 
compound  [130°]. 

Ethyl  ether  EtA'.  Piperyl  -  ureihane. 
(211°).  Formed  from  piperidine  and  ClC0.,Et. 
Oil.  Br  in  HOAc  forms  C^H.BrN.CCEt  [140°], 
while  HNO3  free  from  NOj  forms  '  nitrodehydro- 
piperyl  urethane  '  C5H;(N02)N.C0„Et  [52°], 
whence  Br  in  HOAc  forms  C8H,3BrN„'05  [157°]. 

Chloride  C,,H,„N.C0C1.  (238°).  Formed 
from  Ci,H,„N.CO.CO,H  and  PCI5  {v.  Pipekidine, 
Reaction  6).  Liquid,  slowly  decomposed  by  cold 
water  into  piperidine,  CO.,,  and  HCl. 

^mide  C.H.oN.CO.NHo.  [106°].  Got  from 
piperidine  sulphate  and  potassium  cyanate. 
Needles.  Yields  B'HNOj.  [67°]  (Franchimont 
a.  Klobbie,  B.  T.  C.  8,  302). 

Anilide.  [172°].  Formed  from  piperidine 
and  phenyl  cyanate,  or  from  the  chloride  and 
aniline  (Gebhardt,  B.  17,  3040;  Wallach,  A. 
228,  250  ;  237,  250). 

Piperidide  (C-,H,„N)2C0.  [43°]. 

Isomeride    v.    Jlexahydride    of  Pyeidinb 

CAKBOXYLIC  ACID. 

DI-PIPERIDYL  V.  DiPYKiDYL  dodecahy- 
dridc. 

PIPERIDYL-CYANTJRAMIDE  v.  Cyanur- 
amide  in  article  Cyanic  acids. 

PIPERIDYL-MELAMINE  v.  Cyanic  acids. 

PIPERILENE  v.  vol.  iii.  p.  807. 

PIPERINE  C,-H,„N03  i.e. 
C5H,„N.C0.CH:CH.CH:CH.C,H3:0,CH,.  Piperyl- 
piperidine.  Mol.  w.  285.  [128°].  Occurs  in 
black  pepper  [Piper  nigrum),  long  pepper  (P. 
longum),  and  in  the  black  pepper  of  Western 
Africa  (Cubcba  Clusii)  (Oersted,  S.  29,  80 ; 
Pelletier,  A.  Ch.  [2]  16,344;  51,199;  Merck, 
N.  J.  T.  20,  1,  34  ;  Wackenroder,  Br.  Arch.  37, 
347  ;  Duflos,  S.  61,  22  ;  Warrentrapp  a.  WiU,  A. 
39,  283 ;  Wertheim,  A.  70,  58  ;  Gerhardt,  Coyjipt. 
Chini.  1849,  375  ;  A.  Ch.  [S]  7,  253  ;  Anderson, 
A.  75,  82  ;  84,  345  ;  Cahours,  A.  Ch.  [3]  38, 76  ; 
Steuhouse,  A.  95,  106  ;  Von  Babo  a.  Keller,  J.pr. 
72,  53  ;  Strecker,  A.  105,  317). 

Formation. — By  heating  piperidine  with  the 
chloride  of  piperic  acid  (Kiigheimer,  B.  15, 1390). 

Preparation. — Ground  pepper  (1  pt.)  is  boiled 
with  slaked  lime  (2  pts.)  and  water,  the  filtrate 
evaporated  to  dryness  at  100°,  and  the  piperine 
extracted  with  ether  and  reerystallised  from  alco- 
hol (Cazeneuve  a.  Caillot,  Bl.  [2]  27,  290). 

Properties. — Monoclinic  prisms,  v.  si.  sol.  hot 
water,  m.  sol.  alcohol  and  ether.  Inactive  to 
light.  Insol.  dilute  acids  and  alkalis.  Decom- 
posed by  alcoholic  potash  into  piperic  acid  and 
piperidine.  Cone.  H2SO4  forms  a  blood-red  solu- 
tion. HNO3  gives  a  greenish-yellow  colour 
changing  to  red.  Phosphomolybdic  acid  gives  a 
floeculent  pp. 

Salts. — Thehydrochloride  is  crystalline, 
but  decomposed  by  water. — B'jHjPtClg :  roseate 
monoclinic  crystals.  Not  decomposed  by  hot 
water  (De  Coninck,  Bl.  [2]  45, 131).— B'jHHgCl^ : 
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triclinic  crystals. — B'.JII.j.  [145°].  Steel-blue 
needles  (Jorgensen,  J.pr.  [2]  3,  328). 

PIPEROKETONIC  ACID  v.  Di-oxy-benzyl 

ETHYL  KETONE   CAKBOXYLIC  ACID. 

PIPERONAL  V.  Mcth.yUne  derivative  of 
Protocatechdic  aldehyde. 

PIPERONYL-ACRYLIC  ACID  v.  Methylene 
ether  of  Caffeic  acid. 

PIPERONYL  ALCOHOL  v.  Methylene  deri- 
vative of  Dl-OXY-BENZYL  ALCOHOL. 

PIPERONYLIC  ACID  v.  Methylene  deriva- 
tive of  Pkotocatechdic  acid. 

PIPEROPROPIONIC  ACID  v.  Di-oxy-phenyl- 

PBOPIONIC  ACID. 

PIPER-PROPYL-ALKINE  v.  Oxy-propyl- 
piperidtne. 

PIPERYL.  This  name  is  given  to  radicle 
CH.,0,:C,H3.CH:CH.CH:CH.C0.  Piperyl  has 
also  been  used  to  denote  C,H,o,  the  divalent 
radicle  which  is  united  to  NH  in  piperidine  ; 
many  of  the  derivatives  of  this  divalent  'piperyl' 
are  described  under  Piperidine. 

PIPERYLENE  v.  Pentinene. 

PIPERYLENE  TETRABROMIDE  v.  Tetka- 

BROjIO-PENTANE. 

PIPITZAHOIC  ACID  C„H,„03.  Perczonc. 
[104°]  (A.  a.  L.)  ;  [107°]  (Myl'ius,  B.  18,  480). 
May  be  extracted  by  alcohol  from  Pipitzahuac 
root  or  Radix  Perczice  (De  la  Sagra,  G.  B.  42, 
873,  1072;  Weldt,  A.  95,  188;  Anschiitz  a. 
Leather,  C.  J.  49,  715;  B.  18,  709,  715).  Flat 
golden  plates  (from  alcohol),  nearly  insol. 
water,  v.  sol.  alcohol  and  ether.  May  be  sub- 
limed. Volatile  with  steam.  Aqueous  alkalis 
form  a  violet  solution.  Aqueous  methylamine 
forms  methyl  -  amido  -  pipitzahoic  acid 
C,jH|9(NHMe)03  [114°],  crystallising  in  blue 
needles,  while  aniline  forms  C,5H,,(NHPh)03 
[139°],  o-toluidine  gives  C,5H,g(NHG_,H;)03 
[110°],  ^j-toluidine  yields  ij-tolj'l-amido-pipitza- 
hoic  acid  [134°].  Bromine  forms  C,5H„„Br.,03 
[109°]. 

Salt  s .— PbC.^HisOj.— CuA'o.— AgA' :  purple 

pp. 

Ethyl  ether  EtA'.  [141°]. 

Acetyl  derivative  Cu.Hi.jAcOj.  [115°]. 
Trimetric  plates  ;  a:ii:c  =  •629:1:  -845. 

Oxim'>  CjsHjiNO^.  Amidopipitzaho'ic  acid. 
[154°].  Flat  violet-brown  needles.  Formed  from 
the  acid  and  alcoholic  hydroxylamine  (Mylius, 
B.  18,  936).  The  same  body  is  got  by  boiling 
phenyl-amido-pipitzahoic  acid  {v.  supra)  with 
NH.Aq  (A.  a.  L.). 

bxypipitzahoic  acid  C|sH|8(OH)202.  [129°] 
(A.  a.  L.);  [134°]  (M.).  Formed  by  warming 
phenyl-amido-pipitzahoic  acid  (v.  stipra)  with 
alcoholic  H2SO.,.  Orange  plates,  nearly  insol. 
water.  Its  alkaline  solutions  are  violet.  Bromine 
forms  an  unstable  dibromide  [140°-146°].  On 
warming  with  H2SO,  it  is  converted  into  pere- 
zinone  CisHigO,  [144°],  which  crystallises  in 
yellow  needles  or  prisms,  and  yields  CjsHi.NaOj, 
crystallising  in  easily  soluble  yellow  tables. 

PIRYLENE  i.e.  CB.^^^\  (60°). 

Formed  by  distilling  with  solid  NaOH  the 
methylo-iodide  of  the  base  obtained  by  the  action 
of  AgjO  on  the  iodide  formed  from  di-methyl- 
pyridine  hexahydride  and  iodine  (Ladenburg, 
A.  247,  60).  Oil.  Does  not  jjpit.  ammoniacal 
CU2CI2. 


PISCIDIN  C,,„  H,,0„.  [192°].  The  poisonous 
principle  of  Jamaica  dogwood  [Piscidia 
Erythrina),  from  which  it  can  be  extracted  by 
lime-water  (Hart,  Am.  5,  39).  Six-sided  prisms 
(from  alcohol),  insol.  water,  si.  sol.  cold  alcohol, 
sol.  benzene,  CHCI3,  and  cone.  HClAq.  Sedative 
and  narcotic. 

PITTAKAL  V.  EupiTTOMic  acid. 

PITURINE  is  Nicotine. 

PLASMINE  V.  Peoteids. 

PLATINAMMINES  v.  Platindm-ammoniuji 
compounds,  p.  292. 

PLATINATES.  Pt0,H4  acts  as  an  acidic 
hydroxide  towards  strong  bases,  forming  com- 
pounds of  the  type  xPtOj.j/MO.  These  platin- 
atcs  are  generally  obtained  by  reacthig  on 
PtCl^Aq  with  caustic  or  carbonated  alkalis,  and 
sometimes  by  fusing  PtCl,  with  bases  and  then 
washing  with  water. 

Barium  platinates.  The  compound 
2Pt02.3BaO  was  obtained,  in  hexagonal  crystals, 
by  Eousseau  (C.  B.  109,  144)  by  heating  PtCl, 
with  BaO  for  some  time,  then  adding  BaCl, 
equal  to  the  quantity  of  BaO  used,  and  heating 
to  c.  1100°  (m.p.  of  Cu)  in  a  Pt  dish  for  some 
hours,  and  washing  with  water.  The  crystals 
are  insol.  acetic  acid,  but  sol.  HClAq.  The  salt 
decomposes  at  an  orange-red  heat,  in  presence 
of  BaClj,  with  separation  of  Pt.  Topsoe  {B.  3, 
462)  obtained  PtBaO,.4H20  by  decomposing 
H2PtClgAq  by  excess  of  BaOjHj  in  sunlight ;  to 
the  pp.  thus  obtained  Johannsen  (-.4.  155,  204) 
gave  the  composition 

3PtBaO3.BaCl2.Pt0Gl2.11H2O. 

Calcium  platinates.  According  to  Herschel 
{A.  3,  317),  CaOAq  added  to  PtCl^Aq  in  sunlight 
produces  a  white  pp.  of 

PtCa0.i.CaO.PtOCl2.7H„0. 

Sodium  platinates.  When  a  mixture  of 
NaoC03Aq  and  HjPtCloAq  stands  for  some  days 
in  a  warm  place,  a  pp.  of  3PtO2.Na2O.6H2O  sepa- 
rates (Dobereiner  a.  Weiss,  A.  14,  21).  Eousseau 
(C.  B.  109,  144)  obtained  crystals  of  Na  platinate 
by  heating  a  mixture  of  equal  weights  of  NaOH 
and  NaCl  with  some  Pt  black,  in  a  Pt  crucible, 
to  c.  1100  for  two  or  three  hours. 

For  descriptions  of  the  hromoplatinates, 
chloroplatinates,  iodoplatinates,  &o.,  v.  Platini- 

BROMIDES,    PlATINI-CHLORIDES,  PlATINI-IODIDES, 

&c. 

THIOPLATINATES.  PtSo  combines  with 
some  more  basic  sulphides  to  form  salts  which 
may  be  called  thioplatinates ;  some  salts  are 
also  known  containing  Pt  and  Sn  combined  with 
alkali  metal  and  S,  these  may  be  called  thio- 
stannopjlatinates.  The  alkali  thioplatinates  are 
obtained  by  fusing  together  spongy  Pt,  S,  and 
alkali  carbonate,  and  washing  with  water,  wherein 
the  thioplatinates  are  insoluble.  Other  thio- 
platinates-of  Cd,  Cu,  Fe,  Pb,  Mn,  Hg,  Ag,  Tl, 
Sr,  and  Zn — are  obtained  by  double  decomposi- 
tion from  the  alkali  salts.  The  thioplatinates 
belong  to  the  forms  M'2Pt4S5  and  M'lPtjSs ;  the 
corresponding  thioplatinic  acids  HjPt^Sg  and 
H^Pt-jSg  are  obtained  by  decomposing  KjPt^Se 
and  NajPt-iSa  respectively  by  dilute  HClAq. 

Potassium  thioplatinate 
K^Pt^Se  =  K2S.3PtS.PtS2  (Potassium platin-thio- 
platinatc).    Blue-grey,  metal-like  crystals  ;  S.G. 
6'44  at  15°.    Glows  like  tinder  when  heated  in 
air,  forming  KjSO^  and  Pt ;  reduced  in  H  with 
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evolution  of  H.,S  and  formation  of  Pt.  Obtained 
by  fusing  an  intimate  mixture  of  1-2  parts  Pt 
black  with  12  parts  of  a  mixture  of  equal  parts 
of  S  and  KjCOj  in  a.  porcelain  crucible,  keeping 
the  molten  mass  over  the  blowpipe  for  a  few 
minutes  and  extracting  with  water  when  cold. 

Sodium  thioplatinate 
Na.PtjSs  =  2Na2S.2PtS.PtS2     (Bisodium  platin- 
thioplatinate).     Copper-red,  rhombic  needles  ; 
decomposed  in  air.    Obtained  similarly  to  the 
K  compound  mentioned  above. 

For  details  regarding  thioplatinates,  and  also 
thiostannoplatinates,  v.  Schneider,  P.  136,  105  ; 
138,  604;  139,  661;  141,  519;  148,  633;  149, 
381  (c/.  E.  von  Meyer,  J.^r.  [2]  15,  1). 

M.  M.  P.  M. 

PLATINITES,  derivatives  of;  v.  Platino- 
BKOjnDES,  Platino-chlorides,  Platino-nitkites, 
&c 

PLATINI-  and    PLATING-  COMPOUNDS. 

Such  compounds  a,^ platini-'bromides,  called  also 
hromoplatinates,  and  platino-nitritcs  will  be  de- 
scribed here. 

PLATINI-  COMPOUNDS.  These  compounds 
are  derived  from  platinic  compounds,  especially 
from  PtClj,  PtBr^,  and  Ftl, ;  they  generally 
react  as  salts  of  acids  containing  tetravalent 
atoms  of  Pt  in  their  acidic  radicles. 

Platini-bromhydric  acid  H2PtBrg.9H20 
(Bromoplatinic  acid).  Formed  by  heating  spongy 
Pt  with  Br,  and  HBrAq  (b.p.  126°),  in  a  sealed 
tube,  to  180°  (Meyer  a.  Ziiblin,  B.  13,  404 ;  Hal- 
berstadt,  B.  17,  2962).  Also  by  dissolving  Pt 
black  in  HNOaAq  mixed  with  HBrAq,  heating 
with  repeated  additions  of  HBrAq,  evapora- 
ting over  CaO,  and  washing  the  crystals,  on  an 
asbestos  filter,  with  CSj  (H.,  I.e.).  Large,  clear^ 
carmine-red,  monoclinic  crystals  ;  v.  sol.  water, 
alcohol,  ether,  acetic  acid,  and  CHCI3.  Melts  at 
100°  with  partial  decomposition  (Topsoe,  Ar.  Sc. 
35,  58  ;  45,  223). 

Platini-bromides  M^JtBr^  (Bromoplatin- 
ates).  Thomsen  (T/i.  3, 430')  gives  [Pt,Br\2EBrAq] 
=  57,160  and  [Pt,0-,6RBrAq]  =  80,360,  where 
E  =  H,  Na,  K,  Am,  iCa,  pa,  ASr,  ^Mg.  These 
salts  are  generally  formed  by  evaporating 
HjPtBrgAq,  or  a  solution  of  Pt  in  Br  and 
HI3rAq,  with  metallic  bromides.  They  are  red 
crystalline  solids,  isomorphous  with  the  corre- 
sponding CI  salts.  As  solutions  of  these  salts 
give  a  pp.  of  Ag2PtBrs,  and  not  AgBr,  with  a 
limited  quantity  of  cold  AgNOsAq,  and  on 
electrolysis  of  their  solutions  the  Pt  goes  with 
the  Br  to  the  positive  electrode,  they  are  better 
regarded  as  ordinary  salts  than  as  double  salts 
2MBr.PtBrj. 

Ammonium  platini-bromide  ArajPtBr^.  Eed 
octahedra  ;  S.G.  4-2  ;  si.  sol.  cold  water.  S.  at 
20°  =  -59  (Halberstadt,  B.  17,  2962).  Formed 
by  evaporating  HjPtBrjAq  +  NH,Br. 

Potassium  platini-beomide  KoPtBrg.  Eed 
octahedra  ;  S.G.  4-54  (Topsoe,  Ar.  Sc.  35,  58  ; 
45,  223).  S.  2-07  at  20°,  10  at  100°  (H.,  I.e.). 
Obtained  by  ppg.  HjPtBr^Aq  by  KBr,  or  by  eva- 
porating H.,PtCl5Aq  with  KBr.  Thomsen  {Th. 
3,  430)  gives 

[Pt,BrS2KBr]  =  59,260;  [K=PtBr«,Aq]  =- 12,260. 

Double  compounds  with  KjPtClg  are 
described  by  Pitkin  {C.  N.  41, 118). 

Sodium  platini-beomide  Na2PtBre.6H.^O. 
Dark-red,  triclinic  prisms  ;  S.G.  3-323  ;  very  sol. 


water  and  alcohol.  Obtained  by  evaporating 
PtCl^Aq  with  HBr  till  the  CI  is  turned  out, 
adding  NaBrAq,  evaporating  to  dryness,  dis- 
solving in  a  little  water,  and  crystallising 
(Thomsen,  J.  pr.  [2]  15,  294).  Thomsen  (Th. 
3,  430)  gives  [Pt,Br*,2NaBr,6H'''0]  =  65,330 ; 
[Na-PtBr«,6H=0]  =  18,540  ;  [Na^PtBr^eH^CAq] 
=  —8,550.  Platini-bromides  of  Ba  with  lOaq, 
Ca  with  12aq,  Co  with  12aq,  Cu  with  8aq,  Pb, 
Mg  with  12aq,  Mn  with  12aq,  Ni  with  6aq,  Sr 
with  lOaq,  and  Zn  with  12aq,  are  described  by 
Topsoe  (Ar.  Sc.  35,  58  ;  45,  223)  ;  von  Bons- 
dorff  (P.  19,  343)  describes  a  Mn  salt  with  6aq. 

Platini-bromonitrites  (Nitro-bromoplatin- 
ates.  Platini-7iitrobromides).  Salts  derived  from 
the  platini-bromides  by  replacing  Br  by  NO^. 
By  gently  heating  K2Pt(N02)4(t).PLATrNo-NiTEiTEs, 
p.  284)  with  Br,  potassium  platiyii-dibromo- 
nitrite,  K2PtBr2(N02)4,  is  obtained  as  a  yellow 
powder,  si.  sol.  cold,  more  sol.  hot,  water  (VSzes, 
C.  B.  112,  616).  When  an  aqueous  solution  of 
this  salt  is  concentrated  at  a  gentle  heat,  it  yields 
crystals  of  potassium  platini-tribromonitrite, 
K2PtBr3(N02)3  (V.,  C.  B.  115,  44).  Potassium 
platini-tctrabromonitrite,  K2PtBr4(N02)2,  is  ob- 
tained by  the  regulated  action  of  Br  on 
K2Pt(N02)4 ;  it  forms  red  prisms,  sol.  water  with 
partial  decomposition  (V.,  C.  B.  115,  44). 

Platiui-chlorhydric  acid  H2PtCl,.6H20 
(CMoroplatinic  acid).  A  solution  of  this  com- 
pound is  the  starting-point  for  the  preparation 
of  very  many  Pt  compounds.  Formed  by  dis- 
solving Pt  in  aq[ua  regia,  repeatedly  evaporating 
with  cone.  HClAq  till  every  trace  of  HNO,  is 
expelled,  and  allowing  to  crystallise  (Weber,  P. 
131,  441 ;  Jorgensen,  J.  pi:  [2]  16,  345  ;  Topsoe, 
Ar.  Se.  35,  58).  Eed-brown,  very  deliquescent 
crystals;  S.G.  2-431.  Easily  sol.  alcohol,  forming 
Hj:'tCl4(OEt)2  (Schiitzenberger,  A.  Ch.  [4]  21, 
362).  Heated  to  230°,  gives  PtCU  {v.  Platinum 
bichloride,  Preparation,  p.  289).  Heated  in  CI 
to  above  350°  gives  PtClj  (v.  Platinum  tetra- 
chloride, Formation,  p.  289).  By  adding  much 
H„S04  to  H,PtCl6.6H20  in  a  little  water.  Pigeon 
(C.  B.  112,  1218)  obtained  the  hydrate  with 
4H2O  ;  and  by  heating  in  vacuo  at  100°,  over 
fused  KOH,  he  obtained  HPtCl5.2H,0.  Thomsen 
(Th.  3,  430)  gives  [2HClAq,Pt,Cl^  =  84,620 ; 
[6HClAq,Pt,0=]  =  64,060.  Pigeon  (C.  B.  110, 77) 
gives  [H-PtCP.6H20,Aq]  =  4,340.  HjPtCl.Aq  re- 
acts as  a  dibasic  acid ;  the  platini-chlorides  are 
numerous  and  important ;  the  Am  and  K  salts 
are  only  si.  sol.  water  and  insol.  alcohol,  and  are 
much  used  as  forms  for  estimating  K  and  am- 
monia. Very  many  organic  bases  replace  H  and 
form  salts  analogous  with  the  metallic  platini- 
chlorides. 

Platini-chlorides Bl'jPtClg  (Chloroplatinatcs). 
Thomsen  (Th.  3,  430)  gives  [Pt,Cl\2EClAq] 
=  84,620;  and  [Pt,0-,6BClAq]  =  64,060 ;  where 
E  =  H,  Am,  K,  Na,  |Ba,  ^Ca,  iSr,  ^Mg.  Pigeon 
(C.  B.  110,  77)  gives  [PtCP*2HClAq]  =  24,800. 
These  salts  are  generally  obtained  by  evaporating 
HjPtClijAq  with  metallic  chlorides.  Most  of 
them  are  yellow-red,  crystalline  solids ;  usually 
e.  sol.  water  and  alcohol.  They  are  better 
regarded  as  ordinary  salts  than  as  double  chlor- 
ides (ef.  Platini-beomides,  supra).  The  platini- 
chlorides  were  investigated  by  von  Bonsdorff 
(P.  17,  250) ;  later  by  Cleve  (Bl.  [2]  21, 118,  197, 
247,  345)  ;  also  by  Topsoe  (Ar.  Sc.  35,  58) ;  and 
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by  Nilson  (B.  9,  1056,  1142).  Crystallographi- 
cally  considered,  these  salts  fall  into  four 
groups  :— (1)  M^PtClg,  where  M  =  Am,  Cs,  K,  Kb, 
Tl  (and  Pt  may  be  replaced  by  Pd,  Ir,  or  Sn) ; 
regular,  isomorphous  with  Am2(or  K2)PtBrg, 
Am.2(or  K2)PtIs,  fluosilicates,  fluostannates, 
and  fluozirconates  of  similar  composition. 
(2)  MPtCl,.6aq,  where  M  =  Cd,  Co,  Cu,  Fe, 
Mg,  Mn,  Ni,  Zn  (and  Pt  may  be  replaced  by 
Pd  or  Sn)  ;  hexagonal.  (3)  MPtCis.l2aq, 
where  M  =  Mg  or  Mn ;  hexagonal ;  isomor- 
phous with  corresponding  jjlatini-bromides. 
(4)  M(PtClJ,,.24aq,  where  M  =  Ce2  or  La, ;  hexa- 
gonal. 

Ammonium  platini-chloeide  Am^PtClg  {A^n- 
monium  chloroplatinate.  Platinsalammoniac). 
Ppd.  on  adding  NH^Cl  to  H^PtCl^Aq,  PtCl^Aq,  or 
a  solution  of  Pt  in  cono.  HClAq  with  a  little 
HNO.,.  Yellow,  regular,  octahedral  crystals. 
S.G.  3-065  (Topsoe,  I.e.).  S.  -665  at  20°,  1-25  at 
100°  (Miehaehs,  G.-O.  1,  1187).  Scarcely  sol. 
alcohol  or  ether.  Decomposed  at  red  heat, 
leaving  Pt  black.  For  reactions  with  NHj  v. 
Platinum-ammonidm  compounds,  p.  292. 

Potassium  platini  -  chloiude  K.,PtClg 
(Potassium  cliloroplatinate),  Ppd.  by  adding 
KCl,  or  other  K  salt,  to  cone.  HoPtCl^Aq,  or  to  a 
solution  containing  Pt  which  has  been  evaporated 
with  excess  of  HClAq.  Reddish-yellow  regular 
ootahedra.  S.G.  3-586  (Bodeker).  S.  -74  at  0°, 
1-12  at  20°,  2-17  at  50°,  3-79  at  80°,  5-13  at  100° 
(Michaelis,  I.e.).  Almost  insol.  alcohol,  or  alco- 
hol and  ether.  Slightly  sol.  dilute  acids ;  sol. 
KOHAq.  Eeduced  to  Pt  and  KCl  by  heating  to 
redness  ;  more  quickly  by  heating  with  reducing 
agents  such  as  oxalic  acid  or  sulphurous  acid, 
or  by  heating  in  a  stream  of  hydrogen.  V^zes 
(C.  B.  110,  757)  describes  a  nitroso-  derivative, 
K2Pt(NO)Cl5.  Pigeon  (C.  R.  110,  77;  112,  791) 
gives  [Pt,CP,2KClAq]  =  83,330;  [PtCl',2KClAq] 
=  25,330 ;  [PtCl\2KClJ  =  29,700.  Thomsen  {Th. 
3,  430)  gives  [Pt,Cl-\2KCl]  =  89,500. 

Potassium  p la tini-bromo chloride 
K,PtBr.,Cl^ ;  by  ppg.  H.,PtCl,Aq  by  KBr  (Pitkin, 
C"  N.  41,  118). 

TJie  folloioing  platini- chlorides  have  also 
been  isolated:  AiCl3.PtCl.,.15aq  (Welkow,  B.  7, 
304 ;  Salm-Horstmar,  P.  99,  638) ;  Ba,  with  4aq 
(Topsoe  ;  Bornsdorff,  Preoht,  Fr.  1879.  509) ; 
Be,  with  8aq  (Welkow,  B.  6,  1288;  Thomsen,  B. 
3,  827) ;  Cd,  with  6aq  (Topsoe)  ;  Cs  (Crookes, 
C.  N.  9,  37  ;  Bunsen,  P.  119,  371) ;  Ca,  with  9aq 
(Topsoe  ;  Precht) ;  Ce,  various  salts  (Cleve,  Ma- 
rignac,Holzmann,  J'._25r.84,  80) ;  CrCl3.PtCl4.lOaq 
(Nilson,  B.  9,  1056, 1142) ;  Co,  with  6aq  (Topsoe) ; 
Cu,  with  6aq  (T.)  ;  Di,  various  salts  (Frerichs  a. 
Smith,  yl.  191,331) ;  2InCl3.5PtCl,.36aq  (Crookes, 
J.  1804.  256) ;  Fe,  various  salts  (T. ;  Bonsdorff ; 
Nilson)  ;  La,  various  salts  (Cleve,  Marignac, 
Jolin,  B.  11,  910)  ;  Pb,  with  3  orlaq  (Birnbaum, 
J.  1867.  319  ;  Topsoe) ;  Li,  with  6aq  (Scheibler, 
J.  pr.  67,  485 ;  Jorgensen  a.  Topsoe,  Gm.-K.  3, 
1174)  ;  Mg,  with  6aq  (T.) ;  Mn,  with  6aq  (T.)  ; 
Ni,  with  6aq  (T.)  ;  Rb  (Crookes  ;  Bunsen) ;  Ag 
(Birnbaum) ;  Na,  with  6aq  (Marignac,  Topsoe, 
Precht ;  for  thermal  data  v.  Thomsen,  and 
Pigeon,  l.c.)  ;  Sr,  with  8aq  (Bonsdorff) ;  Tl 
(Crookes)  ;  Th,  with  12aq  (Cleve)  ;  Sn,  with  12aq 
(Nilson).  Compounds  of  PtCl,  with  chlorides  of 
Er  (Nilson),  Hg  (Birnbaum),  VO  (Brauner,  M.  3, 
68),  and  ZrO  (Nilson)  probably  exist.    No  com- 


pounds are  formed  with  PtCl^  and  chloride  of 
Sb,  As,  or  Bi. 

Platini-chloronitrites  [Platini-nitrochlor- 
ides.  Nitrochloroplatinates).  Salts  derived 
from  the  platini-chlorides  by  replacing  CI  by 
NOj.  A  few  of  these  salts  are  described 
by  V^zes  {C.  R.  115,  44)  ;  the  principal 
are  dichloronitrite  K.,PtCL(N0,_,)4,  trichloro- 
nitrite  K„PtCl.j(N0,)3,  and  2'>cntctchloronitrite 
K2PtCl.,(N0.,).H„0  {v.  also  Blomstrand,  J.  pr.  [2] 
3,  214). 

Platini-iodhydric  acid  H,PtI,,.9H.,0  (lodo- 
platinic  acid).  Brown  deliquescent  crystals  ; 
probably  monoclinic  ;  by  dissolving  PtI ,  in  HIAq, 
and  evaporating.  Easily  decomposed,  even  in 
solution,  rapidly  at  100°,  with  separation  of 
Ptl^  (Topsoe,  Ar.  Sc.  38,  297;  Clementi,  J. 
1855.  420;  Lassaigne,  A.  Ch.  [2]  51,  113). 

Platini-iodides  MioPtl^  (lodoplatinates). 
Reddish-brown,  metal-like  salts  ;  generally 
formed  by  evaporating  H„PtClgAq  with  excess  of 
metallic  iodides,  or  by  adding  iodides  to  Ptl^Aq. 
The  following  have  been  described  (v.  Topsoe, 
Clementi,  Lassaigne,  l.c.\ :  Am  ;  Ca,  with  12aq  ; 
Co  ;  Fe  ;  Mg,  with  9aq  ;  Mn  ;  Ni,  with  6aq  ;  K ; 
Na,  with  6aq  ;  Zn,  with  9aq. 

Platini-iodonitrites  {Platini-nitro-iodidcs. 
Nitro-iodoplatinates).  Ml,PtlB.j:(NOo)j:.  A  few 
of  these  salts  are  described  by  V^zes  (G.  R.  113, 
696).  A  niti-oso-platini-iodide,  KoPt(N0)l3,  is 
also  described. 

Platini-molybdates.  By  boiling  Pt(OH,) 
with  an  acidified  solution  of  Na  molybdate,  Gibbs 
[Am.  S.  [3]  14,  61)  obtained  a  complex  com- 
pound which  may  provisionally  be  classed  as  a 
platini-molybdate,  4Na„O.10MoO3.PtO„.29H,,O. 

Platini-nitrobromides  ;    v.  Platini-bromo- 

NITRITES,  p.  282. 

Platini-nitrocMorides ;  v.  Platini-chloro- 
NiTRiTES,  siqira. 

Platini -nitro- iodides  ;  v.  Platini -iodo- 
NiTRiTES,  supra. 

Platini-tungstates.  Complex  compounds  of 
PtO.„  WO.,,  and  strong  bases  {v.  Gibbs,  Am.  S.  [3] 
14,  61 ;  Rosenheim,  B.  24,  2397). 

PLATING-  COMPOUNDS.  These  com- 
pounds are  derived  from  platinous  compounds, 
especially  from  PtCU,  PtBr^,  and  Ptij ;  they 
generally  react  as  salts  of  acids  of  the  form 
H.PtXj,  where  X  is  a  monovalent  negative 
radicle,  generally  CI,  Br,  or  I. 

Platino-bromhydric  acid  H„PtBr4  (Bromo- 
pilatinous  acid).  This  compound  is  probably 
contained  in  a  solution  of  PtBr,  in  HBrAq. 

Platino-bromides  M'^PtBr^  (Bromoplati- 
nites).  Only  one  of  these  salts,  KoPtBr^,  has 
been  isolated.  Potassium  'platino-bromidc  is 
obtained  by  adding  a  very  little  water  to  a  mix- 
ture of  the  corresponding  CI  salt  and  NaBr,  in 
the  ratio  K,_,PtCl,  :  4NaBr,  boiling,  sucking  up 
the  clear  liquid  from  ppd.  NaCl,  and  allowing  to 
cool,  when  the  salt  crystallises  in  dark-brown 
ootahedra,  or  brown-red  needles,  which  are  very 
sol.  water  (Thomsen,  J.  pr.  [-2]  15,  294).  Thoui- 
sen  (Th.  3,  430)  gives  [2KBr,Pt,Br-]  =  32,310. 

Platino-bromonitrites  v.  Platino-nitrites, 
p.  284. 

Platino-clilorliydric  acid  HJPtClj  (Chloro- 
platinous  acid).  This  acid  has  not  been  isolated; 
but  it  almost  certainly  exists  in  a  solution  of 
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PtClj  in  HClAq,  in  the  liquid  obtained  by  decom- 
posing BaPtClj  by  the  equivalent  quantity  of 
iljSOjAq  (Nilson,  J.  pr.  [2]  15,  260),  and  in  the 
solution  formed  when  cone.  HjPtClgAq  is  added 
to  hot  conc.K,,PtCl,Aq  (Thomsen,  pr.  [2]  15, 
294) .  When  these  liqu  ids  are  evaporated  hi  vacuo, 
a  residue  is  obtained  agreeing  in  composition 
with  the  formula  HPtCl3.2H.p  ( =  HCl.PtCl2.2H2O 
=  H2PtCl,(OH).H20) ;  at  100°  this  loses  H^O  and 
HCl  and  leaves  PtCU  (Nilson,  I.e.). 

Platino-clilorides  M'2PtCl4  (Chloroplatinitcs) . 
These  salts  are  obtained  by  evaporating  metallic 
chlorides  with  PtCljAq,  or  in  many  cases  by  re- 
ducing platini-chlorides.  Most  of  the  platino- 
chlorides  are  very  soluble  in  water,  and  crystal- 
lise only  from  very  cone,  solutions,  generally 
forming  dark-red  crystals.  Many  of  them  are 
described  by  Nilson  (J.pr.  [2]  15, 200).  Thomsen 
(Th.  3,  430)  gives  [Pt,Cl-,2MClAq]  =  41,880  ;  and 
[Pt,0,4MClAq]  =  31,550  ;  where  M  =  H,  K,  Na, 
Am,  Pa,  iCa,  ^Sr,  or  iMg. 

Ammonium  platino-chloride  AmjPtCl^ 
(Ammonium  chloroplatinite).  Obtained,  in 
four-sided  prisms,  by  adding  AmCl  to  PtClj  in 
HClAq,  and  evaporating ;  also  by  reducing  hot 
Am^PtClgAq  by  SO,,  or  hot  H^PtCljAq  by  SO, 
and  then  adding  AmCl  (Peyrone,  A.  55,  205  ; 
Thomsen,  B.  2,  668;  Grimm,  A.  99,  95). 
[Pt,CP,2AmCl]  =43,550  [Th.  3,  430). 

Potassium  platino-chlobide  K2PtClj  (Po- 
tassium chloroplatinite) .  Large,  ruby-red,  four- 
sided  prisms ;  S.G.  3-2909  at  21° ;  easily  sol. 
water,  insol.  alcohol  (Nilson).  An  aqueous  solu- 
tion is  not  ppd.  by  soda  or  potash  when  cold ; 
on  boiling,  all  the  Pt  is  thrown  down  as  Pt(OH)„ 
(Thomsen,  J.  p:  [2]  15,  295).  [Pt,Cl»,2KCl] 
=  45,170  (Til.  3,  430).  Obtained  by  adding  KGl 
to  PtClj  in  HClAq,  and  evaporating  (Magnus,  P. 
14,  241)  ;  also  by  reducing  K^PtCleAq  by  H„S 
(Bottger,  J.  pr.  91,  251),  or  better  by  CU2CI2 
(Thomsen,  J.  pr.  [2]  15,  294).  KjPtCl^  is  made 
into  a  paste  with  water,  warmed,  and  moist 
CU2CI,  is  added,  little  by  little,  until  a  small 
excess  is  present ;  the  liquid,  which  is  nearly 
black,  is  filtered,  the  red  crystals  which  separate 
on  cooling  are  washed  with  alcohol  and  re-crys- 
tallised. 

The  following  platino-chloridcs  have  been 
isolated  and  described  :  Ba,  with  3aq ;  Be,  with 
5aq  ;  Ca,  with  8aq;  Cs  (Bottger,  J.  pr.  91,  251) ; 
Co,  with  6aq ;  Cu,  with  6aq  (Thomsen,  I.e. ; 
Millon  a.  Commaille,  C.  R.  57,  822) ;  Fe""',  with 
6aq  ;  Pb ;  Li,  with  6aq;  Mg,  with  6aq ;  Mn, 
with  6aq  ;  Ni,  with  6aq;  Eb  ;  Ag  ;  Na,  with  4aq; 
Sr,  with  6aq ;  Tl ;  Zn,  with  6aq  (Hiinefeld,  S. 
60,  197).  Compounds  of  PtClj  with  the  chlorides 
of  the  following  metals  are  also  described  by 
Nilson  (I.e.) ;  Al,  Ce,  Cr,  Di,  Er,  La,  Th,  and  Y. 

Platino-chloronitrites ;  v.  Platino-niteites, 
infra. 

Platino-chlorophosphates  (Phospho-platino- 
chlorides).  Several  salts,  and  a  few  acids,  con- 
taining Pt,  CI,  and  P  have  been  isolated  by 
Schiitzenberger  (BZ.  [2]  17,  482;  18,  101,  148). 
The  classification  of  these  compounds  is  very  in- 
complete. The  following  scheme  is  accepted  as 
provisional  (cf.  Seubert,  Ladenburg's  Hand- 
worterbiich  der  Chemie,  9,  314)  : 

Platino-chlorophosplioric  acid  Cl2Pt:P(0H)j  ; 
by  dissolving  ClaPt.PClj  in  water  and  crystal- 


lising; (CLjPt;P03)2Pb3.8aq,  and  various  esters, 
isolated. 

Platino-chlorodiphosphoric  acid 
P(0H)3 

CljPt:]  ;   by  the  action  of  moist  air  orb 

P(0H)3 

ClaPtiPCls.PCls ;  ethyl  ester  also  isolated. 
Platino-chloropyropliosphoric  acid 
P(OH), 
\ 

ClPt:  O        ;    by  warming    a     solution  of 
/ 

P(OH), 
CLPt:PCl3.PCl3. 

Plaiino-chloro-anhydropyrophosphorie  acid 
P(0H)2 

ClPt:  O      ;  by  heating  the  foregoing  acid  to 
/ 

P(OH) 
150°. 

Ethyl  diplatino-chloro-phospha  te 
cSJi>P(0Et)3 ;   by  dissolving  ci'Ji>PCl3  in 
alcohol ;  corresponding  acid  not  isolated  (Cochin, 
C.  JR.  86, 1402). 

Platino-cyanides  and  derivatives  ;  v.  vol.  ii. 
p.  344. 

Platino-iodhydric  acid  H,Ptl4  (lodojplatin- 
071S  acid).  This  acid  probably  exists  in  a  solu- 
tion of  Ptij  in  HIAq. 

Platino-iodonitrites ;  v.  Platino-nitbites. 

Platino-nitrites,  and  derivatives.  Platinous 
nitrite  [Pt(N02)2]  has  not  been  isolated ;  but 
several  compounds  are  known  in  which  the  group 
Pt(N02)2  forms  part  of  the  acidic  radicle.  These 
l^latino-nitrites  belong  to  the  form  M2Pt(N02)4; 
they  are  not  to  be  regarded  as  double  salts,  but 
as  derivatives  of  the  acid  H2Pt(N02)4 ;  the  or- 
dinary reagents  for  Pt  do  not  show  the  presence 
of  this  metal  in  solutions  of  these  salts,  nor  do 
these  solutions  give  the  reactions  of  nitrites  ; 
their  solutions  doubtless  contain  the  ions  M  and 
Pt(N02)4.  Most  of  the  platino-nitrites  are  ob- 
tained from  the  potassium  salt  K;,Pt(N02)4,  which 
is  formed  by  the  reaction  of  equivalent  weights 
of  K,PtCl4  and  JiNOj. 

Platino-nitkous  acid  H2Pt(N02)4  has  not 
been  obtained  pure,  but  it  doubtless  exists 
in  the  solution  obtained  by  decomposing 
BaPt(N02)4  by  H2S04Aq ;  on  evaporation,  this 
solution  gives  red  crystals  (Lang,  J.  pr.  83,  415), 
but  the  process  causes  partial  decomposition  to 
triplatino-octoiiitrous  acid  H,Pt30(N02)8.2H2O 
(Nilson,  B.  10,  934). 

Potassium  plaJino-niteite  K„Pt(N02)4 
(Potassium  nitroplatinite).  Small,  lustrous, 
colourless,  monoolinic  prisms ;  by  mixing  solu- 
tions of  equivalent  weights  of  K2PtCl4  and  KNO2, 
and  evaporating  (Topsoe,  J.  1879.  307).  S.  3-8 
at  15° ;  more  sol.  hot  water.  Combines  with 
Br  and  CI  to  form  potassium  platini-dibromo- 
[dichloro-]  nitrites,  K2PtBr2[Cl2](N02),.  Most  of 
the  other  platino-nitrites  are  obtained  from 
this  salt,  by  adding  AgNOjAq,  separating 
Ag2Pt(N02)4,  and  decomposing  this  by  metallic 
chlorides  ;  or  making  BaPt(N02)4,  by  the  action 
of  BaCl.A.q  on  the  silver  salt,  and  decomposing 
this  by  'sulphates  (Nilson,  B.  9,  1722;  10,  930  ; 
11,  879  ;  v.  also  Blomstrand,  J.pr.  [2]  3,  186). 

The  other  platino-nitrites  which  have  been 
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isolated  are:  Al,  Am,  Cd,  Ce,  Cr,  Co,  Di,  Sr,  Fe, 
La,  Pb,  Li,  Mg,  Mn,  Hg,  Ni,  Ag,  Na,  Tl,  Y,  and 
Zn. 

Platino-bhomonitkites  M'.,Pt(N02)4_.-rBr^,. 
A  few  of  these  salts  have  been  obtained  by 
Vezes  (C.  B.  113,  696 ;  115,  44).  Potassium 
platino-bromonitrite  K,,PtBr(N0o)3  and  di- 
broiiw-Jiitrite  K„PtBr2(N02)2  are  described. 

PIjATINO-CHLORONITEITES  M'2pt(N02).,_iClr. 
Vezes  (I.e.)  has  described  the  potassium  rnono- 
cliloro-salt  K.,PtCl(N0^)3,  and  the  dichloro-salt 
K,PtCl,(NO,,)„". 

Platino-iodo-nitrites  M.,Pt(NO.,)j_iIj.  (Nil- 
son,  B.  10,  930  ;  11,  879  ;  Groth,  Z.  K.  4,  469  ; 
Vezes,  G.  R.  116,  44).  Potassiumplatino-di-iodo- 
nUrUe  K„PtI.,(N02),,.2H,0  is  obtained,  in  small, 
black  crystals,  by  the  action  of  an  alcoholic 
solution  of  I  on  K2Pt(N02)j.  The  other  salts 
isolated  are  those  of  Al,  Am,  Ba,  Be,  Cd,  Cs,  Ca, 
Ce,  Co,  Cu,  Di,  Fe,  La,  Pb,  Li,  Mg,  Mn,  Ni,  Kb, 
Ag,  Na,  Sr,  Tl,  Y,  and  Zn. 

Platino-nitrobromides ;  v.  Platino-beouo- 
NiTEiTES,  supra. 

Platino-nitrochlorides  ;  v.  Platino-chloro- 
NiTRiTES,  supra. 

Platino-nitro-iodides  ;  v.  Platino-iodo- 
KiTRiTEs,  supra. 

Platino-oxalic  acid  and  platino-oxalates 
H..Pt(C„OJ.,  and  Mi„Pt(C„0j2  (S6derbaum,  Bl.  [2] 
45',  188).  "The  sodium  salt  Na.Pt(C,oj,.4H,,0 
is  obtained,  in  copper-coloured  crystals,  by 
heating  Na,0.3PtO..(jH20,  with  1\  parts 
crystallised  oxalic  acid,  cooling  the  blue- 
coloured  liquid,  treating  the  brown  needles 
which  separate  with  hot  water,  and  crys- 
tallising ;  sometimes  the  salt  separates  with 
5HmO  as  golden-coloured  crystals.  The  other 
salts  are  obtained  by  double  decomposition  from 
the  Na  salt ;  they  seem  to  exist  in  two  forms 
corresponding  with  the  two  sodium  salts.  Pla- 
tino-oxalic acid  H^Pt(C,_,0,)2-2H._.0  is  obtained 
as  red,  lustrous,  metal-like  crystals  by  decom- 
posing the  silver  salt  with  the  equivalent  weight 
of  HClAq,  filtering,  and  concentrating  the  blue 
solution  in  vacuo.  Salts  of  the  following  metals 
are  described  by  Soderbaum  [I.e.]  :  Am,  Ba,  Ca, 
Mg,  Mn,  Ni,  K,  Ag,  Na,  Sr,  and  Zn. 

Platino-phosphochlorides  v.  Platino-chloro- 

PHOSPHATES,  p.  284. 

Platino-seleno-stannates.  Schneider  (J.pr. 
{2]  44,  507)  has  described  two  salts,  K^PtaSnSe^ 
and  NajPtjSnSeg,  which  may  be  called  jslatino- 
seleno-stannates.  They  are  formed  by  heating 
together  Pt  black,  SnSe,,  K.CO^  or  NaoCO^,  and 
Se. 

Platino-stannates.  This  name  may  be  given 
to  some  compounds  derived  from  the  acids 
H,,Pt„Sn,,Os  and  HjPt.Sn^O^,  described  by 
Schneider  (P.  136,  105)  and  Schiitzenberger 
(C.  R.  98,  985)  ;  cf.  also  Levy  a.  Bourgeois  {C.B. 
94,  1365). 

Platino-sulphocyanhydric  acid,  and  salts  v. 
vol.  ii.  p.  357. 

Platino-sulphonates,  and  derivatives  (Liebig, 
A.  23,  23  ;  Litton  a.  Schnedermann,  A.  42,  316  ; 
Birnbaum,  A.  139,  164;  152,  137;  159,  116; 
Dobereiner,  J.pr.  15,  315  ;  Lang,  J.pr.  83,  415). 
{Platino-sulphites.  Sulpho-platinites.)  When 
K^PtCl,,  is  heated  with  KHSO,Aq,  or  SO.,  is 
passed  into  ILSOjAq  holding  Pt(OH),  in  sus- 
pension, the  liquid  is  neutralised  by  KjCOj  and 


I  evaporated,  yellow,  microscopic  crystals  are  ob- 
I  tained  of  K2Pt(KS03)j.2H,,0.  From  this  potas- 
sium platmo-sidplionate  other  similar  salts  are 
obtained.  These  salts  are  better  regarded  as 
den-ved.  horn p)latino-s)iIp]io}uc acid  H2pt(HS0.,), 
than  as  double  compounds  of  P'tS03  and 
K2S03[K.,Pt(KS03)4  =  PtS03.3K2SOJ  ;  they  are 
analogous  to  the  platino-ehlorides  M2PtCl4  and 
the  platino-nitrites  M.PtJNO.Jj.  The  ammo- 
nium, sodium,  and  silver  salts  have  been 
isolated.  Sodiimn-platino-oxy-sulpJionic  acid 
Na.,Pt(HS0.,)20  and  ammoniiuii-platino-oxy- 
sulphonio  acid  Am2Pt(HS03),0  have  also  been 
isolated. 

Platino  -  CHLOROSDLPnoNATES  [Platino- 
chlorosulphitcs.  Sulpho  -  chloroplatinitcs). 
Mi,,Pt.Cl3.MiS03.  The  potassium  salt 
K2Pt.Cl.,.KS03  is  obtained  by  warming  KjPtClfi 
with  SOoAq,  evaporating,  and  adding  KCI. 
Ammonium  platino  -  chlorosulplionic  acid 
Am2Pt.Cl3.HSO3  crystallises  from  a  solution  of 
Am2PtCl|;,  or  AmjPtCl^,  in  warm  cone.  S02Aq  ; 

j  the  potassium  and  sodium  salts  of  this  acid  are 
known.  A  complex  acid,  AmH.Pt.Cl.SOg.HSO.j, 
and  the  salts  AmK.Pt.Cl.SO3.KSO3  anil 
Am^.Pt.Cl.SOj.SOaAm  have  been  isolated. 

Platino-thiosulphates.  A  few  salts  have  been 
obtained  which  may  be  regarded  as  compounds 
of  hypothetical  platinous  thiosulphate  and 
sodium  thiosulphate  PtS203.a'NaoS203.7/IL,0, 
where  x  is  3,  4,  6,  and  7.  They  may  also  be 
looked  on  as  derivatives  of  the  hypothetical 
acid  H.,Pt(S.,03H)j:,  where  H  is  replaced  by  Na 
(Schottknder,  A.  140,  200  ;  Jochum,  O.  C.  1885. 
642).  M.  M.  P.  M. 

PLATINUM.  Pt.  At.  w.  194-3.  Mol.  w. 
unknown.  Melts  at  c.  1775^  (VioUe,  C.  R.  89, 
702)  ;  older  determinations  generally  gave  m.p. 
c.  2000°  (for  references  v.  Carnelley 's  Melting  and. 
Boiling  Poin  t  Tables,  p.  10),  although  Becquerel 
(C.  B.  57,  855)  gave  1460°-1480°.    S.G.  21-48 

i  to  21-5  at  17-6°,  after  melting  in  H  (Deville  a. 
Debray,  G.  R.  81,  839  ;  for  other  values  v.  Clarke's 

'  Specific  Gravity  Tables,  2nd  edit.  p.  15).  S.H. 
•03243  (Regnault) ;  -0314  (Dulong  a.  Petit) ; 
•0317  -I-  -000012);  at  t°  (Violle,  P.  M.  [5]  4,  318). 
CE.  (linear  at  40°)  -00000899  (Fizeau,  C.  R.  68, 
1125,  for  Pt  that  had  been  melted)  ;  from  0°  to 
100°,  -00000881  (Calvert  a.  Johnson,  i?.  A.  1858. 

1  for  hammered  Pt).    T.C.  (Ag  =  1000)  379  (C.  a. 

!  J.,  I.e.)  ;  c.  84  (Wiedemann  a.  Franz,  /.  1855.  91). 
Heat  of  fusion  c.  5276  (for  194  g.)  (Violle,  I.e.). 
E.G.  (Ag  =  100)  8-042  at  12°-13°  (Becquerel, 
A.  Ch.  [3]  17,242) ;  10-53  at  20-7°  (Matthiessen, 

I  P.  103,  428).  For  electrical  resistance  of  Pt  wire 

'  V.  Arndtsen  (P.  104, 1).  Crystallises  in  the  regular 
system  (v.  infra,  Properti.cs).  For  chief  lines  in 
emission-sijectrum  v.  B.  A.  1884.  436. 

Occurrence. — Alloyed  with  Ir,  Pd,  Eh,  Au, 
Cu,  and  Fe  in  the  sands  of  many  rivers,  often 
associated  with  titaniferous  iron  and  chrome- 
iron,  and  in  the  older  rocks  in  different  parts  of 
the  world.  The  quantity  of  Pt  in  '  platinum 
ores,'  varies  from  c.  50  to  c.  90  p.c.  A  Canadian 
Ni  ore  was  found  by  Clarke  a.  Catlett  to  contain 
from -008  to  -02  p.c.  Pt  (.4m.  S.  37,572).  In 
1741  Watson  received  some  particles  of  a  metal- 
like substance  from  the  gold-bearing  sand  of  the 
river  Pinto  in  New  Granada  ;  the  shining  silvery 
particles  were  called  in  the  district  where  they 
ocomx&A.  platina  del  Pinto  (pZaiiua^  diminutive 
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of  Spanish  plata  =  silyer).  Watson  extracted  a 
new  metal  from  the  substance  sent  him,  and 
called  it  platinum  {T.  1750.  585).  For  a  short 
account  of  the  history  of  the  Pt  metals,  v.  Noble 
METAiiS,  iv.  628. 

Formatio7i. — 1.  By  decomposition  of  PtCl^  or 
(NH,)jPtCl6  by  heat.— 2.  By  heating  an  alloy  of 
Pt  and  Pb  in  a  current  of  air,  whereby  the  Pb  is 
oxidised  and  the  Pt  remains. — 3.  By  reducing 
many  Pt  salts  by  Zn,  Fe,  NaOHAq  and 
FeSO^Aq,  Na^COjAq  and  sugar,  alcohol  added  to 
an  alkaline  solution,  &c. 

Preparation. — 1.  ThePt  ore  is  obtained  as  a 
fine  powder  by  fusing  with  2  or  3  times  its 
weight  of  Zn,  powdering  the  brittle  alloy  so 
formed,  and  removing  the  Zn  by  dilute  H2S04Aq 
(Descotils,  G.  A.  27,  231 ;  Hess,  J.  pr.  40,  498). 
The  residue  is  heated  to  redness,  then  warmed 
with  HClAq  (to  remove  portions  of  the  baser 
metals),  and  then  treated  with  cold  aqua  regia 
which  dissolves  Au.  The  residue  is  heated,  in 
retorts,  with  aqua  regia  ;  the  solution  contains 
most  of  the  Pt,  along  with  Eh,  Pd,  and  a  httle 
Ir;  in  the  residue  are  found  osm-iridium  {v. 
vol.  iii.  p.  47),  Eu,  and  a  little  Pt.  The  acid  is 
distilled  off,  carrying  with  it  most  of  the  Os  as 
OsO^ ;  the  concentrated  solution  is  neutralised 
by  Na2C03,  and  the  Pd  is  ppd.  as  PdCyj  by 
HgCyj ;  NHjCl  is  added  to  the  filtrate,  and 
(NH^)2PtCle  is  thus  ppd.  mixed  with  some 
(NHj)„IrClu.  The  Ir  salt  may  be  removed  by 
digesting  with  slightly  warm  KCNAq  until  the 
undissolved  portion  is  light  yellow ;  the  salt 
IrCl3.3NH,Cl  is  thus  formed  and  dissolved,  while 
(NHj2PtCl6  remains  (Wohler  a.  Muckl6,  A.  104, 

368)  .  Or  the  NH,,.Pt  and  NH.,.Ir  chlorides  may 
be  dissolved  in  hot  water,  and  the  Ir  salt  reduced 
to  IrCl3.3NH,,Cl,  which  dissolves,  by  SO^  (c/. 
Iridium,  vol.  iii.  p.  46).  The  residual  ammonium 
platinichloride  is  then  heated  until  all  NH3  and 
CI  are  volatilised. — 2.  Finely-divided  Pt  ore  is 
dissolved  in  aqzia  regia  diluted  with  2  pts.  witer, 
under  increased  pressure  (which  aids  the  solu- 
tion) ;  the  solution  is  evaporated,  and  the  residue 
is  heated  to  125°,  whereby  the  chlorides  of  Pd 
and  Ir  are  reduced  to  the  lower  chlorides  ;  treat- 
ment with  HClAq  dissolves  PtCl,,  which  is  ppd. 
as  (NHJ„PtCls  by  addition  of  NH^Cl  (Herieus,  v. 
Hofmann's  Chem.  Industrie  auf  der  Wiener 
Weltausstellung ,  2,  999  ;  v.  also  Dullo,  J.  pr.  78, 

369)  . — 3.  Commercial  Pt  is  melted  with  6  times 
its  weight  of  Pb,  the  granulated  alloy  is  treated 
with  dilute  HNOjAq  (1:8  by  volume),  which 
dissolves  most  of  the  Pb,  Cu,  Pd,  and  Eh  ;  the 
black  residue  is  dissolved  in  diluted  aqua  regia — 
Ir  remains  undissolved — the  solution  is  eva- 
porated with  HjSOjAq,  whereby  Pb  is  removed 
as  PbSO,,  the  filtrate  and  washings  are  mixed 
with  excess  of  NH^Cl  and  some  NaCl,  heated  to 
80°,  and  allowed  to  stand  for  some  days  ;  the 
pp.  is  washed  repeatedly  with  saturated 
NH|ClAq,  and  then  with  very  dilute  HClAq ;  it 
is  then  dried,  heated  to  dull  redness  in  a  Pt 
vessel  with  KHSO,,  and  a  little  NH,,HSO.„  and 
washed  with  boiling  water — Eh  goes  into  solution 
asEh-K  disulphate,and  finely-divided  Pt  remains 
(Matthey,  Pr.  28,  463).  For  other  methods  v. 
Deville  a.  Debray,  A.  Ch.  [3]  56,  385;  61,  5.— 
4.  Pure  Pt  is  obtained  by  evaporating  a  solution 
of  the  ore  in  aqua  regia  with  HClAq  till  HNO3 
is  nearly  removed,  adding  NaOHAq  till  strongly 


alkaline,  boiling  for  a  long  time  (the  alkalinity 
gradually  disappears,  owing  to  formation  of 
NaClOAq),  adding  alcohol,  and  then  making  the 
turbid  liquid  acid  by  HClAq,  filtering  from  olive- 
green  IrClg,  and  ppg.  by  cone.  NH^ClAq  (W.  von 
Schneider,  A.  Suppl.  5,  261).  The  Pt  obtained 
by  strongly  heating  the  ppd.  (NH^j^PtClg  should 
be  dissolved  in  diluted  aqua  regia,  and  re-ppd. 
by  addition  of  NH^Cl ;  on  heating  this  pp.  pure 
Pt  remains  (Seubert,  A.  207,  8).  For  another 
method  of  obtaining  pure  Pt,  v.  Mylius  a.  Fors- 
ter,  B.  25,  665. 

The  finely-divided  Pt  obtained  by  the  above 
methods  may  be  fused  into  a  lump  by  the  use  of 
the  0-H  flame.  The  metal  is  placed  in  a  cavity 
made  in  a  block  of  lime  (made  by  strongly  heat- 
ing marble),  which  is  covered  by  another  block, 
through  the  top  of  which  a  hole  is  pierced  to 
admit  the  flame  {v.  Deville  a.  Debray,  A.  Ch.  [3] 
56,  385  ;  cf.  Platinum  in  Dictionabt  of  Applied 
Chemistey). 

Platinuniilac  A;,  which  is  extremely  finely - 
divided  Pt,  is  obtained  by  reducing  solutions  of 
some  Pt  salts  by  certain  organic  reducing  com- 
pounds, or  by  Zn  or  Mg,  &c.  PtCl^Aq  may  be 
reduced  by  Mg  (Bottger,  J.  pr.  [2]  2,  137),  zinc- 
dust  or  Fe  in  powder  (Brunner,  A.  109,  253), 
FeSOjAq  and  NaOHAq  (Hempel,  A.  107,  97), 
sugar  and  NajCOjAq,  or  by  alcohol.  Pt  black 
is  also  formed  by  fusing  Pt  with  twice  its  weight 
of  Zn,  powdering  the  alloy,  dissolving  out  Zn  by 
H,SO.,Aq,  and  washing  with  very  dilute  HNO^Aq 
(D'obereiner,  A.  17,  67).  Loew  {B.  23,  289) 
recommends  to  dissolve  50  g.  PtCl^  in  50-60  c.c. 
water,  to  add  c.  70  c.c.  formic  aldehyde  solution 
of  40  to  45  p.c,  to  cool,  and  then  to  add  gradually 
50  g.  NaOH  in  50  c.c.  water,  to  set  aside  for 
12  hours,  and  then  to  filter  and  wash  until  the 
washings  pass  through  black,  when  the  washing 
should  be  stopped  for  some  hours,  and  continued 
when  the  washings  again  pass  through  colourless 
(0  is  absorbed  and  temperature  rises) ;  the  residue 
is  washed  until  quite  free  from  NaCl,  and  dried 
over  K,S04.  Liebig  (P.  17,  101)  dissolved  PtCl^ 
in  warm  cone.  KOHAq,  added  alcohol  to  the  hot 
liquid  till  CO,  came  off  freely,  decanted,  washed 
the  ppd.  Pt,  successively,  with  alcohol,  HClAq, 
KOHAq,  and  finally,  several  times,  with  boiling 
water. 

Crystals  of  platinum  are  obtained  by 
heating  Pt  to  redness,  in  a  glass  or  porcelain 
tube,  in  a  stream  of  dry  CI,  for  twenty-four 
hours  (Hodgkinson  a.  Lowndes,  C.  N.  58,  158, 
223  ;  Seelheim,  B.  12,  2066  ;  Joly,  N.  43,  541 ; 
cf.  Troost  a.  HautefeuiUe,  C.  B.  84,  94).  Joly 
(N.  43,  641)  obtained  cubical  crystals  of  Pt, 
about  "Imm.  in  length,  by  sprinkling  some  finely- 
powdered  topaz  on  a  ribbon  of  Pt,  and  heating  to 
bright  redness  by  an  electric  current  for  c.  two 
hours.  Moissan  (C.  R.  109,  807)  obtained  crys- 
talline Pt  by  heating  dry  PtP^,  in  a  Pt  tube,  to 
bright  redness.  Pt  that  has  been  melted  shows  a 
crystalline  structure  when  touched  with  aqua 
regia  {cf.  Koettig,  J.  pr.  71,  190 ;  Nogui^s,  C.  R. 
47,  832  ;  KaUscher,  B.  15,  706 ;  Mallet,  Am.  S. 
[2]  20,  340  ;  Phipson,  C.  N.  5,  144). 

Treatme?it  of  platinum  residues. — Pt  resi- 
dues accumulated  in  the  laboratory  generally 
contain  Pt  as  (NH^jPtClg ;  the  Hquid  portion 
usually  contains  alcohol.  The  solid  part  is 
warmed,  in  a  water-bath,  with  KjCO^Aq,  KOHAq, 
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or  NaOHAq,  and  tlie  alcoholic  liquid  is  added 
little  by  little,  or  HCO,Na  is  added  (Duvillier, 
C.  B.  84,  444),  till  the  salt  is  reduced  to  Pt. 
The  black  residue  is  washed,  dried,  boiled  with 
HClAq,  and  again  washed  and  dried  (Knosel,  B. 
6,  1159). 

Properties. — Compact  platinum  is  a 
white  metal  with  a  greyish  tinge ;  it  is  easily 
polished,  thereby  acquiring  a  very  high  lustre. 
Much  softer  than  Ag,  rather  softer  than  Cu  ; 
thin  plates  or  wire  can  be  cut  easily  with  scissors. 
Without  taste  or  smell.  Very  malleable  and 
ductile ;  a  wire  2  mm.  diameter  breaks  with  a 
weight  of  124  kilos  ;  tenacity  is,  therefore,  c. 
same  as  Fe.  Pure  Pt  can  be  drawn  into  very 
thin  wire ;  by  fusing  into  Ag  wire,  drawing 
out,  and  dissolving  away  the  Ag,  a  wire  of  Pt 
•0009  mm.  diameter  is  said  to  have  been  ob- 
tained (Gaiffe,  C.  B.  1877.  625).  Most  easily 
fused  of  Pt  metals  except  Pd ;  very  thin  wire 
melts  in  the  outer  blow-pipe  flame ;  larger 
masses  require  the  0-H  flame.  Becomes  soft 
and  workable  much  below  its  m.p.  Melts  in  an 
ordinary  fire,  owing  to  combination  with  0  or 
Si  (Heraeus,  D.  P.  J.  167,  132  ;  Deville,  A.  Ch. 
[3]  46, 182;  Boussingault,C.  B.82,591 ;  Schiitzen- 
berger  a.  Colson,  C.  B.  94,  1710).  Crystalhses 
in  the  regular  system,  chiefly  in  octahedral  and 
dodecahedral  forms  {v.  Seelheim,  B.  12,  2006). 
Said  to  volatilise  to  some  considerable  extent 
when  kept  molten  (Deville  a.  Debray,  C.  B.  44, 
1101).  By  heating  in  certain  gases,  especially 
in  CI,  volatile  compounds  are  formed  and  again 
decomposed.  Molten  Pt  absorbs  0,  and  '  spits  ' 
when  cooled  rapidly. 

Pt  occludes  H.  According  to  Graham  (P.  M. 
[4]  36,  63),  Pt  foil  absorbs  five  to  six  times  its 
own  volume  of  H  at  a  dull-red  heat ;  Berthelot 
(C.  B.  94,  1383)  says  that  Pt  absorbs  from  80 
to  120  times  its  volume  of  H,  probably  with 
formation  of  definite  compounds.  Berliner  ( W. 
35,  791 ;  cf.  Neumann,  M.  13,  40)  found  that 
ordinary  Pt  foil  absorbed  127  volumes  of  H  ; 
foil  that  had  been  quite  freed  from  gases  and 
cleaned  absorbed  200  vols,  of  H  and  80  vols,  of 

0  or  CO.  The  whole  of  the  occluded  gas  is  re- 
moved, with  difliculty,  by  strongly  heating  in 
vacuo ;  under  ordinary  conditions  about  80  vols, 
of  H  are  retained.  0  is  also  occluded  by  Pt 
foil,  and  the  condensed  0  brings  about  oxida- 
tions, e.g.  electrolytic  gas  (H., -fO)  explodes 
when  exposed  to  Pt  foil  at  c.  180°  (Berliner, 
I.e.).  Pt  is  pervious  to  H  at  a  bright-red  heat ; 
Graham  (P.  M.  [4]  32,  401,  503)  found  that 
489'2  c.c.  H  passed,  per  minute,  through  Pt  foil 
I'l  mm.  thick  and  having  a  surface  of  1  square 
metre.  Gases  other  than  H  scarcely  difiused 
through  at  all. 

Pt  is  not  acted  on  by  pure  HClAq,  HNOsAq, 
or  H2S04Aq,  nor  is  it  attacked  by  0;  various 
mixtures  of  acids  dissolve  it.    Pt  is  acted  on  by 

01  and  by  substances  which  evolve  CI ;  also,  at 
high  temperatures,  by  molten  alkalis,  nitrates, 
KCN,  a  mixture  of  alkali  carbonates  with  S, 
by  P  and  Si,  and  by  most  of  the  metals. 

Platinum  black  is  a  porous,  heavy,  very 
finely-divided  black  powder,  which  becomes 
metal-like,  grey,  and  lustrous  when  rubbed ; 
S.G.  15-8  to  17'6.  Pt  black  absorbs  large  quan- 
tities of  certain  gases,  especially  O  ;  according 
to  Dobereiner  {A.  17,  07),  from  173  to  253  vols. 


O  are  occluded  by  1  vol.  Pt  black.  The  0  con- 
densed in  Pt  black  is  able  to  bring  about  many 
processes  of  rapid  oxidation :  H,  CO,  C._,H„ 
C2H„0  gas,  Et„0  vapour,  &c.,  are  rapidly  oxi- 
dised, generally  with  ignition  {v.  von  Mulder, 
B.  T.  C.  2,  44;  Schonbein,  /.  pr.  98,  76;  P. 
105,  258  ;  von  Mulder  a.  van  der  Meulen,  B.  T.  C. 
1, 167) ;  alcohol  is  oxidised  to  acetic  acid,  formic 
and  oxalic  acids  to  CO.,  and  H„0,  ASoO^  to  As.,0, 
(von  Mulder,  B.  T.  C.  2,  44).  '  Pt  black  charged 
with  H  acts  as  a  reducer ;  water  is  formed  when 
the  hydrogenised  Pt  black  is  brought  into  O  ( Wilm, 

B.  14,  878  ;  Berthelot,  C.  B.  94, 1377) ;  aqueous 
solutions  of  KCIO3,  KNO„  K.,FeCyB,alsoC„H,NO,, 
&c.,  are  reduced  (Gladstone  a.  Tribe,  C.  N.  37, 
245)  ;  ozone  is  reduced  to  0  (von  M.  a.  van  der 
M.,  I.e.).  One  cause  of  these  actions  is  probably 
the  heat  produced  during  the  condensation  of 
the  gases  in  the  porous  Pt  {cf.  Berthelot,  A.  Ch. 
[5]  30,  519) ;  it  is  not  probable  that  an  oxide 
of  Pt  is  formed  and  then  reduced  {v.  V.  Meyer, 
J.pr.  [2]  14,  124  ;  cf.  Tommasi,  B.  11,  811). 

The  at.  w.  of  Pt  has  been  determined  (1)  by 
strongly  heating  PtCl,  (Berzelius,  P.  8,  179 
[1813])  ;  (2)  by  determining  Pt  in  ILPtCl^,  and 
by  finding  the  ratio  of  Pt:KCl  in  the  same  salt 
(B.,  P.  13,  469  [1826] ;  Andrews,  Chcm.  Gazette, 
1852.  379)  ;  (3)  by  analyses  of  K.,PtCl,  and 
(NH,)„PtCle  (Seubert,  A.  207,  29  [1800];  Hal- 
berstadt,  B.  17,  2962  [1884];  cf.  Dittmar  a. 
McArthur,  E.  Tr.  33,  561  [1888],  and  criticism 
thereon  by  Seubert,  B.  21,  2179) ;  (4)  by  deter- 
mining S.H.  of  solid  Pt  (Violle,  P.  M.  [5]  4, 
318).  As  no  V.D.  of  a  Pt  compound  has  yet 
been  determined,  the  at.  w.  cannot  be  found  by 
the  direct  application  of  the  law  of  Avogadro. 
The  older  determinations  gave  196  to  197  ;  Seu- 
bert proved  that  the  true  value  is  c.  194-5,  which 
is  between  the  values  for  Ir  (192-5)  and  Au 
(196-8).  No  compound  of  Pt  has  been  gasified 
from  which  the  valency  of  the  atom  of  Pt  in 
gaseous  molecules  can  be  determined.  Pt  is 
closely  allied  to  Ir,  and  less  closely  to  Os,  in  its 
chemical  properties.  It  is  distinctly  metallic 
physically,  and,  on  the  whole,  chemically  also. 
PtO;  is  both  basic  and  acidic  ;  Pt  forms  nume- 
rous acids  by  combining  with  H  and  negative 
radicles  such  as  Cl„  (NO„)^CL,,  (CN),,  (SCN)^,  &c. 
For  a  fuller  account  of  the  chemical  relations  of 
Pt  V.  Noble  metals,  vol.  iii.  p.  628,  and  cf.  Iron 

GROUP   OF  ELEMENTS,  Vol.  ill.  p.  67. 

Pt  is  used  for  making  crucibles  &c.  for  labora- 
tory use,  and  vessels  for  evaporating  cone,  oil  of 
vitriol,  etc.  Apparatus  is  sometimes  platinised 
by  placing  in  hot  PtCl^Aq  containing  KOH  and 
some  organic  reducing  compound. 

Bcactions  and  Combinations.  —  1.  Is  not 
acted  on  by  oxygen ;  concerning  absorption  of  O 
by  Pt  V.  Properties. — 2.  Heated  to  redness  with 
sulpliur,  in  presence  of  borax,  PtS  is  formed 
(Deville  a.  Debray,  C.  B..  89,  587).— 3.  Said  to 
form  a  compound  by  heating  Pt  black  with  selc- 
nioji. — 4.  With  chlorine,  bromine,  and  iodine  Pt 
reacts  at  temperatures  above  c.  300°  (Langer  a. 
Meyer,  Pyrochemisclio  Untersuchungen  [Braun- 
schweig, 1885]  44,  57).  01  and  Br  attack  Pt  in 
presence  of  water. —  5.  Scarcely  acted  on  by 
fluorine  below  100°  (Moissan,  A.  Ch.  1892.  125). 

C.  Hydrogen  is  occluded  by  Pt ;  a  considerabk 
quantity  of  heat  is  produced,  and  perhaps  com- 
pounds are  formed  (v.  Platinum  HYDr.iDE,  p. 


'288 


PLA.TINUM. 


290). — 7.  Heated  with  arsenic,  a  compound 
PtAs.,  is  said  to  be  formed  (v.  Crvi.-E.  3,  1192- 
1193). — 8.  Phosphorus  combines  when  heated 
with  finely-divided  Pt  (Schrotter,  J.  1849.  246). 
9.  A  boride  is  formed  by  heating  Pt  black  with 
amorphous  boron  (Descotils,  A.  Ch.  [3]  67,  88  ; 
Deville  a.  Wohler,  J.  1856.  279).— 10.  Heated 
to  whiteness  with  silicon,  Pt  forms  several  com- 
pounds ;  also  combines  with  Si  when  heated 
with  silica  and  carbon  {v.  Platinum  silicides, 
p.  291). — 11.  Softens  when  heated  with  carbon 
(v.  Pl.^tinum  cakbide,  p.  289). — 12.  Alloys  with 
many  of  the  more  easily  fusible  metals  {v. 
Platinum  alloys,  infra). — 13.  Pt  is  not  acted 
on  by  pure  hydrochloric,  nitric,  or  sulphuric 
acid  (Scheurer-Kestner,  C.  R.  86,  1082;  91, 
69).  It  dissolves  in  warm  aqiia  regia,  form- 
ing PtCl^  (v.  Dullo,  J.  pr.  78,  369).  Alloying 
modifies  the  solubility  in  acids ;  alloys  of  Pt 
with  small  quantities  of  Ir  or  Eh  are  scarcely 
sol.  in  aqi.ia  regia,  while  an  alloy  with  much  Ag 
dissolves  in  cone.  HNOjAq ;  Pt  ppd.  by  zinc 
dissolves  in  cone.  HNOaAq  {v.  Winkler,  Fr.  13, 
369 ;  van  Riemsdyk,  B.  16,  387  ;  Wilm,  B.  13, 
1198). — 14.  Cone,  sulphuric  acid  containing  a 
little  nitrous  acid  dissolves  small  quantities  of 
Pt  (Scheurer-Kestner,  C.  R.  86,  1082 ;  91,  59). 
Nitric  acid,  containing  bromine  or  bromhydric 
acid,  and  also  hydrochloric  acid,  into  which 
chlorine  is  passed,  dissolve  Pt,  forming  PtBij 
and  PtCl,  respectively  (Wagner,  W.  J.  1876. 149  ; 
Seubert,  A.  207,  16).— 15.  Pt  is  acted  on,  at  red 
heat,  by  molten  alkalis,  baryta,  nitrates,  potas- 
sium  cyanide,  and  by  a  mixture  of  alkali  car- 
bonate and  sulphur. — 16.  PtCl.,  or  PtBrj  and 
Ptl^  are  formed  when  Pt  wire  is  heated  in  iodine 
mono-  or  tri-  chloride,  or  in  chlorine  mixed  ivith 
iodine  or  iodine  bromide  ;  with  pliosphorus 
pentachloride  Pt  phosphide  is  formed ;  with 
carbon  tetrachloride  C,  C„C\,  and  CI  are  pro- 
duced;  hydrogen  chloride  iormsViCl.,;  hydrogen 
fluoride  produces  a  soluble  Pt  salt ;  and  with 
mercurous  chloride  Hg  and  PtCl,  are  obtained 
(Hodgkinson  a.  Lowndes,  C.  N.  58,  223). 

Platinum,  acids  of.  The  hydroxide  Pt(0H)4 
reacts  with  strong  bases  as  an  acid.  Several 
acids  have  been  isolated  containing  Pt  in 
combination  with  more  or  less  complex 
negative  radicles  ;  these  are  H2PtCl4,  HoPtCl^, 
H„PtBr„  HoPtI,  ;  H^t(NO,)„  H,Pt30(N0,,),  ; 
H>tCy4,  HJtCy^CL,  H,Pt(SCN),;  H^Pt^S^; 
Pt(NH3).,.Cl.S'03H ;  P'tCLP(0H)3.  These  acids 
are  described  as  platino-  and  platiivi-chlorhydric 
acid,  &o.  (pp.  283  and  282) ;  platiyio-nitroiis  acid, 
(&c.  (p.  284) ;  platino-cyajihydric  acid,  &o.  (vol.  ii. 
pp.  344-5) ;  thioplatinic  acid  (p.  281)  ;  platos- 
ammine-chloro-sulphonic  acid  (p.  293) ;  platino- 
chloro-phosphoric  acid  (p.  284). 

Platinum,  alloys  of.  Pt  alloys  with  many 
metals  by  fusing  it  with  them ;  with  Sb,  As,  Pb, 
Sn,  and  Zn  heat  and  light  are  produced.  Alloys 
which  seem  to  be  definite  compounds  have  been 
obtained  with  arsenic  (PtAsj,  Gehlen,  Gm.-K. 
3,  1192) ;  antimony  (PtSb.,,  Christofle) ;  cad- 
mium (PtCd.,,  Deville  a.  Debray,  A.  Ch.  [3]  56, 
385) ;  lead  (PtPb,  Bauer,  B.  3,  836  ;  4,  449  ;  D. 
a.  D.,  C.  R.  90,  1195) ;  tin  (Pt.,Sn„  PtSn„  and 
PtjSn,,  D.  a.  D.,  A.  Ch.  [3]  56,385;  Debray, 
C.  R.  104,  1470) ;  and  zinc  {Pt.^Zn.,,  D.  a.  D.,  I.e.). 
Alloys  have  also  been  formed  with  bismuth 
(Gehlen,  Gm.-Z.  3, 1192) ;  coppier  (D.  a.  D.,  A.  Ch. 


1859.  611  ;  Helonis,  B.  6,42)  ;  gold  (Dode,  B.  6, 
1273) ;  iridium  (D.  a.  D.,  A.  Ch.  [3]  56,  385  ; 
Pelouze,  C.  R.  49,  896 ;  Matthey,  Pr.  28,  463 ; 
D.  a.  D.,  C.  R.  81,  839  ;  Morin,  C.  R.  78,  1502) ; 
iron  (D.  a.  D.,  C.  R.  89,587  ;  Daubree,  C.  R.  80, 
526) ;  nickel  (Helonis,  B.  6,  42) ;  potassium 
(V.  Meyer,  B.  13,  392) ;  silver  (D.  a.  D.,  A.  Ch. 
1859.  611 ;  H.,  I.e.)  ;  sodium  (V.  M.,  I.e.). 

Amalgams  of  platinum.  According  to 
Crafts  (Bl.  [2]  49,  856),  Hg  has  no  action  on  Pt 
at  the  ordinary  temperature,  but  Pt  dissolves  to 
a  very  small  extent  in  boiling  Hg,  air  being  ex- 
cluded. When  acid  is  present  Hg  alloys  with  Pt 
(Casamajor,  Am.  6,  540  ;  Skey,  C.  N.  22,  282  ; 
Krouchkoll,  de  Ph.  [3]  3,  139).  The  amalgams 
are  most  easily  formed  by  adding  sodium-amal- 
gam to  PtCl|Aq;  with  13-5  p.c.  Pt  the  amalgam 
is  a  thick  liquid ;  with  25'8  p.c.  Pt  it  is  solid ; 
an  amalgam  with  c.  30  p.c.  Pt  has  also  been  ob- 
tained (Joule,  C.  J.  [2]  1,  378). 

Platinum,  antimonide  of.  An  alloy  of  Pt 
and  Sb,  approximating  to  the  composition  PtSb,, 
is  obtained  by  melting  the  elements  together  in 
the  ratio  Pt:2Sb;  also  by  passing  SbH.,  into 
HjPtCljAq,  and  removing  ppd.  Sb  and  PtCl,  by 
washing  with  K2SAq  and  KCNAq  mixed  (Chris- 
tofle, Recherches  sur  les  Combin.  de  I'Aniimoine, 
Gottingen,  1863). 

Platinum,  arsenides  of.  An  alloy  PtAs,  is 
said  to  be  formed  by  heating  Pt  black  with  As 
(Gehlen,  Gm.-K.  3,  1192).  By  passing  AsHj 
into  PtCl|Aq,  and  heating  the  pp.  in  dry  CO,, 
Pt.,As,  is  said  to  be  formed  (Tivoli,  G.  1885. 
487). " 

Platinum-arsenic  hydroxide.  According  to 
Tivoli  [G.  1885.  487)  a  compound  PtAsOH  is 
produced  by  passing  AsH,,  containing  H  but  no 
other  impurity,  into  PtCl^Aq  (corresponding 
with  2  g.  Pt  in  60  c.c.  water),  and  drying  the 
black  flocculent  pp.  at  120°- 130°.  The  compound 
is  decomposed  by  washing  with  alcohol  or 
water ;  hot  cone.  HjSOj  at  once  separates  Pt ; 
heating  in  dry  COj  produces  AS.2O3,  PtjASj,  and 
H„0.  Gibbs  (Am.  8,  289)  described  some  com- 
pounds of  Pt  and  AS2O3. 

Platinum,  boride  of.  Pt  and  B  combine 
when  melted  together  (Descotils,  A.  Ch.  [3]  67, 
88).  It  is  best  to  heat  Pt  black  and  amorphous  B 
under  borax  (Wohler  a.  Debray,  A.  101,  113). 
When  excess  of  B  is  used,  a  crystalline  compound 
containing  91-8  p.c.  Pt.,  S.G.  17-3,  is  formed 
(Martins,  4.  109,  79). 

Platinum,  bromides  of.  Pt  and  Br  com- 
bine when  heated  together  to  above  300° 
(Danger  a.  Meyer,  Pyrochcmische  Untersuchun- 
gen  [Braunschweig,  1885],  pp.  44,  57).  Two 
bromides  are  known,  PtBr^  and  PtBr^ ;  the  V.  D. 
of  neither  has  been  determined. 

Platinum  dibrojiide  PtBrj  (Platinous 
bromide.)  Formed  by  heating  HBrAq,  b.p. 
126°,  with  Br  a.nd  spongy  Pt  to  180°  in  a  sealed 
tube — H2PtBrB.a;H,0  is  thus  formed — evapora- 
ting to  dryness,  heating  to  c.  200°,  and  washing 
the  residue  with  boiling  water  (Topsoe,  J.  1868. 
273).  Pullinger  (C.  J.  59,  602)  heats  spongy  Pt 
with  Br  and  HBrAq  in  a  flask  with  a  reflux- 
condenser,  evaporates  to  dryness,  and  heats  the 
residue  to  c.  280°.  PtBrj  is  a  brown  powder ; 
decomposes  slowly  at  c.  300°  in  an  air-current 
(P.,  I.e.) ;  insol.  water,  sol.  HBrAq  and  KBrAq. 
With  KBr  forms  K^VfBx^  [v.  PLATiNO-BEOinDES, 
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p.  282).  Combines  with  CO  at  c.  180°  to  form 
PtBr^.CO,  a  bright  red,  crystaUine  sohd;  melts  at 
177'7'^  ;  not  very  hygroscopic  ;  sol.  alcohol ;  de- 
composed by  water  (Pulhnger,  I.e.).  This  com- 
pound is  called  by  P.  carhonyl-hromoplatinitc. 

Platinum  tetbabromidb  PtBr,  [Platinic 
bromide).  Formed  by  heating  spongy  Pt  with 
Br  and  HBrAq  in  a  sealed  tube  to  180° — or 
by  boiling  Br,  Pt,  and  HBrAq  in  flask  with 
reflux-condenser  (PuUinger,  C.  J.  59,  002) — 
filtering,  evaporating,  heating  residue  at  180° 
till  HBr  ceases  to  come  off ;  treating  with  boiling 
water,  filtering  from  traces  of  PtBr„,  evaporating, 
and  drying  at  180°  (H.  Meyer  a.  Ziiblin,  B.  13, 
404;  Halberstadt,  B.  17,  2963).  A  dark-brown, 
non-hygroscopic  powder ;  sol.  aqueous  alcohol, 
more  sol.  absolute  alcohol  or  ether,  v.  si.  sol. 
water  (S.  at  20°  = -41)  (H.  I.e.);  somewhat  sol. 
glycerin.  Pt  black  separates  when  solution  in 
alcohol,  ether,  or  glycerin  is  heated.  With  HBr 
forms  H„PtBrg  (v.  Platini-bromhydric  acid, 
p.  282).  With  many  metallic  bromides  forms 
salts  M./PtBrg  (v.  Platini-bbomides,  p.  282). 
When  spongy  Pt  is  heated  with  HBrAq  and 
excess  of  HNO.,,  small,  dark-brown,  very  hygro- 
scopic crystals  of  platinum  nitrosyl  bromide, 
PtBr,,2N0Br,  are  obtained  (Topsoe,  J.  1868. 
273). 

Platinum,  carbide  of.  Pt  becomes  brittle 
and  more  friable  when  heated  to  redness  with 
■charcoal.  By  heating  the  compound  whicli  PtCl, 
forms  with  acetone,  Zeise  (J.  pr.  20,  209)  ob- 
tained a  black  solid,  to  which  he  gave  the  com- 
position PtC,. 

Platinum,  chlorides  of.  Two  chlorides  of 
Pt  are  known,  PtCh  and  PtCl,.  When  Pt  black 
is  heated  in  dry  CI  at  240°-250°,  PtCl,,  is  formed, 
according  to  Schiitzenberger  (G.  R.  70,  1134, 
1287).  Pigeon  (G.  B.  108,  1009)  says  that  at 
360°  PtCL  and  PtCl,  are  formed,  but  the  action 
is  incomplete.  Troost  a.  Hautefeuille  (G.  B.  84, 
94)  found  that  PtCl,  was  formed  when  Pt  was 
heated  in  CI  to  1400°,  and  the  tube  was  suddenly 
cooled. 

Platinum  dichloride  PtCL  {Platinous 
chloride.  Platinochloride).  V.D.  not  deter- 
mined. 

Formation.— 1.  By  heating  H.,PtClg  to  c.  230° 
{Berzelius,  Gm.-K.  3,  1081).— 2.  By  heating  Pt 
black  in  CI  at  240°-250°  till  no  more  CI  is  taken 
up  (Schiitzenberger,  G.  B..  70,  1134,  1287).— 
3.  By  decomposing  Na,Pt(NaSO.,)j  by  HClAq 
{Liebig,  .4. 23,  23  ;  for  formation  of  Na,Pt(NaSO.,)., 
V.  PLATiNosuLPHONATES,p.  285). — 4.  A  solution  of 
PtCL  is  obtained  by  passing  SO,  into  PtCl^Aq  till 
the  liquid  becomes  red. 

Preparation. — 1.  HoPtCl^Aq  is  evaporated  to 
dryness,  and  the  residue  is  heated  in  a  bath  of 
molten  tin,  i.e.  at  c.  230°,  with  constant  stirring 
as  long  as  CI  is  given  off  (Berzelius,  Gm.-K.  3, 
1081).  Or  the  heating  is  stopped  before  much 
of  the  solid  is  decomposed,  the  residue  is  dis- 
solved in  water,  the  dark-brown  opaque  liquid  is 
evaporated,  and  the  PtCL  which  separates  is 
dried  at  c.  1.50°  (c/.  Magnus,  P.  14,  239).— 
2.  H,PtClg.6H.,0  is  heated  in  vacuo,  in  presence 
of  molten  KOH,  at  100°  for  2  or  3  days ;  the 
temperature  is  then  raised  to  360°,  and  main- 
tained thereat  so  long  as  CI  is  given  off  (Pigeon, 
G.  R.  112,  1218).  Shenstone  a.  Beck  (G.  J.  01, 
445)  say  that  PtCL,  prepared  as  directed  above, 
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always  contains  small  quantities  of  some  basic 
compound  ;  and  that  when  the  salt  is  strongly 
heated  small  quantities  of  HCl  and  O  are  ob- 
tained, as  well  as  CI.  Shenstone  (G.  J.  Proc. 
1892-93.  38)  finds  that  PtCl,  almost  free  from 
basic  compounds  can  be  prepared  by  heating  PtCl^ 
in  a  stream  of  dry  HCl ;  a  sample  prepared  in 
this  way  gave  only  "15  p.c.  of  HCl  and  0  when 
decomposed  by  heat. 

Properties  and  Beactions. — A  brown  powder  ; 
S.G.  5-87  at  11°  (Bodeker).  H.F.  [Pt.Cl-]  = 
22,600  (Berthelot,  G.  B.  87,  615).  Insol.  water, 
sol.  HClAq  in  absence  of  air.  Decomposed  by 
heating  to  redness,  giving  off  all  CI,  and  leaving 
Pt.  According  to  Shenstone  a.  Beck  {v.  Pre- 
paration), the  CI  thus  obtained  contains  a  little 
HCl  and  O,  and  H„0  is  also  given  off.  Not  acted 
on  by  HNCjAq  or  dilute  H,SO|Aq  ;  decomposed 
by  KOHAq,  giving  Pt(OH'), ;  by  heating  with 
cone.  H,SO.,,  and  then  with  water,  Kane  ob- 
tained a  black  powder  to  which  he  gave  the 
composition  PtCL.3PtO  {B.  J.  24,  238). 

Gombinations. — PtCL  combines  with  many 
metallic  chlorides  ;  the  compounds  are  described 
as  platino-cJilorides  (p.  284).  With  HCl  an  acid 
HjPtCl^  is  formed  (v.  Platino-chlorhydric  acid, 
p.  283).  With  CO  the  compounds  PtCL.CO, 
PtCl,.2C0,  and  2PtCL.3CO  are  formed.  These 
compounds  are  produced  by  passing  alternate 
currents  of  CI  and  CO  over  spongy  Pt  at  250° 
(Schiitzenberger,  A.  Gh.  [4]  21,  350).  Pullinger 
[G.  J.  59,  598)  found  that  a  fourth  compound 
is  also  formed— PtCl,.2C0Cl,,  (or  PtCl,.2C0). 
Garbonyl  chloroplatinite  (PtCL.CO)  combines 
with  HCl,  and  with  various  hydrochlorides  of 
organic  bases  (v.  Mylius  a.  Fijrster,  B.  24,  2424). 
PtCL  combines  with  PCI,  to  form  PtCL.PCL, 
and  PtCl,.2PCl3 ;  and  from  these  is  derived  a 
number  of  complex  bodies.  By  treating 
PtCL.PCl,  wth  H,,0  an  acid  PtCl,.P(OH),,  is  ob- 
tained, from  which  various  salt-like  compounds 
are  derived  ;  similarly  PtCl,.2PCl,  yields  an  acid 
I  PtCl,.P,(OH),;,  and  this  gives  many  salt-like 
I  derivatives  (Schiitzenberger,  A.  Gh.  [4]  15, 100  ; 
21,  350  ;  Baudrimont,  G.  B.  63,  637  :  cf. 
Platino-chloeophosphates,  p.  284).  By  heating 
PtCl,.PCl3  with  PtClj  Colchin  (G.  B.  86,  1402) 
obtained  2PtCL.PCl3.  For  ammoniacal  deriva- 
tives of  the  platino-phosphorus  chlorides  v. 
Colchin  {I.e.)  and  Quesneville  {U.S.  [3]  6,  659), 
also  Schiitzenberger  {Bl.  [2]  14,  97  ;  17,  482  ; 
18,  101,  148). 

Platinum  tbtr-^chloride  PtCl,  {Platinic 
chloride.  Platinichloridc).  V.D.  not  determined. 

Formation. — 1.  By  heating  Pt  in  CI  to  c. 
1700°  (Langer  a.  Meyer,  I.e.  44,  57)  ;  if  a  thin 
wire  of  Pt  is  heated  hj  an  electric  current  nearly 
to  melting,  in  a  stream  of  CI,  PtCl,,  is  formed 
(Hodgkinson  a.  Lowndes,  C.  N.  58,  158,  223).— 
2.  By  allowing  H,PtCl,i.6H,0  to  remain  over 
KOH,  when  it  loses  4H„0,  and  then  heating  in 
CI  to  c.  350°  (Pigeon,  C.  R.  110,  77).— 3.  By 
heating  Pt  and  Se,  mixed  with  AsCL,  in  CI  {v. 
Preparation). — 4.  PtCl^.SH.p  is  obtained  by 
adding  AgNO.,Aq  to  H,PtCi,Aq  in  the  ratio  of 
H,PtCl8:2AgN'03,  heating,  filtering  from  AgCl, 
I  and  evaporating  finally  overH.SO,  (Norton,  J.  pr. 

[2]  2,  469;  5,  .365;  ^ngel,' Bl.  [2]  50,  100; 
i  Quesneville,  M.  S.  [3]  6,  659). 
j      Preparation. — 1.  Spongy  Pt  is  mixed  with 
I  rather  less  than  its  own  weight  of  Se,  the  mix- 
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ture  is  placed  in  a  tube  of  hard  glass  filled  to 
one-third  with  AsClj,  and  heated  in  a  stream  of 
CI  till  the  mass  liquefies  and  boils,  when  the 
tube  is  sealed  and  heated  for  some  hours  at 
250° ;  on  cooling,  the  colourless  crystals  are 
separated  from  the  pale-yellow  crystals  and  the 
yellow  liquid,  and  are  heated  in  vacuo  at  110°, 
whereby  PtCl,  and  SeCl^  remain  ;  this  residue 
is  then  heated  at  360°  in  a  stream  of  CI,  when 
SeClj  sublimes  and  PtCl,  remains  (Pigeon,  C.  E. 

108,  1009).  — 2.  Dry  H,PtCls  is  placed  in  a 
porcelain  boat  which  is  heated,  in  a  tube  of  hard 
glass,  to  165°  for  about  15  hours  in  a  stream  of 
dry  HCl  (PuUinger,  C.  J.  61,  422). 

Properties  and  Reactions.  ■ —  H.F.  [Pt,Cl''] 
=  59,800;  [Pt,Cl',Aq]  =79,400  (Pigeon,  C.  R. 
110,  77 ;  112,  791).  A  brown  solid,  said  by 
Pigeon  to  be  deliquescent ;  described  by  Pul- 
linger  as  very  soluble  in  water,  but  not  deli- 
quescent. The  hydrate  (v.  Formation,  No.  4) 
forms  large,  red,  monoclinic  crystals  ;  according 
to  Norton  this  compound  has  5H.,0,  according 
to  Engel  4H2O  ;  all  H2O  except  one  molecule  is 
removed  at  100°,  but  the  last  molecule  is  not 
removable  without  decomposition.  Decomposed 
by  heating  to  dull  redness  (Pigeon,  C.  B.  110, 
77) ;  in  presence  of  CI,  may  be  heated  to  c.  360°; 
in  dry  HCl  slight  decomposition  occurs  at  c.  200° 
(Pullinger,  I.e.).  HClAq  produces  H^PtCI^Aq; 
NH.|C1  ppts.  (NHJjPtCle.  AgNOsAq  ppts. 
AgoPtClj  from  cold  PtCl.,Aq,  but  on  heating 
AgCl  is  formed  and  PtCl^  goes  into  solution 
(Jorgensen,  J.  pr.  [2]  16,  345).  Pigeon  (C.  B. 
112,  791)  gives  [Ag-TtCP,Aq]  =  12,160,  to  form 
PtCljAq  and  2AgCI ;  PtCl^Aq  is  decomposed  by 
light,  for  some  measurements  v.  Foussereau 
{C.R.  103,  248). 

Combinations. — 1.  With  water  (v.  Formation, 
No.  4,  and  Properties).  —  2.  With  hydrogen 
chloride  to  form  H2PtCls.6H.,0  ;  the  compound 
HPtC1^.2H.,0  was  obtained  by  Pigeon  by  heating 
H2PtCi,.6H„0  in  vacuo  at  100°  {v.  Platini- 
CHLOEHYDKiG  ACID,  p.  282).  Pigeon  (C.  B.  110, 
77)  gives  [PtCr',2HClAq]  =  24,800.  —  3.  With 
many  metallic  chlorides  to  form  platini- 
chlorides  {q.  v.,  p.  282). — 4.  A  compound  with 
phosphorous  chloride  PtClj.PClj  is  formed  by 
treating  PtCh.PClj  with  CI  (Schiitzenberger,  Bl. 
[2]  14,  97;  17,  482;  18,  101,  148;  c/.  Baudri- 
mont,  G.  R.  53,  637). — 5.  A  compound  vnih. 
nitrosyl  chloride,  PtCl,,.2N0Cl.H.,0,  is  one  of 
the  products  of  the  action  of  fuming  HNO^  on 
HJ>tCl„Aq  (Weber,  P.  131,  441).— 6.  Combines 
with  alcohol,  and  with  ethyl  sulphide,  to  form 
PtCl.,.2C„H„0  and  PtCl4.2(Et)2S  respectively 
(Schiitzenberger,  C.  B.  70,  1134;  Blomstrand, 
J.pr.  [2]  17,  189). — 7.  Compounds  with  various 
organic  bases  and  metallic  chlorides,  EtNH,, 
&c.,  are  described  by  Jorgensen  (/.  pr.  [2]  33, 
409). 

Platinum,  chloro-iodides  of;  v.  Platinum 
lODOCHLORiDES,  infra. 

Platinum,  cyanides  of ;  and  derivatives : 
V.  vol.  ii.  p.  343. 

Platinum,  fluoride  of.  Only  one  fluoride  of 
Pt  has  been  isolated,  PtF^.  Prepared  by  heating 
Pt  wire  in  F,  in  a  Pt  or  fluorspar  tube,  toe.  500°; 
if  HP  is  mixed  with  the  F  combination  occurs 
at  the  ordinary  temperature  (Moissan,  C.  B. 

109,  807).  Small  buff -coloured  crystals,  or  fused 
masses  of  a  deep  red  colour.  Dissolves  in  a  little 
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water,  forming  fawn-coloured  solution,  which 
almost  at  once  decomposes,  with  rise  of  tempera- 
ture and  production  of  Pt0^.a;H,,0  and  HFAq. 
Heated  to  bright  redness  in  Pt  tube,  PtF^  is 
decomposed  to  F,  and  Pt  which  separates 
in  crystals.  A  compound  with  PF3,  viz. 
PtF4.2PF3,  is  formed  by  passing  PFj  over  spongy 
Pt  heated  to  dull  redness  (M.,  Bl.  [3]  5,  454). 
The  decomposing  action  of  H,0  on  PtF,  explains 
the  failure  of  former  attempts  to  prepare  a 
fluoride  of  Pt  in  the  wet  way. 

Platinum-iridium,  or  platin-iridium.  An 
alloy  of  Pt  and  Ir  which  remains,  mixed  with 
osm-iridium,  when  many  samples  of  Pt  ore  are 
heated  with  aqua  rcgia  {cf.  Ibidiuji,  vol.  iii.  p. 
46). 

Platinum,  hydride  of.  Pt  black  absorbs 
considerable  quantities  of  H.  According  to 
Berthelot  (A.  Ch.  [5]  30,  519),  the  relative 
weights  of  Pt  and  H  are  approximately  15:1  and 
10:1 ;  a  considerable  quantity  of  heat  is  pro- 
duced. No  certain  evidence  of  the  formation  of 
hydrides  has  been  obtained ;  but  Thoma's  re- 
sult (Z.  P.  C3,  69),  that  the  excess  of  H,  above 
a  definite  quantity,  absorbed  by  Pt  when  Pt  is 
the  negative  electrode  during  the  electrolysis  of 
dilute  sulphuric  acid,  is  not  easily  given  up,  in- 
dicates the  probable  existence  of  a  compound  or 
compounds  (cf.  Paxl.ujium,  vol.  ii.  p.  720). 

Platinum,    hydroxides  of;    v.  Platinum, 

OXIDES  AND  HYDROXIDES  OF,  p.  291. 

Platinum,  iodides  of.  Pt  and  I  combine 
directly  to  form  PtI., ;  the  lower  iodide  Ptij  has 
also  been  obtained,  but  not  pure. 

Platinum  di-iodidb  Ptl^  [Platinous  iodide. 
Platino-iodide).  This  compound  is  described  as 
a  black,  heavy  powder,  insol.  water,  alcohol,  and 
acids;  giving  Pt  and  I  at  300°-350° ;  decom- 
posed by  NaOHAq  to  PtO.jH,.  It  is  produced  by 
boiling  PtCL  with  fairly  cone.  KIAq  (Lassaigne, 
A.  Ch.  [2]  51, 113) ;  but  it  has  not  been  obtained 
pure  (Clementi,  J.  1858.  420  ;  Topsoe,  Ar.  Sc. 
38,  297).  The  compound  PtL.CO,  carbonyl  iodo- 
platinite,  is  described  by  Mylius  a.  Forster  {B. 
24,  2424). 

Platinum  tetka-iodide  Ptij  (Platinic  iodide^ 
Platini-iodide).  V.D.  not  determined.  Prepared 
by  heating  PtOj  with  HIAq  (Clementi,  J.  1855. 
420)  ;  also  by  the  action  of  cold  HIAq  on 
HoPtCl^.eHjO  (Topsoe,  Ar.  Sc.  38,  297),  and 
evaporating.  Pullinger  (C.  J.  59,  602)  obtained 
Ptij  by  dissolving  spongy  Ptin  a  hot  solution  of 
I  in  HIAq,  evaporating  to  dryness,  heating  to 
180°,  and  washing  with  water.  A  brown-black 
amorphous  powder,  insol.  water  ;  sol.  HIAq  and 
metallic  iodide  solutions  (Topsoe,  I.e.) ;  not 
wholly  decomposed  by  heating  with  Na^COj  to 
the  m.p.  of  the  carbonate  (Pullinger,  I.e.).  Com- 
bines with  HI  to  form  H,,PtIs.9H„0  (v.  Platini- 
iodhydbig  acid,  p.  283),  and  with  metallic 
iodides  to  form  salts  {v.  Platini-iodides,  p.  283). 

Platinum,  iodochlorides  of.  A  compound 
PtLClj  is  said  to  be  formed,  in  large  red  plates, 
by  dissolving  Pt  and  I  in  aqua  regia  and  evapo- 
rating at  100°  (Kammerer,2l.l48,329):  Another 
compound  PtIjCl  was  obtained  by  Mather,  as  a 
black  powder,  by  evaporating  il^PtCl,;  with  a 
small  excess  of  HIAq,  and  heating  the  residue 
to  150°  {Am.  S.  27,  257). 

Platinum-nitrosyl  bromide  and  Platinum- 
nitrosyl  chloride,  v.  Platinum  tetbabeomidb. 
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p.  289  ;  and  Platinum  tetbachlokide,  Combina- 
tions, No.  5,  p.  200. 

Platinum,  oxides  and  hydroxides  of.  Three 
oxides  have  been  isolated  ;  PtO,  Pt  jO^,  and  PtO.,; 
hydrates  of  all  are  known.  PtO  forms  a  few 
salts ;  it  also  dissolves  in  molten  KOH  and 
NaOH.  PtO.,  forms  corresponding  salts,  and 
also  combines  with  alkaline  oxides  to  form 
'platinates  {q.v.  j).  281). 

Platinum  monoxide  PtO  (Platinotis  oxide). 
Obtained  as  a  violet  powder,  by  strongly  heating 
the  pp.  formed  by  CaOAq  acting  on  H„PtCluAq 
in  sunlight,  and  washing  with  water  and  then 
with  PINOjAq  (Dobereiner,  P.  28, 181).  Also  by 
carefully  heating  PtO.^H,.  Eeduced  to  Pt  at 
red  heat,  also  by  action  of  reducers  such  as 
HCOoHAq.  Dissolves  in  molten  KOH  and 
NaOH,  but  the  compounds  thus  formed  have  not 
been  examined.  A  compound  which  is  perhaps 
PtO. CO  is  described  by  Mylius  a.  Porster  [B. 
24,  2440). 

Platinous  hydroxide  PtO^Ho  was  obtained 
by  Thomsen  (J.  pr.  [2]  15,  294)  by  adding 
NaOHAq  to  K,PtCl.,Aq  (1:12)  in  the  ratio 
2NaOH:K,,PtCl,„  and  heating  to  boiling.  A  black 
powder,  sol.  HClAci,  HBrAq,  and  SOoAq,  forming 
corresponding  salts.  P'reslily  ppd.  PtO^H^  dis- 
solves in  excess  of  NaOHAq. 

Tri-platinum  tetroxide  PtjOj  {Platino- 
platinic  oxide).  A  black  powder,  insol.  acids  ; 
obtained  by  heating  dehydrated  Na_,PtCl6  with 
4  parts  dry  Na^COj  till  fusion  begins,  boiling 
with  water,  then  with  dilute  HNO^Aq,  and  finally 
with  aqua  regia  (Jorgensen,  J.  pr.  [2]  16,  344). 
Loses  its  0  at  red  heat ;  easily  reduced  to  Pt  by 
H  or  coal-gas,  even  without  heating.  Prost  {Bl. 
[2]  46,  1.56)  describes  a  hydrate  PtjO^.'jH^O. 

Platinum  dioxide  PtO^  {Platinic  oxide).  A 
black  powder,  obtained  by  gently  heating 
PtOjH,.  PtOo  is  insol.  acids,  but  salts  of  this 
oxide  are  formed  from  the  hydroxide. 

Platinio  hydroxide  PtOjH.,.  Formed  by 
boiling  PtCljAq  for  a  considerable  time  with  a 
large  excess  of  NaOHAq,  acidifying  by  acetic 
acid,  drying  the  white  liocculent  pp.  in  the  air, 
and  heating  the  yellow  hydrate,  PtOjHi.2H.,0, 
to  100*^  (Topsoe,  B.  3,  462;  Fremy,  A.  Gh.  [3] 
31,  478).  Also  obtained  by  evaporating 
HoPtCljAq  with  excess  of  Na.^COj,  rubbing  up  the 
residue  in  water,  and  treating  with  acetic  acid 
(Dobereiner,  P.  28,  181 ;  Topsoe,  I.e. ;  cf.  Witt- 
stein,  li.  P.  74,  43).  A  hydrate  PtOjH^.H.,0 
was  obtained  by  Prost  {Bl.  [2]  46,  1-56)  by  add- 
ing water  to  a  solution  of  PtOjH^  in  cone. 
HNOjAq.  A  reddish-brown  powder ;  dehydrated 
by  heating  gently ;  at  a  higher  temijerature  gives 
Pt  and  0.  Heated  in  H  gives  Pt.  Sol.  NaOHAq, 
HClAq,  HNO^Aq,  and  H.SO^Aq.  With  acids 
forms  platinic  salts,  PtX^,  where  X  =  -iSOj,  ^CO^, 
NO.,,  &c. ;  with  strongly  basic  oxides  forms  pla- 
tinates,  PtO^.tcMO  (v.  Platinates,  p.  281).  Com- 
pounds with  SnO  and  SnO.,  are  described  by 
Delachanel  a.  Mermet  (C.  P.  81,  370),  Schneider 
(P.  136,  10.5),  L6vy  a.  Bourgeois  (0.  B.  94, 1365), 
and  Schiitzenberger  (C.  P.  98,  985).  PtO^H^ 
dissolves  in  solutions  of  certain  molybdates  and 
tungstates,  forming  plcUini-molybdates  and 
platini-tungstatcs  {q.v.  p.  283). 

Platinum,  oxychlorides  of.  When  AgNO^Aq 
is  added  to  PtCl,Aq  in  the  ratio  PtClj:2AgN0.„ 
or  when  AgNOsAq  and  HjPtCl.Aq  are  heated 
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together  in  the  ratio  H._,PtCl,;:4AgN0a,  a  pp.  is 
fibtained  which  has  the  empirical  composition 
PtCl,(0H),.2AgGl ;  this  substance  may  be  re- 
garded as  a  compound  of  the  hydrated  oxy- 
chloride  PtOCl.,.H_,0  (.Jorgensen,  J.  pr.  [2]  16, 
345).  The  pps.  formed  by  CaOAq  and  BaOAq  in 
PtCl,Aq  are  supposed  to  contain  oxychlorides 
of  Pt  {v.  Johannsen,  A.  155,  204). 

Platinum,  oxysulphide  of,  2PtOS.H.O.  PtS2 
slowly  oxidises  by  exposure  to  air  ;  by  washing 
the  product  (to  dissolve  H.^SO,,  and  SO.^)  and 
drying  in  a  stream  of  CO.^,  a  black  powder  is  ob- 
tained having  the  composition  2PtOS.H20' 
(perhaps  HO.PtS.O.SPt.OH).  This  substance  is 
an  energetic  oxidiser ;  H,  CO,  H,S,  SO,  take  fire 
when  brought  into  contact  with  it ;  NH,  is  ab- 
sorbed and  oxidised  to  HNO„  and  HNOj  (E.  von 
Meyer,  J.pr.  [2]  15,  1). 

Platinum,  phosphides  of.  Pt  and  P  combine 
when  strongly  heated  together.  Schrotter  ob- 
tained a  grey  metal-like  mass,  S.G.  8'77,  to 
which  he  gave  the  composition  PtP.„  by  heating 
Pt  black  in  vapour  of  P  (/.  1849.  246).  By  heat- 
ing Pt  and  P  to  white  heat,  Clai'ke  a.  Joslin  {Am. 
5,  231)  obtained  Pt^P, ;  and  by  heating  in  a. 
muffle  they  got  PtD,  sol.  aquarcqia  but  changed 
to  insoluble  Ptl^. 

Platinum,  salts  of.  But  few  salts,  excepting 
the  halides,  are  known  wherein  Pt  replaces  the 
H  of  acids ;  Pt  more  frequently  enters  into  the 
acid  radicle,  than  the  p)ositive  radicle,  of  salts. 

Platinum,  selenide  of.  By  heating  Pt  and 
Se,  Berzelius  obtained  a  grey,  infusible  powder; 
perhaps  PtSe  {Gm.-K.  3,  1081). 

Platinum,  selenocyanides  of;  for  a  double 
salt  'V.  vol.  ii.  p.  348. 

Platinum,  silicides  of.  A  white,  crystalline, 
brittle  solid,  PtjSi,,  was  obtained  by  Guyard  {Bl. 
[2]  25,  510)  by  heating  together  equal  parts  of 
Pt  black  and  powdered  crystalline  Si  {cf.  Winkler,. 
J.  pi:  91,  203).  According  to  Miles  {Am.  8,428), 
the  conditions  favourable  to  the  formation  of 
compounds  of  Pt  and  Si  are  a  high  temperature, 
the  presence  of  a  reducer  such  as  CO,  a  basic 
substance  such  as  MgO,  and  SiF.,,  in  contact 
with  Pt  {v.  also  Brown,  Am.  7,  173). 

Platinum,  sulphides  of.  Pt  and  S  combine- 
when  heated  together.  Two  sulphides  have  been 
isolated,  PtS  and  PtS.^ ;  there  is  also  evidence 
of  the  existence  of  PtjS^. 

Platinum  monosolphide  PtS  {Platinous 
sulphide).  Obtained  by  heating  Pt  black  and  S,. 
and  volatilising  excess  of  S,  in  absence  of  air; 
also  by  heating  (NHJ.JPtCls  with  S,  out  of  con- 
tact with  air,  till  NH,C1  and  excess  of  S  are 
volatilised ;  also  by  passing  H„S  into  PtCL^Aq 
(Berzelius).  Prepared  in  crystals  by  heating  to 
redness  a  mixture  of  1  pt.  Pt,  1  pt.  borax,  and 
10  pts.  pyrites  (Deville  a.  Debray,  A.  Ch.  [2]  55, 
215).  A  grey,  lustrous  solid  ;  S.G.  6-2.  PtS  pre- 
pared in  the  wet  way  is  a  black  powder.  Un- 
changed in  air,  even  when  moist ;  unacted  on  by 
boiling  acids  ;  loses  S  when  heated  in  air,  leaving 
Pt ;  reduction  in  H  begins  at  19°.  A  compound 
v?ith  CO — Pts. CO —was  obtained  by  Mylius  a. 
Fcirster  (P.  24,  2438)  by  the  action  of  H„S  on 
PtCL.CO. 

Platinum  disulphidb  PtS,  {Platinic  sul- 
phide). Obtained  by  passing  H.,S  into 
Na.^PtCl^Aq,  or  by  dropping  H.^PtCl^Aq  into  solu- 
tion of  an  alkali  hydrosulphide.    Also  formed 
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by  digesting,  in  a  strong  closed  flask,  1  pt.  PtCl.„ 
4  pts.  alcohol,  and  5  pts.  CS.,  (Bottger,  J.  ]}r.  3, 
274)  ;  and  by  decolourising  HoPtCl,,Aq  by  SO,, 
and  then  heating  in  a  sealed  tube  at  200° 
(Geitner,  A.  129,  858).  PtS._,is  also  a  product  of 
the  action  of  HCIAq  in  air  on  Na4Pt^Su  or 
H^PtjSs  Thioplatinates,  p.  281).  Colloidal 
soluble  Pts,  was  obtained  by  Winssinger  (Bl.  [2] 
49,  452)  by  passing  H.,S  into  very  dilute  PtCljAq, 
and  dialysing.  A  black  soUd  ;  as  obtained  from 
NajPtjSti  forms  steel-grey  needles,  S.G.  6'27. 
Pts.,  prepared  by  one  of  the  wet  methods  must 
be  dried  in  absence  of  air,  else  it  is  partially  de- 
composed. Heated  out  of  air  forms  PtS,  and 
Pt  and  S.  Oxidised  to  sulphate  by  strong 
oxidisers,  such  as  aqua  regia,  CI,  fuming  HNOj, 
molten  KCIO3  or  KNO,.  Freshly  ppd.  PtS, 
dissolves  in  alkali  sulphide  solutions  forming 
tJiioplatinates  (q.  v.),  from  which  solutions  it  is 
reppd.  by  acids.  Classon  (/.  pr.  [2]  15,  193) 
describes  a  compound  with  EtSH. 

Platindm  sesquisulphide,  Pt^Sj.  This  com- 
pound is  said  to  be  formed,  as  a  steel-grey, 
metal-like  solid,  S.G.  5-52,  by  the  oxidation  in 
air  of  H^Pt.Ss  (Schneider,  P.  136, 105  ;  138,  604  ; 
139,  661;  141,  519;  148,  633;  149,  381). 
Schneider  also  describes  a  compound  4PtS.PtS2 
=  Pt,S„. 

Platinum,  sulphocyanides  of ;  v.  vol.  ii.  p. 

357  ;  V.  also  Guareschi,  Giorn.  della  R.  Accad. 
di  Med.  1891.  No.  5 ;  abstract  in  B.  25,  Bef.  7. 

Platinum,  thiocarbide  of.  Pt.jCS,.  This 
compound  is  described  by  Sehiitzenberger  (C.  R. 
Ill,  391).  It  is  a  black  powder  ;  obtained  by 
passing  a  stream  of  N,  or  H,  charged  with  CS.,, 
over  spongy  Pt  heated  to  400°-450°. 

M.  M.  P.  M. 

PLATINUM  -  AMMONIUM  COMPOUNDS 
{Aminonio-platinum  compounds.  Ammoniacal 
p>latinum  bases.  Fla  tinaimnines).  When  a  solu- 
tion of  PtCl.2  in  HCIAq  reacts  with  NH,,  more 
than  one  compound  of  the  form  PtCI.,.2NH3  is 
obtained.  These  compounds  react  with  acids, 
oxidisers,  &c.,  to  form  many  derivatives  con- 
taining Pt,  N,  H,  and  negative  radicles,  in  which 
the  reactions  of  Pt  and  NH3  are  more  or  less 
modified. 

The  platin-ammonium  compounds  may  be 
regarded  as  salts  of  bases  derived  from  two  or 
more  NH^  groups,  in  which  part  of  the  H  is  re- 
placed by  Pt ;  thus  PtCl2.2NIIj  may  be  called 
platoso-diammoniam  chloride,  and  formulated 
as  N„H,Pt.Cl„.     Similarly  PtClo.4NH3  may  be 

regarded  as  ■P''^jJjj"|NH^jci'  called  ammo- 
nium platoso-diammonium  chloride.  The  com- 
pounds derived  from  PtCl,  are  regarded,  in  this 
scheme,  as  platini-ammonium  compounds ;  thus, 
PtClj.2NH.,  is  Cl.,Pt.NH.,.NH,.Cl„  [v.  Hofmann,  T. 
1861.  [2]  357  ;  Weltzien,  A.  97, 19  ;  Kolbe,  J.  pr. 
[2]  2,  217  ;  Grimm,  A.  99,  67). 

This  view  of  the  constitution  of  the  com- 
pounds in  question  was  opposed  by  Glaus  (J.  pr. 
63,99),Blomstrand  (B.  4,40,  639,  673  ;  6,  1469), 
Jorgensen  (J.  pr.  [2]  33,  489),  and  others.  Jor- 
gensen  found  that  pyridine,  N.C^Hj,  forms  a 
compound  with  platinous  chloride  similar  to 
PtCl.,.4NH.| ;  in  this  pyridine  compound,  which 
has  the  composition  PtCl„.4NC5Hj,  the  atoms  of 
hydrogen  cannot  be  in  direct  union  with  N ;  for 
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the  constitution  of  pyridine  is  known  to  be 
CH 

HC       CH  -1  1 

I    I      .    Now  if  the  ammoniacal  platinum 

HC  V  CH 
N 

bases  are  all  to  be  derived  from  NH^,  by  sub- 
stituting H  by  NH^  groups,  it  is  evident  that 
the  substituted  H  atoms  must  always  be  directly 
bound  to  N  atoms.  But  the  existence  of  the 
pyridine  compound  shows  that  this  is  not  neces- 
sary. Hence  PtCl.,.4NH3  may  be  regarded  as 
p  /NH3.NH3CI 
^'\NH3.NH3Cr 

The  classification  and  nomenclature  of  the 
platin-ammonium  compounds  proposed  byBlom- 
strand  {Chemie  der  Jetzt."ei.t,  Heidelberg,  1869 ; 
B.  2,  202;  4,  40,  639,  673;  6,  1469)  is  now 
usually  adopted.  In  the  following  formulse  R 
stands  for  a  monovalent  negative  radicle. 
Blomstrand  uses  the  term  ammine  to  distin- 
guish these  compounds  from  the  amines,  which 
contain  the  group  NH.„ 

Class  I.    Pl.\to-  or  Platoso-  compounds. 
Series  1.  Platosemiammines,'&VtWH..^.. 
„      2.  Platosammines,  Pt^NH^R),. 

3.  Platodiammines,  Pt(NH3.NH3K)2. 
„      4.  Platoscmidiammines, 

Pt(NH3.NH3E)R. 
„      5.  Platomonodiammines, 

Pt(NH3.NH3B)(NH3R). 
Series  2  and  4  are  isomeric.     Cleve  has 
isolated     two    distinct    aniline  compounds, 
Pt(NH3)2.(C,H5NH„)„.E2  (c/.  Jorgensen,  J.pr.  [2] 
33,  489). 

Class  II.    Platini-  or  Platin-  compounds. 
Series  1.  Platinammincs,  E2Pt{NH3R)2. 
,,      2.  Platinidiammines, 

E2Pt(NH3.NH3E)2. 
„      3.  Platinisemidiam.mines, 

E,Pt(NH,.NH3E)E. 
,,      4.  Platinimonodia)nmines, 

R„Pt  (NH.,.N  H, )  E  (NH3E) . 
„      5.  PlatinitriamDiiiics, 

E,Pt(NH3.NH3.NH3R)2. 
Series  1  and  3  are  isomeric. 
The  prefixes  mono,  di,  &c.,  are  used  to  denote 
the  number  of  NH3  groups  in  direct  union  with 
one  another,  and  not  the  number  of  NH,  groups  in 
union  with  the  atom  of  Pt.  As  the  compounds  in 
Series  3  contain  one  diammine  chain,  (NH3.NH3), 
they  are  called  semidiammines  ;  and  as  those  in 
Series  4  contain  a  diammine  and  a  monammine 
chain,  they  are  called  monodiavimines. 
Class  III.    DiPLATiNUM  Compounds. 
These  contain  2  Pt  atoms  ;  the  group  Pt,  may 
be  divalent,  tetravalent,  or  hexavalent. 

Series  1. 

PtCNHj.NHjE) 
Diplatodiammines,  | 

Pt(NH3.NH3E) 

Series  2. 

EPt(NH3.NH3E) 

Diplatosindiammines,  \ 

EPt(NH3.NH3E) 

or  Pt(NH3.NH3E) 
I 

R2Pt(NH3.NH3E) 
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Series  3. 

KPt(NH3E),, 
Diwlatinammincs,  j 

KPt(NH,K)., 

Series  4. 

RPt(NH3.NH,E)„ 
Diplatinidiammincs,  \ 

RPt(NH3.NH3R),, 

Iodides  of  platinum  bases  with  4  and  8 
atoms  Pt  are  also  known ;  I2Pt4.8NH3.Is,  and 
l2Pts.l6NH3.I„. 

Many  organic  bases,  such  as  aniline,  pyrid- 
ene,  &c.,  can  take  the  place  of  NH.,  in  these 
compounds,  and  the  N  of  NH3  is  often  replace- 
able by  P  or  As. 

Class  I.    Plato-  or  Platoso-  compounds. 

Series  1.  Platoscmicuiimines,  PiPtNHjR. 
None  of  these  has  been  isolated,  but  Cossa  {B. 
23,  2503)  has  obtained  a  compound  which  pro- 
bably contains  platosemiammine  chloride  ;  the 
compound  is  2PtNH3Cl,.Pt(NH3),Cl2. 

Series  2.  Platosammines,  Pt(NH3R),,. 
These  compounds  are  generally  obtained  by 
heating  the  corresponding  platodiammines, 
Pt(NH3.NH3E).,,  which  thus  lose  2NH3;  by  heat- 
ing with  NHjAq,  platodiammines  are  re-formed; 
with  oxidisers,  platini-  compounds  are  obtained. 

Platosamminb  cHLoiuiiE  Pt.NH3Cl.NH3Cl 
(Peyrone,  Jl.  51,  1;  55,205;  61,178).  Obtained 
by  heating  Pt(NH3)4Cl2  (plato-diammine 
chloride)  to  250°,  or  by  evaporating  that  com- 
pound with  HClAq  at  100°  and  dissolving  out 
AmCl  in  water ;  also  by  evaporating  with  HCl 
the  solution  of  the  corresponding  nitrate  or 
sulphate.  Microscopic,  sulphur-yellow  crystals. 
S.  -022  at  0°,  -77  at  100°.  Sol.  NHjAq,  form- 
ing Pt(NH3.NH.|Cl),,  (platodiammine  chloride) ; 
in  aqua  regia  forms  CljPtfNHjCl),  (platinam- 
mine  chloride).  With  AgNO.,Aq,  in  the  ratio 
2Pt(NH3Cl)2:AgN03,  one  half  of  the  chlor- 
ide remains  unchanged  and  one  half  gives 
Pt(NH3.N03),.  Heated  to  270°,  the  chloride  is 
decomposed  thus  : 

3Pt(NH3Cl),  =  3Pt    4NH,,C1  +  2HC1  -t-  N„. 

Platoscmidiammine  chloride 
Pt(NH3.NH3Cl)Cl,  and  platodiammine  chloride 
jjZatowzis  c7iZortdcPt(NH,,.NH3Cl)„.PtCU(Magnus' 
green  salt),  are  isomeric  or  polymeric  with  platos- 
ammine  chloride.  Othercompounds, perhaps  also 
isomeric,  were  obtained  by  Peyrone  {I.e.)  and  by 
Cossa  {B.  23,  2503). 

Grimm  {A.  99,  67)  obtained  a  double  c  0 m- 
pound  with  AmCl;  Pt(NH3Cl),.2AmCl.  Jorgen- 
sen  (/.  ;jr.  [2]  33,  489)  obtained  the  pyridine 
compound  Pt(NC-,HjCl)., ;  and  also  the  mixed 
compound  PtNC5HjCl.NH3Cl  {v.  also  Hedin, 
Dissertation,  Lund  ;  B.  20,  Bcf.  108). 

Platosamjiinb  hydroxide 
Pt.NHjOH.NHjOH.  Said  to  be  obtained,  as  a 
crystalline,  very  soluble  solid,  by  decomposing 
the  sulphate,  Pt(NH3.NH3)SO„  by  BaOAq  (Od- 
hng,  C.  N.  21,  269,  289).  The  compound  thus 
formed  may  have  been  the  isomeric  plcLtosemi- 
cliammine  hydroxide,  OH.Pt(NH3.NH30H).  A 
solution  of  Odling's  hydroxide  reacts  strongly 
alkaline,  absorbs  CO,  from  the  air,  neutralises 
acids,  decomposes  salts  of  NH^  giving  off  NH3, 
and  ppts.  many  metallic  hydroxides  from  salts  of 
the  metals. 

Platosammine    oxide     Pt(NH3.NH3)0.  A 


grey  solid,  insol.  water  or  NH,,Aq  ;  heated  in  a 
retort  to  195°  gives  N,  NH3,  H.,0  and  Pt.  Ob- 
tained by  heating  platodiammine  hydroxide 
(Pt[NH3.NH3.0HJ„)  to  110°  (Reiset,  A.  Ch.  [3] 
11,  417). 

Platosammine  sulphonates  and  Chloeo- 
STJLPHONATEs  Pt.NH3S03M.NH3S03M  and 
Pt.NH3Cl.NH3S03M.  Ammonium  platosammino 
sulplionate,  Pt(NH3.S0:,Am)._„  is  formed  by  the 
reaction  of  excess  of  AmjSO-jAq  on  Pt(NH3Cl), 
(Peyrone,  A.  51, 1 ;  55,  20.5  ;  61,  178).  The  salts" 
of  Ba,  Co,  Cu,  Pb,  Mn,  Ni,  Ag,  Na,  UO,,  and  Zn 
have  been  obtained.  Ammoni.wn  i)latosammine 
chlorosulphonatc,  Pt.NH3Cl.NH3S03Am.H,,0,  is 
obtained,  in  colourless  rhombic  tablets,  by  lead- 
ing S0,_,  into  a  boiling  solution  of  Pt(NH3Cl).,, 
and  neutralising  with  NPIjAq.  If  the  neutralis- 
ation is  omitted,  platosammine  chlorosulphonic 
acid,  Pt.NH3Cl.NH3.SO3H,  is  obtained  (Peyrone, 
I.e.). 

The  other  salts  of  the  platosammine  series 
which  have  been  isolated  are  the  following ; 
M  =  Pfc(NH.,)., : — bromide,  MBr.,  (.lorgensen,  J.pr. 
[2]  33,  521,'  5"31,  535) ;  cyanide,  MCy.,  (Buckton, 
A.  92,  280) ;  iodide,  MI,  (Cleve,  Bl.  [2]  7,  12 ;  17, 
482  ;  Reiset,  A.  Ch.  [.3]  11,  417) ;  nitrate  and 
nitritc,M(^0^)„mAU{i:iiO.,).,(C\e.\e,l.c.);  sulphate 
and  sulphite,  MSOj.H,0  and  MSOj.H.O  (Cleve, 
I.e.)  ;  and  sulphoeyanide,  M(CyS)._,  (Buckton,  I.e.). 
Substituted  derivatives  of  the  bromide,  of  the 
form  Pt(NH,EBr),,  and  Pt.NH3Br.NHJ{Br,  where 
E  =  Et,  Me,  or  Pr,  have  been  obtained  (Jorgensen, 

I.C.). 

Series  3. — Platodiammines 
Pt(NH3.NH3R),.  Formed  by  action  of  NH,Aq 
on  platinous  salts,  platosammine  or  platosemi- 
diammine  compounds.  Easily  lose  NH3  on 
heating,  giving  ijlatosammine  compounds.  Give 
platinidiammine  compounds  by  action  of 
oxidisers. 

Platodiammine  chloride 
:  Pt(NH3.NH3Cl),,.H,0  (Reiset,  A.  Ch.  [3]  11,  417). 
Sometimes  called  ReiscVs  first  chloride.  Ob- 
tained by  the  prolonged  action  of  boiling  NHAq 
on  PtCL,  Magnus's  green  salt  {v.  infra),  platos- 
ammine chloride  Pt{NH3Cl)„,  or  platoscmidiam- 
mine chloride  Pt(NH3.NH3Cl)Cl,  precipitation 
by  alcohol,  and  crystallisation  from  water.  Also 
formed  by  reduction  of  platinidiammine  chloride 
Cl,,Pt(NH3.NH3Cl)„,  by  H,S  (Thomsen,  J.  1868. 
278).  Large,  colourless,  tetragonal  crystals; 
S.  25  at  16"5°,  more  sol.  hot  water  ;  insol.  absolute 
alcohol  and  ether.  Addition  of  H^SOjAq, 
HN03Aq,  or  H.>C,0jAq  ppts.  the  corresponding 
sulphate,  nitrate,  or  oxalate.  B,y  gently  warming 
with  HNOjAq  the  salt  (N03),P't(NH3.NH3Cl)3  is 
formed  ;  CI,  Br,  and  FeCljAq  react  similarly.  At 
240°-270°  NH3  is  given  off,  and  Pt(NH3Cl).,  is 
formed  {v.  Platosammine  chloride,  supra,). 
Combines  with  PtCL,  and  PtCl,,  to  form  M.PtCI, 
and  M.PtClj  respectively  [M  =  Pt(NH3.NH.,Cl)j" 
Compounds  are  known  in  wliich  NH3  is  wholly 
or  partly  replaced  by  pyridine,  also  by  alkyl 
radicles  (.Jorgensen,  J.  p}r.  [2]  33,  489),  and  also 
by  PEt3  (Cahours  a.  Gal,  C.  B.  70,  1381). 

Double  compounds.  Combines  with 
various  metallic  chlorides  to  form  compounds  of 
the  form  M.XCL,  where  M  =  Pt(NH3.NH3Cl)o,  and 
X  =  Pt,  Cu,  Pb,  Hg,  Sn,  and  Zn  {v.  Thomsen,  J. 
1868.  278  ;  Buckton,  C.  J.  5,  213  ;  Millon  a. 
Commaille,  C.  B.  57,  822). 
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The  most  important  of  these  compounds  is 
Platodlvmjiinb  chlokide  platinous  chloride, 
known  as  Magmis's  green  salt, 
Pt(NIl,.NH.,Ci),.PtClj.  This  salt  is  obtained  by 
the  action  of  NH,Aq  on  PtCl.^  in  HClAq,  or  on 
PtCl^  in  HClAq  after  passing  in  S0._,  till  AmCl 
ceases  to  give  a  pp.  (Magnus,  P.  14,  242  ;  Gros, 
A.  27,  241).  Also  by  adding  Pt(NH,.NH3Cl),  to 
PtCl,  in  HClAq.  It  is  best  prepared  by  making 
Am^PtCl,,  from  PtCl^  in  HClAq  treated  with  SO.j 
and  crystallised  from  AmClAq,  and  heating  this 
with  HClAq  and  NH^Aq  (Claus,  A.  107,  138). 
Green,  microscopic  prisms  or  needles;  insol. 
water,  alcohol,  and  dilute  HClAq.  Digestion 
with  hot  NHjAq  forms  Pt(NH.,.NH,Cl), ;  CI,  Br, 
or  HNOjAq  produces  platinidiammines  (Gros, 
I.e. ;  Kaewsky,  A.  Ch.  [S]  22,  278).  Boiling  with 
AgNOjAq  produces  PtCl^  and  PtlNHi.NHjNOa)^. 
If  the  empirical  formula  TOPt(iSlHs)2Cl2  is  given 
to  Magnus's  green  salt,  it  is  seen  to  be  iso- 
meric, or  polymeric,  with  platosammine  chlor- 
ide Pt(NH3Cl).„    platosemidiammine  chloride 

Cl.Pt.NHj.NHjCl, 
platomonodiammine  chloride  platinous  chloride 
2[Pt(NH,.Cl)(NH,.NH.^Cl)].PtCl2,diplatosindiam- 
mine  chloride  Cl,Pt.,("NH3.NH3Cl).„  and  with  a 
double  salt  obtained'  ty  Cossa  (B.  23,  2503), 
2[Pt.NH3.Cy.Pt(NH3),Cl2. 

Platodiammine  hydeoxide  Pt(NH3.NH30H)„. 
Sometimes  called  Reisct's  first  base  (Keiset, 
A.  Ch.  [3]  11,  417).  White,  crystalline,  deli- 
quescent needles;  by  decomposing  the  sulphate 
by  the  proper  quantity  of  BaOAq,  filtering,  and 
evaporating  in  vacuo.  Solution  in  water  is 
strongly  alkaline,  absorbs  CO^  from  the  air,  and 
drives  out  NH3  from  NH^  salts.  NH3  is  not 
given  off  when  an  aqueous  solution  is  boiled 
alone  or  with  potash.  Melts  at  c.  110°;  at  a 
higher  temperature  gives  off  NH3  and  H.,0  and 
leaves  platosammine  oxide  Pt(NH3).,0  (g.  v. 
p.  293). 

The  other  chief  compounds  of  the  platodi- 
ammine  series  are  the  following;  M  =  Pt(NH3)., : — 
-carbonates,  MC03.4aq  and  M(C03H),  (Peyrone, 
A.  .51,  14  ;  Eeiset,  A.  Ch.  [3]  11,  417)  '■  chromatcs 
MCr04  and  MCr,Oj ;  bromide,  MBr„.3aq  (Cleve, 
J.  1867.  321);  iodide,  Ml^.xaq  (Cleve);  nitrate 
and  nitrite,  M(N03)o  and  M(jSI0„),.2aq  (Peyrone, 
l.c.)  ;  phosphate,  MHPO^.aq  (Cleve,  Bl.  [2]  7, 
12 ;  17,  482) ;  sulpliate  and  sulphites.  MSOj, 
MSO3,  M(S03H)2.2aq  (Cleve,  I.e.). 

Series  4.  Platoscmidiammines, 
Pt(NH3.NH3E)Il.  Generally  formed  from  the 
■chloride  by  double  decomposition  ;  the  chloride 
is  a  product  of  the  action  of  NHjAq  or 
(NHJ.iCO^Aq  on  PtClj.  Prolonged  treatment  of 
the  platosemidiammines  with  NHjAq  produces 
diammine  compounds.  Jorgensen  (J.  pr.  [2]  33, 
489)  has  replaced  NH3  in  these  compounds  by 
alkyl  radicles  and  by  pyridine. 

T.,/NH3.NH,C1 
Platosemidiammine  chlokide  Pt<^g-|  ■* 

Sometimes  called  Peyrone's  chloride.  PtClj  is 
formed  by  the  action  of  SO.^  on  PtCl^  in  HClAq, 
and  the  solution  is  heated  to  boiling  with  excess 
of  (NHJjCOj  until  the  red  solution  has  become 
light-yellow  and  a  greenish-brown  pp.  forms, 
when  the  liquid  is  rapidly  filtered.  The  chloride 
separates  as  the  liquid  cools  ;  it  must  be  filtered 
off  at  once  (else  it  may  re-dissolve),  and  crystal- 
lised from  boiling  water  (Peyrone,  ^.  51, 14  ;  55, 


209 ;  V.  also  Thomsen,  Gm.-K.  S,  1115 ;  Cleve, 
BL  [2]  7,  12,  17,  482).  Small  yellow  crystals. 
S.  -26  at  0°,  3-6  at  100°.  Decomposes  at  270°, 
giving  off  NH3  and  HCl.  Boiling  NH^Aq  forms 
platodiammine  chloride,  Pt(NH3.NH3Cl)., ;  CI, 
Br,  I,  and  some  other  oxidisers  pi'oduce  platini- 
semidiammine  compounds,  E,Pt(NH3.NH3E)R. 
With  AgNOj,  and  Ag,SOj,  the  corresponding 
nitrate  and  sulphate  are  formed. 

It  is  doubtful  whether  the  hydroxide 
Pt(NH,.NH,OH)OH  has  been  prepared;  the 
compound  obtained  by  Odling  (C.  N.  21,  2fi9, 
289)  was  this  or  the  isomeric  platosammine 
hydroxide,  Pt(NHjOH)„  {v.  Platosammine  hy- 
droxide, p.  293).  The  other  compounds  of  this 
series  which  have  been  obtained  are  the  follow- 
ing; M  =  Pt.NH3.NH3 :— 6ro»w(Ze.  MBi-j;  chloro- 
sulphonic  acid,  MCI.SO3H  (Cleve.  l.c.) :  iodide, 
MI2 ;  nitrate  and  nitrite,  M(N03)2  ^^'^ 
M(N02)j;  sulphate,  MSO^  :  double  sulphites, 
MS03.2X,,S03,  2NH4,  Ba',  Co,  Ag,;  these  may 
be  regarded  as  compounds  of  sulphites  with 
salts  of  the  hypothetical  platosemiammine 
sulphonic  acid  Pt(NH3.NH3.S03H)S03H. 

Series  5.  Platomonodiammines 
Pt(NH3.NH3E)(NH3E).  Most  of  the  salts  of  this 
series  are  prepared  from  the  double  salt  of  the 
chloride  with  PtCl^. 

Platomonodiammine     chlokide  platinous 

chlokide  com- 
pound is  one  product  of  the  action  of  NH,,Aq  on 
PtClj  in  HClAq ;  it  is  prepared  by  neutralising 
PfCI^  in  HClAq  by  (NHJ^COsAq,  heating  to 
boiling,  and  adding  (NH4)2C03Aq  drop  by  drop, 
when  it  separates  in  small  red  tablets  (Peyrone, 
A.  55,  209).  Pairly  sol.  cold  water,  more  sol.  hot 
water.  Boiled  with  NHjAq  forms  Magnus's 
green  salt,  Pt(NH3.NH3Cl)2.PtCLj.  Isomeric,  or 
polymeric,  with  Magnus's  green  salt,  platos- 
ammine chloride,  and  platosemidiammine 
chloride. 

Platomonodiammine  chloride 


^NH,.NH..C1 


Obtained,  in  lustrous  colourless 


^KnH3C1 

crystals,  by  adding  HClAq  to  an  ice-cold  solution 
of  the  nitrate. 

Platomonodiammine  nitrate 

^KNH'mf by  decomposing  the 
chloride  in  solution  by  AgNOjAq,  filtering,  and 
evaporating.    The  sulphate 

Pt^^-'-^'^'^^^SOj.PPO  is  also  known  {v.  Cleve, 

/.c;  Blomstrand,  B.  4,  40,  639,  673;  6,  1469). 
Class  II.    Platini-  or  Platin-  compounds. 

Series  1.  Plalinainmines,  R2Pt(NH3E).„ 
These  compounds  are  formed  by  the  addition  of 
CI.  Br,  or  I  to  platosammines,  or  by  the  action  of 
such  oxidisers  as  HNOjAq  on  platosammines  ; 
they  are  generally  changed  to  platinidiammines 
by  heating  with  NH3Aq,  and  are  reduced  to 
platosammines  by  SO™Aq.  The  radicles  in  direct 
union  with  Pt  are  replaced  with  more  difficulty 
than  those  in  union  with  NH3.  The  nomen- 
clature is  arranged  to  indicate,  first,  the  nature 
of  the  radicles  in  direct  union  with  Pt,  and  then 
those  in  direct  union  with  NH3. 

I.  Chloro-  compounds  Cl2Pt(NH3E)2. 
Chloroplatinammine  chloride  Cl2Pt(NH3Cl).,. 
Formed  by  susx^ending  platosammine  chloride. 
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Pt{NH.,Cl)2  in  boiling  water,  and  passing  in  CI 
until  the  original  citron-yellow  particles  are 
changed  to  microscopic  yellow  octahedra  (Ger- 
hardt  a.  Laurent,  C.  B.  30,  273),  or  until  the 
liquid,  which  is  yellow  at  first,  begins  to  turn 
reddish.  Aqua  regia,  or  KMnO,,Aq  and  HClAq, 
may  be  used  instead  of  CI  (Odiing,  C.  N.  21, 
269,  289).  A  heavy,  yellow,  crystalline  powder. 
S.  1  at  0'= ;  3  at  100°.  Unacted  on  by  boiling 
cone.  HNO.5  or  H.SO., ;  sol.  boiling  KOHAq 
without  evolution  of  NH3 ;  sol.  NH^Aq,  with 
formation  of  chloroplatinidiammine  chloride, 
Cl,Pt(NH.,.NH,Cl)2.  The  CI  is  ppd.  as  AgCI  only 
after  long  boiling  with  AgNOjAq  (Grimm,  A. 
99,  67). 

Chloroplatinammine  nitkite 
Cl.,Pt(jMH3.N0 ,),,.  Ppd.  in  colourless  rhombic 
plates  by  addition  of  excess  of  HClAq  to  solution 
of  the  nitrato-nitrite,  {N03).Pt(NH,,.NO,)2, 
which  is  formed  by  boiling  platosammine  nitrite, 
Pt(NH,.NO,),,  with  HNO^Aq. 

Chlohoplatinammine  chlokonitrite 
Cl2Pt(NH,Cl)(NH,,.N0„),  is  produced  by  the  re- 
action of  KPtCl,  and  (N0.,),Pt(NH3N0,)„. 

II.  Hi/droxyl  compotmds 
(0H),Pt(NH3E).,. 

Hydkoxyl  platinammine  htdboxide 
(OH)._Pt(NH,.OH)„.  Yellow,  lustrous  crystals  ; 
hy  adding  excess  of  NH3Aq  to  a  boiling  solution 
of  the  nitrato-nitrate  (NO,,),Pt(NH3.N03).,,  and 
allowing  to  cool.  Scarcely  sol.  water ;  easily 
sol.  dilute  acids.  Boiling  KOHAq  does  not  evolve 
NH3 ;  decomposes  above  130^,  giving  off  NH3 
and  H.,0,  and  leaving  Pt  (Gerhardt  a.  Laurent, 
G.B.  30,  273). 

Htdeoxyl  platinammine  nitrate 
(OH).Pt(NH.,.NO,).,.  2aq.  Crystalline  pp.  by  de- 
composing CL,Pt(NH.,Cl)2  by  AgNOjAq.  Not 
acted  on  by  cold  HClAq ;  evaporation  witli 
HNOjAq  produces  (NO,).Pt(NH,.N03)2  (G.  a.  L., 
Ic. ;  Cleve,  Bl.  [2]  7,  12  ;  17,  482). 

Htdroxyi,  platinammine  sulphate 
(0H)._Pt(NH3).,SO.|.aq.  Formed  as  a  pale-yellow, 
hard  crust  of  needle-shaped  crystals,  by  decom- 
posing Cl,Pt(NH3.Cl),,  by  Ag,SO^Aq.  Evapora- 
tion with  H.SO^Aq  produces  the  sulphato-sul- 
phate,  S04.P"t.(NH3).,S0^.3aq  ;  when  HClAq  is 
used,  Cl2Pt(NH3).,s6,  and  Cl.Pt(NH3CI),  are 
produced  (Cleve,  I.e.). 

The  following  salts  of  this  series  have  also  been 
isolated ;  Bromo-hrotnide,  Br.,Pt(NH3Br)„  (Cleve, 
l.c.) ;  bromo-nitrite,  Br,,Pt(iSfH,,.N6,)2  '  (Cleve, 
I.e.) ;  iodo-iodide,  LPtfNHjI)^  (Cleve,  l.c.) ;  ni- 
trato-nitrate, (N0.,).Pt(NH3.N0.,)o;  nitrato- 
nitrite,  (N0.,),Pt(NH3.N0,).,;  nUrato-chloro- 
nitrite,  N03.Cl.Pt(NH,N0.,)7 (Cleve,  I.e.);  sul- 
•phato-sulphatc,  SO^.Pt(NH3).,S0^.3aq  (Cleve, 
Z.C.). 

Series  2.  Platinidiammines, 
E,Pt(NH3NH3K),.  Generally  formed  by  action 
of  CI,  Br,  I,  and  other  oxidisers  on  platodiam- 
mines.  A  large  number  of  these  compounds  is 
known.  E  attached  directly  to  Pt  may  be  the 
same  as,  or  different  from,  E  united  directly  to 
NHj.  The  nomenclature  is  similar  to  that  of 
the  platinammine  series.  The  radicles  in  direct 
union  with  Pt  are  removed  with  more  difficulty 
than  those  united  with  NH,,. 

I.  Cliloro-  eompnunds 
ClE.Pt(NH3.NH3E)(NH3.NH3E) ;  the  E's  may  be 
the  same  or  different. 


Chloroplatinidiammine  chloride 
Cl2Pt(NH,,.NH3Cl),,.  By  passing  CI  into  a  fairly 
cone,  boiling  solution  of  platodiammine  chlor- 
ide, Pt(NH,.NH3Cl)„  till  the  liquid  begins  to 
turn  red  (Eaewsky,  A.  Ch.  [3]  22,  278) ;  also 
by  dissolving  chloroplatinammine  chloride, 
C'l.Pt(NH3Cl).„  in  NHjAq  (Gerhardt  a.  Laurent, 
C'  B.  30,  273).  Pale-yellow,  crystalline  pow- 
der ;  scarcely  sol.  cold  water,  si.  sol.  boiling 
water.  HNO^Aq  produces  the  ehloro-nitrate 
Cl,,Pt(NH3.NH3.N03), ;  a  little  AgNO^Aq  produces 
the  cJdoro-hi/droa-yl-nitrate 
Cl(OH)Pt(NH3.Nii3.N03),  ;  long  boiling  with 
AgNOjAq  is  needed  to  remove  all  CI  as  AgCl. 
Eeduced  by  H..S,  or  action  of  Ag,  to 
Pt(NH3.NH3Cl),,  (Thomson,  J.  1868.  278  ;  Jor- 
gensen,  J.  pr.  [2]  33,  489).  Porms  double 
compounds  with  PtCL  and  PtCl,  (Eeiset, 
A.  Ch.  [3]  11,  417;  G.  a.'L.,  I.e.;  Cleve,  Bl.  [2] 
7,  12  ;  17,  482). 

The  other  chloro-  compounds  which  are 
known  are  the  following :  Chloro-nitrate, 
Cl.Pt(NH3.NH3.N03),  (Gros,  A.  Ch.  [2]  69, 
204;  Eaewsky,  A.  Ch.  [3]  22,  278;  Hadow, 
C.  J.  [2]  4,  345)  ;  chloro -cUloro -nitrite, 
Cl..Pt(NH3.NH3.NOJ(NH3.NH,Cl)  ;  chloro-hy- 
droxijl-chloride,  Cf(OH)Pt(NH3.NH3Cl)2  (Cleve, 
l.c.  ;  Hadow,  l.c.) ;  ehloro-hydroxyl-carhonatc, 
Cl(OH)Pt(NH3.NH.,)2C03.H,0  (Eaewsky,  I.e.; 
Gros,  l.c.) ;  chloro-hydroxyl-ehromate  and  di- 
chromate,  Cl(OH)Pt(NH,.NH3)„CrO^  and 
CI(0H)Pt(NH3.NH3)2Cr.,0,  (Cleve,'  l.c.) ;  cldoro- 
hydroxyUiitrate,  Cl(OH)Pt(NH,.NH3.N03)„, 
(Eaewsky,  l.c. ;  G.  a.  L.,  l.c. ;  Cleve,  I.e.) ;  chloro- 
chroniate  and  dicJiromate,  and  chloro-sulphatc , 
MCrO,,  MCr„0-,  and  MSOj,  where  M  = 
Cl2Pt(NH3.NH3),  (Cleve,  I.e.). 

II.  Brovio-  compounds.  The  following 
members  of  this  class  have  been  isolated 
(Cleve,  l.c.) ;  bromo-hromide,  MBr.^ ;  bromo- 
chloridc,  MCI, ;  bromo-dichromate,  MCr^O, ; 
bromo  -  nitrate,  M(N03)., ;  bromo  -  phosphate, 
M(P04H„),.2aq  (in  these  formula? 
M  =  Br^P'tfNHj.NHj),) ;  bromo-chloro-chloride, 
BrClPt(NH3.NH3Clj,,;  bromo-hydroxyl-chloride 
and    nitrate,     MCI.,    and    M(N03),,  where 

M  =  Br(OH)Pt(NH3.NH3)2- 

HI.  Hydroxy  I  compon^ids.  Hydroxyl- 
nitrate  and  sulphate,  M(NO..)„  and  MSO^,  where 
M=(OH),Pt(NH3.NH3),. 

IV.  lodo-  compounds.  Iodn-iodide,ill.,; 
iodo-nitrate,  M(NO^).,;  iodo-sulphatc,  MSO,; 
where  M  =  LPt(NH3.NH3),. 

IV.  Carbonate-  compounds.  Carbonafo- 
bromo  -  carbonate,  carbonaio  -  chloro  -  carbonate, 
and  carbonato  -  nitrato  -  carbonate,  Br,,(C03)E, 
C1.,(C03)E,  and  (NO,).,CO,E,  where 

E  =  2[Pt(NH3.NH3)„J.(C03),. 

V.  Nitrato-  cojnpounds  (Cleve,  Z.c. ;  Ger- 
hardt a.  Laurent,  C.  B.  30,  273)  : 
(N03).Pt(NH3.NH,Cl).,.2aq ; 
(N03).Pt(NH3.NH3N03)„; 
(N03):pt(NH3.NH3)„Crd, ; 
(N03),Pt(NH3.NH3).,Cr..O, ; 
OIi(NO,)Pt(NH3.NH3.NO.,).,; 
Cl(N03)Pt(NH3.NH,,).,SO^.aq  ; 
Cl(N03)Pt(NH3.NH3.N03),,. 

VI.  Nitrito-  compounds    (Cleve,  I.e.; 
Hadow,  C.  J.  [2]  4,  345) : 
(NO,),pt(NH3.NH3.N03)2 ; 
I(N6,)Pt(NH3.NH3.N63).,. 
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VII.  Sulphato-  compounds  (Cleve,  I.e.): 
(S0,)Pt(NH3.NH,)„S0,.aq ; 
OH.Pt(NH,.NH3).,C1.2aq ; 

OH(SO,)Pt(NH3.NH,).,SO,.3aq ; 
Br2(SOJPt(NH3.NH3),(SOj2-aq. 

Series  3.  Platinisemidiammines, 
R2Pt{NH3.NH3K)E.    These  compounds  are  iso- 
meric with  the  platinammines,  E.,Pt(iSIH3K).,. 
They  are  generally  formed  by  oxidising  the 
platosemidiammines,  Pt(NIl3.NH3R)E. 

Chloroplatinisemidiammine  chloride 
CLPt(NH3.NH3Cl)Cl.  By  chlorinating  plato- 
semidiammine  chloride,  Pt(NH3.NH3Cl)Cl,  by  CI 
ox  aqua  regia  (Cleve,  I.e.).  Orange,  crystalUne 
powder ;  S.  -33  at  0°,  1-52  at  100=.  Not  acted 
on  by  cone.  H0SO4  or  alkali  solutions. 

The  following  salts  of  this  series  are  known 
(Cleve,  I.e.) : 

bromo-broiiiide,  Br„Pt(NH,.NH3Br)Br ; 
hromo-nitrite,  Br2Pt(NH3.iSfH3.NO„)N02 ; 
cliloro-nitrite,  Cl2Pt(NH3.NH3.N02)NO„ ; 
chloro-liydroxyl-nitro-nitrite, 
Cl(OH)Pt(NH3.NH3.NO,)NO„ ; 
trihydroxyl-nih  ate,  (Oil),Pt(NH3.NH3.N03)OH ; 
hydroxyl-sulphate,  (OH)2Pt^H3^H3^ 

Series  4.  Platinimonodiammines, 
R,,Pt(NH3.NH3R)(NH3R).  Of  this  series  the  fol- 
lowing have  been  isolated  (Cleve,  I.e.)  :  bromo- 
nitrate,  Br,,Pt(NH.,.NH3.N03)(NH,,.N03) ;  bromo- 
sulphaie,  Br,Pt(NH3.NH3.S04.NH.J.aq ;  chloro- 
chloride,  Cl.,Pt(NH.,.NH3Cl)(NH3Cl) ;  hydroxyl- 
nitrate,  (6H)„Pt(NH3.NH3.N03)(NH3.N03).aq ; 
hydroxyl-bromo-nitratc, 

(bH)BrPt(NH3.NH3.N03)(NH3.N03).aq ;  iodo- 
bromide,  I.,Pt(NH3.NH3Br)(NH3Br). 

Series  5.  Platinitriammines, 
R^Pt(NH3.NH3.NH3R),,.  This  constitution  is 
jirobably  to  be  given  to  salts  formed  by  electro- 
lysing ammonium  carbamate  or  carbonate  solu- 
tion, using  electrodes  of  Pt  (Drechsel,  J.  pr.  [2] 
20,  378  ;  26,  277  ;  Gerdes,  J.  pr.  [2]  26,  257). 
The  salt  formed  as  described  is  probably  car- 
bonato-platinitriammine  carbonate, 

(C03).Pt<5Jg^;^||;5;g^^>C03.    By  the  action 

of  HNO3,  H,SO„  ''and'  HCl,  respectively,  on 
this  compound  are  obtained  the  nitrato- 
nitrate,  sulphato-s^dpliate,  and  chloro-chloride, 
(N03)2.M.(N03)„,  SOi.M.SO^.aq,  and  Cl^.M.Cl,,, 
where  M  =  Pt(NH3.NH3.NH3)2. 

Class  III.  Diplatinum  compounds. 

Pt(NH3.NH3E) 
Series  1.  Diplatodiammines,  \ 

Pt(NH3.NH3R) 

(Blomstrand,  J.  pr.  [2]  3,  207).    Cleve  (I.e.)  gives 
to  these  comiJounds  the  formula 
Pt,(NH3)2(NIL,),R2. 

The  following  members  of  this  series  are 
known  :  ehloride,  MCL  ;  hydroxide,  M(OH)„ ; 
nitrate,  M(N03)2 ;  and  sulphate,  MSO, ;  where 
M  =  Pt,(NH3),. 

Series  2.  Diplatosindiammines, 
EPt(NH3.NH3R) 

I  .    The  only  compound  of  this 

EPt(NH3.NH3E) 

series  is  the  cldoride  Cl.,Pt,(NH3)4Cl2. 

EPt(NH3R)2 
Series  3.     Diplatinammines,  \ 

EPt(NH3R)2 


The  only  compound  of  this  series  is  the  iodide 
l2Pt,(NH3),Ij  (Cleve,  I.e.)  ;  by  treatment 
with  HIAq,  the  compound  Pt4l,„(NH3)s  and 
PtsI,3(NH3),5  are  produced. 

Series  4.  Diplatinidiammines, 
EPt(NH3.NH3R).2 

I  (Cleve,  I.e.).    The  iodo-nitrate, 

RPt(NH3.NH3E)2 

L,Pto(NH3)8(N03)i,  is  formed  by  reacting  on 
l2Pt(NH3yN03),  with  NH,Aq  and  treating  the 
product  with  HNOjAq ;  most  of  the  other  com- 
pounds of  the  series,  are  formed  from  the  iodo- 
nitrate.  Various  classes  of  compounds  of  this 
series  are  formed  by  varying  the  composition  of 
the  radicles,  R  ;  the  nomenclature  is  similar  to 
that  used  for  the  platinidiammines.  The  com- 
pounds which  have  been  isolated  are  broino- 
nitrate,  bromo-anhydronitrate,  and  bromosul- 
phate,  M(N03)„  M(N03)20,  and  MlSOJ^-Saq, 
where  M  =  Br2Pt2(NH3)5 ;  hydroxyl-cMoride,  di- 
chromatc,  phosphate,  and  sidphate,  MCl^.aq, 
M(Cr20,)2,  M(HPO,)„,  and  M(S04),.2aq,  where 
M  =  (OH)2Pto(NH3)8 ;  iodo-iodide,  anhydro-iodidc, 
nitrate,  anhydronitrate,  phosphate,  and  sul- 
phate, MI„  ML.O,  M(N03),.4aq,  M(N03).,0, 
M(HP0,,)2,  and  M(S0J,,,  where  M  =  LPt2(NH3)8  ; 
nitrato-nitrate,  (N03)2Pt2(NH3)s(N03).,.4aq. 

M.  M.  P.  M. 

PLATINUMS,  FULMINATING.  Various 
compoands  of  Pt,  N,  CI,  0,  and  H,  all  of  which 
explode  when  heated,  are  formed  by  the  action 
of  KOHAq  on  (NH.,),,PtCl,.,  or  by  ppg.  Pt(S0,)2 
with  NHjAq  and  boiling  the  pp.  with  KOHAq 
(Proust,  Oehlen's  J.  1,  348 ;  Diibereiner,  G.  A.  72^ 
194  ;  Fourcroy  a.  Vauquelin,  Gelilen's  J.  1,  348  ; 
Davy,  S.  19,  91).  These  compounds  are  classed 
together  as  fidminating  platinums.  E.  von 
Meyer  (J.  pr.  [2]  18,  305)  classifies  according  to 
the  quantities  of  CI  they  contain  ;  all  contain  Pt 
and  N  in  the  ratio  of  equal  numbers  of  atoms  : 
tetraehloro-  compotmd  PtjNjCljO|.,H.,„  triohlor- 
oxy- Pt,N,Cl3(0H)  0,.,H2,,  diehloro-  Pt  ,N,C1,.0,„H,2,. 
chloroxy-  '£t,^fi\(6B.)0^^TLa.  Tetrachloro-ful- 
minating  platinum  is  formed  by  adding 
KOHAq  drop  by  drop  to  Am^PtClg,  in  the  ratio 
4-6KOH :  ArajPtClg,  and  washing  the  pp.  by 
repeatedly  boiling  with  acetic  acid  solution  and 
then  with  water.  At  150°  4H2O  is  given  off ; 
explosion  occurs  at  a  higher  temperature. 
Dilute  H.SO^Aq  produces  H2C2O4  and  evolves 
COn.  By' treatment  with  KOHAq,  or  NHjAq, 
CI,  is  easily  removed,  a  third  CI  is  removed  with 
difficulty,  but  the  fourth  CI  remains  unattacked. 

M.  M.  P.  M. 

PLUMBAGO.  A  name  sometimes  given  tO' 
graphite ;  v.  Carbon,  vol.  i.  p.  686. 

PLUMBATES.  Salts  wherein  PbO.  acts  as. 
acidic  radicle,  v.  vol.  iii.  p.  132. 

PLUMBITES.  Salts  wherein  PbO  acts  as 
acidic  radicle,  v.  vol.  iii.  p.  129. 

PLUMERIC  ACID  C,„H,„0,.  [139°].  Occurs 
as  calcium  salt  in  the  milky  juice  of  Plumcria 
acutifolia  (Oudemans,  A.  181,  154).  Minute 
crystals  (from  water),  v.  sol.  alcohol  and  ether, 
si.  sol.  cold  water.  Yields  salicylic  acid  on 
fusion  with  KOH.  Reduced  by  sodium-amalgam, 
to  crystalline  '  hydroplumeric  '  acid  C^^^^fi^. — ■ 
K,A''3aq.  —  Ca(H.,A'')2  4aq.  S. -5  at  20°.  — 
CaH,A'  6aq.  S.  -25  at  20°.  — Ca3(HA'-')2  8aq.— 
Ag2H2A'''  aq.  —  AgjHA"  l|aq  :  needles  (from 
water). 
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PODOCAEPIC  ACID  C„H,.,0,  i.e. 
C„H,-.C,H.Me(OH).CO,H.  Mol.w.  274.  [188^. 
[a]n=13G-'.  Constitutes  at  least  90  p.c.  of  tlie 
resin  found  by  de  Vrij  in  the  trunk  of  an  old 
tree,  Podocarpiis  ciipressiiia,  var.  imbricata 
(Oudemans,  A.  170,  213).  Plates  (from  dilute 
alcohol),  insol.  water,  v.  si.  sol.  benzene,  v.  e. 
sol.  alcohol  and  ether.  Dextrorotatory,  llesolved 
at  300°  into  water  and  anhydride  C^fi^.,Or,. 
Yields  methanthrene  Ci^H,,  on  distillation  with 
zinc-dust.  The  Ca  salt  on  distillation  yields 
|:)-cresol,  hydrocarpol,  carpene  C,,H|,|,and  nieth- 
anthrol  C,5H,.,0.  Br  added  to  its  alcoholic 
solution  forms'C„H„„BrEtO,(EtOH)  [above  80°], 
which  gives  oif  alcohol  when  heated  for  some 
time,  leaving  C.-H.^BrEtOj  [158°]. 

Salts.— NaA'7aq.  S.  33at21°.  Needles.— 
KA'  3aq.— KA'  4aq.—  (NHJHA'„  aq.— BaA'.,  3aq. 
— BaA',  8aq.  —  BaA',,  9aq.  —  BaA',,  1.5aq.  — 
BaC|,H,„0.j  8aq.  —  CaA'„5aq.  —  PbA'„laq.  — 
PbC„H,^,0.,  aq.  —  PbH,,A'^  lOaq.  —  CuA'._'  lOaq.— 
AgA'  2i^aq. 

Methyl  ether  MeA'.    [171°].  Grains. 

Ethyl  ether  EtA'.    [146°].  Needles. 

Acetyl  derivative  C|,H,j|Ac03.  [152°]. 
Small  needles  (from  dilute  alcohol). 

Nitropodocarpic  acid  C|,H,,,(NO,)0.,.  [205°]. 
Formed,  as  well  as  the  di-nitro-  acids,  by  the 
action  of  HNO3  (S.G.  1-34).  Small  crystals, 
insol.  water,  m.  sol.  hot  alcohol.  May  be  reduced 
to  unstable  amido-podocarijic  acid,  which  forms 
C„H.,3N03HC1  iaq. 

Salt  s.— (NHj).,C,;H,<,NO,  4aq.— 
K_.C,,H,gN05  Sjaq.  I^^d  needles  with  green 
lustre,  V.  sol.  water. — Na.C,,H|„N05  9aq.  Scarlet 
plates.  —  BaC,,H,„NO- 7aq.  Bed  needles. — 
BaCpHigNO^Saq. — BaA',,  4aq  :  yellow  needles, 
si.  sol.  water. — CaC,-H|,|N05  4aq  :  orange  needles. 

Di-nitro-podocarpic  acid  C,JI,„(N0,J.03. 
[203°].  Pale-yellow  crystals,  insol.  water,  m.  sol. 
alcohol.  — Salts  :  K„C|jH,8N,p,  5aq.  Crimson 
needles,  with  green  reflex.— BaCi-H,„N,^0, 4aq. — 
Ag,_,C,,H,3N,07  4aq  :  orange  pp. 

Sulpho-podocarpic  acid  C,,H.,,(S0,,H)03  Baq. 
Got  by  warming  with  H0SO4.  Amorphous  mass. 
Salts:  Na^A"  7aq  :  easily  soluble  rosettes. — 
Ba(HA"),,  6aq.  —  BaA''  8aq  :  white  lamina.  — 
CaA"  7aq  :  thin  laminoe. 

Hydrocarpol  C,„H„„0.  (220°  in  vacuo).  A 
product  of  the  distillation  of  calcium  podocarpate. 
Viscid  oil,  v.  sol.  alcohol  and  ether.  Yields 
^-cresol,  carpene,  and  methanthrol  C,,H|.,0 
[122°]  when  distilled.  Methanthrol  is  crystalline, 
sol.  KOHAq. 

PODOPHYLLIN.  The  resin  extracted  from 
the  root  of  Podophi/Uiwi  pcllatum  (Guareschi, 
B.  12,  683  ;  G.  10,  16  ;  Busch,  Ph.  [3]  8,  443  ; 
Senier  a.  Lowe,  Ph.  [3]  8,  445).  It  contains  bitter 
and  physiologically  active  '  picropodophyllin  ' 
crystalUsing  in  needles  [200°-210°],  and  several 
resins,  e.g.  '  podophyllo-  quercetin  '  [247°-250°] 
and  •  podophyllic  acid '  (Podwissotzky,  P/t.  [3]  12, 
1011). 

POLYCHROITE  v.  Saffron. 

POLYMERISM  ;  a  term  generally  applied  to 
the  phenomena  of  the  existence  of  more  than 
one  substance  having  the  same  composition,  and 
related  in  properties,  but  with  different  molecular 
weights  ;  v.  Isomerism,  vol.  iii.  pp.  7'.)-81. 

M.  M.  P.  M. 


POLYPORIC  ACID  C,sH,,0,.  [above  300°]. 
Occurs  in  a  fungus  belonging  to  the  genus  Poly- 
porus,  which  grows  on  the  bark  of  diseased  or 
dead  oaks.  The  fungus  is  yellow,  but  is  turned 
violet  by  ammonia  (Stahlschmidt,  A.  187,  177  ; 
195,  365).  Bronzed  tables  (from  alcohol),  insol. 
water,  ether,  benzene,  CS^,  and  HOAc,  si.  sol. 
chloroform  and  alcohol.  Alkalis  form  puiple 
solutions,  decolourised  by  zinc-dust.  Yields  a 
tetrahydride  when  boiled  with  cone.  KOHAq. 
Y'ields  benzene  on  distillation  with  zinc-dust. 
Cone.  HNO3 forms  C,,H,„(NO.,),,0,  [230°].  KClOj 
and  HCl  give  C^Hi^Cl^O^  [108°]  and  C^H.^Cl^O^ 
[110°]. 

Salts. — K.,A"  2aq  :  purple  monoclinic  crys- 
tals.— NaA"2aq:  violet  needles. — (NHj)„A"2aq. 
— BaA"  4aq. — BaA"  2aq. —  SrA"  4aq.  —  SrA"  aq. 
— CaA"3aq:  pale-violet  needles.— MgA"  3aq. — 
Ag.A":  insoluble  pp. 

'Methyl  ether  Me, A".  [187°]. 

Ethyl  ether  Et,,A".    [134°].  Needles. 

Diacetyl  derivative  CijHp^Vc.Oj.  [205°]. 
Yellow  needles,  si.  sol.  alcohol. 

Hydride  C,sH,„0,,.  [163°].  Formed, 
together  with  the  acid  C,,„H„0.,  [156°]  which 
yields  Ag,A",  by  boiling  polyporic  acid  with  cone. 
KOHAq.  White  crystalline  powder  (from  hot 
water),  sol.  alcohol.  —  Na,A"4aq.  —  BaA".  — 
MnA"  6aq. — Ag.,A"  :  crystalline  pp. 

POPPY  OIL.  The  oil  expressed  from  the 
seeds  of  Papaver  somniferum  contains  glycerides 
of  linoleic,  stearic,  and  palmitic  acids  (Oude- 
mans, J.  1858.  304  ;  1863.  333  ;  cf.  Mulder,  J. 
1865.  323). 

VOVJS'LnS Ki\\e  Benzoyl  derivative  of  Salicix. 

PORPHYRINE  C,,,H.,,N,0,,.  [97°].  Occurs, 
together  with  alstonine  and  alstonidine,  in  the 
bark  of  Alstonia  coiistricta  (Hesse,  A.  205,  366). 
White  amorphous  substance,  sol.  alcohol,  ether, 
and  chloroform.  Cone.  H^SO^  gives  a  isurple 
solution.  Its  acid  solutions  exhibit  blue 
fluorescence. — B',,H,PtCl|^4aq. 

POTASH.  Potassium,  hydroxide,  q.  v.,  p. 
302. 

POTASSIUM.    K.    At.  w.  39-04.    Mol.  w. 

probably  39-04  (Ramsay,  C.  J.  55,  521 ;  v.  infra). 
M.P.  58°  (Quincke,  P.  135,  642) ;  62-5°  (Bunsen, 
A.  125,  368).  B.P.  719°-731°  (Carnelley  a.  Wil- 
liams, G.  J.  35,  563)  ;  667°  (Perman,  C.  J.  55, 
326).  S.G.  -865  at  15°  (Gay-Lussac  a.  Thenard) ; 
■875  at  13°  (Baumhauer,  B.  6,  655).  V.D.  not 
known  with  certainty  ;  v.  in  fra,  molccidar  weight. 
S.H.  from  -78°  to  +10° -166  (Regnault,  A.  Ch. 
[3]  26,  286).  C.E.  (linear,  0°-50°)  -00008415 
(Hagen,  Verhandl.  d.  plnjsikal.  Ges.  zu  Berlin, 
1882.  No.  13).  Volume  at  <°  =  vol.  at  0° 
(1  +  -00023935/;  -I-  -00000020925Z-)  for  interval  10° 
to  95°  (Hagen,  Z.c).  E.C.  at  0°  (Hgat0°  =  l) 
11-23;  at  100°  (liquid)  5-586  (Matthiessen,  P. 
100,  177).  Refraction-equiv  7-51  (Kanonnikoil, 
J.  B.  1884  (1),  119).  The  emission-spectrum  is 
characterised  by  a  line  K.^  in  the  extreme  red,  and 
a  line  in  the  violet ;  for  measurements  of  all 
the  chief  lines  v.  B.  A.  1884.  436 ;  for  the  ab- 
sorption-spectrum V.  Eoscoe  a.  Schuster,  C.  N. 
29,  268.  H.C.  [K'^O]  =  66,050  (Woods,  P.  M.  [4] 
2,  268). 

Occurrence.  —  Compounds  of  K  are  widely 
distributed  in  large  quantities.  Felspar,  m  ica,  etc.,, 
contain  silicates  of  this  metal ;  carnallite, 
sylvine,  (fee,  contain  KCl ;  alum-stone  and  other 
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minerals  contain  K2SO4;  saltpetre  is  chiefly 
KNO3.  Sea-water  contains  c.  'B  to  -7  g.  KCl 
per  litre.  Potassium  salts,  e.g.  acid  tartrate  and 
oxalate,  are  found  in  plants.  Animals  contain 
salts  of  K,  chiefly  phosphate  and  chloride. 

Historical. — Potash  was  decompo;e  1  by  Davy 
(T.  1808.  [1]  5)  in  1807,  by  passing  the  electric 
current  from  a  Volta-pile  of  200  plates,  through 
a  piece  of  potash  placed  in  a  Pt  basin. 
Gay-Lussac  a.  Thenard,  in  1808,  reduced  potash 
and  obtained  the  metal,  by  heating  it  to  white- 
ness with  iron  filings  {A.  Ch.  65,  325).  In  the 
same  year  Curaudan  {A.  Gh.  66,  97)  showed  that 
charcoal  could  be  used  instead  of  iron.  Brunner 
{S.  38,  517)  made  this  process  applicable  on  the 
large  scale,  and  B.'s  method  was  modified  by 
several  workers,  especially  by  Donny  a.  Mareska 
(A.  Ch.  [3]  35,  147). 

Formation. — 1.  By  electrolysing  KOH.  The 
most  effective  method  is  to  place  a  little  cone. 
KOHAq,  with  pieces  of  solid  KOH  in  it,  in  a  Pt 
basin,  to  connect  this  with  the  negative  pole  of 
a  powerful  battery,  to  pour  a  little  Hg  into  the 
basin,  and  place  therein  the  wire  from  the 
positive  pole.  The  K  which  is  thus  formed 
amalgamates  with  the  Hg ;  the  amalgam,  after 
drying,  is  heated  in  a  small  retort,  along  with  a 
little  mineral  oil,  which  drives  out  the  air,  and 
the  K  remains  when  the  Hg  has  been  distilled 
off. — 2.  By  electrolysing  a  molten  mixture  of 
KCl  and  CaC).,  in  the  ratio  2KCl:CaCl.,.  Tempera- 
ture is  arranged  so  that  a  solid  crust  remains 
on  the  surface  of  the  molten  mixture.  Electrodes 
of  gas-coke  are  used.  After  electrolysis  the 
mixture  is  allowed  to  cool  for  twenty  minutes, 
and  the  contents  of  the  crucible  are  scraped  out 
under  petroleum  (Matthiessen).  Linnemann 
electrolyses  molten  KCN  {.J.  pr.  73,  415).— 3.  By 
heating  KOH  to  redness  with  iron  flUngs  or 
charcoal.— 4.  By  heating  an  intimate  mixture  of 
KXOj  and  0,  or  a  mixture  of  KfiO^  or  KOH,  C, 
and  very  finely-divided  iron  (Castner,  G.  N.  54, 
218). — 5.  By  heating  sulphide  of  K  with  iron 
filings  (Dolbear,  G.  N.  26,  33).— 6.  By  heating 
potash  with  sodium  under  petroleum  to  c.  170° 
(Williams,  C.  N.  3,  21).— 7.  By  the  action  of  Na 
on  dry  molten  K  acetate  (Wanklyn,  C.  N.  3,  66). 

Preparation. — An  intimate  mixture  of  KoCOj 
and  C  is  formed  by  heating  cream  of  tartar 
(K-H  tartrate)  in  a  closed  crucible.  The  mix- 
ture is  then  strongly  heated  in  an  iron  bottle, 
connected  with  a  flat  receiver  about  30  centim. 
long,  12  centims.  wide,  and  6  centims.  from  the 
inner  surface  of  one  side  to  that  of  the  other ; 
this  receiver  is  made  of  two  pieces  of  sheet-iron 
(about  4  mm.  thick)  screwed  together,  and  has 
an  opening  at  the  end  farthest  from  the  retort, 
to  allow  the  escape  of  CO.  The  reaction  may 
be  represented  thus:  KjCOj -)- 20  =  2K-t- 3C0. 
The  K  distils  over  and  condenses  in  the  receiver ; 
-when  full  the  receiver  is  removed,  plunged  under 
mineral  oil  and  there  opened,  and  the  K  is  re- 
moved by  a  chisel.  K  combines  with  CO  at  a 
red  heat  to  form  a  black,  very  explosive  sub- 
stance ;  the  more  rapidly  the  distilled  K  is 
cooled  the  less  of  this  explosive  compound  is 
formed.  The  distilled  metal  is  purified  by  wrap- 
ping it,  when  under  oil,  in  a  piece  of  linen, 
heating  the  oil  to  c.  §5°,  and  pressing  the  molten 
K  through  the  linen;  the  metal  is  then  redis- 
tilled, from  an  iron  bottle,  into  a  copper  tube 


partly  filled  with  mineral  naphtha,  and  having 
an  opening  through  which  an  iron  rod  may  be 
passed  to  clear  the  tube  which  carries  the  K 
from  the  bottle  into  the  receiver  (Donny  a. 
Mareska,  A.  Ch.  [3]  35,  147).    Castner  {C.  N. 

54,  218)  uses  as  reducer  a  mixture  of  C  and  a 
metallic  carbide,  or  a  mixture  of  very  finely-di- 
vided metal  and  C  (conveniently  prepared  by 
heating  a  mixture  of  Fe„0:,  and  tar  in  a  covered 
vessel),  and  heats  in  an  iron  crucible  with  an 
exit-tube  passing  through  the  lid.  The  reac- 
tion, using  KOH,  Fe,  and  C,  may  be  formulated 
as  3KOH-^Fe  +  2C  =  3K  +  Fe-^Cb-^-C02-^-3H. 

Properties. — A  silver-white,  lustrous  metal. 
As  soft  as  wax  at  ordinary  temperatures,  brittle 
at  0°,  melts  at  c.  60°.  Boils  when  heated  in  a 
stream  of  H  to  o.  700°,  and  forms  a  bright- 
green  vapour.  A  sublimate,  in  a  very  thin 
film  on  glass,  shows  a  rich  purple  colour  in 
transmitted  light  (Dudley,  C.  N.  66, 163  ;  Newth, 
N.  47,  55).  Crystallises  in  quadratic  octahedra, 
which  have  a  greenish-blue  sheen.  These  crys- 
tals are  obtained  by  melting  K  in  a  glass  tube, 
narrowed  at  one  place,  and  filled  with  coal-gas, 
and  allowing  the  semi-solidified  metal  to  flow 
slowly  through  the  constricted  part  of  the  tube 
(Long,  C.  J.  13,  122).  Sol.  liquid  NH3,  forming 
a  blue  liquid,  from  which  the  metal  is  obtained 
by  allowing  the  NH,  to  evaporate  (Seeley,  C.  N. 
23,  169  ;  V.  Potassammonidm,  p.  299).  Combines 
very  rapidly  with  0  ;  on  exposing  a  freshly-cut 
surface  to  air,  oxidation  occurs  at  once.  De- 
composes cold  water  rapidly.  K  must  be  kept 
under  a  liquid  free  from  0,  such  as  mineral 
naphtha  or  rock-oil. 

The  atomic  weight  of  K  was  determined  by 
Berzelius,  Penny,  Marignao,  Pelouze,  Millon, 
Faget,  and  Maumene,  from  1813  to  1846,  hy 
reducing  KCIO^,  KC10„  and  KIO3  to  KCl  and  KI, 
and  by  converting  KCl,  KBr,  and  KI  to  AgCl, 
AgBr,  and  Agl.  The  researches  of  Stas,  in  1860 
and  1865,  have  determined  the  at.  w.  with  great 
accuracy.  Stas  heated  KCIO3,  thus  getting  KCl, 
decomposed  KCIO3  by  HClAq,  determined  the 
ratio  of  KCl  and  KBr  to  Ag  required  for  com- 
plete ppn.,  converted  KCl  into  KNO3  and  KBr 
into  AgBr,  and  determined  the  ratio  of  KBr  to 
AgNOg  required  for  ppn.  (Stas,  Bech.  69,  70,  91, 
118  ;  Notiv.  B.  244,  303). 

The  molecular  iveight  of  K  is  not  known  with 
certainty.  Dewar  a.  Dittmar  (C.  N.  27, 121)  and 
Dewar  a.  Scott  (Pr.  29,  206,  490)  determined  the 
V.D.  of  K  at  c.  1000°  ;  the  earlier  results  pointed 
to  a  mol.  w.  of  c.  90,  and  the  later  numbers  to  a 
value  c.  45.  V.  Meyer  {B.  13,  391)  showed  that 
the  results  were  untrustworthy,  as  vapour  of  K 
attacks  glass  vessels.  It  has  also  been  shown 
that  vessels  of  Cu,  Ag,  Pt,  or  Fe  cannot  be  used 
(Eieth,  B.  4,  807;  Meyer,  I.e.).    Kamsay  (C. 

55,  521)  attemjjted  to  find  mol.  w.  of  K  by  dis- 
solving in  Hg,  and  finding  the  decrease  of  the 
vapour-pressure  of  Hg  thereby  produced.  As- 
suming the  mol.  w.  of  liquid  Hg  to  be  200,  and 
also  assuming  that  equal  vols,  of  dilute  solutions 
contain  equal  numbers  of  molecules,  the  results 
gave  mol.  w.  of  K  as  29-1  and  30'2 ;  it  seems 
probable  that  the  mol.  of  K  is  monatomic. 

The  only  compound  of  K  whose  V.D.  has  been 
determined  is  KI ;  in  this  molecule  the  atom  of 
K  is  monovalent. 

K  is  a  very  strongly  positive  element.    In  all 
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its  compounds  it  reacts  as  a  metal,  and  does  not  i 
enter  into  tlie  composition  of  any  negative 
radicles.  K  forms  very  few  basic  salts,  and  no 
oxyhaloid  compounds  ;  its  halide  compounds  are 
very  stable  towards  heat.  K  is  closely  related  i 
to  Cs,  Li,  Na,  and  Eb  (v.  Alkalis,  metals  of  the, 
vol.  i.  p.  114). 

Reactions. — 1.  Heated  in  dry  air  or  oxygen, 
'K.,0  and  K^Oj  are  formed  {v.  Oxides,  p.  iiOl). — 

2.  At  about  300°  K  absorbs  hydrogen  readily, 
probably  forming  KjH  (v.  Hydride,  p.  301).— 

3.  Combines  with  chlorine,  bromine,  and  iodine 
when  heated  (v.  Chlorides,  bromides,  iodides, 
pp.  299,  300,  302). — 4.  Forms  compounds  with 
sulphur,  seleiiion,  and  tellurium  when  heated  (v. 
Sulphides,  sclenides,  tellurides,  pp.  305,  306). — 
5.  Combines  with  phosphorus  (v.  Phosphide,  p. 
305). — 0.  Alloys  with  several  metals  {v.  Alloys, 
infra).—!.  Reacts  rapidly  with  water,  forming 
KOHAq  and  H. — 8.  Heated  with  hydrogen  sul- 
phide forms  KHS  (v.  Hydrosulphide,  p.  302). —  ! 
9.  Dissolves  in  liquid  ammonia  (Seeley,  G.  N.  ' 
23,169;  -y.  td/ro,  Potassammonium).  Heated  in 
dry  ammonia  gas,  KNH,,  is  formed  (v.  Amide, 
infra). — 10.  Combines  with  carbon  monoxide  to  , 
form  KCO  (v.  Carbonyl  compound,  ]).  300).  At 
red  heat  decomposes  CO  with  separation  of  C. — 
11.  Decomposes  carbon  dioxide,  and  nitrous  and 
nitric  oxide,  when  strongly  heated  with  these 
compounds.  — 12.  Eeacts  with  moist  carbon,  ' 
dioxide  to  form  K^COj  and  HCOjK  (Kolbe  a. 
Schmitt,  A.  119,  251). — 13.  Decomposes  silica 
and  boric  acid,  when  heated  with  these  com- 
pounds, probably  forming  silicide  and  boride 
(q.  v.,  pp.  299,  305). 

Potassium,  alloys  of.  Alloys  of  K  with  most 
metals  are  known ;  K  alloys  easily  with  the 
more  fusible  metals.  The  alloys  generally 
oxidise  in  air,  and  decompose  cold  water.  K 
forms  amalgams  with  Hg  ;  according  to  Joannis 
{0.  B.  113,  795),  Hg,sK  is  formed  by  letting 
potassammonium  {q.  v.)  in  liquid  NH^  drop  on 
to  Hg.  For  polarisation  of  K  amalgam  in  KOlAcj 
against  Zn  amalgam  v.  Le  Blanc,  Z.  P.  C.  5, 
467.  For  supposed  alloy  with  NH,,  v.  infra, 
Potassammonium. 

Potassium,  aluminate  of;  v.  vol.  i.  p.  141. 

Potassium  amide,  KNH„.  Gay-Lussac  a. 
Thenard  (G.  A.  29,  135  ;  32^  23)  obtained  dark 
olive-green  crystals  by  heating  K  in  dry  NH.,. 
Baumert  a.  Landolt  (A.  Ill,  1)  confirmed  G.  a. 
T.'s  formula  KNHj.  The  compound  is  formed 
by  passing  dry  NH3  into  a  flask  of  c.  50  c.c. 
capacity,  fitted  with  a  cork  carrying  an  inlet 
and  exit  tube,  quickly  throwing  in  pieces  of  K, 
continuing  the  passage  of  NH.„  and  heating 
very  gently  till  the  metal  just  ceases  to  dis- 
solve in  the  greenish-blue  liquid  that  is  formed  ; 
on  cooling,  a  yellowish-brown  solid  is  obtained. 
KNH.j  is  a  nou-oonductor  of  electricity.  Melts 
at  a  little  over  100°,  at  a  higher  temperature 
NH3  is  given  off,  along  with  H  and  N,  and  K.,N 
remains  {v.  Potassium  nitride,  p.  304).  Burns 
when  heated  in  0,  or  heated  to  redness  in  air, 
giving  N  and  KOH ;  decomposes  in  moist  air 
to  KOH  and  NH., ;  must,  therefore,  be  kept 
under  rook  oil.  Reacts  energetically  with  water, 
giving  NH3  and  KOHAq. 

Potassium-ammonium  or  Potassammonium. 
By  evolving  dry  NH3,  from  AgCl.xNHj,  in  a 


Faraday  tube  containing  K  in  the  other  end, 
Weyl  {P.  121,  697)  obtained  a  substance  which 
he  regarded  as  an  alloy,  or  compound,  of  K  and 
NHj.  Seeley  (C.  N.  23,  1G9)  regarded  the  blue 
liquid  formed  by  dissolving  K  in  liquid  NH3  as 
a  solution,  inasmuch  as  K  was  obtained  again 
when  the  NH,  was  allowed  to  evaporate.  Joannis 
(C.  B.  109,  900,  965  ;  110,  23«)  examined  the 
vapour-pressures  of  a  solution  of  K  in  liquid 
NH3,  and  also  the  thermal  phenomena  attend- 
ing the  formation  of  the  solution.  He  found  the 
vapour-pressure  to  decrease  till  a  certain  value 
was  reached,  when  it  became  constant,  provided 
temperature  was  not  changed;  on  removal  of 
more  NH3  a  copper-red  solid  separated,  and 
thereafter  NH3  was  given  off  at  constant  pres- 
sure, till  only  K  remained.  This  last  part  of 
the  process  was  regarded  by  J.  as  a  dissociation 
of  NH3K ;  analysis  showed  this  ratio  (NHjiK) 
to  be  always  attained  when  the  final  part  of  the 
change  commenced.  The  heat  of  formation  of 
NH3K  is  given  by  J.  as  6,300  when  NH3  is  gas 
and  K  solid,  and  as  1,900  when  NH3  is  liquid 
and  K  solid.  Joannis  (C.  B.  113,  795)  found 
that  NH,K  in  liquid  NH3  is  decomposed  by  Sb, 
Pb,  and  Hg,  but  not  by  Al,  Cu,  Ag,  or  Zn ;  by 
dropping  the  liquid  on  to  Hg,  and  washing  the 
product  with  liquid  NH^,  he  obtained  a  crystalline 
amalgam  Hg,sK. 

By  measuring  the  depression  of  the  vapour- 
pressure  of  liquid  NH3  by  solution  of  K  therein, 
J.  concludes  that  the  mol.  formula  of  potass- 
ammonium is  N.H.Ko  (C  R.  115,  820). 

Potassium,  antimonide  of.  Probably  SbK^. 
A  greyish-white,  lustrous  solid  ;  decomposes 
water,  giving  KOH,  Sb,  and  H.  Formed  by 
heating  the  elements  together,  or  by  fusing  Sb-.O, 
with  K.CO:,  and  C. 

Potassium,  antimonates  of;  i\  vol.  i.  p.  286. 

Potassium,  arsenates  of;  v.  vol.  i.  p.  309. 

Potassium,  arsenites  of;  v.  vol.  i.  p.  306. 

Potassium,  auricyanide  of ;  v.  vol.  ii.  p.  332. 

Potassium,  borates  of;  v.  vol.  i.  p.  529. 

Potassium,  boride  of.  The  brown  solid 
formed  when  boric  acid  is  reduced  by  heating 
K  may  contain  a  compound  of  B  and  K. 

Potassium,  borofluoride  of;  v.  vol.  i.  p.  526. 

Potassium,  boronitride  of.  By  very  strongly 
heating  a  mixture  of  7  parts  B..Orj  with  20  parts 
KCN,  Balmain  (./.  pr.  27,  422)  obtained  a  white, 
infusible  solid;  insol.  water  or  KOHAq  ;  decom- 
posed by  boiling  aqua  regia,  leaving  BN  (vol. 
i.  p.  527)  ;  heated  in  steam  gave  oii  NH3,  and 
left  KOH  and  boric  acid. 

Potassium,  bromide  of,  KBr.  Formula 
probably  molecular,  from  analogy  of  KI.  Melts 
at  699°  (Carnelley,  C.  J.  33,  279).  S.G.  2-695 
to  2-72  at  4°  (Schroder,  P.  106,  226) ;  2712  at 
12-7°  (Clarke's  Tables  of  Spec.  Gravities,  2nd  ed., 
31) ;  fused  (Quincke,  P.  138,  141)  :  v.  also 

Spring  {B.  16,  2724).  S.H.  (16°  to  98°)  -11322 
(Regnault,  A.  Ch.  [3]  1, 129).  Vol.  at  40°  =  vol. 
at  0°  (l-i- -00012602)  (Fizeau,  C.  R.  64,  314). 
S.  53-48  at  0°,  64-6  at  20°,  74-62  at  40°,  84-74  at 
60°,  93-46  at  80°,  102-04  at  100°  (Kremers,  P. 
25,  119) ;  Coppet  (.4.  Ch.  [5]  30,  411)  gives  S. 
54-43  +  -512Si  where  t  varies  from  —  13-4°  to 
110°.  Gerlaoh  {Fr.  8,  285)  calculated  the  fol- 
lowing from  Kremer's  data : 
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S.G.  KBrAq 
5  p.c.       1-037  30  p.c.  1-256 

10  „         1-075  35  „  1-309 

15  „         1-116  40  „  1-306 

20  „         1-159  45  „  1-430 

25  „  1-207 
H.F.  [K,Br]  =  95,310;  [K,Br,Aq]  =  90,230  (Th. 
3,235).   [KBr,0'*]  =  84,060  (T/t.,  i.e.). 

FonnaUon.  —  1.  K  and  Br  combine  with 
production  of  much  heat  (v.  Balard,  Merz,  a. 
Weith,  B.  6,  1518).— 2.  By  treating  BrAq  with 
iron  tilings  and  ppg.  with  K0CO3.  —  3.  By 
neutrahsing  HBrAq  by  KOHAq  or  K,CO,,Aq, 
and  evaporating.— 4.  By  decomposing  CaBr.^Aq 
by  KoSOj,  filtering  after  12  hours,  adding  KXO., 
as  long  as  turbidity  is  jiroduced,  filtering,  and 
evaporating  (Klein,  A.  128,  237). 

Preparatioyi. — A  moderately  cone,  solution 
of  KOH,  free  from  K2CO3,  is  prepared  from  pure 
K2CO3  and  pure  CaO  {v.  Potassium  hydroxide, 
p.  302)  ;  to  this  solution  Br  is  added,  little  by 
little,  till  the  liquid  is  slightly  yellow  ;  very 
finely-powdered  charcoal,  equal  to  about  one- 
tenth  of  the  quantity  of  Br  used,  is  added, 
and  the  liquid  is  evaporated  to  dryness 
(OKOHAq  -I-  3Br,,  =  5IvBrAq  +  liBrO^Aq  +  3H,0)  ; 
the  dry  residue  is  well  powdered,  and  heated  to 
dull  redness  in  a  closed  crucible  for  some  time 
(2ICBrO.,  3C  =  2IiBr  +  3C0.,) ;  the  residue  is  ex- 
tracted with  warm  water,  the  solution  is  filtered, 
and  evaporated  to  the  crystallising  point. 

Properties  and  Reactions. — KBr  crystallises 
in  very  lustrous,  white  cubes,  sometimes 
elongated  to  prisms  or  flattened  to  plates  ;  it  has 
a  strongly  saline  taste.  Easily  sol.  water,  with 
considerable  lowering  of  temperature ;  [KBr,Aq] 
=  -5,080  (Th.  3,  235).  Chlorine  reacts  with 
KBrAq  to  give  KClAq  and  Br;  Br  is  not  set 
free  by  H^SO^  containing  NoOj,  nor  by 
KNO^Aq  -I-  dil.  H^SO^Aq.  KBr  heated  with  po- 
tassium cliromaie  and  sulphuric  acid  gives  off 
Br ;  KCl  under  similar  conditions  gives  CrO.^Clj. 
Cone,  sulplmric  acid  produces  HBr,  Br,  and 
SO2 ;  the  amount  of  HBr  (the  primary  product 
of  the  reaction)  thus  decomposed  varies  very 
nearly  in  proportion  to  the  quantity  of  H^SO, 
used  ;  if  the  H„SO.,  is  in  such  large  excess  that 
the  water  formed  in  the  reaction  causes  no 
sensible  dilution,  only  SO,  and  Br  are  produced  ; 
by  using  dil.  H^SOjAq  (c.  30  p.c.)  a  mere  trace  of 
Br  is  obtained,  the  products  being  almost  wholly 
KHSOjAq  and  HBrAq  (v.  Addyman,  C.  J.  61, 
94).  Hypochlorous  acid  solution  produces 
KClAq  and  KBrO.,Aq,  with  evolution  of  Br  and 
CI.  Potassium  permanganate  solution  has  no 
action  even  when  boiled  ;  but  Br  is  set  free  if  a 
little  H^SO.,  is  added,  even  without  warming,  the 
decomposition  being  soon  completed  (Hempel, 
A.  107,  100).  Fusion  with  piotassium  chlorate 
produces  KBrO^. 

Combinations. — With  many  bromides  of  less 
positive  metals  to  form  double  salts ;  some  of 
these  are  best  regarded  as  K  salts  of  acids  con- 
taining Br  and  a  metal  less  positive  than  K,  e.g. 
AuBr.|.IG3r  is  best  looked  on  as  KAuBr^  {v.  the 
various  metallic  bromides).  Also  with  iodine 
bromide,  to  form  KBr.IBr  (Wells  a.  Wheeler, 
Am.  S.  [3]  43,  475).  Also  with  some  metallic 
chlorides;  thus  SbClj forms  SbClj.SKBr  identical 
with  SbBr.|.3KCl,  and  therefore  to  be  regarded 
as  SbKaCl^iira  (Atkinson,  C.  J.  43,  290).  Feit 


(J.  pr.  [2]  39,  373)  describes  MgBr^.KBr.  6aq, 
analogous  to  carnallite  (MgCU.KCl.Oaq).  Schilf 
{A.  228,72)  describes  a  compound  with  arsewioMS 
oxide  KBr.AsjO|j. 

Potassium  tribromide  KBr,.  According  to 
Berthelot  (.4.  Ch.  [5]  21,  370),  orange  crystals  of 
this  composition  are  formed  by  adding  Br  to 
KBrAq ;  no  analyses  are  given.  The  substance 
decomposes  rapidly.  B.  gives  [KBr,Br-']  =  2940. 

Potassium,  carbonyl  compound  of.  (Car- 
bonic oxide  potassium.)  The  black  solid  formed 
in  the  preparation  of  K  was  thought  by  Berzelius 
(P.  4,  31)  to  be  a  carbide  ;  Liebig  (A.  11,  182) 
found  that  the  same  compound  was  formed  by 
passing  CO  over  K  heated  just  to  melting;  Brodie 
(C.  J.  12,  269)  confirmed  Liebig's  result,  and 
determined  that  one  molecule  CO  is  absorbed 
for  each  atom  K  ;  hence  the  empirical  formula 
is  probably  KCO.  This  substance  is  extremely 
explosive ;  many  serious  accidents  have  occurred 
with  it.  If  the  CO  used  is  quite  dry,  and  the 
substance  is  washed  rapidly  in  alcohol  as  soon 
as  it  is  prepared,  the  residue  is  not  nearly  so 
explosive  (Nietzki  a.  Benckiser,  B.  18,  1833, 
where  details  of  the  method  of  preparation  are 
given) ;  probably  the  alcohol  dissolves  out  un- 
changed K.  Potassium  carbonyl  is  a  greyish 
solid  ;  on  standing  in  air  it  becomes  yellowish 
and  very  explosive  ;  it  dissolves  in  water,  with 
evolution  of  much  gas  (according  to  E.  Davy  [A. 
23,  144]  this  gas  contains  C.fl,,),  and  generally 
with  combustion  or  explosion  ;  heated  to  redness 
it  is  resolved  into  K  and  CO.  By  exposure  to 
moist  air,  or  by  other  processes  of  oxidation,  a 
series  of  organic  compounds  is  obtained  (v. 
Croconic  acid,  vol.  ii.  p.  275  ;  Hexa-oxy-benzbne, 
vol.  iii.  p.  678 ;  Tetea-oxy-quinone,  vol.  iii.  p.  771; 
Khodizonio  acid,  this  vol.). 

Potassium,  chloride  of,  KCl.  Formula  pro- 
bably molecular,  from  analogy  of  KI.  Melts  at 
734°  (Carnelley,  C.  J.  33,  279).  S.G.  1-9775  at 
4°  (Playfair  a.  Joule,  C.  S.  Mem.  2,  401) ;  1-9453 
at  15°  (Stolba,  /.  pi:  97,  503) ;  1-612  at  M.P. 
(Braun,  C.  J.  [2]  13,  31) ;  1-87  fused  (Quincke, 
P.  135,  642) ;  v.  also  Spring  (B.  iO,  2724).  S.H. 
14°  to  99"  -17295  (Kegnault,  A.  Ch.  [3]  1,  129  ; 
V.  also  Kopp,  T.  155  [1]  71).  Vol.  at  40°  =  voL 
at  0°  (1  -H  -00011408)  (Fizeau,  C.  B.  64,  314).  S. 
32  at  10°,  33-4  at  15°,  34-7  at  20°,  37-4  at  30°, 
40-1  at  40°,  42-8  at  50°,  45-5  at  60°,  48-3  at  70°, 
51  at  80°,  53-8  at  90°,  56-6  at  100°  (Mulder, 
Scheikund.  Verh.  1864.  39) ;  Coppet  (A.  Ch.  [5] 
30,  411)  gives  S.  28-51  +  ■2837^°,  where  t°  varies 
from  - 11°  to  109°.  S.  at  0°  in  alcohol  is  given 
in  following  table  (Gerardin,  A.  Ch.  [4]  5, 139) ; 
where  S.G.  of  alcohol  is  at  0°,  and  S  +  i°  is 
solubility  at  t°  (cf.  Schiff,  A.  126,  167): 


Alcohol 

S.G. 
•9904 
•9848 
•9793 


23-2 
19-4 
15-7 


f 

•27 

•255 
•233 


•9726     11-9  -205 


Alcohol 
S.G. 
•9573 
-9390 
•8767 


7^1 

4-2 
1-89 


t° 

•162 
•125 
•061 


Gerlach  (Fr.  8,  281)  gives  the  following  data  ; 


S.G.  KClAq 


1  per  cent.  1-0065 

5  „     „  1-0325 

10  „     „  1-0658 

15  „     „  1-1004 


20  per  cent.  1'1861 
24  „  „  1-1657 
24-9   „     „  1-1723 


POTASSIUM  HYDRIDE. 


301 


H.F.  [K,C1]  =  105,610;  [K,CI,Aq]  101,170  (Th.  3,  | 
235).  30  parts  KCl  dissolved  in  100  parts  water  at  : 
13-2°  lower  the  temperature  to  -6°,  i.e.  through 
12-6°  (EMorff,  B.  2,  68).  Solution  of  1  g.  KCl 
in  100  g.  water  freezes  at  -  -446° ;  saturated 
solution  freezes  at  -10-9°  (Riiclorfl',  P.  114,  63  ; 
122,  337).    Saturated  solution  boils  at  108°. 

Occurrence. — In  small  quantities  in  sea-water, 
and  in  some  mineral  springs.  As  chloride  in 
sylvinc ;  as  double  chloride,  especially  as  car- 
nallite  KCl.MgClo.6aq.  In  crude  pearl  ash,  in 
plant  ash,  and  in  kelp. 

Formation. — 1.  By  the  direct  union  of  the 
elements ;  K  burns  in  CI  at  the  ordinary  tempe- 
rature.— 2.  By  heating  K  in  HCl  gas. — 3.  By 
passing  CI  over  KOH  or  KI  heated  to  redness. — 

4.  By  the  action  of  HClAq  on  KOH  or  KfiO,.— 

5.  By  decomposing  various  metallic  chlorides 
by  fusion  with  K. 

Preparation. — 1.  Commercial  KCl  isprepared 
chiefly  from  carnaUitc.  The  mineral  is  dissolved 
in  warm  water,  heated  by  steam  to  c.  120°,  and 
allowed  to  cool ;  at  60°-70°,  MgSO^.aq,  CaSO^, 
and  NaCl  separate,  and  on  further  cooling  c. 
70  p.c.  of  the  KCl  is  obtained  ;  the  crystals  of 
KCl  are  washed  with  a  little  cold  water,  to  remove 
NaCl  and  MgClo,  and  a  product  containing  c. 
95  p.c.  KCl  is  thus  obtained  (for  details  v.  Dic- 
TioNAKT  OF  APPLIED  Chemistet). — 2.  Pure  KCl 
is  prepared  by  neutralising  pure  HClAq  by  pure 
KOH  or  KoCO.,,  evaporating  to  the  crystallising 
point,  and  recrystallising  from  water. 

Properties. — White  salt,  crystallising  in  cubes. 
Saline  taste.  Unchanged  in  air.  Decrepitates 
when  heated  ;  melts  at  c.  740°,  and  volatilises  at 
a  higher  temperature.  Fairly  sol.  water  or  aque- 
ous alcohol ;  insol.  absolute  alcohol,  or  cone. 
HClAq  ;  sol.  in  20  p.c.  KCJI^O^Aq. 

Reactions. — 1.  With  acids,  KCl  generally 
gives  K  salt  of  the  acid  used  and  HCl. — 2.  Said 
to  combine  with  sulphuric  anhydride,  and 
chromic  anhydride,  probably  forming  S0„.C1.0K 
and  Cr0,.C1.0K  respectively  (H.  Kose,  P.  38, 
117). — 3.  Fused  with  potassium,  in  H,  a  blue 
substance  is  formed,  supposed  by  H.  Eose  to  be 
a  subchloride  (P.  120,  15).  What  is  probably 
the  same  substance  is  formed  during  electrolysis 
of  molten  KCl  (Bunsen  a.  Kirchoff,  P.  113,  344). 

4.  For  action  of  water  and  oxygen,  in  presence 
and  absence  of  acids,  v.  Schulze,  J.  pr.  [2]  21, 
407. 

Combinations.  —  1.  With  sulphuric  and 
chromic a?ihydrides,v. Rcartio7is,lSo.  2. — 2.  With 
most  metallic  chlorides  ;  some  of  the  compounds 
are  best  regarded  as  K  salts  of  metal-containing 
acids,  e.g.  KAuCl,  (v.  the  different  metallic  chlor- 
ides). —  3.  With  iodine  trichloride,  to  form 
KCl.ICl, ;  prepared  by  mixing  KClAq  and  ICl^Aq, 
by  passing  CI  into  warm  KIAq  containing  HCl, 
or  by  dissolving  1  part  KIO^  in  8  parts  HClAq  of 

5.  G.  1-176,  at  40°-50°.  Forms  lustrous  yellow 
prisms,  smelling  of  CI ;  on  heating  gives  CI, 
KCl,  and  ICl ;  with  water  forms  KIO3 ;  ether 
dissolves  out  ICL,  (Pilhol,  J.  P7i.25,  435,  606).— 
4.  With  iodine  monochloride ,  to  form  KCl.ICl 
(Wells  a.  Wheeler,  Am..  S.  [3]  43,  475). 

Potassium,  cyanide  of ;  v.  vol.  ii.  p.  346. 

Potassium,  chromicyanide  of ;  chromisulpho- 
cyanide  of;  and  chromocyanide  of ;  v.  vol.  ii.  p. 
330. 


Potassium,  cobalti-  and  cobalto-cyanide  of  ; 
V.  vol.  ii.  p.  330. 

Potassium,  ferrate  and  ferrite  of;  v.  vol.  ii. 
p.  547. 

Potassium,  ferri-  and  ferro-cyanide  of;  v. 
vol.  ii.  pp.  339,  336. 

Potassium,  fluorides  of.  Two  fluorides  are 
known,  KF,  and  KHF„  or  KP.HF. 

Potassium  fluokiue  KF.  Formula  probably 
molecular,  from  analogy  of  KI.  Prepared  by 
neutralising  HFAq  by  KXO3  in  a  dish  of  Ag  or 
Pt,  evaporating  to  dryness,  and  heating  till  HF 
ceases  to  be  given  off.  According  to  Berzelius 
(P.  2,  218),  KF  is  obtained  in  crystals  by  slowly 
evaporating  an  aqueous  solution  at  35°-40°  in  a 
very  shallow  dish.  Deliquescent ;  fusible  ;  solu- 
tion has  alkaline  reaction  to  litmus,  and  etches 
glass.  Guntz  (A.  Ch.  [6]  3,  5)  says  KFAq  is 
neutral,  but  the  salt  is  decomposed  in  solution 
and  becomes  alkaline.  Evaporation  of  a  very 
cone,  solution  gives  KF.2H.,0,  according  to  H. 
Eose.  S.G.  2-454  (B6deke"r);  2-096  at  21-5° 
(Clarke,  Am.  S.  [3]  13,  291).  Combines  with 
HF  to  form  KF.HF  {v.  infra) ;  with  BF3  to  form 
KBF^  {v.  Potassium  BOROFLDORiDE,  vol.  i.  p.  526) ; 
with  SiF^  to  form  KoSiF,,  {v.  p.  305)  ;  with  B.X>^ 
to  form  2KP.B2O3,  obtained  by  dissolving  B„03 
in  molten  KF  (Schiff,  A.  228,  72) ;  with  TeF/to 
form  KF.TeF.,,  by  evaporating  Te0.j  in  HFAq 
with  addition  of  ILCO^  (Hogborn,  BL[2]  35,  60) ; 
and  with  many  metallic  fluorides. 

POTASSIUM-HYDEOGEN      FLUORIDE      KHF^  Or 

KF.HF.  Prepared  by  dividing  a  quantity  of 
HFAq  into  two  equal  parts,  neutralising  one, 
adding  the  other,  and  evaporating ;  also  by 
evaporating  KF  in  acetic  acid.  White  cubes  or 
four-sided  tables ;  e.  sol.  water,  almost  insol. 
dil.  HFAq.  When  heated  gives  HF,  leaving  KF. 
By  electrolysis  of  HF  containing  KHFo,  F  is  ob- 
tained {v.  Fluorine,  vol.  ii.  p.  661).  Moissan 
(C  P.  106,  547)  says  that  two  other  compounds 
of  KF  and  HP  are  obtained  by  dissolving  dry  KF 
in  liquid  HP,  and  cooling ;  to  these  compounds 
he  gives  the  formulse  KF.2HF  and  KP.3HF. 
Guntz  [A.  Ch.  [6]  3,  5)  gives  [HP,KF]  =  21,100. 

Potassium,  haloid  compounds  of.  The  com- 
pounds KF,  KCl,  KBr,  and  KI  are  the  chief 
halides  of  K  ;  as  KI  has  been  gasified  and  the 
molecular  weight  corresponds  with  the  simi^lest 
formula,  it  is  probable  that  KX  expresses  the 
molecular  composition  of  these  halides.  KI3 
also  exists,  but  is  decomposed  by  heat ;  and  there 
are  indications  of  the  existence  of  KBi-j.  KF 
combines  with  HF  to  form  KHF„,  and,  according 
to  Moissan,  also  KF.2HF  and  KF.3PIF. 

Potassium,  hydride  of,  K,,H.  The  absorp- 
tion of  H  by  heated  K  was  observed  by  Gay- 
Lussac  a.  Th6nard  (A.  Ch.  74,  203),  and  was 
confirmed  by  Jacquelain.  Troost  a.  Hautefeuille 
{A.  Ch.  [5]  2,  273)  found  that  the  absorption  of 
H  by  K  begins  at  c.  200°  and  becomes  rapid  at 
350°-400°  ;  if  the  action  continues  for  some 
time  126  vols.  H  are  absorbed  by  1  vol.  K.  The 
product  is  brittle,  and  much  resembles  Ag  amal- 
gam; it  is  fusible  without  change  in  H  or  in 
vacuo ;  takes  fire  in  contact  with  air  ;  heated 
in  vacuo,  dissociation  begins  at  200°  (for  vapour- 
l^ressures  of  H  given  off,  v.  Dissociation,  vol.  ii. 
p.  398).  The  formula  KjH-  requires  124-6  vols. 
H  to  1  vol.  K. 
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Potassium,  hydrosulphide  of,  KHS  {Potas- 
sium sulphydrate).  Gay-Lussao  a.  Tii6nard 
(^4.  Ch.  115,  165)  obtained  this  compound  by 
heating  K  in  dry  H.,S  gas  ;  it  is  more  readily 
formed  by  heating  KjCO^  to  redness  in  H,S 
(H„0  and  CO.,  are  given  off)  (Berzelius,  P.  6, 
438).  By  saturating  KOHAq  with  H„S,  and 
evaporating  the  cone,  sokition  overCaO  or  CaClj 
in  vacuo,  Sclrone  {P.  131,  380)  obtained  his- 
trous,  rhombohedral  crystals  of  2KHS.H2O  ;  and 
by  dehydrating  this  in  a  stream  of  dry  H„S, 
Sabatier  {A.  Ch.  [5]  22,  5)  obtained  KHS  as"  a 
yellow,  amorphous  solid.  Prepared  in  the  dry 
way,  KHS  appears  reddish-black  when  molten, 
and  white  when  cold  ;  it  crystallises  in  prisms  ; 
is  very  deliquescent,  and  reacts  strongly  alka- 
line;  easily  sol.  in  alcohol.  Thomsen  [Th.  3, 
236)  gives  [K,S,H,Aq]  =  05,140.  KHSAq  gives 
off  H.,S  at  70°,  according  to  Drechsel  [J.pr.  [2] 

4,  20).  When  a  current  of  an  inert  gas  is  passed 
through  KHSAq,  HjS  is  given  off,  and  K.>SAq 
remains  (Gernez,  C.  B.  64,  606).  Electrolysis 
produces  H  and  KOH  at  the  negative  pole,  and 
HoS  at  the  positive  (Bunge,  B.  3,  911).  KHSAq 
dissolves  S  with  evolution  of  H,S;  it  ppts.  MnS, 
or  PbS,  from  a  neutral  solution  of  a  Mn  or  Pb 
salt,  at  the  same  time  giving  off  H.,S.  These 
reactions  distinguish  KHSAq  from  KjSAq  ;  the 
latter  does  not  give  off  H^S  while  dissolving  S  or 
ppg.  MnS  or  PbS.  KHSAq  dissolves  several 
sulphides  of  the  less  positive  metals,  e.g.  Sb, 
As,  Sn,  forming  K  thiosalts. 

Potassium,  hydroxide  of,  KOH  (Caustic 
potash.  Potassium,  or  potassic,  hydrate).  S.G. 
2-1  (Dalton)  ;  2-044  (Filhol,  A.  Ch.  [3]  21,  415). 
H.F.  [K,0,H]  =  103,170  ;  [K,0,H,Aq]  =  116,460 
(Th.  3,  235). 

Formation. — 1.  By  the  reaction  between 
K  and  HoO,  or  KjO  and  HjO,  followed  by  eva- 
poration.— 2.  By  boiling  K2C03Aq  with  CaO. — 
3.  By  adding  powdered  KjSO^  to  warm  cone. 
BaOAq,  evaporating,  filtering,  and  again  evapo- 
rating (Schubert,  J.pr.  20,  117). — 4.  By  heating 
KNO3  with  2-3  parts  thin  copper  turnings,  to 
redness,  in  an  iron,  or  copper,  crucible,  extract- 
ing with  water  when  cold,  filtering  from  CuO  and 
Cu.,0,  and  evaporating  (Wohler,  A.  87,  373). — 

5.  By  heating  1  part  KNO3  with  1  partFe.jO,,,  in  a 
closed  crucible  of  Cu,  H  loeing  passed  in  ;  treat- 
ing with  water,  and  drawing  off  the  clear  liquid, 
and  evaporating  it  (Schulze,  Z.  1861.  109).  Eva- 
poration of  KOHAq  should  be  performed  in 
vessels  of  polished  iron,  or,  better,  of  silver. 

Preparation. — 1.  A  solution  of  pureK^COj  in 
10-12  parts  water  is  hoiled,  in  a  dish  of  silver  or 
polished  iron,  with  milk  of  lime,  added  little  by 
little,  till  a  portion  of  the  clear  supernatant  liquid 
gives  no  effervescence  v^ith  an  acid ;  rather  more 
than  half  as  much  CaO  is  required  as  the  weight 
of  K2CO3  taken  ;  large  excess  of  CaO  should  be 
avoided ;  water  should  be  added  as  the  boiling 
proceeds,  because  if  the  quantity  of  water  is  less 
than  c.  10  times  the  quantity  of  K2CO3  used  the 
KOHAq  begins  to  decompose  the  CaCOj  formed, 
and  the  change  of  KjCO.,  to  KOH  stops  (Liebig, 
A.  1,  124).  When  the  change  is  completed,  the 
vessel  is  closed,  and,  after  a  few  hours,  the  clear 
liquid  is  drawn  off'  by  a  syphon ;  the  liquid  is 
then  rapidly  evaporated  in  an  iron  vessel,  allowed 
to  stand  for  an  hour  or  two,  the  vessel  being 
closed,  syphoned  off  from  anypp.that  has  formed, 


evaporated  in  a  silver  dish  till  the  oily  liquid  thus 
produced  begins  to  volatilise  in  white  clouds,  and 
cooled  in  an  exsiccator.  Impure  KOH  may  be 
freed  from  all  impurities,  except  KCl  and  traces 
of  K^COj  and  KC^HjO^,  by  dissolving  in  absolute 
alcohol,  allowing  to  settle,  draining  off',  and 
evaporating,  at  first  on  a  water-bath,  in  a  silver 
dish  ;  the  resinous  matter  which  is  produced  is 
removed  from  the  warm  evaporated  semi-solid 
mass,  by  a  silver  spatula,  and  the  KOH  is  then 
poured  out  on  to  a  plate  of  polished  iron,  or, 
better,  of  silver. 

Graeger  (J.  pr.  96,  188)  recommends  to  heat 
the  KjCOjAq  used  with  AgoCOj,  to  filter  from 
AgCl  and  excess  of  Ag.,C03,  to  boil,  in  a  silver 
dish,  with  pure  CaO  made  by  strongly  heating 
pureCaCO.,,  to  filter  the  solution  of  KOH  through 
pounded  marble  which  has  been  washed  with 
water  till  free  from  very  fine  particles,  and  to 
evaporate  in  a  silver  dish. — 2.  Water  and  benzene 
are  placed  in  a  silver  dish,  and  small  pieces  of 
K,  cut  from  the  inside  of  a  lump,  are  thrown  in 
one  by  one ;  the  K  remains  near  the  surface  of 
separation  of  the  two  liquids,  and  reacts  fairly 
slowly  with  the  water.  The  benzene  is  removed 
by  warming,  and  the  aqueous  solution  of  KOH 
is  then  evaporated  to  dryness. 

Properties. — After  fusion,  KOH  is  a  white, 
hard,  brittle  solid,  often  showing  a  fibrous  tex- 
ture. Melts  below  red  heat,  and  volatilises  at 
full  redness  in  white  pungent  vapour.  Very  de- 
liquescent ;  sol.  water  with  production  of  much 
heat,  [KOH,Aq]  =  13,290  (Th.  3,  235).  Easily 
sol.  alcohol.  Skey  (0.  N.  36,  48)  says  KOH  is 
very  si.  sol.  ether.  Absorbs  CO,  rapidly  from 
the  air,  forming  KHCO3.  KOH  has  a  slight,  but 
nauseous,  odour,  a  strongly  acrid  taste,  and  acts 
as  a  powerful  cautery  towards  both  animal  and 
vegetable  matter.  KOHAq  should  be  kept  in 
glass  vessels  free  from  Pb,  as  it  corrodes  lead- 
glass  ;  it  attacks  vessels  of  glass  or  porcelain 
when  heated  in  them.  To  keep  KOHAq  free 
from  carbonate,  it  is  advisable  to  store  it  in 
bottles  fitted  with  corks  carrying  a  syphon-tube, 
and  a  rather  wide  tube  filled  with  a  mixture  c. 
equal  parts  CaO  and  NajSOj,  well  rubbed  to- 
gether, dried  over  a  flame,  and  passed  through 
a  sieve  to  remove  fine  powder  ;  the  air  which 
enters  through  this  mixture  is  quite  free  from 
COj. 

liOHAq  is  strongly  alkaline  ;  the  affinity  of 
KOH  in  solution  is  large,  about  equal  to  that  of 
NaOH  and  LiOH,  and  about  50  times  greater 
than  NHjAq  (Ostwald).  KOH  saponifies  ethereal 
salts,  and  ppts.  most  of  the  heavier  metals  as 
oxides  or  hydroxides  from  solutions  of  their 
salts. 

The  table  on  next  page,  given  byLunge,  shows 
the  composition  of  KOHAq  of  different  S.G. 

Expansion  occurs  when  cone.  KOHAq  is 
diluted ;  Frankenheim  (J.  1847-8.  69)  gives 
V  =  l-t--000415*-i--000000577f-  as  representing 
the  volume  of  KOHAq  S.G.  1-2738  at  0°,  between 
13°  and  100°. 

Beactions. — 1.  According  to  Deville  (C.  B. 
45,  857),  KOH  is  decomposed  to  K,  0,  and  H  by 
heating  to  white  heat. — 2.  Strongly  heated  with 
non-volatile  acidic  anhydrides,  water  and  potas- 
sium salts  are  formed. —  3.  Heated  \Viih.potassiiim, 
K2O  and  H  are  formed ;  heated  with  sodium 
under  a  liquid  free  from  0,  an  alloy  of  K  and  Na 
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S.G. 
KOHAq 

g 
rf 

i  waadeli 

100  pts.  by 
weight  contaiu 

1  cub.  metre 
contains 
Eilos 

K.O 

KOH 

K,0 

KOH 

1-007 

1 

1-4 

0-7 

0-9 

7 

9 

1-014 

2 

2-8 

1-4 

1-7 

14 

17 

1-022 

3 

4-4 

2-2 

2-6 

22 

26 

1-029 

4 

5-8 

2-9 

3-5 

30 

36 

1-037 

5 

7-4 

3-8 

4-5 

39 

46 

1-045 

6 

9-0 

4-7 

5-6 

49 

58 

1-052 

7 

10-4 

5-4 

6-4 

67 

67 

1-060 

8 

12-0 

6-2 

7-4 

66 

78 

1-067 

9 

13-4 

6-9 

8-2 

74 

88 

1-075 

10 

15-0 

7-7 

9-2 

83 

99 

1-083 

11 

16-6 

8-5 

10-1 

29 

109 

1-091 

12 

18-2 

9-2 

10-9 

100 

119 

1-100 

13 

20-0 

10-1 

12-0 

111 

132 

1-108 

14 

21-6 

10-8 

12-9 

119 

143 

1-116 

15 

23-2 

11-6 

13-8 

129 

153 

1-125 

16 

25-0 

12-4 

14-8 

140 

167 

1-134 

17 

26-8 

13-2 

15-7 

150 

178 

1-142 

18 

28-4 

13-9 

16-5 

159 

188 

1-152 

19 

30-4 

14-8 

17-6 

170 

203 

1-162 

20 

32-4 

15-6 

18-6 

181 

216 

1-171 

21 

34-2 

16-4 

19-5 

192 

228 

1-180 

22 

36-0 

17-2 

20-5 

203 

242 

1-190 

23 

38-0 

18-0 

21-4 

214 

255 

1-200 

24 

40-0 

18-8 

22-4 

226 

269 

1-210 

25 

42-0 

19-6 

23-3 

237 

282 

1-220 

26 

44-0 

20-3 

24-2 

248 

295 

1-231 

27 

46-2 

21-1 

25-1 

2G0 

309 

1-241 

28 

48-2 

21-9 

26-1 

272 

324 

1-252 

29 

50-4 

22-7 

27-0 

284 

338 

1-263 

30 

52-6 

23-5 

28-0 

2'.)7 

363 

1-274 

31 

54-8 

24-2 

28-9 

308 

308 

1-285 

32 

67-0 

250 

29-8 

321 

385 

1-297 

33 

59-4 

25-8 

30-7 

335 

398 

1-308 

34 

61-6 

26-7 

41-8 

349 

416 

1-320 

35 

64-0 

27-5 

32-7 

363 

432 

1-332 

36 

66-4 

28-3 

33-7 

377 

449 

1-345 

37 

69-0 

29-3 

34-9 

394 

469 

1-357 

38 

71-4 

30-2 

35-9 

410 

487 

1-370 

39 

74-0 

31-0 

36-9 

425 

506 

1-383 

40 

76-6 

31-8 

37-8 

440 

622 

1-397 

41 

79-4 

32-7 

38-9 

457 

643 

1-410 

42 

82-0 

33-5 

39-9 

472 

563 

1-424 

43 

84-8 

84-4 

40-9 

490 

582 

1-438 

44 

87-6 

35-4 

42-1 

509 

605 

1-453 

45 

90-6 

36-5 

43-4 

530 

631 

1-468 

46 

93-6 

37-5 

44-6 

549 

655 

1-483 

47 

96-6 

38-5 

45-8 

.571 

679 

1-498 

48 

99-6 

39-6 

47-1 

693 

706 

1-514 

49 

102-8 

40-6 

48-3 

615 

731 

1-530 

50 

106-0 

41-5 

49-4 

635 

756 

1-546 

51 

109-2 

42-5 

50-6 

655 

779 

1-563 

52 

112-6 

43-6 

51-9 

681 

811 

i  ooU 

CO 

03 

116-0 

44-7 

53-2 

706 

840 

1-597 

54 

119-4 

45-8 

54-5 

731 

870 

1-615 

55 

123-0 

47-0 

55-9 

759 

905 

1-634 

56 

126-8 

48-3 

67-5 

789 

940 

is  said  to  be  formed  (Williams,  Biip.  Chim.  imre, 
3, 177). — 4.  Iron  decomposes  KOH  at  white  heat, 
forming  PeA-  H>  and  K.— 5.  Molten  KOH.  acts 
generally  as  an  oxidiser  :  e.g.  Fe,  As,  Sb,  Pt,  &c. 
form  ferrate,  arsenate,  antimonate,  and  platinate 
of  K;  Cr,,0:,  forms  K,CrO„  &c.  Salts  are 
generally  decomposed  by  molten  KOH,  giving 


K  salts,  and  setting  free  the  bases. — 6.  KOHAq 
neutralises  acids,  forming  salts.  —  7.  KOHAq 
decomposes  most  metallic  salts  in  solution.,  ppg. 
oxides  or  hydroxides  of  the  metals. — 8.  According 
to  Schone  {A.  193,  241),  addition  of  hydrogen 
peroxide  to  KOHAq  produces  K^O^  {v.  Potassium 

lETROXIDE,  p.  305). 

Combinations. — 1.  With  carbon  dioxide,  to 
form  KHCO.,.— 2.  With  ivater,  to  form  hydrates. 
Pickering  (C.  J.  63,  890)  obtained  k6h.H„0 
freezing  at  143°,  K0H.2H.,0  freezing  at  35-5°,  and 
KOH.4H2O  freezing  -32-7°  (c/.  Walter,  P.  39, 
192  ;  Schone,  P.  131,  147).  P.  (I.e.)  gives  full 
data  for  freezing  points  of  KOHAq.  Guttig 
(B.  20, 1094)  described  two  hydrates,  2KOH.9H,0 
and  2KOH.5H2O,  obtained  from  an  alcoholic 
solution  of  KOH  containing  some  water ;  but 
in  a  later  paper  (B.  20,  1907)  G.  says  that 
these  hydrates  contained  alcohol  besides  water, 
i  3.  With  methyl  alcohol,  to  form  3KOH.6MeOH 
i  (Gottig,  B.  20,  1832).— 4.  With  cthylic  alcohol, 
to  form  KOH.2EtOH  (Engel,  C.  B.  103,  155) ; 
decomposed  by  heating  to  EtOK,  EtOH,  and 
H,0. 

Potassium,  iodides  of.  Two  iodides  are 
known,  KI  and  KI3. 

Potassium  iodide,  KI.  Mol.  w.  105-57.  Melts 
at  634°  (Carnelley,  C.  J.  33,  279).  S.G.  3-059 
(Playfair  a.  Joule,  C.  S.  Mem.  2,  401)  ;  3-077  to 
3-081  (Schroder,  P.  106,  226)  ;  fused  2-497 
i  (Quincke,  P.  138,  141) ;  v.  also  Spring  (B.  16, 
!  27-24).  V.D.  91-6  (Dewar  a.  Scott,  Pr.  29,  206) ; 
84-6  at  above  1300°,  in  N  (Mensching  a.  Mever, 
Z.  P.  C.  1,  157).  S.H.  (20°  to  99°)  -08191 
(Eegnault,  A.  Ch.  [3]  1,  129).  Vol.  at  40° 
=  vol.  at  0°  (1  + -00012796)  (Fizeau,  C.  P.  64, 
314).  S.  132-1  at  5°,  136-1  at  10^  140-2  at  15°, 
144-2  at  20°,  152-3  at  30°,  160  at  40°,  168  at  50°, 
176  at  60°,  184  at  70°,  192  at  80°,  201  at  90°, 
209  at  100°,  218  at  110°  (Mulder,  Schcikund. 
Verhandel,  Rotterdam,  1864. 162).  Coppet  (A.  Ch. 
[5]  30,  411)  gives  S.  at  t°  =  126-23  +  -8088^,  where 
t  varies  from  —5-9°  to  120°.  S.  in  aqueous 
alcohol  is  given  in  following  table  (Gerardin, 
A.  Ch.  [4]  5,  139)  ;  the  values  hold  for  0°  to 
18°  : 


S.G.  alcohol 

s. 

S.G.  alcoliol 

S. 

-9904 

130-5 

-9528 

76-9 

•9851 

119-4 

-9390 

66-4 

•9726 

100-1 

•9088 

48-2 

•9665 

89-9 

•8464 

11-4 

•8322 

6-2 

H.  P.  [K,I]  =  80,130;  [K,I,Aq]  =  75,020  {Th.  3, 
236). 

Formation. — 1.  By  the  direct  union  of  K  and 

I.  — 2.  By  neutralising  HIAq  by  K._,CO.„  and 
evaporating. — 3.  I  is  added  to  water  and  iron 
filings  till  the  iron  is  almost  wholly  dissolved, 
the  solution  is  filtered,  and  Iv^CO^  added  so  long 
as  FeCOj  ppts. ;  the  liquid  is  filtered  (if  alkaline 
it  is  neutralised  by  HIAq)  and  evaporated,  any 
Fe.,03  which  separates  being  filtered  off  (Baup, 
/.  P/i.  9,  37,  122).— 4.  By  adding  I  to  KOHAq, 
evaporating,  heating  with  C,  dissolving,  filtering, 
and  evaporating  (v.  Preparation). — 5.  Bal.Aq  is 
formed  by  the  action  of  I  and  water  on  BaS,  and 
is  decomposed  by  K.^SO^ ;  BaSO,  is  filtered  off, 
and  the  liquid  is  evaporated.  Liebig  (A.  121,  222) 
used  Cal,  in  place  of  Bal„  [cf.  Pettenkofer,  A. 
121,  225)1 
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Preparation. — Moderately,  but  not  too,  cone.  | 
KOHAq,  quite  free  from  K2CO3,  is  prepared  from 
lijCOjAq  and  CaO  {v.  Potassium  htdkoxide,  Pre- 
imration,  p.  302) ;  I  is  added,  little  by  little,  to 
the  slightly  warm  liquid  till  a  slight  yellow  colour 
is  produced  ;  very  finely  powdered  charcoal  is 
now  added,  equal  to  c.  of  the  weight  of 
I  used,  the  liquid  is  evaporated  quite  to  dry- 
ness, the  residue  is  powdered,  and  heated,  in 
a  closed  crucible,  to  dull  redness  for  some 
time  (6K0HAq  +  61  =  5KIAq  +  KIOjAq  +  3H„0  ; 
KI03  +  3C  =  KI  +  3CO).  The  contents  of  the 
crucible,  when  cold,  are  extracted  with  water,  the 
liquid  is  filtered,  neutralised  by  HlAq  if  alkaline, 
and  crystallised.  Morse  a.  Burton  {Am.  10,  321) 
recommend  to  remove  traces  of  KIO3  by  boiling 
for  some  time  with  Zn  amalgam  and  water, 
filtering,  and  crystallising ;  neither  Zn  nor  Hg 
is  found  in  the  filtrate.  The  Zn  amalgam  is 
made  by  agitating  zinc-dust  with  Hg  in  presence 
of  tartaric  acid  solution,  and  washing  with  water. 

Properties. — White  cubes  ;  non-deliquescent. 
Has  a  sharp  taste.  Solution  in  water  is  attended 
with  fall  of  temperature ;  140  pts.  in  100  pts. 
water  at  10-8°  produce  a  fall  to  - 11-7°  (Biidorff, 
P.  136,  276). 

Reactions. —  1.  Unchanged  in  dry  air,  but 
decomposed  in  ordinary  air  ivhen  exposed  to 
sunlight  (v.  Downes  a.  Blunt,  Pr.  29,  319  ;  Loew, 
Fr.  1870.  2.51).  Air  containing  ozone  also  de- 
composes KI  (Houzeau,  J.  1858. 60). — 2.  Heated 
in  air  to  230°,  some  KIO3  is  formed. — 3.  Heated 
in  steam,  I  is  evolved  (Petterson,  Fr.  1870.  362) 
and  HIAq  formed  (Schindler,  Mag.  Pharm.  31, 
33). — 4.  Decomposed,  with  separation  of  I,  and 
formation  of  KOH,  by  heating  with  lead  dioxide, 
manganese  dioxide,  arsenic  oxide,  antimonic 
oxide,  chromium  trioxide,  hydrogen  peroxide,  &c. 
{v.  Weltzien,  A.  138,  134). — 5.  Chlorine  decom- 
poses hot  KI  to  KCl  and  I.  KIAq  with  ClAq 
gives  KClAq,  and  I ;  with  excess  of  CI,  ICI3  is 
formed  and  remains  in  solution,  or  combines  with 
the  KCl  and  separates  as  KCI.ICI3,  according  to 
the  quantity  of  water  present.  Bromine  acts 
similarly  to  CI. — 6.  Nitrous  acid  solution  sets  I 
free  ;  KNO.,  and  dil.  HClAq  act  in  the  same  way 
(v.  Price,  C.  J.  4, 1.55). — 7.  Cone,  sidphuric  acid, 
or  nitric  acid,  decomposes  KI  when  heated  with 
it,  giving  sulphate  or  nitrate  of  K,  and  I ;  with 

H.  SO^,  SO2  and  HoS  are  also  formed.  Addition 
of  cone.  HjSOj  to  KIAq,  or  evaporation  with 
HNOjAq,  sets  I  free.  If  KIAq  contains  KIO,  a 
few  drops  of  a  dilute  acid  suffice  to  give  free  I 
(5HIAq  +  HIOaAq  =  31,  +  3H2O).  Aqua  regia  sets 
I  free  from  KIAq  (for  the  delicacy  of  this  reac- 
tion V.  Harting,  J.  pr.  22,  46). — 8.  Heated  with 
sulphuric  anhydride,  'S.^QO^,  SO.,,  and  I  are 
formed  (H.  Eose,  38, 121). — 9.  Manganese  dioxide 
and  sulphuric  acid  produce  I,  MnSO^,  and 
K2SO4  when  heated  with  KI.— 10.  KI  fused 
with  potassium-hydrogen  sulpliate  gives  K2SO4 
and  I. — 11.  Fusion  with  potassium  chlorate 
produces  KIO,.— 12.  Heating  with  barium 
nitrate  forms  KIO3  and  BaO^  (Henry,  J.  Ph.  18, 
345). — 13.  By  heating  with  ammonium  chloride, 

I,  Ami,  and  KCl  are  formed. — 14.  Cone,  potas- 
sium ferricyanide  solution  gives  I  and 
KjFeCy„Aq  ;  on  dilution  the  action  is  reversed 
(Mohr,  A.  105,  57). — 15.  Heated  \Yith.  potassium 
borate,  KIO3  and  a  polyborate  ('?  probably 
KjB.Oio)  are  formed  (Schiff,  A.  228,  72). 


Combinations. — 1.  With  most  iodides  of  less 
r>ositive  metals  {v.  various  metallic  iodides). 
Several  of  the  compounds  produced  are  best  re- 
garded as  K  salts  of  metal-containing  acids  (v. 
Eemsen,  Am.  11,  No.  5). —  2.  With  arsenious 
oxide  to  form  KI.AsjOg  (Schiii,  A.  228,  72).— 
3.  With  potassitmi  ferricyanide,  to  form  a  very 
unstable  compound,  KI.K3FeCy5  (Preuss,  A.  29, 
323  ;  Mohr,  A.  105,  57  ;  Blomstrand,  J.  pr.  [2] 
3,  207  ;  Kern,  C.  N.  33,  184). 

Potassium  tki-iodidb  KI,.  Datk-blue,  lus- 
trous needles ;  almost  black  by  reflected  light  ; 
melts  at  45°;  S.G.  3-498  at  c.  15°  ;  by  saturating 
KIAq  with  I,  and  evaporating  overHjSOj  (John- 
son, C.  J.  31,  249).  Very  ,  deliquescent ;  in  a 
little  water  some  I  is  deposited  ;  sol.  alcohol,  in 
a  very  small  quantity  water,  and  in  saturated 
solution  of  I  in  KIAq.  Agitation  with  CS^  of  cone. 
KIAq  saturated  with  I  abstracts  the  dissolved 
I  (Baudrimont,  C.  B.  51,  827).  Jorgensen  {J.pr, 
[2]  2,  347)  found,  however,  that  CSj  did  not 
remove  the  I  from  an  alcoholic  solution  of  KI 
containing  excess  of  I  in  ratio  KI:2I,  and  that 
alcoholic  KI  completely  decolourised  solutions 
of  I  in  CS.,. 

Potassium  m-iodide  ?KI.,.  A  solution  of  3 
pts.  I  in  4  pts.  KI  in  water  is  said  by  Guyard 
(Bl.  [2]  31,  297)  to  contain  an  unstable  com- 
pound of  this  composition  ;  with  Pb(N03)2Aq  or 
Pb(C.,H30.,)._A.q,  this  solution  gives  an  almost 
black  pp.,  said  by  G.  to  be  Pbl,,. 

Potassium,  iodobromide  of.  The  compound 
KBr.IBrmay  be  called  iodobromide  of  potassium ; 
V.  Potassium  bromide,  Combinations,  p.  300. 

Potassium,  iodochlorides  of.  The  compounds 
KCI.ICI3  and  KCl.ICl  may  be  called  iodochlorides 
of  potassium  ;  v.  Potassium  chlokide.  Combina- 
tions Nos.  3  and  4,  p.  301. 

Potassium,  iridicyanide  of ;  v.  vol.  ii.  p. 
332. 

Potassium  mangani-  and  mangano-cyanide 
of ;  V.  vol.  ii.  p.  342. 

Potassium,  nitride  of,  K,N.  Formed  by 
heating  to  redness  KNH,  {v.  Pot.^ssium  amide, 
p.  299)  in  absence  of  0.  A  dark-grey,  almost 
black,  solid.  Sublimes  partially  at  white  heat. 
Takes  fire  in  air,  with  evolution  of  N ;  reacts 
with  water  to  give  KOHAq  and  NH3.  K3N  is  a 
conductor  of  electricity.  Combines  with  S  and 
P  (Gay-Lussac  a.  Th6nard,_^.  Ch.  65,  325). 

Potassium,  nitroprusside  of;  v.  vol.  ii.  p. 

341. 

Potassium,  osmocyanide  of;  v.  vol.  ii.  p. 
343. 

Potassium,  oxides  of.  Two  oxides  have  been 
certainly  isolated,  K,0  and  1^20., ;  there  are 
indications  of  the  existence  of  others. 

Potassium  oxide  K2O  (Potassium  mon- 
oxide). A  mixture  of  KjO  and  K2O,,  is  formed 
by  burning  K  in  air  ;  when  K  is  burnt  in  a 
stream  of  dry  0  only  KoO.,  is  produced,  but  on 
strongly  heating  this  product  0  is  given  off,  and 
K2O  remains  (Davy,  T.  1808  [1]  5).  KJd  is  also 
formed  by  heating  KOH  and  K  in  the  ratio 
KOH  :  K  ;  according  to  BeketoiJ  (Bl.  [2]  37, 
491),  K  and  KOH  do  not  react.  B.  says  that 
K2O  may  be  prepared  by  heating  a  mixture  of 
K,04  and  K  in  a  silver  dish.  To  prepare  pure 
K2O  Kiihnemann  (C.  C.  1864.  491)  recommends 
to  lead  air,  freed  from  CO2,  over  K  heated  just 
to  fusion ;  the  K  spreads  out  into  a  thin  layer 
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■vvhich  bums  to  K,0.  K.,0  is  a  greyish,  non-  I 
lustrous  solid  ;  S.G'.  'J-G56'(Karsten,  S.  65,  394) ; 
melts  at  full  red-heat,  and  volatilises  at  a  very 
high  temperature.  Thomson  (Th.  3,  235)  gives 
[K-,0,Aq]  =  165,460.  K„0  reacts  with  water  to 
form  KOHAq,  with  production  of  much  heat. 
Von  Schaffgotsch  (A.  43,  17)  says  that 
KoO-FcO,  is  obtained,  but  not  pure,  by  heating 
Fe^O,  with  K.fiO,. 

Potassium  tetroxide  K0O4  (Pofassmm 
•peroxide).  The  formation  of  this  compound  by 
heating  K  in  dry  air  or  O  was  observed  by  Gay- 
Lussac  a.  Th6nard  (.4.  Ch.  65,  325).  The  pre- 
paration and  properties  of  the  compound  were 
examined  by  Vernon  Harcourt  (C  /.  14,  267). 
Prepared  by  heating  K  till  it  melts,  in  a  hard 
glass  flask  filled  with  N,  then  sending  in  a  slow 
stream  of  dry  air,  and  continuing  to  heat  in  the 
air-stream  until  the  metal  is  completely  changed 
to  a  yellowish  amorphous  solid,  and  heating 
this  for  some  time  in  dry  0.  It  is  also  formed 
by  throwing  small  pieces  of  K  into  molten  KNO3 
{Bolton,  C.  N.  52,  289).  A  mixture  of  K.,0, 
with  EOH.H.,0  is  said  to  be  formed  by  mixing 
equivalents  of  KOH  and  H^,0.,  in  Aq,  and  eva- 
porating in  vacuo  (Schdne,  A.  193,  241).  K.^0, 
is  an  amorphous  powder,  having  the  colour  of 
PbCrO,.  It  begins  to  soften  at  280^,  and  melts 
at  red  heat  to  a  black  liquid,  which  crystallises 
in  leaflets  on  cooling.  At  white  heat  gives  off 
O  and  leaves  KjO.  Deliquesces  in  moist  air, 
giving  off  0.  In  water  forms  KOHAq  andH,,OjAq, 
and  evolves  0.  Heated  in  H  produces  KOH  and 
HoO.  K..O4  oxidises  P,  S,  C,  Ac,  and  many 
metals  to  their  highest  oxides.  Eeacts  with 
CO,  when  heated,  giving  KnCOj  and  O.  No 
action  with  N„0 ;  with  NO  forms  KNO^  and 
KNOj,  and  gives  off  N  oxides. 

Oxides  op  Potassium  other  than  K„0  and 
K.,Oj.  Harcourt  (I.e.)  asserted  the  existence  of 
K,0.„  obtained  by  oxidation  of  K.  Lupton  (C.  J. 
1876.  [2]  565)  thought  that  the  oxides  K^O^,  K,,0„ 
and  KgO,  are  formed  by  the  action  of  air  on  K 
at  c.  65°;  these  oxides  maybe  regarded,  accord- 
ing to  L.,  as  3K,0.K,0,,  KoO.K^O.,,  and  2K.,0.IC0., 
respectively.  The  substance  described  as  a  sub- 
oxide, KjO,  is  said  by  L.  to  be  a  mixture  of  K 
and  K2O.  Schone  (A.  193,  241)  obtained 
K,H|Oe,  probably  K,02.2H,,02,  by  evaporating, 
in  vacuo,  at  —10°,  a  mixture  of  1  equiv.  KOH 
and  2  equivs.  H^O,  in  Aq. 

Potassium,  phosphide  of.  K  and  P  combine 
when  heated  under  rock-oil,  or  in  N,  forming  a 
dark-yehow  solid  (Magnus,  P.  17,  517 ;  Vigier, 
A.  122,  331).  A  compound,  or  compounds,  of  K 
and  P  seems  also  to  be  formed  when  K  is  heated 
in  PH3,  and  also  when  K  is  heated  in  P  in  a 
stream  of  H  (H.  Rose,  P.  12,  547).  The  com- 
pound prepared  by  Eose  was  a  crystalline,  red- 
dish, lustrous  solid ;  decomposed  by  water, 
givmg  KH,,PO,,Aq  and  PH,,  and  burning, 
when  heated  in  air,  to  K  phosphate. 

Potassium,  platinocyanide  of,  and  allied 
salts ;  V.  vol.  ii.  pp.  344-5. 

Potassium,  salts  of.  Compounds  formed  by 
replacing  H  of  acids  by  K.  The  chief  salts  of 
K,  besides  the  halides  and  sulphides,  are  car- 
bonates, chlorate  and  perchlorate,  chromafe  and 
derivatives,  iodate  and  periodates,  nitrate  and 
nitrite,  phosphates  and  derivatives,  silicates, 
Vol.  IV. 
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sulphates  and  derivatives,  sulphite,  thiosulphate 
(v.  Carbonates,  Phosphates,  &o.). 

Potassium,  selenides  of.  Berzelius  {Lehr- 
buch,  5th  ed.  2,  222)  investigated  the  conditions 
of  combination  of  K  and  Se,  without  isolating 
and  analysing  any  definite  compounds.  Se  and 
K  combine  when  melted  together ;  a  steel-grey 
soUd  sublimes,  which  dissolves  in  water  with 
formation  of  a  red  liquid  that  decomposes  in 
air  with  separation  of  Se,  and  gives  off  H.^Se 
with  acids.  Compounds  of  Se  and  K  are  also 
formed  by  reducing  KjSeO.,  or  K^SeOj  by  C  or  H 
at  red  heat  (Wohler  a.  Dean,  A.  97,  5  ;  Eathke, 
A.  152,211).  Mixtures  of  selenate  and  selenides 
of  K  are  formed  by  fusing  KOH  or  KoCO^  with 
Se.  Boiling  KOHAq  dissolves  Se,  forming  a 
brown  liquid,  from  which  a  brown  powder  sepa- 
rates on  evaporation,  and  which  gives  Se  when 
heated  with  acids,  or  when  diluted  and  allowed 
to  stand  in  air. 

Fabre  (C.  B.  102,  613)  obtained  K.Se.yH^O, 
£c  =  9,  14,  and  19,  by  passing  a  rapid  current  of 
H^Se  into  KOHAq  of  different  concentrations  ; 
these  hydrates  of  potassium  monoselenide  are  all 
very  easily  decomposed.  Fabre  (C.  B.  102,  703) 
gives  the  following  thermal  data :  [K-,Se]  =  98,340 
from  solid  elements ;  [2K0HAq,H,SeAq]  =  7,520 ; 
[2K0HAq,H,Se]  =  16,920  ;  [K-Se,Aq]  =  8,540. 

Potassium,  selenocyanide  of,  v.  vol.  ii.  p.  348. 

Potassium,  selenostannate  of,  KoSnSej  3aq. 
Yellow,  unstable  crystals  ;  by  saturating  KjSeAq 
with  SnSe^  and  evaporating  in  vacuo  (Ditte, 
C.  B.  95,  641). 

Potassium,  selenothiostannate  of, 
KjSnSe^S  3aq.  Yellow,  octahedral  crystals  ;  by 
boiling  K„SAq  with  Sn  and  Se,  and  evaporating 
in  vacuo.  Sol.  water,  with  red  colour.  Both 
solid  and  solution  in  water  very  readily  undergo 
decomposition,  with  separation  of  Se  (Ditte,  I.e.). 

Potassium,  silicide  of.  By  reducing  SiO.,  by 
K,  Berzelius  obtained  a  brown  solid,  which  re- 
acted with  water  to  give  H,  KOHAq,  and  SiO, 
(Lehrbuch,  5th  ed.  2,  84). 

Potassium,  silicofluoride  of,  K^SiF,j.  Pre- 
pared by  adding  H„SiF^Aq  to  a  fairly  cone,  solu- 
tion of  a  K  salt,  washing,  and  drying.  Small 
tesseral  white  crystals.  Preis  (List;/  Chem.  13, 
150  ;  abstract  in  C.  J.  58,  694)  found  hexagonal, 
and  also  regular,  crystals  of  this  salt,  along 
with  CaSO.,,  in  a  basin  wherein  phosphoric  acid 
had  been  prepared  from  phosphorite.  KjSiF,; 
is  isodimorphous  with  the  ammonium  salt.  S.G. 
2-665  at  17-5°  (Stolba,  J.  pr.  97,  503).  Easily 
sol.  hot  water,  very  si.  sol.  cold  water.  Melts  at 
low  red  heat,  giving  off  SiF.,  and  leaving  KF  [v. 
Botlie,  Hofman's  Ber.  ilber  die  Entivick.  der 
Chem.  Industrie,  1,  318).  Decomposed  by  cone. 
H>SO,,,  giving  off  SiF,  and  HP.  Decomj)osed  by 
boiling  (not  cold)  solutions  of  alkali  hydroxides 
or  carbonates,  with  separation  of  gelatinous 
silicic  acid  and  formation  of  KF. 

Potassium,  siliconitride  of.  The  white,  in- 
fusible solid,  obtained  by  heating  SiOj  with 
KCN,  is  probably  a  compound  of  K,  Si,  and  N 
(Balmain,  P.  M.  October  1842). 

Potassium,  sulphides  of  K  and  S  combine 
when  heated  together,  the  K  burning  brilliantly. 
Five  compounds  of  K  and  S  are  known :  K^S, 
K.,S.,,  KjS.,,  K„S„  and  K^S^.  They  are  all  sol. 
water,  the  polysulphides  also  in  alcohol.  K^SAq 
is  colourless ;  solutions  of  the  others  are  coloured 
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yellowish  brown,  the  colour  being  deeper  the 
greater  the  proportion  of  S.  Solutions  are  decom- 
posed by  acids  ;  K.,SAq  with  evolution  of  H„S, 
the  other  solutions  also  with  ppn.  of  S.  Solu- 
tions decompose  in  air;  K,SAq  to  KjSoOjAq  and 
KOHAq,  KoS-.Aq  to  ICS^OjAq,  and  the  others  to 
K^SjOjAq  with  separation  of  S.  Solutions  of  the 
polysulphides  react  with  K^SOjAq  to  form  K,SAq 
and  KjSoOjAq ;  these  solutions  are  reduced  to 
KjSAq'by  shaking  with  Hg.  With  EtI  or  EtBr 
they  form  Et^S,,  which  dissolves  the  S  set  free ; 
these  solutions  dialyse  unchanged  (Spring  a. 
Demarteau,  Bl.  [3]  1,  311). 

Potassium  monosdlphide  KjS.  Formed  by 
reducing  dry  ICSOj ;  by  heating  in  H  (Berzelius, 
P.  6,  438) ;  by  heating  with  C  (Berthier,  A.  Ch. 
22,  233 ;  Bauer,  pr.  75,  246 ;  Wittstock,  P. 
55,  636).  Not  obtained  free  from  polysulphides 
by  these  methods  ;  if  vessels  of  glass  or  porce- 
lain are  used  the  product  contains  SiO.,,  as  KjS 
acts  on  silicates.  The  product  of  the  foregoing 
reactions  is  a  brown,  crystalline,  deliquescent 
solid ;  sol.  in  water,  with  production  of  much 
heat  and  formation  of  KSHAq  and  KOHAq ; 
Thomsen  (Th.  3,  235)  gives  [K%S,Aq]  =  113,300. 
Sabatier  (A.  Ch.  [5]  22,  5)  says  that  K,S  has 
never  been  obtained  pure.  An  aqueous  solution 
of  KoS  is  prepared  by  saturating  KOHAq  with 
HoS,  and  adding  an  equal  quantity  of  the  same 
KOHAq.  By  evaporating  this  solution  in  vacuo 
at  a  low  temperature,  the  pentahydrate  K2S.5H2O 
is  obtained  in  orthorhombic  crystals,  which  lose 
SHjO  by  heating  to  150°,  out  of  air  (Schiine,  P. 
131,  380 ;  cf.  Sabatier,  I.e.).  K„SAq  is  colourless 
out  of  contact  with  air ;  it  is  very  alkaline  and 
caustic  ;  in  air  it  becomes  yellow,  HjS  is  given 
off,  and  KjCOjAq  and  KjSjOjAq  are  formed. 
KjSAq  dissolves  S,  forming  polysulphides  ;  it 
dissolves  Fe  or  Fe.fi^,  forming  a  green  liquid. 

Potassium  bisulphide  KoS,.  Formed  by 
allowing  an  alcoholic  solution  of  K„S  to  stand 
in  air  till  the  surface  is  covered  with  a  film  of 
K2S2O3,  then  pouring  off,  and  evaporating  in 
vacuo  (Berzelius,  I.e.).  Also  by  heating  2  equiva- 
lents KHS04  with  7  or  more  equivalents  C 
(Geiger).  Berzelius  obtained  K2S2  by  heating  4 
equivalents  K^COj  with  rather  less  than  7  equiva- 
lents S.  A  yellowish  red,  deliquescent  sohd ; 
K2S2Aq  is  yellow ;  in  air  it  oxidises  to  K^S^OjAq 
without  separation  of  S  ;  acids  give  ofi  H.,S  and 
cause  ppn.  of  S. 

Potassium  teisulphide  K.Sj.  Formed  by 
passing  CSj  over  K.COa  heated  to  redness  (Ber- 
zelius, I.e. ;  ef.  Schdne,  I.e.).  Also  by  heating 
100  parts  KjCOj  with  68-22  parts  S  to  dull  red- 
ness, till  CO.2  ceases  to  be  given  oS ;  the  product 
contains  some  K2SO4.  Also,  with  some  S,  by 
passing  H,S  over  strongly-heated  K,S04.  By 
heating  K2S4  to  over  800°.  A  yellowish-brown 
solid,  black  when  molten ;  not  decomposed  at 
900°,  gives  off  S  at  white  heat  (B.).  Easily  sol. 
water  and  alcohol ;  KjS-jAq  in  air  gives  KjSjO^Aq 
with  separation  of  S ;  decomposed  by  acids,  S 
separating  and  HjS  being  evolved. 

Potassium  teteasulphide  K2S4.  Formed  by 
passing  CS2  over  strongly-heated  K2SO4  so  long 
as  CO2  is  produced.  Also  by  melting  K2CO3  with 
1  to  2  parts  S,  heating  till  excess  of  S  is  removed, 
and  then  reducing  K„SO,  formed  by  heating  in 
HjS.  A  red-brown,  crystalline  solid  (B.,  I.e. ;  S., 
I.e.).   Decomposed  at  800°-900°  to  K2S3  and  S. 
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The  dihydrate  K,S4.2H20  is  obtained  by  boiling 
K2SAq  with  the  proper  quantity  of  S,  and  evapo- 
rating in  vacuo  (S.,  Z.c).  Sabatier  (A.  Ch.  [5] 
22,  53)  obtained  the  octahydrate,  K,S4.8H,0,  by 
adding  90  p.c.  alcohol  to  K,S4Aq,  separating  the 
brown  oily  liquid,  and  letting  it  crystallise. 

Potassium  pentasulphide  K2S5.  Formed  by 
heating  any  of  the  lower  sulphides  with  S  until 
the  excess  is  removed  ;  Schone  (Z.c.)  says  tempe- 
rature should  not  exceed  600°  {v.  B.,  I.e.).  A 
solution  of  K2S5,  containing  also  K^S„03,  is 
formed  by  heating  KjCOaAq  with  S  (Fordos  a. 
Gi§lis,  C.  B.  23,  211) ;  or  by  digesting  a  solution 
of  a  lower  sulphide  with  S  (B.,  Z.c).  A  red, 
fusible  solid  ;  decomposed  by  heating  in  steam, 
giving  K2SO4  and  H^S  (Drechsel,  J.  pr.  [2]  4,  20). 
Very  sol.  water,  also  in  alcohol ;  KjSjAq  slowly 
decomposes  in  air,  giving  KjSoOjAq,  K^COjAq, 
and  S  ;  acids  evolve  HoS  and  separate  S. 

Liver  of  sulphur.  This  name  is  given 
to  the  brown  solid  obtained  by  heating  S  with 
K2CO.J  in  a  closed  vessel ;  it  contains  various 
sulphides  of  K,  along  with  K2SO4,  and  generally 
some  K2CO3. 

Potassium,   sulphydrate  of;  v.  Potassium 

HYBKOSULPHIDE,  p.  302. 

Potassium,  sulphocyanide  of ;  v.  vol.  ii.  pp. 
351-2. 

Potassium,  telluride  of.  Probably  K^Te.  By 
heating  together  K  and  Te  in  H  ;  also  "by  heat- 
ing a  mixture  of  100  pts.  H2Te03,  20  pts.  KOH, 
and  10  pts.  C.  A  brittle,  crystalline,  copper- 
coloured  solid.  Easily  sol.  water  ;  exposed  to 
air  Te  separates  from  the  solution.  HClAq 
evolves  HjTe  (Davy ;  v.  also  Berzelius,  Lehr- 
bueh  (5th  ed.)  2,  247). 

Potassium,  tellurofluoride  of,  KF.TeF4 ;  v. 
Potassium  fluoride,  p.  301. 

Potassium,  thio-arsenates  and  thio-arsenites 
of;  v.  vol.  i.  pp.  317,  316. 

Potassium,  thiocarbonate  of;  v.  vol.  i.  p. 
703.  M.  M.  P.  M. 

PRASEODYMIUM.  The  constituent  of  di- 
dymium  which  yields  green-coloured  salts  ;  v. 
Didymium,  vol.  ii.  p.  383. 

PREHNITENE  v.  c-Dueene. 

PKEHNITIC  ACID  C,^B.Jd^  i.e. 
C,H,.(CO,B),  [1:2:3:4].  Mol.w.'254.  [237°-250°]. 
Formed  hy  heating  either  of  the  tetrahydrides  of 
pyromellitic  acid  with  H2SO4  (Baeyer,  A.  166, 
325),  and  by  the  oxidation  of  c-durene  and  of 
c-tetra-ethyl-benzene  (Tohl,  B.  21,  907  ;  Galle, 
B.  16,  1746  ;  Jacobsen,  B.  17,  2518).  Crystal- 
lises from  water  in  large  prisms  (containing  2aq) 
resembling  the  mineral  prehnite.  Converted  by 
fusion  into  an  anhydride  C,„H40;  [239°]. 
May  be  reduced  to  a  viscid  hydride. — KH^A'^aq. 
— BaHjAJ"  3aq. — BaH2A'''  aq  :  needles. — Pb^A'" : 
small  needles,  insol.  water. 

Methyl  ether  Ue.h.".  [104°-108°]. 

PREHNITOL  V.  c-Durenol. 

PKEHNOMAIIC  ACID  C,„H,Os,  i.e. 
CgH,(0H)(C0.H)4.  Oxy-prehnitie  acid  dihydride. 
[210°].  A  product  of  the  action  of  H2SO4  on  the 
tetrahydrides  of  mellitic  acid  (Baeyer,  A.  166, 
325  ;  B.  4,  275).  Needles,  readily  converted  by 
heat  into  an  anhydride  C2(,H,40„  [210°].  By 
heating  with  H2SO4,  or  by  treatment  with  Br,  it 
is  converted  into  prehnitic  acid. — Ag4A'''. 

PRIMULA  CAMPHOR  C,JI,fi,.  [49°]. 
(above  200°).    Contained  in  the  root  oi  Primula 
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veris  (Mutschler,  A.  185,  222).  Six-sided  plates, 
V.  si.  sol.  water,  v.  sol.  alcohol  and  ether.  Smells 
like  anise.  Fed.,  colours  its  aqueous  solution 
violet.  Yields  salicylic  acid  on  oxidation. 

PRIMULINE  BASE  C,„H,8N,S3  i.e. 

C,H3Me<g^C.CeH3<g>0.CeH3<g>C.CeH,NH,. 

Prepared  by  heating  p-toluidine  (2  mols.)  with 
sulphur  (4  or  5  atoms),  H.S  being  evolved  (Green, 
C.  J.  55,  234).  Yellowish  powder,  nearly  insol. 
all  solvents.  Not  decomposed  at  400°.  Its  salts 
are  decomposed  by  water.  The  Na  salt  of  its 
sulphonic  acid  (primuline),  is  taken  up  by 
unmordanted  cotton.  KOH  at  260°  yields  amido- 
tolyl-mercaptan  and  p-amido-benzoic  acid  (Gat- 
termann,  B.  22,  425,  1066). 

Dehydrothiotoluidine  CuHjoSNj  i.e. 
CsH3Me<;g^C.C,H,,.NH„.     [191°].     (434°  at 

766  mm.)  (Pfitzinger  a.  Gattermann,  B.  22, 1066). 
An  intermediate  body  in  the  preparation  of 
primuline.  Formed,  together  with  primuline 
base,  by  heating  j2:i-toluidine  with  S  (Dahl  &  Co., 
G.  P.  35790  ;  Green,  C.  J.  55,  230).  Got  also  by 
the  action  of  HI  and  P  upon  primuline  (Jacobsen, 
jB.  22,  330).  Y'ellowish  iridescent  needles  (from 
isoamyl  alcohol),  v.  sol.  HOAc,  si.  sol.  hot  alco- 
hol, v.  si.  sol.  benzene,  almost  insol.  boiling 
water.  Its  alcoholic  solutions  have  violet-blue 
fluorescence.  Ppd.  by  adding  water  to  its  solu- 
tion in  HClAq. 

Reactions. — 1.  Yields  |j-toluidine  on  distilla- 
tion with  zinc-dust.  —  2.  Yields  primuline  on 
heating  with  S. — 3.  Converted  by  diazotisation  in 

boiling  alcoholic  solution  into  C(iH3Me<^g  ^CPh 

[123°].— 4.  When  diazotised  and  boiled  with 
water  it  gives  C,jH,,(OH)N„S  [256°],  which  gives 
C,,,H„(0Ac)N2S  [132°].— 5.'  Fuming  H,,S04  (con- 
taining 70  p.c.  SO3)  forms,  below  50°,  a  sulphonic 
acid  C|4H|,(SO.iH)SN2,  which  crystallises  in 
yellow  needles  (containing  aq),  or  orange  plates 
(containing  2aq),  si.  sol.  hot  water,  and  forms 
lNH,A'aq,  si.  sol.  hot  water,  CuA'22aq,  a  reddish- 
brown  pp.,  and  AgA',  a  white  pp. — 6.  Mel 
yields  C,,H,„(NMe,,)NS  [197°]  (434°),  and 
CnH,„(NMe3l)NS,  a  bright-yellow  powder,  v.  sol. 
water.  MeOH  and  HCl  at  150°-200°  give 
0,^11, |,(NMe,Cl)NS,  a  yellow  powder  which  forms 
(CnH,„NS.NMe,Cl).>PtCl4  [234°]. 

Acetyl  derivative  C,,H„AcN.,S.  [227°]. 
White  plates  or  prisms,  si.  sol.  HOAc. 

PKOPACONIC  ACID  v.   Lactone  of  Oxy- 

BUTYLMAIEIC  ACID. 

PROPANE  C^Hs  i.e.  CH,.CH.,.CH3.  Mol.  w. 
44.  (-17°).  S. (alcohol) 6.  H.F.p'35,110.  H.F.v. 

33,370  (Thomsen,  Tli.  4,  52).  Occurs  in  the 
gases  given  off  from  the  petroleum  springs  of 
the  United  States  (Ronalds,  C.J.  18, 54;  Lefevre, 
2.  [2]  5,  185).  Formed  by  the  action  of  HI  on 
propyl  iodide,  allyl  iodide,  isopropyl  iodide, 
acetone,  and  glycerin  (Berthelot,  Bl.  7,  60  ;  9, 13, 
184).  Prepared  by  heating  ii-propyl  iodide 
(9-6  pts.)  with  AICI3  (2-5  pts.)  at  140°  (Kohnlein, 
B.  16,  560),  or  by  heating  isopropyl  iodide  with 
zinc  andHClAq(Schorlemmer,  A.  150,209).  Gas. 
On  compression  with  water  at  a  low  tempera- 
ture it  yields  a  hydrate,  dissociating  at  8-5° 
(Villard,  C.  B.  Ill,  302). 

References, — Di-bromo-,  Bbomo-iodo-,  Bromo- 


NiTRO-,  Chloro-,  Chloro-iodo-,  Di-chloeo-nitro-, 
Di-ioiio,  and  Nitro-  Propane. 

PROPANE  CARBOXYLIC  ACID  v.  Bbtyric 

ACID. 

Propane  dicarboxylic  acid  v.  Glutaric, 
Pyeotartaric,  and  Ethyl- jlalosic  acids. 

Propane  tricarboxylic  acid  C^H^Oj  i.e. 
CH3.CH(C0.,H).CH(C0„H).,  (Bischoff,  B.  13, 
2164  ;  14,  6"l4  ;  15,  1107  ;  17,  2783  ;  22,  3180  ; 
A.  214,  53).  [146°].  Formed  by  saponifying 
the  ether  with  dilute  alcoholic  potash.  Crystal- 
line mass,  V.  e.  sol.  water,  alcohol,  and  ether. 
Splits  up  when  heated  alone,  or  with  dilute 
HClAq,  into  COj  and  pyrotartaric  acid.  Bromine 
forms  bromopyrotartaric  and  bromocrotonic 
acids. — Ba^A'",:  bulky  pp. 

Methyl-di-ethyl  ether  UoEtA'" .  (268°). 
S.G.  '^■^  1-078.  Formed  from  methyl  o-chloro- 
propionate  and  sodium  malonic  ether. 

Ethyl  ether  Et,A"'.  (270-3°  cor.).  S.G. 
"5"  1-0698.  Md  =  1-4288  at  20°.  Formed  from 
sodium  malonic  ether  and  a-bromo-propionic 
ether.  Oil,  miscible  with  alcohol  and  ether. 
NaOEt  yields  C,,H,Na(C0„Na)(C0oEt)2. 

Propane  tricarboxylic  acid 
CH3.C(C0.,H)„.CH2.C0,H. 

Methyl  ether  Ue^k'".    Oil  (Barthe). 

Ethyl  ether  Et^A'".  (273-5°  cor.).  S.G. 
1-077.  Mb  =  1-4311  at  20°.  Formed  from  sodium 
methyl-malonic  ether  and  ohloro-acetic  ether, 
and  also  from  sodium  ethane  tricarboxylic  ether 
and  Mel  or  MeCl  (Bischoff  a.  Von  Kuhlberg,  B. 

23,  635).  Yields  on  saponification  pyrotartaric 
and  a  little  succinic  acid. 

Methyl  ether  of  the  mono-  nitrile 
CH3.C(CN)(C0,Me).CH,.C0„Me.  Formed  from 
methyl  cyanosuccinate,  MeOH,  and  Mel 
at  70°  (Barthe,  Bl.  [3]  1,  303;  C.  R.  108, 
297;  112,  1013).  Oil.  The  corresponding 
CH3.C(CN)(C0oEt).CH„.C0.,Et  is  also  an  oil  (185° 
at  35  mm.). 

Propane  tricarboxylic  acid 
CO,,H.CH,.CH,.CH(CO,,H)„. 

'Ethyl  ether  EtjA'".  (161°  at  13  mm.). 
S.G.  =f  1-0808.  Formed  from  sodium  malonic 
ether  and  /3-bromo-propionic  ether  (Emery,  B. 

24,  282).  The  free  acid  spHts  up  into  CO,  and 
glutaric  acid  on  boiling  with  HClAq. 

Isomeride  v.  Tricarballylic  acid. 

Propane  tetracarboxylic  acid 
C0.,H.CH.,.CH(C0„H).CH(C02H),,. 

'Ethyl  ei/ier  Et,Ai'  (204°  at  18mm.).  S.G. 
?f  1-1184.  Formed  from  sodium  malonic  ether 
and  ehloro-succinic  ether  (Emery,  B.  23,  3759). 
Oil,  V.  sol.  alcohol  and  ether.  The  free  acid 
splits  up  into  CO,  and  tricarballylic  acid. 

Propane  tetracarboxylic  acid 
(CO,H),,CH.CH,.CH(CO,,H)j.  Dicarhoxy-glutaric 
acid.  [170°].  An  acid  formed  by  the  action  of 
sodium  amalgam  on  dicarboxyglutaconic  ether 
CjHoEt^Og  in  alkaline  solution  (Conrad  a.  Guth- 
zeit,"  A.  222,  257).  One  of  the  products  of  the 
action  of  chloro-di-methyl  oxide  on  sodium 
malonic  ether  (Kleber,  A.  246,  106).  Got  also 
by  boiling  its  ether  with  dilute  alcoholic  potash 
(Guthzeit  a.  Dressel,  B.  21,  2234  ;  22,  1423  ;  A. 
256,  174).  Crystalline  powder  (from  ether),  v.  e. 
sol.  water.  At  180°  it  splits  up  into  CO.,  and 
glutaric  acid  [98°]. — Ba.,A'°  2aq.— Ca^A'' 2aq. — 
PkAi"  2aq. 

Ethyl  ether  Et^A^'.    (235°   at  80mm.). 

x2 
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S.G.  25  1-116.  Formed  from  sodium  malonic 
ether  by  treatment  with  CHoClj  or  CH.^Ij,  and 
got  also  by  reducing  dioarboxy-gkitaoonic  ether 
with  zinc-dust  and  HOAc  (W.  H.  Perkin,  jun., 
C.  J.  59,  993).  Oil,  with  very  bitter  taste. 
NaOEt  forms  a  di-sodium  derivative,  which  re- 
acts with  EtI  forming  oily  C^H^jiOs  (c.  248°  in 
vacuo). 

Propyl-tri-ethyl  ether 'Et^PrA^".  (195°- 
209°  at  15  mm.).  Formed  from  propyl  triethyl 
dicarboxy-glutaconate,  zinc-dust,  and  HOAc. 
Colourless  oil. 

Propane  tetracarboxylic  acid 
COJI.CH2.C(C02H),.CH,.CO„H.  [151°].  Got  by 
saponifying  its  ether  with  alcoholic  potash. 
Prisms  (from  water),  v.  sol.  water,  alcohol,  and 
ether.  At  170°  it  splits  up  into  C0„  and  tri- 
carballylic  acid.— K,HA'' 2iaq  (at  "lOO°). — 
ZujA^'baq  (dried  at  100°).— Pb„A"  aq.— Ag.,A"  : 
insoluble  pp. 

Ethyl  ether  Et^A''.  (295°  uncor.).  S.G. 
if  1-102.  Formed  from  malonic  ether,  alcoholic 
NaOEt,  and  chloro-acetic  ether,  followed  by  a 
second  dose  of  NaOEt  and  chloro-acetic  ether 
(Bischofi,  B.  13,  2163  ;  A.  214,  61).  Oil. 

Ethyl  ether  of  the  inono-nitrile 
C0.,Et.CH„.C(CN)(C0„Et).CH2.C0.,Et.  [41°]. 
(200°-215°  at  10  mm'.).  Formed"  from  sodium 
cyano-succinio  ether  and  chloro-acetic  ether 
(Haller  a.  Barthe,  C.  B.  106,  1413).  White 
crystals,  sol.  alcohol  and  ether. 

Methyl  ether  of  the  inono-nitrile 
CO.,Me.CH2.C(CN)(C02Me).CH2.C02Me.  [47°]. 
Prepared  in  like  manner  (Barthe,  C.  B.  Ill, 
344).    Prisms,  insol.  water  and  alkalis. 

Propane  pentacarboxylic  acid 
CH(CO„H)2.C(C02H)2.CH2.C02H.    [151°].  Got 
by  saponifying  its  ether.    Spherical  aggregates 
(from  ether). — KjA' 4aq. — Ba^A'j  ^aq :  crystalline 
pp. 

Ethyl  ether  Et^A'.  (275°-280°  at  188 
mm.).  S.G.  if  1-121  (Bisclioff,  B.  15,  1107  ; 
21,  2113).  Formed  from  sodium-malonic  ether 
and  CCl(C0,,Et)2.CH„.C0.,Et.  Formed  also  from 
sodium  ethane  tricarboxylic  ether  and  chloro- 
acetic  ether.  Oil. 

Reference. — Oxypeopanb  teicaeboxtlig  acid. 

PROPANE  PHOSPHONIC  ACID 
C3H,.PO(OH)2.    [60°-70°].    Prepared  by  oxida- 
tion of  propyl-phosphine  with  fuming  HNO3 
■(Hofmann,  B.  6,  304).  Wax-like  mass,  sol.  water. 

PROPANE  SULPHONIC  ACID 
CH3.CH,.CH„.S03H.  Formed  by  oxidation  of 
propyl  mercaptan  with  nitric  acid  (S.G.  1'3) 
(Spring  a.  Winssinger,  Bl.  [2]  48,  110).  ICL,  at 
160°  forms  chloro-propane  sulphonic  acid,  CCI4, 
and  C,C1„. 

Propane  sulphonic  acid  (CH3)„.CH.S0,H. 
[below  100°].  Formed  by  oxidising  isopropyl 
mercaptan  with  HNO3.  Obtained  also  from 
acetone  by  successive  treatment  with  P2S5  and 
HNO3  (Glaus,  B.  5,  660  ;  8,  533  ;  Spring,  Bl.  [2] 
40,  66).  Crystalline.  Its  salts  are  v.  e.  sol. 
water. 

Propane  disulphonic  acid 
CH2(S03H).CH2.CHj(S03H).  Formed  by  boiling 
trimethylene  bromide  with  a  saturated  solution 
of  ammonium  sulphite  (Monari,  B.  18,  1345). 
Deliquescent  needles,  v.  sol.  water  and  alcohol. — 
Na^A"  4|aq. — BaA"2aq:  very  soluble  needles. 


Propane  disulphonic  acid 

CH3.CH:(S03H).CH,(S03H).  Formed  in  like 
manner  from  propylene  bromide  (M.). — Na2A"aq. 
— BaA"  :  sparingly  soluble  crystals. 

Propane  disulphonic  acid  C3H^(S03H)2.  Got 
from  butyramide  and  fuming  H^SO^  (Buckton 
a.  Hofmann,  A.  100,  153),  and  also  by  heating 
butyric  acid  with  CISO3H  at  140°  (Baumstark, 
A.  140,  83).-BaA".— PbA":  crystalline. 

Propane  trisulphonic  acid 
CH2(S03H).CH(S03H).CH2(S03H).    Got  by  boil- 
ing s-tri-chloro-propane  with  aqueous  K2SO3 
(Schiiuffelin,  A.  148,  117). — ^3.^k"'„ :  crystalline 
powder,  si.  sol.  water. 

References. — Chloro-  and  Oxy -propane  sul- 
phonic ACID. 

DIPROPARGYL  C,-H,  i.e. 
CH;C.CH2.CH,.CiCH.  Eexunene.  (85°).  S.G. 
is  -81.  H.F.p.  -96,040.  H.F.v.  -97,200  (Thom- 
sen,  Th.).  Formed  by  distUling  diallyl  tetrabrom- 
ide  with  solid  KOH,  and  boiling  the  resulting  di- 
bromo-diallyl  with  alcoholic  potash  (Henry,  B. 
6,  956 ;  7, 21 ;  14,  399 ;  17, 1132).  Lunpid,  highly 
refractive  oil,  v.  sol.  ether.  Burns  with  smoky 
flame.  Combines  with  explosive  violence  with 
bromine,  forming  CsHgBr,,  a  thick  liquid  S.G.  12 
2'464,  from  which,  by  further  action  of  Br,  crys- 
talline CgHjBrg  [141°]  can  be  obtained.  Iodine  in 
EI  forms  dipropargyl  tetraiodide  CgHjIj  [113°] 
crystallising  from  CS,  in  prisms.  Dipropargyl 
gives  with  ammoniacal  cuprous  chloride  a 
yellow  pp.  CujCgHj  2aq,  which  explodes  at  about 
100°.  Aqueous  AgN03  PPts.  kgfifi^  2aq,  which 
explodes  below  100°.  Dipropargyl  is  very  easily 
polymerised,  forming  a  resin. 

PROPARGYL  ALCOHOL  C3H,0  i.e. 
CHIC.CH,OH.  Mol.  w.  56.  (115°).  V.D.  1-88 
(calc.  1-9.3).  S.G.  f  -9715.  /.^  =  1-437.  Ra, 
=  24-01  (Briihl).  H.F.p.  -3,500.  H.F.v.  -4,370 
(Thomsen,  Th.).  Formed  by  boihng  bromo- 
allyl  alcohol  with  KOHAq  (Henry,  B.  5,  274, 
449,  569 ;  6,  728 ;  7,  20,  761).  Formed  also 
from  propargylamine  oxalate,  NaNOj,  and  HCl 
(Paal  a.  Hempel,  B.  24,  3039).  Colourless 
liquid  of  peculiar  odour,  sol.  water. 

Reactions. —  1.  Ammoniacal  Cu-jCL  ppts. 
canary-yellow  Cu„(C3H30)2  which  explodes  when 
heated,  and  is  decomposed  by  dilute  acids  with 
reproduction  of  propargyl  alcohol. — 2.  Ammo- 
niacal AgNOs  ppts.  white  AgCjHjO. — 3.  Anhy- 
drous BaO  forms  Ba(C3H30)2C3H^O,  crystalhsing 
in  small  plates. — 4.  On  heating  with  solid  KOH 
it  yields  formic  acid  and  acetylene. — 5.  HBr 
forms  bromo-allyl  alcohol. — 6.  HNO3  yields  CO, 
and  oxalic  acid. 

Acetyl  derivative  C3H3.OAC.  (125°). 
S.G. -j"  1-0052.  /i(3  =  1-427.  li^o  =  39-71  (Briihl). 
Got  from  the  alcohol  and  AcCl. 

Methyl  ether  CjH.OMe.  (62°).  S.G. 
i?:£-83.  H.F.p.  -10,910.  H.F.v.  -  12,360  (Thom- 
sen, Th.).  Formed  by  boiling  s-tri-bromo-pro- 
I^ane  with  KOH  dissolved  in  MeOH  (Liebermann, 
A.  135,  287)  and  by  boiling  the  dibromide  of 
methyl  allyl  oxide  with  alcoholic  potash  (Henry). 
Ammoniacal  AgN03  ppts.  lemon-yellow 
CaHjAg.OMe,  whence  I  in  KI  forms  oily 
CaHjI.OMe  [12°]. 

Ethyl  ether  C.^K.fi^i.  (81°~85°).  S.G. 
=5" -8326.  ft5=  1-4096.  Eoo  =39-5  (Briihl).  This 
body  is  formed  by  the  action  of  alcoholic  potash 
on  CH^Br.CHBr.CH^Br,   on  CHj.CBr^.CHjBr, 


PEOPHETIN. 


309 


on  dichloropropylene,  or  on  ethyl  bromo- 
allyl  oxide  (Liebennann,  A.  135,  278 ;  158, 
230;  Henry  B.  5,  274;  Baeyer,  A.  138,  196). 
Mobile  liquid,  with  penetrating  odour,  v.  si.  sol. 
water,  miseible  with  alcohol.  Combines  with 
Br,  forminji;  C3H.,Br,_,.0Et.  Boiling  very  dilute 
(1  p.c.)  H„SO,,  splits  it  up  into  alcohol  and  pro- 
pargyl  alcohol.  Sodium  forms  CjHjNaOEt. 
Alcoholic  silver  nitrate  forms  crystalline 
(C3H„Ag.OEt).,AgN03  converted  by  ammonia 
into  amorphous  CjH.AgOEt,  whence  I  in  KI 
forms  crystalline  C,HJOEt  and  oily  C^H.JjOEt. 
An  ammoniacal  solution  of  AgCl  added  to  an 
alcoholic  solution  of  C.|H,OEt  ppts.  v^hite 
(CjHoAgOEtl.^AgCl.  Ammoniacal  Cu^CL,  gives 
yellow  amorphous  C3H„CuOEt. 

Isoamyl  ether  GjHjOOsH,,.  (140°-145°). 

PROPARGYLAMINE  C3H3NH,.  Formed  by 
the  action  of  NaOEt  on  bromo-aliyl-amine  and 
on  di-bromo-projjyl-amine  (Paal  a.  Hermann,  B. 
22,  3080).  The  tree  base  has  not  been  isolated. 
— B'H,C.,0,.  [143°].  Large  tables  (from  water), 
si.  sol.  alcohol.  Gives  a  white  pp.  with  am- 
moniacal AgNOj.— B'C„H,(NO,):,OH.  [189°]. 
Large  red  plates  or  tables. — B'HCl. — B'HBr. 
[130°-171°].— B'HI.  [206°].  White  plates,  v. 
e.  sol.  water. 

PKOPARGYL-ISOAMYL-AMINE  C^HisN  i.e. 
CjHj.NHCjH,,.  Formed  from  di-bromo-isoamyl- 
amine  and  NaOEt  (Paal  a.  Hermann,  B.  22, 
3084).  Liquid.— B'H„C..O^  aq.  [204  ].  White 
needles  (from  water).— B'HBr.  [18(3°].  Pearly 
plates. 

PROPAKGYL  BROMIDE  CH:C.CH.,Br.  (89°). 
S.G.  ^  1-59.  Formed  from  propargyl  alcohol 
and  PBrj  (Henry,  B.  0,  728).  Liquid. 

Propargyl  tribromide  v.  Tei-bromo-propyl- 

ENE. 

PKOPARGYL-ISOBUTYL-AMINE  C,H,,N  i.e. 
CH:C.CH„.NH.CH,,l'r.  (135°).  Formed  from 
di-bromo-propyl-isobutyl-amine  and  NaOEt 
(Paal  a.  Heupel,  B.  24,  3045).  Liquid,  miseible 
with  water.— B'HCl.  [148°].— B'.,H„PtCle. 
[172°].— B'H„C,0,.  [210°].  Needles  and  plates, 
m.  sol.  cold  water. 

PROPARGYL  CHLORIDE  C.HjCl.  (65°). 
S.G.  s  1-045.  Formed  from  propargyl  alcohol 
and  PCI.,  (Henry,  B.  8,  398).    Mobile  oil. 

PROPARGY'lIC  acid  is  Peopiolic  acid. 

PROPARGYL  IODIDE  CHlC.CHJ.  (0. 115°). 
S.G.  2  2-018.  Formed  from  propargyl  bromide 
and  Nal  in  alcohol  (Henry,  B.  17, 1132).  Yellow- 
ish liquid.    Iodine  forms  CHI:CI.CH.,I.  [41°]. 

PROPARGYL-PROPYL-AMINE  C,H„N  i.e. 
C;,H3.NH.C,H,.  The  salt  B'HBr  [180°]  is  got 
from  propyl  bromide  and  propargylamine  (Paal 
a.  Hermann,  B.  22,  3084). 

PROPARGYL  SULPHOCYANIDE  a,tt,SCN. 
Formed  from  propargyl  bromide  and  potassium 
sulphocyanide  (Henry,  B.  6,  729).  Oil,  smelling 
like  mustard.    Decomposed  by  heat. 

PROPARGYL-DI-THIO-CARBAMIC  ACID 
CH:C.CH,_,.NH.CS,H.    [115°].    Formed  by  boil- 
ing propargylamine  with  CS.,  and  alcohol  (Paal 
a.  Heupel,  B.  24,  3041).    Ne'edles  (from  dilute 
alcohol)  or  plates  (from  benzene-ligroin). 

PROPENYL-o-AMIDO-PHENOL  CARB- 

OXYLIC  ETHER  C,H,<jJ^g>CMe.CH,.CO,Et. 
[108°].  Formed  by  heating  a  mixture  of  o-amido- 
phenol  and  acetoacetic  ether  (Hantzsch,  B.  16, 


1948).  Flat  prisms,  readily  resolved  into  the 
parent  substances  by  dilute  acids,  alkalis,  or 
even  boiling  water. 

PROPENYL-o-AMIDO-PHENYL  MERCAP- 

TAN     CgH.NS    i.e.    C„H^<g^CEt.  (252°). 

Formed  by  heating  o-amido-plienyl  mercaptan 
with  propionyl  chloride  at  150°  (Hofmann,  B. 
13,  21).    Heavy  oil.— B'^H^PtCl,; :  large  prisms. 

PROPENYLAMINE  CH^.CILCH.NH,. 
Formed  by  the  action  of  baryta  on  /3-bromo- 
propylamine  (Hirsch,  B.  23,  968).    Does  not 
decolourise  bromine  water. — B'3H3l.,2Bil3 :  six- 
sided  plates. 

PROPENYL-BENZENE  SULPHONIC  ACID 
CH2:CMe.C,H,.S03H.  The  salts  of  this  acid  are 
formed  by  heating  the  dry  salts  of  the  acid 
CMe,.(0H).C,H,.S03H  (K.  Meyer,  .4.  219,  302). 

Amide  C„H„SO„NH„.  [i52°]. 

o-PROPENYL-BENZOIC  ACID 
CHj:CMe.C,H,.CO,H.    [61°].    Formed  from  di- 
methyl-phthalide  and  KCy  at  260^  (Wislicenus, 
A.  248,  64).    Needles  (from  water). 

2J-Propenyl-benzoic  acid 
CH„.CMe.C,H,.CO.,H.  [161°].  Formed  by  heat- 
ing (CH3),.C(0H).C,H^.C0„H  with  dilute  HCl  on 
a  water  bath  (It.  Meyer  a.  J.  Kosioki,  B.  11, 
1791 ;  A.  219,  270).  White  satiny  plates  (from 
1  pt.  alcohol  and  1  pt.  water)  or  slender  needles 
(from  water).  SI.  sol.  hot  water,  v.  e.  sol.  alcohol 
and  ether.  Sodium  amalgam  reduces  it  to 
cuminic  acid. 

Salts.  — NH,A'.  —  BaA'.3  aq.  —  CuA'.,  7aq.— 
AgA' :  amorphous  pp. 

Methyl  ether.— MeA'  [53°].  (254°  cor.). 
V.D.  6-09.    Insol.  water. 

Isopropenyl-benzoic  acid  CjH^.CJIi.COjH 
[255°-260°].  By  boiling  oxy-propyl-benzoic 
acid  (CH,)..C(0H).C,,H,.C0.,H  w'ith  fuming  HCl 
(R.  Meyer, 12,  1076;  A.  219,281).  Minute 
needles  grouped  in  stars  (from  alcohol).  Insol. 
water.  Does  not  decolourise  bromine,  and  is  not 
reduced  by  sodium  amalgam,  but  is  converted 
by  HI  into  cuminic  acid.  Hence  it  would  appear 
to  be  a  polymeride  of  p)ropenyl-benzoic  acid,  not 
containing  a  C:C  group. 

Salts. — NHjA'aq.  SI.  sol.  water. — BaA',aq. 
— CaA'^lrsaq. — CuA'.,. — AgA':  pp.,  insol.  water. 

Mctliyl  ether  MeA'.  [83°].  Decomposed 
by  heat. 

Refevcnccs. — Amido-,  Nitro-,  and  Oxy-  Peo- 

PENYL-BENZOIC  ACID. 

PROPENYL  BROMIDE  v.  Bromo-peopylene. 
PROPENYL  CARBINOL  w.Bdtenyl  alcohol. 
PROPENYL-TRICARBOXYLIC  ACID  v.  Pro- 

paneteicarboxylic  acid. 

PROPENYL  CHLORIDE  v.  Chloeo-peopyl- 

ENE. 

PROPENYL-PHENOL.  Methyl  derivative  v. 
Anethol. 

PROPENYL-ISOPROPYL  BENZENE  C,„H,s 
i.e.  Pr.C,H,.CH:CHMe.  (230°).  S.G.  -890. 
Got  by  boiling  Pr.C„H.,.CH.,.CBrMe.CO..H  with 
Na„CO.iAq  (Perkin,  C.  J.  1877,  ii.  C60).  Di- 
br'omide  C,„H,„Br.,  [59°]. 

PROPENYL-SALICYLIC  ACID  v.  Oxy-pro- 

PENYL-BENZOIC  ACID. 

PROPEPTONE  V.  Proteids. 
PROPHETIN  C.j.,H.,,0,.    A  bitter  resin  got 
from  the  fruit  of  Cucumis iDxiphctannn,  split  up 
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by  boiling  dilute  HClAq  into  glucose  and  pro- 
phetein  C„„H„,04  (Walz,  J.  1859,  56(j). 

PROPINENE  V.  Allylene. 

PROPINENE  DIPHTHALIDE  CigHi^O,  i.e. 

CaH.<^.0  ^^'"^^  6.'^>C«H,.  Formed  by 
heating  phthalic  anhydride  (3  pts.)  with  pyro- 
tartaric  acid  (3  pts.)  and  sodium  acetate  (1  pt.) 
at  240°-290°  (Eoser,  B.  17,  2776).  Fine  yellow 
needles,  not  melted  at  280°. 

PROPIO-GUANAMINE         CHgN^  i.e. 

^^""^  NH  ;C(NH)>NH.  Got  by  heating  guan- 
idine  propionate  at  230°  for  an  hour  (Haaf,  J.jir. 
[2]  43,  78).  Granules  (from  NaOHAq)  or  dimetric 
prisms  (from  water). 

PROPIO-HOMO-FERULIC  ACID  v.  Di-oxy- 

PHENYL-CEOTONIC  ACID. 

PROPIOLIC  ACID  C3HA  i.e.  CH:C.C0,H. 
Propargylic  acid.  [6°].  (c.  144°).  Formed  by 
boiling  the  acid  K  salt  of  acetylene  dicarboxylic 
acid  with  water  (Bandrowski,  B.  13,  2340). 
Liquid,  solidifying  at  about  4°.  Smells  like 
acetic  acid.  Turns  brown  in  air.  Sol.  water, 
alcohol,  and  ether.  Eeduces  HgCL,  AgNOj,  and 
PtCl,. 

Reactions. — 1.  Ammoniacal  AgNOj  gives  a 
white  crystalline  explosive  pp. — 2.  Ammoniacal 
CuoClj  gives  a  green  amorphous  explosive  pp., 
turning  brown. — 3.  Sodium-amalgam  reduces  it 
to  propionic  acid. — 4.  Combines  with  HCl,  form- 
ing ;3-chloro-acrylic  acid.  HBr  and  HI  act  in 
like  manner. — 5.  Br  forms  di-bromo-aorylic  acid 
[85°].— 6.  I  forms  CHIiCLCOaH  [104°]  (Bruck, 
B.  24,  4120). 

Salt. — KA'  aq.  Transparent  prisms,  v.  sol. 
water,  deflagrating  at  105°. 

Ethyl  ether  EtA'.  (119°).  V.D.  3-47. 
Liquid,  smelling  like  horse-radish.  Oxidised  by 
alkaline  KjFeCyu  to  diacetylene  dicarboxylic 
acid  (Baeyer,  B.  18,  677,  2269). 

Reference.  - —  Bromo-  and  Iodo-  Propiolic 

ACID. 

PROPIONAMIDE  v.   Amide  of  PKoriONic 

ACID. 

PROPIONAMIDINE  C3H,N„  i.e. 
CEt(NH).NH.,.  The  hydrochloride  is  formed  by 
leading  HCl  into  a  solution  of  propionitrile  in 
isobutyl  alcohol,  and  heating  the  product  with 
alcoholic  NH,  (Pinner  a.  Klein,  i3. 11,  1484;  17, 
176  ;  18,  2845).  Very  unstable  oil,  si.  sol.  ether. 
On  heating  with  NaOAc  and  Ac.,0  it  yields  a  base 
C8H,,N3  [204°].— B'HCl.  [129°].  Needles,  insol. 
ether.— B',^,PtCl,.  [200°].— B'HNO,.  [116°]. 
Crystals  (from  alcohol),  v.  sol.  water  (C.  Lessen, 
A.  265,  167). 

Reference. — Oxy-propionamidine. 

PROPIONE  V.  Di-ETH¥L  ketone. 

PROPIONIC  ACID  C^HsO.i.e.CHj.CHo.COjH. 
Metacetonic  acid.  Mol.  w.  74.  [  — 23°]  (Petters- 
son,  J.pr.  [2]  24,  295).  (140-7°  cor.)  (Zander). 
S.G.  f  -9946  (B.) ;  iJ  -9983 ;  P  -9896  (Perkin). 
M.M.  3-462  at  20°.  ai/s=  1-391.  =28-01 
(Briihl).  S.V.  85-3.  C.E.  (0°-10°)  -00106.  H.P.p. 
109,450.  H.P.v.  107,710  (Thomsen,  Th.).  S.H. 
-440  at  0°  (E.  Schiff,  A.  234,  300).  Critical 
temperature  340°  (Pawlewski,  B.  16,  2634). 
Occurs  in  the  fruit  of  Gingko  biloba  (B6champ, 
A.  130,  364),  in  suint  (Buisine,  Bl.  [2]  48,  639), 
and  in  wood  vinegar  (Anderson,  C.  N.  14,  257  ; 
Barre,  Z.  [2]  5,  445). 


Formation. — 1.  By  oxidation  of  metacetone 
with  chromic  acid  (Gottheb,  A.  52,  121).— 2.  By 
potash-fusion  from  sugar,  starch,  mannite,  and 
angelic  acid  (G.). — 3.  By  reduction  of  acrylic 
acid  (Linnemann,  A.  125,  317),  of  lactic  acid 
(Lautemann,  A.  113,  217),  and  of  pyruvic  acid 
(Wislicenus,  A.  126,  229). — 4.  By  heating  potas- 
sium oxalate  with  dry  NaOEt  (Van't  Hoff,  B.  6, 
1107).— 5.  By  heating  NaOEt  with  CO  at  180° 
(Frohlich,  A.  202,  290;  cf.  Hagemann,  B.  4, 
877).— 6.  From  ZnEt,,,  sodium,  and  CO.,  (Wank- 
lyn,  A.  107,  125).— 7*.  Together  with '  di-ethyl 
ketone,  by  heating  ZnEt.,  with  CO.,  at  160° 
(Schmitt,  J"._p>-.  [2]  42,  568).— 8.  By  the  action 
of  sunlight  on  a  solution  of  succinic  acid  con- 
taining a  uranium  salt  (Seekamp,  A.  133,  253). 
9.  By  heating  barium  succinate  with  NaOMe  for 
3  hours  at  300°  (Mai,  B.  22,  2133).— 10.  Among 
the  products  of  destructive  distillation  of  colo- 
phony (Eenard,  C.  B.  103, 157). 

Preparation. — 1.  By  oxidation  of  M-propyl 
alcohol  (Pierre  a.  Puchot,  A.  Ch.  [4]  28,  75).— 

2.  By  saponification  of  the  nitrile  (Linnemann, 
A.  148,  251 ;  Eeckurts  a.  Otto,  B.  10,  26'2).— 

3.  By  heating  lactic  acid  with  HIAq  (Freund, 
J.p)r.  [2]  5,  446). 

Properties. — Liquid,  miscible  with  water, 
alcohol,  ether,  benzene,  and  ligroin.  Separated 
from  its  aqueous  solution  by  CaCl.,,  but  not  by 
NaCl  and  Na.,SO|.  Heated  in  a  sealed  tube  with 
ICL,  it  gives' C.,C1„  C0„,  and  HCl  (Krafft,  B.  9, 
1085).  On  boiling  the  dry  acid  with  Br  and  P 
for  some  time  the  product  is  a-bromo-propionic 
acid  (Volhard,  A.  242,  141). 

Salts.— NH,A'.—(NHJHA'2  (Sestini,  Z. 
1871,  34).— NaA'.  S.  99  at  15°;  187  at  100° 
(E.).  S.  (alcohol)  2-4  at  20°,  3  at  100°.— NaA'aq.— 
KA'aq  :  deliquescent  plates  (Eenard,  C.  R.  104, 
913).  S.  (of  KA')  178  at  16°;  309  at  100°.— 
KHA'„.— LiA'  aq.— CaA'2  aq.  S.  54  at  17°  (L.) ; 
41at6°;  39at80°(K.).  Needles, insol. alcohol.— 
Ca.,HA'5  5aq.— BaA',  aq.  S.  60  at  17°  (Linne- 
mann, A.  160,  220) ;  48  at  0°  ;  68  at  80°  (von 
Krasnicki,  M.  8,  605). — BaA'j  6aq. — BaHA'3  3aq 
(Mixter,  Am.  8,  343).— SrHA'3  3iaq :  long  thin 
crystals.  [67°-75°].  —  SrA'„6aq''.  Crystals.— 
BajMgjA'is  12aq  (Fitz,  B.  13, 1312  ;  14,  1085).— 
Mg^PbjA'is  12aq. — CajPb^A'jg  12aq  :  monometric 
crystals. — BaCa-.A',, :  monometric  octahedra.— 
SrCaAV— MgA'.,  aq.— Ba,A',„Ac.,  (Fitz,  B.  11, 
1897)'.  —  PbA'.,.'  [100°].  Cryst'alline  mass.— 
Pb,A',Oj.  S.  c.  11  at  14°.— PboA'.O.  S.  8-8  at  20°  ; 
6-3  at  85°. — CuA'.,aq:  green  prisms. — Cu2A'.jO  aq. 
—  X  CdA'.,.  V.  e.  sol.  water. — ZnA'„  aq  :  needles. 
S.  (of  Zn'A'.,)  32  at  15°.— HgA',.  [110°].  S.  19-2 
at  15°.— HgjA'„.  [225°].  S.  i-4  in  the  cold.— 
NiA'.,  2aq.— CoA'2  3aq. — FeA'., :  pale-green  crys- 
stals. — Fe.>A'e.— AlA-'jO  :  white  pp. — Cr,A'40. — 
AgA'.   Crystals.    S.  -9  at  18. 

Methyl  ether  MeA'.  (80°).  S.G.  2  -9373 
(Elsiisser,  A.  218,  313)  ;  2  -9403  (Gartenmeister). 
C.E.  (0°-10°)  -001-296.  md  =  1-3812.  H.F.p. 
107,330.  H.F.V.  105,010  (Thomsen,  Th.).  S.V. 
104-6. 

Ethyl  ether 'KtA'.  Mol.  w.  102.  (99°  cor.). 
S.G.  2  -9124  (E.) ;  1-!-  -8958 ;  |f  -8863.  M.M. 
5-452  at  15-7°  (Perkin).  C.E.  (0°-10°)  -001215. 
S.V.  127-7  (E.  Schiff,  A.  220,  110).  Formed 
from  AgA'  and  EtI  and  also  by  distilhng  the 
acid  with  alcohol  and  HjSO^.  Oil. 
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Propyl  ether  PrA'.  (122°  cor.).  S.G.  2 
•9019  (Elsasser,  A.  218,  321) ;  if  -8868  ;  "i  -8781 
(Perkin,  C.J.  45,  497)  ;  §  -9023  (Gartenmeister). 
M.M.  6-429  at  21-3°.  C.E.  (0°-10°)  -001052. 
S.V.  150. 

Iso-propyl  ether  Fvk'.  (110' cor.).  S.G. 
2  -8931  (Pribram  a.  Hancll,  M.  2,687) ;  if -8717  ; 
p  -8G2C.    M.M.  6-595  at  14°. 

11  Butyl  ether  C^H„A'-  (145°).  S.G.  g 
•8953.  S.V.  173-2.  C.E.  (0°-10°)  -00106  (Gar- 
tenmeister, A.  233,  265). 

Isobutyl  ether  PrCH„A'.  (137°).  S.G. 
f -8876.  C.E.  (0°-10°)  •001015  (E.).  S.V.  174 
(R.  Schiff,  A.  220,  332). 

I  so  amy  I  ether  C^H^A'.  Mol.  w.  144. 
(160°).  S.G.  2  -8877  (Elsasser,  A.  218,  330). 
C.E.  (0°-10°)  -00099.  S.V.  197  (Schiff);  195 
(E.). 

Heptyl  ether  C,H„A'.  (208°).  S.G.  2 
•8847.  C.E.  (0°-10°)  -00096.  S.V.  247-1  (Gar- 
tenmeister). 

Octyl  ether  CgH,r,A'.  (226°).  S.G.  2-8833. 
C.E.  (0°-10°)  -00093.  S.V.  270-5  (Gartenmeister). 

Ethylene  ether  C„H,A'„.  (211°  cor.). 
S.G.  if  1-0544  (Perkin,  C.  J.  45,' 505). 

Phenyl  ether  PhA'.  (200°  i.V.)  at  744 
mm. 

Chloride  CMyCOCl.  (80°).  S.G.  1-0646 
(Briihl,  .4.  203,  14  ;  cf.  Sestini,  Bl.  [2]  11,  470). 

1-4107.  Ea,  =34-12.  ZnMe,,  followed  by 
water,  forms  methyl  ethyl  ketone  and  oily 
C„H„0  (168°).  S.G.  2  -877  (Pawloff,  A.  188, 
138). 

Bromide  C,H,OBr.    (104°  i.V.).  S.G. 
1-52  (Lobry  de  Bruyn,  R.  T.  C.  3,  389). 

Iodide  GjH.Oi.  (128°). 

Anhydride  (C.fi.,0)„0.  Mol.-w.130.  (102°) 
at  708  mm.  (L.)  ;  (165°)  (Limpricht  a.  Uslar,  A. 
94,322);  (167°)  (Kahlbaum.i'.  16,2481)  ;  (169°) 
(Perkin,  C.  J.  28,  10).  Formed  by  the  action 
of  Pb(N03).^  (also  of  nitrates  of  other  heavy 
metals)  upon  propionyl  chloride ;  PbCl._,  is  formed, 
and  N,0.,  and  oxygen  evolved ;  the  yield  is  77 
p.c.  of  theoretical  (Lachowicz,  B.  18,  2991). 
Eeactswith  hydroxylamine  hydrochloride,  form- 
ing CH3.CH„.C(0H):N0H  [85°]  (Miolati,  B.  25, 
700). 

Amide  C^H^NG,  i.e.  C.,H..CO.NH,.  Mol.  -w. 
73.  [79°].  (213°).  H.C.p.  436,000.  H.C.v. 
435,600.  H.F.  88,400  (Berthelot,  C.  R.  Ill,  145  ; 
A.  Ch.  [6]  22,  20;  Bl.  [.3]  4,  229).  Formed  from 
propionic  ether  and  NH3  (Dumas,  C.  R.  25,  657 ; 
Sestini,  Cimento,  4,  21 ;  L.  Meyer,  B.  22,  24). 
Prepared  by  heating  ammonium  propionate  at 
230°  under  pressure  ;  the  yield  being  55  p.c.  of 
the  theoretical  amount  (Hofmann,  B.  15,  981). 
Got  also  by  heating  propionic  acid  (46  g.)  with 
ammonium  sulphocyanide  (18  g.)  for  4  days,  and 
distilling  the  product  (J.  Schulze,  J.pr.  [2]  27, 
517).— B'jHCl.  Needles,  v.  e.  sol.  water,  v.  si. 
sol.  ether.  — Hg(NH.C3H,0),.  Large  dimetric 
plates,  si.  sol.  cold  water. 

Bromo-amide  C:,H-,O.NHBr.  [80°]. 
Formed  from  propionamide,  bromine,  and 
KOHAq  (Hofmann,  B.  15,  753).  Colourless 
needles,  sol.  alcohol.  Converted  by  hot  KOHAq 
into  ethylamine.— CaH-O.NNaBrj.  [c.  100°]. 
Needles.  j 

Acetyl-amide  C^B.^O.'i^B.A.c.  [82°].  (2.30°-' 
240°).    Formed  from  propionamidine  hydro- 
chloride, NaOAc,  and  Ac.,0,  a  compound  CaHijN^ 


[204°]  being  formed  at  the  same  time  (Pinner,  B. 
22,  1604). 

Imide  (C3H50),NH.  [154'^]  (Otto  a.  Troger, 
B.  23,  759).  (210°-220°).  Formation.— 1.  By 
heating  the  amide  in  a  current  of  HCl. — 2.  By 
heating  the  amide  with  the  chloride  and  AlCl.,. — 

3.  By  the  action  of  AlCl,  at  100°  on  a  mixture  of 
propionitrile  with  AcCl  or  propionyl  chloride. — 

4.  By  heating  propionic  acid  with  propionitrile 
for  some  hours  at  200°.  Properties. — Eect- 
angular  tables  or  silky  needles,  si.  sol.  cold  water. 
May  be  sublimed. 

Anilide  C^H.ONHPh.  [105°].  S.  -42  at 
24°.  Formed  by  heating  the  amide  with  aniline 
(Kelbe,  B.  16,  1200).  Plates,  sol.  ether.  With 
oxalic  ether,  benzene,  and  NaOEt  it  forms 

MeCH  CO^^^^  [192°]  (Wislieenus  a.  Sattler, 

B.  24,  1256). 

Methyl-anilide  CjHjO.NPhMe.  [58-5°]. 
Formed  from  the  anilide  and  Mel  (Norton  a. 
Allen,  B.  18,  1998). 

Ethyl  -  p  -  toluide  CjH.O.NHC^HjMe. 
(e.  270°).  From  the  chloride  and  ethyl-toluidine 
(Norton  a.  Livermore,  B.  20,  2271). 

Nitrile  C3H5N,  i.e.  Et.CN.  Propionitrile. 
Ethyl  cyanide.  (97°).  S.G.  4  -7998  ;  g?  •7815 
(Perkin,  C.  J.  55,  701) ;  |  -8010  (Thorpe)!  C.E. 
(0°-10°)  -00125  ;  (0°-100°)  -00148.    M.M.  3-331. 

1-3659  at  24°  (Gladstone,  C.  J.  69,  290). 
H.F.p.  -9,670  (Thomsen,  T/t.)  ;  -1-8,700  (from 
diamond)  (Berthelot,  C.  R.  108,  1219).  H.F.v. 
-10,830.  H.C.  446,700  (Berthelot);  471,450 
(Thomsen,  Th.  4,  129).  S.V.  78-4.  Forma- 
tion.—1.  By  distilhng  dry  KCy  with  KEtSO, 
or  Ba(Ets6^),,  (Pelouze,  A.  10,  249).— 2.  By 
boiling  KCy  with  EtI  and  alcohol  (William- 
son, P.  M.  [4]  6,  205  ;  Buckton  a.  Hofmann, 

C.  J.  9,  250 ;  Eossi,  A.  159,  79).— 3.  Prom  the 
amide  and  P.O.  (Dumas,  .4.  64,  334).— 4.  From 
ZnEt,,  and  cyanogen  or  CyCl  (Gal.  Z.  1868,  252  ; 
Fraukland  a.  Graham,  O.  J.  37,  740).— 5.  By  the 
action  of  Ac.O  on  the  oxim  of  propionic  aldehyde 
in  the  cold' (Dollfus,  B.  25,  1915).  Prepara- 
tion.— The  nitrile  cannot  be  freed  from  alcohol 
by  distillation,  since  the  compound  C3H5N3HOEt 
boils  constantly  at  79°,  and  is  not  decomposed  by 
water  or  CaCL.  It  is  best,  therefore,  to  prepare  it 
from  the  amide.  Properties. — Colourless  liquid, 
V.  sol.  water,  but  separates  on  addition  of  NaCl  or 
CaCl.„  Miscible  vifith  alcohol  and  ether.  Combines 
with  metallic  chlorides,  yielding  (C.|H5N)SbClj, 
C3H-NAUCI,,  C3H5NPtCl,„  (C,H,,N)..SnCl„  and 
(C3H,N).,TiCl4  (Heuke,  A.  106,  280).  Forms  also 
(CsH^^N^FeCy.,  6aq,  (C3H5N).,FeCy.,Et„Cl,  6aq 
(Buff',  A.  91,  253),  and  (EtCy),PtCy„  2aq  (Than, 
A.  107,  315).  Reactions. — 1.  Potash  forms  pro- 
pionic acid.  Dilute  H„SOj  acts  in  like  manner. 
2.  Dry  chlorine  forms  CH3.CCL.CN  (Otto,  A.  116, 
195).— 3.  Bromine  forms  CH^NBr..  [64°],  con- 
verted by  water  into  (C3H,,Br6)„NH  (Engler,  A. 
142,  65).— 4.  Dry  HCl  slowly  forms  C3H„NC1 
[121°]  (Gautier,  A.  142,  289),  while  HBr  gives 
C3H.NBr2  [50°-55°]  (Engler,  A.  149,  307).  HI 
below  0°  forms  EtCIoNHj  crystallising  in  plates 
(Biltz,  B.  25,  2542). — 5.  Sodium  converts  it  on 
heating  into  the  polymeric  cyanethine  {q.  v.). 
Sodium  added  to  its  solution  in  dry  ether  gives 
off  H  and  ethane,  and  forms  a  product  which  is 
left  when  the  ether  is  evaporated  as  a  white  powder 
(Et.C(NH).CMeNa.CN  ?).    This  powder  is  con- 
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verted  by  water  into  CbH|„N.,  [48°]  (258'  uncor.), 
and  by  HClAq  into  C,H„NO  o'r  CHs.OO.CHMeCN 
(193-6°).  The  white  powder  treated  with  Mel 
yields  C-H,,N,  [43°]  (202°),  whence  HClAq  forms 
liquid  C,H,,NO  (175°),  S.G.  ^  -945,  mol.  w.  125 
(obs.).  EtI  and  HClAq  acting  on  the  white 
powder  yield  CgHijNO  (195°),  S.G.  ^  -943  (E. 
von  Meyer,  J.  pr.  [2]  38,  336  ;  Hanriot  a.  Bou- 
veault,  C.  B.  108,  1171  ;  Bl.  [3]  1,  551).  The 
compounds  C,H|,NO  and  CaHjjNO  are  converted 
by  heating  with  HClAq  in  sealed  tubes  into 
ethyl  isopropyl  ketone  and  ethyl  butyl  ketone 
respectively. — 6.  A  mixture  of  propionitrile  and 
benzonitrile  in  ethereal  solution  is  converted  by 
Na,  followed  by  water,  into  CPh(NH).CHMe.CN 
[97°],  whence  warm  dilute  HClAq  forms  oily 
C,H,.CO.CHMe.CN  (E.  von  Meyer,  /.  pr.  [2]  39, 
189). — 7.  Zinc  and  HClAq  yield  propylamine 
together  with  smaller  quantities  of  di-  and  tri- 
propylamine  (Pisanello,  G.  16,  446). — Ac.,0  at 
200°  forms  C,H„NA  [68°]  (220°)  (Gautier,  Z. 
1869,  127). 

Beferences. — Amido-,  Bkomo-,  Bromo-nitbo-, 
Chloko-,  Chloeo-bkomo-,  Iodo-,  Nitko-,  and 
0xY-AMID0-PK0PI0^'IC  ACID  and  pbopionitrile. 

PROPIONIC      ALDEHYBE      CJifi  i.e. 
CH3.CH,.CH0.    Mol.  w.  58.     (48°).  S.G. 
•8065  ;  II  -7966  (Perkin,  C.  J.  45,  476)  ;  f  -8066 
(Briihl,!.  203,  13).    S.  16  at  20°.    MM.  3-332 
at  13-6°.    ug  1-368.  =  25-42.    S.V.  75-4. 

H.F.p.  55,240.  H.F.v.  53,790  (Thomson).  Formed 
by  oxidation  of  propyl  alcohol  (Miehaelson,  A. 
134,  09  ;  Chancel,  A.  151,  301 ;  Lieben  a.  Zeisel, 
M.  4,  14)  and  by  distilling  calcium  formate  with 
calcium  propionate  (Kossi,  C.  B.  70,  129).  Pun- 
gent liquid,  sol.  water.  Beadily  oxidised  by  air. 
Eeduces  ammoniacal  AgNOj,  forming  a  mirror. 
Eeadily  dissolves  in  aqueous  NaHSO.,.  Decom- 
posed by  hot  KOHAq.  Coloured  brownish-red 
by  alkaline  sodium  nitroprusside,  the  colour 
being  destroyed  by  HOAc  (Von  Bitto,  A.  267, 
376). 

Beactions. — 1.  Keduced  in  aqueous  solution 
by  sodium-amalgam  to  w-i^ropyl  alcohol. — 
2.  H.,S  passed  into  its  aqueous  solution,  acidified 
by  HCl,  forms  oily  (C3H,S)C3H,0  (Alexejeff,  B. 
10,  1739). — 3.  Dry  ammonia  passed  into  pro- 
pionic aldehyde  dissolved  in  ligroin  cooled  by  a 
freezing  mixture  forms  a  white  flocoulent  pp.  of 
C3H|;(OH)NH2,  which  readily  deliquesces,  form- 
ing CjjHigNj  [74°],  crystallising  in  triolinic  tables, 
a:6:c  =  1:1-185:  -801,  insol.  water,  sol.  alcohol  and 
ether  (Waage,  If.  4,  708).— 4.  PH3  and  HCl  form 
(CH3.CH„.CH0)^PH,C1  [128^,  while  PH3  and 
HBr  give'  (C3H„0),PH4Br  [106°].  These  com- 
l^ounds  are  decomposed  by  water  (Messinger  a. 
Engels,  B.  21,  331).  PH,I  at  0°  forms,  in  like 
manner,  (C3H,0).,PHJ  [96°]  (Girard,  A.  Ch.  [6] 
2,  24).  —  5.  Mcrcapian  and  ZnCU  give 
CH3.CH„.CH(SEt),  (198°)  (Fromm,  A.  253,  150). 
6.  Propyl  alcohol  and  HOA.c  at  100°  form 
CHEt(OPr),  (166°  cor.)  (Schudel,  M.  5,  247). 

Oxim  C,H5.CH:N0H.  (131°).  Formed 
from  the  aldehyde  and  aqueous  hydroxylamine 
(Petraczek,  B.  15,  2784).  Liquid,  sol.  water. 
It  is  a  syn-oxim,  because  it  is  converted  by 
Ac.,0  and  ether  in  the  cold  into  propionitrile 
(Dollfus,  A.  25,  1915). 

Phenyl-hydrazide  CHEt:N2HPh  (152° 
in  vacuo)  (Bischoff,  B.  23,  1916). 


Beferences. — Beomo-,  Chloro-,  Iodo-,  and 
OsY-  Propionic  aldehyde. 

PROPIONIC  IMIDO-ETHYL  ETHEE 
C,H,.C(NH).OEt.  The  hydrochloride,  B'HCl, 
formed  by  passing  gaseous  HCl  into  a  mixture 
of  propionitrile  and  alcohol  diluted  with  ether 
(g  vol.),  crystallises  in  prisms,  decomposing  at 
about  92°  into  EtCl  and  propionamide  (Pinner, 

B.  16,  1654). 

PROPIONITKILE  v.  Nitrile  of  Peopiokic 

ACID. 

PROPIONYL-ACETOPHENONE  v.  Phenyl- 
Methylene-ethyl-diketone. 

PROPIONYL-BENZOIC  ACID  v.  Phenyl 
ethyl  ketone  caeboxylic  acid. 

PEOPIONYL  BROMIDE  v.  Bromide  of  Pro- 
pionic ACID. 

PROPIONYL-BUTYRIC  ACID 
CoH,.CO.CMe,.CO,H. 

Methyl  ether  MeA.'.  (188°  uncor.).  Formed 
by  the  action  of  MeOH  and  HCl  on  the  nitrile 

C.  ,H,.CO.CMe.,.CN  (175°),  which  is  got  by  the 
action  of  cold  HCl  upon  C.H,.C(NH).CMe2.CN 
[43°]  which  is  made  by  the  action  of  Mel  on  the 
l^roduct  of  the  action  of  Na  on  propionitrile 
(Bouveault,  C.  B.  Ill,  531).  Liquid. 

PROPIONYL  CHLORIDE  v.  Chloride  of  Pro- 
pionic ACID. 

PROPIONYL  CYANIDE  C^H.NO  i.e. 
CH3.CH2.CO.CN.  (109°).  Prepared  by  heating 
propionyl  chloride  (12  g.)  with  silver  cyanide 
(8  g.)  in  closed  tubes  for  1  hour  at  100°.  The 
product  is  fractionally  distilled  (Claisen  a. 
Moritz,  C.  J.  37,  692).  HCl  converts  it  into  ethyl- 
glyoxylic  acid  (q.  v.). 

Di-propionyl  di-cyanide  (Et.CO),C.,N.,.  [59°]. 
(208°).  V.D.  5-6  (calc.  5-7).  Obtained"  in  the 
preparation  of  the  preceding  (C.  a.  M.)  and  by 
the  action  of  AgCy  on  propionyl  bromide  (Lobry 
de  Bruyn,  B.  T.  C.  3,  390).  Prisms,  si.  sol. 
water,  sol.  alcohol  and  ether. 

PROPIONYL-CYANO-ACETIC    ETHER  v. 

CyANO-ACETIC  ACID. 

PROPIONYL-MALONIC  ETHER  C,„H,„05 
i.e.  C,Hj.C0.CH(C02Et).,.  (239°-242°  uncor.). 
Formed  by  the  action  of  propionyl  chloride  upon 
sodio-malonic  ether  (Lang,  B.  20, 1326).  Colour- 
less liquid. 

PROPIONYL-PHENOL  v.  Oxy-phenyl  ethyl 

KETONE. 

a-PROPIONYL-PROPIONIC  ACID  C,Hi„Oj 
i.e.  CH3.CH„.C0.CHMe.C0..H. 

Methyl  ether  CH^.CO.CHMe.COjMe  or 
C2H,.C(0H);CMe.C0,Me.  (187°  cor.).  S.G.  2ii 
1-07.  Formed  by  the  action  of  Na  on  methyl 
propionate  (Pingel,  A.  245,  84).  Colourless 
liquid  with  aromatic  odour.  Converted  by  am- 
monia into  CjHijNO,,  and  a  hygroscopic  sub- 
stance C,.JE,,N„04  (?)  [82°].  Aniline  forms  oxy- 
methyl-ethyl-quinoline  [295°]  (Bouveault,  C.  B. 
Ill,  41).  NaOHAq  yields  a  mixture  of  di-ethyl 
ketone  and  methyl  ethyl  ketone.  NaOEt  followed 
by  alkyl  iodides  yields  the  alkyl  derivatives  : 
C.H„Me03  or  CEt(OMe):CMe.CO.JMe  [194°], 
C'H„Et03  (208°),  C,H„Pr03  (220°),  and 
C,H„(CHjPr)03  (231°),  all  being  liquid. 

Ethyl  ether  EtA'.  (199°).  S.G.  2  -995; 
1^  -983.  Formed  by  digesting  propionic  ether 
in  Et,0  with  Na  (Oppenheim  a.  Hellon,  B.  10, 
699;  Israel,  A.  231,  197).  Gives  no  colour  with 
FeCl^.    Ammonia  forms  C^Hi^NOa  (195°),  insol. 
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water,  and  a  hygroscopic  substance  [75°]. 
NaOHAq  forms  di-ethyl  ketone.  NaOEt  and 
EtI  yield  propionic  ether  and  CH,.CHEt.CO,.H 
(Geuther,  A.  239,  380).  Na  followed  by  EtI 
added  to  the  solution  in  benzene  foi'ms 
aH5.C(0Et):CMe.C0,Et  (206^),  S.G.  -966. 
Reduced  by  HI  and  P  to  CHMerr.CCH  (193°). 
Nitrous  acid  yields  CH,.C(NOH).CO,Et  [94^] 
(Hantzsch  a.  Wohlbriick,  B.  20,  1320).' 

Amide  C^H.O.CHMe.CO.NH,,.  [153°]. 
Formed  by  adding  water  to  the  product  of  the 
action  of  AlCl,  on  a  mixture  of  jDropionyl  chloride 
and  propionitrile  (Otto  a.  Troger,  B.  22,  1455). 
Needles,  si.  sol.  cold  water. 

Nitrile  C,,H,.CO.CHMe.CN.  (c.  188°). 
Formed  by  the  action  of  cold  cone.  HClAq  on 
the  product  of  the  action  of  Na  on  propionitrile 
(Meyer,  J.  pr.  [2]  38,  339).  Oil.  Converted  by 
ammonia  into  the  imide  [45°].  Hydroxylamine 
forms  the  oxim  C„H,.C(NOH).CHMe.CN  [44°] 
(180°  at  200  mm. )  (Hanriot,  C.  B.  112,  796). 
Aniline  yields  amido  -  methyl  -  ethyl  -  quinoline 
(Hanriot  a.  Bouveault,  Bl.  [3]  1,  552). 

Propionyl-propionic  acid 
CH,.CH,.CO.CH,.CH,.CO.,H.  [33°].  A  product 
of  the  action  of  boiling  water  on  di-bromo-hexoic 
acid  (from  hydrosorbio  acid  and  Br)  (Fittig,  A. 
268,  69).  Crystalline,  v.  e.  sol.  water,  alcohol, 
and  ether. — CaAM.'aq:  plates. — AgA'. 

PEOPIONYL  "PROPIONIC  ALDEHYDE 
C.H^.CO.CHMe.CHO.  [c.  40°].  (165°).  Formed 
by  adding  a  well-cooled  mixture  of  formic  ether 
(11  g.)  and  di-ethyl  ketone  (13  g.)  to  NaOEt 
(10'5  g.)  suspended  in  dry  ether  (10  g.).  After 
12  hours  the  product  is  acidified  and  distilled 
under  50  mm.  pressure  (Claisen  a.  Meyerowitz, 
B.  22,  3273).  Crystals,  v.  sol.  water.  Deliquesces 
and  turns  brown  in  air.  NH.,  forms  deliquescent 
crystals  of  (C„H,„0.,)NH.,.  Cu(OAc).,  added  to  its 
alcoholic  solution'  forms  Cu(C„H|;02),  [168°]. 
Phenyl-hydrazine  produces  C|„H,4No  (283°). 

PROPiOPHENONE  v.  Phenyl  ethyl  ketone. 

PROPYL.  The  radicle  C,H,.  w-Propyl 
CHj.CH^.CH,,  changes  in  some  reactions  to  iso- 
propyl  (CB..^)..C^  and  vice  versa. 

i'r  changes  to  Pr  :  1.  When  cumyl  alcohol  is 
reduced  to  w-cymene  by  boiling  with  zinc-dust 
(Kraut,  A.  192,  225  ;  Jacobsen,  B.  12,  434).— 

2.  When  cumyl  chloride  is  reduced  to  w-cymene 
by  zinc  and  HCl  (J.  1879,  369).  —  3.  When 
nitro-cymylene  chloride  is  reduced  to  ?i-cymidine 
by  boihng  with  zinc  and  HCl  (Widman,  B.  15, 
166;  19,  245). — 4.  When  isopropyl-cinnamio  acid 
is  reduced  by  sodium-amalgam  to  w-cumyl-pro- 
pionic  acid. — 5.  When  o-amido-isopropyl-cin- 
namic  acid  is  reduced  by  sodium-amalgam  to 
(-B.  3)-w-propyl-(P?/.  3)-oxy-quinoline  dihydride. 

Br  clianges  to  Br :  1.  Wiien  ?!.-cymene  is 
oxidised  to  cuminicacid — (a)  bypassing  through 
the  organism,  (6)  by  air  and  gaseous  NaOH 
[B.  5,  749 ;  12,  512 ;  11,  369 ;  14, 1144).— 2.  When 
w-cymene  sulphonic  acid  is  oxidised  to  osy- 
isopropyl-sulpho-benzoic  acid  by  alkaline  KMnOj 
(Meyer  a.  Boner,  B.  14, 1136,  2391 ;  A.  220,  6).— 

3.  When  w-cymene  is  oxidised  to  oxyisopropyl- 
benzoic  acid  by  alkaline  KMnO.,.— 4.  When 
thymol  is  oxidised  by  KOH  fusion  to  the  oxy- 
cuminic  acid,  which  is  obtained  from  «j-nitro- 
cuminic  acid  by  reduction  and  diazotisation 
(Earth,  B.  11, 1571).— 5.  When  carvaorol  (which 
contains  n-propyl,  since  by  distillation  with  P.,S5 


it  gives  Ji-cymene)  is  oxidised  by  KOH  fusion  to 
the  oxy-cuminic  acid  [93°],  which  is  obtained  from 
o-amido-cuminic  acid  by  diazotisation  (B.  6,  936 ; 
9,  1061). — 6.  Since  cuminol  is  always  accom- 
panied in  plants  by  ii-cymene,  it  is  probably 
produced  by  oxidation  of  the  latter. — 7.  When 
n-propyl  bromide  is  boiled  with  AlBr3  (Gustavson, 
C.  J.  44,  565). 

From  the  above  may  be  deduced  the  general 
law  :  When  a  propyl  group  in  a  benzene  deriva- 
tive occurs  in  the  para-  position  to  Me,  CHO,  or 
CO.JI,  it  is  predisposed  to  be  normal  b7j  Me,  iso 
by  Clio  or  CO.,H  (Widman,  B.  19,  251,  273, 
2769,  2781 ;  cf.  Fileti,  G.  16,  300,  497). 

Dipropyl  v.  Hexane. 

DI-PROPYL-ACETAL  v.  Aldehyde. 

PROPYL  ACETATE  v.  Acetyl  derivative  of 

PbOPYL  AliCOHOL. 

PROPYL-ACETIC  ACID  v.  VAiEP.ic  acid. 
Di-propyl-acetic  acid  v.  Octoic  acid. 
PROPYL-ACETOACETIC   ETHER  v.  vol.  i. 
p.  23. 

DI-PROPYL-ACETONE  v.  Methyl  heptyl 

KETONE. 

PROPYL-ACETYLENE  v.  Pentinenb. 
DI-PROPYL-ACRYLIC   ACID   v.  Ennenoic 

ACID. 

71-PROPYL  ALCOHOL  C,H„0  i.e. 
CH,.CH„.CH„0H.  Mol.  w.  GO.  (97-4°  i.V.).  S.G.  g 
•8177  (Zander,  A.  224,  79) ;  \i  -8088  ;  |&  -8025 
(Perkin);  -8044  (Briihl,  A.  203,  268).'  C.E. 
(0°-10°)  -00082.  M.M.  3-77  at  15-6°.  /Xf,  1-3901. 
E^28-0.  H.F.p.  82,000  (Berthelot)  ;  65,690 
(Thomsen).  S.V.  81-3  (Pv.  Schiff,  A.  220,  101). 
S.H.  -670  (Diaconoff,  Bl.  [2]  38,  172).  Occurs 
in  fusel  oil,  especially  in  that  of  wine  (Chancel, 
C.  R.  37,  410  ;  68,  659,  726  ;  Pierre  a.  Puchot, 
C.  B.  66,  302 ;  70,  406 ;  Linnemann,  A.  160, 
195 ;  Fittig,  Z.  [2]  4,  44  ;  Ekman,  Chcm.  Zeit. 
12,  564).  Thus  40  g.  of  it  were  found  in  100 
litres  of  old  cognac  (Ordonneau,  G.  B.  102,  217  ; 
Clandon  a.  Morin,  C.  R.  104,  1187;  105,  1019). 
A  litre  of  potato-fusel  oil  was  found  to  con- 
tain 30  c.c.  of  ii-propyl  alcohol,  150  c.c.  of 
isopropyl  alcohol,  115  c.c.  of  butyl  alcohols,  335 
c.c.  of  amyl  alcohols,  125  c.c.  of  water,  and  245 
c.c.  of  other  bodies  (Rabuteau,  C.  R.  87,  501). 
Propyl  alcohol  also  occurs,  together  with  iso- 
propyl alcohol,  among  the  products  of  the  lactic 
and  butyric  fermentation  of  sugar  (Bouchardat, 
C.  B.  78,  1145  ;  Meyer  a.  Forster,  B.  9,  535),  and 
in  the  fermentation  of  glycerin  (Fitz,  B.  13,  36, 
1311). 

Formation. — 1.  By  reducing  propionic  an- 
hydride with  sodium-amalgam  (Linnemann,  A. 
148,  251;  160,  231;  161,  18).— 2.  By  adding 
sodium-amalgam  and  dilute  HjSO.,  to  a  solution 
of  propionic  aldehyde  (1  pt.)  in  water  (18  pts.) 
(Rossi,  C.  B.  70, 129).— 3.  By  heating  allyl  alco- 
hol with  KOH  (Tollens,  Z.[2]  7,  242).  _ 

Properties. — Liquid  with  alcoholic  odour, 
miscible  with  water,  but  separated  from  the 
solution  by  CaCL,.  Does  not  yield  isopropyl 
alcohol  when  heated  in  sealed  tubes  (Aron- 
stein,  B.  T.  C.  1,  134).  When  propyl  alcohol 
(71-46  c.c.)  is  mixed  with  water  (28'54  c.c),  con- 
traction (1-85  c.c.)  is  observed  (Ramsay  a. 
Young,  C.  J.  Proc.  4,  101). 

Reactions. — 1.  Chromic  acid  oxidises  it  to 
propionic  aldehyde  and  acid. — 2.  HBr  and 
HoSOj  give  propyl  bromide,  propylene  bromide. 
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and  C3H,Br3  (Niemilovitch,  M.  10,  820).— 3.  I 
and  KOHAq  form  iodoform  (Lieben,  A.  Suppl. 
7,  230).— 4.  Pused  ZnCl,  forms  propylene,  iso- 
butyl  alcohol,  CH,:CMe.„'  and  CHMe:CHMe  (Le 
Bel  a.  Greene,  6.  B.  '89,  413).— 5.  Phospho- 
platinous  chloride  followed  by  water  forms  crys- 
talUne  P(0Pr)3PtCl2  (Pomey,  C.  B.  104,  364).— 
6.  Calcium  chloride  yields  (C3H80).,CaCL  crys- 
tallising in  needles  (Gottig,  B.  23,  181). 

Metallic  derivatives.  KOPr  (De  For- 
crand,  C.  B.  104,  68).— NaOPr2HOPr  (Frohlich, 
A.  202,  295).  Ba,(OPr)„(OH)„.  Formed  by 
heating  propyl  alcohol  with  BaO  under  pressure 
<Destrem,  A.  Ch.  [5]  27,  32).  Yields  propylene, 
methane,  and  hydrogen  when  heated.  The  cor- 
responding lime  compound  yields  di-ethyl  ketone 
when  heated.— Al(0Pr)3.  [c.  60°].  S.G.  *  1-026. 
Formed  in  small  quantity  from  propyl  alcohol, 
AII3,  and  Al  (Gladstone  a.  Tribe,  C.  J.  39,  6). 
Isopropyl  alcohol  does  not  react  in  this  way. 

Acetyl  derivative  PrOAc.  Propyl  acetate. 
(102°).  S.  1-5  at  16°  (Linnemann,  A.  161,  30). 
S.G.  2  -9091  (E.) ;  f  -8856  (Briihl) ;  %  -9093 
(Gartenmeister) ;  i4  -8933 ;  2|  -8840  (Perkin, 
C.  J.  45,  421).  C.Ei'.  (0°-10°)  -601197  (Elsiisser, 
A.  218,  320).  S.V.  128-3.  1-3890.  Ego  43-11. 
M.M.  5-487  at  15-2°.  Liquid.  Not  changed 
into  isopropyl  acetate  by  heating  in  a  sealed 
tube  (Aronstein,  B.  T.  C.  1,  134). 

Benzoyl  derivative  BzOPr.  (230°  cor.). 
S.G.    i£  1-032  (Linnemann). 

Isopropyl  alcohol  (CH3).,CH.0H.  (83°  cor.). 
S.G.  2  -7996  (Zander);  -7914;  p  -7845 
(Perkin) ;  =f  -7887  (Briihl,"  A.  203,  "12).  M/s 
=  1-3821.  27-99.  M.M.  4-019  at  17-9°.  S.V. 
81-7  (R.  Schiff,  A.  220,  331);  82-8  (Zander). 
C.E.  (0°-10°)  -00108.  H.F.p.  71,000.  H.F.v. 
68,970  (Thomsen,  Th.). 

Formation. — 1.  By  distilling  PrO.SO,!!  (made 
from  propylene  and  HjSOj)  with  water  (Berthe- 
lot,  J.  1855,  611). — 2.  By  reducing  acetone  or 
propylene  oxide  with  sodium-amalgam  (Friedel, 

A.  124,  327  ;  Linnemann,  A.  140,  178).— 3.  By 
heating  a  solution  of  w-propylamine  nitrite 
(Linnemann,  A.  161,  43;  B.  10,  1111;  Meyer, 

B.  9,  535). — 4.  By  the  action  of  sodium-amal- 
gam on  (CH„C1)XH.0H  dissolved  in  wet  ether 
(Buff,  Z.  [2]  4,  124).— 5.  From  CILI.CHjOH  by 
successive  treatment  with  ZnMcj  and  water 
(Butlerow  a.  Ossokin,  A.  145,  257). 

Preparation. — 1.  Acetone  (1  vol.)  is  diluted 
with  water  (5  vols.)  and  sodium-amalgam  is 
slowly  added.  The  liquid  is  distilled  and  the 
process  repeated  upon  the  distillate  (Linnemann, 
A.  136,  37). — 2.  By  boiling  isopropyl  iodide 
(1  pt.)  with  water  (10  pts.)  and  Pb(0H)2  (Pla- 
vitzky,  A.  175,  380).— 3.  By  heating  isopropyl 
iodide  (1  pt.)  with  water  (20  pts.)  at  100°  for  40 
hours  (Niederist,  A.  186,  391). 

Properties. — Liquid  with  peculiar  odour,  not 
solid  at  -  20°.  Inactive  to  light.  Miscible  with 
water,  yielding  on  distillation  the  hydrate 
<C3H80)3  2aq  (80°),  S.G.  -832.  When  K^COg 
is  added  to  an  aqueous  solution  of  the  alcohol  a 
hydrate  (C3Hj,0).,  aq  separates  (Erlenmeyer,  A. 
126,  307).  After  drying  over  CuSO^  the  hydrate 
(C3H80)3aq  (81°)  S.G.  IS  -800  is  left.  Dilute 
CrOj  forms  acetone.  Bromine  forms  acetone 
and  PrBr. 

Acetyl  deriv  ative  PrOAc.  Isopropyl 


acetate.  (91°).  S.G.  2  .917  (Friedel,  A.  124, 
327  ;  Pribram  a.  Handl,  M.  2,  686). 

Benzoyl  derivative  PrOBz.  (218°) 
(Silya,  Bl.  [2]  12,  226).  Liquid.  Split  up  by 
distillation  into  benzoic  acid  and  propylene 
(Linnemann,  A.  161,  51). 

Beferences. — Bromo-,  Chloeo-,  Chloeo-iodo-, 
and  loDO-  Pkopyl  aicohol. 

PROPYL  ALDEHYDE  v.  Pkopionic  alde- 
hyde. 

PROPYL-DI-ALLYL-CARBINOL  v.  Decintl 

ALCOHOL. 

PROPYLAMIDOACETIC  ACID 

NHPr.CH,.CO.H.  Formed  from  CH.3r.C0.JEt 
and  NH,,Pr  (Chancel,  Bl.  [3]  7,  409  ;  C.  B.  114, 
756).  Needles,  v.  sol.  water  and  alcohol,  insol. 
ether. — (HA').,H„PtClg  aq.— CuA'j  2aq  :  crystals, 
V.  sol.  water  and  alcohol. 

PROPYL-AMIDO-ISOPROPYL  ALCOHOL 
C.HijNO  i.e.CH3.GH(OH).CH,.NHC3H,.  Formed 
by  heating  allyl-propyl-amine  with  H0SO4  (3^ 
pts.)  at  135°  (Liebermann  a.  Paal,  B.  16',  532).— 
B'oH,,PtCl|;  2aq  :  nodules  (from  water). 

Di-propyl-amido-isopropyl  alcohol 
CH3.CH(OH).CH2.N(C3H,).,.     Formed    in  like 
manner  from  allyl-di-propylamine. — B'2H2PtCle. 

w-PROPYLAMINE  C3H5N  i.e. 
CH3.CH,.CH2.NH..  Mol.  w.  59.  (49°).  S.G. 
iS  -7222;  P  -7144.  H.F.p.  22,760.  H.F.v. 
20,420  (Thomsen,  Th.).  S.V.  85-6.  M.M.  4-564 
(Perkin,  C.  J.  55,  693).  ix^  =  1-3873  (Gladstone, 
C.  /.  59,  290). 

Formation. — 1.  By  reduction  of  propionitrile. 
Using  36  g.  of  propionitrile,  500  g.  alcohol, 
200  g.  water,  zinc,  and  500  g.  of  20  p.c.  HClAq, 
theyield  is  9 g.  (Mendius,4. 121, 129 ;  Linnemann, 
A.  161,  44). — 2.  From  «-propyl  iodide  by  succes- 
sive treatment  with  silver  cyanate  and  KOHAq 
(Silva,  Z.  [2]  6,  638).— 3.  By  heating  ?i-propyl 
iodide  with  alcoholic  NH3,  and  distilling  the 
product  with  potash.  The  fraction  boiling  be- 
low 78°  is  mixed  with  alcohol  and  oxalic  ether, 
and  the  di-propyl-oxamide  [161-5°]  thus  formed 
distilled  with  alcoholic  potash  (Vincent,  G.  B. 
103,  208).  M-Propyl  iodide  heated  with  cone. 
NH3Aq  for  13  hours  at  100°-150°  forms  propyl- 
amine hydriodide  and  NPrJ  (Malbot,  A.  Ch.  [6] 
13,  480,  546). — 4.  When  w-j)ropyl  chloride  is 
heated  with  aqueous  ammonia  in  equimolecular 
proportions  at  140°-165°,  one-fifth  of  the  pro- 
duct is  ^-propylamine  and  is  nearly  all  contained 
in  the  lower  layer.  The  upper  layer  consists  of 
free  di-  and  tri-  propyl-amines,  water,  and  alco- 
hol (Malbot,  C.  B.  104,  998).— 5.  By  heating 
7i-propyl  nitrate  with  alcohoUe  NH3  at  100° 
(Wallach,  A.  214,  311). 

Preparation. — 1.  A  mixture  of  equimolecular 
quantities  of  bromine  and  butyramide  is  run  into 
an  excess  of  a  10  p.c.  solution  of  KOH  at  60°  and 
the  propylamine  distilled  off ;  the  yield  is  80-90 
p.c.  (Hofmann,  B.  15,  769).  It  may  be  dried 
over  CaO  and  afterwards  over  Na. — 2.  PrCl 
(1  mol.)  heated  with  aqueous  NH3  (1  mol.),  and 
enough  alcohol  to  effect  solution,  in  sealed  tubes 
at  110°  forms  45  p.c.  propylamine,  35  p.c.  di- 
propylamine,  and  20  p.c.  tri-propyl-amine 
(Chancel,  Bl.  [3]  7,  405).  The  product  is 
neutralised  with  HCl,  the  alcohol  distilled  off, 
cooled,  filtered  from  separated  NH^Cl,  the  syrup 
mixed  with  NaOH,  distUled,  and  fractionated. 
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The  bases  may  be  further  purified  by  means  of 
their  oxalates. 

Properties. — Mobile  liquid  with  ammoniacal 
smell ;  mixes  with  water,  becoming  hot.  When 
wet  it  boils  at  78°-82°.  Its  aqueous  solution 
ppts.  salts  of  Cu  and  Fe,  the  pp.  not  dissolving  in 
excess,  but  with  AgNOj  it  gives  a  pp.  sol. 
excess. 

Reactions. — 1.  Chromic  acid  yields  propionic 
acid  (Chapman  a.  Thorpe,  A.  142,  176).— 2.  Ni- 
trous acid  forms  n-  and  iso-  propyl  alcohols  and 
propylene  (Meyer  a.  Forster,  B.  9,  635). — .3. 
Benzoic  aldehyde  forms  CsH^.CH-.NPr  (210°) 
(Zaunschirm,  A.  245,  282).— 4.  Oxalic  ether 
added  to  a  mixture  of  equal  volumes  of  propyl- 
amine and  water  forms  CONHPr.CONHPr  and 
CO„H.CONHPr  [110°],  which  yields  CaA',  2aq. 
S.  i-38  at  17°. 

Salts.— B'HCl.  [158°]  (Topsoe,  J.  1883, 
621).— B'HHg,Cl5.  -  B'HHg.Cl, , .— B'HAuCl,.— 
B'„H„PtCl,..  Monoclinic  crystals.  —  Oxalate. 
NH„Pr  C..H2O4  iaq.  Plates.  S.  14-8  at  18°  ;  S. 
(alcohol)'-6  at  18°.— Picrate  [135°]. 

Nitramine  CH^.Ca.CHo.NH.NO,.  (129° 
at  40  mm.).  S.G.  1-102.  Formed  by  heating 
PrN(N02).C0,Et  in  a  current  of  dry  NH.,,  and 
decomposing  the  product  with  dilute  HoSOj 
(Thomas,  B.  T.  C.  9,  75).  Liquid,  crystallising 
at  —23°.  Decomposes  at  142°.  SI.  sol.  water; 
decomposes  carbonates. — PrNK.NOo.  Formed 
by  dissolving  the  nitramine  in  alcoholic  potash 
and  ppg.  with  ether.  Small  i^early  plates,  form- 
ing an  alkaline  solution  in  water. — PrNAg.NO,. 
Slender  needles,  blackening  in  light.  AcCl 
yields  N„0. 

Isopropylamine  (CH3)..CH.NH,.  (32°).  S.G. 
i2  -690. 

Formation. — 1.  By  the  action  of  HClAq  on 
isopropyl-carbamine  (Siersch,  A.  148,  263 ; 
Gautier,  C.  B.  67,  723). — 2.  By  running  a  mix- 
ture of  bromine  (1  mol.)  and  isobutyramide  (1 
mol.)  into  an  excess  of  a  10  p.c.  solution  of 
KOH  at  60°  ;  the  yield  being  65  p.c.  (Hofmann, 

B.  15,  708). — 3.  By  reducing  acetoxim  dissolved 
in  alcohol  with  sodium-amalgam  and  HOAc  at 
40°  (Goldschmidt,  B.  20,  728).— 4.  By  heating 
isopropyl  iodide  with  cone.   NH3Aq  (Malbot, 

C.  R.  Ill,  050 ;  cf.  -Jahn,  ilf.  3, 106). 
Preparation. — By  reduction  of  a  solution  of 

acetone-phenyl-hydrazide  (1  pt.)  in  96  p.c.  al- 
cohol (10  pts.)  by  means  of  acetic  acid  (2^-  pts.) 
and  suflicient  '67  p.c.  sodium-amalgam,  the  tem- 
perature being  kept  below  25°;  the  yield  is  70 
p.c.  of  the  theoretical  (Tafel,  B.  19,  1926). 

Properties. — Mobile  liquid,  with  ammoniacal 
smell,  miscible  with  water.  Converted  by  nitrous 
acid  into  isopropyl  alcohol. 

Salts.  —  B'HCl.  [140°].  Deliquescent 
cubes. — B'.,H,PtClg :  orange  plates,  m.  sol.  Aq. 

Nitramine  PrNH.NO„.  [-4°].  (91°). 
S.G.  1-098.  Formed  from  PrN(NO,).CO„Et 
by  successive  treatment  with  dry  NH3  and  dilute 
H.SOi  (Thomas,  R.  T.  C.  9,  78).  Needles.— 
PrNK.NO.,.  Slender  hygroscopic  needles.  — 
PrNAg.NO,,.  Thin  plates.  Converted  by  PrI 
into  PrNPr.NO.,  (67°  at  10  mm.). 

Di-H-propylamine  Pr.,NH.  (110°)  (P.;  C); 
(98°)  (V.).  S.G.  i;  -7430';  sS  -7357  (Perkin,  C.J. 
55,693).  M.M.  7,  549.  ^ip  =  1-4083  (Gladstone,  C. 
J.  59,  290).  A  product  of  the  action  of  alcoholic 
NH3  on  PrI  at  100°  (Vincent,  C.  R.  103,  208 ; 


Bl.  [2]  46,  287)  or  of  aqueous  NH,  on  PrCl  at 
190°  (Malbot,  C.  R.  105,  575).  Purified  by 
means  of  its  nitrosamine.  Liquid  with  am- 
moniacal smell,  si.  sol.  water.  The  pps.  that  it 
forms  with  salts  of  Ag  and  Al  are  sol.  excess  ; 
those  with  salts  of  Cu  and  Zn  are  insol.  excess. 

Salts.— B'H„C.,0,.  Flat  needles.  S.  5  at 
17°.  S.  (alcohol)  -33  at  18°  (Chancel,  Bl.  [3]  7, 
406).— Picrate.  [75°].  S.  2-2  at  19°.  Melts 
under  water  at  45°. 

Nitrosamine  Pr„N.NO.  (206°).  S.G.  2 
■931.  Liquid  smelling  like  hay.  Decomposed 
by  HClAq,  with  formation  of  dipropylamine. 

Nitratnine  Pr.,N.NO„.  A  liquid,  got  from 
PrNK.NO.,  and  PrBr  (Thomas,  B.  T.  C.  9,  79). 

Di-isopropylamine  Pr,NH.  (84°).  S.G. 
•722.  A  product  of  the  action  of  alcoholic  NH., 
on  PrI  at  100°  (Van  der  Zande,  B.  T.  C.  8,  202  ; 
cf.  Siersch,  Z.  [2]  5,  145).  Liquid  with  very 
ammoniacal  odour,  miscible  with  water.  — 
B'HNO,,.    [138°].— B'^HPtCle :  orange  tables. 

Nitrosamine  ST^.tiO.    [46°].  (195°). 

Nitramine  Pr^N.NO,.  (56°  at  10  mm.). 
Formed  from  PrNAg.NOj  and  PrI  (Thomas, 
R.  T.  C.  9,  82).  Liquid. 

Tri-n-propylamine  PrjN.  (157°).  S.G.  g  -770  ; 
\%  -760;  p  -754  (Perkin).  S.V.  222-1  (Zander,^. 
214,  171).  M.M.  11-664.  /xi,=  1-4171  (Glad- 
stone, C.  J.  59,  290).  C.E.  (0°-10°)  -00105.  A 
product  of  the  action  of  PrI  on  alcoholic  NH., 
(V.).  It  is  the  chief  product  got  by  heating 
PrCl  with  cone.  NHjAq  (Malbot,  A.  Ch.  [6]  13, 
480,  546).  Purified  by  means  of  its  picrate 
(Chancel,  Bl.  [3]  7,  407).  Liquid  with  faintly 
ammoniacal  odour,  almost  insol.  water.  — 
Picrate.  S.  -3  at  18°  ;  S.  (94  p.c.  alcohol)  4-4 
at  19°. 

Propylo-iodide  Pr,,NI.  The  chief  pro- 
duct of  the  action  of  PrI  on  NH,Aq  at  150°- 
190°.  Prisms.  Yields  (Pr^NCl).,PtCl,  and  deli- 
quescent Pr^NOH,  which  is  decomposed  by  heat 
into  Pr3N,  propylene,  and  water  (Roemer,  B.  6, 
784). 

References. — Bromo-,  Chloro-,  Chloro-iodo-, 
and  OxY-  propylamine. 

PROPYL-ISOAMYL-GLYOXALINE 
C,H„(C,H,,)N,>.    Oxalisoamyl-butyline.  (251°). 
S.G.  i-  -920.    Formed  from  propyl-glyoxaUne 
and  C,H„I  (Rieger,  M.  9,  009). 

PROPYL  ISOAMYL  OXIDE  Pr.O.C^H,,. 
(125°-180°)  (Chancel,  A.  151,  305). 

PEOPYL-ANILINE  C„H,3N  i.e.  PhNHPr. 
(222°  i.V.)  (Pictet  a.  Cr6pieux,  B.  21,  1111). 
S.G.  -949.  Formed  by  heating  aniline  with 
PrBr  (Claus  a.  Eoques,  B.  16,  909  ;  Wacker,  A. 
243,290).  Liquid.  Salts.— "E'ECl.  [150"].— 
''B'2H2C204.    [152°].    Large  tables,  V.  sol.  water. 

Formyl  derivative  PhNPr(CHO).  (269° 
i.V.).  S.G.  \"  1-044.  Got  from  formanilide  and 
w-propyl  bromide. 

Acetyl  derivative  PhNPrAc.  [48°]. 
(269°  i.V.).    Hexagonal  plates  (from  ligroin). 

Nitrosamine.    Yellow  oil. 

Isopropyl-aniline  PhNHPr  (213"  i.V.). 
Liquid.  Yields  an  oily  nitrosamine. — B'.,HoPtCl^. 
Red  prisms  (P.  a.  C). 

ForuiylderivativeVWet.1^0.  (264°i.V.). 
Formed  from  formanilide  and  i'rBr. 

Acetyl  derivativeVhrnhKo.  [39°].  (265° 
i.V.).    Transparent  leaflets  (from  ligroin). 
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Di-M-propyl-aniline  NPhPr^.  (245°  i.V.). 
S.G.g  -9240.  S.V.  243-1  (Zander,  A.  214,  168). 
C.E.  (0°-10°)  -00081.  Formed  from  aniline  and 
PrI  (Lippmann  a.  Fleissner,  M.  3,  711). — 
B'oHjPtCl,;.    Decomposed  by  water. 

'  Di-isopropyl-aniline  NPhPr„.  (220°  i.V.). 
S.G.  S  -9338.  S.V.  235-4  (Zander).  C.E.  (0°-10°) 
•00087. 

References. — Nitro-   and  Nitkoso-  Pbopyl- 

ANILINE. 

DI-PROPYL-ANTHRACENE  DIHYDRIDE 

CjdH,^  i.e.  C5H^<^^j^'^-^C^H.,.    Formed  from  di- 

propyl-anthrone,  HI,'  and  P  at  140°-170°  (Hall- 
garten,  B.  22,  1070).    Plates,  getting  soft  at  47°. 
Di-isopropyl-anthracene  dihydride 

C,H3Pr<;^^=>C,H3Pr.     [90°].     (above  860°). 

Formed  by  boiling  CgH^Pr.CH.jCl  alone  or  with 
ZnCl2  (Errera,  G.  14,  280).  Amorphous  yellow 
powder,  insol.  alcohol,  sol.  ether.  Its  solutions 
are  red  with  green  fluorescence. 

PEOPYl-ANTHRANOL.  Propyl  deriva- 
tive.   C,„H2,0      C,H,<^^Jp^.^>C,H,.  [72°]. 

Formed  by  boiling  anthranol  with  KOHAq  and 
PrI  (Hallgarten,  B.  22,  1070).  Needles,  sol. 
ether  and  alcohol,  insol.  alkalis.  Chromic  acid 
solution  converts  it  in  the  cold  into  propyl- 
oxanthranol  C|,H,60,,  [164°],  v.  sol.  benzene. 

DI-PROPYL-ANTHEONE      C.Jl.,fi  i.e. 
Of) 

C,Hj<^p^  >C,H,.    [124°].    Formed,  together 

with  the  preceding  body,  by  boiling  anthranol 
(5g.)  with  KOH  (5g.),  water  (25  c.c),  and  PrI 
(13  g.)  (Hallgarten,  B.  22,  1069).  Trimetric 
crystals,  sol.  hot  alcohol.  CrOj  in  HO  Ac  oxidises 
it  to  anthraquinone. 

TEI-PROPYL-ARSINE  v.  vol.  i.  p.  319. 

PROPYL-BENZENE  v.  Chmene. 

Di-M-propyl-benzene  C6H4Pr2[l:4].  (219°). 
Formed  from  ^3-di-bromo-benzene,  m-propyl 
bromide,  and  Na  (Korner,  B.  11,  1863  ;  A.  216, 
223).  Formed  also,  together  with  the  77t-isomer- 
ide,  by  the  action  of  AlCl,  and  HCl  on  7i-cumene 
(Heise  a.  Tohl,  A.  270,  165).  Liquid,  volatile 
with  steam.    Bromine  forms  CeH2BroPr2  [48°]. 

m-iso-Di-propyl-benzene  CjH4PrPr[l:4]. 
(212°  cor.).  S.G.  2  -8713.  Formed  from 
CeH,Pr.CH„Cl  and  ZnEt^  (Paterno  a.  Spica,  B. 
10,  1746)  and  from  PrBr,  ^-bromo-cumene,  and 
Na.  Formed  also,  together  with  them-  isomeride, 
by  the  action  of  AlCl,  at  —  2°  on  a  mixture  of 
m-cumene  and  PrBr  (Heise,  B.  24,  772). 

wi-Di-isopropyl-benzene  C6H,Pr2[l:3].  (204°). 
Formed,  together  with  the  jj-  isomeride,  by  the 
action  of  propyl  orisopropyl  chloride  on  benzene 
in  presence  of  AlCl,  (Silva,  Bl.  [2]  43,  320  ; 
Uhlhorn,  B.  23,  3142)  and  by  the  action  of  AICI3 
and  HCl  at  100°  on  cumene  (H.  a.  T.).  Yields 
isophthalic  acid  on  oxidation. 

p-Di-isopropyl-benzene  C|iH,Pr2[l:4].  (c. 
202°).  Formed  as  above.  Yields  terephthalic 
acid  on  oxidation. 

PROPYL-BENZENE  SULPHONIC  ACID  v. 

CUMENE  SULPHONIC  ACID. 

2)-Di-%-propyl-benzene  sulphonic  acid 
C.HjPrj.SO.H.    [62°].    Formed  from  di-propyl- 
benzene  and  fuming  PI.^SO^  (Korner,  B.  11,  1865  ; 
A.  216,  224  ;  Kemsen,  Am.  5, 162).  Deliquescent 


needles,  with  pearly  lustre. — NaA'  4aq. — KA'4aq. 
— BaA'o  iaq. — BaA'.,  2aq.—  CaA'„  9aq. — PbA'„  aq. 

Amide  C5H3Pr.,'.SO.,NH2.  [103°].  Hexagonal 
crystals  (from  alcohol),  si.  sol.  hot  water. 

w-iso-Di-propyl-benzene  sulphonic  acid 
[l:4:a;]  C.H^PrPr.SOsH.    [60°].    Needles  (Heise, 

B.  24,  771).— BaA'2  a;aq.— PbA'2  aq  :  minute 
needles,  m.  sol.  cold  water. — PbA'j  8aq  :  needles. 

Amide.    [96°].  Needles. 

w-Di-isopropyl  benzene  sulphonic  acid 
C5H3Pr2.S03H[l:3:K].  Formed  by  shaking  with 
H,Sb,  (1^  pts.)  the  fraction  (200°-210°)  got  by 
the  action  of  AICI3  on  a  mixture  of  PrCl  and 
benzene,  and  separated  from  the  accompanying 
^-di-isopropyl-benzene  sulphonic  acid  by  means 
of  its  Ba  salt  (Uhlhorn,  B.  23,  314-2).— BaA'22aq: 
needles,  si.  sol.  water.— CuA'2  4iaq. — MgA'.,4aq. 

Amide  C,H3Pr2.SO,NH2.  [145°]. 

25-Bi-isopropyl-benzene  sulphonic  acid 
CsH3Pr2(S03H)  [1:4:2].     Formed  as  above.— 
BaA'2 :  nodules,  v.  sol.  water. — CuA'„6^aq. 

Amide  C.HjPrj.SO.NH,.  [102°]."" 

9?z.-Di-»!,-propyl-benzene  disulphonic  acid 
CeH2Pr2(S03H)2.    Deliquescent  tables  (Heise). — 
KoA"a'aq. — BaA"  l^aq  ;  tables,  v.  sol.  water. — 
PbA"  lAaq :  tables,  v.  e.  sol.  warm  water. 

Am'ide.    [195°].  Needles. 

PROPYL-BENZOIC  ACID  v.  Cuminic  acid. 

PROPYL-BENZOYL-ACETIC  ACID  v.  Benz- 
oYL-ACETic  ACID  and  Phenyl  butyl  ketone 

CAHBOXYLIC  ACID. 

PROPYL-BENZYL-  v.  Cuminyl-. 

M-PROPYL  BORATE  (PrOjjB.  (172°-175°). 
S.G.     -867  (Cahours,  C.  B.  76,  1383). 

Isopropyl  borate  (PrO)3B.  (140°  cor.). 
Formed  by  heating  B.,Os  with  isopropyl  alcohol 
at  120°  (Councler,  J.  pr.  [2]  18,  389).  Mobile 
oil,  slowly  saponified  by  water. 

71-PROPYL  BROMIDE  PrBr.  (71°).  S.G.  § 
1-3835  (Zander,  A.  214,  159) ;  f  1-3520  (Bruhl, 
A.  203,  13);        1-3611;   p  1-3474  (Perkin). 

C.  E.  (0°-10°) -00123.  //^  =  1^4406.  Ego  =38-20. 
S.V.  97.  M.M.  6-885  at  19-2°.  H.F.p.  30,850. 
H.F.v.  29,110  (Thomsen,  Th.).  Formed  from  n- 
propyl  alcohol  and  HBr  (Linnemann,  A.  161, 
40;  Pierre  a.  Puchot,  /.  Ph.  [4]  13,  9).  When, 
heated  in  sealed  tubes  at  280°  it  partially  changes 
to  isopropyl  bromide  (Aronstein,  B.  T.  C.  1, 134). 
When  heated  for  a  short  time  with  AlBr,  it  is 
completely  changed  to  isopropyl  bromide  (Kekul6 
a.  Schrotter,  B.  12,  2279  ;  Gustavson,  J.  B.  15, 
61).  Bromine  forms  propylene  bromide.  — 
C3H,Br(H2S)2  23aq  (De  Forcrand.  A.  Ch.  [5]  28, 
35). 

leopropyl  bromide  PrBr.  (60°).  S.G.  g 
1-8397  (Z.) ;  '£  1-3097  (B.) ;  14  1-3198 ;  p  1-3052 
(Perkin).  C.E.  (0°-10°)  -00127.  ^i«=  1-4317. 
Boo  38-58  (Briihl).  M.M.  7-003  at  17-1°.  S.V.  99. 

Formatimi. — 1.  From  isopropyl  alcohol  and 
HBr  at  150°  (Linnemann,  A.  136,  41).— 2.  From 
w-propyl  bromide  and  AlBiv — 3.  From  propylene 
bromide  and  HI  (Linnemann,  A.  161,  57). 

Preparation. — By  adding  bromine  (65  g.) 
gradually  to  PrI  (100  g.)  in  the  cold ;  the  yield 
being  45  g.  (E.  Meyer,  J.  pr.  [2]  34,  105). 

Properties. — Liquid,  not  attacked  by  CI. 

ISOPROPYL-BUTENYL-BENZENE  v.  Bu- 
tenyl-cumene. 

w-PROPYL-ISOBUTYL-AMINE  C,H„N  i.e. 
PrNH.C.H;,.  (124°).  Formed  by  reducing  iso- 
butyl-propargyl-amine  in  alcoholic  solution  with 
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sodium  (Paal  a.  Henpel,  B.  24,  3048).— B'HCl. 
i:i35°].~B'H.,C.,0,.    [224°].  Needles. 

ISOPEOPYL-BTJTYI-AMINE  DICARB- 
OXYLIC  ACID  C,H„NO,  i.e. 
C02H.CJIe,,.NH.CMe.,.CH2.C02H.  A  product  of 
the  oxidation  of  triacetonamine  with  chromic 
acid  mixture  (Heintz,  A.  198,  69).  Crystalline 
grains,  m.  sol.  hot  water.  Yields  amido-iso- 
butyric  acid  when  heated.  —  H^"HC1.  — - 
KHA"2aq.  —  Zn{HA")„  6aq.  —  ZnA"aq.  — 
CuA"  aq. — AgHA". — Ag.A"HN03  aq  :  grains. 

PROPYL-iSOBUTYL-GLYOXALINE 

C,„H,gN2  i.e.  ^g'^p^.^C.C^Hg.  Oxal-propyl-iso- 

amyline.  (241°  at  738  mm.).  S.G.  -915. 
Formed  from  isobutyl-glyoxaline  and  PrBr 
(Kadziszewski  a.  Szul,  B.  17,  1295).  Liquid. — 
B'oEyptClg :  minute  orange  prisms. 

Propyl-butyl-glyoxaline  Qn'^^Q^ 

(243°)  at  728  mm.  S.G.  -938.  Formed  from 
jaropyl-glyoxaline  and  butyl  iodide.  Oxidised  by 
H„0.,  to  butyl-oxamide  [198°]  (Rieger,  M.  9,  609). 
— B'HZnCls.— B'^H^CdCl^.— B'„H,PtCl„. 

Propyl-isobutyl-glyoxaline  cH^N^C^g)^' 
(232°)  at  736  mm.    S.G.  ia  -940.    Formed'  from 
propyl-glyoxaline  and  isobutyl  iodide  (Rieger). 

PROPYL  ISOBUTYL  KETONE  Pr.CO.C.H,. 
(155°)  at  750  mm.  S.G.  |^ -831.  Formed  from 
isovaleryl  chloride  and  ZnPrj  (Wagner,  /.  B.  16, 
668).  Liquid. 

Isopropyl  isobutyl  ketone  Pr.CO.CH.,Pr. 
(160°).  S.G.  -865.  Formed  by  oxidising  sec- 
octyl  alcohol  with  cold  dilute  KoCr.^O,  and  HjSOj 
(Williams,  C.  J.  35,  130).  Liquid,  not  solid  at 
— 17°.  Does  not  form  a  crystalline  compound 
with  NaHSO,. 

PROPYL-iSOBTJTYL-MALONIC  ACID 
C,H9.CPr(C0,H).,.  [129°].  This  appears  to  be 
the  composition  of  the  acid  got  by  saponifying 
C,Hg.C(C3H,)(C0,Et),,  (249°),  which  is  got  from 
malonic  ether,  isobutyl  iodide,  allyl  iodide,  and 
NaOEt  (Ballo,  B.  14,  336). 

PROPYL  BUTYL  OXIDE  Pr.O.C.H,,.  (117°). 
S.G.  2  -7773.  C.E.  (0°-10")  -00124.  S.V.  174-4 
(Dobriner,  A.  243,  7). 

ISOPROPYL-ISOBUTYL-PHOSPHINE 
PHPr.CHoPr.    (140°).    Formed  from  isopropyl- 
phosphine  and  isobutyl  iodide  at  130°  (Hofmann, 
B.  6,  300). 

ISOPROPYL-ISOBUTYL-QUINOLINE 

C»H4<N=cSH.,Pr-  (29G°)  at  710  mm.  Formed 
by  the  action  of  isovaleric  aldehyde  and  cone. 
HClAq  upon  aniline  (Spady,  B.  17,  1718  ;  18, 
3373).— B'^HTtCl,;.  Yellow  needles,  si.  sol. 
water. — B'CcH2(N0.,),0H.  Large  yellow  plates. 
—  B'HCl  aq.  —  B'HNOjaq.  —  B'H,SO^.  — 
B'HsCrjO, :  orange  needles,  sol.  hot  water. 

Methylo-iodido  B'Melaq.  Yellow 
needles,  v.  sol.  alcohol. — B'jMejPtCl^ :  yellowish- 
red  triclinic  i)i'isms. 

PROPYL-TRICARBALLYLIC  ACID 
CHPr(C0.B).CH(C0,H).CH2.C0,H.  [152°]. 
Formed  by  saponifying  its  ether,  which  is  made 
by  the  action  of  fumaric  ether  on  sodium  propyl- 
malonio  ether  (Auwers,  B.  24,  311,  2898).  Prisms 
(containing  a-aq),  v.  e.  sol.  ether. 

Ethyl  ether  Et^A.'".  (206°  at  16mm.). 
S.G.  f  1-092. 


Isopropyl-tricarballylic  acid 
CHPr(CO,H).CH(CO,H).CH.,.CO,H.  [162°].  Pre- 
pared in  like  manner  from  isopropyl-malonic 
ether.    Plates  or  prisms,  v.  si.  sol.  ligroin. 

Ethyl  ether  m,A"'.  (206°  at  20mm.). 
S.G.  Y  1-085. 

PROPYL  CARBAMATE  NH,,.CO.OPr.  [52°]. 
(195°).  Formed  by  heating  urea  with  propyl 
alcohol  (Cahours,  C.  R.  76,  1387).  Formed  also 
from  Cl.CO.Pr  and  NH3  (Roemer,  B.  6,  1102). 
Prisms,  v.  e.  sol.  water  and  alcohol. 

Isopropyl  carbamate  NH.,.CO.OPr.  [37°]. 
Formed  from  Cl.CO,Pr  and  dry  NH3  (Spica  a. 
Varda,  G.  17,  165).    Hygroscopic  needles. 

ISOPROPYL-CARBAMINE  PrNC.  (87°). 
S.G.  2  -760.  Formed  from  isopropyl  iodide  and 
AgCy  (Gautier,  C.  B.  67,  723;  A.  149,  155). 
HClAq  forms  isopropyl-formamide. 

PROPYL-CARBAMIC  ACID  NHPr.CO^H. 

Methyl  ether  MeA'.    (180°  at  755mm.). 
S.G.  i5  -992.    Liquid  (Thomas,  B.  T.  C.  9,  71). 
The  nitramine  NPr(NO.,).CO.,Me.  S.G. 
1-187  is  made  from  NAgPr(N02)  and  Cl.CO.,Me. 

Ethyl  ether  Etk'.  (186°).  Formed  from 
propylamine  and  chloro-formie  ether  (Schreiner, 
J.pr.  [2]  21,  125). 

Isopropyl-carbamic  acid  NHPr.COjH. 

Mctliyl  ether   MeA'.    (165-.5°).    S.G.  i5 
•981.    Liquid.    The  nitramine 
NPr(NO,>).CO..Me  S.G.     1-159  is  also  liquid. 

PROPYL-CARBINOL  v.  Bdtyl  alcohol. 

Di-propyl-carbinol  v.  Hepttl  alcohol. 

DI-PROPYL-CARBOBENZONIC  ACIDS 
C,,„H..,02-  Two  acids  of  this  formula  [139°]  and 
[90°]  are  formed  by  heating  phenyl  benzyl 
ketone  with  n-propyl  alcohol  and  KOH  (Zagu- 
menny,  A.  184,  166).  The  acid  [139°]  forms  a 
di-nitro-  derivative  [176°]. 

PROPYL  CARBONATE  C0(0Pr)2.  (168° 
cor.).    S.G.     -949  (Roese,  A.  205,  230). 

Propyl  orthocarbouate  C(OPr),.  (224°  cor.). 
S.G.  s  -gii.  Formed  from  NaOPr  and  chloro- 
picrin  (Roese,  A.  205,  253). 

n-PROPYL  CHLORIDE  PrCl.  Mol.  w.  78i. 
(46°  i.V.).  S.G.  s  -9123  (Zander,  A.  214,  156)""; 
■f  -8898  (Briihl,  A.  200,  179),  i*  -8930  ;  p  -8813 
(Perkin).  M.M.  5-056  at  16°.  ^*a=  1-3934. 
R35  =33-36.  S.V.  91-6.  H.F.p.  37,760.  H.F.v. 
36,020.  C.E.  (0°-10°)  -00137.  Formed  by  the 
action  of  chlorine  on  propane  and  on  PrI.  Pre- 
pared by  saturating  ii-propyl  alcohol  with  gaseous 
HCl,  and  heating  at  125°  wth  cone.  HClAq 
(Malbot,  Bl.  [3]  2,  136;  cf.  Pierre  a.  Puchot, 
A.  Gh.  [4]  20,  234).  Acts  with  extreme  slowness 
on  alcoholic  NH,  (Vincent,  Bl.  [2]  45,  504).  Not 
changed  to  PrCl  by  heating  in  sealed  tubes 
(Aronstein,  B.  T.  C.  1,  134).— PrCl(H.,S).,  23aq 
(De  Forcrand,  A.  Ch.  [5]  28,  34). 

Isopropyl  chloride  PrCl.  (36°).  S.G.  2 -8825 
(Z.)  ;  -8688;  P  -8575  (P.).  M.M.  5-159  at 
17-2°.  "S.V.  94.  "C.E.  (0°-10°)  -00142.  Formed 
from  isopropyl  alcohol  and  HCl.  Chlorine  con- 
verts it  into  CHs.CCL.CH,  and  CHj.CHCl.CH.Cl. 
Partially  converted  into  NH,Pr  by  heating  with 
cone.  NH.Aq  at  140°  (Malbot,  G.  B.  Ill,  650). 

ISOPROPYL  CINNAMIC  ACID  v.  Cumtl. 

ACRYLIC  ACID. 

Bcfcrcnces. — Amido-,   Chloko-,  and  Nitko- 

PKOPyL-CINNAJIIC  acids. 

PROPYL-)»-CRESOL  C.HjMePr.OH.  (230°- 
235°  at  734  mm.).    Formed,  together  with  its 
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propyl  ether  and  di-propyl-5)i-cresol,  by  heating 
m-cresol  with  projjyl  alcohol  and  MgCL  (Maz- 
zara,  G.  12,  187,  332).  Liquid,  si.  sol.  water, 
sol.  alcohol  and  ether.  Not  solid  at —15°.  Not 
coloured  by  FeClj.  Yields  a  crystalline  nitroso- 
derivative  [140°]. 

Methyl  ether  RfeA'.    (226°)  at  740  mm. 

Propyl  ether  PrA'.  (235°-240°). 

Acetyl  derivative  AcA'.  (240°)  at  743 
mm. 

Isopropyl-7)i-cresol  CcHjPrMe.OH.  (238°). 
Formed  in  like  manner  by  heating  m-cresol 
with  isopropyl  alcohol  and  MgCl,  (Mazzara,  O. 
12,505).   Oil.  Yields C,H4N0)Pi^Ie.0H  [167°]. 

Methyl  ether  MeA'.  (215°-220°). 

Isopropyl  ether  PrA'.  (230°-235°). 

Isomeride  v.  Thymol. 

Propyl-o-cresol  v.  Carvaceol  and  Cymf.nol. 

Isopropyl-cresol  C^HjPrMe.OH.  (229°  cor.). 
S.G.  -  1'0012.  Formed  by  potash-fusion  from 
the  m-isocymene  derived  from  camphor  (Spica, 
G.  12,  552).    Not  coloured  by  FeClj. 

Ethyl  ether  EtA'.    (228°  cor.). 

Di-propyl-i»-cresol  C.HjPr^Me.OH.  (250°). 
Formed  as  above.  Liquid,  yielding  a  liquid 
acetyl  derivative  (255°-260°). 

Di-isopropyl-Mj-cresol  CcIL,Pr2Me(0H). 
(251°).  Formed  at  the  same  time  as  isopropyl- 
m-cresol  (M.).  Liquid  smelling  lilie  phenol,  si. 
sol.  water,  insol.  dilute  potash. 

Methyl  ether  MeA'.  (243°). 

Acetyl  derivative  AcA'.  (255°-260°). 

ISOPROPYL-CUMIDINE  C^H^Pr.NHPr. 
(245°-250°).  A  product  of  the  action  of  aniline 
and  ZnCL  on  isopropyl  alcohol  (Louis,  B.  16, 
111).    Liquid.    Forms  a  granular  picrate. 

ISOPROPYL  CYANATE  v.  vol.  ii.  p.  315. 

PROPYL  CYANIDE  v.  Nitrile  of  Butyeic 

ACID. 

PROPYLENE  C3H5.    Mol.  w.  42.    S.  -44  at 

0°;  -22  at  20°  (von  Than,  A.  123,  187).  S. 
(alcohol)  13.  S.(H,,80J  200(Berthelot).  H.F.p. 
3,220.    H.F.v.  2,060  (Thomsen,  Th.). 

Formation. — 1.  By  passing  fusel  oil,  valeric 
acid,  or  light  petroleum  through  a  red-hot  tube 
(J.  W.  Eeynolds,  A.  77,  118  ;  Prunier,  J.  1873, 
347). — 2.  By  distilling  calcium  oxalate  with 
KOAc  (Dusart,  A.  97,  127).— 3.  By  the  action  of 
mercury  (containing  a  trace  of  zinc)  and  fuming 
HClAq  on  allyl  iodide  (Berthelot  a.  De  Luca,  A. 
92,  306).— 4.  Mixed  with  H  (i  vol.),  by  reducing 
allyl  iodide  in  alcoholic  solution  with  granulated 
zinc  and  HClAq  (Tollens  a.  Henninger,  A.  156, 
156). — 5.  From  allyl  iodide  and  HI  (Butlerow, 
A.  145,  271). — 6.  A  product  of  the  action  of 
ZnEtj  on  CCI4  (Eieth  a.  Beilstein,  A.  124,  242) 
on  allyl  iodide  (Wurtz,  Bl.  5,  51)  and  on  CHBr^ 
(Beilstein,  Bl.  [2]  2,  51).— 7.  By  boiling  n-  or 
iso-  propyl  iodide  with  alcoholic  potash  (Freund, 
M.  3,  633  ;  Erlenmeyer,  A.  139,  228).— 8.  To- 
gether with  other  hydrocarbons,  by  treating 
propylene  bromide  with  water  and  sodium- 
amalgam  or  with  zinc  and  HClAq  (Prunier,  C.  B. 
76,  98).— 9.  By  heating  CCl^Me.,  or  CBrJIe^with 
Na  at  140°  (Pdedel  a.  Ladenburg,  Z.  1868,  48 ; 
Eeboul,  A.  Ch.  [5]  14,  488).— 10.  Together  with 
cresol,  by  heating  thymol  with  T  fi^  (Engelhardt 
a.  Latschinoff,  Z.  1869,  616).— 11.  In  the  manu- 
facture of  oil-gas  (Armstrong,  C.  J,  49,  74). — • 
12.  Together  with  ethylene,  by  heating  allyl 
alcohol  with  P„0,  (B6hal,  A.  Ch.  [6]  16,  360).— 


13.  By  heating  N(C.,H-),  with  C,13.,C\  at  190° 
(Malbot,  A.  Ch.  [6]  13,  546). 

Preparation. — 1.  By  dropping  propyl  alcohol 
on  strongly-heated  ZnCL  (Le  Bel  a.  Greene,  Am. 
2,  23). — 2.  By  passing  gaseous  HI  into  allyl 
iodide,  PrI  being  also  formed  (Malbot,  C.  B.  107, 
114 ;  Bl.  [2]  50,  449).— 3.  By  pouring  an  alco- 
holic solution  of  allyl  iodide  on  zinc  (Gladstone 
a.  Tribe,  B.  6,  1550 ;  Niederist,  A.  196,  358).— 
4.  By  dropping  propyl  alcohol  (4  pts.)  on  P^O^ 
(3  pts.)  (Beilstein,  B.  15,  1498).— 5.  By  mixing 
isopropyl  alcohol  (200  g.)  with  ZnCl.^  (650  g.)  and 
heating  after  twenty-four  hours  (Friedel  a.  Silva, 
J.  1873,  322). 

Properties. — Colourless  gas,  liquefied  by  a 
pressure  of  eight  atmospheres  (Moltschanoffsky, 
J.  B.  21, 31).  Unites  with  CI  and  Br.  Its  solu- 
tion in  H2SO4  yields  isopropyl  alcohol  on  distil- 
ling with  water.  Cuprous  chloride  in  HClAq 
absorbs  it  somewhat.  HClAq  heated  with  pro- 
pylene for  seventy  hours  at  100°  forms  isopropyl 
chloride  (Berthelot,  A.  104,  184) ;  HBr  and  HI 
act  in  like  manner.  Dilute  CrOj  forms  acetone 
acetic  acid  and  CO^  (Berthelot,  A.  150,  373). 
Alkaline  KMnO^  forms  formic  and  acetic  acids 
(Truchot,  C.  B.  63,  274).  KCl  added  to  a  solu- 
tion of  propylene  in  PtCl^  and  HClAq  ppts. 
CsH^PtCljECl  aq  (Birnbaum,  A.  145,  72). 

Di-propylene  v.  Hexylene. 

Beferences.  —  Bromo-,  Di  -  bbomo  -  10DO-, 
Chloko-,  Chloro-iodo-,  D1-CHLOK0-NITEO-,  and 

lODO-  PROPYLENE. 

PROPYLENE-ACETOACETIC  ACID  v.  Aceto- 
ACETic  ACID  and  Methyl  trimethylenylmethyl 

KETONE  CARBOXY-LIC  ACID. 

PROPYLENE-ALLYL-i|/-THIO-TJREA 
CH^(^  H  )^C-NH.    Formed  from  propylene- 
tlz-thio-urea  and  allyl  iodide  (Hirsch,  B.  23,  973). 
Oil.— B'CeHjNjO,.    [126°].    Triangular  prisms. 

Isomeride  ^™j^^>C:NC3H5.    [56°].  Got 

from  ;8-bromo-propyl-amine  and  mustard  oil. 
Prisms  (from  ligroin).— B'C^H.N^O-.  [130°].— 
B'CjH.NCS.    [52°].    White  prisms. 

PROPYLENE-DIAMINE  C^Hji.N^  i.e. 
CH3.CH(NH2).CH„.NH„.  (119°).  S.G.  li  -878. 
Formed  by  heating  propylene  bromide  with 
alcoholic  ammonia  at  100°-150°  (Hofmann,  B. 
6,  308;  Strache,  B.  21,  2358).  Hygroscopic 
liquid,  fuming  in  the  air.  Yields  a  hydrate 
(C3H,„N„)2  aq,  boiling  at  the  same  temperature  as 
the  base,  and  dehydrated  by  Na.  Benzoic  alde- 
hyde forms  oily  C3Hs(N:CHPh).,,  decomposed  by 
HCl  into  the  parent  substances.  Acetoacetic 
ether  forms  oily  C,H6(NH.OMe:CH.CO.^t)2. 

Salts.— B"H„Cl2.  [220°J.  Very  hygroscopic 
needles. — B"HoPtClj.    Small  four-sided  tables. 

Acetyl  derivative  C3H,(NHAc)2.  [139°]. 
Needles,  v.  e.  sol.  water  and  alcohol. 

Benzoyl  derivative  CaHgBz.N,.  [193°]. 

PROPYLENE-AMYL-.|/.THIO-XIREA 

^2^^^C.NHC,H„.    [32°].    (267°).  Formed 

by  heating  allyl-amyl-thio-urea  with  cone. 
HClAq  at  100°  (Avenarius,  B.  24,  264). 

PROPYLENE  BROMIDE  v.  Di-bkomo-peo- 

PANE. 

PROPYLENE      TRICARBOXYLIC  ACID. 

Ethyl  ether  C02Et.CH:CH.CH(C02Et)2.  (171° 


PROPYLENE  SULPHOCYANIDE. 
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at  15  mm.).   Formed  by  the  action  of  water  or  of 

NaOHAq  upon  CH<^j^O;^^[j;^{J^^>0  [94°], 

which  is  got  by  distiUing  di-carboxy-glutaconic 
ether  in  vacuo  (Guthzeit  a.  Dressel,  B.  22, 1425). 
It  is  identical  with  iso-aconitic  ether. 

Isomeride  v.  Aconitic  acid. 

Propylene  tetra-carboxylic  acid 
(CO„H),CH.C(CO,H):CH.CO,,H.  [192°].   Got  by 
saponifying  its  ether.    Colourless  crystals  (con- 
taining 2aq).    Gives  off  CO,  at  180°. 

Salts.--Na3HA'^  8aq.  —  Ba.,A'^  liaq.  — 
Ca„A"  3iaq. 

Ethyl  ether  EtjAK  (220°-2.30°  at  40 
mm.).  Formed  from  sodium-malouic  ether  and 
bromo-maleic  ether  (Schacherl,  A.  229,  91). 

Isomerides. — Dicarboxy-gldtaconic  acid  and 
Teimethtlene  tethacaeboxylic  acid. 

PROPYLENE  CHLORHYDRIN  v.  Culobo- 

PEOPYL  alcohol. 

PROPYLENE     CHLORIDE    v.  Dichloro- 

PEOPANE. 

PROPYLENE  CHLOROBROMIDE  v.  Chloro- 

BROMO-PEOPANE. 

PROPYLENE  GLYCOL  C^Ufi.A.e.  C,H„(OH)„. 
Di-oxy -propane.  Mol.  w.  76.  (1«9°)-  S.G.  \ 
1-0527  (Z.).  C.E.  (0°-10°)  -OOOfV.).  S.  (ether) 
11.    S.V.  85-2  (Zander,  A.  214,  177). 

Formation. — 1.  By  saponifying  its  acetyl- 
derivative  (Wurtz,  A.  Ch.  [3]  55,  438).— 2.  By 
reduction  of  CH,C1.CH(0H).CH,,0H  by  sodium- 
amalgam  (Louren(;'0,  C.  R.  52,  1043). — 3.  By 
heating  propylene  bromide  with  PbO  and  much 
water  at  150°  (Eltekoff,  J.  B.  10,  210).— 4.  By 
boiling  propylene  bromide  with  aqueous  K^.COj 
for  some  days  (Hartmann,  J.  pr.  [2]  16,  383). — 
5.  By  boiling  propylene  bromide  (1  pt.)  with 
water  (36  pts.),the  yield  being  43  p.c.  (Niederist, 
A.  196,  359). — 6.  By  the  action  of  the  copper- 
zinc  couple  and  some  HClAq  on  the  product  of 
the  action  of  AcBr  on  glycerin  (Hanriot,  C.  B. 
86,  1139).— 7.  By  treating  allyl  alcohol  wth 
dilute  H.,S04  (20  p.c.)  or  HCl  (10  p.c.)  (Solonina, 
Bl.  [2]  4'6,  816). 

Preparation. — Glycerin  (1,300  g.)  is  distilled 
with  NaOH  (550  g.)  and  the  aqueous  layer  con- 
centrated and  distilled ;  the  yield  is  140  g. 
(Belohoubek,  B.  12, 1872  ;  Morley  a.  Green,  C.  J. 
47,  132). 

Properties.  —  Liquid,  with  sweet  taste ; 
miscible  with  water  and  alcohol. 

Reactions. —  1.  Water  containing  a  trace  of 
HCl  forms  propionic  aldehyde  at  215°  (Linne- 
mann,  A.  192,  61).  It  also  yields  propionic 
aldehyde  on  heating  with  ZnCL,  (Flavitzky,  B. 
11,  1256). — 2.  Cone.  HIAq  forms  isopropyl  iodide 
(Wurtz,  A.  Suppl.  1,  381).— 3.  PCI3  forms  di- 
chloro-propane. — 4.  KOH  at  250°  forms  oxalic 
acid  and  H.— 5.  Chromic  acid  mixture  forms 
acetic  acid  (Flavitzky,  B.  11, 1256).— 6.  Oxidised 
by  platinum  black  and  air  to  lactic  acid. — 
7.  Glyceryl  trinictric  forms,  at  100°,  oily 
CH3.CH(0.N0).CH,.0.N0  (109°),  S.G.  2  1-44, 
which  explodes  in  sunlight  (Bertoni,  C.  C.  1887, 
35). 

Acetyl  derivative  CjHj^O^  i.e. 
C3H„(0Ac)2.    Propylene  acetate.    (186°).  S.G. 
-  1-109.    S.  11.    Formed  by  heating  C.,H,Br„ 
with  AgOAc  and  HOAc  (Wurtz,  A.  105,  202). 
Neutral  liquid. 


Mono-henz  oyl  derivative 
CH3.CH(0Bz).CH„0H.    Formed  from  the  amine 
CH3.CH(0Bz).CH,NH.  and  HNO,  (Gabriel  a. 
Heymann,      23,2501).  Oil. 

Di-benzoi/l  derivative 
CH3.CH(0Bz).CH,0Bz.     (240°   at    13  mm.). 
Liquid  (Friedel  a.'Silva,  C.  B.  73,  1379). 

Di -nitrate  CjH.^O.NO,),.  S.G.  5  1-335. 
Formed  by  dropping  propylene  oxide  into 
strongly-cooled  fuming  HNO3  (Henry,  A.  Ch. 
[4]  27,  261).  Oil. 

Chlorhydrin  v.  Chloeo-peopyl  alcohol. 

Bromhydrin  v.  Bromo-peopyl  alcohol. 

lodhydrin  C.,H,I(OH).  (105°  at  60  mm.). 
Formed  from  propylene  oxide  and  HI  (Mar- 
kownikoff,  Z.  1870,  423).  Liquid. 

Active  propylene  glycol  C,H6(0H)„.  = 
-4°  35'  to,-l°  15'  in  a  22  mm.  tube.  Formed, 
together  with  j)ropionic  and  lactic  acids,  by 
allowing  Bacterium  ternio  to  breed  in  ordinary 
inactive  propylene  glycol  (Le  Bel,  C.  B.  92,  532). 
Yields  active  propylene  oxide  (35°)  ao  =  -t- 1°  10' 
in  a  22  mm.  tube. 

w-Propylene     glycol    v.    Tei  -  methylene 

GLYCOL. 

PROPYLENE  IODIDE  v.  Di-iodo-propane. 

PROPYLENE  MERCAPTAN  CjHJSH),. 
(152°  in  vacuo).  Formed  by  reducing  propylene 
sulphocyanide  with  Zn  and  HClAq  (Hagelberg, 

B.  23,  1087). 

PROPYLENE  OXIDE  C3H,0  i.e. 

CH— ~ 
V.D.  2-0.  Formed  by  warming  propylene  chloro- 
hydrin  with  KOHAq  (Oser,  Bl.  1860, 237  ;  Morley, 
13.  15,  179).  Dried  over  KOH.  Neutral  liquid, 
smelling  like  acetone.  Miscible  with  water,  alco- 
hol, and  ether.  Eeduced  by  sodium-amalgam 
to  isopropyl  alcohol.  Yields  acetic  acid  when 
oxidised  by  moist  Ag.^O  (Linnemann,  M.  6,  369). 

PROPYLENE-OXIDE  CARBOXYLIC  ACID  v. 
Methyl-glycidic  acid. 

PROPYLENE   PHENYL  ETHYL  KETATE 

^™^-^>CPhEt.    (235°  cor.).    S.G.  .gsg. 

Formed  by  dropping  C3H„C1.0Bz  into  a  mixture 
of  ZnEt.,  and  toluene,  and  then  adding  water 
(Morley  a.  Green,  C.  J.  47,  134  ;  B.  17,  3015). 
Oil,  with  pleasant  odour  ;  sol.  ether.  Not 
attacked  by  alcoholic  potash,  by  AcCl,  by  Na, 
by  hydroxylamine,  by  phenyl-hydrazine,  or  by 
HClAq  at  155°.  HI  at  200°  yields  M  and 
phenyl  ethyl  ketone.  By  dissolving  in  H,SO, 
and  pouring  into  water,  it  is  split  up  into 
propylene  glycol  and  CsH^.CO.C.Hj.  Nitric  acid 
oxidises  it  to  acetic  and  benzoic  acids.  Bromine 
forms  a  mono-bromo-  derivative  (230°). 

PROPYLENE  -  PROPYL  -  4-  -  THIO  -  UREA 

^^'^•^^C.NHPr.  [237°].    Formed  by  heating 

allyl-propyl-thio-urea  with  cone.  HClAq  at  100° 
(Avenarius,  B.  24,  264).  Oil— P  i  c  r  a  t  e  [123°]. 

PROPYLENE  SULPHIDE  CjH.S.  Formed 
from  C-iH^Br,  and  alcoholic  Na.S  (Husemann,  A. 
126,  296).    Amorphous  powder. 

PROPYLENE  SULPHOCYANIDE  CsH^N^S, 
i.e.  CH3.CH(SCy).CH,(SCy).  Formed  by  heating 

C.  ,H,.Br„  with  potassium  sulphocyanide  and 
aicohol'at  100°  (Hagelberg,  B.  23,  1086).  Insol. 
water,  sol.  alcohol  and  ether. 


820 


PROPYLENE  DISULPHONIC  ACID. 


PE.OPYLENE  DISULPHONIC  ACID  v.  Pro-  I 

PANE  DISULPHONIC  ACID. 

PROPYLENE  SULPHONIC  ACID 

CH,:CH.CH,.SO.,H.  Formed  by  boiling  allyl 
iodide  -with  cone.  KoSOjAq  (Von  Ead,  A.  161, 
-218).— KA'.  Crystalline  solid.— (EA'),KJe-— 
(KAOsKJ.,.  White  solid. 

PROPYLENE  TRI-THIO-CARBONATE 
CjHjtCS^.    S.G.  52  1-31.    Formed  from  CaH^Br., 
and  NaXS;,  (Husemann,  A.  126,  269).  Thick 
liquid,  of  disagreeable  smell. 

PROPYLENE-i|/-THIO-UREA    C^HsN^S  i.e. 

^^'^^^CiNH.    Imido-methyl-thiazole  tetra- 

hydride.  Formed  by  heating  allyl-thio-urea 
with  HClAq  (S.G.  1-17)  under  pressure  at  100° 
(Gabriel,  B.  22,  2985).  Formed  also  from 
;8-bromo-propyl-amine  hydrobromide  and  po- 
tassium sulphocyanide  (Hirsch,  B.  23,  965). 
Liquid.  —  B'oH.J'tCl,.  [212°].  —  B'HAuCl,.  — 
B'C^HjNaO,.  [200°].  —  Methylo  -  iodide 
[172°].    Colourless  prisms. 

PROPYLENE->f/-UREA  CH^NH /"^"^^  • 
Formed  by  heating  allyl-urea  with  HClAq  at 
100°  (Gabriel,  B.  22,  2990),  and  by  heating 
j8-bromo-propyl-amine  hydrobromide  with  po- 
tassium cyanate  at  100°  (Hirsch,  B.  23,  966).— 
E'C^HsN-sO,.    [186°].    Needles.— B'jHjPtCle. 

PROPYL  ETHER  v.  Di-pkoptl  oxtde. 

PROPYL-ETHYLENE  v.  Amtlene. 

PROPYL-EUGENOL  v.  Edgenol. 

PROPYL  FLUORIDE  PrF.  (2°).  V.D.  2161 
at  20°  (calc.  2-175).  S.  1  at  15°.  Formed  by 
gently  warming  AgF  with  PrI  (Meslans,  C.  B. 
108,  352).  Gas,  with  ethereal  odour  and  hot, 
sweet  taste.  Has  no  action  on  glass  when  dry. 
V.  sol.  alcohol,  ether,  and  benzene. 

Isopropyl  fluoride  ?rF.  (-5°).  S.  1-5  at 
15°.  S.  (alcohol)  29  at  16°.  V.D.  2-171.  Formed 
from  AgF  and  PrI.  Gas,  not  affected  by  KOHAq 
at  100°.  Br  at  30°  forms  a  hquid  (143°),  while 
■chlorine  forms  a  liquid  (105°). 

ISOPROPYL-FORMAMIDE  v.  Formamide 
in  article  on  Fonisiic  acid. 

DI-PROPYL-FURFURANE  C^H^Pr^O.  (120°). 
One  of  the  products  of  the  distillation  of  sodium 
citrate  with  lime  (Bischoff,  B.  23,  1918). 

DI-PROPYL-GLUTARIC  ACID  Ci,H.,„0<  i.e. 
(C0.,H.CH.Pr)2CH,.  [89°].  Formed  by  heating 
((C62H)..CPr)„CH„  above  170°  (Dressel,  A.  256, 
190).    Needles,  v.  si.  sol.  water,  v.  sol.  ether. 

PROPYL-GLYCOL      Propylene  glycol. 

PROPYL-GLYOXAL.  Mono-oxim. 
C3H,.C0.CH:N0H.  [51°].  Formed  from  methyl 
propyl  ketone,  amyl  nitrite,  and  HCl  or  NaOEt 
(Claisen  a.  Manasse,  B.  22,  528).  Pearly  plates. 

Di-oxim  Pr.C(NOH).CH(NOH).  [168°]. 

Di-phenyl-di-  hydrazide 
PrC(N„HPh).CH(N„HPh).    [163°].  Needles. 

PROPYL  -  GLYOXALINE  C.H.oN,,  (219°- 
223°).  S.G.  iiJ  -267.  Formed  by  heating  gly- 
oxaline  withPrBr  (Wallach,  B.  15,  650  ;  16,  534; 

214,  321).  Liquid,  miscible  with  water.  HgCl.^ 
added  to  its  aqueous  solution  gives  a  pp.  sol. 
HClAq.— B'jHjPtCls.    Crystals,  sol.  hot  water. 

Propyl-glyoxaline  ^^nH^^^'' 
Formed  from  glyoxal,  m-butyric  aldehyde  and 
NH3  (Eieger,  M.  9,  603).     Oil.  —  B'^H^CjO^. 


I  [192°].— B',H,C20, 2aq :  [161°] ;  plates  or  needles. 
— B' JI..PtClg :  yellow  prisms. 

Isopropyl-glyoxaline.  Glyoxal-isohutyline. 
[129°].  _(c.  250°).  Formed  from  glyoxal  and 
isobutyric  aldehyde-ammonia  (Eadziszewski,  B. 
16,  747).  Needles,  sol.  alcohol,  benzene,  and 
hot  water.— B'HCl.  [105°]  (Kieger).— B'HBr. 
[222°].— B'HAO^.  [195°]. 

Di  -  propyl  -  glyoxaline  CsHgPrNj.  (227°). 
S.G.  is  "939.  Formed  by  heating  propyl-gly- 
oxaline with  PrI  (Kieger,  ill.  9,  607). 

71-PROPYL-GLYOXYLIC  ACID  Pr.CO.COJI. 
(180°-185°)  at  760  mm.;  (115°)  at  84  m'm. 
Got  by  the  action  of  HCl  on  the  nitrile  (133°- 
137°)  which  is  made  from  AgCy  and  butyryl 
chloride  (E.  Moritz,  C.  J.  39,  16).  Liquid. 

Amide  CjH^O.CONH^.  [106°].  Formed 
from  the  nitrile  and  cone.  HClAq. 

Oxim  PrC(NOH).CO,H.  [144°].  Formed 
by  the  action  of  alcoholic  soda  and  NaNO.,  on 
propyl-acetoacetic  ether  (Fiirth,  B.  16,  2180). 
Small  needles,  v.  sol.  alcohol,  si.  sol.  water. 

Isopropyl-glyoxylic  acid  "Pr.CO.CO.H.  A 
mixture  (93°  at  45  mm.)  of  this  acid  with  iso- 
butyric acid  is  got  by  the  action  of  HCl  on  di- 
isobutyryl  dicyanide  (Moritz,  C.  J.  39,  14). 
Amide  " Pr.CO.CONH„.  [126°]. 
PROPYL  HEPTYL  KETONE  C^H-.CO.CjH,.. 
[12°].  (222°).  S.G.  ^-828.  Formed  by  distilling 
calcium  butyrate  (Limpricht,  A.  108,  185). 

PROPYL  HEPTYL  OXIDE  PrOC,H,5.  (188°). 
S.G.  H  -7987.  S.V.  245-6.  C.E.  (0°-10°)  -00099 
(Dobriner,  A.  243,  7). 

DI- ISO- PROPYL -HEXINYL  DIKETONE 
Pr.C0.C3H,:C.,H..C0.Pr.  Di-isobutyrone.  (c. 
266°).  Formed  by  the  action  of  sodium  on  iso- 
butyric ether  (Bruggemann,  A.  246,  151). 

PROPYL  -  HEXYL  -  CARBINOL  v.  Decyl 
alcohol. 

PROPYL-HEXYL-GLYOXALINE  C^HijPrN,. 
Oxalpropylcenanthijline.  (286°).  S.G.  12  -919". 
Formed  from  hexyl-glyoxaline  and  PrBr  (Karez, 
M.  8,  222).  Oil. 

PROPYL  HEXYL  KETONE  Pr.CO.C.H.j. 
[-9-5°].  (207°].  S.G.  f  -824.  Formed  by 
oxidation  of  the  corresponding  alcohol  (Wagner, 
J.  pr.  [2]  44,  271).  Needles.  Oxidised  by 
K,Cr,0,  and  HnSOj  to  heptoie  and  propionic 
acids. 

Isopropyl  hexyl  ketone  Pr.C0.C„H,3.  (200°- 
210°).  S.G.  -841.  Formed  by  distilling  calcium 
isobutyrate  with  calcium  heptoate  (Fuchs,  J.  R. 
7,  334).  Yields  acetone,  HOAc,  and  heptoie  acid 
on  oxidation. 

PROPYL  HYPOPHOSPHATE  Pr,P„0,.  S.G. 
1-134.    Formed  from  Ag^PgO^  and  PrI  (twice 
the  calculated  quantity)  at  120°  (Sanger,  A. 
232,  12).    Oil.    Decomposed  by  hot  water. 

Propyl-hypophosphate  of  barium 
PrBaHP.,0,.  6aq.  Needles. 

PROPYLIDENE-ACETIC  ACID  v.  Pentenoic 
acid. 

ISOPROPYLIDENE-AMIDO-PHENOL 

CMeoiN.CjHj.OH.  [158°].  Formed from^-amido- 
phenol,  acetone,  and  HOAc  (Haegele,  B.  25, 
2755).    Colourless  plates. 

ISO-PKOPYLIDiNE-ANILINE  C,H,N:CMe„. 
(228°).  V.D.  66-4  (calc.  66-5).  From  acetone 
and  aniline  in  presence  of  dehydrating  agents 
(Engler  a.  Heine,  B.  6,  638;  Eiehm,^.  238,  10). 
Liquid  ;  rapidly  turning  brown  in  air.    Its  salts 
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are  v.  sol.  water  and  alcohol. — B'^ILSO,, :  decom- 
poses at  23.5°. 

PROPYLIDENE  CHLORIDE  v.  Di-chloro- 

PROPANE. 

PEOPYLIDENE  -  HYDRAZIDO  -  BENZENE 
p-SULPHONIC    ACID  CMe.rN.NH.CsHj.SOaH. 

Got  irom  ^-hydrazido-benzene  sulphonic  acid 
(phenyl-hydrazine  p-sulplionic  acid)  and  acetone 
{Pftilf,  A.  239,  216).    Plates,  m.  sol.  hot  water. 

ISO-PROPYLIDENE  HYDRAZINE 
CMe,,:N.NH,.  (125°).  Formed  from  acetone  and 
hydrazine  hydrate  (Curtius,  J.  ^n-.  [2]  44,  543). 
Mobile  liquid  decomposing  when   kept,  with 
evolution  of  N  and  NH,. 

ISO-PROPYLIDENE-PHTHALIDE  C,,H,(,0,, 

i.e.  C,H,<^^[^^>0.      [90°].     Formed  by 

heatinK  jjlitlialic  anhydride  with  NaOAc  and  iso- 
butyric  acid  or  pyrotartaric  acid  (Gabriel  a. 
Michael,  B.  11,  1683;  Eoser,  B.  17,  2776). 
Needles,  si.  sol.  hot  water.  Converted  by  boiling 
alkalis  into  Pr.CO.C.H^.CO.H. 

DI-ISO-PROPYLIDENE  DISTJLPHONE  v. 
Tbtea-methyl-di-methylene  disulphone. 

ISOPROPYLIDENE  -  DI  -  THIO  -  DIGLY- 
COLLIC  ACID  CMe,(S.CH2.CO,H)2.  [127°]. 
Formed  from  thioglycollie  acid,  acetone,  and 
ZnCU  (Bongartz,  B.  21,  482).  Crystals  (from 
chloroform). 

ISOPROPYL  INDOLE  C„H,3N  i.e. 

CeH,<;^^'^CH.    (288°).    Formed  by  heating 

the  phenyl-hydrazide  of  isovaleric  aldehyde  with 
ZnCL  at  180°  (Trenkler,  A.  248,  106).  Oil, 
solidifies  by  cold.  Yields  a  dihydride  (c.260°) 
and  a  piorate  [99°]  crystallising  in  red  needles. 
Di-isopropyl-indole  C,4H,gN  i.e. 

CH  •CH  C  NH^*^^-  (295°-300°).  Formed 

by  the  action  of  dilute  H„S04  on  isopropyl-pyr- 
role  in  the  cold  (Dennstedt^  B.  21,  3430).  Needles 
(from  dilute  alcohol).  Colours  acidified  pine- 
wood  red.  Yields  a  pier  ate  [115°]  and  an 
acetyl  derivative  [186°].  Benzoic  aldehyde 
and  ZnCL,  form  C,,H,oN„  [c.  164°]. 

?i-PRO'PYL  IODIDE  C,H,I.  (102-5°)  (Brown, 
Pr.26,  238).  S.G.  g  1-7829  (Dobriner,  A.  243, 24) ; 
ig  1-7673  ;  {i  1-7585  (Perkin) ;  ^£  1-7427  (Brahl, 
A.  203,  15)."    C.E.  (0°-10°)  -00105.  fig  1-5157. 

47-05.  M.M.  11-08  at  18°.  S.V.  106-9. 
Formed  from  propyl  alcohol  (60 g.), iodine  (127  g.), 
and  red  P  (10  g.),  the  yield  being  90  p.c.  of  the 
theoretical  amount  (Chancel,  Bl.  [2]  39,  648; 
cf.  Linnemann,  A.  160,  240).  Oil. 

Isopropyl  iodide  PrI.  (89°).  S.G.  1-7033 
(Briihl);  i5  1-7163;  |S  1-7005  (Perkin).  M.M. 
11-182  at  26°.  ^;3l-510'8.  R,^,  47-48.  S.V.  108-3. 
Formed  by  the  action  of  HI  on  isopropyl  alco- 
hol, propylene  glycol,  glycerin,  allyl  iodide,  or 
propylene  (Linnemann,  A.  161,  26 ;  Wurtz,  A. 
Siippl.  1,  381 ;  Erlenmeyer,  A.  126,  305  ;  189, 
228  ;  Maxwell  Simpson,  A.  129,  127  ;  Berthelot, 
A.  104,  184  ;  Butlerow,  A.  145,  275).  Prepared 
by  distilling  glycerin  (200  g.)  with  I  (300  g.), 
water  (160  g.),  and  clear  phosphorus  (55  g. 
added  slowly)  in  a  current  of  CO,  (Mar- 
kownikoff,  A.  138,  364  ;  R.  Meyer,  J.  pi'.  [2]  34, 
98).  Obtained  also  by  saturating  allyl  iodide 
with  HI  and  heating  in  sealed  tubes  at  100° 
(Malbot,  C.  R.  107,  114  ;  Bl.  [2]  50,  449  ;  A.  Oh. 
[6]  19,  352).    Oil,  converted  by  Br  into  PrBr. 
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The  copper-zinc  couple  decomposes  it  at  50°, 
giving  off  gases  (Gladstone  a.  Tribe,  C.  J.  26, 
969). 

PROPYL-ITACONIC  ACID  CJ1^„0^  i.e. 
CO,H.CH,,.C(CO,H):CHPr.  [159°]."  Formed  by 
heating  propyl -paraconie  ether  with  alcoholic 
NaOEt,  and  saponifying  the  product  (Fittig,  A. 
256,  106  ;  cf.  Schmidt,  A.  255,  83).  Tufts  of 
prisms,  insol.  chloroform,  v.  sol.  ether.  Reduced 
by  sodium-amalgam  to  butyl-succinio  acid  [81°]. 
Bromine,  followed  by  hot  water,  gives  rise  to 

CHPr^'-'^Q  ^=^)^CH  [124°].— BaA". 

DI-PROPYL-KETINE      v.  Di-METH-m-ni- 

PROPYL-PYRAZrNE. 

DI-PROPYL  KETONE  C.H,^0  i.e.  COPr.,. 
Butyrone.  Mol.  w.  114.  (14.5°).  S.G.  -8217"; 
2|  -8145.  H.C.  1,053,064  (Louguinine,  Bl.  [2]  41, 
389).  Prepared  by  distilling  calcium  butyrate 
alone  or  mixed  with  CaCO,  (Chancel,  4.52,  295  ; 
Kurtz,  A.  161,  205;  Schmidt,  B.  5,  597). 
Formed  also  from  ZnPr2  and  butyryl  chloride, 
by  the  oxidation  of  di-propyl-carbinol  (Schtscher- 
bakoif,  J.  R.  13,  346),  and  by  heating  butyryl 
chloride  (1  mol.)  with  FeCl,  (1  mol.)  at  50° 
(Hamonet,  Bl.  [2]  50,  355).  Got  also  by  heating 
butyric  anhydride  with  sodium  butyrate  at  180° 
(Perkin,  C.  J.  49,  325).  It  is  also  one  of  the 
products  formed  by  the  action  of  sodium  on 
butyric  ether  (Briiggemann,  A.  246,  140).  Oil, 
sol.  alcohol.  Does  not  combine  with  NaHSO., 
or  NHj.  Chromic  acid  yields  propionic  and 
butyric  acids.  Treatment  with  Zn  and  EtI  fol- 
lowed by  water  gives  ethyl-di-propyl-carbinol ; 
while  Zn,  Mel,  and  water  give  methyl-di-ethyl- 
carbinol  (A.  Saytzeff,  J.pr.  [2]  31,  320).  Sodium- 
amalgam  forms  sec-heptyl  alcohol  and  a  pina- 
cone'  CuHjoOo  [68°]  (c.  260°).  PCL  yields 
C,HnCU  (181°)  and  C,H,3C1  (141°)  (Tavildaroff, 
B.  9,  1442).  Gives  on  chlorination,  when  cooled 
by  ice  and  salt,  the  compound  Pr.CO.CHCl.Et 
(c.  175°)  converted  by  NH,  into  tetra-propyl- 
pyrazine  (Vladesco,  Bl.  [3]  6,  835).  P^O^  forms 
(C,H,„)j  (200°-2.50°)  (Tavildaroff,  B.  9,"  1442). 

Oxim  Pr2C:N0H.  (190°-195°)  (Meyer  a. 
Warrington,  B.  20,  501).  Yields  an  acetyl 
derivative. 

Di-isopropyl-ketone  Pr.CO.  (124°  cor.). 
S.G.  f  -8230;  f  -8063  (Poletoeff,  J.  B.  20, 
672).  H.C.  1,044,559  (L.).  R^o  33-46.  Formed 
by  distilling  calcium  isobutyrate  (Popoff,  B.  6, 
1255;  Miinde,  7,  1370  ;  4.180,327).  Formed 
also  by  heating  tetra-methyl-phloroglucin  with 
HClAq  at  200°  (Spitzer,  M.  11,  288).  Oil,  with 
ethereal  odour,  miscible  with  alcohol  and  ether. 
Does  not  unite  with  NaHSOj.  Reduces  ammo- 
niacal  AgNO,.  Yields  isobutyric  and  acetic 
acids  and  C0,_,  on  oxidation,  and  sec-heptyl 
alcohol  (c.  140°  cor.)  on  reduction. 

Oxim  Pr,C:NOH.  [8°].  (c.  183°).  Liquid, 
converted  by  AcCl  into  Pr,C:NOAc,  which  on 
heating  produces  PrCO.NHP'r  (M.  a.  W.). 

Dipropyl-diketone  v.  Dibdtyryl. 

Reference. — Chloro-di-isopropyl-ketone. 

PROPYL-LUPETIDINE  v.  Di-methyl-propyl- 

PYRIDINB  HEXAHYDRIDE. 

PROPYL-LUTIDINE  v.  Di-methyl-propyl- 

PYRIDINE. 

PROPYL-MALONIC  ACID  C,I{^„0,  i.e. 
CHPr(CO.,H)      Mol.  w.  146.    [84°]  (S.) ;  [96°] 
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(F.).  H.C.p.  675,000.  H.C.v.  674,700.  H.F. 
234,000  (Stohmann,  J.pr.  [2]  40,  211). 

Ethyl  ether  Et.A".  (222°)  (Fiirth,  ilf.  9, 
309).  ti.Q.  i#  -9931 gS  -9854.  M.M.  10-367 
at  18°  (Perkin,  C.  J.  45,  514).  Formed  from 
malonic  ether,  PrI,  and  zinc  or  NaOEt. 

Isopropyl-malonic  acid  CPrH(C02H),.  [87°]. 
H.C.v.  674,900.  H.C.p.  675,200.  H.F.'233,800 
(Stohmann).  Formed  by  saponifying  its  ether, 
which  is  made  from  sodium-malonic  ether  and 
PrI  (Conrad  a.  Bisehoff,  B.  13,  695;  A.  204, 
144).  Prisms,  sol.  water,  alcohol,  and  ether. 
Yields  iso- valeric  acid  at  180°. — Ag.A". 

Ethyl  ether  Et^A".  (214°).  '  S.G.  f?  -997 
(C.  a.  B.)  ;  i|  -9927  ;  If  -9852  (Perkin).  M.M. 
10-482  at  17°. 

References. — Di-bkomo-   and  Oxy-  peopyl- 

MATiONIO  ACID. 

ISOPROPYL-MALONIC  ALDEHYDE  NI- 
TRILE  PrCH(CN).CHO.  (137°).  V.D.  3-83  (calc. 
3-87).  S.G.  i5  -911.  Formed  by  heating  iodo- 
isovaleric  aldehyde  with  KCy  or  AgCy  (Chau- 
tard,  A.  Ch.  [6]  16,  188).  Oil  which  reduces 
Pehling's  solution.    Miscible  with  alcohol  and 

rt-'pROPYL  MERCAPTAN  PrSH.  Mol.  w. 
76.  (68°)  (Eoemer,  B.  6,  784;  Schatzmann, 
A.  261,  7).  Formed  from  PrBr  and  alcoholic 
KSH.  Oil,  smelling  like  mereaptan.  Hg(SPr)j. 

Isopropyl  mereaptan  PrSH.  (57°-60°) 
(Henry,  B.  2,  495 ;  Claus,  B.  5,  659  ;  8,  532). 
Formed  from  PrI  and  alcoholic  KSH.  Hg(SPr)2: 
white  plates  (from  alcohol). 

PROPYL-METHANE  is  Bdtahe. 

Di-propyl-methane  v.  Hbptake. 

DI-PROPYL-TRIMETHYLENE  TRISTJL- 

PHONE  CPr.<;gQ^-^2'>S0"  [297°].  Formed 
from  sodium  trimethylene  trisulphone  and  PrI 
in  alcohol  (Camps,  B.  25,  244).  Slender  needles, 
m.  sol.  boiling  alcohol. 

Hexa  -  propyl  -  trimethylene  trisulphone 

CPr,<gQ--^p^->SO..     [133°].    Formed  from 

the  trisulphone,  PrI,  and  alcoholic  NaOH 
(Camps).  Prisms. 

ISO-PROPYL-NAPHTHALENE  C.sH,,  i.e. 
C,„H,Pr.  (265°).  V.D.  5-85.  Formed  by  heat- 
ing naphthalene  with  PrBr  and  AICI3  (Eoux,  Bl. 
[2]  41,  379 ;  A.  Ch.  [6]  12,  289).  Oil,  sol.  alco- 
hol and  benzene.  Yields  (/8) -naphthoic  acid  on 
oxidation. — E'C^HaNaO,.    [90°].  Lemon-yellow 

I166(il6S. 

PROPYL  NITRATE  PrNO,.  (110-5°)  (Per- 
kin, C.  J.  55,  683).  S.G.  if  1-0631;  |f  1-0531. 
M.M.  4-085.  Formed  by  distiUing  w-propyl 
alcohol  with  HNO,  and  a  little  urea  (Wallach  a. 
Schulze,  B.  14,  420).  Forms  with  anthracene 
C„H,„PrN03  [92°]  crystallising  in  four-sided 
prisms  (Perkin,  jun.  a.  Mackenzie,  C.  J.  61,  866). 

Isopropyl  nitrate  PrNO^.  (102°).  S.G.  2 
1-054  (Silva,  A.  154,  256). 

Reference. — Chlouo-isopeopyl  nitrate. 

PROPYL  NITRITE  PrO.NO.  (43°-46°) 
(Cahours,  G.  R.  77,  749) ;  (53°-60°)  (Pribram  a. 
Handl,  M.  2,  655).  S.G.  ^  -935  (C.)  ;  %  -998 
(P.  a.  H.).  Formed  by  passing  nitrous  acid  gas 
into  M-propyl  alcohol. 

Isopropyl  nitrite  PrNO^.  (44°).  S.G.  2 
■856 ;  ^  -844  (Silva,  Bl.  [2]  12,  227 ;  Kissel, 
J.  B.  1882,  226). 


PROPYL  >|/-NITROLE  C^H.NA  i.e. 
CH3.C(NO„)(NO).CH3.     Mol.  w.     118.  [70°J 
(Bewad,  B.  24,  976).    Formed  by  adding  KNO2 
and  dilute  H.,SO,  to  an  alkaline  solution  of  iso- 
nitro-propane  CHMc.NO.^  (V.  Meyer  a.  Locher, 

B.  l,  670;  A.  175,  120).  Monoclinic  crystals, 
insol.  water  and  alkalis.  Forms  a  blue  liquid 
when  fused.  Its  solutions  in  alcohol  and  chloro- 
form are  blue. 

PROPYL-NITROLIC  ACID  CaH^N^O,  i.e. 
CH3.CH,.CH(N0.JN0  or  CH3.CII,.C(N0,):N0H. 
[C0°].  Formed  by  adding  potassium  nitrite  and 
dilute  HoSO,  to  an  alkaUne  solution  of  nitro- 
propane  CHa.CHo.CH^.NO,.  Formed  also  from 
Et.CBr,.N02  and  hydroxylamine  (V.  Meyer,  B. 
7,  670  ;  9,  395).  Prisms,  with  sweet  taste,  v. 
sol.  water,  alcohol,  and  ether.  Alkalis  form  a 
deep-red  solution.  Cone.  H.SOj  forms  propionic 
acid  and  N.,0. 

PROPYL  OCTYL  OXIDE  Pr-C.G^H,,.  (207°). 
S.G.  g  -8039.  C.E.  (0°-10°).  -00101.  S.V. 
272-4  (Dobriner,4.  243,  7). 

DI-PROPYL  OXIDE  Pr^O.  Propyl  ether. 
(90-7°  i.V.).     S.G.  §  -7633  (Zander,  A.  214, 163). 

C.  E.  (0°-10°)  -00125  (Dobriuer,  A.  243,  20). 
S.V.  150-9.  Formed  from  PrI  and  KOPr  (Chan- 
cel, A.  151,  304).  Got  also  from  PrI  and  Ag,0 
(Linnemann,  A.  161,  37)  and  by  heating  w-propyl 
alcohol  with  H.>SOi  at  135°  (Norton  a.  Prescott, 
Am.  6,  243). 

Di-isopropyl  oxide  ¥r.f).  (68-8°  i.V.).  S.G. 
2  -7435.  C.E.  (0°-10°)  -00130.  S.V.  151-6 
(Zander).  Got  from  PrI  and  AgjO  (Erlenmeyer, 
A.  126,  306). 

PROPYL  OXYBUTYL  KETONE 
C3H,.CO.CH(OH).C3H,.  Butyroin.  (180°.-190°). 
Formed  from  di-?i-propyl  diketone  and  alcoholic 
KOH  (Klinger  a.  Schmitz,  B.  24,  1273).  Yields 
a  phenyl-hydrazide  [135°]. 

PROPYL-PHENOL  v.  Cdmenol. 

PROPYL-PHENOL   CARBOXYLIC  ACID  v. 

OXY-CDMINIC  ACID. 

Isopropyl-phenol  dicarboxylic  acid 

C,H,Pr(OH)(C02H)2.  [295°].  Formed,  together 
with  oxy-cuminic  acid,  by  the  action  of  Na  and 
CO.,  on  isopropyl-phenol  (Fileti,  G.  16,  126). 
Tables  or  needles,  sol.  water  and  alcohol. 

p-PROPYL-PHENYL-ACETIC  ACID 
GjHj.CfiHi.CHjCOJB.  [52°].  Formed  by  saponi- 
fying the  nitrile,  which  is  got  from  oj-chloro- 
cymene,  alcohol,  and  KCy  at  100°  (Eossi,, 
A.  Suppl.  1,  139).  Small  needles  (from  hot 
water). — AgA' ;  slender  needles. 

References. — Amido-  and  Oxy-psopyl-phenyl- 

ACETIC  ACID. 

PROP YL-PHENYL- AMINE  w.  Amido-phenyl- 

PEOPANE  and  PkOPYL- ANILINE. 

ISOPROPYL-PHENYL-  v.  Cumyl-. 
ISOPROPYL-PHENYL-CINNAMIC  ACID 

Pr.C,H^.C(CHPh).C02H.  [184°].  Formed  from 
Pr.C^Hi.CH2.C0._.Na,  benzoic  aldehyde,  and  AcjO 
(Magnanini,  G.  15,  509).  Needles  (from  dilute 
alcohol). — CaA'2. — AgA '. 

ISOPROPYL-PHENYL-^-COUMARIC  ACID. 

Methyl  derivative 
Pr.C,H,.C(C02H):CH.C,.H,.0Me.  [199°].  Formed 
from  Pr.CjHj.CHj.COjNa,  anisic  aldehyde,  and 
AcjO  (Magnanini,  G.  15,  511).    Prisms  (from 
alcohol). — AgA'. 

DI-p  -  PROPYL  -  DI  -  PHENYL  -  CYANAMIDE 
C(N.CeHjPr)2.     [168°].     Formed  by  heating 
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CS(NH.C„H,Pr)„  with  benzene  and  PbO  (Fianck- 
sen,  B.  17,  1'228).  Needles. 

PROPYL-BENZONITRILE  v.  NUnlc  of  Cu- 

MINIC  ACID. 

ISOPROPYL  -  DI  -  PHENYL  -  ETHYLENE 

C6H,.CH:CH.C,H,J?r.  [84°].  Formed  by  heat- 
ing phenyl-aoetic  acid  with  cuniinic  aldehyde 
and  NaOAo  at  250°  (Michael,  Am.  1,  314). 
Scales  (from  alcohol),  v.  si.  sol.  hot  water. 

m-p-  PROPYL  -  DIPHENYL  -  GUANIDINE 
NH:C(NH.C5H.,Pr),,.  [113°].  Formed  by  heating 
di-propyl-di-phenyl-thio-urea  with  alcoholic  NHj 
and  PbO  (Francksen,  B.  17,  1225).  Needles,  v. 
sol.  warm  alcohol  and  ether. — Platinochlor- 
ide  (C,gH.„N,j),,H,jPtCl8 :  yellowish-brown  pp. 

Tri-propyl-tri-phenyl-guanidine 
C,H,PrN:C(NH.C,H,Pr).,.    Formed  by  heating 
CS(NH.C„H,Pr),,  with  C^H.Pr.NH,,  alcohol,  and 
PbO.     Amorphous  resin,    v.   sol.  alcohol. — 
B'.JJ.,PtCl5 :  brown  powder. 

'pIi-PEOPYL-PHENYL  METHYL  KETONE 
CHj.CO.O.H^Pr.  (251)'°  i.V.).  S.G.  -979. 
Formed  from  w-cumene,  AcCl,  and  AICI3  (Wid- 
mann,  B.  21,  2224).  Colourless  liquid.  Yields 
an  oxim  [54°],  which  melts  at  44°  after  fusion. 
The  phenyl-hydrazide  [92°]  forms  six-sided 
hatchet-shaped  tables. 

Isomeride  CH.,.CO.C,H^Pr.  (253°).  Yields  an 
oxim  [71°]  and  a  phenyl-hydrazide  [82°]. 

ISOPROPYL-PHENYL  PHOSPHATE 
PO(O.C,H^Pr),,.    (375°-380°  at  280  mm.).  Got 
from  isopropyl-phenol  and  PBr^  (Fileti,  G.  IG, 
130).   Viscid  liquid,  insol.  water,  sol.  alcohol. 

25  -  ISOPROPYL  -  (P//.  3)  -PHENYL-QUINOL- 

INE  C„H„N  i.e.  C.H,<g^-g_^^jj^j,^..  [60°]. 

Formed  by  heating  its  carboxylic  acid  with  soda- 
hme  (Dobner,  A.  249,  102).  Needles,  si.  sol. 
water.  —  B'.jajPtCl,  2aq.  —  B',H,,Cr,,0,.  — 
Picrates:  [195°];  plates  (from  alcohol). 

Carboxylic  acid  0,H,<^(3—licS„H,Pr. 
[201°].  Formed  from  cuminic  aldehyde,  pyru- 
vic acid,  and  aniline  (Dubner).  YeUow  plates 
(from  HOAc). — AgA' :  white  powder. 

p-PROPYL-PHENYL-THIOCARBIMIDE 
CsH^Pr.N:CS.    (203°).    Formed  by  heating  di- 
propyl-di-phenyl-thio-urea  with  syrupy  H^PO^ 
(Francksen,  B.  17,  1223).     Oil,  volatile  with 
steam,  v.  sol.  alcohol  and  ether. 

23-PROPYL-PHENYL-THIO-URE A  C,oH,  ,N,S 
i.e.  NHj.CS.NH.CsHiPr.  [159°].  Formed  from 
amido-phenyl-propane  hydrochloride  and  am- 
monium sulphocyanide  (Francksen,  B.  17, 1222). 
Needles,  sol.  alcohol  and  ether. 

Di-propyl-di-plienyl-thio-urea 
CS(NH.CsH,Pr).„   [138°].    Formed  from  amido- 
phenyl-propane,  OS,,,  and  alcohol  (F.).  Plates. 

PROPYL-PHENYL-UREA  C,„H,,N.,0  i.e. 
NtL,.C0.NHG„H^Pr.  [143°].  Formed  "by  the 
action  of  potassium  cyanate  on  amido-phenyl- 
propane  hydrochloride  (Francksen,  B.  17, 
1225).    Plates,  sol.  hot  alcohol,  insol.  water. 

Di-|)-propyl-di-phenyl-urea  C0(NHCsH,Pr)2. 
[205°].  Formed  by  heating  amido-phenyl- 
propane  with  urea.  Formed  also  by  the  action 
of  COCL  on  amido-phenyl-propane  in  benzene, 
and  by  heating  amido-phenyl-propane  sulphate 
with  a  saturated  solution  of  potassium  cyanate. 
Needles,  v.  sol.  ether  and  hot  alcohol. 


PROPYL  PHOSPHATE  P0(0Pr)3.  Formed, 
together  with  PrCl  and  P0(0H),(0Pr)  (which  is 
sol.  water)  by  the  action  of  PCI,  on  Ji-propyl 
alcohol  (Winssinger,  Bl.  [2]  48,  111).  Oil.  V. 
sl.  sol.  water,  its  insolubility  being  gveateet 
at  75°.    Cannot  be  distilled,  even  i)i  vacuo. 

ISOPROPYL-PHOSPHINE  PrPH,,.  (41°). 
Formed,  together  with  Pr  PH  (118°)  and  StJ^, 
by  heating  PrI  with  PH  j  and  ZnO  for  0  hours 
at  100°  (Plofmann,  B.  6,  292).  Liquid,  with 
penetrating  odour.  Eeadily  absorbs  oxygen, 
taking  fire  on  a  hot  day. — '  B'HI :  decomposed  by 
water. 

Tri-isopropyl-phosphine  l^r^P.  Oil.  Forms 
red  crystals  with  CSj. — Pr.jPHI.  Large  crystals, 
V.  sol.  water. — PrjPI.    Cubes  or  octahedra. 

Di-chloro-isopropyl-phosphine  PrPCl,.  (c. 
135°).  Formed  by  heating  HgPr,,  with'  PCl^j 
(Michaehs,  B.  13,  2175).  Liquid. 

Reference. — Oxy-tri-propyl-phosphine. 

PROPYL  PHOSPHITE  P(0Pr)3.  (240°). 
S.G.  i5  1-004.  Formed  from  PCI3  and  NaOPr 
(Jaehne,  A.  256,  282).  Liquid. 

ISOPROPYL-ISOPHTHALIC  ACID 
C„H,Pr(COjH),,  [1:3:5].  [285°].  Formed  by 
heating  pyruvic  acid  with  isobutyric  aldehyde 
and  Ba(OH),  (Doebner,  B.  23,  2380  ;  24,  1748). 
Plates  (from  dilute  alcohol,  v.  sl.  sol.  cold  water). 
— BaA"  2Aaq.— CaA"  2\a.q. — Ag.,A''  aq. 

PROPYL-PHYCITE.'  According  to  Faucon- 
nier  (C.  B.  107,  629),  the  substance  described 
under  this  name  by  Carius  {A.  134,  71)  is 
glycerin. 

PROPYL-PIPERIDINE  v.  Propyl-pyridine 

HEXAUVDRIDE. 

PROPYL-PROPANE  v.  Hexane. 
(a)-PROPYL-PYRIDINE  CgH.iN  i.e. 

N<^^Pj,:^2^CH.   Coiujrine.   (168°).  Formed' 

by  distilHng  coniine  hydrochloride  with  zinc- 
dust  (Hofmann,  B.  17,  825  ;  Ladenburg,  A.  247, 
20).  Light  oil,  with  blue  fluorescence.  Yields 
picolinic  acid  [134°]  on  oxidation.  Eeduced  by 
cone.  HIAq  at  290°  to  coniine.— B'oHjPtCl,. 
[160°]  and  [172°].  Orange  monoclinic  tables. 
a:6:c  =  l-0622:l:l-5356  ;  /3  =  87°  13'.— B'Mel. 
Oil.— B',Me,,PtClu.    Crystals,  sl.  sol.  water. 

Tetrahydride    NH<;^^^:-.  q^^>CH,  or 

CH3.CH.,.CH:C<^^;^§^>CH,.     This  is  (7)- 

coniceine  (vol.  ii.  p.  248).  Yields  coniine  on  re- 
duction with  tin  and  HCl  (Lellmann  a.  Miiller, 
B.  23,  680). 

Ilexahydride  NH<]^q^|,^'q^-^CH.,.  In- 
active coniine.  (167°).  S.G.  2  -8626.  Formed 
by  reducing  (a)-allyl-pyridine  (derived  from  (a)- 
methyl-pyridine  and  paraldehyde)  in  alcoholic 
solution  with  sodium  (Ladenburg,  B.  19,  2579  ; 
A.  247,  80).  Oil,  optically  inactive.  Can  be 
separated  by  means  of  the  acid  tartrate  into  a 
dextro-  modification  (coniine)  and  a  Ifevo-  modi- 
fication.—B'HCl.  [203°]  (L.) ;  [213°]  (L.  a.  M.). 
V.  sol.  water.— B',HJ'tCla.—B'„H,,CdI,.  [118°]. 

(/3) -Propyl-pyridine  N<^J5:^pr>CH.  Col- 

lidine.  (170°).  Got  by  passing  nicotine  through 
a  red-hot  tube  (Cahours  a.  Etard,  J.  1881,  928). 
Yields  nicotinic  acid  on  oxidation. 

I  2 


324 


PROPYL-PYRIDINE. 


(a)  -  Isopropyl  -  pyridine  N^^^^.J^g^CH. 

(159°).  S.G.  2  -9342.  Formed,  together  with 
the  (7)-isomeride,  by  heating  pyridine  with  PrI 
and  PrI  at  290°  (Ladenburg,  B.  17,  772,  1121  ; 
18,  1587  ;  A.  247,  22).  Liquid,  with  unpleasant 
odour,  si.  sol.  water.  Gives  picolinio  acid  on 
oxidation  with  KMnO.,.— B'^H^PtCl^.  [170°]. 
Hexagonal  rhombohedra,  a:c;=  1:'9489.  — 
B'HAuClj.  [91°].— B'C.HjNjO,.  [116°].  Needles. 
Mercuric  chloride  double  salt:  [90°]. — 
B'MeAuClj.  [128°]. 

Tetra-hydride  C^Hi^N.  (164°).  S.G.  ^ 
•896.  Formed  from  the  hexahydride,  Br,  and 
NaOHAq  (Ladenburg,  20,  1646).— B'.H.,PtCl6. 
[189°].  Tables. 

Hexahydride  CgH„N  i.e. 

^^<CHPr'.CH!>'^^--  " 

Formed  by  reduction  in  alcoholic  solution  by 
Na  (Ladenburg,  A.  247,  73).  Liquid,  more  sol. 
cold  than  hot  water.    Converted  by  Mel  into 


CSo  yields 


(C3H„N)2CS2  [105°].  — B'HCl.  [210°].  Tri- 
metric  prisms;  a:&:c  =  •814:1: -419.  —  B'HBr. 
[233°].~B'HI.  [243°].  — B'2H.,PtCl„.  [193°]. 
Monoclinic  prisms;  a:6:c  =  '977:l:l'385 ;  jS 
=  89°  38'.— "B'^nXdlj.  [133°]. 
f-Propyl-pyridine  hexahydride 

^^Kch'ch'/'^^-     (149°-150°).  Formed 
from  piperidine  and  PrI  (Ladenburg,  B.  14, 1348). 
Liquid. — B'^HoSnCI^ :  monoclinic  crystals. 
r-Isopropyl-pyridine  hexahydride 

■"^^^^^^Ch'  E'.HoSnCl, :  monoclinic 

crystals  (Hjortdahl,  J.  1882, 1085).— B'^H^PtCls. 

(7)  -  Isopropyl  -  pyridine  N<^g:^g^CPr. 

(178°).  S.G.  ^  -9439.  Formed  as  above,  being 
separated  by  means  of  the  platinocliloride, 
which  is  more  soluble  than  that  of  the  (a)-iso- 
meride.  Oil.  Yields  isonicotinic  acid  [305°] 
on  oxidation.— B',H.PtCle.  [205°].  Plates. 
Hexahydride  NH<^^2-CH,\_^jjj,^ 

(171°).  Formed  by  reducing  (7)-isopropyl- 
pyridine  in  alcoholic  solution  by  Na.  Fuming 
liquid,  V.  sol.  cold  water.— B'sH.PtCl,.  [172°]. 
Golden  prisms,  si.  sol.  water. 

i?e/«re»ces.  — OxY-PEOPYL-PYMDiNE  and  Oxy- 

PEOPYL-PIPEEIDINB. 

PKOPYL  PYRIDYL  KETONE  v.  Pyridyl 

PROPYL  KETONE. 

PEOPYL  -  PYKOGALLOL  C,H,.,03  i.e. 
CsH,Pr(OH),.  [80°].  Got  by  heating  its  di- 
methyl ether  with  cone.  HClAq  at  130°  (Hof- 
mann,  B.  8,  67  ;  11,  329).  Prisms  (from  benz- 
ene), V.  6.  sol.  water  and  alcohol.  FeSO  ,  colours 
its  aqueous  solution  blue  (Pastrovitch,  M.  4, 182). 

Methyl  ether  C,H2Pr(0H),(0Me).  (290° 
cor.).  S.G.  1-023.  Occurs,  together  with  the 
di-methyl  ether,  in  beech-wood  tar  (Pastro- 
vitch). Oil,  with  smoky  smell.  Gives  an  in- 
tense bluish-green  colour  with  Fed,  in  alcohol. 
— C,H.,Pr(OK).,(OMe).  Pearly  crystals  (from 
dilute  alcohol).  — C„H„Pr(OAc)j(OMe).  [83°]. 
Needles  (from  alcohol').— CsBr„Pr(0Ac)2(0Me). 
[79°].    Golden  needles. 


Di-methyl  ether  C6H,Pr(0H)(0Me),,. 
Picamar.  (c.  286°  cor.).  Occurs  in  beech-wood 
tar  (Eeichenbach,  A.  8,  224;  Niederist,  M.  4, 
487).  Oil,  with  bitter,  burning  taste.  Keduces 
salts  of  Au  and  Ag.  Yields  the  di-methyl  ether 
of  di-oxy-quinone  on  oxidation.— -CnHijO^K. 
Pearly  leaflets  (from  spirit).— C„H|5Ac03.  [87°]. 
Monoclinic  prisms;  a:6:c  = -39:1: -547  ;  0 
=  96°  29'.— CiiH.sBrjAcOa  [101°].  Trimetric 
prisms;  a:6:c  =  •99:l:l-93.- C„H„Bz03.  [91°]. 

Tri-methyl  ether  C6H.Pr(OMe)3.  (164°). 
Formed  from  propyl-pyrogallol  and  Mel  ("Will, 
B.  21,  2020). 

M-PKOPYL-PYEROLE  C,H,iN  i.e. 
CH'CH 

NPr<^gjj;ji,jj-.  (147°).  Formed  from  potassium 

pyrrole  and  PrI  (Zanetti,  B.  22,  2518).  Liquid. 

Isopropyl-pyrrole  C^H^PrN.  (174°).  Formed 
by  boiling  pyrrole  with  acetone  and  ZnClj 
(Dennstedt  a.  Zimmermann,  B.  20,  851 ;  21, 
1480).  Liquid.  Dry  HCl  passed  into  its 
ethereal  solution  forms  (C,H,,N),,HC1,  a  crystal- 
line salt  yielding  a  liquid  base  (c.  287°)  and  a 
picrate  (G,H„N),C,H3N30,  [146°].  AcoO  forms 
GjH3Pr:NAc  (222°-232°)  and  C^H.,AcPr:NH  [64°] 
(251°). 

ISOPP.OPYL-PYRRYL  STYRYL  KETONE 

NHC4H„Pr.C0.CH:CHPh.  [143°].  Formed  by 
boiling  NHC^H,Pr.CO.CH,  with  benzoic  alde- 
hyde and  dilute  KOHAq  (Dennstedt  a.  Zimmer- 
mann, B.  20,  853).    Yellow  crystals. 

{B.  3)-IS0PR0PYL-Q,UIN0LINE  C,j,HisN  i.e. 
CH  :GH.C.CH:CH  •    7-         -n  t 

CPr-CHCN-CH      Cumoqmnohne.  Formed 

by  heating  (Py.  3)-chloro-isopropyl-quinoline 
with  a  solution  of  HI  in  HOAc  (Widman,  B.  19, 
267).  Oil,  easily  volatile  in  steam.— Salts  : 
B'2H,PtCl,2aq.  [220°].  —  Picrate  :  [206°].  — 
Chromate:  [o.  92°].    Large  red  prisms. 

Methylo-iodide  B'Mel.    [c.  200°]. 

(Py.  2)-Isopropyl-quinoline 

C^H^^^-^H  .    [c.  10°].    (275°-280°)  at  715 

mm.    Formed  by  distilling  its  (Py.  3)-carboxylic 
acid  (Spady,  B.  18,  3383).  Liquid,  v.  sol.  alcohol 
and  ether.— B'^H^PtCl^.-^B'^HjCrjO,.— 
B'C^HjNjO, :  long  slender  needles. 

(Py.  3)-Isopropyl-quinoline  C,H,</^^^g^,. 

(255°).  Formed  by  heating  its  (Py.  l)-carb- 
oxylic  acid  with  soda-lime  (Doebner,  B.  20,  279  ; 
A.  242,  279).  Oil,  smelling  like  quinoline.  — 
B'^,PtCl„2aq:  yellow  needles.— E'C^HaN^O,. 
[150°].    Yellow  plates  (from  alcohol). 

Reference. — Chloro-   and   Oxy-  isopropyl- 

QUINOLINE. 

(Py.  2) -ISOPROPYL- QUINOLINE  (Py.  3)- 

CARBOXYLIC  ACID  C,H,<;^-^-^^q  [189°]. 

Formed  by  oxidation  of  (Py.  2,3)-isopropyl-iso- 
butyl-quiuoline  with  CrOj  and  dilute  H„S04 
(Spady,  B.  18,  3379).  Plates  (from  dilute"  al- 
cohol).—AgHA'2HN03.—(HA').^.^tCl6  :  prisms. 
(Py.  3)-Isopropyl-quinoline   (Py.  l)-carb- 

oxylic  acid  G,H^<^(^^£^-^^^,.  [146°].  Formed, 

together  with  C,9H.,„N20  [222°],  by  adding 
aniline  to  an  alcoholic  solution  of  isobutyric 
aldehyde  and  pyruvic  acid  (Doebner,  A.  242, 
276  ;  B.  20,  279).    Prisms  (containing  l^aq).— 
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HA'HCl.  —  (HA'),JE,,PtCl,aq.  —  (HA')  .HAuClj : 
lemon -yellow  needles. — AgA'. 

PROPYL  SILICATE  Si(OPr),.  (220°).  S.G. 
i-  -915  (Cahours,  C.  R.  76,  1388).  On  lieatins 
with  SiClj  at  IGO"  it  yields  (PrO),SiCl  (209'^)  and 
(PrO).,SiCl.,  (187°). 

DI-PRUPYL-DI-STYEYL  KETONE 
(C3H,.C,ii.,.CH:CH),C0.    [10(j°].    Formed  from 
cuminic  aldehyde,  acetone,  alcohol,  and  NaOHAq 
(Claisen  a.  Ponder,  A.  223, 148).  Prisms. 

ISOPROPYL-STYRYL-PHENOL.  Mc  t  hy  I 
ether.  C„H,Pr.CH:CH.C„HjOMe.  [152°].  Got  loy 
heating  C„H,Pr.C(CO,H):CH.C,,HjOMe  (Magna- 
nini,  G.  15,  513).  Pearly  scales  (from  alcohol). 

PROPYL-SUCCINIC  ACID  C,H,„0,  i.e. 
CO.,H.CH,.CHPr.CO.,H.  Oxij-hexic  acid.  [92°]. 
Formed  by  heating  pentane  tri-carboxylic  acid 
(Waltz,  B.  15,  ()08  ;  A.  214,  59).  Got  also  by  re- 
ducing oxy-hexic  acid  with  zinc  and  H.SO,  (Gor- 
boff,  J.  li.  1887,  005 ;  Walden,  B.  24,  2030). 

Iso-propyl-succinic  acid  v.  Pimelic  acid. 

Di-isopropyl-succinic  acid  C,„H|jOj  i.e. 
CO,JI.CHPr.CHPr.CO,H.  [108°].  The  ether  is 
formed  from  a-bromo-isovaleric  ether  and  finely- 
divided  silver  (Hell  a.  Mayer,  B.  22,  48).  Den- 
dritic crystals  (from  water). — BaA"  5aq.  S.  7'7 
at  17°.— CuA"  aq.  S.  -099  at  24°.-SrA"  3aq.— 
CaA"4aq.— MgA"7aq.— CoA" 7aq.— NiA"  5aq.— 
CdA"4aq.— MnA"7aq.  S.  4-71  at  21°.— ZnA". 
— PbA".— Ag,A".    S.  -062  at  20°. 

Isomeride  C,„H,s04.  [200°].  Accompanies 
the  preceding  acid.  Granular  crystals.  — 
BaA"2aq. — SrA"4aq. — CaA"  2aq. — MgA"oaq.— 
MnA"  3aq.  —  NiA"  4aq.  —  CuA"  3aq.— CdA"  3aq. 
— ZnA".— PbA".— Ag,A". 

Reference. — OxY-puorYL-SDCCiNic  acid. 

TETRA-PROPYL-SUCCINIMIDINE  C.gH^Na 

CH  'c(NPr.")^''^'  ^'^^  from  succin-imido- 
ethyl  ether  hydrochloride,  NHPr.,,  and  alcohol  at 
50°  (Pinner,  B.  23,  2930).— B'2HN03.  [53°].— 
B'oH.PtCls.    [174°].    Needles,  si.  sol.  hot  water. 

PROPYL  SULPHATES. 

Propyl  sulphuric  acid  PrO.SO.,.OH.  Formed 
from  propyl  alcohol  and  H.,SO^  (Chancel,  C.  B. 
37,  410).  —  KA' :  needles,  v.  sol.  water.  — 
BaA',,3aq  (Schmidt,  Z.  1870,  576). 

Di-propyl  sulphate  Pr^SO^.  Formed  from 
propyl  alcohol  and  ClSO.,.OH(Mazurowska,  J.pr. 
[2]  13,  102).  Oil. 

LI-n-PROPYL  SULPHIDE  Pr„S.  (142°) 
(Winssinger,  Bl.  [2]  48,  109).  S.G.  -814  (C). 
Occurs  in  raw  petroleum  (Mabery  a.  Smith,  B. 
22,  3303).  Formed  by  heating  K^S  with  PrCl 
or  PrI  in  alcohol  (Cahours,  0.  B.  70,  133). 
Fetid  oil.  Bromo-acetio  acid  forms  the  acid 
Pr„SBr.CH,.CO.,H,  which  yields  PbaA'Brj  and 
PbjA'Br^  (Letts',  Tr.  E.  28,  580). 

Compouncls  with  platinum  salts 
(Blomstrand,  J.  pr.  [2]  38,  354,  498).  — 
(Pr.,S)„PtCh.  Occurs  in  three  varieties  :  (a)  [40°] 
S.  (alcohol)"  15-0  at  15°,  (0)  [80°],  and  (7)  [63°]. 
Alcoholic  IvOH  (1  mol.)  acting  on  the  (a) -com- 
pound forms  crystalline  (Pr..S)..PtCl(OH).— 
(Pr.,S)(Et„S)PtCl„:  syrup.-(Pr.,S").P"t„CV  [185°]. 
— (Pr..S).,PtClj.  [139°].— (Pr.,S)PtClI.  Prisms.— 
(Pr„S)„PtBr.,.  [105°].-(Pr.,S).,PtBr,.  [141°].— 
(Pr„S).,PtBr„Cl„.  [129°].— (Pr.,S).,PtI.,.  ri33°]. 
Bed  prisms.  -(Pr.,S),Pt.J,.  [101°]'.  'Crystals.— 
(Pr.,S)(Et.,S)PtL,.  [115°].  —  (Pr2S)(Pr„S)PtI.,. 
[131°].— ('Pr,S).,Pt(NO.,).,.    Occurs  in  two  forms 


I  [210°]  and  [195°J.-(Pr.,S)2Pt(NO,),.  Occurs  in 
!  two  varieties,  an  oil  and  a  crystalline  body  [70°] 
which  yields  (Pr,S),,Pt(N'0,)(OH)  [145°].— 
(Pr.,S).,PtCr04.  Ked  prisms  (from  chloroform). 
(Pr.,S).,PtC.,0, :  crystalline  pp.— (Pr.,S).,Pt(SCN)..: 
yellow  pp.— (Pr,S),PtCLHgCL.  [82'°].'  Trimetr'ie 
crystals,  a:6:c  =  •554:1:  -591. 

Propylo-iodide  SPr.,1.  Yields  the  com- 
pound ( SPr3Cl),,PtCl,  (Cahours). 

Isopropyl  sulphide  Pr.S.  (121°  i.V.).  Formed 
:  by  distilling  PrI  with  alcoholic  K.,H  (Henry,  B. 
2,  495;  Beckmann,  -J.  pr.  [2]  17,  4.59).  Oxidised 
by  KMnO^  to  Pr,,SO.,  [30°].    Yields  Pr.SHgCL. 

Compounds  with  salts  of  platimim 
(Blomstrand)  :  — (Pr„S).PtCl.,.  [103°].— 
(Pr„S)„PtBr„.     [174°].— (Pr;;S).,PtI„.  [176°].- 
(Pr.,S)2Pt(SCN),.       [102°] ."  —  (Pr.,S).,Pt(NO,).,. 
Prisms,decomposingat210°.— (Pr,S)',PtIj.  [139'°]'. 

Di-propyl  disulphide  Pr.,S,,.  (i93'°).  (Spring 
a.  Legros,  B.  15,  1940). 

Di-isopropyl  disulphide  Pr  .S.,.  (175°).  A  pro- 
duct of  the  action  of  Na  and  Mel  on  isopropyl 
mercaptan  in  ether  (Obermeyer,  B.  20,  2923). 

PROPYL  SOLPHOCYANIDEPrSCN.  (163°). 
Liquid  (Schmidt,  Z.  1870,  576). 

Isopropyl  sulphocyanide  PrSCN.  (150°). 
(Henry,  B.  2,  496) ;  (15.3°)  (Gerlich,  A.  178,  90). 
S.G.  —  -963.  Formed  from  l^rl  and  potassium 
sulphocyanide.  Liquid,  decomposed  by  boiling 
water.    H..S  yields  NH„.CSoPr  r97°]. 

DI-w-P'ROPYL  SULPHONE  Pr.,S02.  [30°]. 
Formed  by  oxidising  PrjSO  (Winssinger,  Bl.  [2] 
48,  111).  Scales,  sol.  water,  alcohol,  and  ether. 
Volatile  with  steam. 

Di-isopropyl  sulphone  Pr„SO,.  [36°].  Got 
by  oxidising  Pr.,S  with  KMnOj  (Beckmann,  J.pr. 
[2]  17,  459).  V.  sol.  water  and  HClAq.  Not 
affected  by  reducing  agents. 

DI-PROPYL  SULPHONE  DICARBOXYLIC 
ACID  SO,(CHEt.CO.,H).,.  Sulpho-dibnturic  acid. 
[152°].  'Formed  from'  SO.,(CH..CO.,Et),,  EtI, 
and  NaOEt  (Lov6n,  B.  11,  28'l7)."  Dimetric 
octahedra. 

Di-isopropyl  sulphone  dicarboxylic  acid 
SO.,(CMe.,.CO„H)„.       [188°].       Formed  from 
SO.](CH„.'CO.^t)..'  (1  mol.),  Mel  (4  mols.)  and 
NaOEt  (4  mols.)  (Loven,  B.  17,  2824). 

DI-PROPYL  SULPHOXIDE  Pr.,SO.  [15°]. 
Got  by  oxidising  Pr„S  with  dilute  'HNO3  (S.G. 
1-2)  (Winssinger,  b!  16,  329  ;  Bl.  [2]  48,  110). 
Needles,  sol.  water,  alcohol,  and  ether.  Decom- 
posed by  heat.  Keadily  reduced  to  Pr.^S.  Cal- 
cium nitrate  forms  (Pr.2SO)85Ca(N03).,,  a  fibrous 
mass  [80°  I . 

/3-ISOPROPYLTHIENYL  ETHYL  KETONE 

CjH.PrS.CO.C.H^.    (251°).     Formed  from  (/3)- 
isopropyl-thio^jhene,   propionyl   chloride,  and 
1  AICI3  (Thiele,  A.  267,  136).    Oil,  volatile  with 
[  steam.     Appears  to   yield  isopropyl-thienyl- 
'  glyoxylic    acid    on    oxidation  with  alkaline 
KMnO,,. 

PROPYL-THIENYL-GLYOXYLIC  ACID 

C4H.,PrS.C0.C0JI.  Formed  by  oxidising  propyl 
thienyl  methyl  ketone  with  alkaline  KMnO, 
(Eufii,  B.  20,  1745).    Solid. -AgA'. 

PROPYL-THIENYL  METHYL  KETONE 
C,H,PrS.CO.CH,.  (255°).  Formed  by  the  action 
of  AcCl  and  AlCl^  on  a  solution  of  (o)-propyl- 
thiophene  in  ligroin  (Ruffi,  B.  20,  1744). 
Liquid.  Yields  an  oxim  [55°]  and  a  phenyl- 
hydrazide  [60°]. 
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Isopropylthienyl  methyl  ketone 
CjH^PrS.CO.CHj.     (237°).    Formed  from  iso- 
propyl-thiophene,  AcCl,  and  AICI3  (Thiele,  A. 
207,  137).    Oil.    Yields  a  crystalline  oxim  and 
phenyl-hydrazide. 

PROPYL-DI-THIO-BIUBET  CsH.iN^S^  i.e. 
NH2.CS.NH.CS.NHPr.  [121°].  Formed  from 
sodium  oyanamide  and  propyl-thiocarbimide 
(Hecht,  B.  25,  754).  Crystalline  mass,  v.  si.  sol. 
cold  water. 

PKOPYL-THIOCARBIMIDE  PrN:CS.  (153°). 
S.G.  2  -9909  ;  ?f  -8924.  Formed  from  propyl- 
amine and  CS,  followed  by  HgCl,  (Heclit,  B.  23, 
281,  1662).  Pungent  liquid,  si.  sol.  water, 
miscible  with  alcohol  and  ether.  Sodium  cyan- 
amide  and  alcoholic  Mel  form  NHPr.CS.NCyMe 
tll5°].  In  the  same  manner  may  be  prepared 
NHPr.CS.NCyEt  [56°],  NHPr.CS.NCyCsH^  [50°], 
NHPr.CS.NCyPr  [56°]  crystaUising  in  needles, 
and  NHPr.CS.NCy.CH,Ph  [113°]. 

Isopropyl-thiocarbimide  PrN:CS.  (137°). 
Pungent  liquid  (Jahn,  M.  3,  168). 

PROPYL  DI-THIO-CARBONATE  PrO.CS.SH. 
Unstable  oil.— PrO.CS.SK.  Formed  from  CS, 
and  KOH  dissolved  in  propyl  alcohol  (Scala, 
G.  17,  78).  Silky  needles.  Its  aqueous  solu- 
tion gives  an  orange  pp.  with  CuSO^.  Iodine 
forms  oily  (PrO.CS)2S.,  decomposing  at  180°. — 
PrO.CS.SMe.  (202°).  Oil.-PrO.CS.SEt.  (216°). 

(a)-PEOPYL-THIOPHENE  C^HjPrS.  (158° 
cor.).  S.G.  '974.  Formed  from  iodo-thio- 
phene,PrBr,  and  Na  (Meyer  a.  Kreis,  B.  17, 1561). 
Oil.    Yields  (a)-thiophenic  acid  on  oxidation. 

Isopropyl-thiophene  C^HjfeS.  (154°  cor.). 
S.G.  {5  -9695.  Formed  from  PrBr,  thiophene, 
and  AICI3  (Schleicher,  B.  19,  672).  Oil  with 
powerful  odour.  With  HOAc,  phenanthaquinone, 
and  HjSOj  it  gives  a  deep  violet  colour. 

)3-Isopropyl-tMophene  cH.'cH^^-  (1^8°). 

Formed  by  distilling  sodium  isopropyl-succinate 
with  PjS,  (Thiele,  A.  267,  133).  Oil,  smelling 
like  benzene,  insol.  water,  miscible  with  alcohol, 
ether,  and  benzene.  Forms  C3H,.C4H2S.HgCl 
[137°]  crystallising  from  alcohol  in  white  needles, 
and  C3H,.C4HS(HgCl).,  as  white  grains,  insol. 
alcohol  (Volhard,  A.  267,  183). 

References.  —  Bbomo-,  Iodo-,    and  Nitko- 

PROPTIi-THIOPHENE . 

PEOPYL-THIOPHENE  CAEBOXYLIC  ACID 

C^HaPrS.CO^H.  [57°].  Formed  from  iodo- 
propyl-thiophene,  ClCO.^Et,  and  sodium-amal- 
gam ;  the  product  being  saponified  by  alcoholic 
potash  (Rufli,  B.  20,  1743).  Needles  (from  warm 
water),  or  plates  (from  dilute  alcohol). 

PROPYL  THIOSULPHATE.  The  salt 
PrS.SOjNa  5aq  is  made  from  NajS^Oj  and  PrI 
(Spring  a.  Legros,  B.  15,  1938). 

PROPYL-THIO-UREA  NHPr.CS.NH^.  [110°]. 
Formed  from  propyl-thiocarbimide  and  NH,Aq 
in  the  cold  (Hecht,  B.  23,  283).  Four-sided 
plates,  sol.  alcohol. 

Isopropyl-thio-urea  NHPr.CS.NH,.  [157°]. 
Plates  (Jahn,  M.  3,  168). 

Di  -  propyl  -  thio  -  urea  CS(NHPr)2.  [71°]. 
Formed  in  the  preparation  of  propyl  thiocarb- 
imide.    Pearly  plates  (from  water). 

Di-isopropyl-thio-urea  CS(NHPr)2.  [161°]. 
Needles  (from  hot  water)  (Jahn). 

PROPYL-TOLUENE  v.  Csmene. 


PROPYL-TOLTJIC  ACID  v.  Cymene  carboxylic 
Acro. 

n-PROPYL-p-TOLUIDINE  C,„H,5N  i.e. 
C.H^Me.NHPr.  (232°).  S.G.  f  -9296. 
=  1-5367.  S.V.  197-53.  Eoo=82-5.  Formed 
by  heating  p-toluidine  (1  mol.)  with  PrI  (1  mol.) 
for  two  days  at  160" ;  the  yield  being  90  p.c.  of 
the  theoretical  amount  (Hori  a.  Morley,  C.  J.  59, 
36).  Purified  by  means  of  the  nitrosamine.  Oil. 
Salts.— B'HCl.  [151°].  Needles  (from  boiling 
benzene),  v.  sol.  water  and  alcohol. — B'H^CjO,. 
[173°].  S.  (alcohol)  1-4  at  21°.  Ppd.  on  mixing 
alcoholic  solutions  of  the  base  (1  mol.)  and 
oxalic  acid  (1  mol.).  SI.  sol.  cold  water  and 
alcohol.— B'jHjCjO^.  [117°].  Occurs  in  the 
filtrate  from  the  preceding  salt,  and  formed  also 
when  a  large  excess  of  base  is  added  to  a  cold 
alcoholic  solution  of  the  acid  oxalate.  Crystals, 
m.  sol.  cold  water  and  alcohol.  Decomposed  by 
boiling  water,  WiLfi.fi^  being  ppd. — B'^H^FeCyg. 

Nitrosamine  C^H^Me.NPr.NO.  Oil,  not 
solid  at  —20°.   Decomposes  below  100°. 

Isopropyl  -  p  -  toluidine  CgHjMe.NFr.NO. 
(220°  uncor.).  S.G.  f  -9129.  /iD  =  1-5322. 
S.V.  199-57.  81-4.    Formed  by  heating  PrI 

with  p-toluidine  for  two  days  at  130°  (Hori  a. 
Morley,  C.  J.  59,  34).  Got  also  by  heating  diazo- 
toluene  toluide  C.Hj.Nj.NHCjHj  with  alcoholic 
NaOEt  and  PrI  for  5  hours  on  the  water-bath, 
distilling  off  the  alcohol,  pouring  into  water,  and 
decomposing  the  pp.  with  HCl.  Oil. 

Salts.— B'HCl.  [171°].  Wax-like  crystals 
(from  alcohol)  or  needles  (from  benzene),  v.  sol. 
water.-B'JHAOr  [130°].  S.  (alcohol)  5-76  at 
22°.  Crystals  (from  dilute  alcohol).  The  acid 
oxalate  is  not  easily  crystallisable.— B'jH^FeCy,;. 
.  Nitrosamine  C^3i,Ue.'ii¥r.'iiO.  [59°].  S. 
(alcohol)  65  at  22°.  Yellowish  crystals  (from 
alcohol),  not  volatile  with  steam. 

2?('/erC7iCe.— OXY-PEOPYL-TOLDIDINE. 

PROPYL.  UREA.  NH..CO.NHPr.  [107°]. 
Formed  from  propyl  cyanate  and  NH3,  and  from 
13otassium  cyanate  and  propylamine  sulphate 
(Chancel,  Bl.  [3]  9,  101).  Long  needles,  sol. 
water  and  alcohol.  Its  oxalate  and  nitrate  are  v. 
sol.  water.  Decomposed  by  HClAq  in  a  sealed  tube 
at  160°  into  NH3,  NH^Pr,  and  CO^.  Butyryl 
derivative  NHPr.C0.NH(C0.C3H,).  [99°]. 
Formed  by  the  action  of  cold  KOHAq  on  a  mix- 
ture of  butyramide  (2  mols.)  and  bromine  (1  mol.) 
(Hofmann,  B.  15,  757).  Colourless  plates,  si. 
sol.  water. 

Isopropyl-urea.  Isobutyryl  derivative 
NHPr.CO.NH.COPr.  [86°].  Formed  in  like 
manner  from  the  amide  of  isobutyric  acid. 
Tables,  sol.  alcohol  and  ether. 

M-Di-propyl-urea  NHj.CO.NPrj.  [57°]. 
Formed  from  dipropylamine  and  KCyO.  Needles 
(from alcohol).  Its  oxalate  crystallises  in  needles, 
si.  sol.  water. 

s-Di-propyl-ureaCO(NHPr)„.  [105°].  (255°). 
Got  by  boiling  the  corresponding  thio-urea  with 
HgO  and  water  (Hecht,  B.  23,  285),  or  from 
PrCyO  and  aqueous  NH^Pr.  White  plates  (from 
water).  SI.  sol.  cold  water,  v.  sol.  alcohol  and 
ether.    Its  salts  are  decomposed  by  water. 

Di-propyl-urea  C^H.^NjO  i.e.  NHo.CO.NPr^. 
[76°].  Formed  from  propylamine  sulphate  and 
potassium  cyanate  (Von  der  Zande,  B.  T.  C.  8, 
228).  Needles.  An  ethereal  solution  of  aldehyde 
forms  CH3.CH(NH.CO.NPr2)2  [113°].  Chloral 
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liydrate  gives  CCL,.CH(OH).NH.CO.NPr,,  [128°] 
and  in  aqueous  solution  (C,H|,jN,0)CoHCl30  aq 
[51°].  Oinantliol  in  ethereal  solution  gives 
C,HH(NH.CO.NPr.,)o  [113°].— B'.,H„C,,04.  [103°]. 
— E'C^H^NaO;.    [135°].— B'2HN03. 

s-Di-isopropyl-urea  C0(NHJPr)2.  Formed  as 
a  by-product  in  the  production  of  isopropyl 
cyanate  from  isobutyi'ic  bromo-amide  and 
Na,,C03  (Hofmann,  B.  15,  756).  Needles,  sol. 
alcohol,  insol.  ether. 

7(-Di-isopropyl-urea  NPI,.CO.NPr,,.  [103°]. 
Formed  by  evaporating  a  solution  of  isopropyl- 
amine  sulphate  with  potassium  cyanate  (Von 
der  Zande,  B.  T.  C.  S,  231).  Crystals  (from 
ethei-).  An  ethereal  solution  of  aldehyde  forms 
CH,.CH(NH.CO.NPr„).>[147°].  Chloral  in  ethereal 
solution  gives  CCl,.CH(OH).NH.CO.NPr.,  [121°]. 
—B'..B.C.O,.  [111°].  Needles.— E'C^HaNaO,. 
[134°].'  Needles.-B'HNOj.  [79°]. 

Beference. — Di-bromo-peopyl-tjrea. 

PEOTAGON  V.  Lecithin. 

PROTAMINE  CsH^NjOj  or  C,sH3,N,,04. 
Occurs  in  the  seminal  substance  of  the  salmon 
in  November  (Miescher,  B.  7,  376 ;  Piccard,  B. 
7, 1714).  Gummy  mass,  insol.  alcohol  and  ether, 
sol.  water  with  alkaline  reaction.  Its  salts  give 
with  KjFeCyg  a  milky  pp.  composed  of  minute 
drops.  Salts.  —  (C,H„,N503)..H„PtCls  (M.) ; 
C,5H3,NgO^H,,PtCl„  (P.).    Yellow  powder. 

PKOTEIDS.  (npa-reTui/,' pre-eminence.')  This 
name  is  given  to  a  large  group  of  organic  com- 
pounds which  are  also  known  as  'albuminous.' 
The  word '  proteid '  itself  has  been  retained  simply 
as  a  convenient  general  term,  and  not  as  imply- 
ing any  adherence  to  the  theory,  first  advanced 
by  Mulder,  that  they  all  contain  a  complex 
molecule  to  which  he  gave  the  name  of  '  protein.' 
The  word  albumin  is  now  limited  to  a  certain 
class  of  proteids,  and  the  word  alhiiminoid, 
though  it  is  still  largely  used  synonymously  with 
proteid,  is  restricted  by  physiological  chemists  to 
a  class  of  nitrogenous  substances  (which  includes 
such  substances  as  gelatin  and  mucin)  which  are 
not  proteids,  but  still  in  certain  reactions  re- 
semble those  substances  closely. 

Proteids  are  never  absent  from  the  proto- 
plasm of  active  living  cells,  whether  animal  or 
vegetable,  and  they  are  indissolubly  connected 
with  every  manifestation  of  organic  activity.  A 
definition  of  proteids  is  not  possible  in  the  logical 
sense.  Gamgee  (Bliysiol.  Ghem.  p.  4)  gives  in 
the  following  sentences  a  terse  description  of 
these  substances,  which  must  take  the  place  of 
a  definition  :  '  Proteids  are  highly  complex,  and 
for  the  most  part  non-crystallisable  compounds 
of  carbon,  hydrogen,  nitrogen,  oxygen,  and  sul- 
phur, occurring  in  a  solid  viscous  condition  or 
in  solution  in  nearly  all  the  solids  and  liquids  of 
the  organism.  The  different  members  of  the 
group  present  differences  in  physical,  and  to  a 
certain  extent  in  chemical,  properties  ;  they  all 
possess,  however,  certain  common  chemical  re- 
actions, and  are  united  by  a  close  genetic  rela- 
tionship.' 

In  vegetables  the  proteids  are  constructed 
out  of  the  simpler  chemical  compounds  which 
serve  as  their  food.  In  animals  such  a  synthesis 
never  occurs,  but  the  proteids  are  derived  directly 
or  indirectly  from  vegetables.  By  the  action  of 
certain  digestive  juices  all  proteids  are  capable 
of  being  converted  into  closely  allied  substances 


called  peptones,  which  after  absorption  undergo 
reconversion  into  proteids. 

Although  much  work  has  been  done  in  at- 
tempting to  unravel  the  constitution  of  the 
proteids,  there  is  at  present  but  little  positive  to 
be  said  on  this  point.  All  we  can  do  is  to  give 
the  result  of  the  experiments  that  have  been 
performed  which  show  the  classes  of  products 
yielded  by  the  proteids,  and  to  enumerate  the 
various  theories  held  by  different  observers  con- 
cerning their  constitution. 

The  various  proteids  differ  somewhat  in  ele- 
mentary composition  within  the  limits  of  the 
following  numbers  (Hoppe-Seyler,  Handhiich  d. 
Bhys.  und  Path.-Cheni.  Analyse,  4te  Aufi.  p. 
223) : 

C         H         N         S  0 
From     51-5     6-9     15-2     0-3  209 
To         54-5     7-3     17-0     2-0  23-5 

The  various  decompositions  that  proteids 
undergo  may  be  conveniently  stated  under  the 
following  heads : — 

a.  Decomposition  in  the  body.  In  the  ali- 
mentary canal  the  proteids  are  converted  into 
proteoses  (albumoses)  and  peptones  ;  this  change 
is  probably  due  to  hydration.  Under  the  influ- 
ence of  the  pancreatic  ferment,  a  certain  class  of 
peptones  called  hemi-peptones  are  further  acted 
upon,  resulting  in  the  formation  of  leucine, 
tyrosine,  aspartic  acid,  ammonia,  and  protein - 
chromogen  (a  substance  coloured  purple  by  bro- 
mine). Putrefactive  processes  due  to  bacteria 
in  the  small  intestine  also  occur ;  these  result  in 
the  formation  of  indole,  skatole,  phenol,  and  oxy- 
acids.  Ethereal  hydrogen  sulphates  can  be  de- 
tected in  the  urine  as  a  result  of  these  putrefac- 
tive changes  (Baumann,  H.  10,  123)  ;  when 
putrefaction  is  hindered  by  the  administration 
of  large  doses  of  iodoform  in  dogs,  these  products 
do  not  appear  in  the  urine  (V.  Morax,  H.  10, 
318).  One  of  the  sources  of  hippuric  acid  in  the 
urine  of  flesh-f«eders  is  the  phenyl-propionic 
acid  that  results  from  the  putrefaction  of  proteids 
in  the  alimentary  tract  (Salkowski,  B.  12,  648  ; 
Tappenier,  Z.  B.  22,  230). 

After  the  proteids  have  been  absorbed  from 
the  alimentary  canal,  they  become  assimilated 
by  the  tissues,  and  there  undergo  combustion  or 
metabolism,  the  chief  ultimate  products  being 
water,  carbonic  acid,  and  urea.  It  is  probable 
that  glycocine,  leucine,  creatine,  and  ammo- 
nium carbonate  are  intermediate  products  in 
this  change.  Urea  had  not  been  obtained  from 
proteids  by  experiments  performed  outside  the 
body  until  quite  recently,  when  Drechsel  (B.  23, 
3096)  has  succeeded  in  obtaining  a  crystalline 
base  lysatin  by  acting  on  casein  with  zinc  and 
hydrochloric  acid.  Lysatin  yields  urea  when 
boiled  with  baryta  water.  It  has  also  been  de- 
monstrated, by  experiments  on  animals,  that 
proteid  food  gives  rise  to  glycogen  in  the  liver, 
and  to  fat  in  the  subcutaneous  and  other  tissues. 
That  proteids  can  be  converted  into  fats  is  also 
shown  by  the  occurrence  of  adipoccre  in  the 
muscular  tissues  after  death. 

b.  Action  of  heat.  By  dry  distillation  the 
proteids  yield  an  oily  liquid  called  DippcVs  oil, 
which  contains  ammoniacal  salts  of  the  fatty 
acids,  amines,  and  aromatic  compounds. 

c.  Action  of  putrefaction.  The  chief  products 
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are  ammonia,  ammonium  sulphide,  carbonic 
acid,  volatile  fatty  acids,  lactic  acid,  amines, 
leucine,  tyrosine,  and  other  complex  aromatic 
compounds. 

d.  Action  of  acids  and  alkalis.  Prolonged 
boiling  with  strong  sulphuric  or  hydrochloric 
acid,  or  fusion  with  caustic  alkalis,  gives  rise  to 
a  large  number  of  products,  of  which  the  follow- 
ing are  the  most  important :  leucine,  tyrosine, 
aspartic  acid,  and  glutamic  acid.  Prolonged 
heating  with  dilute  acids  gives  rise  to  hydrolytic 
decomposition  (Hermann)  and  the  formation  of 
albumoses  and  peptones  (Neumeister,  Z.  B.  23, 
381). 

The  effect  of  heating  proteids  with  caustic 
baryta  was  investigated  by  Nasse,  and  subse- 
quently by  Schiitzenberger  [Bl.  Feb.  15,  March  5 
and  15,  1875).  Ammonia  was  evolved,  and  car- 
bonic acid  remained  in  combination  with  barium; 
these  two  products  occurred  in  the  same  ratio  as 
would  result  from  urea  similarly  treated.  In 
addition  oxalic  acid,  acetic  acid,  tyrosine,  amido- 
acids  of  the  fatty  acid  series  (especially  leucine, 
butylamine,  and  amido-butyric  acid),  acids  allied 
to  glutamic  and  aspartic  acids,  and  lastly  a 
dextrin-like  substance,  were  found  in  the  residue. 
Schiitzenberger  (A.  Ch.  [5]  16,  289)  explains  the 
mechanism  of  the  reaction  as  follows:  the 
proteid  molecule,  losing  ammonia  and  carbon  as 
carbonic  oxalic,  and  acetic  acids,  and  assimilating 
water,  is  converted  into  a  mixture  of  glucopro- 
teins  C„H2,iN„0j,  containing  as  its  principal  term 
CgHjgNjO, ;  by  the  prolonged  action  of  baryta  at 
a  high  temperature  these  split  up  partly  into 
leucines  or  amido-  acids  of  the  acetic  series 
C,iH2,i+,N02  and  leuceines  or  amido- acids  of  the 
acryhc  series  C„H._,„,_,.NO,,,  and  partly  into  double 
compounds  formed  by  the  union  of  glucopiroteins 
and  leuceines  with  the  leucines.  For  Schiitzen- 
berger's  recent  attempts  to  synthesise  proteids 
see  C.  B.  112,  198. 

e.  Action  of  hydrochloric  acid  and  stannous 
chloride.  Ammonia,  aspartic  acid,  glutamic  acid, 
leucine,  and  tyrosine  are  the  chief  products 
(Hlasiwetz  a.  Habermann,  Anz.  Wicn.  Acad. 
1872,  1873;  A.  159,  304;  169,  150;  /.pr.  7, 
397). 

/.  Action  of  oxidising  agents.  By  means  of 
manganese  dioxide  and  sulphuric  acid,  or  potas- 
sium chromate  and  sulphuric  acid,  many  fatty 
and  aromatic  compounds  are  formed.  Nitric  acid 
produces  first  a  yellow  insoluble  substance, 
xantho-proteic  acid,  which  dissolves  on  further 
action,  and  yields  ultimately  para-oxybenzoic 
and  oxybenzoic  acids. 

Mulder  (J.pr.  16,  129  ;  17,  312  ;  A.  31,  129) 
obtained  by  the  action  of  potash  on  proteids  a 
substance  which  is  now  called  alkali-albuminate, 
but  which  was  regarded  by  Mulder  to  be  the  base 
of  all  proteids;  he  gave  it  the  name  'protein.' 
Various  definite  compounds  of  protein  were  de- 
scribed, such  asoxyprotein,  trioxyprotein,sulpho- 
proteio  acid,  &c.  Liebig  (A.  57,  132)  was  the 
first  to  disprove  these  assertions,  and  the  only 
remnant  of  this  theory  now  is  the  term  '  proteid.' 
For  recent  work  on  this  subject  and  the  related 
one  of  sulphur  in  proteids  see  Danilewski  {H. 
7,  440),  and  Kriiger  (Pf.  43,  244). 

Gerhardt  was  of  opinion  that  all  the  proteids 
are  identical  in  constitution  and  molecular 
arrangement,  but  differ  from  one  another  in  the 


nature  of  the  mineral  substance  with  which 
they  are  associated.  He  designated  the  common 
organic  element  by  the  name  '  albumin,'  and  it 
may  be  mentioned  that  in  the  elaboration  of  his 
theory  he  regarded  egg  albumin  as  the  neutral 
albumate  of  sodium,  and  fibrin  as  a  compound 
of  albumin  with  earthy  phosphates.  Proteids, 
however,  have  been  separated  from  all  but  traces 
of  mineral  matter,  and  still  exhibit  their  peculiar 
characteristics  ;  careful  elementary  analysis  also 
has  shown  that  there  is  a  difference  of  the  per- 
centage amounts  of  carbon,  nitrogen,  sulphur, 
&c.,  in  various  proteids.  Nevertheless,  it  is  still 
a  fact  that  some  of  the  distinguishing  features 
of  certain  proteids  are  due  to  the  adhering  salt ; 
for  instance,  the  coagulation  of  caseinogen  by 
rennet  occurs  only  in  the  presence  of  calcium 
salts  (Hammarsten). 

Gautier  {Chijnie  appliquie  a  la  Physiologie, 
i.  251)  states  that  the  proteids  behave  as  amides 
of  the  higher  homologues  of  lactic  and  tartaric 
acids,  and  residues  of  aromatic  acids  ;  hence 
when  proteids  are  oxidised  there  is  a  simultaneous 
production  of  fatty  acids,  of  aromatic  compounds, 
and  doubtless  of  bodies  analogous  to  urea ;  the 
products  furnished  by  different  proteids  are  not 
in  the  same  proportions.  It  must,  therefore, 
follow  that  the  different  radicles  they  contain 
differ  not  only  in  arrangement  but  in  relative 
proportion,  and  sometimes  even  in  their  nature. 
It  was  Nasse  who  first  observed  (Pf.  6,  589)  that 
the  nitrogen  in  proteids  appears  to  exist  in  two 
conditions,  a  certain  fraction  of  it  being  more 
unstable  and  apparently  more  feebly  combined 
than  the  rest.  This  view  was  fully  confirmed 
by  Schiitzenberger  in  the  experiments  already 
alluded  to.  The  latter  observer  regards  the 
proteids  as  complex  ureides,  i.e.  combinations  in 
various  proportions  of  urea  with  amido-  acids, 
some  of  which  belong  to  the  leucine  series,  others 
to  the  aspartic  series.  Eepresenting  albumin 
by  the  empirical  formula  G,2H,|._,N,80„„S  (Lieber- 
kiihn),  it  yields,  when  decomposed  by  caustic 
baryta,  urea,  acetic  acid,  a  sulphur-containing 
body,  and  a  substance  with  the  formula 
Cs8H,3,N,jO.,4,  which  may  on  further  hydration 
be  split  up  into  the  substances  already  mentioned 
(glucoproteins,  leucines,  leuceines,  &o.). 

Pfliiger's  view  relative  to  the  constitution  of 
the  proteids  {Pf.  10,  251)  may  be  thus  summar- 
ised. One  of  the  most  striking  features  of  the 
proteids  is  the  difference  that  exists  between  non- 
living proteid  matter,  such  as  white  of  egg,  and 
that  which  forms  part  of  living  protoplasm.  The 
former  may  remain  for  years  without  undergoing 
decomposition,  and  is  indifferent  to  neutral 
oxygen ;  while  the  latter  is  continually  decom- 
posing, undergoing  intramolecular  changes,  and 
lives  by  breathing  oxygen.  The  assimilation  of 
proteid  food  is  looked  upon  by  Pfliiger  as  an 
ether-like  combination  of  a  molecule  of  living 
proteid  with  one  of  the  non-living  proteid,  water 
being  eliminated.  This  union  of  isomeric  mole- 
cules, which  forms  a  heavy  mass  but  still  remains 
a  simple  molecule,  may  be  conceived  to  go  on 
indefinitely.  In  this  process  it  seems  probable 
that  the  nitrogen  of  the  food  proteid,  which  exists 
there  in  combination  as  amides,  passes  into 
combination  with  carbon,  so  that  in  living 
proteid  it  is  combined  in  the  form  of  cyanogen. 
This  view  is  strengthened  by  the  fact  that  sub- 
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stances  like  uric  acid,  creatine,  and  guanine,  are 
products  of  proteid  metabolism,  while  such  com- 
pounds are  never  obtained  from  non-living  proteid 
material.  O.  Loew  (Die  cUcmisclie  Kraftqnelle 
im  Lebcndcn  Protoplasmc,  Munich,  1882,  B.  A. 
1885,  p.  1075)  has  also  found  that  a  striking 
difference  between  living  and  non-living  proteids 
is  the  fact  that  the  former  reduce  silver  nitrate, 
Ijrobably  owing  to  some  radicle  of  the  nature  of 
aldehyde,  whereas  the  latter  do  not  behave  in 
this  way.  He  suggests  that  albumin  is  a  con- 
densation product  of  aspartic  aldehyde.  The 
simplest  formula  for  Schiitzenberger's  leuceine 
C^HjNOj  is  also  that  of  aspartic  aldehyde. 

Latham  (Brit.  Med.  Journ.  [I]  1886,  029)  re- 
gards albumin  as  a  compound  of  cyan-  alcohols 
united  to  a  benzene  nucleus.  The  cyan-  alcohols 
resemble  proteids  in  readily  undergoing  con- 
densation and  intramolecular  changes ;  and, 
moreover,  the  various  products  of  the  disintegra- 
tion of  proteids  can  also  be  obtained  as  the  de- 
composition products  of  these  cyan-  alcohols. 
See  also  Drechsel's  art.  in  Ladeuburg's  Handw. 
d.  Chcm.  3,  541 ;  Beilstein's  Handb.  3,  1258. 

General  Properties  of  Proteids. 

1.  Indijjusihility.  Solutions  of  proteids  are 
non-diffusible.  They  belong  to  Graham's  class 
of  colloid  substances.  Peptones,  and  to  a  less 
extent  albumoses,  are,  however,  diffusible.  This 
property  of  indiffusibility  enables  us  to  separate 
proteids  from  saline  admixtures,  and  also  to 
separate  various  proteids  from  one  another  :  e.g. 
if  a  mixture  of  albumhi  and  globulin  in  a  saline 
solution  be  dialysed,  the  salts  pass  out,  the  albu- 
min remains  within  the  dialyser  in  solution,  while 
the  globulin,  which  is  insoluble  in  water,  is  pre- 
cipitated. 

2.  Action  on  polarised  liglit.  Proteids  all 
rotate  the  plane  of  polarised  light  to  the  left. 
The  following  table  gives  the  specific  rotatory 
power  for  the  yellow  line  D  of  some  of  the  chief 
proteids  : 


of  various  proteids  is  usually  characteristic,  but 
it  can  be  varied  somewhat  by  additions  of  small 
quantities  of  acid  or  alkali ;  the  former  lowers, 
the  latter  heightens,  the  coagulation  tempera- 
ture. Alkali  albumin  in  the  latter  case  is  not 
coagulable  by  heat,  and  forms  so  readily  that  it 
is  advisable  to  have  the  solution  either  perfectly 
neutral  or  faintly  acid  before  performing  the 
experiment.  Eendering  the  liquid  faintly  acid 
with  weak  (2  p).c.)  acetic  acid  also  renders  the 
flocculi  of  precipitate  larger  and  easier  to  filter 
off.  The  alkalinity  of  a  liquid  is  always  in- 
creased, or  its  acidity  diminished,  after  the  separa- 
tion of  a  heat  coagulum.  Various  neutral  salts  in 
excess  also  cause  the  coagulation  temperature 
to  vary ;  sodium  chloride  lowers  the  temperature, 
while  magnesium  sulphate  has  little  or  no  effect. 
A  solution  of  jaroteid  enters  into  an  opalescent 
condition  a  few  degrees  below  that  at  which  the 
separation  of  flocculi  begins.  In  the  dry  state 
proteids  are  rendered  insoluble,  like  coagulated 
proteid,  at  a  temperature  of  llO^C.  On  the  in- 
fluence of  salts  on  coagulation  temperatures,  see 
Limbourg  [H.  13,  450).  Haycraft  criticises  the 
method  of  fractional  heat  coagulation  (Pr.  Roy. 
Soc.  Edin.  1888-0,  361).  It  is  defended  by 
numerous  observers  (for  references  see  Halli- 
burton, J.  Physiol.  13,  806  ;  Hewlett,  ibid.  798). 

The  following  table  gives  the  heat  coagula- 
tion temperatures  of  some  of  the  most  important 
proteids  : 

Pj.gjpjj  Temperature  of  heat 

oiiaQulatinn 

Egg  albumin  .  ,  .  72-3°C. 
Serum  albumin  a  .  .  72-3° 
Vitellin  .  .  .  .  75° 
Serum  globulin  .  .  .  75° 
Fibrinogen  .  .  .  50° 
Myosin  ....  50° 
Crystallin  ....  93° 
Hffmocyanin     .       .       .  05° 

4.  General  tests  for  xirotcids.  Solutions  of 
the  proteids  are  precipitated  by  strong  mineral 


Proteid 

Observer 

Value  of  [a]jj 

Serum  albumin 

Hoppe-Seyler  (Zcit.f.  Chcm.  und 

Pharm.  1864,  737)  . 

-56° 

Starke  (MaZ?/'s  Ja/irs.  11,  17) 

-00° 

Egg  albumin    .       .       ,  . 

Hoppe-Seyler  ...... 

-33-5° 

Haas  (P.  12,  378)  

-38-08' 

Fibrinogen  .... 

Haas  (C.  C.  1870,  295.  811,  82^)  . 

-59-75° 

Hermann  [H.  11,  508)  

-43° 

Sodium  albumate 

Haas  ........ 

—  55° 

Syntonin  (from  egg  albumin)  . 

Haas  

-03-12° 

Syntonin  (from  myosin)  . 

Ploppe-Seyler  

—  72° 

Casein  (in  weak  MgSO^  solution) 

Hoppe-Seyler  

-80° 

Serum-globulin 

Haas  

-  59-75° 

Various  albumoses  . 

Kiihne  a.  Chittenden  (Z.  B.  20,  51) 

-70°  to  80° 

According  to  Haas,  these  numbers  are  un- 
altered by  the  salts  adherent  to  the  proteids. 

3.  Heat  coagulation.  Most  of  the  native 
proteids  are  coagulated  by  heating  their  solu- 
tions, but  more  especially  the  globulins  and 
albumins.  By  this  means  the  character  of  the 
original  proteid  is  lost,  and  all  are  converted 
into  an  exceedingly  insoluble  substance,  called 
'  coagulated  proteid.'  When  several  proteids 
are  mixed  in  a  solution,  if  their  tempera- 
ture of  coagulation  differs,  it  is  possible  to 
separate  them  by  a  process  of  '  fractional  heat 
coagulation.'  The  heat  coagulation  temperature 


acids,  acetic  acid  and  potassium  ferrocyanide, 
by  acetic  or  oxalic  acid  together  with  a  large 
addition  of  concentrated  solutions  of  neutral 
salts,  by  basic  lead  acetate,  by  mei'curic  chloride, 
by  copper  sulphate,  by  tannic  acid,  by  satura- 
tion with  powdered  potassium  carbonate,  am- 
monium sulphate  or  sodio-magnesium  sulphate, 
and  by  alcohol. 

Strong  acids  and  salts  of  the  heavy  metals 
produce  a  precipitate  of  coagulated  proteid,  or 
of  metallic  albuminate;  in  the  latter  case  the 
metal  can  bo  removed  by  treatment  with  sul- 
phuretted hydrogen,  and  the  proteid  again  ob- 
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tained  unaltered.  Neutral  salts  like  ammonium 
sulphate,  or  sodio-magnesium  sulphate,  com- 
pletely precipitate  all  proteids  but  peptones,  and 
in  an  uncoagulated  condition — i.e.  they  can  be 
re-dissolved  in  water  or  weak  saline  solutions, 
and  exhibit  their  characteristic  properties.  Al- 
cohol precipitates  proteids,  and  after  long  con- 
tact with  the  precipitate  converts  them  into 
'  coagulated  proteid.'  The  following  reactions 
are  those  most  frequently  employed  in  the  de- 
tection of  proteids  in  solution  : 

(a)  The  xanthoproteic  reaction.  Nitric  acid 
is  added ;  this  usually  produces  a  precipitate, 
but  in  the  case  of  peptones,  or  if  the  quantity 
of  proteid  is  very  small,  it  does  not.  The  mix- 
ture is  then  boiled,  when  the  liquid  and  the 
precipitate  turn  yellow  (xanthoproteic  acid) ;  if 
it  is  boiled  sufficiently  long  with  excess  of  acid 
the  precipitate  dissolves.  Addition  of  ammonia 
causes  the  yellow  colour  to  become  orange.  A 
similar  reaction  is  given  by  gelatin  and  keratin. 
Analyses  of  xanthoproteic  acid  and  its  com- 
pounds made  by  Mulder  and  others  are  not  of 
any  value,  as  it  has  since  been  shown  that  this 
yellow  substance  is  not  constant  in  composition. 
The  reaction  is  due  to  the  aromatic  radicle  un- 
doubtedly present  in  all  proteids.  On  colour 
reactions  of  proteids  see  Salkowski  (H.  12,  215), 
Gnezda  (Pr.  47,  202),  Pickering  (J.  Physiol.  14). 

(b)  The  liquid  is  rendered  strongly  acid  with 
acetic  acid,  and  solution  of  potassium  ferro- 
cyanide  added,  which  throws  down  the  proteid 
as  a  white  flocculent  precipitate. 

(c)  Millon's  reaction.  Millon's  reagent  ' 
causes  a  white  precipitate  of  the  proteid.  On 
boiling  this  precipitate  and  the  surrounding 
liquid,  both  turn  a  brick-red  colour.  If  only 
a  trace  of  proteid  is  present  there  may  be  no 
initial  precipitation.  This  test  is  given  also  by 
tyrosine,  and  it  is  in  all  probability  owing  to  the 
aromatic  radicle  in  proteids  that  those  substances 
give  it. 

(d)  Addition  of  a  trace  of  copper  sulphate 
and  excess  of  potassium  hydroxide  causes  a 
violet  solution.  In  the  case  of  albumoses  and 
peptones  the  colour  produced  is  a  pink  one  (biuret 
reaction).  See  also  Gnezda  a.  Pickering  {loc. 
cit.)  for  similar  reactions  with  nickel  and  cobalt. 

(e)  Proteids  when  dissolved  in  glacial  acetic 
acid  and  treated  with  strong  sulphuric  acid  ex- 
hibit a  violet  colour  and  faint  fluorescence, 
and  if  sufficiently  concentrated  show  an  ab- 
sorption spectrum  very  like  that  of  urobilin 
(Adamkiewicz,  B.  8,  161). 

The  reactions  which  are  applicable  to  pro- 
teids which  will  not  dissolve  in  water  or  neutral 
saline  liquids,  are  the  xanthoproteic,  Millon's, 
and  the  Adamkiewicz  colour  reactions. 

QuANTITAirVE  ESTIMATION  OF  PeOTEIDS. 

A  large  number  of  different  methods  of 
estimating  quantitatively  the  amount  of  proteid 
in  a  solution  have  been  proposed  and  used  ;  the 
polarimetric  method  has  been  much  employed 
(Hoppe-Seyler,  Virchow's  Archiv,  11,  647). 
Among  gravimetric  methods  various  precipitants 

'  Millon's  reagmf.  Equal  quantities  of  mercury  and 
strong  nitric  acid  are  mixed  and  gentlv  warmed  till  the 
mercury  is  dissolved.  The  solution  is  diluted  with  twice 
its  bulk  of  water,  and  the  copious  precipitate  which  forms 
allowed  to  settle.    The  supernatant  liqmd  is  the  reagent. 


of  proteids  have  been  suggested,  e.g.  tannin  and 
sodium  chloride  (Girgensohn,  N.  B.  P.  22, 557) ; 
hydrochloric  acid  and  potassio-mercuric  iodide 
(Briicke,  Sitz.  W.  1871),  &c. ;  but  the  foUow- 
ing  methods  are  those  most  frequently  em- 
ployed : 

(a)  Clinical  method.  The  rough  method 
generally  used  for  the  comparison  of  albuminous 
urines  consists  in  acidulating  the  urine,  if  it  is 
alkaline,  with  acetic  acid  and  then  boiling  it  in  a 
graduated  tube.  The  flocculi  which  form  are 
allowed  to  settle,  and  the  proportion  of  the  pre- 
cipitate to  the  total  volume  of  the  liquid  read 
off  and  expressed  in  fractions,  such  as  a  half,  a 
tenth,  and  so  on.  Esbach's  tubes  are  graduated 
to  correspond  to  percentages  of  proteid ;  the 
precipitant  being  picric  acid. 

{b)  Precipitation  by  heat.  50  to  100  c.c. 
of  water  are  boiled  and  an  accurately-weighed 
amount  of  albuminous  fluid,  about  15  or  20  g., 
poured  in.  The  fluid  is  boiled  for  some  minutes, 
a  few  drops  of  two  per  cent,  acetic  acid  added, 
until  the  precipitate  separates  in  flakes  from  a 
clear  liquid.  The  precipitate  is  collected  on  a 
weighed  filter,  washed  with  water,  alcohol,  and 
ether,  and  finally  dried,  weighed,  incinerated, 
and  the  ash  deducted.  This  method  is  obviously 
applicable  only  to  such  proteids  as  are  coagu- 
lable  by  heat. 

(c)  Precipitation  by  alcohol.  An  accurately 
measured  or  weighed  quantity  of  the  liquid  is 
mixed  with  three  or  four  times  its  volume  of 
spirits  of  wine,  and  set  aside  for  some  hours ; 
the  precipitate  is  then  collected,  washed  with 
spirit,  hot  absolute  alcohol,  ether,  warm  water, 
and  finally  dried  and  weighed  as  before  (Hoppe- 
Seyler,  Handbuch,  3te  Aufl.  312).  Or  the  liquid 
may  be  neutralised  with  acetic  acid  and  mixed 
with  ten  times  its  volume  of  strong  alcohol,  and 
then  boUed,  the  precipitate  being  treated  as  before 
(A.  Schmidt,  Pf.  11, 10  ;  A.  Hoffmann,  Virchow's 
Archiv,  1879,  255). 

(d)  Precipitation  with  ammonium  sulphate. 
Since  Kuhne  (Z.  B.  22,  423)  has  fuUy  shown  that 
saturation  with  this  salt  causes  complete  precipi- 
tation of  all  proteids  but  peptones,  this  method 
may  be  employed  as  follows  for  the  quantitative 
estimation  of  these  proteids : — The  hquid  is 
shaken  or  stirred  with  excess  of  the  powdered 
salt,  filtered,  and  the  precipitate  washed  with 
saturated  solution  of  ammonium  sulphate.  The 
filter  with  adherent  proteid  and  salt  is  dried  at 
110°,  by  which  means  the  proteid  is  rendered 
insoluble,  and  the  salt  can  then  be  washed  away 
with  distilled  water.  The  precipitate  is  then 
washed  with  alcohol  and  ether,  dried,  and 
weighed  as  before. 

Classification  of  Peoteids. 

I.  Albumins.  These  are  proteids  which  are 
soluble  in  water,  and  not  precipitable  from  their 
solutions  by  saturation  with  sodium  chloride  or 
magnesium  sulphate.  They  are  coagulated  by 
heat.  The  important  members  of  the  group  are 
egg  albumin,  serum  albumin,  and  lactalbumin. 

II.  Olobulins.  These  are  proteids  which  are 
insoluble  in  water ;  they  are  soluble  in  dilute 
solutions  of  neutral  salts ;  and  are  precipitated 
in  an  uncoagulated  condition  by  saturation  with 
sodium  chloride  and  magnesium  sulphate. 
They  are  coagulated  by  heat.    The  most  im- 
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portant  members  of  the  group  are:  serum  glo- 
bulin, librinogen,  myosin,  crystallin,  and  globin. 

III.  Albuininatcs.  This  name  is  applied  to 
the  metallic  compounds  of  proteids,  and  also  to 
acid  albumin  or  syntonin, and  alkali-albumin.  Ke- 
stricting  the  term  to  the  two  latter  substances, 
they  may  be  defined  as  proteids  insoluble  in 
water  or  in  solutions  of  neutral  salts,  but 
readily  soluble  in  dilute  acids  or  alkalis.  Their 
solutions  are  not  coagulated  by  heat. 

IV.  Proteoses.  These  are  proteids  which  are 
not  coagulable  by  heat,  and  most  of  them  are 
precipitable  by  saturation  with  certain  neutral 
salts.  They  are  precipitated  by  nitric  acid,  the 
precipitate  dissolving  on  the  application  of  heat 
and  reappearing  when  the  solution  is  cooled. 
They  resemble  peptones  in  being  slightly  diffu- 
sible, and  in  giving  the  biuret  reaction.  They 
are  formed  from  other  proteids  as  the  result  of 
the  action  of  proteolytic  ferments  on  them, 
being  an  intermediate  stage  in  the  formation  of 
psptones.  They  are  also  found  in  certain  animal 
and  vegetable  tissues.  The  best-known  members 
of  the  group  are  the  albumoses. 

V.  Peptones.  These  are  proteids  which  are 
very  soluble  in  water ;  they  are  not  precipitated 
by  heat,  by  saturation  with  any  neutral  salt, 
nor  by  nitric  acid.  They  are  completely  preci- 
pitated by  tannin,  by  excess  of  absolute  alcohol, 
and  by  potassio-mercuric  iodide  ;  incompletely 
by  phosphotungstic  acid,  phosphomolybdic  acid, 
and  picric  acid.  They  give  the  biuret  reaction. 
Peptones  are  subdivided  into  hemipeptones,  those 
which  yield  leucine  and  tyrosine  as  the  further 
result  of  pancreatic  digestion,  and  antipeptones, 
those  which  do  not. 

VI.  Insoluble  proteids.  This  class  includes 
a  number  of  proteids  varying  in  their  reactions 
which  cannot  be  included  in  any  of  the  foregoing 
classes,  but  which  all  resemble  one  another  in 
their  extreme  insolubility  in  various  reagents. 
This  class  includes  fibrin,  coagulated  proteid, 
lardacein,  antialbumid,  and  gluten. 

Description  of  the  Pkoperties  of  Individual 
Proteids. 

It  will  now  be  convenient  to  take  the  most 
important  members  of  the  various  foregoing 
groups,  and  describe  the  characteristic  properties 
of  each.  The  animal  proteids  will  be  taken  lirst. 

Class  I.,  Albumins. — Egg  albumin.  This  is 
the  albumin  occurring  in  white  of  egg  ;  it  may 
be  separated  from  the  globulin,  which  also  occurs 
in  that  situation,  Ijy  precipitating  the  latter  with 
dilute  acetic  acid,  or  by  saturation  with  mag- 
nesium sulphate.  It  is  coagulated  at  a  tem- 
perature of  70°-73°C.  By  fractional  heat  coagu- 
lation further  pps.  are  obtained  at  76°  and  82° 
(Corlin  a.  Berard,  Arch,  de  Biol.  9,  1).  Its 
specific  rotation  is  —35-5°.  It  is  precipitated  by 
agitation  with  ether.  Crystalline  egg  albumin 
may  be  obtained  by  addition  of  an  equal  vol.  of 
sat.  sol.  of  ammonium  sulphate  and  filtration  to 
remove  oviglobulin.  On  slow  evaporation  of  the 
iiltrate,  crystals  of  egg  albumin  form  (Hofmeister, 
H.  14,  165  ;  Gabriei,  15,  456). 

Lieberkiihn  ascribed  to  albumin  the  formula 
C„H,,,N„SO.^,  Schiitzenberger  C.,j„H,,.,N,30,,S3, 
Harnack  {H.  5,  '^07)  C,,„,,H3,,N5.,0,„S,,.  Since 
Lieberkiihn  attempted  to  estabhsh  the  molecular 
weight  of  albumin  by  preparing  and  analysing 


'  the  copper  compound,  various  investigations 
have  been  published  bearing  on  the  nature  and 
composition  of  the  compounds  of  albumin  with 
the  heavy  metals,  and  especially  with  copper 
(F.  Eose,  Mitscherlich,  Harnack,  ]3ielitzki,  Eitt- 
hausen,  Lassaigne,  &c.  Further  particulars 
will  be  found,  with  references  to  literature,  in  a 
paper  by  E.  H.  Chittenden  and  H.  H.  White- 
house  in  Studies  from  the  Laboratory  of  Physiol. 
Chem.,  Yale  University,  2,  95).  The  results  ob- 
tained are  most  contradictory,  and  illustrate  that 
numerous  compounds  may  be  obtained  by 
slightly  modifying  the  conditions  of  precipita- 
tion ;  they  are  also  very  liable  to  dissociation. 
The  only  other  proteid  the  metallic  compounds 
of  which  have  been  studied  is  myosin  ;  the  per- 
centage amount  of  the  various  metals  in  the 
compounds  obtained  differ  from  those  formed 
from  egg  albumin  (Chittenden  a.  Whitehouse, 

I.C.). 

Uses  of  albumin.  It  is  much  used  for  clari- 
fying vinous  and  syrupy  liquids,  as  when  boiled 
with  it  the  heat  coagulum  carries  down  colour- 
ing matter  and  other  impurities.  In  cookery 
white  of  egg  is  employed  for  this  purpose,  but 
in  large  operations,  such  as  sugar  refining,  blood 
serum  is  used.  Albumin  is  also  largely  used  in 
photography,  and  in  calico-printing  for  fixing 
colours.  Its  property  of  forming  a  hard  com- 
pound with  lime  renders  it  useful  as  a  cement  in 
repairing  earthenware.  Spoilt  albumin  in  print 
works  may  be  recovered  for  practical  purposes 
by  the  action  of  pepsin  (Wagner  a.  Witz, 
D.  P.  J.  119,  166). 

Serum  albumin.  This  is  the  albumin  occur- 
j  ring  in  serum.  Its  specific  rotation  is  —56°. 
Fractional  heat  coagulation,  and  elementary 
analysis  show  that  it  is  probably  not  a  single 
proteid  but  consists  in  warm-blooded  animals  of 
three,  o,  13,  and  y,  coagulating  respectively  at 
73°,  77°,  84°  {v.  Blood).  Aronstein  a.  A. 
Schmidt  (Pf.  2,  1)  stated  that  serum  albumin 
completely  freed  from  salts  by  prolonged  dialysis 
does  not  coagulate  by  heat.  This  statement  has 
not  been  confirmed  by  subsequent  observers,  who 
have  found  it  impossible  to  free  serum  albumin 
from  ash  by  this  method,  and  have  attributed 
the  non -coagulation  to  a  slight  alkaline  residue 
(Heynsius,  Pf.  9,  514;  WinogradoS,  2,  605; 
Hinzinga,  2,  392  ;  Haas,  2,  378).  On  ash-free 
albumin  see  also  Harnack,  B.  22,  8046 ;  23,  3745. 
Serum  albumin  is  not  coagulated  by  ether.  It  is 
the  proteid  which  most  frequently  occurs  in 
morbid  urine. 

Serum  albumin  is  not  precipitated  by  satu- 
rating the  serum  with  magnesium  sulphate ; 
if,  however,  the  globulin  precipitated  by  this 
method  be  filtered  off,  and  the  filtrate  saturated 
with  sodium  sulphate,  the  albumin  is  precipi- 
tated; this  is  due  to  the  formation  of  sodio- 
magnesium  sulphate  (MgS0|.Na;S0j.6H.^0)  in 
the  liquid  (Halliburton,  Journ.  of  Physiol.  [5] 
152).  Albumin  having  nearly  the  same  characters 
as  serum  albumin  is  found  also  in  milk,  muscle, 
lymphatic  glands,  and  other  tissues  in  small 
quantities. 

Class   II.,   Globulins.  —  Serum  globulin. 

(Synonyms,  paraglobulin,  fihrinoplastin,  scrum- 
casein.)  This  is  the  globulin  occurring  in  serum. 
It  is  soluble  in  weak  solutions  of  sodium 
chloride ;  it  is  partially  precipitated  when  the 
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percentage  of  sodium  cWoride  reaches  0'03  to 
0-07,  re-dissolved  on  the  addition  of  more  salt,  and 
again  precipitated,  though  never  completely, 
when  the  amount  of  salt  present  is  20  p.c.  It  is 
completely  precipitated  by  saturation  with  mag- 
nesium sulphate.  It  does  not  coagulate  on  the 
addition  of  tibrin  ferment,  and  probably  takes 
no  part  in  the  formation  of  fibrin  (v.  art. 
Blood  ;  v.  also  Hammarsten,  Pf.  17,  447  ;  18, 
39).    Its  heat  coagulation  temperature  is  75°C. 

The  following  methods  have  been  suggested 
for  the  separation  of  the  globulin  from  the 
albumin  of  serum: 

(a)  Dialysis.  When  the  salts  are  dialysed 
out,  the  globulin  is  precipitated,  the  albumin 
remains  in  solution. 

(b)  Dilute  the  serum  to  10  or  15  times  its 
volume  with  water,  and  pass  a  stream  of  car- 
bonic acid  through  it,  the  globulin  is  precipi- 
tated (A.  Schmidt,  Arcli.  f.  Anat.  u.  Physiol. 
1862,  429) ;  it  is  also  partially  precipitated 
by  the  addition  of  very  weak  acetic  acid  when 
the  serum  is  similarly  diluted  (Panum,  Arch.  f. 
Fathol.  Anat.  4) ;  it  was  on  account  of  this  that 
a  special  alkali  albumin  or  serum  casein  was 
formerly  believed  to  exist  in  the  blood. 

((;)  Saturation  with  sodium  chloride  preci- 
jiitates  the  globulin,  leaving  the  albumin  in 
solution  (A.  Schmidt). 

{d)  Saturation  with  magnesium  sulphate 
(Hammarsten).  This  is  the  only  method  com- 
monly employed  which  effects  a  complete  sepa- 
ration. Kauder  has  stated  that  half-saturation 
with  ammonium  sulphate  will  act  similarly, 
and  Halliburton  (loc.  cit.)  that  sodium  acetate 
and  sodium  nitrate  may  also  be  used. 

Serum  globulin  may  be  estimated  quantita- 
tively in  serous  liquids  in  the  following  way  : 
a  weighed  or  measured  quantity  of  the  liquid  is 
saturated  with  magnesium  sulphate,  the  preci- 
pitate collected  on  a  weighed  filter  and  washed 
with  a  saturated  solution  of  magnesium  sul- 
phate, and  then  dried  at  110°C.  for  some  hours ; 
the  proteid  is  thus  rendered  insoluble,  and  is 
freed  from  the  salt  by  washing  with  water  and 
alcohol.  The  precipitate  is  again  dried  on  the 
filter  to  constant  weight,  weighed,  and  subse- 
quently ignited  and  the  ash  deducted.  In  such 
a  liquid  as  serum,  viz.  one  containing  a  mixture 
of  globulin  and  albumin,  the  latter  may  be  esti- 
mated by  deducting  the  amount  of  globulin  from 
the  amount  of  total  proteids  present. 

Cell  globulin  found  in  lymph  cells  and 
other  cellular  structures  coagulates  at  47°-50°. 
A  globulin  (myoglobulin)  which  coagulates  at 
C3°C.  but  otherwise  resembles  serum  globulin 
exists  in  muscle  plasma. 

Fibrinogen.  This  proteid,  which  occurs  in 
blood  plasma,  very  closely  resembles  the  prece- 
ding ;  it  differs  from  serum  globulin  in  being 
completely  precipitable  by  half-saturation  with 
sodium  chloride,  and  may  thus  be  separated 
from  that  proteid  (Hammarsten,  Pf.  19,  563).  It 
is  precipitable  by  a  stream  of  carbonic  acid,  but 
it  is  necessary  to  dilute  the  plasma  with  at  least 
20  times  its  volume  of  water  before  precipitation 
occurs,  whereas  serum  globulin  is  precipitated 
when  the  dilution  is  less.  It  is  coagulated  by 
heat  at  56°C.  The  heat  coagulum  is  a  very  sticky 
one  ;  the  low  temperature  at  which  fibrinogen 
coagulates  forms  the  basis  of  a  method  for  esti- 


mating it  quantitatively :  the  coagulated  proteid 
formed  from  the  fibrinogen  at  56°C.  is  collected 
on  a  weighed  filter,  washed  with  distilled  water 
and  alcohol,  dried  at  110°C.,  and  finally  weighed, 
ignited,  and  the  amount  of  ash  deducted  (Fre- 
dericq).  Under  the  influence  of  the  fibrin  fer- 
ment, fibrinogen  is  converted  into  fibrin ;  it  is 
due  to  this  change  that  blood  coagulates  when 
drawn,  the  fibrin  entangling  the  blood  cor- 
puscles to  form  the  clot.  The  term  fibrinogen 
has  been  recently  extended  by  Wooldridge  to 
other  ill-defined  proteid  substances  which  he 
considers  to  be  precursors  of  fibrin.  These  are 
probably  nucleo-albumins  mixed  with  lecithin. 
For  latest  views  on  blood  coagulation  with  re- 
ferences see  Halliburton  [J.  Physiol.  13,  829  ; 
Goulstonian  Lecture  No.  3,  Brit.  Med.  Jl.  March 
1893). 

Plasmine.  The  term  '  plasmine '  was  given 
by  Denis  {Memoire  sur  le  Sang,  Paris,  1859) 
to  the  precipitate  produced  by  saturating  blood 
plasma  with  common  salt ;  this  has  since  been 
shown  to  consist  of  the  two  proteids,  fibrinogen 
and  serum  globulin  ;  serine  was  the  name  given 
to  the  proteid  left  in  solution,  or,  as  it  is  now 
called,  serum  albumin. 

Myosin.  This  is  the  proteid  which  is  formed 
after  the  death  of  muscle ;  the  muscle  plasma 
separates  into  a  clot  composed  of  myosin,  and 
muscle  serum,  as  blood  plasma  sejiarates  into 
fibrin  and  blood  serum.  This  produces  a  stiffen- 
ing of  the  muscles  called  rigor  mortis.  The 
name  given  to  the  proteid  precursor  of  myosin 
in  the  living  muscle  is  myosinogen.  The  clot 
of  myosin  formed  by  diluting  with  water  a 
saline  extract  of  flesh  is  not  so  coherent  as  that 
of  fibrin  ;  it  is  readily  soluble  in  10  p.c.  sodium 
chloride  solution,  from  which  it  is  precipitable 
by  saturation  with  that  salt  or  with  magnesium 
sulphate;  it  forms  a  heat  coagulum  in  such  a 
solution  at  56°C.  Myosin  is  converted  with 
great  readiness  into  acid  albumin  or  syntonin  by 
weak  hydrochloric  acid ;  A.  Danilewsky  regards 
the  compound  so  formed  as  being  not  ordinary 
syntonin  but  a  combination  of  HCl  with  myosin, 
from  which  by  suitable  treatment  myosin  is  re- 
coverable. After  long-continued  dialysis,  myosin 
can  be  freed  from  salts,  and  is  thus  rendered 
exceedingly  insoluble,  both  in  saline  solutions 
and  in  dilute  hydrochloric  acid  (A.  Danilewsky, 
PI.  6,158;  Halliburton,  Journ.  of  Physiology,  8, 
136).   (See  also  Muscle.) 

Vitellin.  A  proteid  present  in  yolk  of  egg, 
which,  although  it  resembles  globulins  in  certain 
particulars,  differs  from  them  in  not  being  preci- 
pitable by  saturation  with  sodium  chloride. 
Solutions  coagulate  at  70°-75°C.  It  is  prepared 
by  treating  the  yolk  of  hen's  egg  with  ether,  by 
which  reagent  most  of  the  fatty  and  colouring 
matters  are  dissolved ;  vitellin  remains  undis- 
solved as  a  white  granular  substance,  which  is 
insoluble  in  water,  but  readily  soluble  in  dilute 
saline  solutions.  Nuclein  appears  to  be  united 
closely  to,  and  may  be  obtained  from,  vitellin. 

Crystallin.  This  was  once  called  globulin, 
but  that  term  has  been  extended  to  the  whole 
group.  It  is  obtained  from  the  crystalline  lens 
of  the  eye,  composing,  according  to  Berzelius, 
35-9  p.c.  of  that  structure.  Its  saline  solutions 
become  opalescent  at  73°,  but  a  coagulum  is  not 
deposited  till  93°C.  is  reached.    According  to 
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Lehmann  {Plnjsiol.  CJicm.  1,  360)  the  formation 
of  a  heat  coagulum  is  accompanied  by  the 
development  of  an  acid  instead  of  an  alkaline 
reaction,  as  is  the  case  with  other  proteids ;  he 
accounts  for  this  by  supposing  that  crystallin 
is  united  to  ammonio-sodic  phosphate,  which, 
on  the  application  of  heat,  is  resolved  into  am- 
monia and  acid  phosphate  of  soda.  Valenciennes 
and  Fremy  (C.  B.  44,  1122)  state  that  other 
proteids  are  found  in  the  lens,  and  have  given 
the  name  phaconin  to  one  in  that  of  fishes  {v. 
also  Bechamp,  C.  B..  90,  1255). 

Hasmoglobin.  When  a  solution  of  hemo- 
globin, the  red  pigment  of  the  blood,  is  heated, 
the  liquid  becomes  turbid,  and  a  coagulum  of  a 
reddish-brown  colour  separates  out  between  70° 
and  80°C.  Heat  decomposes  the  hemoglobin 
into  two  substances  insoluble  in  water,  one 
coagulated  proteid,  the  other  a  colouring  matter, 
hsematin,  which  contains  all  the  iron  of  the 
hsemoglobin.  A  similar  decomijosition  occurs 
when  haemoglobin  is  acted  on  by  strong  acids  or 
alkalis,  or  by  excess  of  alcohol.  Preyer  described 
the  proteid  substance  under  the  term  globin, 
which  is  insoluble  in  water,  and  which  swells  in 
solutions  of  sodium  chloride  and  sodium  hydrate 
without  dissolving.  Kiihne  concludes  from  the 
action  of  reagents  that  a  mixture  of  proteids 
rather  than  a  single  proteid  results  from  the 
decomposition  of  hsemoglobin ;  these  would, 
however,  seem  to  belong  to  the  globulin  class 
from  the  fact  that  hsmoglobin  is  precipitable 
from  its  solutions  by  saturation  with  such 
neutral  salts  as  precipitate  other  globulins,  and 
also  by  a  stream  of  carbonic  acid  {v.  art.  H.emo- 
globin). 

Haemocyanin.  This  is  a  proteid  associated 
with  a  colouring  matter  which  takes  the  place 
of  hfemoglobin  as  an  oxygen-carrier  in  the  blood 
of  certain  Crustacea,  arachnida,  gastropoda,  and 
cephalopoda.  It  was  first  described  by  Fredricq 
in  the  blood  of  the  octopus  ;  the  blood  which 
comes  to  the  gills  being  colourless,  and  that 
leaving  them  being  blue  :  the  blue  pigment  is 
due  to  a  loose  combination  of  the  proteid  with 
oxygen,  which,  like  oxy-hitmoglobin,  parts  with 
its  oxygen  to  the  tissues.  Copper  takes  the 
place  of  the  iron  of  hemoglobin  in  this  com- 
pound. It  has  not  been  separated  into  a  pig- 
ment and  a  proteid,  as  hremoglobin  has.  It 
coagulates  by  heat  at  65°,  and  is  precipitated  by 
saturation  with  neutral  salts,  and  by  dialysis  like 
other  globulins  (for  references  see  Halliburton, 
Journ.  of  PJujsiol.  6,  300;  Griesbach,  Pf.  50, 
473). 

Class  HI.,  Albu:\iinates. 

Acid  albumin.  If  a  small  quantity  of  dilute 
acid  (hydrochloric  or  acetic)  be  added  to  serum 
or  egg-albumin,  no  precipitation  occurs,  but  after 
a  short  time  it  will  be  found  that  the  albumin 
no  longer  coagulates  on  heating,  and  that  its 
dextrorotatory  power  is  increased.  The  albu- 
min has  been  converted  into  acid  albumin.  On 
carefully  neutralising  such  a  solution  with  weak 
alkali,  the  whole  of  the  proteid  matter  is  thrown 
down  as  a  white  precipitate,  which  is  soluble  in 
excess  of  the  alkali,  and  may  be  re-precipitated 
by  neutralisation  with  weak  acid,  and  again  dis- 
solved by  excess  of  the  acid,  and  so  on.  Acid- 
albumin  is  soluble  in  solutions  of  alkaline  car- 
bonates ;   it  is  precipitated,  like  globulin,  by 


saturation  with  sodium  chloride  or  magnesium 
sulphate. 

Acid-albumin  may  also  be  formed  in  a  similar 
way  from  any  globulin;  myosin,  for  instance,  is 
converted  into  acid  albumin  or  syntonin,  as  it 
was  first  termed  by  Liebig,  when  prepared  from 
muscle.  The  parapeptone  of  Meissner,  which  is 
formed  in  the  first  stages  of  peptic  digestion,  is 
also  identical  with  acid  albumin. 

Alkali  albumin.  If,  instead  of  dilute  acid, 
dilute  alkali  be  added  to  an  albumin  or  globulin, 
coagulation  by  heat  is  similarly  prevented,  and  the 
whole  of  the  proteid  is  thrown  down  by  neutralisa- 
tion, and  is  solublein  excess  of  either  acid  or  alkali. 
The  name  alkali-albumin  is  given  to  the  pro- 
teid thus  altered  by  alkali.  Like  acid  albumin 
it  is  soluble  in  solutions  of  alkaline  carbonates, 
and  precipitated  by  saturation  with  sodium 
chloride  or  magnesium  sulphate.  In  the  pre- 
sence of  alkaline  phosphates  it  is  necessary  to 
add  more  acid  to  obtain  a  precipitate  than  if 
the  alkaline  phosphate  were  absent ;  the  acid 
is  just  used  to  convert  the  alkaline  into  neutral 
phosphate.  When  heated  with  strong  solution 
of  potassium  hydrate,  potassium  sulphide  is  not 
formed. 

Lieberkiihii's  jelly.  When  either  tribasic 
phosphoric  acid,  acetic  or  tartaric  acids,  whicli 
do  not  precipitate  moderately  concentrated 
solutions  of  albumin,  is  added  in  excess  to  con- 
centrated serum  or  white  of  egg,  a  jelly  is  pro- 
duced which  liquefies  like  gelatin  on  heating, 
and  again  solidifies  on  cooling.  A  similar  jelly 
I  is  formed  by  adding  a  strong  solution  of  potash 
to  serum  or  white  of  egg.  This  substance,  called 
Lieberkiihn's  jelly,  is  regarded  as  a  variety  of 
acid  or  alkali  albumin  resjjectively  ;  it  is  soluble 
with  difficulty  in  water ;  the  aqueous  solution 
remains,  however,  clear  when  boiled,  and  is 
precipitated  by  neutralisation. 

Compounds  of  albumin  with  acids.  On  ac- 
count of  the  present  uncertain  state  of  our 
knowledge  concerning  the  constitution  of  the 
proteids,  the  statements  concerning  compounds 
which  have  been  described  of  albumin  with 
various  acids  must  be  received  with  caution,  as 
is  also  the  case  with  metallic  albuminates  (see 
Egg  albumin). 

Trinitro-albumin  C,2H,|,5(NO;)3N,j,S0.2.,  is 
prepared  by  triturating  or  shaking  dried  and 
powdered  albumin  with  14  or  15  times  its  weight 
of  nitric  acid  (HNO3)  ;  a  gelatinous  mass  is  the 
^  result,  and  on  pouring  this  into  water  the  in- 
soluble light-yellow  tinted  compound  separates 
out.  If  the  gelatinous  mass  be  left  to  itself  at 
a  temperature  below  10°,  a  small  quantity  of 
nitrogen  tetroxide  is  given  off,  and  a  solution 
formed  which,  when  diluted  with  water,  deposits 
a  dark-yellow  tasteless  hydroxiitrinitro-alhumin, 
C„H,„(,(N0,),N„(0H),,(S0,.0H')0„,.  Both  these 
compounds  dissolve  without  alteration  in  dilute 
alkalis,  from  which  solution  they  are  precipitated 
in  yellow  flocculi  on  addition  of  acid  (O.  Loew, 
J.  pr.  [2]  5,  433).  If,  instead  of  using  nitric 
acid,  a  mixture  of  concentrated  nitric  and  sul- 
phuric acids  be  employed,  a  bitter  yellow  pow- 
der, insoluble  in  water,  alcohol,  or  dilute  acids, 
but  soluble  in  dilute  alkalis,  is  obtained  which 
is  called  hcxnitro-albiimin  sulplionic  acid, 
C„H,„,(NO,),(SO,.OH)N,„SO,,, ;  on  treating  this 
with  ammonium  sulphide,  hczaviido-albumin 
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sulplwnic  acid  C„H,„,(NH.,)s(SO.,.OH)N„SO;„  is 
formed ;  this  is  decomposed  by  strong  alkalis 
with  evolution  of  ammonia,  and  by  nitric  acid 
with  evolution  of  red  fumes.  It  is  insoluble  in 
dilute  acids,  but  readily  dissolves  in  concentrated 
ones  (0.  Loew,  J.  pr.  [2]  3,  180). 

Gelatinous  compounds  of  albumin  with  acids 
are  prepared  by  leaving  it  twenty-four  hours 
in  a  parchment  paper  dialyser  and  a  dilute 
acid  in  the  outer  vessel.  For  a  quantity  of 
albumin  represented  by  Lieberkiihn's  formula, 
CjoHiijNjgSO,,,  the  compounds  contain  2  mols. 
nitric,  2  mols.  hydrochloric,  1  mol.  sulphuric, 
and  Itt  mols.  phosphoric  acid  (G.  S.  Johnson, 
C.  J.  27,  734). 

Casein  and  Caseinogen.  Caseinogen  is  the 
chief  proteid  in  milk.  By  the  action  of  rennet  it 
is  converted  into  a  curd  called  casein.  Caseinogen 
is  thrown  down  by  the  addition  of  acetic  or 
mineral  acids,  especially  if  the  milk  be  first 
diluted  ;  this  precipitate  when  freed  from  fats 
is  insoluble  in  water,  soluble  in  dilute  acids  or 
alkalis  (and  alkaline  carbonates),  and  re-pre- 
cipitable  by  acidulation.  It  may  also  be  prepared 
from  milk  by  saturating  it  with  magnesium  sul- 
phate, followed  by  washing  the  precipitate  with 
saturated  solution  of  that  salt  till  the  washings 
contain  no  albumin,  and  then  re-dissolving  the 
precipitated  caseinogen  by  adding  water.  The 
salt  still  adherent  to  the  precipitate  enables  it 
to  dissolve ;  the  fat  remains  undissolved  on  the 
filter.  Such  a  neutral  solution  of  caseinogen 
becomes  cloudy  on  heating,  and  the  cloudiness 
disappears  on  cooling  if  the  heating  has  not 
lasted  too  long.  Lubavin  states  that  caseinogen 
differs  from  alkali  albumin  in  the  following  par- 
ticulars :  (1)  when  caseinogen  is  treated  with 
caustic  potash  potassium  sulphide  is  produced ; 
(2)  on  digestion  with  artificial  gastric  juice,  casein- 
ogen yields  a  substance  containing  phosphorus, 
whereas  an  albuminate  can  be  prepared  from 
white  of  egg  which  contains  no  phosphorus 
(Lubavin,  Hoj^pe-Seyler's  Med.  Chcm.  Untersuch. 
1871,  463).  C.  Wurster  (B.  20,  2G3)  states  that 
when  hydrogen  peroxide  is  passed  through  a 
solution  of  egg  albumin  in  the  presence  of  sodium 
chloride  and  an  acid  (lactic,  acetic,  phosphoric, 
or  sulphuric)  a  proteid  insoluble  in  water  is 
thrown  down,  which  he  states  to  be  a  mixture  of 
gelatinous  acid  albumin  with  a  large  quantity  of 
proteid  similar  to  caseinogen ;  he  further  supposes 
that  hydrogen  peroxide  plays  an  important  r6le 
in  the  living  tissues  of  the  body,  and  that  the 
caseinogen  of  milk  may  be  produced  from  the 
proteids  of  the  blood  by  a  similar  means.  The 
precipitate  produced  by  adding  ether  to  yolk  of 
egg  is  also  stated  to  have  properties  similar  to 
caseinogen  (Bopp,  A.  79,  16). 

Most  of  the  older  writers  use  the  word  casein 
to  include  both  it  and  caseinogen.  Different 
varieties  of  casein  have  been  described  by  differ- 
ent observers ;  Berzelius,  Braconnot,  and  others 
described  soluble  casein,  soluble  in  water,  and 
insoluble  casein,  insoluble  in  water  (v.  also  Bopp, 
I.e.) .  The  soluble  casein  probably  consisted  of  the 
other  proteids  present  in  milk  in  addition  to 
casein.  More  recently  the  view  has,  however,  been 
again  advanced  that  the  only  proteid  in  milk  is 
casein ;  and  that  the  apparent  presence  of  albumin 
and  other  proteids  is  due  to  the  action  of  reagents 
or  ferments  (Duclaux,  C.  B.  98,  373,  438,  526  ; 


E.  Pfeiffer,  Malifs  Jahrber.  14, 177).  H.  Struve 
(J.  pr.  29,  70,  110)  distinguishes  between  casein 
which  forms  the  envelopes  of  the  fat  globules, 
and  that  which  exists  in  solution  in  the  milk ; 
both,  however,  have  the  same  properties.  A. 
Danilewsky  {H.  7,  433)  states  that  casein  can  be 
separated  into  caseo-protalbin,  soluble  in  hot 
50  p.c.  alcohol,  and  caseo-albumin,  insoluble  in 
that  reagent.  Hammarsten  {H.  7,  227)  has,  how- 
ever, shown  that  this  behaviour  of  casein  depends 
in  part  upon  its  content  of  calcium  phosphate, 
the  presence  of  which  impurity  depends  upon 
the  use  of  hydrochloric  acid  in  the  precipitation 
of  the  casein,  which  acid  does  not  favour  the  re- 
moval of  the  salt  as  well  as  acetic  acid.  Ham- 
marsten,moreover,  showed  by  elementary  analysis 
that  casein  is  a  single  body  ;  this  has  been  eon- 
firmed  by  Chittenden  and  Painter  (Studies  from 
the  Lab.  of  Physiol.  Chem.,  Yale  Univ.  2,  156). 
The  two  last-named  observers  obtain  the  follow- 
ing as  the  percentage  composition  of  casein  : 
C,  53-30  ;  H,  7-07  ;  N,  15-91 ;  S,  0-82  ;  P,  0-87  ; 
O,  22-03.  Hammarsten  (E.  1,  269)  and  Kitt- 
hausen  (Mahfs  Jahrsber.  1873,  28)  have  also 
published  elementary  analyses  of  casein. 

It  is  owing  to  the  presence  of  caseinogen  that 
when  rennet  is  added  to  milk  a  curd  is  produced, 
which  is  composed  of  the  clotted  casein  and 
entangled  fat  globules  ;  the  whey  or  liquid  resi- 
due contains  the  sugar,  albumin,  and  salts  of  the 
milk.  The  spontaneous  coagulation  that  some- 
times occurs  in  milk  is  due  either  to  the  preci- 
pitation of  caseinogen  by  lactic  acid  formed  from 
lactose  by  fermentation,  or  to  aerobic  organisms 
which  act  like  rennet.  The  coagulation  that 
occurs  when  milk  is  boiled  is  due,  not  to  the 
casein,  but  to  the  albumin  in  the  milk.  The  fer- 
ment coagulation  is  a  process  which  is  entirely 
different  from  the  precipitation  by  acid.  A  solu- 
tion of  pure  caseinogen  in  dilute  alkali  will  not 
coagulate  on  the  addition  of  rennet;  if,  however, 
a  small  quantity  of  calcium  phosphate  or  chloride 
be  added,  coagulation  readily  occurs.  If  casein- 
ogen, precipitated  by  acetic  acid,  be  well  washed 
with  water  tUl  the  reaction  is  nearly  neutral,  and 
then  neutralised  with  solid  calcium  carbonate, 
a  pasty  mass  is  formed  which,  on  the  addition 
of  rennet  thereto,  sets  into  a  solid  clot ;  but  here 
again  if  the  caseinogen  has  been  washed  free 
from  calcium  phosphate  rennet  has  no  such 
action.  This  dependence  of  the  rennet  coagula- 
tion on  the  presence  of  earthy  phosphate  has 
been  worked  out  by  Hammarsten.  The  ferment 
causes  the  change  from  caseinogen  to  casein. 
The  lime  salt  combines  with  the  latter  and  pre- 
cipitates it.  Hammarsten  showed  that  on  the 
coagulation  of  caseinogen  by  rennet  a  whey 
albumin  easily  soluble  in  water  is  formed  in 
addition  to  the  clot  of  casein.  Soxhlet  (/.  pr. 
[2]  6,  1)  states  that  alkaline  solution  of  arti- 
ficially prepared  alkaU  albumin  also  coagulates 
on  the  addition  of  rennet,  but  this  statement 
has  not  been  confirmed.  Metacasein  is  a  name 
given  to  an  early  stage  of  the  action  of  rennet 
and  pancreatic  juice  on  caseinogen.  It  coagu- 
lates by  heat  (Eoberts,  Proc.  Roy.  Soc.  1881 ; 
Edkins,  Journ.  Physiol.  12,  193). 

Casein  in  the  milk  of  different  animals 
is  stated  by  Simon  to  vary  slightly  ;  thus  human 
casein  is  yellowish-white,  and  very  friable  ;  it  is 
incompletely  precipitated  from  its  aqueous  solu- 
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tion  by  alum  or  by  acetic  acid.  Casein  from 
cow's  milk  is  less  soluble  in  water,  and  becomes 
viscid  and  horny  on  drying.  Canine  milk  gives 
a  casein  which  does  not  become  viscid  and  horny 
when  dried,  and  is  less  soluble  in  water.  Human 
casein  is  much  more  easily  digested  than  that  of 
cow's  milk,  which  is  more  viscid,  and  sets  into 
a  more  solid  clot  under  the  influence  of  the 
rennet  ferment  of  the  gastric  juice.  For  recent 
papers  on  casein  see  Ringer,  Journ.  Physiol.  11, 
464  ;  12, 1G4  ;  Halliburton,  11,  459  ;  Sebehen,  12, 
95  ;  Hewlett,  13,  798. 

Class  IV.,  Pkoteoses. — Under  the  name  pro- 
teose it  is  convenient  to  include  the  large  number 
of  products  which  are  intermediate  in  the  for- 
mation of  peptones  from  other  proteids.  Similar 
substances  are  formed  by  the  action  of  both  the 
peptic  and  tryptic  ferment ;  those  formed  from 
fibrin  or  egg  albumin  have  received  the  name  of 
albumose;  from  globulin,  globulose  ;  from  casein, 
caseose ;  from  vitellin,  vitellose,  &c.  These 
various  substances  resemble  each  other  in  their 
general  reactions,  and  differ  from  one  another  in 
origin,  slightly  in  percentage  composition,  and 
in  a  few  minor  reactions.  The  albumoses  are 
those  which  have  been  most  studied.  It  will  be 
sufficient  here  to  describe  the  properties  of  the 
varieties  of  albumose.  The  globuloses,  vitelloses, 
(&c.,  are  divided  into  similar  varieties,  with  corre- 
sponding prefixes. 

The  properties  of  these  substances  have 
been  chiefly  worked  out  by  Ktihne  and  Chitten- 
den. The  names  first  given  to  them  were  pro- 
peptone  (Kiihne)  and  a  peptone  (Meissner). 
Ktihne  then  adopted  the  name  albumose,  and 
subdivided  the  albumoses  into  hemi-albumoses, 
those  which  are  converted  into  hemi-peptones, 
and  anti-albumoses,  those  which  are  converted 
into  anti-peptones.  Ampho-albumose  is  a  term 
which  includes  both  hemi-  and  anti-  varieties. 

The  following  are  the  chief  albumoses  : 

(i.)  Proto-albumose,  soluble  in  distilled 
water  and  weak  saline  solutions,  partly  precipi- 
tated by  saturating  its  acidified  solutions  with 
sodium  chloride.  It  is  also  precipitated  by  mer- 
curic chloride  and  by  copper  sulphate. 

(ii.)  Hetero-albumose,  insoluble  in  dis- 
tilled water,  soluble  in  weak  saline  solutions, 
and  completely  precipitated  therefrom  either  by 
dialysing  out  the  salt  or  by  saturation  with 
sodium  chloride.  It  is  precipitable  by  mercuric 
chloride  only  in  acid  solutions  ;  it  is  precipitated 
by  copper  sulphate.  By  heating  its  saline  solu- 
tions a  cloudiness  is  produced,  which  is  not 
caused  by  the  formation  of  coagulated  proteid, 
since  it  readily  disappears  on  the  addition  of 
weak  acid  or  alkali.  By  the  action  of  alcohol 
hetero-albumose  is  partially  converted  into  an 
insoluble  product  (dys-albumose). 

(iii.)  Deutero-albumose.  This  is  the 
albumose  most  nearly  allied  to  peptone.  It  is 
soluble  in  distilled  water,  and  in  saline  solutions  ; 
it  is  not  precipitated  by  saturation  with  sodium 
chloride.  It  is  precipitable  by  nitric  acid  only 
in  the  presence  of  excess  of  salt,  and  then  does 
not  dissolve  so  readily  on  heating  as  in  the  case 
of  the  other  albumoses.  It  is  precipitable  by 
mercuric  chloride,  but  not  by  copper  sulphate. 
It  can  be  separated  from  peptones  by  saturation 
with  ammonium  sulphate,  which  precipitates 


deutero-albumose  but  not  peptones.  For  latest 
work  on  this  see  Kiihne,  Z.  B.  29,  1. 

The  above  reactions  are  those  in  which  the 
albumoses  differ  from  one  another ;  they  re- 
semble one  another  in  their  characteristic  be- 
haviour with  nitric  acid  (already  described),  and 
in  giving  the  biuret  reaction.  Neumeister  says 
that  in  the  formation  of  peptones  from  albumin, 
in  the  first  stage  of  digestion,  proto-albumose 
(chiefly  a  hemi-product),  hetero-albumose,  and 
anti-albumid  (an  insoluble  product  only  par- 
tially further  changed,  and  that  into  antipep- 
tone)  are  formed.  Deutero-albumose  is  in  all 
cases  an  intermediate  product  between  these  and 
the  final  peptones. 

The  following  are  the  chief  papers  published 
in  reference  to  this  subject.  On  albumoses; 
Kiihne  and  Chittenden,  Z.  B.  20,  11 ;  R.  Neu- 
meister, ihid.  23,  381 ;  Chittenden  and  Bolton, 
Studies  from  the  Physiol.  Lab.,  Yale  Univ.  2, 
126.  On  globuloses :  Kiihne  and  Chittenden, 
Z.  B.  22,  409.  On  vitelloses  :  Neumeister,  ibid. 
23,  402.  On  caseoses  ;  Chittenden  and  Painter, 
Studies  from  the  Physiol.  Lab.,  Yale  Univ.  2, 
156.  On  the  digestion  of  casein  :  H.  Thierfelder, 
H.  10,  577.  On  benzoylated  ethers  of  the  albu- 
moses :  Schrotter,  B.  22,  1950. 

Class  V.,  Peptones. — The  general  reactions 
of  these  substances  and  of  their  chief  varieties, 
hemi-  and  anti-  peptone,  have  been  already  de- 
scribed. It  is  only  since  the  introduction  of  the 
method  of  separating  them  from  other  proteids 
by  saturating  a  solution  containing  such  a  mix- 
ture with  ammonium  sulphate  that  they  have 
been  obtained  free  from  proteoses.  Most  of  the 
peptones  of  commerce  consist  almost  entirely  of 
proteoses.  Peptones  have  also  been  described 
as  occurring  in  milk,  and  in  certain  animal  and 
vegetable  tissues,  whereas  these  proteids  are  in 
reality  proteoses  artificially  formed  during  mani- 
pulation. Certain  properties  previously  ascribed 
to  peptones,  e.g.  a  power  of  preventing  blood  from 
coagulating  after  intravenous  injection,  are  now 
known  to  be  due  to  proteoses. 

When  peptones  are  formed  artificially  a  bitter 
taste  is  developed ;  what  this  is  due  to  is  un- 
known. Pure  peptone  has  a  meaty  or  cheesy 
taste ;  the  albumoses  are  also  free  from  bitter- 
ness. It  is  exceedingly  difficult  to  dry  pure 
peptone,  and  when  dry  it  hisses  and  froths,  with 
evolution  of  heat  on  the  addition  of  water. 

Anti-peptone — and  the  same  appears  to  be 
true  of  other  anti-  products  of  digestion  (e.g. 
anti-albumid) — do  not  only  not  yield  leucine  and 
tyrosine  on  further  pancreatic  digestion,  but 
appear  not  to  contain  the  tyrosine  radicle  ;  they 
do  not  give  Millon's  reaction,  and  do  not  yield 
tyrosine  on  boiling  with  sulphuric  acid. 

(For  the  most  recent  paper  on  peptones,  me- 
thods of  purification,  and  ultimate  analysis,  see 
Ktihne  and  Chittenden,  Z.  B.  22,  423.) 

Class  VI.,  Insoluble  proteids. 

Fibrin.  This  is  the  proteid  formed  from 
fibrinogen,  probably  under  the  influence  of  a 
ferment  derived  from  the  white  corpuscles  of 
the  blood.  It  is  owing  to  its  formation  that 
blood  clots  after  withdrawal  from  the  body  (see 
Blood).  It  may  be  prepared  pure  by  washing 
the  clot  free  from  corpuscles  by  a  stream  of 
water,  or  better,  by  allowing  the  plasma  freed 
from  corpuscles  to  coagulate,  and  then  it  is 
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washed  free  from  other  proteids  by  water.  It  is 
a  white  elastic  solid,  usually  exhibiting  fibrilla- 
tion under  a  high  magnifying  power.  It  is  in- 
soluble in  water,  partially  soluble  in  dilute  saline 
solutions,  the  proteid  which  goes  into  solution 
having  the  properties  of  serum  globulin.  Fibrin 
possesses  the  power  of  liberating  oxygen  from 
solutions  of  hydrogen  peroxide.  Pibrin  swells 
up  in  cold  weak  hydrochloric  acid  (O'l  p.c.) ;  it 
dissolves,  forming  acid  albumin,  on  heating  it 
with  weak  hydrochloric  acid.  It  is  readily  digested 
by  pepsin  or  trypsin,  yielding  albumoses  and 
peptones.  Haselsroek  (H.  11,  348)  and  A.  Herr- 
mann (ibid.  11,  508)  state  that  a  first  product  in 
the  digestion  of  fibrin  is  a  substance  with  many 
of  the  properties  of  fibrinogen.  (For  elementary 
analyses  and  varieties  of  fibrin  see  Hammarsten, 
Pf.  22,  484  ;  30,  437.    See  also  Fibrinogen.) 

Coagulated  proteid.  This  is  proteid  con- 
verted by  heat  or  alcohol  into  a  coagulum.  It  is 
insoluble  in  water  or  dilute  acids  or  alkalis ;  it 
is,  however,  like  fibrin,  readily  digestible  by 
proteolytic  ferments. 

Lardacein  (so-called  amyloid  or  albuminoid 
substance).  This  is  formed  in  the  disease  known 
as  waxy  degeneration,  the  cells  of  the  liver, 
spleen,  and  other  organs  being  replaced  by  this 
substance.  It  is  coloured  brownish-red  by  iodine, 
hence  the  name  amyloid  (Virchow).  Kekule 
and  Schmidt  showed  that  it  was  a  proteid.  It  is 
insoluble,  like  coagulated  proteid,  and  it  has 
been  usually  stated  that  it  is  not  dissolved  by 
gastric  juice.  Kostiurina  (C.  C.  1887,  120) 
finds,  however,  that  it  is  soluble  in  pepsin  solu- 
tion acidified  with  hydrochloric  acid. 

Yhe  vegetable  proteids  have  the  same  general 
reactions,  and  may  be  divided  into  the  same 
classes  as  the  animal  proteids.  Their  percentage 
composition  is  also  approximately  the  same,  but 
varies  with  individual  members  of  the  group,  as 
is  the  case  with  the  animal  proteids.  Leucine, 
tyrosine,  asparagine,  and  other  amides  are  found 
in  plants,  which  may  perhaps  be  stages  in  the 
formation  of  proteids  from  the  union  of  inorganic 
nitrogen  with  certain  non-nitrogenous  compounds 
in  the  plant  tissues  (C.  0.  Miiller,  L.  V.  1886, 326). 
Various  observers  have  found  in  vegetable  tissues 
a  crystallisable  proteid,  often  spoken  of  as  an 
albumin,  but  which  has  since  been  shown  to 
consist  of  a  globulin  (vitellin).  These  crystals 
were  first  observed  by  Hartig  (Botan.  Zeitung, 
1885,  881).  Maschke  obtained  crystals  from  Para 
nuts  by  extracting  them  with  water  at  50°  ;  the 
crystals  formed  on  evaporating  this  extract  at 
the  same  temperature  (J.  pr.  74,  436).  Similar 
crystals  have  been  obtained  by  Schmiedeberg 
(ff.  1,  205),  by  Drechsel  (J.  pr.  [2]  19,  331), 
Kitthausen  (J.  pr.  131,  481).  G.  Griibler  ob- 
tained octahedral  crystals  from  pumpkin  seeds 
and  castor-oil  seeds  by  cooling  to  7°  a  sodium 
chloride  extract  of  the  seeds  made  at  70°  (J.  pr. 
131,  105).  The  aleurone  grains  of  plants  have 
been  investigated  by  S.  H.  Vines  (Pr.  30,  387  ; 
31,  62) ;  in  the  peony,  castor-oil  plant,  blue  lupin, 
and  many  other  plants.  Vines  found  that  the 
grains  are  either  wholly  or  partially  composed  of 
proteids,  and  classifies  them  according  to  whether 

(1)  they  are  soluble  in  water,  in  which  case  they 
consist  of  vegetable  peptone  or  hemi-albumose, 

(2)  soluble  in  10  p.c.  sodium  chloride  solution, 
and  (3)  partially  soluble  in  10  p.c.  sodium  chloride 


solution.  In  the  two  latter  cases  globulins  and 
albumins  are  also  present.  For  recent  work  on 
crystallised  vegetable  proteids  see  Osborne,  Am. 
14,  No.  8. 

Class  I.,  Vegetable  aibdmins. — In  addition 
to  the  crystalline  body  just  described,  the  posi- 
tion of  which  in  our  classification  is  properly  in 
the  next  group,  there  are  in  vegetable  juices 
true  albumins.  These  have  been  prepared  and 
analysed  from  rye  by  Jones  (A.  40,  66),  from 
wheat  fiour  by  Dumas  and  Cahours  (A.  Ch.  [3] 
vi),  by  Boussingault  (ibid.  [2]  63,  225),  from 
potatoes  by  Kiiling  (A.  58,  306),  in  the  latex  of 
several  caoutchouc-yielding  plants  by  J.  K. 
Green  (Pr.  4"0, 28),  and  in  papaw  juice  by  Martin 
(J.  Physiol.  6,  336).  Such  albumins  are  coagu- 
lated by  heat  at  about  70°,  and  are  not  precipi- 
tated by  saturation  with  sodium  chloride,  mag- 
nesium sulphate,  nor  by  acetic  acid.  The 
myrosin  of  mustard  seeds  also  resembles  vege- 
table albumin,  and  myco-protein  from  yeast  and 
bacteria  is  also  stated  to  be  an  albumin 
(SchafQer,  J.  pr.  131,  302). 

Class  II.,  Vegetable  globulins. — These 
were  first  described  by  Vines  (I.e.),  and  have  since 
been  classified  by  Martin  (Proc.  Physiol.  Soc. 
1887,  8),  who  has  found  them  in  the  flour  of 
wheat,  rye,  and  barley,  in  papaw  juice,  and  in 
the  seeds  of  Abrus  prccatorius  (jequirity).  He 
divides  them  into  two  classes :  vegetable  myosins 
and  vegetable  paraglobulins.  The  myosins  co- 
agulate at  55°-60°,  are  precipitated  by  dialysing 
the  salt  away  from  their  solutions ;  but  this 
precipitate  is  no  longer  a  globulin,  being  in- 
soluble in  saline  solutions.  It  has  the  properties 
of  an  albuminate,  i.e.  soluble  in  weak  acid  or 
alkali  and  precipitated  by  neutralisation.  A 
similar  transformation  occurs  when  a  solution 
of  the  myosin,  especially  a  dilute  solution,  is 
placed  in  an  incubator  at  35°-40°  for  twelve  to 
eighteen  hours.  The  vegetable  paraglobulins 
coagulate  at  70°-75°C.,  and  are  not  transformed 
into  albuminates,  either  by  dialysis  or  by  a  long 
exposure  to  a  temperature  of  35°-40°.  This 
classification  does  not  include  plant  vitellin 
(phytovitellin),  the  crystalhne  f orm  of  which  has 
been  already  alluded  to.  The  crystals  are  mem- 
braneless,  doubly  refracting,  and  the  proteid  of 
which  they  consist  has  all  the  reactions  of 
vitellin  prepared  from  yolk  of  egg.  This  vitellin 
was  found  to  be  free  from  nuclein  and  lecithin, 
and  may  be  regarded  as  the  purest  globulin  yet 
known.  Elementary  analysis  gave  C  52-43, 
H  7-12,  N  18-1,  S  0-55  p.c.  (For  further  ana- 
lyses of  vegetable  proteids  see  Barbidre,  J.  pr. 
126,  114.) 

Class  III.,  Vegetable  albuminates. — legn- 
min  and  conglutin.  Legumin,  or  vegetable 
casein,  was  discovered  by  Einhof  in  1805,  and 
called  by  him  vegeto-animale  (N.  allgem.  J.  D. 
Ch.  V.  ;  A.  Gehlen,  vi.  126,  548),  in  peas, 
beans,  and  lentils.  Proust,  H.  Vogel,  Boullay, 
Braconnot,  and  Liebig  considered  it  to  be 
identical  with  the  casein  of  milk.  Dumas  and 
Cahours  found  that  it  contained  less  carbon  and 
more  nitrogen  than  casein  (Gerhardt,  Traiti,  4, 
491).  The  composition  and  properties  of  this 
proteid  have  been  more  recently  studied  by 
Eitthausen.  He  prepared  it  by  extracting  pul- 
verised peas,  beans,  lentils,  and  vetches  with 
dilute  alkali,  precipitating  the  strained  liquid 
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with  acetic  acid,  washing  the  precipitate 
with  alcohol  on  a  lilter,  and  finally  drying  over 
sulphuric  acid.  It  dissolves  both  in  cold  and 
boiling  water ;  on  analysis  the  following  per- 
centages were  obtained  :  From  peas,  lentils, 
vetches,  and  field  beans  —  C  51-48  ;  H  7'02 ; 
N  16-77  ;  0  24-3-2  ;  S  0-40.  From  garden 
beans— C  51-48;  H  6-92;  N  41-71;  0  26-35; 
S  0-45.  Treated  with  sulphuric  acid  it  yields 
leucine,  tyrosine,  glutamic,  and  aspartic  acids. 
The  legumin  of  almonds  and  lupines,  called  by 
Eitthausen  conglutin,  is  richer  in  nitrogen,  more 
glutinous,  and  more  soluble  in  acetic  acid  (Ritt- 
hausen,  J.  pr.  103 ;  65,  78,  193,  273 ;  [2]  26, 
several  papers  ;  Z.  [2]  iv.  628,  541  ;  vi.  126  ; 
Qm.  xviii.  427,  437).  Legumin  differing  slightly 
in  properties  and  composition  has  been  prepared 
from  many  other  sources. 

In  spite,  however,  of  the  vast  amount  of 
work  which  has  been  done  on  this  subject,  and 
which  is  only  briefly  alluded  to  in  the  foregoing 
paragraph,  the  existence  of  this  substance  is 
now  pretty  generally  denied.  Fresh  seeds  or 
vegetable  tissues  and  juices  contain  no  proteids 
of  the  casein  or  albuminate  group,  and  all  the 
substances  hitherto  designated  plant  casein  are 
artificial  products  produced  by  the  alkali  used 
to  extract  them  from  the  various  globulins 
and  albumins  which  exist  there  normally 
(Hoppe  -  Seyler,  Phijaiol.  Clicmie,  Theil  i.  75). 
Although  Ritthausen  defends  his  views  {C.  C. 
1877,  667,  586)  on  the  ground  chiefly  of  the 
concordance  of  numerous  elementary  analyses, 
the  recent  work  of  Vines,  Green,  and  Martin 
confirms  Hoppe-Seyler's  statement.  For  proteids 
of  oats  see  Osborne,  Am.  13,  327,  385 ;  14,  212  ; 
of  maize,  Osborne  a,  Chittenden,  ibid.  13,  453, 
529  ;  14,  20  ;  of  flax,  Osborne,  ibid.  14,  No.  8. 

Class  IV. — Vegetable  proteoses.  —  These 
were  first  described  by  Vines  {I.e.)  in  aleurone 
grains,  and  spoken  of  as  hemi-albumose  by 
him.  They  were  previously  regarded  as  pep- 
tones. Martin  {J.  Physiol.  6,  336)  has  given 
the  name  phytalbumose  to  these  substances. 
In  papaw  juice  he  found  two  phytalbumoses  : 
a.  -  phytalbumose,  with  which  the  ferment 
papain  is  associated  ;  this  resembles  the 
proto  -  albumose  of  Kiihne  a.  Chittenden,  but 
differs  from  it  in  the  fact  that  copper  sul- 
phate and  saturation  with  sodium  chloride  do 
not  precipitate  it ;  ^-phytalbumose,  which  re- 
sembles hetero-albumose,  except  that  it  is  not 
precipitated  by  dialysing  out  the  salts  from  its 
solutions,  nor  by  copper  sulphate,  nor  by  mer- 
curic chloride.  Green  (Pr.  40,  28)  has  described 
an  albumose  in  latex;  and  Martin  has  found 
another  albumose— MisoZwiZe  pihytalbumose — in 
wheaten  flour  {Brit.  Med.  Jour.  1886,  2,  104  ;  see 
also  under  Gluten). 

Class  V.  —  Vegetable  peptones.  —  True 
peptone  does  not  apparently  exist  as  such  in 
vegetable  tissue;  as  the  result  of  peptic  or  pan- 
creatic digestion,  however,  peptones  are  formed 
with  intermediate  products  (proteoses),  as  in 
the  case  of  animal  proteids.  Some,  moreover, 
are  further  acted  on  yielding  leucine  and  tyi'osine. 
It  is  interesting  to  notice  that  in  the  digestion  of 
the  proteids  of  papaw  juice  by  papain,  a  pro- 
teolytic ferment  present  in  that  juice,  no  true 
peptones,  but  only  phytalbumoses,  are  formed. 
Papain,  however,  which  acts  like  trypsin  best  in 
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an  alkaline  medium,  forms  true  peptones  with 
animal  proteids  (Martin,  J.  Physiol.  b,2V6;  6, 
336).  For  ferments  in  pineapple  juice  see 
Chittenden,  Trans.  Connecticut  Acad.  8,  1.  It 
appears  probable  that  such  ferments  are  wide- 
spread in  the  vegetable  kingdom  to  convert  the 
proteid  of  the  cotyledons  into  peptone-like  sub- 
stances, and  so  render  it  available  for  food  in  the 
growing  plant. 

Class  VI. — Insoluble  vegetable  proteids. — 
Gluten.  This  is  the  most  important  of  the 
vegetable  proteids  which  falls  under  this  head. 
When  wheat  flour  is  made  into  a  paste  its 
stickiness  is  due  to  the  presence  of  gluten,  which 
can  be  obtained  free  from  starch  by  washing  the 
paste  with  water ;  this  is  most  conveniently 
done  by  kneading  the  paste  in  a  muslin  bag 
under  running  water.  Gluten  is  tenacious, 
almost  tasteless,  of  a  light  brownish-grey  colour; 
on  being  burnt  it  emits  the  smell  of  burnt  horn, 
and  on  destructive  distillation  yields  the  same 
products  as  animal  proteids.  It  dissolves  in 
strong  acids  and  alkalis ;  it  also  dissolves,  but 
very  slowly,  in  0-2  p.c.  hydrochloric  acid 
(Bouchardat,  C.  R.  14,  962).  Gluten  has  been 
stated  to  possess  amylolytic  powers,  converting 
starch  first  into  dextrin  and  then  into  dextrose. 
Taddei  (Qiornale  fisica  di  BrugnatMi,  12,  360) 
first  showed  that  gluten  consists  of  two  sub- 
stances—  one  soluble,  the  other  insoluble  in 
alcohol.  Ritthausen  called  the  part  insoluble 
in  alcohol  vegetable  fibrin,  and  the  part  soluble 
in  alcohol,  and  to  which  the  stickiness  of  the 
gluten  is  due,  he  subdivided  into  two  substances, 
vmccdin  or  vegetable  mucin,  and  glutin,  gliadin 
or  vegetable  gelatin.  These  are  extracted  with 
boiling  alcohol  of  70-80  p.c.  This  extract 
becomes  turbid  on  cooling,  and  after  half  the 
alcohol  has  been  distilled  off  mucedin  is  de- 
posited in  flocculi.  It  may  be  purified  by  re- 
dissolving  it  in  hot  alcohol,  and  re-precipitating 
by  cooling.  The  gliadin  remains  in  solution  in 
cold  alcohol.  Mucedin  is  soluble  in  cold  dilute 
acetic  acid,  but  when  precipitated  from  this 
solution  by  ammonia,  or  left  in  contact  with  or 
boiled  with  water  or  dilute  alcohol,  it  is  con- 
verted into  an  insoluble  substance  like  fibrin. 
Gliadin  forms  a  solution  in  alcohol  which  re- 
sembles varnish ;  on  evaporating  the  alcohol  it 
is  obtained  in  a  form  resembling  animal  gelatin. 
It  is  more  soluble  in  hot  than  cold  water,  and  is 
precipitated  by  tannic  acid,  basic  lead  acetate, 
and  mercuric  chloride.  The  analyses  of  crude 
gluten,  and  of  glutin,  give  approximately  the 
same  percentage  composition  as  other  proteids 
(Ritthausen,  /.  ^jr.  74,  193,  384). 

Gunsberg  {J.pr.  85,  213)  regards  mucedin  as 
consisting  simply  of  fragments  of  suspended 
fibrin ;  he  states  that  gliadin  is  also  not  a  distinct 
proximate  principle,  for  cold  water  extracts  from 
it  a  brown  substance  containing  nitrogen  and 
sulphur,  and  the  residue  has  nearly  the  same 
composition  as  animal  gelatin.  Martin  {Brit. 
Med.  Jour.  1886,  2,  104)  has  shown  that  gluten 
does  not  exist  in  flour  as  such,  but  is  formed  by 
the  action  of  water  (perhaps  also  by  a  ferment 
action)  on  the  proteids  pre-existent  in  the  flour. 
The  doctrine  of  a  ferment  action  is  supported  by 
the  fact  that  washing  flour  with  water  at  a  low 
temperature  (2°C.)  does  not  lead  to  the  forma- 
tion of  gluten.    Johannsen  {Aiwi.  Agronom.  14, 
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420)  has  advanced  evidence  against  the  ferment 

theory.    Gluten  is  insoluble  in  cold  water,  and 

in  10  to  15  p.c.  sodium  chloride  solution.  It 

dissolves  partially  in  alcohol  and  in  boiUng  water. 

Both  these  extracts  contain  the  same  substance, 

which  is  an  albumose  (insoluble  phytalbumose), 

and  it  corresponds  to  Ritthausen's  mucedin  and 

gliadin.    The  insoluble  residue,  which  is  not 

sticky,  may  still  be  called  gluten  fibrin,  and  it  is 

soluble  in  0-2  per  cent,  hydrochloric  acid.  The 

flour  itself  contains  two  proteids  :  (1)  A  myosin 

coagulating  between  65°  and  60°,  precipitated  by 

sodium  chloride  and  magnesium  sulphate  ;  and 

(2)  a  soluble  phytalbumose.  Both  can  be  extracted 

from  flour  by  10-15  p.c.  sodium  chloride  solution. 

They  are  considered  to  be  the  precursors  of 

gluten,  according  to  the  following  scheme : 

riutpn—  J  Gluten-fibrin — precursor:  myosin 

1  Insoluble  albumose— precursor :  soluble  albumose 

The  more  wheaten  flour  has  been  extracted 
with  a  10  or  15  p.c.  sodium  chloride  solution 
the  less  is  the  yield  of  gluten  when  it  is  subse- 
quently treated  with  water. 

The  proportion  of  gluten  in  wheat  flour 
varies  considerably  according  to  chmate,  soil, 
temperature,  &c. ;  the  best  flour  containing 
10-11  p.c,  inferior  kinds  8-9  p.c.  In  the 
moist  state  gluten  weighs  about  three  times  as 
much  as  when  dry.  The  flours  of  barley,  rye, 
and  oats  contain  only  a  trace  of  gliadin,  or 
albumose,  as  it  may  now  be  regarded ;  hence 
these  flours,  containing  mostly  gluten-fibrin  or  its 
precursor,  cannot  be  made  into  such  a  sticky 
paste  as  can  be  made  with  wheat  flour.  Gliadin 
also  does  not  exist  in  leguminous  seeds ;  it  is 
said  to  be  present  in  the  juice  of  the  grape  and 
other  fruits,  and  is  held  in  solution  there  by 
tartaric  or  other  vegetable  acids. 

Appendix  A. — Proteids  in  urine.  Normal 
urine  contains  no  proteid.  The  chief  facts  con- 
cerning proteids  in  morbid  urine  are  treated  fully 
in  medical  works  (MacMunn's  Clin.  Chem.  of 
Urine,  Halliburton's  Chem.  Physiol.),  but  may 
be  here  briefly  summarised  as  follows : 

When  urine  contains  blood  (which  may  be 
detected  by  the  microscope  or  spectroscope)  or 
pus  (which  may  be  also  detected  microscopically), 
it  of  necessity  contains  a  certain  amount  of 
proteid  derived  from  these  contaminations.  In 
paroxysmal  hfemoglobinuria,  the  urine  may  con- 
tain haemoglobin  or  methtemoglobin  indepen- 
dently of  the  presence  of  blood  corpuscles.  In 
the  various  forms  of  Bright's  disease,  the  un- 
healthy kidney  allows  the  proteids  of  the  blood 
to  difi'use  into  the  urine,  the  most  common 
and  abundant  being  serum  albumin.  Serum 
globulin  is  usually  also  present,  and  is  recog- 
nised by  the  fact  that  saturation  with  magnesium 
sulphate  in  the  neutralised  urine  precipitates  it 
(A.  Ott,  C.  C.  1886,  540).  A  crystalline  globulin 
was  found  in  urine  by  Paton,  Lab.  Rep.  i?.  Coll. 
Phys.  Edin.  4,  47. 

Clinical  observers  do  not  as  a  rule  attempt  to 
distinguish,  however,  between  the  various  forms 
of  proteid  that  occur  in  urine,  but  speak  of  them 
all  under  the  name  of  albumin.  The  most  com- 
monly applied  tests  for  its  detection  are  : — (1)  To 
boil  the  upper  part  of  a  test  tube  full  of  urine  ; 
any  cloudiness  produced  is  then  seen  in  contrast 
to  the  clear  urine  below.  If  any  precipitate 
occurs  it  is  insoluble  in  acetic  acid,  so  distin- 


guishing it  from  phosphates.  If  the  urine  \3 
neutral  or  alkaline  it  is  necessary  always  to 
acidify  with  acetic  acid  either  before  or  after 
boiling,  in  order  to  obtain  a  precipitate.  The 
chnical  method  of  estimating  the  proteid  quanti- 
tatively has  been  already  described.  (2)  Nitric 
acid  causes  a  precipitate  in  the  cold.  If  urine 
contains  but  little  proteid,  it  may  be  detected  by 
pouring  the  urine  on  to  the  surface  of  some 
nitric  acid  in  a  narrow  test  tube,  the  ring  of 
precipitate  at  the  junction  of  the  two  liquids  is 
then  clearly  seen  (Heller).  The  difficulty  of 
carrying  nitric  acid  about  has  led  to  the  adop- 
tion more  recently  of  methods  in  which  test 
papers  saturated  with  various  reagents,  picric 
acid,  potassio-mercurie  iodide,  &c.,  are  added  to 
the  urine.  A  committee  of  the  Clinical  Society 
have  recently  presented  a  report  in  which  the 
relative  advantages  of  various  methods  of  detect- 
ing albumin  in  urine  are  discussed  (Clin.  Soc. 
Trans.  19,  339).  They  have  investigated  Dr. 
Oliver's  test  papers  just  mentioned ;  Dr.  Pavy's 
pellets  of  citric  acid  and  potassium  ferrocyanide ; 
Dr.  Johnson's  picric  acid  solution  ;  Sir  W. 
Eoberts's  acid  brine  test ;  acetic  acid  and  boiling 
nitric  acid  ;  and  a  solution  of  potassio-mercurie 
iodide  with  citric  acid.  The  last  named  is  the 
most  delicate  reagent  in  the  list ;  the  test  papers 
and  pellets  are  not  so  delicate  but  are  more  con- 
venient ;  the  picric  acid  test  has  the  advantage 
of  being  also  applicable  for  recognising  (after  the 
addition  of  potash)  sugar  as  well  as  albumin. 

Besides  albumin  and  globuhn  in  urine,  other 
proteids  may  sometimes  occm- ;  viz.  (1)  egg  al- 
bumin— this  occurs  after  a  very  large  ingestion 
of  eggs  as  food ;  (2)  Bence-Jones  albumin,  so 
called  after  its  first  observer,  has  been  shown  to 
be  a  form  of  hemi-albmnose — it  occurs  in  cases 
of  osteomalacia ;  (3)  peptones  or  deutero-albu- 
mose  occurs  in  many  suppurative  diseases,  and 
doubtless  originates  from  the  disintegration  of 
pus  cells  ;  (4)  casein  has  been  stated  to  occur  in 
chylous  urine,  but  there  are  considerable  doubts 
as  to  the  accuracy  of  this  statement ;  (5)  mucin 
occiurs  not  only  in  suspension  in  the  mucus  from 
the  urinary  tract,  but  it  appears  to  be  occa- 
sionally present  dissolved  in  the  urine — it  is 
precipitable  therefrom  by  acetic  acid.  It  is  pro- 
bably not  true  mucin,  but  a  nucleo-albumin. 

AppendixB. — Proteids  aspoismis.  For  effects 
on  bloodpressure,&c.,of  albumoses  and  peptones, 
V.  PoUitzer,  J.  Physiol.  7,  283.  The  poison  of 
venomous  snakes  has  also  been  shown  to  depend 
on  the  proteids  contained  therein  (Weir  Mitchell), 
and  not  to  any  allialoid,  ptomaine,  or  cobric  acid 
(W.  Blyth,  An.  1,  204).  Wolfenden  has  sepa- 
rated a  globulin,  albumin,  syntonin,  and  albu- 
mose from  the  venom  of  the  cobra  and  daboia  ; 
for  the  action  of  these  v.  J.  Physiol.  7,  327 ;  see 
also  Kanthack,  ibid.  13,  272.  The  poisonous 
principle  abrin  of  Abrus  or  Jequirity  is  also- 
proteid  (Martin,  Pr.  42,  331).  The  subject  of 
proteid  poisons  has  recently  risen  into  pro- 
minence, as  it  is  found  that  the  micro-organisms 
of  many  diseases  produce  these  toxalbumoses. 
Koch's  tuberculin  owes  its  activity  to  similar 
substances.  The  poisons  produced  in  anthrax, 
diphtheria,  &c.,  are  also  proteid  in  nature.  For 
references  see  Halliburton's  Chem.  Physiol.  Ger- 
man translation ;  Martin,  Brit.  Med.  Journal, 
March  and  April  1892.    On  the  other  hand. 
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certain  proteids  (globulins  or  nucleo-albumins) 
are  protective  and  destroy  micro-organisms. 
They  are  termed  alexines  by  Daremberg,  Buch- 
ner,  and  Hankin.  For  Hankin's  most  re- 
cent paper,  see  Ccntr.  Bacteriol.  12,  Nos.  22 
and  23. 

Appendix  C. — Albuminoids.  The  term  'al- 
buminoid '  is  still  used  by  some  synonymously 
with  jjroteid ;  it  will  be  here  restricted  to  a 
number  of  substances  which  resemble  proteids 
in  many  points,  but  which  differ  from  them  in 
others. 

Collagen.  This  is  the  substance  of  which 
the  white  fibres  of  connective  tissue  are  com- 
posed, and  which  by  the  action  of  boiling  water 
is  converted  into  gelatin.  Collagen  is  prepared 
from  tendons  by  RoUett's  process  as  follows  :  the 
finely-divided  tissue  is  soaked  in  water  to  remove 
proteids,  and  then  for  some  days  in  lime  water 
to  dissolve  the  mucin-holding  cementing  sub- 
stance between  the  fibres.  The  insoluble  matter 
is  washed  first  with  water,  then  with  weak  acetic 
acid,  and  then  again  with  water.  The  residue 
consists  of  collagen,  mixed,  however,  with  small 
quantities  of  elastin  and  nuclein.  With  very 
dilute  acids  or  alkalis  collagen  swells  and  be- 
comes transparent. 

The  organic  material  which  composes  one- 
third  of  the  substance  of  bone  consists  mainly 
of  a  substance  identical  with  collagen,  and  which 
has  been  termed  ossein  by  some  writers.  The 
organic  basis  of  dentine  (but  not  of  the  enamel 
of  tooth)  is  also  collagenous. 

Gelatin.  When  the  white  fibres  are  subjected 
to  the  action  of  boiling  water,  or  of  water  heated 
under  pressure,  as  in  a  Papin's  digester,  or  to  the 
long-continued  action  of  dilute  acids  at  the  or- 
dinary temperature,  they  dissolve,  and  the  solu- 
tion contains  a  substance  called  gelatin.  Gelatin 
may  be  similarly  prepared  from  bones.  Isin- 
glass is  gelatin  prepared  from  the  swimming 
bladder  of  the  sturgeon ;  an  inferior  kind  is 
made  from  fish  bones.  Glue  is  the  crude  pro- 
duct obtained  by  boiling  down  hides,  bones,  &c. 
{v.  Ure,  Dictionary  of  Arts,  dc,  [2]  324,  37(5). 
Pure  gelatin  is  prepared  from  commercial  gela- 
tin by  soaking  the  latter  in  distilled  water  for 
some  days  to  remove  salts  ;  it  is  then  dissolved 
in  hot  distilled  water,  and  filtered  while  hot  into 
90  p.c.  alcohol.  The  gelatin  separates  in  the 
form  of  white  thready  masses,  which  can  be 
subsequently  dried.  Thus  prepared  it  contains 
only  0-6  p.c.  of  ash. 

Gelatin  is  insoluble  in  cold,  but  soluble  in  hot 
water ;  on  cooling  the  hot  watery  solution  it 
sets  into  a  jelly  (gelatinises) ;  this  property  is 
possessed  by  solutions  as  weak  as  1  p.c,  it  is 
lost  by  prolonged  boiling,  or  instantly  by  heating 
to  140^  in  sealed  tubes.  Gelatin  is  insoluble  in 
alcohol,  ether,  and  chloroform.  Aqueous  solu- 
tions are  powerfully  Isevorotatory,  the  rotatory 
power  being  influenced  by  the  temperature  and 
reaction  of  solution;  at  .30°  -130  (Hoppe- 

Seyler).  Gelatin  is  not  precipitated  by  acetic 
acid  nor  by  a  solution  of  lead  acetate  ;  it  may  be 
thus  distinguished  from  chondrin.  It  is  not 
precipitated  by  acetic  acid  and  potassium  ferro- 
cyanide,  nor  by  the  majority  of  metallic  salts 
which  precipitate  proteids.  Tannic  acid  even 
in  very  dilute  solutions  precipitates  it ;  it  is  on 
the  formation  of  the  last-named  precipitate  that 


the  conversion  of  hides  into  leather  is  brought 
about. 

Sohiitzenberger  and  Bourgeois  ascribe  to 
gelatin  the  formula  Cj^HioiNjjO.^,,.  Hofmeister 
{H.  2,  315)  finds  that  by  heating  gelatin  it  loses 
water,  and  is  converted  into  collagen,  which  he 
therefoi'e  considers  an  anhydride  of  gelatin ;  his 
formula  for  gelatin  is  Cio.HuiNjiOgj,. 

By  the  action  of  boiling  water,  gelatin  loses 
after  2.5  hours  its  power  of  gelatinising,  and  it  is 
split  up  into  two  peptone-like  bodies,  semigJutin 
(sparingly  soluble  in  70-80  p.c.  alcohol  and  pre- 
cipitated by  platinum  tetrachloride)  and  hcvii- 
collin  (soluble  in  70-80  p.c.  alcohol,  not  pre- 
cipitated by  lolatinum  tetrachloride).  Similar 
substances  are  formed  by  the  action  of  the 
peptic  or  pancreatic  ferment,  but  ultimately 
true  gelatin  peptones  (notprecipitable  by  satura- 
tion with  ammonium  sulphate),  leucine,  glyeo- 
cine,  and  volatile  fatty  acids  are  formed.  (The 
foregoing  account  of  gelatin  is  very  largely 
taken  from  Gamgee's  Physiol.  Chcm.,  p.  252.) 
Many  bacteria  liquefy  gelatine.  On  digestion  of 
gelatin  see  Chittenden,  J.  Physiol.  12,  23,  34. 
The  most  recent  work  on  the  decomposition 
products  of  gelatin  has  been  done  by  Schiitzen- 
berger.  On  heating  gelatin  at  200°  with  barium 
hydroxide,  one-fifth  of  the  total  nitrogen  is  con- 
verted into  ammonia ;  carbonic  and  oxalic  acids 
are  also  formed,  these  products  being  in  the 
ratio  of  the  products  of  decomposition  of  urea 
and  oxamide.  The  other  products  are  amido- 
acids  of  the  acetic  series,  the  most  important 
being  glycocine,  alanine,  amido-butyric  acid  and 
leucine,  and  acids  of  an  homologous  series 
C„Hj„N„Oj,  the  value  of  n  varying  from  8  to  10. 
These  latter  acids  are  diflicult  to  isolate ;  at 
100°-120°  they  are  converted  into  anhydrides  ; 
they  do  not  yield  derivatives  with  acetic  an- 
hydride, but  with  ethyl  iodide  in  the  presence  of 
an  alkali  they  yield  di-ethyl  derivatives.  The 
general  results  lead  to  the  conclusion  that 
gelatin  is  formed  by  the  combination  with 
elimination  of  water  of  1  mol.  urea  or  oxamide 
with  2  groups  C„IL„N„05  and  4  groups 
C„H„„  +  ilS[0,j,  n  being  2,  3,  4,  or  G,  with  a  mean, 
value  of  3-5  {v.  Schiitzenberger  a.  Bourgeois,, 
C.  B.  82,  262  ;  Schiitzenberger,  C.  B.  102,  1296). 
Both  gelatin  and  albumin  yield  on  treatment 
with  alcoholic  hydrochloric  acid  a  diazo-  com- 
pound CjH^N.A  (Buchner  a.  Curtius,  B.  19,  850). 

The  question  of  the  part  played  by  gelatin, 
which  is  an  easily-digestible  substance  in  nutri- 
tion, is  very  important  practically,  jellies  es- 
pecially being  given  to  invalids.  The  question 
was  first  investigated  by  .J.  Etzinger  {N.  B.  P. 
23,  535),  and  subsequently  by  Voit  (Z.  B.  8, 
297).  Volt's  chief  result  showed  that  gelatin 
will  not  entirely  replace  proteids,  but  that 
animals  rapidly  waste  which  are  fed  on  it  alone, 
but,  in  conjunction  with  a  certain  small  amount 
of  proteid,  it  is  capable  of  maintaining  nitro- 
genous equilibrium  as  well  as  if  the  only  nitro- 
genous food  taken  was  proteid  in  nature.  These 
results  have  been  since  very  generally  confirmed 
(v.  8.  Pollitzcr,  Pf.  37,  301).  Voit  distinguishes 
between  circulating  and  organic  albumin  ;  gelatin 
can  never  yield  the  latter,  but  it  may  replace  the 
former  in  so  far  as  it  prevents  the  conversion  of 
organic  into  circulating  albumin.  Gelatin  also- 
diminishes  the  waste  of  fat  in  the  body. 
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Mucin.  This  body  forms  the  chief  con- 
stituent of  the  ground  substance  of  connective 
tissue,  the  otlier  organic  constituent  being  a 
globulin  very  like  serum  globulin.  Mucin  is  es- 
pecially abundant  in  the  'jelly  like  '  tissue  of 
the  umbilical  cord,  and  in  the  vitreous  humour. 
The  cement-substance  of  epithelia  behaves 
similarly  to  microscopic  reagents  (especially 
silver  nitrate,  by  which  it  is  stained  brown  owing 
to  a  deposit  of  metallic  silver),  and  is  probably 
of  the  same  chemical  nature  as  the  ground  sub- 
stance of  connective  tissue  ;  both  are  soluble  in 
alkalis.  Mucin  forms  the  chief  constituent  of 
mucus,  and  gives  the  sliminess  to  the  secretion 
of  mucous  membranes.  In  mucus  it  is  suspended 
in  an  alkaline  exudation  from  the  blood  and 
mixed  with  the  cUbris  of  epithelium  cells,  and  a 
few  white  blood  corpuscles.  The  mucin  itself  is 
here  formed  by  the  protoplasm  of  certain  cells 
of  the  epithelium  becoming  altered,  so  that  it 
becomes  swollen  and  brightly  refracting ;  the 
globule  of  mucin  so  formed  is  discharged,  leaving 
a  so-called  goblet  cell.  In  mucous  glands,  such 
as  the  submaxillary  salivary  gland,  a  very 
similar  replacement  of  protoplasm  by  mucin  (or 
mucigen,  as  it  is  called  when  inside  the  secreting 
cells)  takes  place.  Mucin  is  also  largely  con- 
tained in  the  surface  secretion  of  several  inver- 
tebrate animals,  e.g.  the  snail.  .  Mucin  is  con- 
tained in  submaxillary  saliva;  the  metalbumin 
and  paralbumin  {q.  v.)  of  ovarian  cysts  is  a  very 
similar  substance.  The  substance  which  confers 
sliminess  to  the  bile  and  the  synovial  fluid, 
formerly  considered  to  be  mucin,  has  been  shown 
to  consist  of  a  nucleo-albumin  {q.  v.). 

The  methods  of  preparation  of  mucin  from 
its  various  sources  differ  ;  from  tendon  (v. 
Eollett,  Sitz.  W.  30, 308 ;  Lobisch,  H.  10, 40) ;  from 
submaxillary  gland  (Obolensky,  P/.  4,  336  ;  Ham- 
marsten,  H.  12,  163) ;  from  bile  (Gautier, 
Chimie  Appliquie  d  la  Midecine,  2,  126  ;  Paij- 
kull,  H.  12,  196).  Eichwald,  Hammarsten,  and 
others  have  prepared  it  from  snails  (Pf.  36,  373), 
and  Giacosa  (H.  7,  40)  from  the  membranes  of 
frog's  eggs.  These  methods  depend  upon  the 
fact  that  mucin  is  soluble  in  weak  alkalis,  e.g. 
lime  water  or  dilute  baryta  water,  and  can  be 
precipitated  from  this  solution  by  acetic  acid,  in 
excess  of  which  it  is  not  soluble.  Hammarsten 
finds,  however,  that  submaxillary  mucin  is  easily 
decomposed  by  lime  water  and  similar  weak 
alkaline  fluids  ;  he,  therefore,  uses  water  to  ex- 
tract the  mucin.  Hammarsten  has  shown  that 
considerable  differences  exist  in  mucin  according 
to  its  origin  ;  this  was  previously  suspected  from 
the  divergencies  in  elementary  composition. 
Tendon  mucin  (C,  48-3  ;  H,  6-44  ;  N,  11-75  ;  S, 
0-81  p.c,  Loebisch)  and  submaxillary  mucin 
(C,  48-84  ;  H,  6-8  ;  N,  12-32  ;  S,  0-8,  Hammarsten) 
are  very  much  alike  in  elementary  composition, 
but  differ  in  their  reactions  ;  e.g.  tendon  mucin  is 
not  easily  decomposed  by  weak  alkalis,  nor  is 
it  so  easily  soluble  in  weak  hydrochloric  acid  as 
submaxillary  mucin.  These  forms  of  mucin 
differ  still  more  from  those  obtained  from  Helix 
jpomatia ;  Hammarsten,  indeed,  has  shown  that 
two  distinct  varieties  of  mucin,  from  the  foot 
and  mantle  respectively,  can  be  obtained  from 
this  snail. 

Mucin  gives  the  xanthoproteic,  Millon's,  and 
the  Adamkiecwicz  reactions  ;  it  is  precipitated,  [ 


but  not  rendered  insoluble,  by  saturation  with 
sodium  chloride  or  magnesium  sulphate,  and  by 
alcohol.  It  is  precipitated  by  acetate  of  lead,  but 
by  no  other  metallic  salt  (except  the  submaxil- 
lary mucin,  which  is  precipitated  by  several), 
it  is  not  precipitated  by  tannic  acid  nor  by 
boiling  ;  acetic  acid  gives  a  characteristic  stringy 
precipitate.  Mucin  yields,  when  boiled  with 
strong  sulphuric  acid,  leucine  and  tyrosine, 
and  when  boiled  with  caustic  soda  pyrocatechin 
(Obolensky).  When  boiled  with  dilute  sulphuric 
acid  for  a  few  hours,  mucin  yields  a  reducing 
I  sugar,  but  one  which  is  not  capable  of  the 
alcoholic  fermentation,  and  albumin  is  also 
formed.  Landwehr  regards  mucin  as  a  com- 
pound of  a  proteid  and  a  non-reducing  carbo- 
hydrate (CjHidOs)  which  has  most  of  the  pro- 
perties of  plant  gum ;  he  calls  it  animal  gum 
{Pf.  39,  193).  At  one  time  this  carbohydrate 
was  regarded  as  a  variety  of  glycogen  which 
gave  no  colour  with  iodine  (achrooglycogen). 

Met-albumin  and  paralbumin.  These  two 
proteid-hke  substances  are  fairly  constantly 
found  in  the  fluids  removed  from  ovarian  cysts 
(Scherer),  and  occur  occasionally  in  other  cysts 
and  in  ascitic  fluid  also.  Metalbumin  is  a  form 
of  mucin  (pseudomucin)  ;  paralbumin  differs 
from  metalbumin  by  giving  a  precipitate  when 
it  is  boiled ;  it  is  probably  a  mixture  of  pseudo- 
mucin with  albumin,  and  can  indeed  be  prepared 
by  mixing  these  two  substances.  Both  yield  re- 
ducing sugars  when  boiled,  and  both  contain 
animal  gum  (D.  Hammarsten,  Mahfs  Jahresh. 
11,  11;  Landwehr,  H.  8,  114;  Pf.  39,  193; 
Oerum,  Mahfs  Jahrsb.  14,  459). 

Nuclein.  This  is  the  name  given  to  the  sub- 
stance which  composes  the  nuclei  of  cells.  It 
was  prepared  by  Lauder  Brunton  from  the  red 
blood  corpuscles  of  birds  and  snakes  ;  the  nuclei 
were  freed  from  adhering  stroma  and  hemo- 
globin by  repeated  agitation  with  ether  and 
water  {Journ.  of  Anat.  and  Physiol.  2nd  series,  3 
91).  Nuclein  resembles  mucin  in  its  solubilities. 
Plosz  found,  however,  that  it  contained  phos- 
phorus (Hoppe-Seyler,  Med.  Chem.  TJnter- 
suchungen,  Heft  4,  460),  and  considered  it  was 
identical  with  the  nuclein  which  Miescher 
separated  from  the  nuclei  of  white  corpuscles 
(ibid.).  Miescher  separated  the  nuclein  from 
the  other  constituents  of  the  cells  by  subjecting 
them  to  artificial  gastric  digestion,  nuclein,  like 
mucin,  being  indigestible  by  pepsin.  Miescher 
ascribes  to  it  the  formulaCosHj^N,,P3022.  Nuclein 
has  also  been  separated  from  the  brain  (Jaksch, 
Pf.  13,  469)  to  the  amount  of  0-14  p.c. 
(Geoghegan,  H.  1,  330),  and  from  the  liver  ;  it  is 
probably  present  in  all  parts  where  nucleated 
cells  occur.  Miescher  has  also  described  nuclein 
as  occurring  in  the  yolk  of  hens'  eggs  ;  it  has  also 
been  described  in  milk.  A.  Kossel  {H.  10,  248) 
has  shown  that  the  nuclein  of  yolk  and  milk 
differ  from  that  of  cell  nuclei  in  containing  iron, 
and  by  not  yielding  guanine  and  hypoxanthine 
when  decomposed  at  a  high  temperature  by 
weak  acids.  Adenine  C5H5N5  is  described  by 
Kossel  as  being  an  intermediate  product  between 
cell  nuclein  and  hypoxanthine.  Nuclein  is 
present  in  vegetable  cells  also,  and  adenine  can 
also  be  obtained  from  this.  It  is  present  in 
yeast  (Hoppe-Seyler)  and  mildew ;  in  tea  leaves 
(Kossel),  in  poppy,  earth  nut,  rape  and  cotton 
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cake  ;  also  in  palm  nut,  but  the  proportion  P:N 
is  different  in  tlie  nuclein  prepared  from  this 
source  (Klingeuberg  a.  A.  Stutzer,  B.  C.  1883, 
204).  Miescher's  formula  for  nuclein  must, 
indeed,  be  received  with  caution ;  there  are 
either  several  varieties  of  nuclein — for  elementary 
analyses  show  great  discrepancies  —  or  else,  as 
Worm  Miiller  (P/.  8,  190)  supposes,  it  is  no 
definite  chemical  individual,  but  the  different 
nucleins  are  mixtures  of  an  organic  phosphorus 
compound  with  varying  quantities  of  proteids. 
Hecent  work  on  uuolein  has  shown  tliat  tliis 
phosphorus  compound  is  nucleic  acid  (Altmann, 
ArcJi.  f.  Anat.  u.  FInjs.  1888.  524).  For  arti- 
ficial nuclein  made  by  adding  phosphoric  acid 
to  albumin  see  Liebermann,  B.  21,  5U8  ;  Pohl, 
H.  13,  292  ;  Malfatti,  B.  d.  Naturwiss.  Med.  Vcr. 
Innsbruck,  1891-2 ;  Kossel,  Vcrh.  pUrjsiol.  Ges. 
Berlin,  Oct.  21,  1892.  See  also  numerous  papers 
by  Kossel,  Kriiger,  and  others  on  adenine  and 
nuclein  bases  in  last  few  volumes  of  H.  For 
iron  compounds  of  nuclein  see  Bunge's  Physiol. 
Chei7i.  This  hitmatogen  is  probably  the  normal 
iron-containing  food.  The  chromatin  and  plastin 
of  histologists  are  respectively  phosphorus-rich 
and  phosphorus-i30or  nucleins.  For  iron  in  the 
nucleus  see  Macallum,  P.  49,  488. 

Nucleo-proteids.  Nueleo-albumin.  E.  Merck 
(D.  P.  J.  261,  310)  calls  nucleo-proteids  sub- 
stances which,  when  boiled  with  water  under 
pressure  or  treated  with  acids,  alkalis,  or  fer- 
ments, are  resolved  into  nuclein  and  albumin  ; 
for  instance,  vitellin  and  casein  {v.  also  Lubavin, 
Hoppe-Seyler,  Med.  Chcm.  Unlcrs.  p.  447),  Ham- 
marsten  gives  the  name  nucleo-albumin  to  a  class 
of  proteid-like  bodies  which  are  very  like  globu- 
lins, being  precipitated  from  their  solutions  by 
saturation  with  sodium  chloride  or  magnesium 
sulphate ;  they  are  also  precipitated  by  acetic 
acid,  but,  unlike  mucin,  are  soluble  in  excess. 
On  gastric  digestion  of  a  clear  solution,  an  in- 
soluble phosphorus-containing  substance,  like 
nuclein,  is  formed.  Many  nucleo-albumins  have 
the  physical  characters  of  mucin,  and  the  slimi- 
ness  of  bile  and  synovia  is  due  to  such  bodies 
(Hammarsten,  H.  12,  173,  on  synovia ;  Mabfs 
Jahrsbcr.  12,  1882,  on  bile-mucin  ;  Paijkull,  H. 
12,  196).  The  chief  proteid  constituent  of  all 
protoplasm  is  nucleo-albumin  (Halliburton's 
Goulstonian  Lectures,  Brit.  Med.  Journ.,  March 
1893).  Wooldridge's  tissue  fibrinogens  are  also 
nucleo-albumins  (for  ref.  see  above  lectures). 

Chondrin.  This  is  the  substance  obtained 
from  cartilage  by  boiling  ;  the  mother  substance 
of  chondrin  in  the  matrix  of  the  cartilage  is 
termed  chondrigen.  Hot  aqueous  solutions  of 
chondrin  gelatinise  on  cooling  like  those  of 
gelatin.  Aqueous  solutions  are  precipitated  by 
the  same  reagents  that  precipitate  solutions  of 
gelatin  and  of  mucin.  It  is  strongly  Itevorotatory; 
its  rotatory  power  in  solutions  of  different 
strengths  has  been  studied  by  de  Bary  {Med. 
Chcm.  Unters.  i.  71).  Very  great  discrepancies 
exist  between  the  results  of  various  analyses 
(see  table  comparing  analyses  by  Mulder, 
Fischer  a.  Bodecker,  Schiitzenberger  a.  Bour- 
geois, and  V.  Mehring  in  Gamgee's  Physiol. 
Chem.  p.  270),  hence  considerable  doubts  have 
been  entertained  of  its  being  a  chemical  in- 
dividual. It  gives  the  reactions  both  of  mucin 
and  gelatin  ;  on  being  boiled  with  dilute  acids  it 


yields  a  laevogyrate  reducing  sugar,  called  by  de 
Bary  chondriglucose  (v.  also  Fischer  a. 
Bodecker,  A.  117,  111),  but  is  now  regarded  as 
identical  with  that  obtained  from  mucin,  Land- 
wehr  considering  that  animal  gum  is  contained 
in  chondrin  as  in  mucin  (P/.  39,  204,  40).  Moro- 
chowitz  was  the  first  to  arrive  at  the  conclusion 
that  chondrin  is  a  mixture  of  gelatin  and  mucin 
( Verhandl.  d.  naturhist.  mcd.  Vcreins  zu  Heidel- 
berg, 1,  Heft  ,5);  mucin  can  be  extracted  from  it 
with  lime  or  baryta  water,  and  pure  gelatin  is 
left  behind.  On  this  assumption  chondrigen  = 
collagen  -^  mucin.  It  must,  however,  be  men- 
tioned, in  opposition  to  this  vievf,  that  Hoppe- 
Seyler  (/.  pr.  .56,  129)  and  Otto  (Z.  [2]  4,  628) 
state  that  on  treating  chondrin  with  dilute  sul- 
phuric acid  it  yields  leucine,  but  no  tyrosine  or 
glycosine.  The  most  recent  work  on  chondrin 
shows  that  it  is  chondroitic  acid  rather  than 
mucin  which  is  present  (C.  T.  Morner,  H.  12, 
396;  Skand,  ^rc/i.  P/t?/szoZ.  1,  210  ;  Krukenberg, 
Z.B.  20,  307  ;  Schmiedeberg,  Arch.  cxp.  Path.  u. 
Pharm.  1891,  355). 

Elastin.  This  substance  is  the  very  insoluble 
material  of  which  the  elastic  fibres  of  connective 
tissue  are  composed.  It  may  be  prepared  from 
the  ligamentum  nucha  by  boiling  it  with  ether 
and  alcohol  to  remove  fatty  matters,  then  for  36 
hours  with  water  to  remove  the  collagen.  The 
residue  is  boiled  with  strong  acetic  acid,  and 
afterwards  with  concentrated  caustic  soda  till 
the  fibres  begin  to  swell ;  it  is  then  treated  with 
weak  acetic  acid,  water,  and  lastly  for  24  hours 
with  hydrochloric  acid.  The  acid  is  removed  by 
washing  with  water,  and  the  residue  has  still  all 
the  characters  of  fresh  elastic  tissue,  and  has  the 
following  percentage  composition  :  C,  55-45  ;  H, 
7-41 ;  N,  16-19  ;  0,20-89  (Miiller,  Zeit.f.  Nat.  Med. 
3,  10,  Heft  2).  For  recent  analyses  see  Chitten- 
den, Z.  B.  25,  368. 

Elastin  is  not  soluble  in  any  liquid  which 
does  not  decompose  it.  It  is  soluble  in  boiling 
concentrated  caustic  potash,  in  concentrated 
nitric  and  sulphuric  acids.  It  is  digestible  by 
both  pepsin  and  trypsin  ;  the  former  ferment 
being  the  more  active  (A.  Ewald  a.  W.  Kiihne, 
Die  Verdauung  als  histol.  Methode).  Peptones 
are  ultimately  formed ;  there  are  also  inter- 
mediate bodies  of  the  nature  of  albumoses 
(Horbaezewski,  C.  C.  1885,  843).  Elastin  whea 
treated  with  sulphuric  acid  yields  leucine  but 
no  tyrosine. 

Keratin.  This  substance  replaces  the  proto- 
plasm in  the  cells  of  certain  epidermal  structures, 
viz.  the  superficial  layer  of  the  epidermis  itself, 
nails,  horns,  hoofs,  feathers,  and  the  cuticle  and 
fibrous  substance  of  hairs.  It  is  prepared  by 
successively  boiling  the  tissue  with  ether,  alco- 
hol, water,  and  dilute  acids  ;  the  insoluble  resi- 
due is  keratin. 

Subjected  to  the  prolonged  action  of  water 
under  pressure  at  150°-200°  it  yields  a  turbid 
solution.  It  is  also  dissolved  by  boiling  with 
alkalis,  and  on  the  addition  of  acids  to  this  solu- 
tion sulphuretted  hydrogen  is  given  off,  the  sul- 
phur in  keratin,  which  varies  considerably  in 
amount,  being  very  loosely  combined.  Horn 
swells  in  dilute  acetic  acid,  dissolves  in  boiling 
glacial  acetic  acid,  and  in  nitric  acid ;  it  yields 
aspartic  acid,  volatile  fatty  acids,  leucine  and 
tyrosine  when  boiled  with  dilute  sulphuric  acid  ; 
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when  burnt  it  gives  off  a  characteristic  smell.  | 
The  following  are  the  chief  analyses  that  have 
been  made  (Hoppe-Seyler,  Physiol.  Cham.,  Th. 
1,  p.  90) :- 


Hair 
(('.  Laer) 

Nails 
(Mulder) 

Horn 
(Tilauus) 

Hoof 
dtulder) 

c 

50-60 

51-00 

51-03 

51-41 

H 

6-36 

6-94 

6-80 

6-96 

N 

17-14 

17-51 

16-24 

17-46 

0 

20-85 

21-75 

22-51 

19-49 

s 

6-00 

2-80 

3-42 

4-23 

Neurokeratin.  This  is  a  substance  which 
forms  an  irregular  framework  in  the  medullary 
sheath  of  nerve  fibres,  which  resembles  keratin 
in  its  general  behaviour,  but  differs  from  it  in 
being  less  easily  soluble  in  boiling  solutions  of 
caustic  potash  (Ewald  a.  Kuhne,  Verhancll.  d. 
naturhist.  med.  Vereins  zu  Heidelberg,  vol.  i. 
Heft  5  ;  Kiihne  a.  Chittenden,  Z.  B.  26,  291). 
This  substance  is  interesting,  as  both  the  epi- 
dermis and  the  nervous  system  are  derived  from 
the  epiblast  of  the  embryo. 

Chitin.  This  substance  forms  the  chief  con- 
stituent of  the  skeletal  ectodermal  tissues  of  in- 
vertebrate animals,  especially  arthropoda.  A 
list  of  situations  in  which  it  has  been  described 
is  given  in  Gamgee's  Physiol.  Chem.  p.  299  ;  to 
these  must  be  added  the  pen  of  cuttlefishes  (Kru- 
kenberg),  the  cartilages  and  other  mesodermal 
tissues  of  sepia  and  the  king-crab  (Halliburton, 
Pr.  38,  75).  In  Crustacea  it  is  often  impreg- 
nated with  calcareous  matter,  and  in  the  odon- 
tophore  of  molluscs  with  silica.  It  is  prepared 
from  the  wing-cases  or  shells  by  boiling  them 
with  caustic  soda.  The  chitin  remains  insoluble. 
It  may  be  dissolved  in  cold  concentrated  hydro- 
chloric acid,  and  the  solution  precipitated  by  the 
addition  of  water.  It  is  colourless,  amorphous, 
insoluble  in  water,  alcohol,  ether,  acetic  acid, 
dilute  mineral  acids,  and  solutions  of  the  alka- 
lis. It  is  dissolved  by  concentrated  mineral 
acids.  (On  the  solubilities  of  chitin  v.  Kruken- 
berg,  Z.  B.  22,  480.) 

The  formula  for  chitin  is  C,5H.,5N20,„  (Led- 
derhose,  H.  2,  213 ;  4,  139).  Berthelot  (C.  B. 
4:7,  227)  stated  that  it  yields  a  fermentable  sugar 
on  boiling  it  with  sulphuric  acid  ;  and  Sandwick 
considered  it  to  be  an  amine  derivative  of  a 
carbohydrate  with  the  formula  N(C|2H2oO,(|). 
Ledderhose  showed,  however,  that  the  reducing 
substance  is  a  nitrogenous  body,  glucosamine ; 
and  when  chitin  is  heated  with  acids  it  takes  up 
the  elements  of  water,  and  yields  glucosamine 
and  acetic  acid, 

2C,5H.,,N20,„  +  6H,0  =  4C,H„N05  +  2C,HP,. 
Glucosamine  is  an  amido-  derivative  of  grape 
sugar  (C,,H,,0,  ~0U  +  NHj  =  C^HiaNO^) ;  it  forms 
salts,  of  which  the  hydrochloride  is  formed  by 
boiling  chitin  with  hydrochloric  acid  ;  this  is  a 
crystalline  substance  soluble  in  water,  and  in 
solution  dextrorotatory  (0^=  -1-70-6°).  The  pure 
base  prepared  by  the  action  of  barium  hydrate 
on  the  sulphate  of  glucosamine  crystallises  from 
alcohol  in  the  form  of  needles.  It  is  not  fer- 
mentable. (The  foregoing  account  of  elastin, 
keratin,  and  chitin  is  largely  taken  from  Gam- 
gee's  Physiol.  Chem.,  which  see  for  fuller 
details.) 


Skeletins.  This  term  is  applied  by  Kruken- 
berg  (Z.  B.  22,  241)  to  a  number  of  nitrogenous 
but  sulphur-free  substances, including  conchiolin, 
spongin,  &c.,  found  in  the  skeletal  tissues  of  in- 
vertebrates ;  they  are  probably  aU  like  chitin 
amido-  derivatives  of  carbohydrates.  The  sub- 
stances are  all  very  insoluble. 

Conchiolin  (CjgHjgNgO,,)  forms  the  organic 
basis  of  the  shells  of  mussels  and  snails.  On 
decomposition  it  yields  leucine,  perhaps  glyco- 
cine,  but  no  tyrosine  nor  reducing  substance. 
It  does  not  give  the  xanthoproteic,  MUlon's,  nor 
the  Adamkiewicz  reactions.  The  cementing 
substance  between  the  eggs  of  various  molluscs, 
whose  shells  and  egg  capsules  contain  conchiolin, 
is  coloured  red  by  heating  with  Millon's  reagent, 
and  contains  a  body  allied  to  keratin.  Corne'in 
(from  corals)  (CajH^^NgOij)  differs  from  con- 
chiolin by  giving  a  red  colour  with  Millon's  test. 

Spongin,  the  organic  basis  of  the  common 
sponge,  yields  as  decomposition  products  leu- 
cine and  glycooine  (Stiideler),  but  no  tyrosine. 
It  does  not  give  any  of  the  colour  reactions  men- 
tioned above ;  it  also  resembles  conchiolin  by 
yielding  on  digestion  peptone-like  substances 
which  differ  from  true  peptones  and  albumoses 
by  not  giving  the  three  colour  reactions  just 
mentioned ;  they  thus  differ  from  keratin,  which 
is  not  digestible. 

Fibroin,  the  chief  constituent  of  insects' 
cocoons  and  spiders'  threads,  behaves  to  all 
three  tests  like  an  ordinary  proteid,  and  on  de- 
comijosition  yields  leucine,  glycocine,  and  tyro- 
sine. Fibroin  is  soluble  when  heated  in  sealed 
tubes  in  glacial,  acetic,  and  other  organic  acids 
(A.  Ledow,  Mahfs  Jahrsbericht,  13,  32).  For 
silk  see  Weyl,  B.  21,  1407,  1529. 

Hyalins  and  Hyalogens.  The  term  '  hyalin  ' 
is  applied  to  the  chief  constituent  of  the  walls  of 
hydatid  cysts.  Krukenberg  states  (Z.  B.  22, 
261)  that  the  substance  is  present  in  the  cyst 
wall  as  hyalogen,  an  insoluble  substance  which 
by  the  action  of  alkalis  is  changed  into  hyalin, 
which  is  easily  soluble  in  water.  Hyalogen  is 
also  converted  into  hyalin  by  heating  with  water 
(under  pressure)  at  150°C.  (For  elementary 
composition  v.  Lticke,  Virchow's  Archiv,  19, 
189).  By  heating  with  sulphuric  acid  hyalin 
yields  a  sugar,  probably  glucose,  which  is  dextro- 
rotatory and  capable  of  the  alcoholic  fermenta- 
tion, and  in  this  hyalin  resembles  mucin. 

Krukenberg  has  extended  the  terms  hyalogen 
and  hyalin  to  other  similarly  related  bodies  ob- 
tained from  various  sources.  The  edible  bird's 
nest  has  properties  very  like  those  of  mucin  (v. 
J.  E.  Green,  J.  Physiol.  6,  40),  and  is  the  result 
of  the  activity  of  certain  glands  described  by 
Bernstein  {Joiirn.  Ornithologie,  1859.  Ill)  as 
being  remarkably  developed  in  the  nest-building 
season.  Krukenberg  finds  that  it  is  chiefly  com- 
posed of  a  hyalogen  {neossine),  which  yields  as 
its  hyalin,  neossidine.  Chondrosine  is  a  hyalo- 
gen, obtained  from  the  sponge  Chondrosia 
remformis.  The  vitreous  humour  from  the  eyes 
of  oxen  and  yigs  was  found  to  contain  a  hyalo- 
gen, whereas  the  cornea  did  not  yield  one,  but 
was  found  to  consist  chiefly  of  collagen,  and  a 
proteid  allied  to  myosin.  Spirographin,  which 
largely  composes  the  skeletal  tissues  of  the 
worm  Spirograph.is  is  also  a  hyalogen,  but  differs 
from  others  by  yielding  when  acted  on  by  alkalis 
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not  only  a  hyalin,  spirograpJiidin,  but  also  pyro- 
catechin.  The  hyalogens  are  not  acted  on  by 
gastric  juice ;  some  are,  some  are  not  attacked 
by  trypsin.  W.  D.  H. 

PROTEIN  V.  Pkoteids. 

PEOTEOSES«.  Proteids. 

PEOTO-ALBUMOSE  v.  Peotelds. 

PROTOCATEC'HUIC  ACID  G.B.fi,  i.e. 
C„H.,(OH).,.CO,H[4:3:l].  Mol.  w.  1.54.  [199°J 
(Hlasiwetz) ;  [194°]  (Earth  a.  Schmidt,  B.  12, 
1265).  S.  1-9  at  11°;  10  at  60°  (Tiemann  a. 
Nagai,  B.  10,  211).  Occurs  in  the  fruit  of  Illi- 
cium  religiosimi  (Eylcman,  B.  T.  C.  4,  47). 

Formation.— 1.  By  potash-fusion  from  piperic 
acid  (Strecker,  A.  118,  280),  catechin  (Kraut, 
A.  128,  285),  maclurin  (Hlasiwetz  a.  Pfaundler, 
A.  127,  351),  guaiac  resin  (Hlasiwetz  a.  Earth, 
A.  130,  346),  kino  (Stenhouse,  C.  J.  28,  6),  caffeic 
acid  (Hlasiwetz,  A.  142,  219),  cinchona-red 
(Eembold,  A.  143,  273),  asafcetida  (Hlasiwetz  a. 
Earth,  A.  138,  61),  angelica-resin  (Briinner, 
N.  B.  B.  24,  641),  many  other  resins,  the 
methyl-  derivative  of  sulpho-p-oxy-benzoic  acid 
(Malin,  A.  152,  109),  sulpho-?»-  and  sulpho- 
2)-oxy-benzoic  acids  (Earth,  C.  J.  24,  829), 
and  iodo-|:)-oxy-benzoic  aldehyde  (Tiemann  a. 
Herzfeld,  B.  10,  213).— 2.  Ey  heating  pipero- 
nylic  acid  with  HClAq  at  150°  (Fittig  a.  Eem- 
sen,  A.  159,  129). — 3.  By  the  action  of  Br  and 
water  on  quinic  acid  (Hesse,  A.  112,  52  ;  122, 
221;  Fittig,  4.  168,  111).— 4.  By  heating  pyro- 
catechin  with  water  and  ammonium  carbonate 
at  140°  (Miller,  C.  J.  41,  400). 

Properties. — Tufts  of  monoclinic  needles 
(containing  aq),  sol.  water,  alcohol,  and  ether, 
nearly  insol.  boiling  benzene.  FeClj  colours  its 
aqueous  solution  bluish-green,  the  colour  chan- 
ging to  red  on  addition  of  alkalis.  FeSOj  colours 
solutions  of  its  salts  violet.  Pb(0Ac)2  gives  a 
pp.,  sol.  acetic  acid.  Crystallises  with  p-oxy- 
benzoic  acid  as(C,H„04)C-H503  2aq,  which  yields 
PbC,^H,„0,  2aq  (Hlasiwetz,  A.  134,  276).  Ee- 
duces  aqueous  AgNOj  on  heating  or  on  adding 
NHjAq.    Does  not  reduce  Fehling's  solution. 

Beactions. — 1.  Split  up  by  dry  distillation 
into  CO,  and  pyrocatechin. — 2.  Soda-fusion 
gives  55  p.c.  of  the  theoretical  amount  of  pyro- 
catechin.—  3.  Bromine  in  the  cold  forms  bromo- 
protocatechuic  acid.  Er  at  100°  yields  tetra- 
bromo-pyrocatechin. — 4.  N.^O.,  passed  into  the 
ethereal  solution  forms  oxalic  acid  (16'5  p.c), 
carboxy-tartronic  acid  (10  p.c),  di-nitro-di-oxy- 
quinone  (-5  p.c),  trinitrophenol  (4  p.c),  (a)-di- 
nitro-phenol  [114°]  (3-5  p.c),  and  nitro-|;-oxy- 
benzoio  acid  (1  p.c.)  (Gruber,  B.  12,  514). — 
5.  HjSO^  (25  pts.)  at  140°  forms  a  very  small 
quantity  of  tetra-oxy-anthraquinone  (rufiopin) 
(Nolting,  Bl.  [2]  37,  395).— 6.  Heating  with 
AS0O5  at  160°  or  exposing  a  solution  in  Na^CO.,Aq 
to  the  air  forms  catellagic  acid  C,,H|„0,  ?  which 
resembles  ellagic  acid  and  forms  an  orange  solu- 
tion in  nitric  acid. 

Salts.— BaA'„5aq.—Ea3(C,H,0,)..  (dried  at 
130°)  (Barth,  A.  142,  246).— CaA'..  4aq.— 
CaA',  3aq.— Pb,A'„0.,.  — PbA'„  2aq. 

Acetyl  derivative  '  C^H3(0Ac),.C0.,H. 
[163°].    Crystals  (Herzig,  M.  6,  872). 

Mctliyl  ether  MeA'.    [134-5°].  Needles. 

Ethyl  ether  EtA'.  [134°  cor.].  Prisms 
(Matsmoto,  B.  11,  129). 


m- Methyl  derivative 
C,H,(0H)(0Me).C0„H  [4:3:1].  Vanillic  acid. 
[207°].  S.  -12  at  14°;  2-5  at  100\  Formation 
(Tiemann,  B.  8,  509,  1123  ;  9,  52,  419  ;  10,  59, 
202  ;  11,  122). — 1.  By  exposing  moist  powdered 
vanillin  to  the  air. — 2.  By  oxidising  coniferin 
with  dilute  KMnO,,. — 3.  From  its  acetyl  deriva- 
tive, wldch  is  got  by  the  action  of  KMnOj  on 
acetyl-eugenol,  acetyl-ferulic  acid,  and  acetyl- 
creosol. — 4.  Together  with  isovanillic  acid  by 
heating  C5H3(OMe).,CO,H  with  HClAq  at  140°. 
Properties. —  Needles  (from  water),  v.  e.  sol. 
alcohol,  m.  sol.  ether.  Has  no  smell.  May  be 
sublimed.  Gives  no  colour  with  FeCla.  Beac- 
tions.—1.  Split  up  by  HClAq  (S.G.  1-1)  at  150° 
into  protocatechuio  acid  and  Mel. — 2.  Potash- 
fusion  yields  protocatechuic  acid. — 3.  By  heating 
with  Mel  (2  mols.)  and  KOH  (2  mols.)  it  is  con- 
verted into  CeH,(OMe),.CO,,Me.— 4.  Yields  guaia- 
col  on  distillation  with  lime. — 5.  The  Ca  salt 
yields  vanillin  on  distilling  with  calcium  formate. 

Methyl  ether  oi  the  m- Me  thy  I  deriva- 
tive MeA'.    [63°].  (286°). 

Ethyl  ether  of  the  m-Methyl  deriva- 
tive EtA'.    [44°].  (292°). 

Acetyl  derivative  of  the  m-Methyl 
derivative  C,a,(0Ac)(0Me).C02H.  [142°]. 
Needles  (from  dilute  alcohol). 

Benzoyl  derivative  of  the  7n-Mcthyl 
derivative.    [178°]  (Tiemann,  £.  15,  2068). 

p- Methyl  derivative 
C5H3(OMe)(OH).CO,.H  [4:3:1].  Isovanillic  acid. 
[250°].  S.  -06  at  1.5"°  ;  -7  at  100°.  Formed  with 
other  products  by  heating  protocatechuic  acid 
with  Mel  and  KOil  at  150°.  Got  also  by  heating 
hemipic  acid  with  HClAq  (Matthiessen  a. Foster, 
A.  Suppl.  2,  378),  and,  together  with  vanillic 
acid,  by  digesting  C„H.,(OMe)„CO.,H  with  dilute 
HClAq  at  140°  (Tiemann).  The  "acetyl  deriva- 
tive is  got  by  oxidation  of  the  acetyl  derivative 
of  isoferulic  acid  (hesperetic  acid)  by  KMn04 
(Tiemann  a.  Will,  B.  14,  963),  and  likewise  by 
oxidation  of  the  acetyl  derivative  of  betelphenol 
C,.H.,(OMe)(OH).C.,H,  [4:3:1]  (Bertram  a.  Gilde- 
meister,  J.  pr.  [2]  39,  349).  Prisms,  v.  sol.  alco- 
hol and  ether.  May  be  sublimed.  Its  aqueous 
solution  is  not  coloured  by  FeCI,.  Yields  a 
nitro-  derivative  [173°]  and  an  acetyl  deriva- 
tive C,H3(0Me)(0Ac).C0,H  [207°]. 

Di-methyl  derivative  C, H,,(OMe).,.CO.,H. 
Veratric  add.  [174°]  (T.) ;  [181°]  (G.).  S.  -05 
at  14°  ;  -6  at  100°.  Occurs  in  small  quantity  in 
sabadilla  seeds  (Merck,  A.  29, 188).  Formed  by 
heating  at  140°  protocatechuic  acid  (1  pt.)  with 
Mel  (4  pts.)  and  KOH  (Ipt.)  dissolved  in  MeOH 
(Kolle,  A.  159,  241).  Produced  also  by  oxidation 
of  C,H3Me(0Me),  (Tiemann,  B.  8,  1138),  of 
methyl-eugenol  (Graebe,  A.  158,  282),  of  papa- 
verine (Goldschmidt,  M.  6,  378),  and  of  di- 
methyl-caffeic  acid  (Tiemann  a.  Will,  B.  14, 
962).  Formed  also  by  saponifying  its  amide, 
■which  is  made  by  the  action  of  Cl.CONH.,  on 
C,H,(OMe)._,  in  C'S.,  in  the  presence  of  A'lClj 
(Gattermann,  A.  244,  71).  Veratric  acid  is  a 
product  of  the  action  of  alcoholic  soda  on 
pseudaconitine,  on  veratrine  (Wright  a.  Luff, 
C.  J.  33, 160,353),  andonhexa-metliyl-quercetin 
(Herzig,  M.  5,  83),  and  of  fused  potash  on  papa- 
veraldine  (Goldschmidt,  M.  7,  403).  Veratric 
acid  is  also  got  by  the  action  of  KOH  on  pseudo- 
opianic  acid  (W.  H.  Perkin,  jun.,  C.  J.  57, 1068). 
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Properties. — Slender  needles  (containing  aq). 
From  hot  solutions  (above  50°)  it  separates  in 
anhydrous  crystals.  V.  e.  sol.  alcohol  and  ether. 
EeClj  gives  no  colour.  Dislillation  with  lime 
forms  CgH,(0Me)2.  Potash-fusion  yields  proto- 
catechuic  acid.  HIAq  at  160°  forms  Mel  and 
protocatechuic  acid.  HClAq  forms  vanillic  and 
also  iso-vanillie  acids. — Salts. — NaA'2aq. — 
BaA'„  6aq.  —  AgA'.  —Ethers.  —  MeA'  [60°J  (c. 
300°).— EtA'.    [44°].  (296°). 

Di-ethyl  derivative  C6H3(OEt)2.CO,H. 
[166°].  Formed  by  saponifying  its  ether,  which 
is  made  from  protocatechuic  acid,  alcoholic 
potash,  and  EtI  (Kolle,  A.  1.59,  240).  Got  also 
by  heating  hexa-ethyl-quercetin  with  alcoholic 
potash  at  150°  (Herzig,  M.  5,  78).  Needles 
(from  alcohol). — KA'  ^aq. — BaA'2  3aq. — AgA'. — 
Ethyl  ether  EtA'.  -[57°].  Crystals. 

Methyl-ethyl  derivative 
C6H3(OMe)(OEt).CO,H  [3:4:1].  [194°].  Formed 
by  oxidation  of  ethyl-vanillin  (Tiemann,  B.  8, 
1130),  of  ethyl-eugenol  (Wassermann,  A.  179, 
379  ;  Balbiano,  G.  11,  416),  and  of  di-ethyl-cur- 
cumin  (Jackson  a.  Mencke,  Am.  4,  90).  Needles, 
almost  insol.  cold  water. — BaA',  4aq :  needles. 

Methyl-propyl  derivative 
CeH3(0Me)(0Pr).C0.,H  [3:4:1].    Formed  by  oxi- 
dation of  the  propyl  derivative  of  eugenol  (Ca- 
hours,  Bl.  [2]  28,  314).  Needles. 

Methyl- car  hoxii  methyl  derivative 
C,H3(0Me)(0.CH,C0„H).C0,H  [3:4:1].  [256°]. 
Formed  from  C,H3(6Me)(OlCH...CO.,H).CHO  by 
oxidation  (Elkan,  B.  19,  3056).  Yields  CuA"  as 
a  green  insoluble  pp. 

Methylene  derivative 
CH2:02:C,H3.CO.,H.  Piperonylic  acid.  [228°]. 
Occurs  in  para-coto  bark  (Hesse  a.  Jobst,  A.  199, 
63).  Prepared  by  oxidation  of  piperonal  (Fittig 
a.  Mielck,  A.  152,  40).  Got  by  heating  proto- 
catechuic acid  with  potash  and  CIIJ,  (Fittig  a. 
Eemsen,  A.  168,  94).  Piperonylic  acid  is  also 
formed  by  the  action  of  KMnO.,  on  cubebin,  on 
methystic  acid  (Pomeranz,  M.  8,  468  ;  10,  790), 
on  safrole  (Eykman,  B.  T.  C.  4,  39  ;  Poleck,  B. 
19,  1096),  and  on  the  (a)-dihydride  of  piperic 
acid  (Eegel,  B.  20, 415).  Needles  (from  alcohol). 
May  be  sublimed.  Nearly  insol.  cold  water, 
m.  sol.  boiling  alcohol.  FeCl3  gives  a  brown 
jjp.  in  neutral  solutions.  Dilute  HClAq  at 
170°  forms  protocatechuic  acid.  HNO3  forms 
nitro-piperonylic  acid  [172°].  Salts.— NaA'  aq. 
— KA'  aq.— B'aA'„  aq.— CaA',  3aq.  S.  -625  at  15°. 
— PbA'„aq. — CuA'.^aq. — AgA'.  Quinine  salt 
C2|,H24N202HA'aq:  needles,  sol.  hot  water.  Cin- 
chonidine  salt  C,,H„,N.,OHA':  needles  (Hesse, 
A.  243,  147).  —  EthyTether  EtA'.  Oil.— 
Nitrile  CH,,02:C(;H3.CN.  [95°].  Formed  from 
the  oxim  of  piperonal  and  Ac.^0  (Marcus,  B.  24, 
3656).  Needles,  v.  sol.  alcohol.  Alcoholic  hy- 
droxylamine  at  60°  forms  the  amidoxim 
CH,0.,:C„H3.C(NH,):N0H  [151°]  which  yields 
B'HCl  [193°],  and  is  converted  by  Ac.O  into 

CHA:C,H3.C-^^^^CMe  [110°]. 

Ethylene  derivative  CMfi./.G^Tl^.COH. 
[134°].  Formed  by  heating  protocatechuic  acid 
■with  ethylene  bromide  and  KOH  (Fittig,  Z.  [2] 
7,  289  ;  A.  168,  99).  Needles  (from  hot  water). 
May  be  sublimed.  PCI5  yields  a  product  whence 
•water  reproduces  ethylene-protocatechuic  acid. 


PCI5  at  130°  followed  by  water  yields  the 
acid  C2H2CLA:Cf;H3.CO,,H  [121°].— BaA',,  2aq.— 
CaA'.,2aq:  monoclinic  crystals. — Ethyl  ether 
EtA'-.  Oil. 

Di-methyl-ethylene  ether 
C,H,(0.C,H3(0Me).C0.,H),.  Formed  by  oxidising 
the  ethylene  ether  of  eugenol  with  KMnO,  (Ca- 
hours,  Bl.  [2]  29,  270).  Amorphous. 

Refereitce. — Nitko-peoiocatechuic  acid. 

Homo-protocatechuic  acid  v.  Di-oxy-phenyl- 
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Diprotocatechuic  acid  C,,,H4(0H),(C02H)2. 
Formed  by  potash-fusion  from  divanillin  (Tie- 
mann, B.  18,  3494).  Amorphous,  si.  sol.  water 
and  alcohol.    Coloured  bluish-green  by  FeClj. 

PROTOCATECHUIC  ALDEHYDE  CRfi^i.e. 
C,H3(OH)2.CHO  [4:3:1].  Mol.  w.  138.  [150°]. 

Formation. — 1.  From  piperonal  by  successive 
treatment  with  PCI,  and  water  at  100°  (Fittig  a. 
Eemsen,  Z.  [2]  7, 100  ;  A.  159,  148  ;  168,  97).— 
2.  By  heating  piperonal  with  dilute  HClAq  at 
200°  (F.  a.  E.).— 3.  By  heating  a  solution  of 
pyrocatechin  in  dilute  NaOH  with  chloroform 
CTiemann,  B.  9,  1269  ;  14,  2020).— 4.  By  heating 
vanillin  with  dilute  HCl  at  200°  (Tiemann,  B. 
7,  620). — 5.  By  heating  opianic  acid  with  dilute 
HCl  at  170°  (Wegscheider,  M.  3,  792). 

Properties. — Flat  needles  (from  water),  v. sol. 
alcohol,  ether,  and  hot  water.  FeClj  colours  the 
aqueous  solution  green,  changing  to  red  on  addi- 
tion of  NaoC03.  Oxidised  by  KMnO^  and  by 
potash-fusion  to  protocatechuic  acid.  Gives  a, 
mirror  with  ammoniacal  AgN03.  Combines  with 
NaHSO^. 

m-  Methyl  derivative.  CgHgOa  i.e. 
C,H3(0jIe)(0H).CH0.  Vanillin.  Mol.  w.  152. 
[81°].  (285°).  S.  1  at  14°  ;  5  at  80°  (Tiemann 
a.  Nagai,  B.  10,  211).  The  fragrant  constituent 
of  the  pods  of  Vanilla  aromatica  (Gobley,  /. 
1858,  534;  Stokkebye,  1864,  612).  Occurs 
also  in  the  seeds  of  Lupinus  albus  (Campani  a. 
Grimaldi,  G.  17,  545),  in  raw  beet-root  sugar 
(Weger,  D.  P.  J.  237,  146;  Scheibler,  B.  13, 
335 ;  Lippmann,  B.  13,  662),  in  gum  benzoin 
from  Siam  (Jannasch  a.  Eump,  B.  11,  1635),  and 
in  small  quantity  in  wood  (Singer,  M.  3,  409). 
Formation. — 1.  Together  with  isovanillin,  by 
heating  guaiacol  with  chloroform  and  NaOHAq 
(Eeimer,  B.  9,  424  ;  Tiemann,  B.  14,  2023).— 

2.  By  oxidation  of  coniferin  or  coniferyl  alcohol 
with  chromic  acid  mixture  (Tiemann,  B.  7, 613). — 

3.  By  oxidation  of  eugenol  by  KMnO,  (Erlen- 
meyer,  B.  9, 273). — 4.  By  heating  calcium  vanillate 
with  calcium  formate  (Tiemann,  B.  8,  1124). — 
5.  By  the  action  of  chloroform  and  potash  on 
vaniihc  acid  (Tiemann,  B.  9,  1280).— 6.  By  the 
action  of  emulsin  or  of  boiling  dilute  acids  on 
glucovanillin  (Haarmann  a.  Eeimer,  C.  J.  46, 
1343).— 7.  From  C,H3(0Me)(N0.,).CH0  by  reduc- 
tion followed  by  the  diazo-  reaction  (Ulrich,  B. 
18,  2573).  Properties. — Monoclinic  needles,  v. 
sol.  alcohol,  ether,  CHCI3,  and  CS.^;  v.  si.  sol. 
cold,  V.  sol.  hot,  ligroin.  Smells  and  tastes  like 
vanilla.  May  be  sublimed.  Acid  in  reaction, 
and  decomposes  carbonates.  Fed,  gives  a  blue 
colour.  Boiling  aqueous  HgClj  containing  KNO^ 
gives  a  violet  colour  (Nickel,  Fr.  28,  247).  Ee- 
duces  silver  solution.  Oxidised  by  moist  air  to 
vanillic  acid  CsH^O,.  Reactions. — 1.  Bromine 
forms  C8H,Br03  [161°].— 2.    Dilute  HCl  at  190° 


PROTOPINE. 


34> 


yields  MeCl  and  protocatechnic  aldehyde. — 

3.  Potash-fusion  gives  protocatechuic  acid. — 

4.  Sodium-amalgam  reduces  it  in  alcoholic 
solution  to  vaniilyl  alcohol  C|,H,„03  as  a  yel- 
lowish oil,  and  also  hydrovanilloin  0,,3H|c,0g 
[c.  225°]  (Tiemann,  B.  8,  1123).— 5.  By  heat- 
ing with  di-metliyl-aniline  and  ZnCL,  it  is 
converted  into  C.,,H.,sN.,Oo  [136'']  (Fischer  a. 
Schmidt,  B.  17,  'iSOS)— 6.  Vanillin  (1  mol.) 
mixed  with  pyrogallol  (2  mols.)  is  converted  by 
cone.  HClAq  into  '  pyrogallo-vanillein  '  C.,oH,j|08, 
which  forms  colourless  crystals,  insol.  water,  v. 
sol.  alcohol,  giving  isomeric  bluish-violet  crystals 
by  the  further  action  of  HCl  (Etti,  M.'i,  637).— 

7.  Vanillin  (1  pt.)  boiled  with  diacctoiiamine  acid 
oxalate  (1  pt.)  forms  the  oxalate  of  vanillodiace- 
tonamine  C,,H|<,N03  {v.  vol.  i.  p.  28). — 8.  Heating 
with  Ac„0  forms  the  acetyl  derivative  of  vanillin, 
andalso"CeH3(OMe)(OAc).CH(OAc)„[89°]  crystal- 
lising in  six-sided  tables  (Tiemann  a.  Nagai,  B. 

8,  1143). —  9.  Boiling  aqueous  FeCl,  forms  di- 
vanillinC„H,.,0,  [301°],  whence  NaOEt  and  Mel 
form  C6H2(OMe)„(CHO).C,H.,(OMe),,(CHO)  [138°] 
(Tiemann,  B.  is',  3493).— lO".  CIdoro-acetic  acid 
andKOHAq  form  CsH,(OMe)(OCH„CO.,H).CHO 
[188°]  (Elkan,  B.  19,  3055).  Salts.— "CsH.NaOj. 
Needles  (from  alcohol),  si.  sol.  NaOHAq. — 
Hg(CsH,03)2 :  crystals,  si.  sol.  cold  water,  insol. 
alcohol. — Zn(C„H,0;,).,  :  crystalline  pp.  Esti- 
nialioii. — Vanilla  pods  are  extracted  with  ether, 
the  extract  shaken  with  a  nearly  saturated 
solution  of  NaHSOj,  the  aqueous  layer  decom- 
posed by  H.SOj,  the  vanillin  thence  extracted 
by  ether,  and  the  extract  evaporated  (Tiemann  a. 
Haarmann,  B.  8,  1115). 

Acetyl  derivative  of  vanillin 
C„H3(0Me)(0Ac).CH0.  [77°].  Formed  slowly 
by  the  action  of  an  ethereal  solution  of  Ac^O  on 
sodium-vanillin  in  the  cold  (Tiemann  a.  Nagai, 
-B.  11,  646).  Flat  needles.  Combines  with  bi- 
sulphites. 

Oxini  of  vanillin 
C,H,(OMe)(OH).CH:NOH.    [122°]  (Tiemann  a. 
Ivees,  B.  18,  1664  ;  of  Lach,  B.  16,  1786). 

Fhenyl-In/drazidc  of  vanillin 
C,H;,(OMe)(OH).CH:N,HPh.    [105°].  Plates. 

Glucosi  de  of  vanillin 
C,H,(0Me)(0CsH„05).CH0.  Glucovanillin. 
[192°].  [a]D= -88-63  at  20°.  Prepared  by 
slowly  adding  CrOj  (8  pts.)  in  water  (100  pts.)  to 
coniferin  (10  pts.)  dissolved  in  water  (200  pts.), 
and  leaving  the  mixture  to  stand  for  5  days  (Tie- 
mann, B.  18,  1596,  1661).  Colourless  'needles 
(containing  2aq),  v.  sol.  water,  m.  sol.  alcohol, 
insol.  ether.  Beadily  split  up  by  dilute  B..^0^ 
or  by  emulsin  into  vanillin  and  glucose.  Does 
not  reduce  Fehhng's  solution  in  the  cold.  Yields 
C,H,(0Me)(0G,H„O,).CH:N,HPh  [c.  195°]  and  a 
Isavorotatoryoxim  [152°],  crystallising  in  slender 
yellow  needles  (containing  aq). 

p- Methyl- derivative 
C8H3(OMe)(OH).CHO [4:3:1].  Isovanillin.  [116°]. 
Formed  by  oxidising  acetyl-isoferulic  acid  with 
liMnO,  and  saponifying  the  resulting  acetyl 
derivative  (Tiemann  a.  Will,  B.  14,  968).  Formed  i 
also  by  heating  opianic  acid  (4  pts.)  with  water 
(30  pts.)  and  HClAq  (8  pts.  of  S.G.  1-17) 
(Wegscheider,  M.  3,  789).  Monoclinic  pyramids, 
si.  sol.  cold  water,  v.  sol.  alcohol  and  ether.  May 
be  subhmed.  When  warm  it  smells  somewhat 
like  vanillin.    Its  alkaline  solutions  are  yellow.  | 


FeClj  does  not  colour  the  aqueous  solution. 
Reduces  boiling  ammoniacal  AgNOj.  Forms  a 
very  soluble  compound  with  NaHSOj. 

Di-methyl  derivative  C,iH,,(OMe).,CHO. 
Mcthijl-vanillin.  [43°].  (c.  283°).  Formed 
from  potassium  vanillin  and  Mel  (Tiemann,  B. 
8,  1135),  and  also  by  distilling  opianic  acid  with 
soda-lime  (Beckett  a.  Wright,  C.  J.  29,  164). 
Needles,  v.  si.  sol.  hot  water,  v.  sol.  alcohol  and 
ether.    Smells  like  vanilla. 

Methyl-ethyl  derivative 
C,.H3(0Me)(0Et).CH0.    [65°].    Formed  by  boil- 
ing potassium-vanillin  with  EtI  and  alcohol 
(Tiemann,  B.  8,  1129).    Prisms,  v.  si.  sol.  hot 
water.    Smells  like  vanilla. 

Methylene  derivative  CsH^03  i.e. 
CH,0,:G„H,.CHO.  Piperonal.  Mol.  w.  150. 
[37-].  (263°).  S.  -2  in  the  cold.  Formed  by 
oxidation  of  piperic  acid  in  neutral  solution  by 
KMnO,  (Fittig  a.  Mielck,  A.  152,  35).  Formed 
also  by  oxidation  of  the  (a)-dihydride  of  piperic 
acid  by  alkahne  KMnO^  (Kegel,  B.  20,  41.:>). 
Transparent  prisms  (from  water),  m.  sol.  hot 
water,  v.  sol.  alcohol  and  ether.  Smells  much 
like  coumarin.  Forms  a  crystalline  compound 
with  NaHSOj.  Not  affected  by  aqueous  alkalis. 
Reactions. — 1.  By  oxidation,  or  by  boiling 
with  alcoholic  potash,  it  is  converted  into  piper- 
onylic  acid  CH,0.,:C,,H3.002H.— 2.  Eeduced  by 
water  and  sodium-amalgam  to  piperonyl  alcohol 
CgH^Oa,  hydropiperoin  C,,,HnOg  [202'"],  and  iso- 
hydropiperoin  [138°].  AcCl  converts  the  hydro- 
piperoins  into  C|fiH,,Cl„04  [198°]  (Eemsen  a. 
Fittig,  Z.  [2]  6,  97;  '4.  159,  129).— 3.  An  alco- 
holic solution  of  KCy  forms  piperonylom 
CHA:CcH3.CH(OH).CO.C,H3:0.,CH2  [120°],  se- 
parating from  alcohol  in  yellow  crystals  (F.  M. 
Perkin,  C.  J.  59,  164).— 4.  Very  dilute  HClAq 
at  200°  forms  protocatechuic  aldehyde. — 5.  PClj 
forms  liquid  CH,,0,--C„H3.CHCL,  (c.  235=)  and 
CaHjCliO.,,  whence  cold  water  forms  dichloro- 
piperonal"  CsH^Cl.Oj  [90°].— 6.  Gaseous  HCl, 
passed  into  a  mixture  of  phcnijl  mcrcaptcm 
and  piperonal,  forms  CH„0o:C,-.H,.CH(SPh)2 
[48°]  (Baumann,  B.  18,  880).— 7'.  Alcoholic  am- 
monia, in  presence  of  some  HCy,  forms 
CjJIirNoO,;,  crystallising  in  prisms  [213°],  insol. 
alcohol  and  ether.  Piperonal,  heated  with  alco- 
holic NH,  at  70°,  forms  an  isomeric  body  [172°], 
crystallising  in  yellow  needles,  sol.  hot  alcohol, 
insol.  water  and  ether  (Lorence,  B.  14,  791). — 
8.  Aqueous  HCy  at  65°  forms  a  comijound 
whence  an  alcoholic  solution  of  NH^  yields 
CHoO.,:C,.H3.CH(NH;).CN,  converted  by  boiling 
HClAq  into  CaHgOj. — 9.  Aniline  forms,  on  heat- 
ing, C|  ,H,,N02,  crystallising  in  colourless  needles 
[65°]  (L.). — 10.  p-Phcnijlcne-di-methyl-diamine 
gives  C,H3(0,CH2).CH:N'.C,UjNMe2  [110°]  (Nuth, 
B.  18,  575).  ' 

Oxim  of  piperonal  CHA:C6H3.CH:NOH. 
[110°].  Needles,  v.  sol.  alcohol  (Marcus,  B.  24, 
3656). 

Phent/l-hydraside  of  piperonal 
CH.,0.,:C,;H3.CH:N..HPh.  [100°]  (M.)  ;  [103°1 
(Kudolph,  A.  248,  103).    Yellow  needles. 

PROTOPINE  C„„H,,,N05.  [202°].  An  alka- 
loid occurring  in  very  small  quantity  in  opium, 
and  obtained  from  the  mother-liquors  after  the 
separation  of  morphine  by  Gregory's  process 
(Hesse,  Z.  [2]  7,  603  ;  A.  Supiyl.  8,  318).  Sepa- 
rated from  cryptopine  by  ppn.  of  the  solution  of 
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the  mixed  hydrochlorides  with  cone.  HClAq,  the 
protopine  salt  adhering  to  the  sides  of  the 
vessel.  Crystalline  powder  (from  alcohol),  insol. 
water,  si.  sol.  hot  alcohol,  m.  sol.  chloroform. 
The  alcoholic  solution  is  alkaline  in  reaction. 
SI.  sol.  ether,  separating  in  spherical  groups  of 
prisms.  SI.  sol.  KOHAq  and  NH^Aq.  FeClj  gives 
no  colour.  HNO3  forms  a  colourless  solution, 
which  turns  yellow  on  warming.  H2SO4  con- 
taining ferric  sulphate  gives  a  dark-violet  solu- 
tion, turned  dirty  brownish-green  at  150°.  The 
salts  have  a  bitter  taste,  and  do  not  gelatinise. — 
B'„H,PtCle  2aq  :  yellow  crystalline  pp. 

PEUSSIAN  BLUE  v.  Febeic  feeboctanide, 
vol.  ii.  p.  334 ;  and  Potassium-ferbous  feeei- 
CYANiDE,  vol.  ii.  p.  339. 

PRUSSIC  ACID  V.  Ctanhtdeic  acid,  vol.  ii. 
p.  300. 

PSATYEIN  V.  Haetin. 

PSOROMIC  ANHYDRIDE  C.„H„Os?  [264=]. 
Occurs  in  Psoroma  crassa,  a  lichen  growing  in 
Sicily  (Spica,  G.  12,  431).  Needles,  sol.  alcohol 
and  ether,  insol.  benzene.  Yields  CooHijAgO,, 
as  a  flocculent  pp. 

PSYCHOSINE.  A  substance  got,  according 
to  Thudichum  (J.pr.  [2]  25,  19),  from  brain. 

PTEROCARPIN  C.,„H,eO,.  [152°].  [a]j=  -211° 
in  4-6  p.c.  chloroform  solution.  Obtained  by 
mixing  powdered  sandal  wood  (Ptei-ocarpus  san- 
talinus)  with  slaked  lime,  and  extracting  with 
ether.  The  residue  is  crystallised  from  alcohol, 
and  the  homopterocarpine  dissolved  in  CS,, 
which  leaves  the  pterocarpine  (Cazeneuve  a. 
Hugounenq,  A.  Ch.  [6]  17,  115).  Square  tables 
(from  CHCI3),  insol.  water,  m.  sol.  hot  alcohol 
and  hot  OS,,.  Insol.  acids  and  cone.  KOHAq, 
even  on  boiling.  Bromine  forms  C.^oHisBrOu, 
crystallising  in  yellowish  needles. 

Homopterocarpin  C„,H„,0|i.  [82°-86°]. 
[a]j=-199°.  Obtained  as  above  (C.  a.  H.). 
Long  needles  (from  boiling  alcohol),  insol.  water, 
sol.  ether,  v.  si.  sol.  cold  alcohol. 

Reactions. — 1.  Bromine  gives  C^H^jBrOj 
and  C.jHiE^rsOe  [270°].— 2.  On  distillation  it  is 
largely  split  up  into  phenols  resembling  creosote, 
and  a  small  quantity  of  pyrocatechin.— 3.  Dis- 
tillation over  zinc-dust  gives  benzene,  toluene, 
ethylene,  and  CO. — 4.  HCl  gives  MeCl  and  a 
resin. — 5.  HI  gives  Mel. — 6.  Potash-fusion  gives 
phloroglucin.— 7.  Fuming  HNO3  gives  oxalic 
acid  and  tri-nitro-orcin  [162°].  Not  acted  upon  by 
sodium-amalgam,  phenyl-hydrazine,  and  AC2O. 

PTOMAINES.  The  name  'ptomaines'  was 
first  applied  to  poisonous  organic  bases  obtained 
from  dead  bodies  [ttt wfia,  a  corpse),  but  is  now 
usually  given  to  poisonous  organic  bases  formed 
in  the  putrefaction  of  any  kind  of  animal  matter. 
In  extracting  ptomaines  no  reagents  that  would 
decompose  proteids  may  be  used.  The  bases 
may  be  extracted  by  alcohol,  and  purified  by  ppn. 
with  phosphomolybdic  acid.  In  presence  of  a 
little  HCl  the  ptomaines  are  fairly  stable,  and 
the  solution  can  then  be  evaporated  and  the 
hydrochlorides  extracted  from  the  syrupy  residue 
by  absolute  alcohol.  By  this  method  neuridine 
hydrochloride  can  readily  be  obtained.  By  the 
putrefaction  of  proteids  Brieger  (Two  mono- 
graphs :  TJehcr  Ptomaine,  Berlin,  1885 ;  cf. 
Gautier,  Bl.  [2]  48,  10)  obtained  tri-methyl- 
vinyl-ammonium  hydroxide  (neurine)  CjHijNO 
or  C2H3.NMe3.OH,  muscarine     CjHjsNOs  or 


CH(OH)2.CH,.NMe30H  (vol.  iii.  p.  444),  a  base 
isomeric  with  ethylene-diamine,  neuridine 
C^Hj^N,,  gadinine  C,H,,N02,  triethylamine,  di- 
methylamine,  and  trimethylamine.  Garcia  (H. 
17,  543)  got  hexamethylene-diamine  CjHjgN,. 
Herring-pickle  contains  choline,  NMbj,  and 
NH.,Me.  By  the  putrefaction  of  the  herring  NMe3, 
NHjMe,  cadaverine  C^Hi^Nj,  putrescine  C4H,2N2, 
and  gadinine  CjHpNOj  are  formed  (Bocklisch, 
B.  18, 1922).  Gautier  and  Etard  (C.  i?.94, 1600) 
from  putrid  mackerel  and  putrid  horse-flesh 
obtained  a  colhdine  dihydride  CsH,3N,  parvoline 
CgHjjN,  and  a  base  Ci^HjgN^.  In  the  putrefaction 
of  proteids  poisonous  bases  are  formed  in  the  first 
five  or  six  days,  and  are  destroyed  by  further 
progress  of  putrefaction.  The  highly  poisonous 
methyl-guanidine  is  formed  by  the  action  of 
putrefactive  bacteria  on  beef -broth  at  38°  (Bock- 
lisch, B.  20, 1441).  From  human  corpses  Brieger 
obtained  tri-methyl-oxyethyl-ammonium  hy- 
droxide C,H,,N02  or  CH.,(OH).CH2.NMe3.0H 
(choline  or  neurine,  vol.  iii.  p.  498),  neuridine 
CjHj^Nj,  cadaverine  CsHjijNo,  putrescine  CjHj^Nj, 
saprine  C5H,5N2,  trimethylamine,  methyl-guan- 
idine, tetanine  CijiL^N^O^,  mydine  CjHiiNO, 
mydatoxin  CjH,3N02,  and  mydaleine  (I3rieger, 
loc.  cit. ;  cf.  Sehni,  Rend.  Accad.  Sci.  Bologna, 
1872  ;  Schwanert,  B.  7,  1332 ;  Guareschi  a. 
Mosso,  J.  pr.  [2]  27,  428  ;  28,  504  ;  G.  13,  493  ; 
Beckurts,  Ar.  Ph.  [3]  14,  1041).  Ptomaines  are 
often  produced  in  animal  bodies  which,  after 
brief  exposure,  have  been  excluded  from  the  air  ; 
e.g.  corpses,  sausages,  and  tinned  meat.  A  crys- 
talline ptomaine  can  be  obtained  from  the  body 
after  arsenical  poisoning  (Husemann,  Ar.  Ph. 
[3]  16,  169  ;  19,  416).  The  alcoholic  solution  of 
hydrochlorides  of  ptomaines  may  be  ppd.  by  an 
alcoholic  solution  of  HgCL ;  after  twenty-four 
hours'  standing,  the  pp.  is  boiled  with  a  large 
quantity  of  hot  water,  which  leaves  the  com- 
pounds of  peptones  and  albuminates  undissolved. 
The  hot  filtrate  deposits  the  mercury  double  salt 
of  choline  (neurine)  while  the  mother-liquor  con- 
tains the  remaining  bases.  Picric  acid  added  to 
an  aqueous  solution  of  the  hydrochlorides  ppts. 
neuridine  picrate,  while  the  mother-hquor  de- 
posits, on  evaporation,  broad  needles  of  choUne 
i  picrate  C5H,3N0C,H2(N02)30H.  Cadaverine  and 
putrescine  can  be  separated  by  means  of  their 
aurochlorides.  Saprine  is  isolated  by  means  of 
its  platinochloride.  To  distinguish  a  ptomaine 
from  a  vegetable  alkaloid,  Brouardel  a.  Boutmy 
(C.  R.  92,  1056;  cf.  Tanret,  G.  R.  92,  1163) 
add  a  few  drops  of  the  solution  of  the  sulphate 
of  the  alkaloid  to  potassium  ferricyanide  mixed 
with  FeClj :  a  dark-blue  pp.  is  formed  if  a  pto- 
maine be  present,  while  the  vegetable  alkaloids 
(except  morphine,  veratrine,  eserine,  aconitine, 
and  ergotinine)  have  no  action.  The  test  is,  of 
course,  given  by  many  other  reducing  agents. 
This  ptomaine  reaction  is  given  (slowly)  by 
a  poisonous  Uquid  alkaloid  extracted  by  Stas's 
method  from  the  intestines  of  persons  who  died 
of  cholera  (Villiers,  C.  R.  100,  91).  Pouchet 
(C.R.  97,  1560;  cf.  Gautier,  B.  C.  1882,  710; 
Bechamp,  C.  R.  94,  973)  obtained  from  urine 
and  fiEces  some  alkaloids  closely  resembling 
the  ptomaines  got  by  putrefaction  of  proteids 
out  of  contact  of  air.  He  separated  them  by 
decomposing  their  tannates  with  Pb(0H)2  in 
presence  of  alcohol,  the  lead  being  finally  re- 


PULEGIUM  OIL. 


347 


moved  by  HoS,  and  the  liquid  dialysed.  C^H^NOj 
is  liquid  and  dialyses  with  difficulty  ;  it  exhibits 
the  alkaloidal  reactions,  is  resinified  by  HCl,  and 
reduces  platinio  chloride.  The  base  C,H,;,N^02 
or  C,H|4Nj02  is  crystalline,  and  passes  through 
the  membrane ;  it  is  insol.  ether,  nearly  insol. 
alcohol,  is  feebly  alkaline  and  yields  crystalline 
salts.  From  the  dialysate  the  platinochlorides 
ot  two  crystalline  unstable  bases  C^HjoNoOj  and 
C.H,gN,jOs  can  be  got.  Urine  which  had  a  ten- 
dency to  deposit  cystin  and  the  fasces  of  the 
same  patient  contained  cadaverine  and  putres- 
cine  (Baumann,  H.  13,  562  ;  cf.  Dupr6  a.Benoe- 
Jones,  Pr.  15,  73  ;  Stadthagen  a.  Brieger,  Ar. 
patliol.  Anat.  115,  pt.  3).  These  diamines  appear 
to  be  absent  from  normal  urine,  but  present  in 
cholera. 

Cadaverine  is  PENTAMETHYLENE-DiAiirNE,  vol. 
iii.  p.  305. 

Putrescine  is  Tetramethylene-diamine. 

Mydale'ine  is  extremely  poisonous,  while 
gadinine  is  not  poisonous. 

Mydine  C„H|,NO.  Occurs  in  putrid  corpses 
(Brieger,  Ptoma'ine,  iii.  25).  Has  an  ammoniacal 
odour  and  reduces  gold  chloride.  Not  poisonous. 
— B'C,H,N,,0,.    [195°].    Broad  prisms. 

Base  C,H,,NO.^.  Occurs  in  decaying  horse- 
flesh, four  months  old  (Brieger).  Acid  in  reac- 
tion. Poisonous.  Does  not  form  a  picrate. — 
B'HAuCl,.    [176°].    Needles  or  plates. 

Typhotoxin  C,H,.NO.j.  Formed  by  the  action 
of  the  typhus  bacillus  on  muscle  (Brieger,  Pto- 
ma'ine,  iii.  86).  Poisonous  base. — B'HAuCli. 
[176°].  Prisms. 

Mydatoxin  C,;H|.,NO,..  Occurs  in  decaying 
horse-flesh  and  corpses  (B.).  Poisonous.  Strongly 
alkaline.— B'.,H,PtCls.    [193^^].    V.  e.  sol.  water. 

Tetanine  C|.)H.„N,.04.  Occurs  in  decaying 
corpses  (Brieger,  B.  19,  3120),  and  is  formed  by 
the  action  of  the  tetanus  bacillus  on  beef.  Very 
poisonous  base. — B'H^PtCl,..  Plates. 

Base  C-H,,N.  (c.  100°).  Accompanies  te- 
tanine, and  also  produces  convulsions  (B.).  Vola- 
tile liquid.  Its  hydrochloride  is  crystalline 
[205°].— B'HAuCl,.  [130°].— BUI,PtCle.  Plates, 
decomposed  at  240°. 

Base  C,,.Ha,N.  Oily  ptomaine,  smelling  like 
hawthorn  (Delezinier,  Bl.  [3]  1,  178).  In  pre- 
sence of  air  it  acts  chemically  and  physiologi- 
cally like  veratrine.  Insol.  water,  sol.  alcohol 
and  ether.    Its  salts  are  deliquescent. 

Base  C^HiiNO,.  [156°].  Occurs  in  putrid 
flesh  and  putrid  fibrin  (E.  a.  H.  Salkowski,  B. 
16,  1192).  Crystalline  powder,  v.  e.  sol.  water. 
Not  poisonous.— B'HCl :  crystals,  v.  e.  sol.  water. 
— B'HAuCl^aq:  yellow  crystals. 

Base  C,,H|,,N03.  Erysipcline.  Occurs  in 
urine  in  erysipelas  (Grilitiths,  C.  R.  115,  667). 
Prisms,  sol.  water.    Very  poisonous. 

Base  C,_,oH,,jN02.  Occurs  in  urine  in  puer- 
peral fever  (G.).    Crystalline  and  poisonous. 

Base  C|„H,,N.  A  product  of  the  decomposi- 
tion of  albumen  by  Bacterium  allii,  which  is 
found  in  decaying  onions  (A.  B.  Griffiths,  C.  B. 
110,  416).  Minute  deliquescent  needles  (from 
water),  smelling  like  hawthorn.— B'jH^PtCls : 
crystalline,  sol.  hot  water. 

Base  Ci^HioNoOg.  Occurs  in  urine  of  victims 
to  glanders  (A.  B.  Griffiths,  C.  B.  114,  1382). 
White  crystals.  Poisonous.  Forms  crystalline 
salts. 


Base  C2i,H_,bNo03.  Occurs  in  urine  in  cases  of 
pneumonia  (G.).  Minute  needles,  forming  an 
alkaline  aqueous  solution  [a]u  =  23-5°. 

BaseC,H,,N.  (202°).  S.G.  ^1 -9865.  Extracted, 
together  with  a  base  C|„H|,,N  from  putrid  cuttle- 
fish (De  Coninck,  C.  R.  106,  858, 1604  ;  108,  58, 
809  ;  110,  1339 ;  112,  584).  Mobile,  strongly- 
smelling  liquid,  V.  sol.  water,  alcohol,  and  ether. 
Turns  brown  in  air.  Appears  to  be  a  propyl- 
l^yridine,  as  it  yields  nicotinic  acid  on  oxidation 
by  dilute  KMnO^  at  90°.— B'HCl :  deliquescent 
radiating  mass. — B',,H^PtCl„.  Converted  by  hot 
water  into  B'.,PtCl,,  a  nearly  insoluble  brown 
powder.— B'HAuCl,.  —  B'HBr.  —  B'.JH„HgCl,.— 
B'„H.,Hg3Cls.-B'MeI.  Needles,  v.  e.  sof.  alcohol. 

-  Base  C,„H,5N.  (230°).  Formed  as  above. 
Liquid,  smelling  like  furze.  Resinified  by  air. — 
B'HBr.  White  deliquescent  needles. — B'HCl. — 
B',H,PtCl^.  —  B'.PtCl^.  [206=].  —  B'HAuCl, : 
yellow  pp.,  decomposed  by  hot  water. 

Base  C.oH.^N.  (200°).  Extracted  by  Stas's 
method  from  fibrin  that  has  putrefied  for  two 
months  (Guareschi  a.  Mosso,  J.  pr.  [2J  27,  428  ; 
J.  Th.  1887,  487).  Yields  the  alkaloidal  reac- 
tions. Smells  like  pyridine.  Acts  physiologi- 
cally like  curare. — B'.,H,PtCl|;:  rose-red  crystals. 

Base  C,.,H,„N,0,,.  "  [250°].  Formed  in  the 
putrefaction  of  fibrin,  from  which  it  can  be  ex- 
tracted, together  with  the  liquid  alkaloid  C|„H|3N, 
by  chloroform  and  ether  (Guareschi,  G.  11 ,  509). 
Tables  (from  alcohol),  sol.  water  and  alcohol,  v. 
si.  sol.  chloroform.  Its  aqueous  solution  is 
neutral.  Griffiths  [Bl.  [2]  7,  250  ;  C.  B.  113, 
056)  got,  from  urine  of  patients  suffering  from 
erysipelas,  a  crystalline  ptomaine  '  erysipeUne  ' 
C,|H,^jN0.„  sol.  water,  and  very  poisonous.  It 
gives  the  alkaloidal  reactions. 

The  term  leucomaines  (KivKwixa,  white  of 
egg)  is  applied  by  Gautier  (Sur  les  Alcalo'ides 
dcs  Tissus  Animaux,  Paris,  1886)  to  alkaloids  oc- 
curring in  the  tissues  of  living  animals.  From 
fresh  beef  and  Liebig's  extract  of  beef  he  ob- 
tained xanthocreatinine  C,,H|oN,0,  crysocrea- 
tinine  C^HgN^O,  amphicreatiuine  C,,H,gN,0j, 
pseudoxanthine  C.H-.N-O,  and  two  feeble  bases 
CiiHojNi^Oj  and  C,oH;5N,,05,  both  crystallising 
in  tables. 

Xanthocreatinine  CjHjdN^O.  Thin  sulphur- 
yellow  tables,  V.  e.  sol.  water,  sol.  boiling  alco- 
hol. Gives  an  odour  of  roast  meat  when  heated. 
Resembles  creatinine. 

Chrysocreatinine  C^HsN^O.  Orange  crystals, 
with  feebly  alkaline  reaction.  SI.  sol.  water. 
Resembles  creatinine. 

Amphicreatinine  CaH|s,N,0,.  Yellow  prisms, 
si.  sol.  water.  A  weak  base,  resembling  crea- 
tinine. 

Pseudoxanthine  C^H^N^O.  Yellow  crystal- 
line powder,  si.  sol.  cold  water,  sol.  HClAq  and 
NaOHAq.  Reacts  with  HNO3  and  KOH  like 
xanthine. 

Carnine  v.  vol.  i.  p.  710. 

PTYALIN  V.  vol.  ii.  p.  545. 

PTYCHOTIS  OIL.  The  essential  oil  got  from 
the  seeds  of  Ptychotis  ajowan,  an  umbelliferous 
plant  growing  in  Central  India,  contains  thymol 
and  a  terpene  C,„H„  (172°)  S.G.  -854  (Sten- 
house,  C.  J.  9,  234  ;  cf.  Haines,  C.  J.  8,  289). 

PULEGIUM  OIL.  The  essential  oil  of  P2i/c- 
giitm  inicrantlmvi,  growing  on  the  Steppes  of 
Southern  Russia,  contains  oily  C|„H,^0  (227°) 


348 


PULEGIUM  OIL. 


S.G.  -932  (Butlerow,  J.  1854,  594).  It  yields 
acetic  and  valeric  acid  when  fused  with  potash. 
The  oil  of  Mentha  pulegium  is  described  under 
Pennyroyal. 

PULVIC  ACID  C„H,,,05  i.e. 

COM.Cmr.C<^^^^^^^  .    [215°].  Prepared 

by  the  action  of  cold  NaOHAq  on  a  solution  of 
the  anhydride  in  acetone,  and  also  by  boiling  vul- 
pic  acid  with  milk  of  lime  (Spiegel,  B.  13,  1630, 
2219  ;  14,  1686  ;  15,  1550  ;  A.  219,  1).  Orange 
crystals  or  yellow  plates  (containing  EtOH), 
sol.  alcohol  and  ether,  si.  sol.  water.  Decom- 
posed by  baryta-water  into  phenyl-acetic  and 
oxalic  acids.  Alkaline  KMn04  oxidises  it  to 
phenyl-glyoxylic  and  oxalic  acids.  On  reduction 
by  zinc-dust  and  NH.,Aq  it  gives  a  mixture  of 
carboxy-cornicularic  acid  (C,sH,.,Or,),  cornicularic 
acid  (C,,H,,;0,i),  and  the  two  dihydrides  of  corni- 
cularic acid  (CijHi^Oj). 

Salts. — BaA'^-raq  :  golden  plates. —AgHA": 
small  prisms. — Ag,A"  aq  :  long  needles. 

Methyl  ether  v.  Vulpic  .iciD. 

Ethyl  ether  EtA'.  [128°].  Prepared  by 
dissolving  the  anhydride  in  alcoholic  potash. 

Methyl  derivative  of  the  methyl  ether 
Ci,H,„Me,,05.    [139°].    Colouriess  needles. 

Anhy dride  C,sH,,04  i.e. 

%m'^CO^y^^-  ^o™ed,  together 

with  MeOH,  by  heating  vulpic  acid  at  200°. 
Colourless  needles,  si.  sol.  alcohol,  insol.  water. 
Converted  by  ammonia  into  C,8Hn(NH2)04 
[220°]  crystallising  in  yellow  prisms. 

PlfNICIN.  The  purple  of  the  ancients.  Ex- 
tracted from  Purpura  capillus  and  other  shell- 
fish which  yield  a  colourless  secretion  which 
becomes  jsurple  on  exposure  to  sunlight  (Schunck, 
C.  J.  35,  589 ;  37,  613).  Obtained  in  Central 
America  from  Purpura  patula.  Yarn  dyed  by 
the  Indians  is  warmed  with  HCl  and  then  with 
ether.  The  colouring  matter  is  then  extracted 
with  aniline,  which  on  cooling  deposits  punicin 
as  a  crystalline  powder,  insol.  boiling  alcohol 
and  ether,  si.  sol.  benzene  and  HOAc.  Its  solu- 
tion in  aniline  shows  an  absorption  band  be- 
tween C  and  D,  with  a  sharp  edge  towards  C. 
The  band  resembles  that  of  indigo,  but  it  dis- 
ajDpears  sooner  on  standing.  In  phenol  it  forms 
a  sky-blue  solution.  Its  solution  in  cone.  H.^SOj 
shows  an  absorption  band  between  D  and  E  ; 
this  disappears  on  standing,  the  liquid  becoming 
bright  green.  Water  precipitates  the  purple 
from  this  solution,  so  that  a  sulphonic  acid 
is  not  formed.  Punicin  begins  to  sublime  at 
190°.  It  is  hardly  attacked  by  HNO3  (S.G.  1-2) 
or  by  aqueous  CrOj.  With  bromine  it  reacts, 
forming  a  body  which  crystallises  from  alcohol 
in  yellow  needles.  Punicin  dissolves  in  aqueous 
SnClo,  but  is  deposited  again  on  exposing  the 
solution  to  air. 

PUEPLE  OF  CASSIUS.  A  purple-coloured 
solid,  obtained  by  adding  SnCLAq  to  AuCl.,Aq 
in  presence  of  a  reducing  agent ;  v.  Tin,  oxides 
OF,  in  this  volume. 

PURPURIC  ACID  C„H,Nj06.  Not  known  in 
the  free  state. 

Salts.  —  (NHJHA"  aq.  Murexide. 
Formed  by  heating  ammonium  dialurate  ;  by  oxi- 
dising uranil  with  HgO  ;  and  by  adding  ammo- 
nia or  ammonium  carbonate  to  a  mixture  of 


alloxan  and  alloxantin  (Prout,  A.  Ch.  11,  48; 
Kodweiss,  P.  19,  12;  Liebig  a.  Wohler,  A.  26, 
319;  Fritzsche,  J.  pr.  16,380;  17,47;  Beilstein, 
A.  107,  176;  Laurent,  C.  B.  35,  629;  Gregory, 
A.  33,  334).  Garnet-red  four-sided  prisms  with 
golden-green  lustre ;  when  dried  in  vacuo  it  forms 
a  brown  powder.  M.  sol.  hot  water,  forming  a 
purple  solution,  insol.  alcohol  and  ether.  De- 
composed by  acids  with  formation  of  uranil 
and  alloxan.  The  absorption  spectrum  has  been 
studied  by  Hartley  (C.  J.  51,  199).— KHA". 
Crystals  resembhng  murexide,  forming  in  cold 
KOHAq  a  blue  solution  decolourised  by  heat. — 
NaHA".  — BaA"  3aq  ;  dark-green  powder. — 
AgHA"  Ijaq  :  brownish-red  powder. — Ag_A". 

Isopurpuric  acid  v.  Tei-nitbo-phenol,  Bc- 
action  5. 

Metapurpuric  acid  v.  (o)-Di-nitbo-phenol, 

Bcaction  2. 

PURPUREO-CHROMIUM  SALTS  v.  Chkom- 

AMMONIDM  SALTS,  Vol.  ii.  159-60. 

PUEPUEEO-COBALT  SALTS  v.  Cobalt- 
AMIKES,  vol.  ii.  pp.  227-8. 

PURPUREO-RHODIUM    SALTS    v.  Eno- 

DIU3I-AMM0NIDM  COMPOUNDS. 

PUEPUEIN  V.  Tri-oxy-antheaquinone. 

PUEPUEOGALLIN  C^oH.^O,.  Pyrogallo- 
qninone.  [256°].  Formed  by  the  slow  oxida- 
tion of  pyrogallol  (Struve,  A.  163,  162  ;  Girard, 
Z.  1870,  86  ;  Wichelhaus,  B.  5,  848  ;  De  Cler- 
mont a.  Chautard,  C.  B.  94,  1362  ;  102,  1072  ; 
Nietzki  a.  Steinmann,  B.  20,  1277 ;  Loew,  J.pr. 
[2]  15,  322).  Formed  also  by  the  action  of 
aqueous  KNOj  on  gallic  acid  (Hooker,  B.  20, 
3259).  Obtained  also  from  pyrogallol  and  quin- 
one  (Wichelhaus,  B.  5,  847  ;  Nietzki,  B.  18, 
1278).  Prepared  by  adding  a  solution  of 
KjFeCys  (87  g.)  in  water  (330  c.c.)  to  pyrogallol 
(20  g.)  dissolved  in  cold  water  (330  c.c),  and 
filtering  after  half  an  hour  ;  the  yield  is  small 
(3g.).  Dark-brown  needles  (from  alcohol). 
May  be  sublimed.  V.  si.  sol.  water,  si.  sol.  alco- 
hol, m.  sol.  ether.  Reduces  AgNO^  and  FehUng's 
solutions.  H,SO,,  forms  a  crimson  solution 
changed  to  violet  by  HNO...  Ammonia  forms  a 
blue  solution,  changing  through  green  to  dark 
yellow.  Yields  naphthalene  on  distillation  with 
zinc-dust.  According  to  De  Clermont  and 
Chautard  purpurogallin  yields  NajA'''  crystal- 
lising in  deliquescent  needles,  Ba^A'"  as  crystal- 
line plates,  CoHioBr^Og  as  red  needles  [204°]  and 
C.,JiyjLcfi^  '[186°].  By  heating  with  H^SO, 
these  chemists  obtained  SO,  and  C2aH,,0,„,  which 
crystallised  in  brown  needles  forming  a  blue 
solution  in  KOHAq. 

PUEPUEOXANTHIN  v.  m-Di-osY-ANiHRA. 

QUINONE. 

PUEEEiC  ACID  V.  Euxanthic  acid. 

PUTEEFACTION  v.  Fermentation. 

PUTREFACTIVE  ALKALOIDS  v.  Ptomaines. 

PUTEESCINE  V.  Tetr,\-methylene-diamine. 

PYKNOMETEE.  This  name  is  sometimes 
given  to  various  forms  of  the  specific  gravity 
bottle,  for  determining  the  relative  densities  of 
liquids  (<?/.  Densities,  relative,  vol.  ii.  p.  373). 

PYRANIL-PYEOIC  ACID  C,„H,„NO(CO„H). 
[165°].  Formed  by  heating  phenyl-amido-pyro- 
tartaricacid  CO,H.CH„.CMe(NHPh).CO,H  a  little 
above  its  melting-point  for  some  time  (Reissert 
a.  Tiemann,  B.  19,  622;  21,  1942,  3257;  22, 
2281 ;   24,  314).     Crystalline  powder,  si.  sol. 
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water,  alcohol,  and  ether.  Converted  by  heating 
strongly  into  the  phenyl-imides  of  citraconic 
acid  and  of  phenyl-amido-pyrotartario  acid. 
According  to  Anschiitz  (B.  21,  3252  ;  22,  731 ; 
23,  895,  2979  ;  A.  246,  115 ;  248,  269),  pyranil- 
pyroic  acid  is  the  mouo-anilide  of  mesaconic 
acid. 

PYKAZINE.    This  name  is  used  to  denote 

the  ring  N<^JJ:^g>N. 

Pyrazine       hexahydride      C4H|gN2  i.e. 
CH  CH 

NH<^Q-|_j--'j^jj-^NH.  Piperaiine.  Di-cthijlene- 

diaminc. '  [I0i°-107°].  (137°  uncor.).  Formed 
from  ammonia  and  ethylene  bromide  (Cloez, 
Instit.  1843,  213)  or  ethylene  chloride  (Natanson, 
A.  92,  48  ;  98,  291 ;  Hofmann,  Pr.  10,  224  ;  11, 
278;  B.  23,  3297).     Formed  also  by  boiling 

NO.C,H,.N<^^g--^g2>N.C,H4.NO  with  alco- 
holic potash  (Bischler,  B.  24,  717).  According 
to  Majert  a.  Schmidt  {B.  24,  241),  it  is  not  iden- 
tical with  spermine.  Glittering  tables  (from 
water).  May  be  sublimed.  Strongly,  alkaline 
and  absorbs  CO.,  from  the  air. 

Reactions.—!.  Aqueous  NaOCl,  saturated 

with  CI,  forms  ClN<;^g2-^g2>NCl  [71°],  crys- 
tallising in  prisms,  v.  si.  sol.  water,  v.  sol.  alco- 
hol (Schmidt  a.  Wichmann,  B.  24,  3243).  This 
body  explodes  at80°-85°.  Bromine  water  forms 
the  corresponding  di-bromo-piperazine,  which  is 
Tsry  unstable. — 2.  Diazobcnzene  chloride  and 
NaOHAq  form  Ph.N,.N:C4H,:N.N„Ph  [129°]  (S. 
a.  W.). — 3.  Benzoic  aldehyde  yields  the  com- 
pound (N:C,H„:N):CHPh  [247'"]  (Schmidt  a. 
Wichmann,  B.  24,  3242). — 4.  Quinone  forms  an 
amorphous  violet-brown  body,  almost  insol.  alco- 
hol.— 5.  Hydroquinone  in  alcoholic  solution 
forms  CjH||,N,>CsHsO..,  crystallising  in  needles 
[195°].— 6.  Phenol  forms  C^H.^N./iPhOH  [101°], 
crystallising  from  spirit  in  prisms,  v.  sol.  water. — 
7.  Oxalic  ether  at  110°  reacts  forming  the  ether 
C02Et.C0.N:CiH,:N.C0.C0jEt  [124°]  crystallis- 
ing in  broad  needles  (S.  a.  W.). — 8.  p-Chloro- 
nitro-benzenc  at  150°  gives  the  compound 
N02.C„H,.N:C,H,:N.C,H,.N0.,  [248°]  (Schmidt  a. 
Wichmann,  B.  24,  3240). 

Salts. — B"H.,C1.,  aq  :  needles,  v.  sol.  water. — 
B"H.,PtCl,,.— B"2HA'uC1^.— B"H,^gCl, :  stellate 
groups  of  needles  (Sieber,  B.  23,  326). — 
B"C,H,(N02)30H :  yellow  needles.— Carbon- 
ate: [162°-165°].— Urate  :  B"C5H^N,03.  The 
phosphate  and  the  bismutho-iodide  are 
crystalline. 

Di-acetyl  derivative  C^H^N.^c.^. 
[138'5°].  (above  310°).  Formed  from  piperazine 
and  ACjO.   Needles,  v.  e.  sol.  water  and  alcohol. 

Nitrosamine  NO.N:CjH„:N.NO.  [158°] 
(Ladenburg,  B.  24,  2640  ;  Schmidt,  B.  24,  3245  ; 
G.  P.  12,  59222).  Keduced  by  zinc-dust  and 
HOAc  to  NH^.NiC^HjiN.NH^,  which  crystallises 
in  needles  [c.  100°]  (228°),  and  yields  B'HCl, 
B'CijHjNjO;,  an  amorphous  di-benzoyl  deriva- 
tive, and  reacts  with  benzoic  aldehyde,  forming 
CHPh:N.N:C^H,:N.N:CHPh  [205°],  which  crys- 
tallises in  pearly  plates. 

PYEAZOLE  CjH.N^  i.e.  ^h-CH/"^^' 
(187°).    Formed  by  heating  the  tri-carboxylic 
acid  produced  by  saponification  of  the  product 


of  direct  addition  of  diazoacetic  ether  an  1 
acetylene  dicarboxylic  ether  (Buchner,  B.  22, 
2165).  Formed  also  by  heating  hydrazine 
hydrate  (10-8  g.)  with  epichlorhydrin  (10  g.)  and 
ZnCU  (11  g.)  (Balbiano,  B.  23,  110,3).  Needles, 
v.  sol.  cold  water,  forming  a  neutral  solution, 
sol.  alcohol  and  ether.  Gives  a  white  pp.  with 
HgCl,,  and  also  with  ammoniacal  AgNO,. 

Salts. — B'HCl.  Hygroscopic  prisms. — 
B'jHjPtCl,  2aq.  At  210°  it  is  split  up  into  HCl 
and  (C,H3N.,)„PtCl2,  a  light-yellow  powder. — 
AgC3H,N.,:  si.*  sol.  water.— B'C.HjNA-  [160°]. 

PYRAZOLE  BLUE  C2„H„N,0„  i.e. 
N.NPh.CO  CO.NPh.N        „  " 

CMe  -C=C  CMe-  oxidation 

of  di-oxy-di-phenyl-di-methyl-dipyrazyl  (Knorr, 
A.  238,  172  ;  B.  25,  765).  Sol.  chloroform,  cone. 
H.,SO,,  and  HOAc.  Its  spectrum  resembles  that 
of  bodies  of  the  indigo  group.  Decomposes 
about  230°.  Its  sulphonic  acid,  got  by  the  action 
of  Br  on  di-oxy-di-phenyl-di-methyl-dipyrazyl 
disulphonic  acid,  is  destroyed  by  excess  of 
bromine  (Miillenhoff,  B.  25,  1949). 

o-PYEAZYL-BENZOIC  ACID  C.^H^N^O,  i.e. 

^^i^jj^N.C.H^.CO^H.    [139°  cor.].  Formed 

by  oxidising  o-tolyl-pyrazole  with  KMnOj  (Bal- 
biano, G.  19,  123).  Yellow  needles  (from  dilute 
alcohol). — BaA'^. 

Ethyl  ether  EtA'.    (309°  i.V.). 

2J-Pyrazyl-benzoic  acid.  [265°].  Got  in  like 
manner  from  p-tolyl-pyrazole. — NaA'.~  BaA'^. 

Ethyl  ether  EtA'.    [62°].  Tables. 

PYRENE  Ci^H,,  i.e. 
/CH:CH. 

^CH.C/  >C:CH. 
CHf        ^  C— C  C  >.CH  ? 

\CH:C< 


Mol. 


>.CH'^^ 
\CH:CH/ 

202.  [149°].  (above  360°).  S.  (alcohol)  1-37 
at  16°;  3-08  at  78°;  S.  (toluene)  16-5  at  18° 
(Bechi,  B.  12, 1978).    Occurs  in  coal  tar  (Graebe, 

A.  158, 285).    Monoclinic  tables  (Fittig  a.  Hintz, 

B.  10,  2143),  V.  e.  sol.  CS.,  and  ether.  Yields 
pyrene-quinone  and  pyrenic  acid  on  oxidation. 
SbClj  at  360°  forms  CC1„  C,jCl,„  [above  300^], 
CijClio  [above  300°],  and  other  bodies  (Merz  a. 
Weith,  B.  16,  2880).    Bromine  forms  crystalline 

C.  5H,Br^  and  Ci^HjEr,  (Graebe). 

Picric  acid  compound  CigHjDCjH^NjO,. 
[222°].  Ked  needles  (from  alcohol),  v.  si.  sol. 
cold  alcohol,  m.  sol.  ether,  v.  sol.  benzene. 

Hexahydride  C|,,H,5.  [127°].  Formed 
by  heating  pyrene  with  HIAq  and  P  at  200°. 
Needles,  V.  e.  sol.  ether  and  boiling  alcohol.  Its 
alcoholic  solution  is  not  ppd.  by  picric  acid. 

Chloropyrenes.  The  following  chloro-pyrenes 
are  formed  bv  passing  CI  into  a  solution  of 
pyrene  in  chloroform.  They  are  separated  by 
fractional  crystallisation  from  alcohol,  chloro- 
form, and  xylene  (Goldschmiedt  a.  Wegscheider, 
ill.  4,  237). 

C,bH,,C1.  [119°].  Golden  needles,  forming 
in  H„S6j  a  solution  with  violet  fluorescence. 
Yields  C.^H^ClCsH^NjO,.  [177°]. 

C„H,C1.,.  Two  di-chloro-pyrenes  [156°]  and 
[196°]. 

Ci^H-Clj.    [257°].    White  needles. 
C,„H,C1,.    [above  330°].  Needles. 
Nitropyrene  C|,H,,N02.    [150°].    Formed  by 
slowly  adding  H^SO^  to  aqueous  KNO.^  under  aii 
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ethereal  solution  of  pyrene  (Goklsclimiedt,  M. 
2,  580).  Yellow  needles  (from  alcohol),  si.  sol. 
cold  alcohol. 

Di-nitro-pyrene  C,^H,(NO.,)o.  Formed  from 
pyrene  and  HNO3  (S.G.  1-45).  Yellow  needles 
(from  HOAc).  Beduced  by  tin  and  HCl  to  di- 
amido-pyrene  (Jahoda,  M.  8,  449). 

Tetra-nitro-pyrene  C,gHg(NO.,),.  [above 
300°].  Yellow  needles  (from  HOAc),  nearly 
insol.  alcohol. 

Amido-pyrene  C,sH,.NH,.  [11G°].  Got  by 
reducing  nitropyrene.  Needles,  si.  sol.  water. — 
B',HjS04  {dried  at  100°).— B'HCl.  Its  solution 
dyes  fir-wood  red. 

PYRENE  CARBOXYLIC  ACID  C,^B.^.COM. 
[267°].  Formed  by  fusing  its  nitrile  with  potash 
(Goldschmiedt  a.  Wegscheider,  M.  4,  256). 
Needles,  si.  sol.  water.  Eesolved  by  heat  into 
pyrene  and  CO.,. — CaA'j  aq. — BaA'.,  2iaq. 

Nitrile  C„H,,.CN.  [150°].  'Formed,  to- 
gether with  the  nitrile  of  the  dicarboxylic  acid, 
by  heating  potassium  pyrene  disulphonate  with 
KCy  or  K^FeCy^.  Needles  (from  alcohol).  The 
solutions  of  this  body  show  green  fluorescence. — • 
(C„H(,N).,C,ftN,0,.  [134°].  Bed  needles,  de- 
composed by  alcohol. 

Pyrene  dicarboxylic  acid  C,(;H8(C0oH),. 
[above  300°]. 

Nitrile  [above  300°].  G„,H8(CN)2.  Formed 
as  above.  Yellow  powder.  Its  solutions  show 
green  fluorescence. 


[1:1^  C,„H,<;^g>CO.     [142°].     Formed  by 

distilling  pyrenic  acid  with  slaked  lime  (Bam- 
berger a.  Philip,  B.  19,  1996,  3040 ;  20,  371 ;  A. 
240,  178).    Golden  tables  (from  dilute  alcohol), 
volatile  with  steam.    Keduced  by  zinc  and  HCl 
to  C,,H„(CH.OH).    Oxidised  by  KMnOj  to  naph- 
thalene (l,l')-dicarboxylic  acid. 
PYRENE-aUINONE  C„HgO.,  i.e. 
^CH.CH^ 
.CH.Cf  ^C.CHv 
C0<  I       ^  ^—f^-  ^    I  ^' 
\CH.C. 

^CH.CH'^ 


^C=C^    I  ^CO 

/  \c.ch/ 


(Bamberger  a.  Philip,  B.  20,  369  ;  A.  240,  166). 
[c.  282°].  Formed  by  oxidation  of  pyrene  by 
chromic  acid  mixture  (Graebe,  A.  158,  295  ; 
Goldschmiedt,  M.  4,  309).  Bed  needles  (from 
HOAc),  sol.  aqueous  NaHSOg,  v.  si.  sol.  alcohol 
and  ether.  Yields  pyrene  on  distillation  with 
zinc-dust.  Bromine  forms  C,jHuBroO,  and 
Ci^HjBrgOj.  Its  alcoholic  solution  is  turned 
claret-colour  by  a  little  NaOH.  Beduced  by 
zinc-dust  and  ammonia  to  hydropyrene- 
quinone  or  pyrene-hydroquinone 
C,,;H,„0.,,  which  forms  golden  crystals  exhibiting 
a  dark-blue  fluorescence  in  alcoholic  solution,  and 
yielding  C,„H,AcA  [167°]. 

PYRENE  SULPHONIC  ACID  Cj.H^.SOjH. 
Got  by  fusing  the  disulphonic  acid  with  potash 
(Goldschmiedt  a.  Wegscheider,  M.  4,  242).— 
KA'aq:  minute  needles  (from  dilute  alcohol). 

PYRENE  DISULPHONIC  ACID 
CniHs(S0:,H)2.    Formed  by  heating  pyrene  with 
H„S04.    Sticky  mass,  v.  sol.  water,  si.  sol.  alco- 
ho'l,    insol.    ether.— K„A"2iaq.— BaA"3iaq.— 
CaA"2aq :  yellow  powder. 


PYRENIC  ACID  C.^H^Os  i.e. 

yCB..C^  "^C.CO^H 
CO/  I     >  c=c/ 

\CH.C<'  Nc.COjH 
^CH.CH^^ 

Formed  by  the  oxidation  of  pyrene  or  pyrene- 
quinone  by  chromic  acid  (Bamberger  a.  Philip, 
B.  19,  1427,  1995,  3036;  20,  360;  A.  240,  168). 
Pale-yellow  plates,  blackened  above  250°.  V.  si. 
sol.  alcohol.  H.,SOj  forms  an  orange  solution. 
Oxidised  by  KMnO^  to  naphthalene  tetra-carb- 
oxylic  acid.  Eeacts  with  hydroxylamine. 
Phenyl-hydrazine  forms  C|5Hs04(N,HPh)  2aq, 
crystallising  in  yellow  prisms.  —  BaA"  aq. — 
AgjA" :  amber-yellow  pp. 

Anhydride      C,3H,0<^^q>0.  Yellow 

needles,  formed  by  boiling  the  acid  with  HOAc. 

Imide  C,3H,0<^q>NH.     Yellow  plates, 

got  by  dissolving  the  acid  in  NHjAq. 

PYRENOLINE  C„H,,N.  [153°].  Formed  by 
heating  amido-pyrene  hydrochloride  with  nitro- 
benzene, glycerin,  and  H.,SOj  (Jahoda,  M.  8, 
442).  Golden  scales  (from  alcohol),  v.  sol.  water, 
forming  solutions  which  exhibit  green  fluor- 
escence.—B'HCl.  [270°].— B'2H.,PtCls.  [above 
290°].  —  B'tt^SO^iaq.  [246°].  —  B'C.H^NjO,. 
Decomposes  at  260°.— B'Mel.  [212°]. 
!  PYRIDANTHRILIC  ACID  C.sHijNjO,  i.e. 
[2:l]CO,H.C,H4.NH.CO.C,H„N(CO.,H)j.  [265°]. 
Formed  by  the  action  of  alkaline  KMn04  on 
cyelothraustic  acid  derived  from  o-diquinoline 
(Weidel  a.  Strache,ilf.  7,  289;  8, 197).  Micaceous 
plates,  si.  sol.  hot  water.  Yields  isocinchome- 
ronic  and  anthranUic  acids  on  oxidation. 

PYRIDAZINE.  The  ring  CH^^=^^CH 

(Ach,  A.  253,  46  ;  cf.  Knorr,  A.  236,  295). 

PYRIDINE    C.HjN    i.e.  N<^g^2^CH. 

Mol.  w.  79.  (116°)  (Schiff,  B.  19,  566) ;  (114°) 
(Ladenburg,  A.  247,  4) ;  (116-5°)  (Perkin,  C.  J. 
55,  701).  S.G.  2  1-0033  (L.)  ;  il  -9855;  P  -9778 
(P.).  M.M.  8-761.  H.F.p.  -  19,370  (Thomsen) ; 
7,117  (Bamsay,  C.  J.  35,  696).  H.F.v.  -20,530 
(Thomsen,  Th.).  S.H.  -418  (Colson,  A.  Ch.  [6] 
19,  408).  S.V.  89-4  (Schiff);  91-6  (Bamsay). 
Occurs  in  bone  oil,  in  coal  -  tar,  and  in  tar 
got  by  distilling  bituminous  shale  and  peat 
(Anderson,  Tr.  E.  16,  4 ;  20  [2]  247  ;  P.  M.  [4] 
2,  257  ;  A.  80,  55  ;  96,  200  ;  105,  335  ;  Greville 
Wilhams,  P.  M.  [4]  8,  24  ;  Church  a.  Owen,  C.  N. 
2,  146  ;  P.  M.  [4]  20,  110:  Schulze,  B.  20,  409). 
Occurs  also  in  tobacco  smoke,  and,  in  small 
quantity,  in  fusel  oil  (Haitinger,  M.  3,  688). 

Formation. — 1.  By  heating  isoamyl  nitrate 
with  PjOr,  (Chapman  a.  Smith, 4.  Suppl.6,  329). 

2.  By  distilling  its  carboxylic  acids  with  lime.— 

3.  By  distilling  oxytrialdine  and  oxytetraldine 
with  soda-hme  (Schiff,  A.  Suppl.  6,  21).— 4.  With 
other  bases  by  heating  glycerin  with  ammonium 
phosphate  (Stohr,  J.  pr.  [2]  45,  23).— 5.  By 
passing  ethyl-allyl-amine  over  PbO  at  450° 
(Koenigs,  B.  12,  2344). — 6.  By  heating  piper- 
idine  with  H  SO^  at  300°  (K.),  with  nitro-benzene 
m  pts.)  at  260°  (Lellmann  a.  Geller,  B.  21, 1921), 
or  with  AgOAc  and  10  p.c.  HOAc  at  180°  (Tafel, 
B.  25,  1621).— 7.  Together  with  mono-  and  di- 
substitution  products  by  the  action  of  Br  on 
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aoetyl-piperidine  (Hofmann,  B.  16,  587). — 8.  By- 
heating  sodium-pyrrole  with  NaOMe  and  CH,L> 
in  sealed  tubes  at  200°  (Deunstcdt  a.  Zimmer- 
mann,  B.  18,  3316). — 9.  From  anhydroecgonine, 
by  treatment  with  cone.  HCl  and  distillation  of 
the  product  with  zinc-dust  (Einhorn,  B.  22, 
1365). 

Purification. — By  ppg.  the  crude  base  (20  g.) 
dissolved  in  (100  g.  o£)  a  10  p.c.  solution  of 
HCl  by  adding  HgCl..  (135  g.)  dissolved  in  hot 
water  (1,000  g.).  The  crystalline  double  salt  is 
distilled  with  NaOHAq  (Ladeuburg,  A.  247,  4). 

Properties. — Colourless  liquid  with  powerful 
odour,  miscible  with  water.  Fumes  with  HCl. 
Strong  poison.  Should  not  be  inhaled  (Marcus 
a.  Oechsner,  Bl.  [2]  38,  97  ;  cf.  Kendrick  a. 
Dewar,Pr.22,432;  23,290).  Forms  a  hydrate 
B'3aq,  (93°),  S.G.  1-0219,  V.D.  1-17,  which  is  a 
colourless  liquid  (Goldschmidt  a.  Constam,  B. 
16,  2976).  Not  attacked  by  boiling  HNO,  or 
Cr03.  Pyridine  ppts.  the  hydroxides  of  Fe,  Al, 
and  Cr  from  their  salts.  With  CuSOj  it  gives  a 
pale-blue  pjj.  dissolving  in  excess,  forming  a 
deep-blue  liquid.  Pyridine  passes  unchanged 
into  the  urine  (0.  de  Coninok,  Compt.  rend.  Soc. 
Biol.  4,  755).  Pyridine  does  not  mix  with  liquid 
C0„  (Ditte,  C.  B.  105,  612).  It  gives  no  reaction 
with  hot  alkaline  NaOBr  (Denig(is,  C.  B.  107, 
662). 

Reactions. — 1.  Dry  chlorine  forms  di-chloro- 
pyridine  [72°].  Chlorine  passed  into  a  solution 
of  pyridine  in  CHCI3  forms  B'CL,  a  white 
powder  (Bally,  B.  21,  1772).  Chlorine-water 
ppts.  a  white  pov^der.  KOCl  completely  decom- 
poses pyi'idine,  forming  N,  CO.,,  CHCl,,  and 
chloro-acetic  acid  (Keiser,  Am.  8,  308).  —  2. 
Bromine  added  to  a  solution  of  the  hydro- 
chloride ppts.  C^HjNBr.^,  which  is  split  up  by  heat 
into  pyridine  and  bromine.  Bromine  acting 
in  the  cold  on  pyridine  and  water  gives  rise  to 
(C,H,NBr.,)„HBr  [126°J  (Grimaux,  Bl.  [2]  38, 
127).  Pyridine  hydrochloride  heated  with  Br 
at  200°  forms  mono-  and  di-bromo-pyridine. — 3. 
HIAq  at  300°  yields  n-pentane  and  NH,  (Hof- 
mann, B.  16,  590).— 4.  Sodinm  at  80°'  yields 
(7)-dipyridyl  CinH^Nj,  dipyridine  C|„H,„N„,  iso- 
nicotine  C,||H|,N.„  and  two  nitrogenous  oils 
(240°-260°)  and  (300°-310°)  (Weidel  a.  Eusso, 
M.  3,  884). — 5.  Its  alkijlo-iodides  are  converted 
by  distillation  with  solid  KOH  into  volatile 
bases. — 6.  Excess  of  AcCl  forms  dehydracetic 
acid  (Dennstedt  a.  Zimmermann,  B.  19,  75). — 7. 
Unites  with  CH.Cl.OH  (the  product  of  the 
union  of  formic  aldehyde  and  HCl),  and  the  pro- 
duct in  aqueous  solution  gives  with  HgCL,  a  pp. 
of  (C5H3N)(CH2C10H)HgCl„  [162°],  with  piatinic 
chloride  a  pp.  of  (C,H,N),(CH,C10H),PtCl, 
[216°],  and  with  picric  acid  the  compound 
(C,H,N)CH,,(OH).C„H.,(NO„),0  [c.  200°].  Treat- 
ment with  AgNOj  forms  ■(C,HjN)CH,(0H)N03 
crystalhsing  from  alcohol-ether  in  prisms  (Hem- 
melmayr,  M.  12,  533).— 8.  Alloxan  and  aqueous 
SO.,  form  triclinic  crystals  of  B'C,,H,N„0.,H.,S03 
(Pellizzari,  A.  248,  150).— 9.  Olyc'ollic  chlor- 
hydrin  forms  the  base  C,H,jNO  (Coppola,  G.  15, 
331).  Glycerin  clilorhydriji  reacts  with  forma- 
tion of  C,H,NC1.G,H3(0H),  [107°]  separating 
from  alcohol  in  hexagonal  crystals  and  yielding 
(C,H,.,NO„Cl).,PtCl^  [180°]  and  C„H,.,N0.,ClAuCl3 
[122°]  (Kriiger,  J.  pr.  [2]  44,  130).— 10.  Chloro- 
acetic  acid  at  100°  forms  C,H,NC1.CH,.C0,H 


[202°]  which  may  be  viewed  as  the  hydrochloride 

of    '  pyridine-betaine  '    C^H^N-^^'-'q -^CO 

(von  Gerichten,B.  15, 1253  ;  Kriiger,  B.  23,  2609  ; 
J.  pr.  [2]  43,  279,  297 ;  44,  136).  The  pyridine- 
betaine  hydrochloride  is  also  got  by  oxidisin" 
C,H,NC1.CH.,.CH(0H).CH,0H  with  chromic 
acid  and  is  decomposed  at  240°  into  CO.,  MeCl, 
and  pyridine.  Pyridine  betaine  C.H.NO.,,  got 
by  the  action  of  moist  Ag.^O  on  the  hydro- 
chloride, forms  hygroscopic  tables  (containing 
aq)  and  yields  the  salts  B'.^,PtCl,.  [211°],  B'HCl 
[202°],  B'.,HClaq  [159°],  B'„HHRCl.,aq  [134°], 
B'.,HBraq,  an  auro-chloride  B'HAuCl,  [165°] 
(Jahns,  B.  20,  2841),  B'HBr,  [200°],  B'HNO,,, 
[145°],  B'.,H„SO,  [175°],  B'CrO,  [c.  166°1, 
B'C.HjN.O,  [143°],  B'AgNO^  [171-5°],  and 
B'HBiIj2aq.  On  reduction  by  sodium-amalgam, 
pyridine-betaine  yields  C,,H,NCl.CH,.CH,OH. 
— 11.  Chloro-acetic  ether  yields  the  compound 
CsH.NCl.CHo.CCEt,  a  crystalline  powder  [100°] 
(Kriiger,  J.  pir.  [2]  43,  274).  This  ether, 
G,H,„N0.,C1,  forms  the  salts  B'.,PtCl^  [213°], 
B'AuCl,  [117°],  B'HgCL,  [123°1,  B'CdCL,  [141°], 
and  B'„CdCL  [107°]. 

Salts.  —  B'HCl.  Deliquescent  mass.  — 
B'ja.,PtCl6.  [242°].  Orange  triclinic  prisms.  The 
aqueous  solution  is  converted  by  long  boiling 
into  crystalline  B'^H.,Cl.,2PtCl,  and  B'.^PtCl,,  a 
yellow  insoluble  powder. — B'^PtCl.,.  Yellow  tables, 
almost  insol.  cold  water  (Jorgensen,  /.  pr.  [2] 
33,  504).  An  isomeride  crystallises  in  needles. 
— B',PtCl,3aq.— B'.,Pt„Cl,.  —  B'2(NH,).,PtCL.  — 
B'(NH,)PtCl.,.— B'o(NH.,).Pt.,Cl,.-B'(NH,)PtCl4. 
— B'2(NH3)PtCl,,.— B'.,(NH3)2PtCl.,  aq.  Minute 
colourless  prisms.— B'HHg,CL,.  [178°].  Needles 

i  (from  water).— B'.,3HgCL.-^B'HAuCl,.  [285°]. 

j  Prisms,  si.  sol.  water.— B'C.HjNgO,.  [162°] 
Needles,  si.  sol.  water.— B'^ZnCL, :  short  prisms, 

I  very  soluble    in  cold  water   (Lang,   B.  21, 

I  1578).— B'.ZnCL  2aq  (Lachovitch,  M.  9,  516).— 
B'jZnBr., :  prisms,  v.  sol.  pyridine. — B'oH.,ZnClj. 

—  B'.,CuCL,  [180°-190°i.  —  B'CuSO,  3aq.  — 
B'^Cu"  CL.. -^B',.Cu,,Cl,.  —  B'„CuBr.,.  —  B'.,Cu..I ,. — 
B'^Ca^Cy',.  —  B'.;a.,CuCl,.  —  B',,CdCL  :  needles, 
almost  insol.  alcohol,  sol.  water. — B'^CdBr,. — ■ 
B'.,CdI,.— B'CdI.,  (Monari,  1884,  629).  - 
B'HgCL.— B'.,HgCy,.— B'sCaCL :  white  powder.— 
B'.,NiBr.,. — B'AgBr  :  white  needles,  sol.  cold 
pyridine". — B'Agl. — B'AgCy  :  prisms  (Varet,  Bl. 
[3]  5,  843).— B'.,CuCy :  yellow  lamellas,  v.  sol. 
warm  pyridine  (Varet,  C.  B.  112,  391).  Loses 
pyridine  on  warming. — B'H.SO,  :  dehquescent 
mass. — B'HI :  tables,  v.  sol.  water,  but  not  deli- 
quescent. —  B'HL.  [89°].  Green  crystalline 
powder  (Dafert,  M.  4,  508).  —  B'HBr.  Deli- 
quescent needles.  —  B'.,HBr5.  [126°].  Bed 
tables.— B'.,C1.,.  Waxy  mass  (Keiser,  Am.  8,  312). 
— B'HNOj.— B'„AgN03.  [87°]  (Jorgensen, /.pr.  [2] 
33,  502).— B'3AgN0,.—B',CuS0,,.— B'CuSO,  3aq. 

—  B'|CuS..06. — B'.,SiCl.,.  Amorphous  (Harden, 
C.  J.  51,  47).— B'.'SiF,  (Corney  a.  Smith,  Am.  10, 
294).— B'.,2SiF4.— B'„H,,FeCy„  2aq  :  monoclinic 

i  prisms  (Mohler,  B.  '21,  10i5).— B'ICl.  [132°]. 
Needles  (Pictet  a.  Krafft,  Bl.  [3]  7,  72).— 
B'ICIHCI.  [180°].  Long  yellow  needles  (from 
water). — B'jKhCLjHCl  2aq  (Jorgensen,  J.  pr.  [2] 
27,478).— B',EhCl3.—B',Kh,PtCl,„.—B',,EhCl.,Br. 
— B',RhCL(N03)  (di-ied  at  i00°).— B'sRh.,Cl,SO, 
(dried  at  100°). 

Acetate  E'.,3H0Ac.   (140°).   Miscible  with 
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water,  forming  an  acid  solution  (Gardner,  B.  23, 
1588).— Formate  B'SCH^O.,.  (149°).  Liquid, 
V.  sol.  water.— Propionate 'B'SCjHA-  (149°). 
Liquid.  —  Cupric  oxalate  compound 
B'^CuCjO^ :  minute  prisms  (Seubert  a.  Eauter, 
S.  25,  2825). 

Methylo-chloride  B'MeCl.  White 
needles  (Ostermeyer,  B.  18,  591).  Converted  by 
a  hot  aqueous  solution  of  picric  acid  into 
B'MeOC5H2(N02)3^aq,  which  crystallises  in 
greenish-yeUow  explosive  needles  [34°].  — 
B'^MeJtCl,.  [188°J  (0.) ;  [207°]  (B.).  — 
B'MeAuCl^.  [253°].— B'MeClICl.  [82°]  (0.) ; 
[90°]  (B.).  Yellow  plates.—B'MeClICla.  [180°]. 
Unstable  yellow  crystals  (Bally,  B.  21,  1774). 

Methylo -2) er bromide  B' MeBr^.    [48°] . 

Met hylo -iodide  B'Mel.  Converted  at 
290°  into  methyl-pyridine  hydriodides.  On  heat- 
ing with  alcoholic  potash  at  45°  it  yields  a  brown 
resin,  forming  a  deep-red  solution  in  alcohol, 
turned  bright-red  by  HCl,  orange-red  by  acetic 
acid,  and  ruby-red  by  ammonia  (O.  de  Coninck, 
C.  R.  102, 1479).  Chlorine  forms  B'MelCl^  [90°] 
(v.  supra).  Oxidised  by  alkaline  K3reCy(5  to 
oxy  -  methyl  -  pyridine    or    p  -  methyl  -  pyridone 

CH<^^g:^g\.NMe  (250°),  a  liquid  miscible 

with  water  (Decker,  J.  pr.  [2]  47,  28  ;  cf.  Pech- 
mann,  B.  24,  3144). 

Ethylo-iodide  B'Etl.  Silvery  tables 
(Anderson,  A.  94,  364).  At  300°  it  yields  pyr- 
idine, NH3,  (a)  and  (7)-  ethyl-pyridine,  and  di- 
ethyl-pyridine (Ladenburg,  B.  16,  2059;  18, 
2961).   Yields  B'jEtjPtCle.    Oxidised  by  alkaline 

KjFeCy,  to  CH.^^^:^^>NEt  (250°). 

Ethyleno-iodide  B'CHJ,.  Prisms 
(Coppola,  G.  15,  332).  Ag^O  yields  a  base 
C;Hs,NO.  By  heating  pyridine  with  ethylene 
bromide  and  some  alcohol  at  100°  there  is  found 
B'.CjH.Br,,  which  yields  B'^CH^PtClg  (Davidson, 
a:121,  254). 

Bemylo-chloride  B'PhCHjCl.  Eeduced 
bv  sodium-amalgam  to  the  unstable  C24H„,N., 
(Hofmann,  B.  14,  1503).— (BThCH,Cl),PtCC 

N  itr o -b en zy  la -chlorides 
B'C,Hj(N0.,).CH2Cl.    0  [c.  76°],m[70°-100'^],^> 
[90°-100°].    These  bodies  are  reduced  by  tin 
and  HClAq  to  B'C„H4(NH3C1).CH,C1,  which  are 
split  up  by  heat  into  pyridine  hydrochloride  and 

CeH^<^^g-^^  (Lellmann  a.  Pekrun,  A.  259,  54). 

Phenacylo-bromide  B'BzCH.,Br.  Prisms 
(Bamberger,  B.  20,  3344).— B'.,(BzCH,,).,Cr20,. 

References. — Beomo-,  Chloko-,  OxT-A&irDO-, 
and  Oxy-  pyridine. 

Dipyridine  C,oH,„N2  v.  Dipybidyl  dihydbide. 

Dipyridine  C,„H,„N.,.  (275°).  S.G.  i2  1-124. 
Is  probably  a  dipyridyl  dihydride.  Formed  by 
heating  nicotine  with  KOH  and  KjFeCyg,  and 
also  by  heating  the  product  of  the  action 
of  S  on  nicotine  at  150°  with  finely-divided 
copper  (Cahours  a.  Etard,  Bl.  [2]  34,  452). 
Inactive  liquid.— B'HHgCla.—B'^HJ'tCl^  2aq.— 
B'2H3reCy5  2aq  :  brownish-green  tables. 

(a)-PYIlIDINE  CARBOXYLIC  ACID 

C.HjNO,  i.e.  ^H-CH  Pi<^olinic  acid. 

[136°].  Formed  by  oxidation  of  (o)-methyl- 
pyridine  with  KMnO^  (Weidel,  B.  12, 1994),  and 
by  oxidation  of  (a)-phenyl-pyridine  (Skraup,  M. 


4,  477).  Obtained  also,  together  with  its  hexa- 
hydride,  from  comenamic  acid  by  successive 
treatment  with  PCL,  and  H^SOj,  the  resulting 
di-chloro-picolinic  acid  being  reduced  by  heating 
for  three  days  at  155°  with  HI  dissolved  in 
HOAc  (Ost,  J.pr.  [2]  27,  285). 

Preparation. — The  three  acids  got  by  oxida- 
tion of  crude  methyl-pyridine  from  animal  oil 
are  converted  into  copper  salts.  Cupric  pyridine 
(a)-carboxylate  is  extracted  by  hot  water.  The 
residue  is  treated  with  ILS,  and  the  difficultly- 
soluble  (7)-  acid  separated  from  the  (/3)-acid  (Ost, 
J.  pr.  [2]  27,  286). 

Properties. — Needles,  v.  sol.  water  and  alco- 
hol, almost  insol.  ether,  benzene,  CHCI3,  and 
CS._,.  May  be  sublimed.  FeS04  gives  a  red 
colouration  with  picolinic  acid  and  with  all  the 
carboxylic  acids  of  pyridine  that  contain  COjH 
in  the  (31)-  position  (Skraup,  M.  7,  210).  The 
absorption  of  the  ultra-violet  spectrum  has  been 
studied  by  Hartley  (C.  /.  41,  45). 

Reactions. — 1.  Yields  pyridine  on  distillation 
with  lime  or  with  alcoholic  potash  at  240°.  The 
Cu  salt  on  distillation  gives  pyridine  and  (a)- 
dipyridyl  [70°]  (Blau,  M.  10,  375;  B.  21,  1077). 
— 2.  Sodium-amalgam  forms  5-oxy-adipic  acid 
(Weidel,  M.  11,  522).— 3.  Fuming  HI  at  170° 
forms  (a)-methyl-pyridine  and  piperidine  (Seyf- 
ferth,  J.  pr.  [2]  34,  241). — 4.  Zinc-dust  and 
HOAc  reduce  it  to  (a)-methyl-pyridine. 

Constitution. — This  may  be  deduced  from  its 
formation  from  (0)-naphthoquinoline  vi&  (/3)- 
phenyl-pyridine  carboxylic  acid  (Skraup  a.  Co- 
benzl,  M.  4,  436). 

Salts.  —  HA'HCl :  unstable  crystals.  — 
H>A'2H.,PtCl5  2aq  :  orange-red  crystals. — NH^A': 
triclinic  tables. — KA'. — BaA'o  |aq.— CaA'^  aq. — 
MgA',_,2aq. 

Hexahydride  CsHmN-COoH.  Piperidine 
(a) -carboxylic  acid.  The  chief  product  of  the 
action  of  HI  at  160°  on  mono-  or  di-  chloro- 
picolinic  acid  (Ost,  J.  pr.  [2]  27,287).  Got  also 
by  reducing  picolinic  acid  (Ladenburg,  B.  24, 
640).  Syrup,  v.  sol.  water.  Salts.— B'HCl. 
[264°].  Nodules.— B'.,H„PtCl6.  [184°]  (L.).— 
B'JI,,PtCl„  2aq.— B'MeCl."  [191°].  Needles. 

Pyridine  (/8)-carboxylio  acid 

CH-*^N  CH^'"^-    Nicoti7iic  acid.  [230°]. 

Formatiofi. — 1.  By  oxidising  nicotine  with 
HNO3  (Weidel,  A.  165,  330),  CiO,  (Huber,  A. 
141,  271 ;  B.  3,  849),  or  KMnO^  (Laiblin,  A. 
196,  129). — 2.  A  product  of  oxidation  of  coal-tar 
bases  (Weidel ;  Mohler,  B.  21,  1009).— 3.  By 
heating  quinolinic  acid  at  160°  or  with  HCl  at 
180°  (Ost,  J.  pr.  [2]  27,  286;  Lippmann  a. 
Pleissner,  M.  8,  315).— 4.  By  oxidation  of  (;3)- 
methyl-pyridine  (Weidel,  B.  12,  2004),  (;8)-ethyl- 
pyridine  (Stoehr,  J.pr.  [2]  43, 165)  or(0)-phenyl- 
pyridine  (Skraup,  HI.  4,  453). — 6.  By  saponifica- 
tion of  its  nitrile,  which  is  got  by  distilling 
sodium-pyridine  sulphonate  with  KCy  (Fischer, 
B.  15,  63).— 6.  By  heating  three  of  the  pyridine 
dicarboxylic  acids  (Hoogewerff  a.  Van  Dorp, 
R.  T.  C.  1,  1,  107;  A.  204,  117;  207,  226; 
Weidel  a.  Herzig,  M.  1,  16).— 7.  By  heating 
berberonic  acid  at  215°  (Fiirth,  M.  2,  420).-  8. 
By  the  action  of  Zn  and  HClAq  on  chloro-nico- 
tinic  acid  (Pechmann  a.  Welsh,  C.  J.  47,  145). 

Properties. — Needles,  si.  sol.  cold  water,  sol. 
alcohol,  nearly  insol.  ether.    May  be  sublimed. 
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Reactions. — 1.  Yields  pyridine  on  distillation 
-with  lime. — 2.  Sodium-amalgam  yields  a  mix- 
ture of  S-oxy-a-methyl-glutaric  acid  and  its  lac- 
tone, which,  on  treatment  with  alcohol  and  HCl, 
yields  a  mixture  of  two  ethers.  One  of  these, 
C,„H|,C104,  is  converted  by  sodium-amalgam 
into  a-methyl-glutaric  acid,  and  the  other, 
CgHijO,,  is  also  converted  by  successive  treat- 
ment with  PI,  and  with  Zn  and  dilute  H2SO4  into 

0-  methyl-glutaric  acid  (Weidel,  M.  11,  502). — 
3.  Bromine  and  water  at  120°  yield  CO^,  pyridine, 
and  bromoform. — 4.  The  K  salt  heated  with 
Mel  at  150°  forms  C-H,NMeI.CO.,Me,  which  on 
saponification  yields  c'5H,NMe(0H).C0,H  [130°], 

CO 

converted  at  100°  into  trigonellin  C5H4NMe<^Q 

[218°],  which  occurs  in  the  seeds  of  Trigonella 
fwnum  gracum  (Jahns,  B.  18,  2521 ;  Hantzsch, 

B.  19,  31).     This  anhydride  forms  the  salts 

C,  H.N0.,HC1,  B'.,H,PtCi,  aq,  B'HAuCl,  [198°], 
and  B',3HAuCl,  [i8(5°]. 

Constitution. — This  may  be  deduced  from 
its  formation  from  (a)-naphthaquinoline  via  (a)- 
phenyl-pyridine  carboxylic  acid. 

Salts.  —  HA'HCl.  Colourless  prisms. — 
HjA',,H„PtCl,  2aq.— 15',JI,,AuCl,.— B'HNO,aq.— 
NH,A':  needles.— KA'.—MgA'., :  needles.— 
CaA'.,  5aq :     monoclinic     crystals  ;     a:h:c  — 

1-  537:1 : -629  ;  /3  =  62°  50'.  —  Cu(OH)A'  (De 
Coninck,  jSL  [2]  42,  100).— AgA':  needles  (from 
hot  water). 

iVifriZe  CjH.N.Cy.  [49°].  Formed  by  dis- 
tilling sodium  pyridine  sulphonate  with  KCy 
(Fischer,  B.  15,  63).  Needles  or  prisms,  sol. 
water. —B'HCl.-B'.HoPtClg:  yellow  soluble 
needles.  Tables  (by  sublimation).  Converted 
by  means  of  hydroxylamine  into  the  amidoxim 
C5H,N.C(NH,,):N0H  [128°],  which  yields  an 
acetyl  derivative  [143°]  and  a  benzoyl  derivative 
[190°],  and  is  converted  by  phenyl  cyanate  into 
C,H,N.C(NOH).NH.CO.NHPh  [167°],  by  phenyl 

thiocarbimide     into  C.H.N.C^^^^C.NHPh 

[241°],  and  by  succinic  anhydride  at  100°  into 

C,H,N.^^^^C.CH,.CH2.C0,H    [178°].  The 

acetyl  and  benzoyl  derivatives  are  converted  by 

heating  into   C,H4N<^^^^^CMe    [109°]  and 

G;^,^<^^:^CVh.   [139°]    respectively  (Mi- 

chaelis,  B.  24,  3439). 

Hexahydride  C5H|„N(C0„H).  Nipccotinic 
acid.  [250°].  Got  by  reducing  nicotinic  acid 
in  alcohohc  solution  by  Na  (Ladenburg,  B.  25, 
2768).  Crystals,  v.  e.  sol.  water,  insol.  alcohol 
and  ether.— HA'HCl.  [240°!.— H.A'.H.,PtCls. 
[213°  cor.].  —  HA'HAuCl,,.  [197°  "  cor.].— 
HA'HC15HgCU.  [231°].— MeA'HCl  [208°].— 
Me-^'^H^PtCl,.  —  Nitrosamine  C,H,„NA- 
[112°]. 

Pyridine  (7)-carboxylic  acid 

N<^^g:^y^C.CO,H.  Isonicotinic  acid.  [305°] 

(S.) ;  [306°]  (B.  a.  H.) ;  [309-5°]  (W.  a.  H.). 

Formation.  —  1.  By  heating  pyridine  s-tri- 
carboxylic  acid  (Skraup,  B.  12,  2331)  and  three 
of  the  pyridine  di-carboxylic  acids  (Hoogewerff 
a.  Van  Dorp,  A.  204,  112  ;  Weidel  a.  Herzig,  M. 
1,  28  ;  Bottinger,  B.  14,  68).— 2.  By  the  action 
of  KMnO.,  on  (7)-methyl-pyridine  (Behrmann  a. 
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Hofmann,  B.  17,  2696;  Ladenburg,  B.  21,  287). 
3.  By  heating  di-chloro-pyridine  carboxylic  acid 
[210°]  with  HI  (B.  a.  H.). 

Properties. — Needles,  si.  sol.  cold  water,  in- 
sol. alcohol.  Yields  pyridine  on  distilling  with 
lime  and  5-oxy-ethyl-succinic  acid  on  reduction 
with  sodium-amalgam  (Weidel,  M.  11,  517). 

Salts. — NHiA' :  needles. — CaA'2  4aq:  silky 
needles,  m.  sol.  water. — HA'HCl :  monoclinic 
prisms. — H,.A'.,H.jPtCls  2aq  :  monoclinic  crystals. 

Hexahydride  C5H,„N(C0,,H).  Got  by  re- 
ducing the  acid  in  alcoholic  solution  by  Na 
(Ladenburg,  B.  25,  2773).  Branching  groups  of 
needles,  v.  e.  sol.  water,  insol.  alcohol.  Blackens 
at  300°,  but  is  not  melted  at  320°.— HA'HCl. 
[228°].  Trimetric  crystals;  a:&:c  = -922:1: -979. 
— HA'^H^PtCV  [239°].  —  Aurochloride  : 
[197°].    Nitrosamine  C,H,„N.,03-  [101°]. 

Pyridine  (aa)-dicarboxylic  acid 

^^^CH-C(Co'h)^-'^-  ^ipi<^olinic  acid.  [226°] 
(L.  a.  E. ;  S.);'[237°]  (E.);  [236°  cor.]  (Collie, 
C.  J.  59,  179).  Formed  by  oxidation  of  (aa)-di- 
methyl-pyridine  [145°]  (derived  from  aceto- 
acetic  ether  or  from  coal-tar)  by  KMnO^  (Epstein, 

A.  231,  26  ;  Ladenburg  a.  Both,  B.  18,  52 ;  19, 
790  ;  20,  130  ;  A.  247,  32  ;  Lange  a.  Rosenberg, 

B.  20,  132 ;  cf.  Dewar,  C.  N.  23,  18).  Got  also 
by  oxidation  of  (a)-methyl-(a)-ethyl-pyridine  by 
dilute  (2  p.c.)  KMnO,  (Schultz,  B.  20,  2724). 

Properties. — Hair-like  needles  (containing 
IJ^aq)  or  anhydrous  scales;  si.  sol.  cold  alcohol, 
water,  and  ether.  On  heating  at  245°  in  a  cur- 
rent of  H  it  yields  pyridine  and  pyridine  (a)- 
carboxylic  acid.  PCI5  forms  a  chloride  [61°], 
(284°).    FeSO,  gives  a  reddish-yellow  colour. 

Salts.  —  CaA"  2aq:  minute  prisms.  — 
CuA"2aq:  dark-blue  prisms. 

Pyridine  (a;3)-dicarboxylic  acid 
C(CO,H) .CjCO,H) QtthioUnic  acid.  [231°]. 

S.  -55  at  6-5°.  Formed  by  the  oxidising  action 
of  KMnO, on  quinoline  (Hoogewerff  a.  van  Dorp, 
B.  12,  747  ;  R.  T.  C.  1.  107  ;  A.  204,  117),  on 
cinchoniue  (H.  a.  D.),  on  o-  and  methyl - 
quinoline  (Skraup,  M.  2,  157),  on  o-oxy-quino- 
line,  on  quinoline  o-sulphonic  acid  (0.  Fischer 
a.  Renouf,  B.  17,  755),  and  on  (a)-oxy-quinoline 
carboxylic  acid  (La  Coste  a.  Valeur,  B.  20,  103). 

Properties.  —  Monoclinic  needles,  a:b:c  — 
-542:1:  -607  ;  ;8  =  64°  54' ;  si.  sol.  water  and  alco- 
hol, insol.  ether.  Begins  to  decompose  at  140°, 
and  forms  nicotinic  acid.  Yields  pyridine  when 
distilled  with  lime.  Eeduced  by  sodium-amalgam 
to  the  5-lactone  of  butane  a;87-tricarboxylic  acid 

Co!^0^':CH:CO:H  (Perlmutter,  M.  13,  840). 

Salts. — KHA"  2aq  :  triclinic  plates  (Lipp- 
mann  a.  Fleissner,  ilf.  8,  311). — KjA"2aq. — 
BaA"  aq. — Ag._A-"  :  crystalline. — AgHA"  aq. 

Anhydride    CJI^l^<^^QyO.   [135°].  Got 

from  the  acid  and  AcO  (Bernthsen  a.  Mette- 
gang,  B.  20,  1208).  "Prisms.  Converted  by 
benzene  and  AlCl,  into  CjHaBzN.CC.H  [147°], 
converted  by  heat  into  the  ketone  C5H4BZN 
(307°  uncor.),  which  yields  a  crystalline  phenyl- 
hydrazide  [143-.5°]. 

Pyridine  (a7)-dicarboxylic  acid 

CO,H.C<^^  ^(^^^>N.     Lutidinic  acid. 

A  A 
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[240°]  (V.)  ;  [235°]  (B. ;  L.  a.  E.).  Formed  by 
the  oxidising  action  of  KMnO^  on  (a7)-di- 
metliyl-pyridine  (Kamsay,  P.  M.  [5]  4,  241 ;  6, 
19  ;  Weidel  a.  Herzig,  M.  1,  20 ;  Ladenburg  a. 
Eoth,  B.  18,  915  ;  A.  247,  37),  on  (a)-methyl- 
(7)-ethyl-pyridine  (Sehultz,  B.  20,  2726),  on  di- 
ethyl-pyridine, on  (aa)-di-methyl-dipyridyl  (Heu- 
ser  a.  Stoehr,  J.  pr.  [2]  44,  409),  and  on  the 
methyl-pyridine  carboxylic  acid  obtained  from 
uvitonic  acid  (Bottinger,  B.  14,  68;  17,  93;  Voigt, 
A.  228,  54). 

Properties. — Needles  (containing  aq),  m.  sol. 
cold  water,  sol.  alcohol,  insol.  ether.  Gives  a 
blood-red  colour  with  FeSO^.  Yields  pyridine 
on  distillation  with  lime.  Converted  by  heat 
into  C0„  and  isonicotinic  acid.  PCI5  yields  a 
chloride '[203°]. 

Salt  s.— KHA"  iaq.  Crystals.— (NHJ^A.".— 
(NH,)HA"aq:  hygroscopic  needles. — CaA"3aq. 
CaA"  aq.— CaA"  J^aq.— CaH.A"„  2aq.— BaA"  aq. 
— BaA"  liaq  (B.).  —  BaA"  Saq.  —  CdA"  4aq 
(Waage,  M.  4,  727).-MgA"  5aq.— CuA"  3aq.— 
CuA"4aq  (B.).— Ag,A"  2aq:  white  pp. 

Pyridine  (a/3')-dicarboxylic  acid 

CH<^^|^'Q^^^j^j^^N.  Isocinchomeronic  acid. 
[236°]. 

Formation. — 1.  By  oxidation  of  lutidine 
(150°-170°)  with  KMnO,  (Eamsay,  P.  M.  [5]  4, 
246 ;  Weidel  a.  Herzig,  M.  1,  1 ;  Lange  a. 
Eosenberg,  B.  20,  135).— 2.  By  oxidising  {&')- 
methyl- (a) -ethyl -pyridine  (Ladenburg,  A.  247, 
44). — 3.  By  oxidation  of  quinine  (Eamsay  a. 
Debbie,  C.J.  33,  102;  B.  11,  324).— 4.  By  heat- 
ing the  dihydride  of  potassium  pyridine  tricarb- 
oxylate  (Weiss,  B.  19,  1311).— 5.  By  the  action 
of  alkaline  KMn04  on  cyclothraustic  acid  and 
on  pyridanthrilic  acid  (Weidel  a.  Strache,  M.  7, 
290).— 6.  By  oxidising  (;8)-ethyl-(a)-stilbazole 
(Plath,  B.  22,  1062). 

Properties. — Small  prisms  (containing  aq), 
almost  insol.  cold  water,  alcohol,  and  benzene, 
sol.  hot  HClAq.  On  heating  with  HOAc  at  220° 
it  is  split  up  into  CO^  and  nicotinic  acid  [230°]. 
On  heating  with  lime  it  gives  pyridine.  PCI5 
yields  a  chloride  [61°J  converted  by  NH3 
into  an  amide  [297°].  FeSO^  gives  a  reddish 
colour. 

Salts.— (NH,)HA"aq.  [253°].  Triclinic 
prisms,  si.  sol.  cold  water. — (NHj).vA". — 
KHA"  iaq :  needles.— KjA"  aq.— CaA"  2aq.— 
Ca(HA'').,3aq.— MgA"  5aq.— CuA"  aq.— AgA". 

Methyl  ether  Me_A".    [117-5°]  (E.). ' 

Pyridine  (0i3')-dicarboxylic  acid 

CH^^|^Q''g|:^g^N.  Dinicotinicacid.  [322°]. 

Formed  by  heating  pyridine  (2,3,5)-tri-carboxylic 
acid  and  pyridine  (2,3,5,6)-tetra-carboxyhc  acid 
(Eiedel,  B.  16,  1613  ;  Hantzsch  a.  Weiss,  B.  19, 
286  ;  Weber,  A.  241,  12).  Formed  also  by  heat- 
ing di-chloro-pyridine  di-carboxylic  acid  with 
cone.  HIAq  at  180°  (Guthzeit,  A.  262,  130). 

Properties. — Small  prisms  (from  HOAc), 
split  up  by  heat  into  CO^  and  nicotinic  acid. 

Salts.— PbA"  2aq.— Ag,A."  aq.— Ag.,A"  liaq. 
—  HA'HCI  2aq  :  needles,  decomposed  by  water. 
— H,A'.,H.^PtCl|i  :  orange-red  needles. 

Pyridine  (07)-dicarboxyIic  acid 

COaH.C<C^|^*^'-^^'Q^^]Sr.  Cinchonieronic 
acid.  [259°]. 


Formation. — 1.  By  oxidation  of  cinchonine 
or  cinchonidine  by  HNO3  of  S.G.  1-4  (Weidel, 
A.  173,  76).— 2.  By  oxidation  of  quinine  by  HNO3, 
the  yield  being  28  p.c.  (Weidel  a.  Schmidt,  B. 

12,  1146).— 3.  By  heating  apophyllenic  acid 
with  cone.  HClAq  at  240°  (Von  Gerichten,  B. 

13,  1635). — 4.  By  heating  pyridine  tricarboxylic 
acid  (formed  from  cinchonic  acid)  at  190° 
(Hoogewerff  a.  van  Dorp,  B.  13,  61;  Skraup,  ilf. 
1,  184;  Weidel  a.  Brix,  M.  3,  604).— 5.  By  the 
action  of  KMnOj  on  methyl-pyridine  carboxylic 
acid  and  on  isoquinoline  (Hoogewerff  a.  van 
Dorp,  B.  T.  C.  2,  23 ;  4,  285).— 6.  By  heating 
pyridine  pentacarboxylic  acid  (Weber,  A.  241, 
16). — 7.  By  oxidation  of  methyl-nicotinic  acid, 
derived  from  (^)-collidine  (Oeohsner  de  Coninck, 
Bl.  [2]  43,  106).— 8.  By  boihng  berberonic  acid 
with  HOAc  (2  pts.)  and  Ac.,0  (1  pt.)  for  six 
hours  (Mayer,  M.  13,  344;  c/.Furth,  M.  2,  426). 

Properties. — Prisms  (from  HClAq),  v.  si.  sol. 
water  and  ether,  si.  sol.  alcohol.  Yields  iso- 
nicotinic and  some  nicotinic  acid  on  heating 
(Hoogewerfi  a.  van  Dorp,  A.  207,  217).  Gives 
pyridine  on  distillation  with  lime.  Sodium- 
amalgam  yields  NH3  and  cinchonic  acid  C;H„Oe, 

i.e.  CO^H.CH^^^' CH       (Weidel  a.  Hoff,  M. 

I 

CO,H 

13,  578).  Cinchonic  acid  [169°]  forms  mono- 
clinic  crystals,  v.  sol.  hot  water  and  alcohol, 
and  yields  BaC,H„Os  3aq,  Ba3(C.H,0,)2  3aq, 
CaA"  2aq,  Ca3(C,H,0,).,  (dried  at  196  ),  and  oily 
Et.,A",  whence  PC1„  followed  by  alcohol,  yields 
CO',Et.CH(CH,Cl).CH(CO,,Et).CH,.CO,Et,  which 
is  a  heavy  oil.  Cinchonic  acid  is  reduced  by  HI 
to  butane  tricarboxylic  acid  C,H,„Og  [184°], 
whence  Ca^A'"^  8aq,  accompanied  by  an  isomeric 
butane  tricarboxylic  acid  [133°].  FeSO,  gives 
no  colour. 

Salts.— Na,A"  2aq  :  tables.— NaHA".— 
BaA"l-i-aq:  needles,  si.  sol.  water. — CaA"3^aq: 
prisms.  —  CaA"3aq.  —  CuA"3|aq  :  small 
blue  crystals. — AgA"  :  white  pp. — AgHA". — 
HA'HCI :  monoclinic  prisms,  decomposed  by 
water. — HA'^H^PtClg :  golden  prisms. 

Anhydride  {G,B.,T<i). fi.ft^.  [77°].  Formed 
by  boiling  the  acid  with  Ac^O  (Goldschmiedt  a. 
Strache,  M.  10, 156).  Plates.  May  be  sublimed.  Con- 
verted byNHsgas  into  C5H3N(CO.,NHJ.CONH, 
[229°],  which  is  converted  by  heat  into  a  yellow 
powder  [130°],  and  which  yields  the  amic  acid 
C5H3N(CO,H).CONH2  [237°],  crystaUising  in 

Mono-ethyl  etherSEtA".  [133°].  Formed 
from  the  anhydride  and  EtOH.  Plates  (from 
benzene). — AgEtA"  :  long  needles. 

Mono-methyl  ether  HMeA".  [154°]. 

Anhydride  of  the  Meihylo-hydroxide 

C^H^NO^  i.e.  C,H3NMe(C02H)<;;^^  .  Apophyl- 
lenic acid  [242°].  Formed  by  oxidation  of 
cotarnine  by  HNO^  (Wohler,  A.  50,  24  ;  Ander- 
son, Tr.  E.  23,  347  ;  C.  J.  5,  257  ;  Gerichten,  B. 
13,  1635).  Formed  also  by  heating  cinchome- 
ronie  acid  with  Mel  and  MeOH  at  100°  (Eoser, 
A.  234,  116).  Needles  (anhydrous)  or  oetahedra 
(containing  aq),  sol.  hot  water,  insol.  alcohol  and 
ether.  HClAq  at  250°  decomposes  it,  forming 
cinchomeronio  acid  and  MeCl.  —  BaA'.,.  — 
AgA'.— Ag,A'(N03).-H,A'j,H,PtCl,  aq. 
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Bromo-apophyllenic  acid 

C,  HsBrN0^2aq.  [205°].  Formed  by  oxidation 
of  bromo-tarconine.  Yields  BaA',  3aq  and 
H2A'2H,PtCl,  (Gcrichten,  A.  210,  91)." 

Pyridine  (aa'/8) -tricarboxylic  acid 

<CH  JL^C(CO  H)M-  formed  by  oxidis- 
ing di-metliyl-nicotinic  acid  with  KMnO,,  (Weiss, 
B.  19, 1309).  Crystallises  from  alcohol  in  plates 
(containing  2aq),  v.  e.  sol.  water.  Decomposes 
at  160^  into  CO.,  and  isocinchomeronic  acid. 
FeSOj  colours  its  neutral  solution  red.  — 
KH„A"'3  5aq :  needles. — Ca3A"'„4aq. — Pb^A'''^  5aq. 

Pyridine  (aa'7) -tricarboxylic  acid 

CO,H.C^^g:^!^Q-j;^|^N.     Trimcsitic  acid. 

Carbolutidinic  acid.  [244°].  Formed  by  oxida- 
tion of  uvitonic  acid  (Biittinger,  B.  13,  2048 ; 
14,  69),  and  by  oxidation  of  the  tri-methyl- 
pyridine  obtained  from  aoetoacetic  ether  and 
aldehyde-ammonia  (Voigt,  A.  228,  31).  Tables 
or  spheroidal  groups  of  needles  (containing  2aq), 
sol.  hot  water,  si.  sol.  alcohol  and  ether.  Yields 
isonicotinic  acid  on  sublimation.  FeSO^  gives  a 
violet-red  colour. 

Salts . — K3A"'5aq :  needles. — Ca,,A"'24aq.— 
Ba3A"',(iaq.  —  BaHjA"'„4aq.  —  Mg3A"'2l2aq.— 
CU3A'";  12aq.— Ag.^'"  iVaq. 

Ethyl  ether  Et,A"'.  [127-5°]. 

Amide,    [above  280°]. 

Pyridine  (a|8/3')-tri-carboxylic  acid 

CH'^^I^Q-gj'^^'^^^^^^N.  Carbodinicotinic 

acid.  [323°].  Formed  by  oxidation  of  quino- 
line  {Py.  2)-carboxylio  acid  (Eiedel,  B.  IG,  1015), 
of  methyl-pyridine  (i85)-dicarboxylic  acid 
(Weber,  A.  241,  11),  and  of  the  parvoline  got 
by  heating  propionic  aldehyde-ammonia  with 
propionic  aldehyde  at  200°  (Diirkopf,  B.  21,  832, 
2707  ;  23,  689).  Spherical  aggregates  (contain- 
ing Isaq),  v.  sol.  hot  water.  At  155°  it  is 
spht  up  into  CO.2  and  dinicotinio  acid. — 
BajA"'25aq. — Ag,_,HA"'l\aq  :  rosettes  of  plates. 
Pyridine  (a/37)-tri-carboxylic  acid 

CO.,H.C<J;g|VJ)-C(CO^H)^N.    [250°]  (H.  a. 

D.  ;  S.) ;  [2.57°]  (D.  a.  E.).    S.  1-2  at  15°. 

Formation. — 1.  By  the  action  of  KMnO^  on 
quinine,  cinclioniue,  cinchonidine,  quinoidinc, 
and  cinchonic  acid  (Dobbie  a.  Ramsay,  C.  J.  35, 
189  ;  Hoogewerff  a.  van  Dorp,  B.  12,  158  ;  13, 
152  ;  A.  204,  84  ;  Skraup,  A.  201,  312  ;  Strache, 
M.  10,  642). — 2.  By  oxidation  of  cinchonine  by 
HNO:,  (Weidel,  A.  173,  101 ;  B.  12,  415).— 3.  By 
oxidation  of  methyl-pyridine  (a^i)-dicarbosylic 
acid  (Hoogewerff  a.  van  Dorp,  B.  T.  C.  2.  18),  of 
di-methyl-pyridine  carboxylic  acid  (Michael,  B. 
18,  2027),  of  (a)-oxy-cinchonic  acid  (Weidel  a. 
Cobenzl,  M.  1,  865). — 4.  By  oxidation  of  papa- 
verine (Goldschmiedt,  M.  6,  397).  Trimetric 
plates  (containing  l.\aq),  v.  sol.  hot  water,  m. 
sol.  alcohol,  nearly  insol.  ether.  Blackens  at 
200°.  FeSO^  gives  a  reddish  colour.  HS  forms 
a  red  amorphous  body  (D.  a.  R.).  Decomposed 
by  long  heating  at  180°,  or  by  boiling  with 
HOAc  into  CO.,  and  cinchomeronic  acid.  Yields 
pyridine  on  distilling  with  lime.  Mel  and 
MeOH  at  100°  form  CO.,  and  apophyllenic  acid. 
Sodium-amalgam  gives  NH,,  and  cinchonic  acid. 
PCI5  forms  a  chloride  (206°  at  40  mm.). 

Salts.  —  K3A'"  3aq.  —  Ba^A'".,  IGaq.  — 


Ba.,A"'2l2aq.  —  Ca,,A"'2  14aq.  —  Ca,A"'.,  13aq.— 
CaHA"'2iaq.  —  CUjA'".,  9aq  :  light-blue  pp.— 
OuHA"'3.jaq:  hexagonal  prisms. — CuH,A"'2  2aq. 
— Cd^A'".,  6aq. — AK.,HA"'aq. — Ag,A"'  2aq ;  amor- 
phous pp".— AgH,A''".,2iaq.— R,A"'HC1 :  crystal- 
line powder  (Roser,  A.  234,  125). 

Pyridine  (aj3'7)-tricarboxylic  acid 

CO,H.C^^|^Q<^^-^^N.     Bcrberonic  acid. 

[243°].  Formed  by  oxidising  berberine  with 
nitric  acid  (Weidel,  B.  12,  410 ;  Furth,  M.  2, 
416).  Triclinic  prisms  (containing  2aq),sol.  hot 
water,  v.  si.  sol.  hot  alcohol,  insol.  ether.  Yields 
pyridine  on  distillation  with  lime.  FeSO,  gives 
a  red  colour.  At  215°  it  is  split  up  into  CO.^ 
and  nicotinic  acid  ;  above  243°  it  yields  isonico- 
tinic acid. 

Salts.  —  Iv,A"'4iaq.  —  K,HA"' 3aq.  — 
KH._,A"'liaq.  —  Ca3A"'„8aq.  —  Cd,,A'".,  4aq.  — 
AgjA'"  :  white  pp.,  insol.  water. 

Pyridine  (i8/3'7)-tricarboxylic  acid 

CO,H.C^^|^Q-g|;^j[^^N.    (3)  -  Carbocincho- 

mcronic  acid.  [261°].  Formed  by  heating  di- 
potassium  jjyridine  pentaoarboxylate  at  220° 
(Weber,  A.  241, 17).  Plates  (containing  3aq),  v. 
sol.  hot  water.  Yields  cinchomeronic  acid  when 
heated.  Gives  no  colour  with  FeSO^.  — 
CUiH2A"'4  24aq. — Ag.,A"' 2aq  :  crystalline  pp. 

Pyridine  (aj33'7)-tetra-carboxylic  acid 
CH.NO,   i.c.  CO,H.C<C(CO.g).C(CO^H)^^_ 

Formed  by  oxidising  (07) -di-methyl-pyridine 
(/3/3')-dicarboxylic  acid  (Weber,  A.  241,  23). 
Prisms  (containing  2aq  or  3aq).  At  120°  it 
loses  CO.^,  forming  (;8)-carbocinchomeronic  acid. 
FeSO,  gives  a  dark-red  colour. — Ba^A''''  4aq. — 
Ag;HA''„  aq :  crystalline. 

Pyridine  (aa'/3;8')-tetracarboxylic  acid 

CH<c|ca:H!;C(cS:?!M.    Formed  by  oxidis- 

ing  di-methyl-pyridine  dicarboxyUc  acid 
(Hantzsch,  B.  19,  286;  Weber,  A.  241,  4). 
Needles  (containing  2aq),  v.  sol.  water.  Decom- 
poses at  150°  into  CC^  and  dinicotinic  acid. — 
CaH.,A*^  2aq  :  needles,  v.  sol.  water. — Cu^A''''  5aq. 
— AgjA'^  2aq  :  bulky  pp. 

Pyridine  (aa'/3'7)-tetra-carboxylic  acid 
CO.,H.G<^H^C(CO.,H)^^_     Formed  by 

i  oxidation  of  tri-methyl-pyridine  carboxylic  acid 
I  and  of  di-methyl-iiyridiue  di-carboxylic  acid 
I  (Michael,  A.  225,  142).    Formed  also  by  oxida- 
!  tion  of  fiavenol  by  alkaline  KMnO^  (Fischer  a. 
Tiiuber,  B.  17,  2927).    Slender  needles  (contain- 
ing 2aq),  V.  sol.  water,  v.  si.  sol.  alcohol  and 
ether.    Not  decomposed  at  150°.    FeSO.,  gives  a 
brownish-red  colour. — Ba,A"  2iaq. — Ba^A'^  aq. 
— Cu,,A"  2^aq.— Ag.AS"  aq.' 

Pyridine  penta-carboxylic  acid  NC,(C0.B)5. 
Formed  from  potassium  tri-methyl-pyridine  di- 
carboxylate  and  KMn04  (Hantzsch,  A.  215,  62  ; 
Weber,  A.  241, 15).  Crystalline  mass  of  minute 
needles  (containing  2aq),  extremely  sol.  water, 
V.  si.  sol.  ether.  Acid  to  litmus  and  to  taste. 
Loses  2aq  at  120°  and  decomposes,  without  hav- 
ing melted,  at  220°.  The  neutral  alkaline  salts 
are  very  soluble,  but  the  acid  alkaline  salts  are 
si.  sol.  water.  The  acid  does  not  combine  with 
HCl.  Distilledwith  lime  it  gives  pyridine.  FeSOj 
gives  a  dark-red  colour. 

A  A  2 
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Salts.— KH,A'^  2  or  3aq.  When  heated 
swells  up  like  Pharaoh's  serpent. — K^HjA^S^aq. 
—  KjA^.  —  Ba^A^,  llaq.  —  Ca,A^  12aq.''  — 
CaH.A^iaq.— Mg^A^;  12aq.— Caj(NH  Ja^  oaq.— 
AgjHA-^2aq. 

Double  salt  with  oxalic  acid 
KH^A^'IiHC.,0,  5aq. 

References. — Bromo-  and  Oxy-pyeidine  caeb- 

OXYLIC  ACID. 

PYRIDINE   TETRAHYDEIDE   C^H^N  i.e. 

CH^<^^^        ^NH.    Piperidcin.    Formed  by 

heating  amido-valeric  aldehyde  with  solid  KOH 
(Wolffenstein,  B.  25,  2782).~B'HAuCl4.  [141°J. 
— B,,'H,PtCl,.— B'HCl.  [230°].— B'HBr.  [178°]. 

Pyridine  hexahydride  v.  Piperidine. 

PYRIDINE  (/3)-SULPH0NIC  ACID 
C5H^N.S03H.  Formed  by  heating  pyridine  (1  pt.) 
with  HoSOj  (3  pts.)  at  320°  (O.  Fischer,  B.  15, 
62  ;  16,  1183).  Small  needles  or  plates,  sol. 
water,  si.  sol.  alcohol,  insol.  ether.  Br  added  to 
its  boiling  aqueous  solution  forms  dibromo- 
pyridine.  Potash-fusion  gives  oxy-pyridine 
[123°].  On  distillation  with  KCy  it  yields  the 
nitrile  of  nicotinic  acid.  The  K  salt,  heated  with 

Mel  at  150°  forms  crystalline  C,H,NMe<^^*^- 

(Hantzsch,  B.  19,  36).— BaA',4aq  :  needles. 

Pyridine  sulphonic  acid?  CjH^NSO.,. 
[155°].  Formed  from  pyridine  and  ClSOail 
(Wagner,  B.  19, 1157).  Crystalline,  decomposed 
by  water  into  pyridine  and  H2SO4. 

Pyridine  disul phonic  acid  C5H3N(S03H)2. 
Formed  by  heating  piperidine  (1  pt.)  with  HjSOj 
(10  pts.)  (Konigs,  B.  16,  735  ;  17,  592).  Needles 
(from  HO  Ac),  v.  sol.  water,  nearly  insol.  alcohol 
and  ether.  PCI5  at  200°  forms  tri-chloro- 
pyridine  [48°].  —  Na.A"  4aq.  —  K^A"  3aq.  — 
PbA"  4iaq. 

PYRIDONE  V.  Oxy-pyeidine. 

(aa)-DIPYRIDYL  C,„H,N,  i.e.  C^H.N.C^H^N. 
[70°].  (272-5°).  V.D.  5-6.  Formed  by  distilling 
cupric  picolinate  (Blau,  B.  21,  1077;  M.  10, 
375).  Crystals  (from  water),  m.  sol.  water,  v. 
sol.  alcohol.  Not  hygroscopic.  Strong  base. 
FeSOj  colours  its  aqueous  solution  red.  Oxidised 
by  KMnOj  to  picohnic  acid.— B"H„PtCl„.— 
B"H,FeCys.— B'-C^H^NsOj.    [155-5°].  Needles 

Hexahydride.  Formed  by  reducing  the 
base  with  zinc  and  HClAq.    Alkaline  oil. 

Dodecahydride  C,„H.,|,N2.  Dipiperidyl, 
(259°  cor.).  Formed  by  reducing  the  base,  dis- 
solved in  isoamyl  alcohol,  by  Na.  Powerful  base. 
Very  deliquescent.  Not  poisonous.  Forms  with 
CS„  a  compound  [93°],  and  yields  a  nitrosamine 
[159°].— B"H„PtCl,  2iaq. 

(/3)8)-Dipyr'idyl  C.XN^.  [68°].  (287°)  (L. 
a.  0.)  ;  (292°  at  736  mm.)  (S.  a.  V.).  Formed 
by  distilling  its  dicarboxylic  acid  with  KOH 
(Skraup  a.  Vortmann,  M.  4,  591),  and  by  the 
dry  distillation  of  pyridine  disulphonic  acid 
(Leone  a.  Oliveri,  O.  15,  276).  Extremely  deli- 
quescent needles,  miscible  with  water  and  alco- 
hol, si.  sol.  ether.  Yields  nicotinic  acid  on  oxi- 
dation.—B",H,,PtCls.—B"2C,H3N30,.  [232°]. 

Hexahydride       C|„H,,N2.  Nicotidinc. 
(288°).    Got  by  warming  the  base  with  tin  and 
cone.  HClAq.  Poisonous  oil ,  v.  e.  sol.  water  and 
alcohol,  m.  sol.  ether. — B"2H2PtClj  :  orange-red  I 
pp.— Picrate:  [202°].  | 


(77)-DipyridyI  CjoH^N,.  [114°].  (305°  cor.). 
V.D.  5-9  (calc.  5-6).  Formed  by  boiling  pyridine 
with  sodium  (Anderson,  A.  154,  274  ;  Weidel  a. 
Russo,  M.  3,  854).  Formed  also  by  heating  its 
(aa) -dicarboxylic  acid  with  HOAc  at  180°  (Heuser 
a.  Stoehr,  pr.  [2]  44,  407).  Tables,  si.  sol. 
cold  water,  v.  sol.  alcohol.  Crystallises  from 
water  in  tables  (containing  2aq).  [73°].  Tastes 
bitter.  Yields  isonicotinic  acid  on  oxidation. 
Br  forms  C,„H^J5r2N2  crystallising  from  alcohol 
in  needles.  Mel  and  EtI  form  crystalline 
B"2MeI  and  B"2EtI  respectively. 

Salts.  —  B"H2CU.  Monoclinic  crystals  ; 
a:fo:c  =  1-064:1: -595.  ;3'=112°  33'.— B"H2ZnCl4. 
—  B"H,HgClj.  Monoclinic  tables  ;  a:b:c 
=  •673:1:  -341;  /3  =  91°8'.  —  B'-H^PtCl^.  — 
B"2HN0,.  [256°].  Trimetric  prisms;  a:b:c 
=  -841:1:  -397.-B"HN03AgNO,.— B'^H^SO^  2aq. 

Dihydride  C|„H,„N2.  Dipyridine.  (290°) 
at  735  mm.  V.D.  5-0  (calc.  5-5).  Formed  by  the 
action  of  Na  on  pyridine  (Anderson,  C.  J.  22, 
406 ;  Weidel,  M".  3,  879).  Liquid,  sol.  water  and 
alcohol.— B"H2PtCl6.  —  B"2MeI.  —  B"Me2PtCl, 
(Eamsay,  C.  J.  36,  264). 

Hexahydride  C|(,H,4N2.  Isonicotine.  [78°]. 
(above  260°).  Formed  by  reducing  (77)-dipyridyl 
with  tin  and  HClAq  (W.  a.  E.).  Deliquescent 
needles,  sol.  water,  alcohol,  and  benzene.  Has 
hardly  any  smell.  Strongly  alkaline  and  caustic. 
Poisonous,  acting  somewhat  like  curari.  Its 
salts  aremuch  less  poisonous.  Oxidised  by  KMnO^ 
to  isonicotinic  acid. — B"2HN03.  Deliquescent 
needles.  —  B"H,J'tCl5  aq.  —  BrjI^Hg^Clio.  — 
B"2MeI :  triclinic  prisms  (from  MeOH). 

Dodecahydride  C,„H,„N2.  [122°].  Formed 
by  reducing  (77)-dipyridyl  in  alcohol  by  Na 
(Ahrens,  B.  21,  2929).  Needles,  insol.  water,  v. 
sol.  alcohol  and  ether.— B"H2PtCls.—B"HAuCl4. 
Picrate:  needles,  blackening  when  heated. 

Dipyridyl  CioH^Nj.  (281°).  Formed  by 
passing  pyridine  vapour  through  a  red-hot  tube 
(Roth,  B.  19,  360).  Oil.— B"2HC1 :  hygroscopic 
needles.— B"H„PtCls.—P  i  c  r  a  t  e :  [208°]. 

(a;8)-Dipyridyl  CioHgN.,.  (296°  cor.).  Formed 
by  heating  its  carboxylic  acid  with  lime  (Skraup 
a.  Vortmann,  M.  3,  599  ;  Blau,  B.24,  326).  Oil, 
sol.  alcohol  and  ether.  —  B"H,PtClg  |aq.  — 
B'-CgHsNaO,.    [149-5°].    Yellow  ne'edles. 

Dodecahydride  C,„H„„N2.  [69°}.  (269° 
cor.).  Formed  by  reducing  the  base  with  isoamyl 
alcohol  and  Na  (Blau,  M.  13,  332).  Hygroscopic 
crystalline  mass.  Not  identical  with  nicotine 
hexahydride.  Strongly  alkaline,  absorbing  C0,_, 
from  the  air.  V.  e.  sol.  water,  but  much  water 
gives  a  turbidity.  V.  sol.  alcohol,  m.  sol.  ether. 
CSjforms  a  compound  [205°].— B"H.,Cl2.  V.  e.  sol. 
water,  si.  sol.  alcohol  and  ether. — B"H,PtCl|j2aq. 
[238°].  —  B"2HAuCl4.  [212°].  —  B"2C„H3N30,. 
[215°]. 

Benzene  sulphonyl  derivative.  [157°]. 

Nitrosamine  C|„H„N,,(N0)2.  [88°]. 

Dipyridyl  dodecahydride'?  C,„H„„N2? 
(251°).  S.G.  *  -956.  Is  perhaps  (o^) -dipyridyl 
hexa-hydrlde  (Blau).  Formed  by  the  action  of  Na 
on  nicotine  in  alcoholic  solution  (Liebrecht,  B. 
18,  2970 ;  19,  2590).  Lievorotatory  liquid,  v.  sol. 
water,  alcohol,  and  ether.  Alkaline  in  reaction. 
SmeUs  like  piperidine.  Readily  unites  with  CSj. 
Forms  an  oily  nitrosamine  and  an  oily  di-acetyl 
derivative  (c.  405°).— B"2HC1.  Sol.  alcohol.— 
B"H2PtCl6.    [202°].— B"H2l6 :  brown  needles.— 
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B"2HAuCl^.[132°].— B"K>Hg,Cl,..-B"Me,,PtCl6. 
— C,„H,5MeN,,Me,PtCl„.  Blau  {M.  13,  341)  by 
reducing  nicotine  obtained  a  mixture  of  bases 
(235°-2G5°)  yielding  a  sparingly  soluble  platino- 
chloride  [218°],  which  gave  a  base  (244°),  pos- 
sibly methyl-nicotine  hexahydride  C|,H.„N„. 

'(a)-PYE,IDYL-ACRYLIC  ACID  C.HrNO,  i.e. 
C5H^N.CH:CH.C0,H.  [203°].  Formed  'by  heat- 
ing a-oxy-tri-oj-chloro-propyl-pyridine  witli  alco- 
holic potash  (Einhorn,  B.  20,  15iJ3  ;  23,  220  ; 
*4.  265,  215).  Got  also  by  heating  a-oxy-pyridyl- 
propionic  acid.  Small  transparent  needles,  v.  si.  j 
sol.  cold  water,  v.  sol.  alcohol. 

Reactions.  —  1.  Br  in  HOAc  forms 
C-H,N.CHBr.CHBr.CO,H  [127°],  which  melts 
at  146'5°  when  containing  HOAc  of  crystallisa-  \ 
tion.— 2.  Hydrogen  bromide  in  HOAc  forms 
(C,H,N.CHBr.CH.,.CO,.H)HBr  [164° |,  crystalH- 
sing  in  needles.— 3.  Mel  yields  HA'Mel  [220°]  | 
converted  by  AgBr  into  HA'MeBr  [242°].  j 

Salts.  — HA'PICl.  [220°].  — HjA'„H.,PtCl6.  i 
[210°].  Ked  prisms.  — HA'HAuCl,.  [195°].—  ! 
HA'HBr.    [223°].— CaA',.— AgA':  needles. 

Methyl  ei/tcr  MeA'.— MeA'HCl.  [186°].— 
MeA'HBr.    [242°].    MeA'HI.   [220°J.  i 

EtJiyl  ether'EiA'.  Needles. 

(a)-PYRIDYL-BUTYLENE  C„H,,N  i.e.  I 
C,H,N.CH:CHEt.  (148°  at 75 mm.). 'By distilling 
oxybutyl-pyridine  C,H,N.CH,.CH(OH).C,,H,  with 
KOH  in  vacuo  or  by  heating  it  with  HCIAq  at 
165°  (Matzdorff,  B.  23,  2711).  Colourless  oil, 
smelling  like  conyrin.  —  Platinochloride  : 
[140°].— B'HAuCl,.    [130°].    Small  needles. 

(oe)-DIPYRIDYL  (5)-CARB0XYLIC  ACID 
C,,H,N,0,  i.e.  C.H,N.C,H,N.CO,H.  [183°].  | 
Formed  by  heating  the  dicarboxylic  acid  at  200°  i 
(Skraup,  B.  15,  8'J6  ;  ill.  3,  597).  Needles  (con- 
taining l^aq),  si.  sol.  cold  water  and  alcohol. 
Gives  a  yellow  colour  with  FeCl3. — CaA'.^  2aq. — 
AgA'  .^aq  :  prismatic  needles. 

(a;3)-Dipyridyl  (j37)-dicarboxylic  acid 

/CH:C(CO..H)n^,,  p^C(CO.,H):CH^„„ 

[215°].  Formed  by  oxidation  of  phenanthroline 
by  KMnO.,  (Skraup  a.  Vortmann,  B.  15,  896;  M. 
3,  587).  Triclinic  prisms  (containing  2aq),  si. 
sol.  cold  water,  v.  sol.  alcohol.  FeSO,  colours 
its  aqueous  solution  red.  Salts. — KHA"  -.aq.— 
CaA"  3aq.— CuA"  3aq. — BaA"  liaq.  Crystals. — 
AgHA"  4aq.— H,A"  2HC1.  —  H,A"'"H,PtC'ls  3aq.— 
(H„A").,H.,PtCl,;  6aq  :  golden  prisms. 

(0^)-Dipyridyl  (aa) -dicarboxylic  acid 
C,.,H,N,0,.  [213°].  Formed  by  oxidation  of 
pseudo-phenauthroline  by  KMnO.,  (Skraup  a. 
Vortmann,  M.  4,  583).  Thick  prisms  (contain- 
ing iaq),  si.  sol.  cold  water,  alcohol,  and  ether. 
FeSOj  gives  an  orange-yellow  colour. — K.,A"5aq. 
—  KHA"2aq.  —  CaA"5aq.  -  CuA"  3"iaq.  — 
AgjA"  iaq.— Ag.,A"AgNO,.— H.,A"HC1  aq.'Mono- 
clinic  prisms  ;  a:b:c  =  l-27:l:2-29  ;  /3  =  110°  10'.— 
H._,A"H^PtCl,;  8aq  :  orange  crystalline  pp. 

(77)-Dipyridyl(aot)-dicarboxylic  acid.  [247-5°]. 
Formed    by  oxidising   (aa)-di-methyl-dipyridyl  I 
by  KMnO,,  (Heuser  a.  Stoehr,  J.  in:  [2]  44,  405).  I 
Needles,  v.  si.  sol.  water  and  alcohol.    FeSO,  i 
gives  a  reddish-yellow  colour.    AcOH  at  180° 
gives  (77)-dipyridyl. 

Dipyridyl  "tetracarboxylic  acid  ?  [90°].  Got 
by  oxidising  diquinolyl  (Glaus,  B.  14,  1942). 
Needles  (from  hot  water).— Pb,A''.  —Ag|A'^'. 
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Phenylenk  pykidyl  ketone. 

Pyridyhne-phenylene-ketone  sulphonic  acid 

[32]c„H,(SO,H)<^^^;^£[,g.     Formed  by 

oxidising  (/3)-naphthoquinoline  sulphonate  with 
alkaline  KMnO,  (Immerheiser,  B.  22,  408). 
Yellow  plates  (from  water),  v.  si.  sol.  alcohol 
and  ether.  Yields  an  oxim  crystallising  in 
yellow  flakes  and  a  phenyl-hydrazide  crystal- 
hsing  m  minute  orange  needles. —  KA' aq. — 
BaA'„  2aq. — PbA'j  3aq.—  AgA'  aq. 

PYRIDYL-ETHYLENE  C.H,N.CH:CH.,. 
(160°).  Formed  by  the  action  of  NaOHAq  on 
the  hydrochloride  of  ;8-bromo-i8-pyridyl-pro- 
pionic  acid  (Einhorn,  B.  23,  221  ;  A.  205,  229). 
Liquid.— B'HAuCl,.    [144°].    Yellow  needles. 

(a)-PYRIDYL  ETHYL  KETONE  C„H,NO  i.e. 
C,H,N.CO.C,,H,.  (205°).  Formed  by  distilling 
calcium  picolinate  with  calcium  propionate 
(Engler  a.  Bauer,  B.  24,  2530).  Oil,  sol.  alcohol. 
Sodium-amalgam  forms  a  pinacone  [136°]. 
Phenyl-hydrazine  sulphonic  acid  yields  a  crystal- 
line compound  [268^].— B'HgCl, :  crystalline. — 
B'Etl.  [160°]. 

Oxim  C5H,N.C(NOH).C,,H5.  [106°]. 
Needles.  Yields  an  acetyl  derivative  [46°]  and 
a  benzoyl  derivative  [69'"]. 

(/3)-Pyridyl  ethyl  ketone  C,H,N.CO.C,H-,. 
Formed  by  distilling  calcium  nicotinate  with 
calcium  propionate  (Engler,  £.24,  2539).  Yields 
a  phenyl  hydrazide  [145°]  and  a  phenyl-hydraz- 
ide sulphonate  [235°]  which  forms  B'.,H.,PtCl|,. 
B'C^HjN.O-,  and^B'HgCl..  [130°'. 

Oxiiii  C,H,N.C(NOH).C.,H..  [115°]. 

(a) -PYRIDYL  METHYL  KETONE 
C5H,N.C0.CH,.  (192°).  Formed  by  distilling 
calcium  picolinate  with  calcium  acetate  (Engler 
a.  Eosumoff,  B.  24,  2527).  V.  sol.  alcohol  and 
ether.  Keadily  volatile  with  steam.  Yields  an 
oxim  [120°],  a  phenyl-hydrazide  [155°],  and  a 
phenyl-hydrazide  sulphonate  which  is  not 
melted  at  300°.— B'C.H^NaO-.  [131°].— B'HgCL. 
[150°].— B'Mel.    [161°].— B'Etl.  [205°!. 

(/3)-Pyridyl  methyl  ketone  C,H,N.CO.CH.,. 
(220°).  Formed  by  distilling  calcium  nicotinate 
with  calcium  acetate  (Engler  a.  Kiby,  B.  22, 
597).  Oil,  V.  sol.  acids.  Yields  an  oxim  [112°], 
which  yields  B'HCl  [204°].  The  phenyl-hydraz- 
ide [137°]  crystallises  from  alcohol  in  yellow 
needles. -B'HgCL.    [158°].    White  needles. 

DI-(a)-PYRIDYL-PROPANE  C„H„N.,  i.e. 
CH,(CH,,.C;,H,N),,.  (323°).  S.G.  a  1-0281. 
Formed  by  heating  picoline  with  methylal  and 
ZnCL  for  10  hours  at  290-  (Ladenburg,  21, 
3100).  Yellow  oil,  v.  sol.  alcohol  and  ether. — 
Salts:  B"H.,PtCl,i.  [215°].- -B"2HAuCl,  Uaq. 
— B"H.,Hg,Cl,„.    [161°].    Large  plates. 

Dodccahydride  C,3H.,,;No.  Dipipecolyl- 
methane.  [64°].  (195°  at  26  "mm.).  Formed 
by  reducing  the  base  with  Na  and  alcohol. 
Crystalline  mass,  si.  sol.  water. — B"2HC1 :  very 
hygroscopic  needles.  —  B"2MeCl.  [171°].  — 
C,3H;|Me,N./2MeI.    Crystals,  v.  e.  sol.  water. 

(a)-PYRlDYL  PROPYL  KETONE 
a,H,N.CO.Pr.  (216°-220").  Formed  by  dis- 
tilling calcium  picolinate  with  calcium  butyrate 
(Engler  a.  Majmon,  B.  24,  2536).  Oil.  Yields 
an  oxim  [48°]  which  forms  a  benzoyl  derivative 
[57°].    Forms  a  phenyl-hydrazide  [82°]  and  a 
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phenyl-liydrazide  sulphonic  acid  [251°].  The 
ketone  is  reduced,  in  dilute  alcoholic  solution,  by 
sodium-amalgam  to  a  pinacone  CigHj^NjOj  [146°] . 
The  chloro-iodide  melts  at  85°. 

Salts.— B'.Jl2PtCl,.—B'HgCl.,.  [c.  78°].— 
B'Mel.  [79°]. 

(;8)-Pyridyl  propyl  ketone  C^H^N.CO.Pr. 
(246°-252°).  Formed  by  distilling  calcium 
nicotinate  with  calcium  butyrate  (Engler,  B.  24, 
2541).  Yellow  needles,  sol.  alcohol.  Yields  a 
phenyl-hydrazide  [182°],  a  phenyl-hydrazide 
sulphonate  [283°],  a  crystalline  oxim,  and  an 
ethylo-iodide  [192°].  —  B'HgCl,.  [173°].  — 
B'CgHjNaO,. 

(B.S)-  (a)  -PYEIDYL-QTIINOLINE  CiiHjjN^  i.e. 

CH.  N  .C.CH:C.C3H,,N-  ^104°].  Formed  by 
heating  the  Ag  salt  of  its  carboxylic  acid  (O. 
Fischer  a.  H.  van  Loo,  B.  19,  2475).  Prisms.— 
B'^H^PtCl,. 

Carboxylic  acid  CijHjoNjOj  i.e. 

C,H,N.C^^-^-^^>C.CO„H.    [273°].  Formed 

by  oxidising  (/3)-diquinolyl  with  CrOj.  Needles, 
V.  si.  sol.  water. — AgA' :  pale  yellow  pp. 

PYRO-.  Use  of  this  prefix  applied  to  in- 
organic compounds ;  for  pyro-  compounds  v. 
the  compounds  to  the  names  of  which  pyro-  is 
prefixed.  Thus  pyro-pliosphoric  acid  will  be 
found  under  Phosphoric  acid,  and  pyro-phos- 
phates  under  Phosphates. 

PYROCATECHIN  C,H,0.,  i.e.  CeH^(0H),[l:2]. 
CatecJiol.  o-Di-oxy-benzene.  Oxyphenic  acid. 
[104°]  (F.  a.  M.);  [111°]  (Mortinon).  (240°- 
245°).  H.C.p.  685,200.  H.C.v.  684,900.  H.F. 
85,800  (Stohmann,  J.  pr.  [2]  45,  334).  Occurs 
in  urine,  especially  after  administration  of  benz- 
ene or  phenol  (Baumann,  H.  1,  244;  3,157; 
Nencki  a.  Giaoosa,  H.  4,  335  ;  Schmiedeberg,  H. 
6,  189).  Occurs  in  the  green  leaves  of  the 
Virginia  creeper  (Ampelopsis  hederacea)  (Gorup- 
Besanez,  B.  4,  905)  and  in  the  sap  of  the  jilants 
from  which  kino  is  prepared  (Fliickiger,  B.  5, 1). 
Occurs  sometimes  in  raw  beet  sugar  (Lippmann, 
B.  20,  3298).  Occurs  in  wood-tar  (Behal  a. 
Desvignes,  Bl.  [3]  9,  144). 

Formation. — 1.  By  dry  distillation  of  catechin, 
moritannio  acid,  and  all  varieties  of  tannin  that 
turn  green  with  FeClj  (Zwenger,  A.  37,  327  ; 
Wagner,  J. pr.  52,  450;  55,  65;  Eissfeldt  a.  Uloth, 
A.  92, 101 ;  111,  215).— 2.  By  the  dry  distillation 
of  wood  (Buchner,  A.  96,  188). -3.  By  heating 
cellulose,  starch,  or  cane  sugar  with  water  at 
200°-280°  (Hoppe-Seyler,  B.  4,  15).— 4.  By 
potash-fusion  from  o-iodo-phenol  (Korner,  Btill. 
Acad.  Belg.  [2]  24,  166  ;  Lautemann,  A.  120, 
315). — 5.  By  the  action  of  HI  on  guaiacol 
(Gorup-Besanez,  J.  1867,  688;  Baeyer,  B.  8, 
155). — 6.  By  the  dry  distillation  of  protocatechuic 
acid  and  of  quinic  acid  (Strecker,  A.  118,  285 ; 
Hlasiwetz  a.  Barth,  J.  1864,  405 ;  Tiemann  a. 
Haarmann,  B.  7,  617).— 7.  By  potash-fusion 
from  o-phenol  sulphonic  acid  (Kekul6,  Z.  1867, 
643),  benzoic  acid,  gum  guaiacum  (Hlasiwetz  a. 
Barth,  A.  130,  352  ;  134,  282),  and,  together 
with  resorcin,  from  o-  and  m-  bromo-phenol 
(Fittig,  B.  8,  364).— 8.  By  soda-fusion  from 
phenol  (Barth  a.  Schreder,  B.  12,  419).— 9.  From 
phenol  and  H^O,  (Martinon,  Bl.  [2]  43,  157).— 
10.  By  passing  a  rapidly  alternating  electric 
current  through  a  solution  of  phenol. — 11.  A 


product  of  the  action  of  water  at  200°  on  benz- 
ene hexachloride  (Meunier,  C.  B.  100,  1591). 

Preparation. — 1.  From  HIAq  and  guaiacol  at 
200°  or  by  heating  guaiacol  with  cone.  HClAq 
for  4  hours  at  175=  (Perkin,  jun.,  C.  J.  57,587). 
2.  By  fusing  o-phenol  sulphonic  acid  with 
potash  at  350°  (Degener,  J.  pr.  [2]  20,  308). 

Properties. — Large  plates  (from  benzene)  or 
needles  (from  water),  v.  sol.  water,  alcohol,  and 
ether,  m.  sol.  benzene  and  chloroform,  insol. 
ligroin.  Gives  an  acid  reaction  in  presence  of 
borax  (Lambert,  C.  R.  108,  1017).  FeSOj  gives 
no  colour.  FeCl^  colours  the  aqueous  solution 
green,  turned  violet-red  by  alkalis  (Ebstein  a. 
Miiller,  Fr.  15,  465).  The  allcaline  solution 
absorbs  oxygen,  becoming  brown.  It  reduces 
AgN03,  AuClj,  and  platinic  chloride.  Ppts.  a 
cone,  solution  of  egg-albumen.  Does  not  ppt. 
gelatin.  Lead  acetate  gives  a  white  pp.  Quinone 
in  ethereal  solutions  forms  CsH^OjCuH^O,, 
crystallising  in  deep-green  needles  with  violet 
lustre  [153°]  (Clermont  a.  Chautard,  C.  B.  102, 
1072).  Ppts.  a  solution  of  quinine  sulphate, 
forming  C^nHjiNjO.  H-^SO,  C,B.^O.,  aq,  which 
separates  from  alcohol  in  yellow  crystals  [167°], 
V.  si.  sol.  cold  water. 

Reactions. — 1.  Nitric  acid  acts  violently, 
forming  oxalic  acid. — 2.  Phthalic  anhydride  and 
ZnClj  at  150°  form  '  pyrocatechin  phthalein  ' 

^6^^*\!^C(C.H  (OH)J  '  ^y®^^°^  mass  forming 
a  blue  solution  in  alkalis  and  yielding  a  tetra- 
benzoyl  derivative  [202°]  (Baeyer  a.  Kochen- 
dorfer,  B.  22,  2196).— 3.  Phe^iyl  cyanate  at  100° 
forms  C6H,(0.C0.NHPh)„  [165°]  crystaUising  in 
needles,  v.  sol.  alcohol  (Snape,  C.  J.  47,  772). — 
4.  The  disodium  compound  CeHj(0Na)2  treated 
with  COj  in  the  cold  forms  C,H^(0.C02Na)„, 
which  at  100°  changes  to  the  compound 
C,H,(0.C02Na)(0H).C0.,Na  and  at  210°  to 
C6H2(0H).,(C0,Na)j  (Sclimitt  a.  Hiihle,  J.  pr.  [2] 
44,  2). — 5.  Ammonium  carbonate  and  water  at 
140°  react  forming  protocatechuic  acid  and 

I  C,H3(0H)(C0,H),,[1:2:3].— 6.  K,S,,0,  acting  on 
K  salt  forms  crystalline  05114(0. SO^K),  and 

I  C,H,(OH)(O.SO.,K)  (Baumann,  B.  11,  1913).— 7. 

'  Cl.CONH,  forms  CsH^^O.CONHj),  [178°]  crystal- 
lising from  alcohol  in  needles. — 8.  Chlorine 
passed  into  its  solution  in  acetic  acid  forms 

CC1<CCL,'C0^'^*^°  crystallising  (with  2aq) 
from  ether -ligroin,  and  from  ligroin  (with  aq). 

!  melting  at  94°  (Zincke  a.  Klein,  B.  21,  2719).— 
9.  KOH  and  ClCO,Jlt  form  CsH.COa  [118°] 
(Bender,  B.  13,  697),  (225°-230°)  (M.  WaUach, 
A.  226,  84). 

Estimation.  —  By  extracting  its  acidified 
aqueous  solution  with  ether,  evaporating  the 

:  ether,  dissolving  the  residue  in  water,  and  pre- 
cipitating with  lead  acetate.    The  pp.  is  dried  at 
100°  and  weighed  (Degener,  J.  pr.  [2]  20,  303). 
Salts.— GsHAPb.  White  pp.— CsHASb  or 

C6Hj<^Q>SbOH.    Formed  by  adding  SbCl^  to  a 

solution  of  pyrocatechin  saturated  with  NaCl 
(Causse,  Bl.  [3]  7,  245).  Prisms,  insol.  water, 
alcohol,  and  ether,  sol.  alkalis  and  mineral  acids. 
Ac^O  at  125°  forms  C,H4(0Ac),,and  Sb(OH)(OAc)„. 

Di-acetyl  derivative  G6Hj(OAc)2. 
Needles  (Nachbauer,  A.  107,  243). 
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Di-benzoyl  derivative  C„H|(OBz).,. 
[84°].  Plates  (Doebner,  A.  210,  261 ;  Hiusberg, 
A.  254,  254). 

Mono-methyl  ether  C„H,(OH)(OMe). 
Guaiacol.  Mol.  w.  124.  [28-5°].  (205°)  (Tiemaim 
a.  Koppe,  B.  14,  2016  ;  Behal  a.  Clioay,  Bl.  [3]  9, 
142).  S.G.  iS  1-125  (V.) ;  ^  1-153  ;  ii  i-143  (B.  a. 
C).  A  product  of  distillation  of  gum  guaiaoum 
(Sobrero,  A.  48,  19  ;  Deville  a.  PeUetier,  A.  52, 
403  ;  Volckel,  A.  89,  349).  Occurs  among  the  pro- 
ducts of  the  distillation  of  wood  (Hlasiwetz,  A. 
106,  362;  Gorup-Besanez,4.143,151).  Prepared 
by  heating  calcium  vanillate  with  slaked  lime 
(Tiemann,  B.  8,  1123)  and  by  heating  pyro- 
cateohin  with  Mel  and  KMeSO,  (Gorup- 
Besanez,  A.  147,  248,  or  with  NaOMe,  MeOH, 
and  Mel).  Liquid,  with  peculiar  odour,  sol. 
alcohol  and  ether,  si.  sol.  water,  sol.  dry  glycerin 
and  ligroin.  FeCls  gives  a  green  colour  in  its 
alcoholic  solution.  Dissolves  in  alkalis.  Yields 
CjHj.OMe  on  heating  with  zinc-dust  (Marasse,  A. 
152,  64).  PCI5  forms  C,H,C1.0Me  (Fischli,  B.  11, 
1463).  I  and  KOHAq  give  a  coffee-brown  pp. 
[125°-130=]  (Messinger  a.  Vortmann,  B.  22, 
2320).  The  K  salt  is  converted  by  acetochlor- 
hydrose  into  C,Hj(OMe)(O.C,H,,0,)  [157°] 
(Michael,  Am.  6,  339).  Phthahc  anhydride  and 
SnCl^  at  115°  form  '  guaiacol-phthalein,'  which 
yields  a  crystalline  benzoyl  derivative  (Baeyer, 
jP.  22,  2199).  HoSOj  forms  two  sulphonic 
acids  (Tikmann  a.  Koppe,  B.  14,  2019). — 
C,iH^(OK)(OMe)  2aq.— KHA'.,  aq:  prisms  (from 
alcohol),  decomposed  by  water. — Pb(OH)A' : 
flocculent  pp.  —  C,Hj(0.S03K)(0Me)  :  white 
needles.— C,H,(OAc)(OMe).  (235°-240°).  V.D. 
82-7  (obs.).    Colourless  liquid. 

Di-methyl  ether  CgH^(OMe).,.  Veratrole. 
(205°).  V.D.  68-6  (obs.;  H=l).  S.G.  1^  1-086. 
Formed  by  heating  veratric  acid  with  baryta 
(Merk,  A.  108,  CO  ;  Koelle,  A.  159,  243 ;  Tie- 
mann, B.  14,  2016).  It  is  obtained  also  from 
C,H,(OK)(OMe)  and  Mel  (Marasse).  Sohdified 
at  15°. 

Methyl  ethyl  ether  C,H^(OMe)(OEt). 
(213==).    V.D.    (H  =  l)  75-6  (obs.).  Liquid. 

Methyl  propyl  ether  C,.H|(OMe)(OPr). 
(240'^-245°).    Liquid  (Cahours,  Bl.  [2]  29,  270). 

Di-cthyl  ether  CJI,(OF,t},.  [44°].  Formed 
from  pyrocatechin,  EtI,  and  alcoholic  potash 
(Herzog  a.  Zeisel,  M.  10,  152). 

Di-henzyl  derivative  C,,H,(0C;H,)2. 
[61°].  Yellowish  needles  (from  alcohol).  Forms 
a  nitro-  derivative  crystallising  in  needles  [98°]. 

The  mono-benzyl  derivative  is  liquid,  but  its 
nitro-  derivative  forms  yellow  needles  (from  al- 
cohol) [129°]  (Schiff  a.Pellizzari,^.  221,  378  ;  G. 
13,  507). 

Sulphonic  acid  CsH3(OH).,(SO,H)[4:3:l]. 
Formed  by  fusing  phenol  (a)-disulphonic  acid 
with  KOH  at  300°  (Barth  a.  Schmidt,  B.  12, 
1260).  Deliquescent  needles,  v.  sol.  water  and 
alcohol,  insol.  ether. — KA'. — NaA'aq. — BaA'j. 

References. — Amido-,  Bromo-,  Chloro-,  and 
Nitro-  Pyrocatechin,  and  TBi-EBOuo-GnAiACOL. 

PYROCINCHONIC    ACID    v.  Di-methyl- 

MALBIC  ACID. 

PYROCOLL  C,„H,N..O.,  (Magnanini,  B.  22, 
2502).  [269°].  A  product  of  the  distillation  of 
gelatin  when  free  from  fat  but  containing  albu- 
men, casein,  or  gluten  (Weidel  a.  Ciamician,  M. 
1,  279  ;  2,  29).     Formed  also,  together  with 


HOAc,  by  heating  the  acetyl  derivative  of  pyr- 
role (a)-carboxylic  acid  (Ciamician  a.  Silber,  B. 
17, 103 ;  G.  14,  i62,  563).  Colourless  plates,  insol. 
water  and  cold  alcohol,  si.  sol.  ether.  Sublimes 
before  fusion. 

Reactions. — 1.  Boiling  KOHAq  converts  it 
into  pyrrole  carboxylic  acid. — 2.  Alcoholic  NH3 
forms  the  amide  of  pyrrole  carboxylic  acid. — 3. 
PCI5  forms  C,oCleN,0,' [above  320°]  insol.  ether 
and  CidCljoNjO  [197°]  sol.  ether  (Ciamician  a. 
Danesi,  G.  13,  28).  The  perchloro-pyrocoll 
C.oClijNjOo  is  converted  by  boiling  KOHAq  into 
tri-chloro-pyrrole  carboxylic  acid,  and  by  PCI5 
into  C|„C1,^N.,0,,  [147°]. — 4.  Bromine  forms 
C,oH,BrN,02  [192°],  C.oHiBr.N.O,  [290°],  and 
C,„HJBrjN„02,  which  is  converted  by  KOHAq 
into  di-bromo-pyrrole  carboxylic  acid  (Ciamician, 

G.  11,  330  ;  12,  29  ;  B.  16,  2388). 

Reference. — Chloro-,  Bromo-,  and  Nitbo- 
Pyrocoll. 

PYROCRESOL.  Ci^HnO?  An  inappropriate 
name  given  by  Schwarz  (B.  15,  2201 ;  16,  2141 ; 
M.  3,  726 ;  cf.  Armstrong,  (J.  J.  Proc.  3,  114)  to 
some  neutral  substances  found  in  coal-tar. 

(a)-Pyrocresol  [195°].  Thin  silvery  plates, 
yielding  crystalline  CsH^rjO,.  ?  and  oxidised  by 
CrO,  in  HOAc  to  CiIH,",©.,  [168°]  which  yields 
C,5H,„(N0,,)A  [23.5°],'  C,,H„(NO,),0,  and 
C|,H8(NH„),0.,  [300°]  ?  (Bott  a.  Miller,  C.  J.  55, 
52).  Chlorine  acting  on  a  solution  of  (a)-pyro- 
cresol  in  chloroform  gives  CijUnCljO  [225°]  ? 
HI  reduces  (a)-pyrocresol  to  a  hydrocarbon 
C,5H,„?  (Bott,  G.  J.  Proc.  3,  114). 

(0)-Pyrocresol  [c.  124°].  Yields,  on  oxida- 
tion, '()3)-Pyrocresol  oxide  '  C„H,,0,  [95°]. 

(7)-Pyrocresol  [165°].    Yields  '  (■)')-pyi-ocresol 
oxide '    [77°]  on   oxidation.     Bromine  forms 
CgH.JBr.jO.,  ?  crystallising  in  trimetric  plates. 
■  PYROGALLic  ACID  v.  Pyrogallol. 

PYROGALLOL  C,HA  i-e-  C„H,(OH)3[l:2:3]. 
c-Tri-oxy -benzene.  Pi/rogallic  acid.  Mol.  w. 
126.  [131°]  (Etti,  11,  1882;  cf.  Stenhouse, 
A.  179,  236) ;  [134°]  (Stohmann).  (210°).  S. 
40  at  12°.  H.C.p.  633,300  (Berthelot  a. 
Louguinine,  A.  Oh.  [6]  13,  339  ;  C.  R.  104,  1577). 

H.  F.  (from  diamond)  137,700  (B.  a.  L.) ;  132,000 
(Stohmann,  J.  j:)r.  [2]  45,  336).  Occurs  in  wood- 
tar  as  dimethyl  ether. 

Formation. — 1.  By  heating  gallic  acid  (alone 
or  mixed)  with  pumice  stone  (2  pts.)  (Braconnot, 
A.  1,  26  ;  Pelouze,  A.  10,  159  ;  Liebig,  A.  101, 
47). — 2.  By  heating  di-iodo-o-oxy-benzoic  acid 
with  KOHAq  (Lautemann,  A.  120,  299).— 3.  By 
heating  (a)-  or  (/3)-  chloro-phenol  sulphonic  acid 
with  KOH  at  190°  (Petersen  a.  Baehr,  A.  157, 
136). — 4.  By  heating  gallic  acid  (10  g.)  with 
glycerin  (30  c.c.)  at  200°  as  long  as  CO,,  comes 
off  (Thorpe,  Ph.  [3]  11,  990).— 5.  By  heating 
gallic  acid  (1  pt.)  with  aniline  (2  pts.)  at  120° 
(Cazeneuve,  Bl.  [3]  7,  549).  The  product  is 
aniline  pyrogallate  C^HiA^NPhH,  [56°],  which 
gives  off  aniline  when  exposed  to  air,  or  w'hen 
shaken  with  benzene. 

Prope7-ties. — Prisms,  v.  sol.  water,  m.  sol.  al- 
cohol and  ether.  Tastes  bitter.  Poisonous 
(Personne,  Z.  [2]  5,  728).  Its  alkaline  solution 
rapidly  absorbs  oxygen,  turning  brown,  and 
giving  off  a  little  CO  in  bulk  about  Jgth  of  the 
oxygen  absorbed  (Calvert  a.  Cloez,  A.  130,  248). 
Eeduces  KMnO^.  (Monier,  C.  R.  46,  577)  and 
salts  of  mercury,  Ag,  Au,  and  Pt.    FeSO^  gives 
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a  white  milkiness,  but  if  a  ferric  salt  is  present, 
or  the  pyrogallol  solution  has  become  slightly 
oxidised  by  keeping,  FeSOj  gives  an  indigo-blue 
colour,  changing  to  brownish-red  on  standing 
and  on  adding  HCl  (Jacquemin,  C.  B.  77,  593  ; 
Cazeneuve,  BL  [2]  U,  114;  C.  B.  101,  56). 
PeClj,  in  absence  of  air,  gives  a  transient  blue 
colour,  restored  by  cautious  addition  of  alkali.  A 
solution  of  pyrogallol  renders  borax  slightly 
acid  (Lambert,  C.  B.  108,  1017).  Nitrous  acid 
colours  the  aqueous  solution  brown  (Schonbein, 
Fr.  1,  319).  K,CrO,  and  H.SO^  give  a  dark 
colour.  Eeduces  CuSO^  and,  on  addition  of  al- 
kalis, gives  a  black  colour  changed  by  NHj  to 
red.  Cu(OAc)._,  gives  at  once  a  black  colour. 
Pyrogallol  fused  with  ammonium  oxalate  yields 
ammonium  rutigallate,  which  dissolves  in  water 
with  red  colour  and  gives  with  K^FeCy,;  and 
K,Cr,Oj  a  dark-brown  pp.  insol.  alcohol  (Klie- 
bahn,  Fr.  26,  641).  A  solution  of  iodine  in 
presence  of  Na  .SO^  gives  a  purple  colour  (Nasse, 

B.  17,  1166).  "  A  solution  of  HgCl.  and  pyro- 
gallol in  alcohol  gives  a  black  pp.  with  alkaloids 
but  not  with  glucosides  (Schlagdenhaufen,  Ph. 
[3]  4,  772).  An  alkahne  solution  of  pyrogallol 
absorbs  about  50  vols,  of  NO  in  12  hours,  but 
no  N.,0  (Russell  a.  Lapraik,  C.  J.  32,  35).  Pyro- 
gallol does  not  react  with  hydroxylamine 
(Baeyer,  B.  19,  163).  A  solution  of  potassium 
pyrogallate  which  is  absorbing  oxygen  in  con- 
tact with  alumina  gives  out  a  feeble  light,  es- 
pecially in  presence  of  Na.,S  (Lenard  a.  Wolf,  P. 
[2]  34,  918). 

Beactions. — 1.  Fuming  HNOj  forms  oxalic 
acid. — 2.  Bromine  forms  tri-bromo-pyrogallol. — 
3.  Chlorine  in  presence  of  HOAc  forms  mairo- 
gallol  (vol.  iii.  p.  165)  and  crystalline  leucogallol 

C,  8H^Cl,20|2  2aq,  which  yields  tri-chloro-pyro- 
gallol  when  boiled  with  water  and  zinc-dust 
(Stenhouse  a.  Groves,  C.  J.  28,  706 ;  Webster, 
C.  J.  45,  208 ;  Hantzsoh  a.  Schniter,  B.  20, 
2033).— 4.  Ozone  passed  through  a  solution  of 
pyrogallol  (1  mol.)  and  KOH  (3  mols.)  in  water 
forms  a  syrupy  acid  CbH„0„  which  yields 
BaC,H,0,  (Boeke,  B.  6,  486).-5.  Purpurogallin 
or  pyrogalloquinone  is  formed  by  oxidation  by 
alcoholic  AgNO  ,,  by  KMnO^  and  H,SOj,  or  by 
excess  of  FeCl^  (Girard,  C.  B.  69,  865).  It  is  also 
got  from  pyrogallol  and  quinone  (Wichelhaus, 

B.  6,  847;  Nietzki,  B.  20,  1278).  It  forms 
garnet-red  needles  (by  sublimation),  si.  sol. 
water,  m.  sol.  alcohol  and  ether,  forming  yellow 
solutions.  Alkalis  impart  a  transient  blue 
colour.  Purpurogallin  dyes  cotton  mordanted 
with  alumina  violet-blue.  When  an  aqueous 
solution  of  pyrogallol  is  mixed  with  gum  arable 
and  exposed  to  the  air,  purpurogallin  C.Jl^fig 
separates,  the  yield  in  the  course  of  two  months 
being  67  p.c.  of  the  pyrogallol  used  (Struve,  A. 
163,  160  ;  De  Clermont  a.  Chautard,  C.  B.  94, 
1189,  1254).  A  solution  of  pyrogallol  and 
Na^HPOj  also  yields  pyrogalloquinone  on  ex- 
posure to  air  (Loew,  J.  pr.  [2]  15,322).  Purpuro- 
gallin forms  C.,||H|._,Ac,,0,j  and  C2„H,.,Br,,0,|.— 6.  An 
ammoniacal  solution  exposed  to  the  air  forms 
brown  pyrogallein  C,8H„„N^O,o  (Eosing,  J.  1858, 
259).- — 7.  Ammonium  carhonata  at  130^^  forms 
pyrogallol  carboxylic  acid  C,H,.Oj  (v.  Tri-oxy- 
BENZoic  acid)  and  pyrogallol  dicarboxylic  acid 

C,  H,0,  [270°]  (Senhofer  a.  Briinner,  M.  1,  468). 
8.   Distillation  over  zinc-dust    yields  benz- 


ene.—9.  ClCOjEt  acting  on  the  K  salt  forms 
CsHgO,  [105°]  converted  by  aniline  into  di- 
phenyl-urea  and  the  mono-ethyl  ether  of  pyro- 
gallol (Bender,  B.  13,  698).— 10.  A  few  drops  of 
POCI3  added  to  a  mixture  of  pyrogallol  (2  pts.) 
and  acetone  (1  pt.)  react  violently,  forming 
gallacetonin  C<,H|„0^,  which  crystallises  from  15 
p.c.  alcohol  in  whetstone-shaped  crystals,  insol. 
water,  decomposing  about  250°,  and  yielding 
C^HgAcOj  (Wittenberg,  J.  pr.  [2]  26,  76).  Its 
solutions  are  turned  purple  by  FeCl^  and  reduce 
AgNOj. — 11.  A  few  drops  of  H^SO^  added  to  a 
mixture  of  pyrogallol  (12  g.)  and  acetoacetic 
ether  (8  g.)  form  di-oxy-methyl-coumarin 
C,„HjOj,  which  crystallises  from  water  in  needles 
[235°]  and  yields  C,(,H,,Ac.,04  [176°]  (Wittenberg, 
J.pr.  [2]  26,  68;  Pechmann,  B.  16,  2127;  17, 
2188). — 12.  Phthalic  anhydride  ioims,  on  heat- 
ing, C2„H,„0,  (Baeyer,  B.  4,  457,  663  ;  A.  209, 
261). — 13.  Plienyl  cyanate  at  100°  forms 
C,H3(O.CO.NHPh)3  [173°]  crystallising  in  minute 
needles  (Snape,  C.  J.  47,  774).— 14.  Cyanogen 
passed  into  an  aqueous  solution  forms  CgH^OjCy, 
or  a  polymeride  thereof,  as  an  unstable  crystal- 
line pp.  (Loew,  J.  [2]  15,  326). — 15.  Chloro- 
acetic  acid  (2^  pts.)  followed  by  NaOHAq  forms 
G„H,(0.CH,.C0.,H)3  crystallising  in  needles 
[198°],  S.  1-3  at  14-5°  and  yielding  K3A'"  and 
KH„A"'aq  (Giacosa,  J.  pr.  [2]  19,  398).— 16. 
Benzotrichloridc  at  160°  yields  '  pyrogallol- 
benzein '  CjgH^jO,,,  crystallising  in  minute  red 
plates  with  green  lustre  forming  a  blue  solution 
in  alkalis  and  a  bluish- violet  solution  in  alcohol. 
Zinc  and  HOAc  reduce  it  to  the  anhydride  of 
hexa-oxy-diphenyl-methane.  Pyrogallol-benzein 
yields  C3,H„„Ac,0„  [208°],  C3,H.,„Bz,0„  [251°], 
C3,H„„0„ (05630)4  [228°]  (Dobner  a.  Forster,  A. 
257,  60).— 17.  Benzoic  acid  and  ZnCl,  at  145° 
form  tri-oxy-benzophenone  {Alizarin  yellow  A) 
C,H,(OH)3.CO.C,,H5  [141°],which  crystallises  with 
aq.  The  same  iDody  is  got  by  heating  p3rrogallol 
with  benzotrichloride  (O.  P.  50,451  [1889]  and 
54.661  [1890] ;  Graebe  a.  Eichengriin,  A.  269, 
297). — 18.  On  heating  pyrogallol  with  salicylic 
acid  and  zinc  chloride  tetra-oxy-benzophenone 
C,H,(0H).C0.C,H.,(0H)3  [149°]  is  formed(G.  a.  E.). 

19.  Ac.O  forms  C,„H,„0,  [280°]  crystallising 
in  white  prisms  (Causse,  Bl.\Z~]'i,  867).  Fuming 
HClAq  at  170°  forms  C.jH,,0,  as  a  black 
powder,  sol.  NaOHAq  (Bottinger,  A.  202,  280).— 

20.  Benzene  sulphonic  chloride  added  to  a  solu- 
tion of  pyrogallol  kept  slightly  alkaline  forms 
C,H3(O.SO,Ph)3  [142°],  sol.  alcohol,  si.  sol. 
ether  (Georgesen,  B.  24,  418). — 21.  Formic  al- 
dehyde and  dilute  HClAq  form  CH,(C„H,(0H)3),, 
a  microcrystalline  powder,  insol.  water,  sol.  al- 
cohol (Caro,  B.  25,  947).— 22.  Aldehyde  and 
dilute  ILjSOj  mixed  with  Na.jSO.,  added  slowly  at 
60°  gives  colourless  crystals  of  C^HjOj  2aq, 
which  when  dried  at  30°  over  H.,SO,  leaves 
violet  C^HAaq  (Causse,  Bl.  [3]  3,  865;  cf. 
Michael  a.  Eyder,  Am.  9,  133).— 23.  Benzoic 
aldehyde  and  a  large  quantity  of  HClAq  form 
amorphous  C„,iH,.0,  (Baeyer,  B.  5,  280).  Benzoic 
aldehyde,  alcohol,  and  a  little  cone.  HClAq  form 
a  pp.  of  G.^Ho^Oe,  which  yields  CosH^Ac^O^ 
(Michael  a.  Ryder,  Am.  9,  130).  On  heating 
with  benzoic  acid  alone  pyrogallol  forms  resin- 
ous G.sH.oO,  and  red  C,,.H,sO„  which  may  be  re- 
duced'to  colourless  C.,u"H.,.,0,  (Baeyer,  -B.  5,  25). 
24.  KOH  (33  pts.)  and  CSjO,  (70  pts.)  heated 
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•with  water  (33  pts.)  and  pyrogallol  (25  pts.)  at  [ 
70°  form  C,H3(0H),(0.S0,K),  crystallising  in 
needles,   v.   e.    sol.  water  (Baumann,  B.  11, 
1913).— 25.  CICONH,  forms  C,H:,(O.CO.NH.),. 
[178°],  crystallising  from  alcohol  in  plates. 

Salts.  — C„H3(0H),(0NH,).  Crystals,  got 
by  passing  NH3  into  an  ethereal  solution  of 
pyrogallol  (De  Luynes,  A.  Siq^pl.  6,  252). — 
C,,H3(0H)(0,,Pb)  aq.  Crystalline  pp.  got  by 
adding  lead  nitrate  to  ammonium  pyrogallol. 
Converted  by  cone.  NH,A(i  into  C.H.PjSPbO.— 
(CsH50.,)Pb.6Ac.  Ppd.  by  adding  lead  acetate  to 
a  solution  of  pyrogallol  (Deering,  C.  J.  26,  702). 
— C^H5(SbO)03.  Plates,  got  by  ppg.  pyrogallol 
solution  with  tartar-emetic  (Rosing).  SbCl., 
(100  g.)  dissolved  in  a  saturated  solution  (250 
c.c.)  of  NaCl,  filtered,  and  slowly  added  to  pyro- 
gallol (50  g.)  dissolved  in  saturated  NaClAq 
(250  g.),  forms  a  white  pp.  which  changes  to 

crystals  of  CsH3(OH)<^Q^SbOH2aq,  insol. water 

and  alcohol,  sol.  mineral  acids  (Causse  a.  Bay- 
ard, Bl.  [3]  7,  794).  At  100°  the  above  liquids 
on  mixing  yield  C(.H303Sb,  which  is  also  crystal- 
line, whence  Ac„0  at  100°  forms  C^HjOjAc^. 
AcCl  in  Ac.,0  converts  both  antimonites  into 
C,H,(0Ac)3.— CBH6032NPhH„.  [50°]  (Mylius,  B. 
19,  1003). 

Acetyl  derivative  GJl3{0Ac)^.  Got  from 
pyrogallol  and  AcCl  (Nachbauer,  A.  107,  241). 

Benzoyl  derivative  CsH,(0Bz)3.  [90°]. 
Got,  together  with  a  mono-  or  di-  benzoyl  deriva- 
tive [131-5°],  from  pyrogallol  and  BzCl  (Skraup, 
M.  10,  391). 

Di-methyl  e^/ier  C,.H,(OH)(OMe),.  [52°]. 
(253°).  Occurs  in  beech-wood  creosote  (Hof- 
mann,  B.  11,  333 ;  12,  1373).  Formed  from 
pyi'ogallol  (1  moL),  KOH,  and  Mel  (2  mols.)  at 
100°.  Prisms  (from  water).  Its  alkaline  solu- 
tion does  not  turn  brown  in  air.  Oxidised  by 
means  of  K„Cr.,Oj  and  HOAc  to  ccerulignoue 
C,,HjO.,(OMe)j.  '  Yields  C,H.,(OAc)(OMe),  as  a 
sticky  mass,  and  C,H3(0Bz)(0Me).,  [118°]. 

Tri-mcthyl  ether  CBH3(0Me).,.  [47°]. 
(235°).  Formed  by  the  action  of  Mel  and  KOH 
on  pyrogallol  dissolved  in  MeOH  (Will,  B.  21, 
607).  Needles,  insol.  water  and  alkalis,  v.  sol. 
alcohol  and  ether.  Yields  C„Br,,(0Me)3  [81°]. 
Cone.  HNO3  forms  C,,H,,(N0,,)(0Me)3  [100°]  and 
the  di-methyl  derivative  of  dioxyquinone. 

Mono-ethyl  ether  C,H3(dH),(0Et).  [95°]. 
Formed,  together  with  the  di-  and  tri-  ethyl 
ethers,  by  heating  pyrogallol  with  KOH  and 
KEtSO,  at  100°  (Benedikt,  B.  9, 125  ;  M.  2,  212  ; 
Hofmann,  B.  11,  797).  Needles,  m.  sol.  water, 
V.  6.  sol.  alcohol  and  ether.  FeSO^  gives  a 
bluish-violet  colour.    Volatile  with  steam. 

Di-ethi/l  ether  C,,H3(0H)(0Et).,.  [79°]. 
(262°).  Crystals  (from  dilute  alcohol).  "Oxidised 
by  K,Cr.p,  and  HOAc  to  ethyl-cuerulignone. 
Nitrous  acid  passed  into  an  ethereal  solution 
forms  C.,„H„,0sHN03,  which  forms  a  brown  solu- 
tion in  water. 

Tri-cthyl  ether  C„H3(OEt)3.  [39°].  Got 
from  pyrogallol,  alcoholic  potash,  and  EtI 
(Herzig  a.  Zeisel,  M.  10,  151).  Needles,  insol. 
KOHAq. 

Ethylene  7ier  C„a,(OH):0,,:C,H,.  (267°). 
Formed  from  pyrogallol,  alcoholic  potash,  and 
ethylene  bromi(ie  (Magatti,  B.  12,  1860).  Yields 
C,H3(0Bz):0,C,H^  [109°]. 


References. — Amido-,  Bromo-,  Chloro-,  and 
NiTRo-  pyrogallol. 

PYROGALLOL  CAEBOXYLIC  ACID  v. 
Gallic  acid. 

Pyrogallol  dicarboxylic  acid 
C„H(OH),(CO.,H),[l:2:3:4:5].  QaUocarbo.r>/lic 
acid.  [270°].  S.  -05  at  0°.  H.C.  633,700.  H.P. 
231,300  (Stohmann,  J.pr.  [2]  40,  128).  Formed 
by  heating  pyrogallol  or  gallic  acid  with  am- 
monium carbonate  at  130°  (Senhofer  a.  Brunner, 
M.  1,  468).  Needles  (containing  3aq),  si.  sol. 
cold  water.  Gives  a  violet  colour  with  FeClj. — 
K,A"  2aq  :  needles.  —  BaA"aq.  —  CaA"  6aq.  — 
Ai,A". 

PYROGALLOL  SULPHONIC  ACID  C,H,SO^ 
i.e.  C„H.,(OH),.SO.,H  iaq.  Formed  by  dissolving 
pyrogallol  in  H.,SO,,  (Personne,  Bl.  [2]  12,  169  ; 
20,  531;  Schiff,  A.  178,  179).  Hygroscopic 
crystals. — KA'  2aq  :  prisms,  v.  sol.  water.  Con- 
verted by  heating  with  POCl,  into  C|.,H,„S.jO|,,  a 
llocculent  mass,  v.  sol.  alcohol,  wliich  is  con- 
verted by  warming  with  HOAc  and  Ac.O  into 
crystalline  C|.,Hr,Ac-,S,0|,  and  C|.,H.Ac,S..'0,,. 

PYROGALLOftUINONE  v.  Pyr'ug;u.lol,  Re- 
action 5,  and  Puiu'Ukooallin. 

PYROGENTISIC  ACID  is  Hydroquinone. 

PYROGLUTAMIC     ACID     is  Osy-tetra- 

METHENYL  IiIHYDRIDE  CARBOXYLIC  ACID. 

PYROGLYCERrN  v.  Diglycekin. 

PYROGUAIACIN  C,8H,h03  i.e.  C„H„0(OH).,. 
[180-5°].  (258°)  at  80-90  mm.  V.l).  9-53  (calc. 
9-76).  A  product  of  the  distillation  of  gum 
guaiacum  (Pelletier  a.  Deville,  C.R.ll,  1143; 
Ebermaier,  J.  pr.  62,  291 ;  Nachbauer,  A.  lOG, 
382  ;  Hlasivvetz,  A.  106,  381 ;  119,  277  ;  Wieser, 
M.  1,  594).  Plates,  v.  si.  sol.  hot  water,  si.  sol. 
alcohol  and  ether.  Forms  a  blue  solution  in 
H>S04.  On  distillation  with  zinc-dust  it  yields 
guaiene  C|„H|._,  [100°],  which  is  converted  by 
oxidation  into  a  lemon-yellow  quinone  C,.,H|„02 
[121°].  Potash-fusion  forms  C,,,H,,0,  [202°], 
which  is  reduced  by  zinc-dust  to  guaiene.  Pyro- 
guaiacin  yields  C,8H,(,Ac,0,  [122°],  C„H,eBz.,03 
[179°],  C,sH,3Br303  [172°],  and  the  salt 
C,«H,„K,03. 

PYROLIC  ACID  V.  Sebacic  acid. 

PYRO-MECAZONIC  ACID  C,H,NO,.  Formed 
by  heating  oxycomenic  acid,  with  NH3Aq  and 
also,  in  small  quantity,  along  with  the  isomeric 
amido-pyro-meconic  acid,  by  the  reduction  of 
nitro-pyromeconic  acid.  Prepared  from  oxy- 
pyro-mecazonic  acid  by  reducing  with  HI  (Ost, 
/.  pr.  [2]  19,  203  ;  23,  441 ;  27,  258). 

T-roperties. — Streaked  trimetric  tablets.  Com- 
bines with  mineral  acids,  but  not  with  acetic 
acid.  Gives  rise  to  a  di-acetyl  derivative  [155°] 
and  a  bromo-  derivative  CjHiBrNO.,.  Is  stable 
in  acid  solutions,  but  soon  turns  brown  in  alka- 
line solution.  Gives  a  blue  colour  with  FeCl,. 
BaCL,  and  NH3  give  a  pp.  which  turns  bright 
blue  in  air. 

Reactions. — 1.  Suspended  in  ether  and  mixed 
with  HNO3  forms  '  pyromecazone  '  C^H^NO.,. 
Pyromecazone  is  a  brick-red  powder,  insol. 
ether,  v.  sol.  water,  gives  no  colour  with  FeCl,, 
and  turns  the  skin  violet.  With  BaCl^  and  NH3it 
gives,  on  exposure  to  air,  a  crimson  pp.  Crystal- 
lises from  alcohol  as  C5H3N03,EtOH.  Aqueous 
SOo  converts  pyromecazone  back  into  pyrome- 
cazonic  acid.  These  properties  resemble  those 
of  a  quinone. — 2.  Suspended   in   HOAc  and 
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treated  with  HNO,  it  forms  yellowish  prisms  of 
nitro-pyromecazone  C5BL,(N02)N03  aq.  This 
body  is  decomposed  by  water  at  30°  into  nitro- 
pyro-mecazonic  acid  C5H4(N02)N03,  CO^  coming 
off  through  oxidation  of  some  of  the  substance. 
SO2  rapidly  changes  nitro-pyromecazone  into 
nitro-pyromecazonic  acid,  so  that  the  former 
resembles  quinone  in  its  ready  reducibility. 
Nitro-pyromecazonic  acid  gives  a  blood-red 
colour  with  FeCl3,  nitro-pyromecazone  gives  no 
colour  with  FeCl,.  It  yields  the  salt  C5H3NaN205. 

Salt. — HA'HClaq:  needles. 

Oxypyromecazonic  acid  C^H-NO^.  Formed 
by  passing  SO^  into  an  ethereal  solution  of 
nitrosopyromeconic  acid,  and  boiling  the  product 
{v.  Miroso-PTROMECoNic  acid)  with  CHCI3  (Ost, 
J.p7:  [2]  19,  177).  Needles  (containing  aq  or 
2aq).  Coloured  dirty- violet  by  FeCl3. — NaHA'j. 
— KHA'y— TIHA'2.— CaA.',.— HA'HCl. 

PYROMECONIC  ACID  GJIfi^.  [117°].  (225° 
uncor.). 

Preparation.  —  By  distillation  of  meconic 
acid  in  a  current  of  C0„,  some  comenic  acid  being 
also  formed  (Ost,  J.  pr.  [2]  19, 182  ;  23,  441 ;  cf. 
Eobiquet,  A.  5,  90;  A.  Ch.  [2]  5,  282;  51,  236; 
Stenhouse,  P.  M.  [3]  24,  128  ;  A.  49,  18  ;  F.  D. 
Brown,  P.  M.  [4]  4,  161 ;  8,  201 ;  A.  84,  32  ;  92, 
321 ;  IhMe,  A.  188,  31).    The  yield  is  14  p.c. 

Properties. — Glittering  prisms  from  water  or 
alcohol.  V.  sol.  chloroform,  much  less  sol. 
ether.  Gives  a  blood-red  colour  with  FeClj. 
Feeble  acid.  Does  not  react  with  hydroxylamine 
(Oderheimer,  B.  17,  2081).  Bromine  forms 
C5H3Br03,  crystallising  in  prisms  and  yielding 
PbA',  aq.  Excess  of  Br  yields  C^H^BrOaaq 
[109°].  ICl  forms  C5H3IO3  yielding  BaA',  aq  and 
PbA'^. 

Salts. — Forms  two  series  of  unstable  salts, 
alkaline  to  litmus  :  EA'. — HNaA'j. — BaA'.,  3aq. 
—  BaHjA',.  —  CaA'„  aq.— CaH^A'^.  —  MgA\.  — 
SrA'„  aq.— PbA'.,.— FeA'3.— CuA'o.  —  C,H,03,HC1. 
Formed  by  passing  HCl  into  ethereal  solution  of 
the  acid.  Decomposed  into  its  constituents  by 
water  or  alcohol.  Sulphates  C^HjOj.HoSO^  and 
(C,H,03).,H,,S04.  Got  by  adding  H„Sd^  to  an 
ethereal  solution  (Ost,  J.pir.  [2]  19,  189). 

Acetyl  derivative  C5H3ACO3.  [91°].  Ob- 
tained by  warming  with  AcCl. 

Nitroso-pyro-meconic  acid  C3H3(NO)03.  An 
unstable  compound  of  this  body  with  an 
equivalent  of  pyro-meconic  acid  is  formed  by 
passing  N2O3  into  an  ethereal  solution  of  that 
acid  (Ost,  J.pr.  [2]  19,  195).  An  aqueous  solu- 
tion of  SO2  converts  this  compound  by  addition 
of  H2  into  05H5(NO)03,C,H,03-  a  compound 
which  is  split  up  by  boiling  chloroform,  leaving 
so-called  oxy-mecaronic  acid,  C5H.NO4.  This 
acid  gives  a  violet  colour  with  FeCl,,  and  a  blue 
pp.  with  BaClj  and  NH3.  By  Sn  and  HCl  it  is 
reduced  to  pijro-mecaronic  acid  G^^0„. 

References. — Amido-  and  Niteo-pykomeconic 

ACID. 

PYEOMELLIC  ACID  G,„B.fi^.  [238°].  Ob- 
tained in  the  electrolysis  of  aqueous  KOH  with 
carbon  electrodes,  and  got  also  by  oxidation  of 
mellogen  by  KOCl  (Bartoli  a.  Papasogli,  G.  12, 
113;  13,51).  Crystalline  (containing  2aq),  sol. 
water  and  alcohol.  Yields  the  crystalline  salt 
CijHoNajO,  and  an  ethyl  ether  crystallising  in 
colourless  needles  [below  100°],  insol.  water. 


PYROMELLITIC  ACID  C^,B.Jd^  i.e. 
C,H.,(CO.,H),[l:2:4:5].  Mol.w.254.  [264°].  S. 
14-2  at  16°.  H.C.p.  777,400  (Stohmann,  J.  pr.  [2] 
40, 140  ;  43,  540).  H.C.v.  778,900.  H.F.  369,600. 
Formed  by  gently  distilhng  melhtic  acid  (Erd- 
mann,  A.  80,  281)  and  by  oxidising  s-durene 
(Jacobsen,  B.  17,  2517).  Crystallises  from  water 
in  triclinic  tables  (containing  2aq),  v.  sol.  hot 
water.  Forms  various  compounds  on  heating 
with  (a)-naphthol  (Grabowski,  B.  4,  726;  6, 
1065).— Ca2A'>-6aq.— Pb,A"aq.— Ag,A" :  pp. 

Methyl  ether  Me^A}\  [138°].  Plates,  si. 
sol.  hot  alcohol  (Baeyer,  A.  166,  339). 

Ethyl  ether  m^A'--.  [53°].  Formed  from 
the  Ag  salt  and  EtI  (Baeyer,  A.  Suppl.  7,  36). 
Needles  (from  alcohol). 

Chloride  C,H„(COCl)j.  Got  by  heating  the 
acid  with  PCI5.    Crystalline  mass,  v.  sol.  ether. 

Anhydride  C,H2(C,,03)2.  [268°].  Got  by 
distilling  the  acid.  Needles  (by  sublimation),  v. 
sol.  hot  water,  being  re-converted  into  the  acid. 

Tetrahydride  C^B.,{CO.,B.),.  Formed  by 
the  action  of  sodium-amalgam  on  the  ammonium 
salt  of  pyromellitic  acid  (Baeyer).  Amorphous 
hygroscopic  mass,  v.  sol.  water.  When  heated 
with  HjSOj  it  yields  pyromellitic,  trimellitic, 
and  isophthalic  acids. 

Iso- tetrahydride  C5Hj(C02H)4.  [above 
200°].  Accompanies  the  preceding  acid.  Needles 
(containing  2aq).  Behaves  like  the  preceding 
hydride  when  heated  with  ELSO,.  Yields  a 
methyl  ether  [156°]  which  may  be  distilled. 

References. — Amido-  and  Niteo-  Ptkomel- 

LITIC  ACID. 

PYROMUCIC  ACID  C,H,03  i.e. 
CH  CH 

CH  0  ^^■C'-*2-f^-  Furfurane  (a)-carboxylic 
acid.  Mol.  w.  112.  [132°].  S.  3-6  at  15° ;  25 
at  100°.  Eoo  40-18  (in  a  2-19  p.c.  aqueous 
solution). 

Formation. — 1.  By  the  distillation  of  mucic 
acid  (Houton-Labillardi^re,  A.  Ch.  [2]  9,  365 ; 
Pelouze,  A.  9,  273  ;  Boussingault,  A.  15,  184  ; 
Li^s-Bodart,  4.  100,  327).— 2.  By  distilling  de- 
hydromucic  acid  (Heinzelmann,  A.  193,  184). — 
3.  By  oxidation  of  furfuraldehyde  by  Ag.,0 
(Schwanert,  A.  114,  63  ;  116,  257).— 4.  Together 
with  furfuryl-carbinol  by  boiling  furfuraldehyde 
with  alcoholic  potash  (Ulrich,  Z.  1861,  186 ; 
Schmelz  a.  Beilstein,  A.  Suppl.  3,  275 ;  Lim- 
pricht,  A.  165,  279).— 5.  By  distilling  iso- 
saccharic  acid  in  a  current  of  CO.^  (Tiemann  a. 
Haarmann,  B.  19,  1271). — 6.  Occurs,  together 
with  pyromycuric  acid  CjHjNOj  [165°]  which 
yields  BaA'jliaq,  in  the  urine  of  dogs  dosed 
with  furfuraldehyde  (Jaff6  a.  Cohn,  B.  20, 
2311). 

Preparation. — By  oxidising  furfuraldehyde 
with  alkaUne  KMnOj  below  20°  (Volhard,  A.  261, 
379). 

Properties. — Long  white  needles  (by  sublima- 
tion), V.  sol.  alcohol  and  ether.  FeClj  gives  no 
colour. 

Reactions. — 1.  Bromine  in  excess  forms 
muoobromic  acid.  Dry  Br  gives  C5H4Br403 
[160°],  oxidised  by  dilute  CrOj  to  di-bromo- 
pyromucic  acid  (Tonnies,  B.  11,  1086). — 2.  Dis- 
tillation with  soda-lime  yields  furfurane. — 3.  On 
heating  with  lime  and  ammonia-zinc-chloride  it 
yields  pyrrole. 

Salts.— KA':  needles.— NaA'.—BaA'j :  crys- 
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tals,  sol.  water  and  alcohol. — CaA'., :  crystalline 
powder. — CuA'„3aq. — PbA',  2aq. — AgA' :  scales. 

Ethyl  ether  EtA'.  [34°].  (209°).  Laminai, 
V.  sol.  alcohol  and  ether,  insol.  water  (Malaguti, 

A.  25,  276).  Combines  with  dry  chlorine,  form- 
ing C,H„CljO,,.  S.G.  1-49(3.  Dry  Br  forms 
C,H„Br,0,  [48°]  (Tonnies)  and  also  the  ethers 
of  (;83)-di-bromo-2iyromucic  acid  [167°],  of  (0y)- 
di-bromo-pyromucic  acid  [192°]  and  of  (5)-bromo- 
pyromucic  acid  [183°]  (Hill  a.  Sanger,  A.  232, 
65), 

Chloride  C,B.fiM].  (170°). 
Amide  C^H^O.CONH,.     [143°].  Formed 
from  the  ether  or  chloride  and  NHjAq  (Wallach, 

B.  14,  751  ;  214,  227  ;  Ciamician  a.  Dennstedt, 
B.  14,  1058;  G.  11,  294).  Large  plates,  soL  al- 
cohol, si.  sol.  ether.  Converted  by  PCI5  or  P2O5 
into  the  nitrile. 

Ethylamide  C^H.O.CONHEt.  [258°  cor.). 
Formed  from  pyromucic  ether  and  ethylamine 
solution  at  100°.  Converted  by  PCI5  into  crystal- 
line C.HjO.CCL  .NHEt.  PCL,  in  smaller  quantity 
(i  pt.)  forms  the  amidine  C^H,O.C(NKt).NHEt, 
a  hquid  (240°)  which  gives  B'.,H„PtCl,. 

Anilide  C1H3O.CO.NHPh. '[123-5°].  Long 
needles  (Schiff,  B.  19,  849). 

Nitrile  C.jHjO.CN.  Furfuryl  cyanide. 
(148°).  Liquid  with  sweet  taste,  si.  sol.  water, 
smelling  like  benzoic  aldehyde.  On  reduction  it 
gives  C,H,,O.CH„.NH,. 

(i8)-Pyromucic  acid,  got  by  oxidation  of 
fucusol,  is  a  mixture  of  pyromucic  acid  with 
methyl-pyromucic  acid  [108°]  (Bieler  a.  Tollens, 
A.  258,  126). 

Isopyromucic  acid.  [82°].  Formed,  together 
■with  pyromucic  acid,  in  the  distillation  of  mucic 
acid.  It  decomposes  BaCO.,  very  slowly,  and 
can  be  separated  by  shaking  the  product  with 
BaCO^  and  extracting  with  ether  (Limprieht,  A. 
165, 256).  Plates  (by  sublimation),  v.  e.  sol. 
water,  alcohol,  and  ether.  FeClj  gives  a  green 
colour.    Br  yields  mucobromic  acid. 

References.  —  Bkomo-,  Bromo-sulpho-, 
Chloko-,     N1TU0-,    and    Sdlpho-  pyromucic 

ACIDS. 

PYROMUCIC  ALDEHYDE  v.  Fcrfuealde- 

HYDE. 

PYROMYKURIC  ACID  C,H,NOj.  [165°]. 
Occurs  in  the  urine  of  rabbits  dosed  with  fur- 
furaldehyde  (.Jaff6  a.  Cohn,  U.  20,  2311).  Prisms 
(from  water).  Split  up  by  boiling  baryta-water 
into  glycocoU  and  pyromucic  acid. — BaA'j  liaq  : 
plates.— A  urea  compound  (C,H,NOJCO(NH,). 
[120°]  occurs  in  the  urine  of  dogs  fed  with  meat. 
It  crystallises  from  benzene  in  needles,  v.  sol. 
water  and  alcohol,  si.  sol.  ether,  and  is  decom- 
posed by  heating  with  BaCO^  into  urea  and 
pyromykuric  acid. 

PYRONE.     A   name  given   to    the  ring 

CKcH:cg>0- 

PYROPHORUS.  Any  finely-divided  substance 
which  takes  fire  very  easily  when  exposed  to  air 
is  called  apyrojjliorus. 

PYRORACEMIC  ACID  is  Pyruvic  acid. 

PYROTARTARIC  ACID  C  H„0,  i.e. 
C0,H.CHMe.CH2.C0,H. 

Methyl-succinic  acid.  Mol.  w.  132.  [115°]. 
S.  66  at  20°.  S.H.  -3098  (from  0°  to  50°)  (Hess, 
A.  Ch.  [2]  35,  410).     H.C.v.  and  p.  515,200 


(Stohmann, /.  pr.  [2]  40,209);  511,672  (Lou- 
guinine,  C.  R.  107,  597).    H.F.  230,800  (S.). 

Formation. — 1.  By  dry  distillation  of  tartar 
(Valentin  Rose,  Qehlen's  Journ.  3,  598)  and  of 
tartaric  and  racemic  acids  (Gruver,  N.  J.  T.  24, 
2,  55  ;  Pelouze,  A.  Ch.  [2]  56,  297  ;  Weniselos, 
A.  15,  148 ;  Fourcroy  a.  Vauquelin,  A.  Ch.  35, 
161  ;  64,  42  ;  Arppe,  A.  66,  73).— 2.  By  the  re- 
duction of  ita-,  citra-,  and  mesa-  conic  acids  and 
of  dibromopyrotartaric  acid  with  sodium- 
amalgam  (Kekule,  A.  Sitppl.  1,  342  ;  2,  95). — 3. 
By  saponifying  its  nitrile  with  HClAq  (Maxwell 
Simpson,  A.  121,  161). — 4.  By  heating  powdered 
tartaric  acid  with  HClAq  at  180°  (Geuther  a. 
Riemann,  Z.  [2]  5,  318). — 5.  By  potash-fusion 
from  gamboge  (Hlasiwetz  a.  Barth,  A.  138,  73). — 

6.  By  heating  pyruvic  acid  alone  at  170°  or 
with  HClAq  at  100°,  or  by  boiling  it  with  baryta. 

7.  By  boiling  ;8-acetyl-a-  or  fi-  methyl-succinic 
ether  with  potash  (Conrad,  A.  188,  217  ;  Kress- 
ner,  A.  192,  135). — 8.  By  heating  allyl  iodide 
(1  mol.)  with  KCy  (2  mols.)  and  a  little  alcohol, 
and  boiling  the  resulting  nitrile  with  KOPIAq 
(Claus,  B.  5,  012;  8,100;  A.  191,  38).— 9.  By 
heating  propane  tricarboxylic  acid  (Bischoff  a. 
Guthzeit,  B.  20,  014).— 10.  By  oxidation  of  (8- 
acetyl-«-  and  iso-  butyric  acid  (Bischoff,  A.  206, 
337). 

Properties. — Triclinic  prisms  grouped  like 
frog's  feet  (from  ether),  v.  sol.  water,  alcohol, 
and  ether.  Begins  to  boil  at  200°,  yielding  an 
anhydride  together  with  some  butyric  acid 
(Claus,  A.  191,  48).  Its  solution  is  notppd.  by 
lime-water  or  lead  acetate,  but  gives  a  pp.  with 
lead  subacetate. 

Reactions. — 1.  Bromine  acts  very  slowly  in 
the  cold,  but  when  the  acid  (10  pts.)  is  heated 
with  Br  (24  pts.)  and  water  (10  pts.)  at  120°  for 
6  hours  bromocitraconic  anhydride  is  formed 
(Lagermark,  Z.  6,  299).  When  the  acid  (1  mol.) 
is  heated  with  Br  (4  mols.)  at  132°  acetylene 
tetrabromide  is  formed  (Bourgoin,  A.  Ch.  [5]  12, 
419).— 2.  The  K  salt  yields,  on  electrolysis,  O, 
CO,  and  CO.,  at  the  positive  pole  (Reboul  a. 
Bourgoin,  C.  'R.  84,  1231).— 3.  Distillation  with 
PoS.,  yields  methyl-thiophene. — 4.  On  heating 
the  acid  (5  pts.)  with  resorcin  (9  pts.)  and  H._,SOj 
(18  pts.)  at  150°  there  is  formed  pyrotartryl- 
tluoresceiu  C|,H,50b,  a  brownish-red  powder,  si. 
sol.  water,  v.  sol.  dilute  acids  and  alkalis.  Its 
dilute  alkaline  solutions  fluoresce  yellowish- 
green.  It  yields  C,-H,„Br,Oe  (Hjelt,  B.  17, 
1280). 

Salts. — K,-'^"  ^1  '■  deliquescent.  —  KHA"  : 
monoclinic  i^risms.— NaA"  6aq :  efflorescent 
laminfB. — NaHA":  small  prisms. — (NHJ^A":  de- 
liquescent ;  gives  off  NH3  on  evaporation,  leav- 
ing (NH,)HA",  which  crystallises  from  water  in 
prisms,  permanent  in  the  air. — BeA". — BeH.,A"n. 
— CaA"2aq:  powder.  S.lat  100°.— CaH,„A"s2aq". 

—  SrA"  aq.  —  SrA"  2aq.  • —  SrH„A"2  2aq.  — 
BaA"  2aq.  —  BaH,,A"„  aq.  —  BaHA"^  2aq.  — 
BaH2A"2  3aq.  —  BaH„A"2  4aq.  —  MgA"  3aq.  — 
IVIgA"  6aq.  —  A1(0H)A".  —  Bi,A"3(H0)^0.  — 
CdA"  3aq.— CdA"  2aq.— MnA"  3aq.— CuA"  2aq. 

—  Cu..(OH)A".  —  Fe(OH)A"  2aq.-^PbA"  2aq.— 
Pb,  A"02.- NiA"  2aq.  -  NiH^A"3  2aq.- Zn  A"  3aq. 
— AgA"  :  white  curdy  pp.,  blackened  by  light. 

Ethyl  ether  Et„A".  (218°  cor.).  S.G. 
^?  1-0189;  If  1-0113".  M.M.  9-347  at  17-4° 
(Perkin,  C.  J.  45,  516  ;  c/.  Malaguti,  A.  25,  274). 
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Chloride  C^HAdr  (190°-193°)  (Hjelt, 
B.  16,  2624).  Keduced  in  ethereal  solution  by 
sodium-amalgam  and  HOAc  to  liquid  CsHjO,, 
(204"),  S.  20,  which  is  the  anhydride  of  an  acid 
C5H10O3. 

Anhydride  0^11^0.^.  (245°  cor.)  (Lebedeif, 
A.  182,  327).  Got  by  heating  the  acid  at  200"^ 
alone  or  with  P.Oj.  Heavy  oil,  slowly  converted 
by  water  into  the  acid. 

Amide  CH3.CH(C0.NII,).CHo.C0NH,. 
[175°].  S.  7  at  10°.  Large  plates"  (Henry,  C.  iJ. 
100,  943). 

Imide  CB.,.CB.<^^^-^Q.   [66°].  Formed 

by  heating  acid  ammonium  pyrotartrate  (Arppe, 
A.  87,  228).  Six-sided  trimetric  plates,  sol. 
water,  alcohol,  and  ether. 

Di-methylamide  C3Hg(C0.NHMe)2. 
[115°]  (Henry,  Bl.  [2]  43,  619). 

Mono -anilide  CO^H.CH.,.CHMe.COiiHFh. 
[147°].  Formed  from  aniline  and  pyrotartaric 
anhydride  in  chloroform  (Arppe,  J.  90,  141; 
Anschiitz,  A.  246,  122).  Got  also  by  reducing 
the  anilide  of  mesaconic  acid  with  sodium- 
amalgam.  Is  identical  with  Keissert's  'pyranil- 
pyroic  lactone  dihydride.'  Bulky  needles,  m.  sol. 
water. — PbA', :  white  pp.  — AgA'. 

Phenyl-imide  CHj.CH^^^  "^^^  [98°] 

(Arppe,  A.  90,  139) ;  [104°]  (Biffif  A.  91,  105). 
Formed  by  heating  the  acid  with  aniline  at 
100°  for  ten  minutes.    Minute  needles. 

2)-Nitro- anilide 
C3H,(C0.,H)(C0.NH.C,H,N0,).      [above  150°]. 
Formed   by  boiling  the  p-nitro-phenyl-imide 
with  Na„CO.jAq.    Minute  tables,  v.  si.  sol.  hot 
water. — AgA' :  white  pp. 

p-Nitro- phenyl-imide 
C3H,:GA:NC6H.,NO,.    [155°].    Formed  by  ni- 
trating the  phenyl-imide.     Needles  (from  al- 
cohol), almost  insol.  water. 

p-Bromo-anilide 
C3H,(CO,H).CO.NHC6H,Br.     [158°].  Formed 
from     the    anhydride    and  p-bromo-anihne 
(Anschiitz  a.  Hensel,^.  248,  269). 

Di-broino- anilide 
C3H6(CO,H).CO.NHC,H,,Br.,[l:2:4].  [139°]. 

Nitrile  CH3.CH(CN).CH,CN.  [c.  12°]. 
(254°).  Formed,  amongst  other  products,  by 
the  action  of  KCN  on  allyl  chloride  (Pinner,  B. 
12,  2053).  Prisms.  Prepared  from  propylene 
bromide  and  alcoholic  KCy  at  100°  (Maxwell 
Simpson,  A.  121,  160).  Liquid,  sol.  water, 
alcohol,  and  ether. 

Ethyl  ether  of  the  seminitrile 
CO.,Et.CH,,.CHMe.CN.    (198").   S.G.  1-0275. 
V.D.  4-6.  Formed  from  a-bromo-propionic  ether 
and  alcohohc  KCy  (Zelinsky,  B.  21,  3162).  Oil. 
— NaA' :  very  hygroscopic. 

References. — Bromo-,  Chloro-,  Iodo-,  Oxy- 
AMIDO-,  and  OxY-  Pykotabheic  acid. 

w-Pyrotartaric  acid  v.  Gldtabig  acid. 

Isopyrotartaric  acid  v.  Di-METHYL-MAiiONic 

ACID. 

PYROTEREBIC  ACID  v.  Hexenoic  acid. 
PYKOTRITARIC  ACID  aH„0,  i.e. 
^/CMe:CH  .  ^.     ^,  ,  , 

\CMe-C  CO  H'  ^^'^  acid.  JJi-mcthyl-fur- 
furane  carboxylic  acid.  Mol.  w.  140.  [135°]. 
S.  -25  at  100°.  A  product  of  the  distillation  of 
tartaric  acid  (Wislicenus  a.  Stadnicki,  A.  146, 


306).  Prepared  by  heating  pyruvic  acid  with 
NaOAc  and  AcO  at  140°,  the  yield  being  20  p.c. 
(Bottinger,  B.  Vd,  1969  ;  A.  172,  241  ;  208,  122  ; 
247,  255),  by  heating  pyruvic  acid  (30  g.)  with 
dry  sodium  succinate  (55  g.)  at  110°  (Fittig  a. 
Parker,  A.  267,  212),  and  by  heating  pyruvic 
acid  (17*5  g.)  with  dry  potassium  propionate 
(20  g.)  at  140°  (Bischoff,  B.  24,  2021).  Formed 
also  by  heating  methronic  acid  as  long  as  CO.,  is 
given  ofi  (Fittig,  A.  250,  190 ;  cf.  Harrow,  C'.  J. 
33,  425).  Needles  (from  hot  water),  nearly  in- 
sol. cold  water,  v.  sol.  alcohol  and  ether.  Not 
atfected  by  potash-fusion.  PClj  gives  a  chloride, 
reconverted  by  water  into  the  acid.  Does  not 
react  with  hydroxylamine  or  phenyl-hydrazine. 
Water  at  160°  forms  acetonyl-acetone.  By 
bromine  it  is  converted  into  a  tetra-bromo- 
derivative  and  its  tetra-bromide,  which  are  both 
reduced  back  to  pyrotritaric  acid  by  sodium- 
amalgam.  An  excess  of  bromine  at  100°  forms 
penta-bromo-pyrotritaric  acid.  By  dry  distilla- 
tion it  gives  di-methyl-furfurane,  a  substance 
which  is  also  obtained  by  distilling  acetonyl- 
acetone  with  ZnCL  (Paal,  B.  20,  1074  ;  Dietrich 
a.  Paal,  B.  20,  1077). 

Salts. — NaA'  2aq.  — CaA'._,  2aq  :  prisms. — 
CaA'.,  4aq.  —  CaA'„6aq.  —  BaA'.,  4aq :  plates.— 
BaA''„  2aq.— BaA',  5aq.— ZnA'.,  8aq.- AgA'. 

Methyl  ether  Mek'.  (192°).  Got  by  dis- 
tilling the  Ag  salt  of  carbopyrotritaric  mono- 
methyl  ether  (Knorr  a.  Cavallo,  B.  22,  156). 

Ethyl  ether  EtA'.  (208°). 

Pjrrotritaric  carboxylic  acid  v.  Methronic 

ACID. 

Carbopyrotritaric  acid  v.  Di-methyl-pdb- 

FUBANE  CARBOXYLIC  ACID. 

PYKOXANTHIN  C.sHi  .Oj.  [162°].  Extracted 
by  NaOHAq  from  the  product  of  the  dry  distilla- 
tion of  wood  (Scanlan,  J.  pr.  7,  94  ;  Gregory,  A. 
21,  143  ;  Hill,  Am.  3,  332  ;  B.  11,  456).  Orange 
needles  (from  alcohol),  sol.  benzene  and  HOAc. 
Forms  a  purple  solution  in  H.^SO.,.  Keduced  by 
zinc-dust  and  HOAc  to  a  colourless  body. 
Bromine  forms  C,5H|„Brg03  crystallising  in  small 
colourless  triclinic  needles,  converted  by  alcohol 
and  powdered  Sb  into  Ci^Hi^BrjOa,  crystallising 
in  yellow  monoolinic  needles,  v.  sol.  hot  alcohol. 

PYROXYLIN  V.  Cellulose. 

PYRRODIAZOLE  C,H3N3  i.e.  N<^^-^jj- 

[121°].  Formed  by  heating  its  carboxylic  acid  at 
120°  (Andreocci,  B.  25,  229).  Needles,  v.  e.  sol. 
water  and  alcohol. 

Pyrrodiazole  carboxylic  acid 

CO^H.C"^^;^^.    Formed  by  oxidising  methyl- 

pyrrodiazole  with  alkaline  KMnO,.  White 
crystalline  powder,  v.  si.  sol.  water,  alcohol,  and 
ether. 

PYRROLE  C^H^N  i.e.  ^h-CH^-^^'  ^'J'"^^^"^- 
Pyrroline.  Mol.  w.  67.  (130°  i.V.).  S.G.  ^iP 
•9752.  S.V.  92-1  (Kamsay).  H.F.p.  4,056  (Eam- 
say).  Occurs  among  tlie  products  of  distillation 
of  coal  (Eunge,  P.  31,  67)  and  of  bones  (Ander- 
son, Tr.  E.  20  [2]  247  ;  21  [4]  671  ;  A.  80,  63; 
105,  349). 

Formation. — 1.  By  distilling  ammonium 
mucate  alone  or  with  glycerin  at  190°  (Schwanert, 
A.  116,  279 ;  Goldschmidt,  Z.  [2]  3,  280).— 2.  By 
heating  its  carboxylic  acid. — 3.  By  distilling 
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succinimide  with  zinc-dust  (Chichester  Bell,  B. 
13,  877). — 4.  By  distilling  ammonium  saccharate 
(Bell  a.  Lapper,  B.  10,  1962).— 5.  By  heating 
di-chloro-maleic  imide  with  PClj  at  200^,  and 
reducing  the  resulting  perchloride  CjCl,N  with 
zinc-dust  and  HOAc  (Ciamician  a.  Silber,  B.  17, 
654  ;  19,  3027).  The  dicliloro-maleic  imide  may 
be  got  from  succinimide  and  PCI5. — 6.  By  re- 
ducing tetra-iodo-pyrrole  with  zinc-dust  and 
KOHAq  (C.  a.  8.). — 7.  By  heating  albumen  with 
Ba(OH).,  at  150°  (Schiitzenberger,  Bl.  [2]  25, 
239). — 8.  By  distilling  pyromucic  acid  with 
ammonia-zinc  chloride  and  CaO  (Canzoneri  a. 
Oliveri,  O.  16,  487).— 9.  By  passing  di-ethyl- 
amine  through  a  red-hot  tube  (Bell,  ZJ.  10, 1868). 
10.  By  passing  ethyl-allyl-amine  over  PbO  at 
450°  (Koenigs,  B.  12,  2344).— 11.  By  distilling 
glutamic  acid  ( Haitinger,  ilf.  3,228). 

Preparation. — Bone  oil  is  shaken  with  acids 
and  distilled.  The  fraction  98°-150°  is  heated 
with  KOHAq  and  distilled,  and  the  portion 
125°-140°  heated  with  solid  KOH  with  inverted 
condenser.  The  solid  C.,H^NK  thus  obtained  is 
washed  with  ether  and  decomposed  by  water,  and 
the  pyrrole  distilled  with  steam  (Ciamician,  B. 
13,  70;  19,  173  ;  O.  16,  336). 

Properties. — Oil  with  fragrant  odour,  re- 
sembling chloroform.  Tastes  hot  and  pungent. 
V.  sol.  alcohol  and  ether,  insol.  dilute  alkalis. 
Turns  brown  in  air.  Turns  pine-wood  soaked 
in  HClAq  red.  Dissolves  in  cold  dilute  acids, 
but  on  warming  the  solution  pyrrole-red  is 
formed  as  a  bulky  amorphous  pp.  FeClj  added 
to  its  solution  in  HClAq  gives  a  green  colour 
changing  to  black.  Alcoholic  HgCL,  gives  a 
white  pp.  Isatin  and  HOAc  or  dilute  H.,SO^ 
give  a  deep-blue  pp.  which  forms  a  deep-blue 
solution  in  HOAc  and  H„S04  (V.  Meyer,  B.  16, 
2974 ;  Ciamician,  B.  17,  i42). 

Reactions. — 1.  HNO3  forms  oxalic  acid. — 
2.  Potassium  acts  very  strongly,  forming  a 
colourless  liquid,  which  solidifies  on  cooling  to 
C^H^NK.  Boiling  with  sohd  KOH  gives  the 
same  body  (Anderson,  A.  105,  352).  Sodium 
acts  but  slightly,  forming  C^H^NNa  only  at  a 
very  high  temperature.  NaOHAq  has  no  action 
on  pyrrole. — 3.  HCl  passed  into  an  ethereal 
solution  ppts.  crystalline  (C4H5N)3HC1,  whence 
ammonia  liberates  an  unstable  base(Dennstedt  a. 
Zimmermann,  B.  21,  1478). — 4.  Hydroxylamine 
forms  NH3  and  crystalline  C^HjNjO,  [175°]. 
Converted  by  adding  Na  to  its  boiling  alcoholic 
solution  into  tetramethylene-diamine  (Ciami- 
cian, G.  14,  156  ;  B.  22,  i968).  The  compound 
C4H,N202,  when  heated  with  phenyl-hydrazine, 
yields  C,5H,,N,„  which  crystallises  from  alcohol 
in  plates  [125°].— 5.  By  a  dilute  solution  of 
sodium  hypochlorite  (15  pts.  of  active  chlorine 
in  1,000  pts.  of  water  to  10  j)ts.  of  pyrrol)  it  is 
converted  into  di-chloro-maleic  acid  and  chlor- 
inated pyrroles.  On  the  other  hand,  a  concen- 
trated solution  of  sodium  hypochlorite  (45  f)ts. 
of  active  chlorine  in  500  pts.  of  water  to  10  pts.  of 
pyrrole)  yields  dichloro-acetic  acid.  An  alkaline 
solution  of  bromine  yields  dibromomaleimide. 
Iodine  in  presence  of  alkalis  yields  tetra-iodo- 
pyrrol  (Ciamician  a.  Silber,  B.  17,  1743  ;  18, 
1763). — 6.  Potassium  pyrrole  heated  with  ethyl 
iodide  yields  j'-ethyl-pyrrole,  di-ethyl-pyrrole 
C^H^EtiNEt,  and  probably  also  C,H,,Et:NH. 
Potassium  pyrrole   and  benzyl-chloride  yield 


f-benzyl-pyrrole  (247°)  (Ciamician,  B.  22,  659  ; 
G.  17,  135).— 7.  Pyrrole  (50  g.),  boiled  with^wr- 
aldehyde  (50  g.)  and  ZnCl,  (12  g.),  forms  oily 
ethyl-pyrrole  C„H,,N  (164°)'(Dennstedt  a.  Zim- 
mermann, B.  19,  2189).— 8.  Pyrrole  (1  pt.), 
acetone  (10  pts.)  and  a  drop  of  HCl  give 
C.^HigNj  [291°],  whence  alcoholic  AgNO.,  forms 
(C|4H,8N„).AgNO„crystallisingin  needles  (Baeyer, 
B.  19,  2184).  The  compound  CnH,(,N„  yields, 
on  distillation,  C.^Hi^N  (275°-285°),  which  is 
probably  mesityl-pyrrole,  and  whence  Ac,0  and 
NaOAc  form  c-acetyl-pyrrole.  The  compound 
C14H13N2,  examined  by  Kaoult's  method,  appears 
to  have  the  formula  C,„H,,sN.,.  On  heating 
pyrrole  with  acetone  and  ZnCl„  isopropyl-pyrrole 
(174°)  is  formed.  Among  the  jaroducts  of  the 
action  of  acetone  on  pyrrole  there  is  also  a 
yellow  oil  C^H^N  (?)  (300°-305°),  which  soon 
blackens  in  air.  This  oil  forms  an  acetyl  deriva- 
tive [above  360°],  and  is  reduced  by  tin  and 
alcoholic  HCl  to  C.^H.^N  (274°),  which  yields 
B'HCl  [228°]  and  B'HSnClj  [170°]  (Dennstedt 
a.  Zimmermann,  B.  20,  850,  2449  ;  23,  1370).— 
9.  Di-ethyl  ketone,  MeOH,  and  HCl  give 
CisHo^N^  [210°],  which  yields  B',,AgN03,  crystal- 
lising in  needles  (Dennstedt  a.  Zimmermann,  B. 
20,  2455).  — 10.  Chloroform  converts  potassium 
pyrrole  into  (^))-chloro-pyridine.  Bromoform 
acts  in  like  manner,  giving  bromo-pyridine. 
CH,CI.,  has  no  action,  but  CCI4  forms  chloro- 
pyridine,  while  benzylidene  chloride  yields  (;3)- 
phenyl-pyridine  (Ciamician,  B.  14,  1160 ;  15, 
1172;  20,191;  G.  16, 140).— 11.  Eeadily  combines 
with  diazo-  compounds,  forming  azo-  and  disazo- 
bodies,  but  no  compounds  analogous  to  the 
diazoamides.  Their  constitution  is  probably 
.,^/C(N„X):CH  ,  ,,„/C(N.,X):CH  ,^ 
NH<cH^CH  ^^-l  NH<(.Jj^-x|.cH  (0- 
Fischer  a.  Hepp,  B.  19,  2251).— 12.  Pyrrole  (5  g.) 
added  to  a  lukewarm  solution  of  alloxan  (11  g.) 
in  water  (300  c.c.)  forms  colourless  crystals  of 
CsH.N^O^  or  NHj.C0.NH.C0.C0.C0.C4H,,NH, 
si.  sol.  hot  alcohol,  nearly  insol.  water  and  ether, 
and  yielding  Ag.^A".  Pyrrole-alloxan  is  converted 
by  caustic  potash  solution  into  CjHjNjOj  or 
NHo.CO.CO.CO.C.HaNH,  which  crystallises  in 
white  plates,  v.  sol.  warm  alcohol,  and  yields 
AgA'  and  crystalline  MeA'  (Ciamician,  B.  17, 
106,  1711;  19,  1708;  G.  16,  198,  357).— 
13.  Pyrrole  and  MeOH  distilled  over  zinc-dust 
yield  (o)-  and  (/8)-  methyl-pyrrole,  di-methyl- 
pyrrole,  and  di-methyl-dipyrrole  (Dennstedt,  B. 
24,  2559). — 14.  Acetyl  chloride,  acting  on  potas- 
sium-pyrrole, forms  r-acetyl-pyrrole  and  pyrryl 
methyl  ketone  (pseudo-acetyl-pyrrole),  which  may 
be  separated  by  steam-distillation.  Ac.^O  at  300° 
forms  pyrrylene  di-methyl  diketone  (Ciamician  a. 
Silber,  G.  15, 193). — 15.  Propionic  anhydride  and 
sodium  propionate  form,  on  boiling,  c-propionyl- 
pyrrole,  pyrryl  ethyl  ketone,  and  pyrrylene  di- 
ethyl diketone  (Dennstedt  a.  Zimmermann,  B. 
20,  1760).— 16.  Bz,0  and  NaOBz  at  220°  form 
pyrryl  phenyl  ketone  (pseudo-benzoyl-pyrrole). 
17.  COCk,  in  benzene,  added  to  CjH.'nK  in 
ether,  forms  CO(NC  H,).,,  separating  from  ligroin 
in  monoclinic  crystals  [(53°]  (238°)  (Ciamician  a. 
Magnaghi,  B.  18,  415). — 18.  Phthalic  anhydride 
and  HOAc  at  185°  form  C,.,H.NO„  [241°],  con- 
verted by  Br  into  C,.H,Br.,Nd.,  [199°],  and  by 
boiling  KOHAq  into  C^'H^NO,  [174°-184°],  whicli 
yields  MeA'  [105°]  (Ciamician,  B.  17,  2957 ; 
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Anderlini,  B.  21,  2869).  The  compound 
CjjHjNOj  is  reduced   by  water  and  Na  to 

C.HjNrC^^  ~>CH.OH  [118°]  {Ciamician,  S. 

19,  2206  ;  21,  1554). 

Salts.— CjH^NK.  Solid,  absorbing  CO.,  at 
200°,  forming  pyrrole  (;8)-carboxylic  acid. — 
B'2HgCL :  crystalline  powder,  insol.  water,  si. 
sol.  cold 'alcohol.— BVSCdCL.—B'ICl :  black  pp. 
(Dittmar,  B.  18,  1612).— Picrate :  [c.  71°]; 
unstable  (Hooker,  B.  21,  3299). 

Acetyl  derivative  GiK,N Ac.  (182°  i.V.). 
Formed  by  the  action  of  AcCl  on  potassium- 
pyrrole  suspended  in  ether,  and  also  as  a  by- 
product in  the  preparation  of  pyrryl  methyl 
ketone  by  heating  pyrrole  with  Ac,,N  and  NaOAc 
(Ciamician,  B.  16,  2348  ;  18,  881)'  Oil,  volatile 
with  steam,  saponified  by  hot  KOHAq.  Eeddens 
acidified  pine-wood.  Gives  a  pp.  with  aqueous 
HgCl,. 

Propionyl  derivative  04HjN.C0Et. 
(193°)  (Dennstedt  a.  Zimmermann,  B.  20, 1760). 

Dihydride  C^HjN.  Pyrroliyie.  (90°  i.V.). 
Formed  by  reducing  pyrrole  with  zinc-dust  and 
HOAc  (Ciamician  a.  Dennstedt,  B.  16,  1536  ; 
22,  2512  ;  G.  15,  481).  Hygroscopic  liquid,  v. 
sol.  water.  Yields  a  nitrosamine  C^H8N(N0) 
[38°].  Absorbs  CO,  from  the  air.— B'HCl. 
[174°].  Flat  prisms,  v.  sol.  hot  alcohol. — 
B'^HjPtCl^ :  trichnic  crystals.— B'HAuCl,  [152°]. 
— B'CeHjN^O,.  [156°].  Yellow  crystals  (from 
water).  Benzoyl  derivative  C4H5NBZ. 
(160°  at  2  mm.).  Syrup,  formed  from  the  hy- 
drochloride and  BzCl  at  110°.    V.  sol.  alcohol. 

Tetrahydride  C^H^N.  Pyrrolidine. 
(88-5°).  S.G.  2215  -8520.  Formed  by  reducing 
the  dihydride  by  HIAq  at  P  at  250°  (Ciamician 
a.  Magnaghi,  G.  15, 483  ;  B.  18,  2079).  Formed 
also,  together  with  tetra-methylene-diamine,  by 
the  action  of  Na  on  ethylene  cyanide  or  succin- 
imide  in  alcohol,  and  by  distilling  tetramethylene- 
diamine  hydrochloride  (Ladenburg,  B.  19,  782  ; 
20,442,2215;  Petersen, £.21, 290).  Formed  from 
chlorobutylamine  hydrochloride  and  KOHAq 
(Gabriel,  B.  24,  3234).  Liquid,  with  pungent 
ammoniacal  odour.  Yields  a  liquid  nitrosamine 
(214°),  V.  sol.  water.— B'^HoPtCl^.  [200°]. 
Prisms.  —  B'HAuCl^.  [206'°]."  —  B'G.HjNsO,. 
[112°].— B'aHaBiJg.— B'HjCdl,,.  [219°].  Needles. 

Pyrrole  red  CuH^NoO  ?  Formed  by  boiling 
pyrrole  or  its  carboxylic  acid  with  dilute  H2SO4 
or  HCl  (Anderson,  A.  105,  357 ;  Schwanert,  A. 
116,  280).  Eeddish-brown  flakes,  insol.  water, 
ether,  acids,  and  alkalis,  si.  sol.  alcohol.  Yields 
pyrrole  on  distillation. 

Homopyrrole  v.  Methtl-pyerole. 

Beferences. — Bromo-,  Chlobo-,  Iodo,  Niteo-, 
and  Oxy-AMiDO-  Pyreole. 

PYEROLE  -  AZO-  v.  Azo-  compounds  and 

DiSAZO-  COMPOUNDS. 

PYRROL-CARBO-KETONIC  ACID  v.  Pyrryl- 

GLYOXYMC  ACID. 

PYRROLE  (a)-CARBOXYLIC  ACID  C5H5NO2 

1.  e.  C,H.,(C02H)NH.  Carbopyrrolic  acid.  [191°]. 

Formation. — 1.  By  the  action  of  boiling 
baryta  on  its  amide,  which  is  got  by  distilling 
ammonium  mucate  (Malaguti,  A.  15,  179; 
Schwanert,  A.  116,  270 ;  Ciamician,  B.  17, 1C4).— 

2.  By  boiling  pyi-ocoll  with  KOHAq  (Weidel  a. 
Ciamician,  M.  1,  285). — 3.  By  fusing  potassium 
(a) -methyl -ijyrrole  with  potash  (Ciamician,  B. 


14,  1054 ;  G.  11,  228).— 4.  By  heating  pyrrole 
with  ammonium  carbonate  and  water  at  140° 
(Ciamician  a.  Silber,  B.  17, 1150  ;  G.  14, 162).— 
5.  By  heating  pyrrole  with  alcoholic  potash  and 
CCl^  (Ciamician  a.  Silber,  B.  17, 1437).— 6.  By  the 
action  of  COj  on  potassium  pyrrole  at  a  high 
temperature  (C.  a  S.). 

Properties. — Prisms  (from  water),  sol.  water 
and  alcohol.  Decomposed  by  heat  into  CO,  and 
pyrrole.  HCLiq  forms,  on  warming,  COj,  pyrrole 
red,  and  NHjAq. 

Salts. — NH,A' :  m.  sol.  water. — CaA'j : 
scales. — BaA'2  (dried  at  100°)  :  plates,  sol.  water 
and  alcohol. — PbA'j:  nacreous  scales,  v.  sol. 
water. — AgA' :  smaU  needles,  si.  sol.  water. 

Methyl  ether  MeA'.    [173°].  Prisms. 

Ethyl  ether  EtA'.    [39°]  (231°). 

Amide  C4H4(CONH,,)N.  [173°].  Laminae, 
V.  sol.  alcohol  and  ether,  m.  sol.  water. 

Acetyl  derivative  C^HjN.CO.OAc.  [75°]. 
Formed  from  the  Ag  salt  and  AcCl.  Scales, 
readily  decomposed  by  water  into  acetic  acid 
and  pyrrole  carboxylic  acid.  At  75°  it  decom- 
poses into  HOAc  and  pyrocoU. 

Pyrrole  (/3) -carboxylic  acid  C4H3(C02H):NH. 
[162°].  Formed  by  fusing  potassium  (;8)-methyl- 
pyrrole  with  potash  (Ciamician,  B.  14,  1054). 
Needles,  partially  decomposed  by  boihng  water 
into  COj  and  pyrrole.  The  lead  salt  is  si.  sol. 
water. — BaA'2 :  needles.  A  pyrrole  carboxylic 
acid  [166°],  got  by  potash-fusion  from  isopropyl- 
pyrrole,  and  yielding  a  methyl  ether  [129°] 
(Dennstedt  a.  Zimmermann,  B.  20,  855),  is  pro- 
bably identical  with  the  [fi)-  acid. 

Pyrrole  j'-carboxylic  acid 

Ethyl  ether  CHjN.COjEt.  Tetrol- 
urethane.  (180°).  Formed  from  potassium- 
pyrrole  and  ClCOoEt  in  ether  (Ciamician  a. 
Dennstedt,  G.  12,  s'l).  Oil. 

Amide  C^H^N-CONH^.  [167°].  Formed 
from  the  ether  and  NH3. 

Nitrite  CjH4N.CN.  Tetrol  cyanuramide. 
[210°].  Got  by  passing  CyCl  into  potassium- 
pyrrole  in  ether  (Ciamician  a.  Dennstedt,  G.  13, 
102).  Needles,  insol.  water,  sol.  hot  alcohol. 
Boiling  alcoholic  potash  forms  pyrrole,  CO.,,  and 
NH3. 

Pyrrole  dicarboxylic  acid  CgHjNOj  i.e. 
C4H.j(C02H)2NH.  Formed  by  oxidising  pyrrylene 
dimethyl  diketone,  and  fusing  the  product  with 
potash  (Ciamician  a.  Silber,  G.  16,  377 ;  B.  19, 
1958  ;  20,  2601).  Needles  (from  dilute  alcohol), 
sol.  ether  and  hot  water.  Blackens  at  260°, 
giving  pyrrole  and  COj.  FeClj  gives  a  brown 
pp.  The  Ba  salt  crystallises  in  needles.  The 
Ag  salt  is  a  curdy  pp. 

Mono-methyl  ether  MeHA".  [243°]. 

Di-methyl  ether  Me.,A".  [132°]. 

Di-ethyl  ether  EtjA".  [82°]. 

References. — Bbomo-,   Chloeo,   and  Niteo- 

PYEEOLE  CARBOXYLIC  ACIDS. 

PYRROLINE.  A  name  used  both  for  Pyebole 
and  Pyekole  dihydbide. 

PYRROLYLENE  v.  Butinene. 
PYRROLYLENE  TETRABROMIDE  i;.Tetra- 

BROMO-BUTANE. 

PYRRONE  v.  Dl-PYBEYL-KETONE. 

PYRROYL-FORMIC  ACID  v.  Pyeeyl-gly- 

OSYLIC  ACID. 

PYRROYL  -  PYRROL  C4H4N.CO.C4H3NH 
[63°].    Formed,  together  with  di-pyrryl-ketone 


PYRRYL  STYRYL  KETONE. 
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CO(C4H3NH)2  by  intramolecular  transformation 
of  carbonyl-pyrrole  by  heating  it  to  250°  for  a 
few  hours  (Ciamician  a.  Magnaghi,  B.  18,  1829). 
White  silky  plates.  Not  volatile  with  steam. 
By  heating  with  aqueous  KOH  it  is  split  up  into 
pyrrole  and  pyrrole-(a)-carboxylio  acid. 

PYRROYL-PYRUVIC  ACID.  Ethyl  ether 
C4H3NH.CO.CH„.CO.CO,Et.  [123°].  Formed  by 
the  action  of  NaOEt  and  oxalic  ether  on  pyrryl 
methyl  ketone  (Angeli,  B.  23, 1794, 2155).  Yellow- 
ish plates,  V.  sol.  alcohol,  si.  sol.  water.  Decom- 
posed by  alkalis,  even  in  the  cold,  into  oxalic 
acid  and  pyrryl  methyl  ketone.  Hydroxylamine 
forms  C,„H,„N„03  [124°],  which  on  saponification 

yields  the  acid  CH-^^^'^'^'.^^^^  ^  [179°], 

crystallising  in  white  needles.  Aniline  (2  pts.) 
in  HOAc  forms  C,H3NH.C0.CHo.C(NPh).C0.,Et 
[115°].  Phenyl-hydrazine  forms  C|,.,H„NaO„ 
[168°]  which  is  the  ether  of  an  acid  [215°]. 

Anhydride  CH<gJg;^g;gJ^.  [250°]. 

Formed  by  adding  HCl  to  the  mother-liquor  from 
which  the  ether  has  separated  (Angeli,  B.  23, 
1795).  Yellow  needles  (from  benzene),  v.  sol. 
alcohol.  o-Phenylene-diamine  forms  C,4H,,N,,0, 
a  reddish-yellow  crystalline  powder  forming  a 
bluish-green  solution  in  H.,SO.,  and  yielding  a 
benzoyl  derivative   [c.   160°].    Aniline  forms 

C,H3N<^Q^'^|,j^   [218°],  whence  cold  KOHAq 

forms  an  acid  C,4H,jN,,0,  [179°]. 

PYRRYLENE  DIETHYL  DIKETONE 

C,H,NH(COEt)„.    [117°].    Formed  by  heating 
pyrrole  with  propionic  anhydride  at  260°  (Denn- 
stedt  a.  Zimmermann,  B.  20,  1761).  Plates. 
PYRRYLENE  DI-METHYL  DIKETONE 

CsH^NO,  i.c.  NH<J^^°:^g.     [162°].  Formed 

by  heating  pyrrole,  pyrryl  methyl  ketone,  or 
acetyl-pyrrole  with  AcO  at  250°  (Ciamician,  B. 
17,  432,  2953;  18,  881,  1406;  19,  1957;  20, 
2595).  Needles,  sol.  hot  water  and  hot  KOHAq. 
May  be  sublimed.  Yields  a  nitro-  derivative 
[149°]  and  a  di-bromo- derivative  [172°].— AgA'. 

PYRRYLENE  DISTYRYL  DIKETONE 
(CeH,.CH:CH.C0),C,H2NH.  [240°].  Formed  by 
heating  pyrrylene  dimethyl  diketone  with  ben- 
zoic aldehyde  and  KOHAq  (Ciamician  a.  Denn- 
stedt,  B.  17,  2953).  Crystals  (from  HOAc),  si. 
sol.  alcohol.    Forms  a  violet  solution  in  HoSO^. 

PYRRYL  ETHYL  KETONE  C.H^NO  i.e. 
C.^,.C0.G,B.,1^B..  [52°].  (224°).  Formed  by 
boihng  pyrrole  with  propionic  anhydride  and 
sodium  propionate  (Dennstedt  a.  Zimmermann, 
B.  20,  1761).    Colourless  needles. — AgA' :  pp. 

PYRRYL-GLYOXYLIC  ACID  C,H,NO,aq  i.e. 
C^HjNH.CO.CO.Saq  or  C,H,NH.C(OH).'.CO,,H. 
Formed  by  oxidation  of  pyrryl  methyl  ketone  by 
KMnO^  (Ciamician  a.  Dennstedt,  B.  16,  2350  ; 
17,  2949).  Crystallises  from  benzene  in  yellow 
needles  (of  C^HjNO,)  melting  at  76°,  v.  sol.  hot 
water.  After  drying  over  sulphuric  acid  the  acid 
(CsH.NOs)  decomposes  at  114°.  The  aqueous 
solution  gives  a  red  colour  with  FeCl,.  On  heat- 
ing with  HClAqit  gives  a  crimson  colour  turned 
yellowish-green  by  alkalis.— AgA':  colourless 
needles,  sol.  hot  water. 

_  Methyl  ether  MeA'.  [72°].  (285°).  Mono- 
clinic  crystals,  si.  sol.  water. 


Carboxy-pyrryl-glyoxylic  acid 
COjH.CH.NH.CO.CO^H.    Formed  by  oxidation 
of  pja-rylene  dimethyl  diketone  (Ciamician  a. 
Silber,  B.  19,  1412,  1961).    Crystalline,  v.  sol. 
hot  water. — Ag.,A"  :  canary-yellow  pp. 

Methyl  ether  Me.,A''.  [145°]. 

DI-PYRRYL  KETONE  CO(C4H3NH)„.  [160°]. 
Formed,  together  with  (C4H,N)„C0,  by  the  action 
of  COCl.,  on  CiH^NK.  Formed  also,  together 
with  pyiToyl-pyrrole,  by  heating  (CjH|N)._.CO  at 
250°  for  a  few  hours  (Ciamician  a.  Magnaghi, 

B.  18,  414,  1829).  Trimetric  crystals;  a:h:c  = 
2-531:l:2-901.  V.  sol. alcohol,  ether,  and  benzene, 
nearly  insol.  water.—  Ag.,A"  :  yellow  pp. 

PYRRYL  METHYL  KETONE   C^HjNO  i.e. 

CH^.CO.C^HaNH  or  NH<^^°:^^.  Psmdo- 

acetyl-pyrrole.  [90°].  (220°  uncor.).  V.D.  3-8 
(calc.  3-8).  Formed  by  boiling  pyrrole  with  Ac.,0 
and  NaOAc  (E.  Schitf,  B.  10,  1501 ;  Ciamician 
a.  Dennstedt,  B.  16,  2348  ;  17,  432,  2944 ;  18, 
1456  ;  20,  2605  ;  G.  15,  175).  Formed  also  by 
heating  pyrrole  with  Ac.^O  and  ZnCL  (Dennstedt 
a.  Zimmermann,  B.  19,  2204),  and  by  heating 
CH,.C0.C,H3N.C0.,K  with  K.COj  at  290°  (Ciami- 
cian a.  Silber,  B.  19,  1963).  Long  monoclinic 
needles,  sol.  hot  water,  v.  sol.  aqueous  alkalis, 
sparingly  volatile  with  steam.  Not  converted 
into  pyrrole  and  KOAc  by  potash. 

Reactions. — 1.  Yields  pyrryl-glyoxylic  acid 
when  oxidised  by  KMnOj. — 2.  Benzoic  aldehyde 
and  dilute  KOH  form  pyrryl  styryl  ketone. — 3. 
Water  and  sodiiim-amalgavi  reduce  it  to  crystal- 
line pyrryl  methyl  pinacone  C,.,H|,N,0.,  [120°]  and 
pyrryi-methyl-carbinol  CH3.CH(bH).C,H3NH 
an  oil   (290°-300°).  Pyrryl-methyl-pinacone 

C,  H,N.CMe(0H).CMe(0H).C,H,N  crystallises  in 
prisms  (containing  2aq)  melting  at  98°  when 
hydrated. — 4.  Oxalic  ether  and  NaOEt  form 
pyrroyl-pyruvic  ether  (Angel,  B.  23,  1357, 1794). 
5.  Cold  fuming  H.,SO,  yields  an  unstable  sul- 
phonic  acid,  which  forms  a  crystalline  K  salt. 

Salt. — C,H,AcNAg.    Crystalline  pp. 

Oa;i'»i CH3.C(NOH).C,H3NH.  [146°].  Needles. 

Pheni/l  -  lii/dra.'cido 
CH3.C(N,,HPh).C,H3NH.   [147°].  White  powder. 

References. — Ailldo-,  Brouo-,  Bkomo-nitro-, 
and  NiTKO-  Pyrryl  methyl  ketone. 

PYRRYL  METHYL  KETONE  CARBOXYLIC 
ACID  C,H,N03  i.e.  CH3.CO.C,H3N.CO,H.  [186°]. 
Formed  by  saponification  of  its  methyl  ether, 
obtained  by  heating  methyl  pyrrole  (a)-carboxy- 
late  with  AcO  at  260°  (Ciamician  a.  Silber,  G. 
14,  109;  B.  17,  1155).  Leaflets,  sol.  water, 
alcohol,  and  ether.  FeClj  gives  a  brown  pp. — 
CaA'2  7aq:  triclinic  prisms. — '^PbA',:  needles. — 
AgA'  :  powder,  si.  sol.  water. 

Methyl  ether  MeA'.  [11.3°].  Gives  with 
ammoniacal  AgNOj  a  pp.  C^H^AgNOj. 

PYRRYL  PHENYL  KETONE  C,,H,NO  i.e. 
C.Hj.CO.C.H.NH.  [78°].  Formed  by  'heating 
1  pyrrole  with  benzoic  anhydride  and  dry  NaOBz 
at  200°-240°  (Ciamician  a.  Dennstedt,  B.  17, 
432,  2955).  Needles,  v.  sol.  alcohol,  si.  sol.  hot 
water.— CjiHsAgNO. 

PYRRYL  STYRYL  KETONE  C^HnNO  i.e. 
CeH^.CHiCH.CO.CjHsNH.  [142°].  Formed  by 
boilingpyrryl  methyl  ketone  with  CgH^CHO  and 
KOHAq  (ciamician  a.  Dennstedt,  i3."'l7,  2947). 
Yellow  needles,  si.  sol.  alcohol,  insol.  water. — 
CjjHijONAg  :  yellow  needles,  insol.  NHjAq. 
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PYRUVIC  ACID  CjH^Oa  i.e.  CH3.CO.CO2H. 

Pyr-oraceviic  acid.  Di-oxy-propionic  acid.  Mol. 
w.  88.  [9°].  (c.  165°).  S.G.  i#  1-2752 ;  ^# 
1-2700.    M.M.  3-557  (Perkin,  C.  J.  61,  836). 

Formation. — 1.  By  distilling  racemic  or  tar- 
taric acid  (Berzelius,  A.  13,  61 ;  Volckel,  A.  89, 
65  ;  Wislicenus,  A.  126,  225).— 2.  By  gradually 
heating  tartaric  acid  with  HClAq  in  sealed  tubes 
to  180°  (Geuther  a.  Eiemann,  Z.  [2]  5,  318).— 3. 
By  heating  tartaric  acid  with  cone.  HoSO^  at  40°- 
50°  (Bouchardat,  C.  B.  89,  99).— 4.  "By  heating 
silver  di-a-chloro-propionate  with  water  (Bec- 
kurts  a.  Otto,  B.  10,  265  ;  18,  227).— 5.  By  dis- 
tilling glyceric  acid  (Moldenhauer,  A.  131,  338  ; 
Bottinger,  A.  196,  92). —  6.  By  boiling  acetyl 
cyanide  with  dilute  HCl  (Claisen  a.  Shadwell,  B. 
11,  1563). — 7.  By  oxidation  of  a  cold  aqueous 
solution  of  calcium  lactate  by  KMnO^  (Beilstein 
a.  Wiegand,  B.  17,  840). 

Prepara  tion. — 1.  Tartaric  acid  (3  lbs.)  is  dis- 
tilled from  a  glass  retort  (30  lbs.  capacity).  The 
distillation  takes  three  hours.  A  fresh  quantity 
of  tartaric  acid  is  then  added  and  the  operation 
repeated.  The  distillate  is  fractionally  distilled 
(Clewing,  J.pr.  [2]  17,  243).— 2.  Dried,  and  finely 
powdered,  tartaric  acid  is  mixed  with  an  equal 
weight  of  sand  and  distilled  (Seissl,  A.  249,  297). 
3.  Tartaric  acid  is  distilled  with  KHSO4,  the 
yield  being  50  to  60  p.c.  (Erlenmeyer,  B.  14, 
321). 

Properties. — Liquid,  smelling  like  acetic  acid, 
V.  e.  sol.  water,  alcohol,  and  ether.  Colourless 
crystals  below  9°  (Simon,  Bl.  [3]  9,  111).  Par- 
tially decomposed  on  distillation.  Keduces  am- 
moniacal  AgNO^,  forming  a  mirror,  and  yielding 
CO2  and  acetic  acid.  Coloured  cherry-red  by 
alkaline  sodium-nitroprusside,  the  colour  being 
discharged  by  HOAc  (Von  Bitto,  A.  267,  377). 
Eeadily  ppd.  by  phenyl-hydrazine.  Forms  an 
oxim. 

Reactions. — 1.  Dilute  H2SO4  at  150°  splits  it 
up  into  aldehyde  and  CO^  (B.  a.  W.).— 2.  By 
long  heating  at  170°  it  is  converted  into  CO2 
and  acetic,  pyrotartaric,  uvic,  and  citraconic 
acids  (Bottinger,  B.  9,  670, 837, 1823).— 3.  HClAq 
at  100°  forms  CO,  and  pyrotartaric  acids  (De 
Clermont,  B.  6,  72)"— 4.  Boiling  with  Ag^O  yields 
CO2  and  acetic  acid. — 5.  Keduced  to  lactic  acid 
by  sodium-amalgam,  and  by  Zn  and  H.SOj. — 
6.  HI  reduces  it  to  propionic  acid.— 7.  Zinc 
when  added  to  its  alcoholic  solution  forms 
CO,H.CMe(OH).CMe(OH).CO,,H  (Bottinger,  B.  9, 
1064). — 8.  PCI5  forms  di-o-chloro-propionic  acid 
(Klimenko,  B.  3,  465  ;  Beckurts  a.  Otto,  B.  11, 
386). — 9.  Dry  bromine  at  0°  forms  crystalline 
di-bromo-lactic  acid  (?).  Br  and  water  give  di- 
bromo-pyruvic  acid  (Wislicenus,  A.  148,  208 ; 
Wichelhaus,  A.  152,  265).— 10.  Oxidised  by 
chromic  acid  mixture  to  CO,  and  acetic  acid. — 
11.  HNOjforms  oxalic  acid  and  COj. — 12.  Boiling 
baryta-water  forms  uvitic,  uvic,  pyrotartaric, 
oxalic,  and  acetic  acids  andC0o(Finckh,.4.  122, 
182 ;  Bottinger,  B.  8,  957  ;  A.  172,  241,  253 ; 
188,  313;  208,  129).  Baryta-water  added  to 
a  cold  solution  of  pyruvic  acid  ppts.  barium 
hydruvate  BaC„H„0,  or  the  basic  salt 
Ba5H2(C5H,0,),.  Hydruvic  acid  is  a  syrup. — 
13.  On  heating  with  excess  of  quicklime  it  yields 
a  little  aldehyde  (Hanriot,  C.  R.  101,  1156;  Bl. 
[2]  45,  81).— 14.  HCN  followed  by  HCl  forms 
lactic  acid.     KCN   followed  by  HCl  yields 


CH.,.C(0H)(CN).C02H  v.  Ctano-oxy-propionic 
ACID.  On  warming  pyruvic  acid  with  HCN 
under  pressure  the  product  is  CMe(NH2)(C02H)2, 
crystallising  in  unstable  prisms  (Korner  a. 
Menozzi,  G.  17,  104). — 15.  Alcoholic  ammonia 
forms  methyl  -  pyridine  dicarboxyhc  acid. — 
16.  Anilme  added  to  an  ethereal  solution  forms 
C.HgNOj,  i.e.CH3.C(NPh).C0,,H  [122°]  (Bottinger, 

B.  10,  818).    Aniline  alone  forms,  on  heating, 

C,  4H,sN20,  crystallising  from  dilute  alcohol  in 
needles  [195°],  while  p-toluidine  gives  C,eH2oN20 
[238°]  (Lazarus,  B.  17,  998).    Aniline  and  fur- 

ftiraldehyde     form     CeH,<^^^^*^^'^^"^"^  -g-  q 

crystallising  in  greenish-yellow  needles  [210°- 
215°]  (Doebner,4.242, 285).  Tetra-amido-anisole 
forms  the  quinoxaline  CBH(OMe)(N2C3H^O)2  as 
orange-yellow  flakes,  v.  sol.  alkalis  (Nietzki  a.  Kur- 
tenacker,  B.  25, 284). — 17.  H3S  passed  into  water 
containingtheAgsalt  forms  thiolacticacid(B6ttin- 
ger,B.  9, 404  ;  Loven,  J.pr.  [2]  29,  376).— 18.  PH, 
and  HCl  passed  into  an  ethereal  solution  form 
'phosphortrianhydropyruvic '  acid  CgHgPOg,  crys- 
tallising in  needles,  insol.  alcohol  and  ether,  and 
forming  with  phenyl-hydi-azine  the  compounds 
CaH^PO^SPhNoH,  [132°]  and  C^5H,3N,„03(?) 
[162°].  The  acid  C^HjPOg  is  converted  by  aniline 
into  C2,H,,N2POe[158°i,  whencephenyl-hydrazine 
forms  C,,'H.,3N502  [169°].  Tolylene-diamine  con- 
verts C<,H<,P"b6  into  Cs,H,POs2C,H,„N2  [178°]  (Mes- 
singer  a.  Engels,  B.  21,  334,  2919).— 19.  Pyruvip 
acid  (50  g.)  heated  with  dry  sodium  succinate  (92  g.) 
and  Ac.jO  (58g.)  at  110°  forms  di-methyl-maleic 
anhydride  (pyrocinchonic  anhydride)  (Fittig  a. 
Parker,  A.  267, 204).  Pyruvic  acid  (30g.)  heated 
with  dry  sodium  succinate  (55  g.)  at  110°  forms 
uvic  (pyrotritaric)  acid. — 20.  Pyruvic  acid  (30  g.) 
heated  with  sodium  pyrotartrate  (60  g.)  and 
AcO  (36  g.)  at  140°  forms  methyl-ethyl-maleic 
anhydride  (F.  a.  P.). — 21.  Benzonitrile  and  cold 
H2SO4  form  an  acid  C„H,5N204,  crystallising  in 
tables  [172°],  insol.  water,  v.  sol.  acetone 
(Bottinger,  B.  14,  1599).— 22.  Phenyl  -  aceto- 
nitrile  and  H.,S04  form,  in  like  manner, 
C,3H,„N204  [145"°]  (B.).— 23.  By  heating  with 
aldehydes  E.CHO  and  baryta-water  it  is  con- 
verted into  s-alkyl-isophthalic  acids  of  the  form 
C,H3K(C02H)2  (Doebner,  B.  23,  2378).— 24.  Benz- 
oic aldehyde  and  aniline  in  ether  form,  in  the 
cold,  G22H,8N20  or  CHPh:CH.C(NPh).CONHPh 
[225°],  insol.  water,  acids,  and  alkalis,  si.  sol. 
alcohol  and  ether.  Cuminic  aldehyde  and 
aniline  give  C„5H„4N20  [216°]  (Doebner  a. 
Gieseke,  A.  242,  290;  249,  102).  Benzoic 
aldehyde  and  p-toluidine  form,  in  like  manner, 
C24H20N2O  [205°].— 25.  Isobutyric  aldehyde  and 
aniline  in  alcoholic  solution  react  forming 
CHPr.CH.C(NPh).CONHPh  (?)  [222=]  crystal- 
lising from  HOAc  in  needles,  while  isovaleric 
aldehyde  and  aniline  in  ether  give  CjE^NjO 
[160°]  (Doebner,  A.  242,  275).  Isovaleric  "alde- 
hyde in  warm  alcoholic  solution  forms  the  acid 
C,4H,.N0o. — 26.  Thioglycollic  acid  gives  rise  to 
C02H.CMe(OH).S.CH,,.C0.2H  [110°]  with  evolu- 
tion of  heat ;  while  HCl  passed  through  a  mix- 
ture of  pyruvic  and  thioglycollic  acids  produces 
C0.,H.CMe(S.CH.,.C0.,H)„  [162°]  crystalhsing 
from  ether  (Bongartz,  B.  19,  1933  ;  21,  484).— 
27.  Phemjl  mercaptan  forms  the  compound 
CH3.C(SPh)(0H).C0.,H,  while  p-bromo -phenyl 
mercaptan   forms  "CH3.C(SC,H4Br)(OH).C02H 
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[114-5°]  (Baumann,  B.  18,  263).— 28.  Etliylena 
mcrcaptan  ioYm.^  a  substance  [9G°]  which  crystal- 
Uses  from  benzene  as  a  fine  powder,  and  may  be 

condensed  to  ^^-•g>CMe.CO,H  [102°],  which 

on  oxidation  gives  ethylene  ethylidene  disulphone 
[198°]  (Fasbender,  B.  21,  1473).— 29.  Bemem 
and  H.,SO,  form  CH3.CPh„.C0„H,  while  phenol 
and  H.,SO,,  yield  C,-H,  ,0,  (Bottinger,  B.  14, 1595  ; 
16,  2071).— 30.  Distillation  of  the  K  salt  with 
KOAc  forms  acetone  and  pyrotartaric  acid  (Wi- 
chelhaus,  [2]  5,  254).— 31.  Pyruvic  acid  (1  pt.) 
heated  with  urea  (2  pts.)  at  100°  forms  pyvuril 
or '  pyruvic  diureide '  C,,H,N  ,03,  which  crystallises 
in  tables,  S.  10  at  100^,  insol.  alcohol  and  ether 
(Grimaux,  C.  R.  79,  526,  1304,  1478;  80,  53; 
A.  Ch.  [5]  11,  373).  Pyvuril  is  decomposed  by 
long  heating  at  160°,  forming  amorphous  'tetra- 
pyruvic  tetraureide'  C,gH|„N(,0„  insol.  water. 
Boiling  dilute  HClAq  converts  pyvuril  into  urea 
and  '  dipyruvic  triureide '  CaHjoNijOj,  which 
crystallises  from  hot  water  in  needles,  S.''4  at 
100°,  decomposed  by  boiling  alkalis  into  urea, 
pyruvic  acid,  and  pyvuril.  Boiling  cone.  HClAq 
converts  pyvuril  into  urea  and  '  pyruvic  ureide  ' 

C,H,N202  or  CO<^^jj'^q'^  ,     a  crystalline 

powder,  m.  sol.  hot  water,  insol.  alcohol.  Nitric 
acid  converts  pyvuril  into  nitro-pyruvic  ureide 
CjH,(NO.,)N.,0,  [above  200°],  which  is  decom- 
posed by  boiling  bromine-water  into  parabanic 
acid  and  CBr,.NO.>.  Pyruvic  acid  heated  with  an 
equal  weight  of  urea  at  100°  forms  amorphous 
insoluble  '  tripyruvic  tetraureide '  CijHieNgO,  and 
dipyruvic  triureide. — 32.  Sodium  hippurate  and 
Ac.,0  at  100°  form  the  dibasic  acid  C|..H,N04 
[157°]  (A.  Hoffmann,  B.  19,  2555).— 33.  A 
solution  of  indoxijl  forms  on  adding  cone.  HCl 

the  indogenide  C,H,<^^^>C:CMe.CO,H  [197°], 

crystallising  in  red  needles  forming  a  blue 
solution  in  H.SO^  (Baeyer,  B.  16,  2199).— 34. 
Glijcerm  and  KHSO4  form  'glycuvic  acid,'  or 
'  pyruvin,'  which  is  also  got  by  heating  glycerin 
with  glyceric  acid  at  120°,  and  by  distilling  gly- 
cerin with  citric  acid.  Glycuvic  acid  is  probably 
CH3.CO.CO.O.CH,,.CH<^^^2  .    u  ig  crystalline 

[82°]  (241°),  and  yields  pyruvic  acid  when  boiled 
with  baryta  (Bottinger,  B.  10,  286  ;  14,  316  ; 
A.  263,  246  ;  Jowanovitch,  M.  6,  467  ;  Erhardt, 
M.  6,  511;  Schlagdenhauffen,  C.  B.  74,  672  ;  De 
Clermont,  C.  R.  105,  520). 

Salts. — The  salts  crystallise  well,  provided 
heat  is  avoided  in  their  preparation  ;  otherwise 
they  become  amorphous.  The  acid  also  is 
changed  by  evaporation  of  its  aqueous  solution 
into  a  non-volatile  syrupy  mass. — NaA' :  large 
prisms. — BaA'._,  aq  :  scales. — BaA'„  2aq  :  amor- 
phous.— PbA'o  aq  :  crystalline  pp. — ZnA'j  3aq  : 
white  miorocrystalline  powder,  si.  sol.  water 
(Beckurts  a.  Otto,  B.  18,  227).— CuA'„  aq.— 
AgA' :  scales,  si.  sol.  water. 

Cornbinations  with  bisulphites  (Clewing,  J. 
pr.  [2]  17,  241).— HA'NaHS03  aq  :  crystals.— 
NaA'NaHSOj  aq.  —  NaA'NaPISOj  l^aq.  — 
HA'KHSO, :  octahedra.  —  KA'KHSO^  aq.  — 
CaA'„Ca(HSO,).,  3aq.— (CaA'2),(Ca(HS0,)'),  24aq. 
— (CaA'„)„(Ga(HS0,)2)o  3aq.— SrA'.,Sr(HSb3)..  5aq. 
— BaA'.,Lla(Htt03).,. 
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Methyl  ether  MeA'.  (c.  136°).  S.G.  2 
1-154.    Got  from  AgA'  and  Mel. 

Ethyl  ether  EtA'.  Oil.  Converted  by 
aniline  into  two  crystalline  bodies  [144°]  and 
[c.  250°].  The  compound  0(CMe(0H).C0,Et)2, 
formed  by  the  action  of  nitrous  acid  on  amido- 
propionic  ether,  is  an  oil  (80°-86°  at  120  mm.) 
(Curtius,  J.2)r.  [2]  38,  472). 

Isoamyl  ether  C^H^A'.  Got  by  distilling 
the  acid  with  isoamyl  alcohol  (Simon,  Bl.  [3]  9, 
136). 

4mit^e  CH3.CO.CO.NH,.  [125°].  Got  from 
acetyl  cyanide  and  HCl  (Claisen  a.  Shadwell,  B. 
11,  1566).    Prisms  or  tables  (from  alcohol). 

Nitrile  v.  Acetyl  cyanide. 

Phenyl  hydrazide  CH3.C(N.,HPh).C0,H. 
[192°]  (F.) ;  [185°]  (Japp  a.  Klingemann,  B.  20, 
3284  ;  A.  247,  208  ;  C.  J.  53,  519).  Ppd.  when 
a  solution  of  phenyl-hydrazine  hydrochloride  is 
added  to  a  dilute  (even  1  in  lOUO)  solution  of 
pyruvic  acid  (Fischer,  B.  16,  2241  ;  17,  578). 
Prisms,  sol.  hot  water  and  hot  alcohol.  Eeduced 
by  sodium-amalgam  to  phenyl-hydrazido-pro- 
pionic  acid  [172°].  At  190°  it  gives  off  CO.,  and 
H„,  and  forms  the  phenyl-hydrazide  of  di-methyl 
I  diketone  [242°]  and  the  oily  phenyl-hydrazide  of 
aldehyde.  The  ether  CH3.C(N,HPh).C0,,Et  [117°], 
crystallises  in  yellow  needles  (from  ligroin). 

o-Ghloro-plieny  I -hydra  side 
C„H,Cl.NH.N:CMe.CO.,H.    [178°].  Lemon-yel- 
low needles,  forming  a  crystalline  ethyl  ether 
[168°]  (Hewett,  C.  J.  59,  211). 

p-  Nitro -phenyl- liydrazido 
C,H4(N0,,).NH.N:C]VIe.C0,H.      Yellow  plates 
(Fischer  a.  Ach,  A.  253,  64).  V.  sol.  hot  alcohol. 

p-  Su  Ipho -phenyl -hydrazide 
S03H.C„H,,.NH.N:CMe.C0.,H.  Solid,  insol.  ether, 
V.  sol.  water  and  alcohol  (Pfiilf,  A.  239,  217).— 
NaA'  aq :  nodules. 

P  heny  I -7ne  thy  I -hydrazide  C|„H|,NjO, 
i.e.  NPhMe.N:CMe.CO.,H.  [78°].  Yellowish 
needles  (Fischer,  B.  16,  2245  ;  17,  559).  Con- 
verted by  heating  with  HClAq  into  methyl-indole 
carboxylie  acid  and  NH3.  The  phenyl-ethyl- 
i  hydrazide  is  converted  in  like  manner  into 
ethyl-indole  carboxylie  acid. 

Di-phenyl-hydraside 
^  NPhj.NiCMe.COoH.  [145°].  White  needles 
(Fischer  a.  Hess,  B.  17,  667).  Sol.  hot  benzene 
and  CHCI3,  forming  deep-yellow  solutions.  Con- 
verted into  phenyl-indole  carboxylie  acid  by 
heating  with  HClAq. 

0-  Tolyl-hydrazide 
C,;H4MeN„H:CMe.C02H.  [156°]  (J.)  ;  [159°]  (E.). 
Formed  by  saponifying  the  product  of  the  action 
of  o-diazotoluene  chloride  on  sodium  methyl- 
acetoacetic  ether  (Japp,  A.  24:7 ,  213),  and  from 
o-tolyl-hydrazine  hydrochloride  and  pyruvic 
acid  (Easchen,  A.  239,  228).  Small  yellow 
plates  (from  benzene).  Yields  o-tolyl-hydrazido- 
propionic  acid  [143°]  on  reduction.  At  about 
160°  it  forms  the  di-o-tolyl-di-hydrazine  of  di- 
methyl-di-ketone,  a  yellow  crystalline  powder 
[198°]. 

p-Tolyl-hydrazide  C^H.N.H :CMe.C0,H. 
[162°].  Formed  in  the  same  way  as  the  o-iso- 
meride.  Yellow  plates  (from  benzene).  At  165° 
it  is  converted  into  the  di-p-tolyl-hydrazide  of 
di-methyl-di-ketone  [230°].  Gives  an  ethyl 
ether  C|._,H|,,N,,0,  [106°],  crystallising  from  ligroin 
in  yellowish  plates. 
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Methyl-p-tolyl-hydrazide  CdHuNjO^. 
[83°].    Yellow  prisms  (Hegel,  A.  232,  215). 

Ethyl-p-tolyl-hydrazide  CijHjoNjOj. 
Needles,  v.  sol.  alcohol  and  ether  (H.). 

^•Cumyl-hydrazide 
C„H.,Me3NH.N:CMe.C0,H.       [148°].  Yellow 
needles  (Kuhemann,  C.  J.  57,  55). 

p- Bemoylphenyl-hydrazide 
CgH.Bz.N.HiCMe.CO.H.  [200°].  Lemon-coloured 
crystals  (Euhemann  a.  Blackman,  C.  J.  65,  616). 

{a)-Naphthyl-hydrazide 
C.oHj.N^HrCMe.CO^H.    [159°]  (Fischer,  4.  232, 
236).    Yields  EtA'"  [100°]  (Schlieper,  A.  239, 
229). 

(P)  -  Naphthyl-hydrazide  [166°].  Yields 
EtA'  [131°]  (Schlieper,  A.  236,  176). 

{B.  4)-Quinolyl-hydrazide 
CgHsN.NH.N:CMe.C02H.   [174°].  Formed  from 
pyruvic  acid  and  {B.  4)-hydrazido-quinoline 
acetate  (Dufton,  C.  J.  59,  758).  Light-yellow 
pp.,  insol.  water,  sol.  acids  and  alkalis. 

Oxim  CH,.C(NOH).CO„H.  a-Nitroso-pro- 
picmic  acid.  Formed  by  the  action  of  cold 
iiOHAq  on  its  ether,  which  is  got  by  adding  a 
dilute  solution  of  KNO.,  (10  pts.)  to  methyl- 
acetoacetic  ether  dissolved  in  water  (3  pts.), 
KOH  (2  pts.),  and  some  alcohol,  the  yield  being 
16  p.c.  of  the  methyl-acetoacetic  ether  used  (V. 
Meyer  a.  Ziiblin,  B.  11,  692 ;  Gutkneoht,  B.  13, 
1116).  Got  also  from  pyruvic  acid  and  hydroxyl- 
amine  (V.  Meyer  a.  Janny,  B.  15, 1527  ;  Schafer, 
A.  264,  153  ;  Hantzsch,  B.  24,  50).  Crystalline 
powder,  si.  sol.  ether,  v.  sol.  water  and  alcohol. 
Decomposes  suddenly  at  about  177°.  Oxidised 
by  potassium  permanganate  to  ethyl-nitrolic 
acid  CH,.CH(NO)(NO,,).  Yields  acetonitrile  on 
heating  with  hydroxylamine  hydrochloride.  Ee- 
dueed  by  tin  and  HClAq  to  alanine.  Salts. — 
KA'  aq :  pearly  plates,  sol.  water. — BaA'o : 
soluble  prisms. — Cu„OA'„  aq. — AgA' :  white  in- 
soluble powder.  Ethyl  ether  EtA'.  [94°]. 
(233°  cor.).  Formed  as  above,  and  also  by  the 
action  of  UNO,  on  methyl-malonic  ether  and  on 
propionyl-propionic  ether  (Bergreen,  B.  20,  533). 
Needles  or  prisms,  with  weak  acid  properties. 

References. — Bkomo-,  Chloko-,  and  Oxy- 
Pykdvic  acid. 

PYRUVIC  ALDEHYDE  CH3.CO.CHO.  Me- 
thyl-glyoxal.  Got  by  the  action  of  dilute  acids 
upon  CH3.C(OH)(SO,Na).CH(S03Na).NHS03Na, 
which  is  got  from  nitroso-acetone  and  NaHSO,, 
(Pechmann,  B.  20,  2543). 

Mono-oxim  v.  Nithoso-acetone. 

Di-oxim  CH3.C(N0H).CH:N0H.  Methyl- 
glyoxim.  [153°].  Formed  by  the  action  of 
hydroxylamine  on  CH3.CO.CH.NOH  or  upon 
CH3.CO.CHCI,,  (V.  Meyer  a.  Janny,  B.  15,  1165 ; 
Treadwell,  B.  15,  2787).  Small  prisms  (from 
alcohol)  or  needles  (by  sublimation).  Salt. — 
AgCjHjNjO,       pp. — Diacetyl  derivative 


C,H,(NOAc),.  [51°].  Prisms  (from  ligroin) 
(Schramm,  B.  16,  2187). 

Phenyl-hydrazide  of  the  oxim 
CH3.C(N2HPh).CH:NOH.  [134°].  Formed  from 
nitroso-acetone  and  phenyl-hydrazine  (Pech- 
mann a.  Wehsarg,  B.  21,  2994  ;  A.  262,  278). 
Prisms  or  needles  (from  alcohol).  H.,SOj  forms 
a  reddish-yellow  solution,  coloured  deep  blue  by 
FeCl.,.  Ac.O  yields  CH3.C(N.SPh).CH:N0Ac 
[163°],  crystallising  in  colourless  needles. 

Phenyl-inethyl-hydrazide  of  the 
oxim  CH3.C(N,PhMe).CH:N0H.  [118°].  Orange 
yellow  prisms  (from  alcohol). 

Phenyl-hydrazide  CHj.CO.CHiN^HPh. 
[150°].  Formed  from  sodium  acetoacetic  ether 
and  diazobenzene  chloride  (Japp,  A.  247,  198, 
218;  C.  J.  53,  519).  Plates  (from  benzene  or 
MeOH).  Yields  CH3.C0.CH:NoAcPh  [93°] ,  crys- 
tallising from  Ugroin  in  needles.  NaOEt  and 
chloro-acetic  ether  yield,  on  saponification  of  the 
product,  CH3.C0.CH:N.NPh.C0,H  [162°],  which 
crystallises  from  hot  water  in  needles,  and  is  re- 
duced by  tin  and  HClAq  to  phenyl-amido-acetic 
acid  [127°]. 

Di-phenyl-di-hydrazid  e 
CH3.C(N,HPh).CH:N.,HPh.  [145°].  Formed  by 
heating  the  phenyl-hydrazide  of  acetyl-carbiuol 
with  phenyl-hydrazine  hydrochloride  and  NaOAc 
in  alcohol  at  100°  (Laubmann,  A.  243,  248). 
Formed  also  by  warming  pyruvic  aldehyde  or  its 
mono-oxim,  phenyl-hydrazide,  or  phenyl-hydraz- 
ide of  the  oxim  with  phenyl-hydrazine  acetate 
(Pechmann,  B.  20,  2543 ;  21,  2755 ;  Japp,  A. 
247,  207).  Yellow  plates  or  needles  (from  dilute 
alcohol),  si.  sol.  alcohol.  Cone.  H0SO4  forms  an 
olive-green  solution,  changing  through  slaty- 
blue  to  violet.  Yields  a  crystalline  hydrochloride 
[197°].    Oxidised  by  Kfii^O,  and  HOAC  to 

CMe:N.NPh    crystallising    in  needles  [107°], 

CH  *N 

whence  boiling  HClAq  produces  cMe'N/*^^^ 
a  colourless  oil  (150°  at  60  mm.),  oxidised  by 
alkaline  KMnO,  to  the  acid  C(,H,N302  [192°]. 

Acetyl  derivative  of  the  di-phenyl- 
di-hydrazide  CH3.C(N;HPh).CH:N.NPhAc. 
[229°].  Formed  from  the  acetyl  derivative  of 
the  phenyl-hydrazide  and  phenyl-hydrazine 
(Japp,  C.  J.  53,  619).    Yellowish  needles. 

Phenyl-methyl-hydrazide 
CH3.C0.CH:N.NPhMe.  [64°].  Formed  from  the 
phenyl-hydrazide,  NaOMe,  MeOH,  and  Mel 
(Japp).  Flat  needles  (from  MeOH),  v.  e.  sol. 
alcohol.  Converted  by  phenyl-hydrazine  into 
CH3.C(N,,HPh).CH:N.NPhMe  [152°],  crystalhsing 
in  pale-yellow  needles. 

Phenyl-ethyl-hydrazide 
CH3.C0.CH:N.NPhEt.    [55°].    Prepared  in  like 
manner.    Prisms  (from  ligroin). 

PYRUVYL  ALCOHOL  v.  Acetyl  cakbinol. 


Q 

QUARTENYLIC  ACID  v.  Isoceotonic  acid,  i  CHCl.,.    Occurs  in  quassia-wood  (Winckler,  Rep. 

QUASSIN  C.,,H|,0,„  or  C3,H,20,„  or  C3„H„,0,„  PJmrm.  54,  85  ;  Wiggers,  A.  21,40  ;  Christensen, 
(Oliveri)  or  CnHj.Oa  (Christensen).  Quassiin.  '  Ar.  Ph.  [3]  20,  481 ;  Goldschmidt  a.  Weidel. 
[211°].  S.  -253  at  22°  (0.  a.  D.) ;  -07  at  15°  (C).  I  Sitz.  W.  74,  389  ;  Adrian  a.  Moreaux,  Ph.  [3] 
S.  (chloroform)  48  at  15°  (C).    [a]D  =  37-5  in  I  14,507).    Prepared  by  extracting  quassia  wood 
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(10  pts.)  with  boiling  water  (45  pts.),  evaporating 
(to  10  pts.)  at  a  gentle  heat,  ppg.  by  tannin, 
mixing  the  pp.  with  lead  carbonate,  and  extract- 
ing with  boiling  alcohol.  The  product  is  re- 
crystallised  from  water  and  alcohol  (yield  '01  pt.) 
(Oliveri  a.  Denaro,  G.  15,  6). 

Properties. — Slender  monoclinic  needles,  v. 
sol.  alcohol  and  chloroform,  si.  sol.  ether.  Sol. 
cone.  HClAq  and  KOHAq,  insol.  Na^COjAq.  Ee- 
duces  FehUng's  solution  (Oliveri),  or,  according 
to  Allen  {An.  12,  107),  has  no  reducing  power. 
Not  coloured  by  FeClj.  Ppd.  by  tannin.  Quassin 
appears  to  be  the  dimethyl  ether  of  quassic  acid, 
and  probably  contains  two  hydroxyls,  two  CO„Me, 
and  two  CO  groups,  and  is  perhaps  a  derivative 
of  anthraquinone  (Oliveri).  Phenyl-hydrazine 
forms  C32HjoOs(N2HPh)2  ('?),  a  yellow  amorphous 
powder,  decomposing  at  about  230°  without  fusion 
{Oliveri,  G.  18,  169). 

Reactions. — 1.  Boiling  dilute  (4  p.c.)  H^SOj 
forms  'quasside'  Cj.JJj.jO^,  a  white  amorphous 
very  bitter  substance  [194°],  which  reduces  Feh- 
ling's  solution,  and  is  reconverted  by  boiling 
■dilute  alcohol  into  quassin.  — 2.  Ac.^0  andNaOAc 
form,  on  boiling,  the  amorphous  anhydride 
CajH^iOg  [150°-158°],  sol.  alcohol  and  ether.— 3. 
Bromine  forms  Cj._,Hj,Br30,„  a  very  bitter  yellow 
powder  [155°].— 4.  Fuming  HClAq  in  a  sealed 
tube  at  100°  forms  MeCl  and  quassic  acid. — 5. 
PCI5  gives  Cj^HjaCl^Og,  a  yellow  powder  [120°] 
decomposed  on  fusion.—  6.  HIAq  and  P  at  150°- 
280°  form  durene  (188°-195°)  C,.,H,s  (220°-240°) 
and  anthracene  (Oliveri,  G.  17,  575). 

Quassic  acid  CsoHjgOu,  or  C,„Hj„0|(,.  [245°]. 
S.  -0043  at  23°.  Formed,  together  with  MeCl 
(2  mols.),  by  heating  quassin  with  HClAq.  Mono- 
clinic  prisms  (containing  aq),  sol.  hot  alcohol,  si. 
sol.  ethei'.  Alkalis  give  a  reddish -yellow  colour. 
FeCl3  gives  a  greenish-yellow  colour.  Eeduces 
Fehling's  solution  and  ammoniacal  AgNO.j. 
Hydroxylamine  forms  C,„H.,,(N0H),>08  (?),  crys- 
tallising in  rectangularp)risms  [230°]. — BaA"  7aq : 
reddish-yellow  crystals.  —  PbA"  6aq :  white 
amorphous  pp. — Fe„A"3:  brownish-green  pp. 

QUEBRACHAMINE.  [142°].  Occurs  in  white 
quebracho  bark  (Hesse,  A.  211,  269).  Plates,  v. 
sol.  alcohol,  benzene,  CHCI3,  and  ether.  Its 
alcoholic  solution  is  alkaline  and  tastes  bitter. 
H.SO^  and  K..Cr,0,  give  a  dark-violet  colour. 

'  ftUEBEACHINE  C.,,H,eN,03.  [216°].  [a]^ 
=  62-5  in  a  2  p.c.  alcoholic  solution  at  15°; 
=  18-6  in  chloroform.  Occurs  in  white  quebracho 
bark  (Hesse,  B.  13,  2808  ;  A.  211,  254).  Colour- 
less needles,  sol.  alcohol,  ether,  benzene,  and 
CHCI3,  V.  si.  sol.  cold  water,  NaOHAq,  and 
iSIH.,Aq.  Dextrorotatory.  Its  solutions  are  al- 
kaline, bitter,  and  poisonous.  Its  solution  in 
H2SO4  is  turned  blue  by  PbO™  or  KXr^O,,  and 
finally  brown.    FeCl^  gives  no  colour. 

Salts.— B'HCl.—B',H.,PtCl,  5aq:  crystals.— 
B'2H.,S04  8aq  :  cubes  or  short  prisms,  v.  sol.  hot 

water.— B',H,G,,04.— Tartrate  B',,H,CA  6aq.— 
Citrate  B'„CjH„0,:  nodular  groups  of  needles. 

Hypoquebrachine  C,.,H.,„N,0,,.  [80°].  Strong 
base  with  bitter  taste,  v.  sol.  alcohol  and  ether, 
forming  yellow  amorphous  salts.  Platino- 
chloride.— B'„H.,PtCle4aq  (Hesse,  A.  211,  264). 

QUEBRACHlfE  C,H„MeO„.  [187°].  S.G. 
2  1-54.  (c.  210°  in  vacuo).  [a]u  =  -80°.  Occurs 
in  the  seeds  of  Aspiclosperma  quebracho,  from 
which  it  can  be  extracted  with  alcohol  (Tanret, 


[  C.  R.  109,  908).  Trimetric  prisms  with  sweet 
j  taste,  V.  sol.  water  and  alcohol,  insol.  ether. 
I  Does  not  ferment  with  yeast  or  reduce  Fehling's 
solution.  Keduces  ammoniacal  AgNOj.  Not 
affected  by  dilute  acids  or  alkalis  at  100°.  Ppd. 
by  ammoniacal  lead  acetate,  but  not  by  lead  sub- 
acetate.  Heated  with  HI  it  gives  off  Mel  and  a 
little  benzene.  Ac^.O  and  ZnCL  form  an  acetyl 
derivative  [89°].  Gives  on  heating  with  HNO3 
the  same  reactions  as  inosite. 

QUEBRACHO  BARK.  Quebracho  bianco,  or 
white  quebracho  bark,  used  as  a  febrifuge,  con- 
tains about  '8  p.c.  of  alkaloids,  consisting  of  Aspi- 

DOSPERMINE,    AsPIDOSPEEMATINE,  AsPIDOSAJUNE, 

Qdebkachine,  Hypoquebrachine, QuEBKACHAMiNE, 
and  Qdebrachol  (Hesse,  A.  211,  251). 

QUEBRACHO  GUM.  Occurs  in  quebracho 
Colorado,  the  bark  of  Loxopterygium  Lorentii 
(.Jean,  Bl.  28,  6  ;  Arata,  Anales  de  la  Sociedad 
cientifica  Argentina,  July  1878  ;  Feb.  1879  ;  C.  J. 
34,986).  Brittle  red  concretions,  with  astringent 
taste,  sol.  boiling  water  and  alcohol,  insol.  ether. 
Quebracho  gum  contains  quebrachitannic  acid, 
a  pale-red  amorphous  mass,  m.  sol.  hot  water, 
I  giving  a  green  colour  with  FeClj,  turned  dark 
i  red  by  NaOAc.  Quebrachitannic  acid  ppts. 
Pb(0Ae)2,  gelatin,  albumen,  and  alkaloids.  It 
yields  pyrocatechin  and  a  liquid  (100°-120°)  on 
distillation.  Potash-fusion  gives  protocatechuic 
acid  and  phlorogluoin  ;  nitric  acid  yields  oxalic 
and  picric  acids. 

QUEBRACHOL  C.^H^.O.  [125°].  [a],, 
=  —  29'3°.  Occurs  in  white  quebracho  bark 
(Hesse,  A.  211,  272  ;  228,  288).  Plates,  v.  e.  soL 
alcohol  and  ether,  insol.  water  and  alkalis.  When 
the  solution  in  chloroform  is  shaken  with  H2SO4 
the  chloroform  is  coloured  red  (c/.  Cholesterin). 
Acetyl  derivative  C„„H33.0Ao.  [115°]. 
QUERCETAGETIN  C.,',Rjd,,  4aq.  Yellow 
crystals,  extracted  by  alcohol  from  the  blossoms 
of  the  common  marigold,  Tagetes patula  (Latour 
a.  Magnier,  Bl.  [2]  28,  337). 

QUERCETIN  C..,H„iO,,  3aq  (Liebermann  a. 
Hamburger,  B.  12,  il78)  or  C,jH,„0,  (Herzig,M". 
12,  172).  (I3)-Rhamnctm  (Herzig,  M.  10,  561). 
[above  250°].  S.  (alcohol)  5-5  at  78°;  -4  in  the 
cold  (Stein,  J.  1862,  499).  Mol.  w.  (byRaoult's 
method)  258  (calc.  302).  Formed,  together  with 
isodulcite,  by  the  action  of  dilute  H^SO^  on 
quercitron,  a  yellow  dye-stuH  consisting  of  the 
shavings  of  the  bark  of  Quercus  tinctoria,  grow- 
ing in  the  United  States  (Eigaud,  A.  90,  289). 
Eutin  and  robinin  also  yield  quercetin  when 
treated  with  dilute  HoSO^  (Zwenger  a.  Dronke, 
A.  123,  153;  Siippl.  1,'261 ;  Sohunck,  C.  J.  53, 
262;  Hlasiwetz,  A.  112,  96;  J.  pr.  94,  65). 
Occurs  in  Persian  berries  (Kane,  A.  Ch.  [3]  8, 
380;  BoUey,  C.  J.  13,  327),  in  the  ripe  fruit, 
flowers,  and  leaves  of  the  horse-chestnut  (Eoch- 
leder,  A.  112,  112),  in  the  berries  of  the  sea- 
buckthorn  {Hippophae  rhamnoides),  in  apple- 
tree  bark,  in  tea-leaves,  and  in  catechu  (Loewy, 
Fr.  12, 127). 

Properties.  —  Lemon  -  yellow  crystalline 
powder,  si.  sol.  water,  v.  si.  sol.  ether.  Gives  olf 
water  of  crystallisation  at  130°.  May  be  sub- 
limed as  yellow  needles.  Dissolves  in  alkalis, 
formingyellow  solutions.  Dyes  fabrics  mordanted 
with  alumina  yellow ;  with  iron,  grey  or  black. 
Its  alcoholic  solution  is  coloured  dark  green  by 
FeCl3,  the  colour  becoming  dark  red  on  warming. 
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Pb(OAc),^  gives  a  brick -red  pp.  Keduces  AgNOj 
in  the  cold,  and  Fehling's  solution  on  heating. 

Reactions. — 1.  On  fasion  tvith  potash  it 
yields  phloroglucin  and  quercetic  acid,  and  by 
prolonged  fusion,  paradatiscetin  C,jH|„0.„  quer- 
cimeric  and  protocatechuic  acid. — 2.  Boiling 
dilute  alcoholic  potasli  gives  phloroglucin  and 
protocatechuic  acid  (Herzig,  M.  6, 8G3). — 3.  KCIO3 
and  HCl  yield  protocatechuic  acid. — 4.  Sodium- 
amalgam  forms  phloroglucin,  a  compound 
CijHioOj  crystallising  in  needles,  si.  sol.  water, 
and  a  compound  C;Hs03,  which  forms  granular 
crystals  [130°],  v.  sol.  water. — 5.  Bromine  in 
HOAc  forms  C.jHj.iBrjO,,,  crystallising  in  lemon- 
yellow  needles  [237°]  and yieldingCo [HjAcsBr^O, ,. 
Excess  of  Brin  HOAc  forms  CjjHiiBr^O,,,  whence 
C._,4H3Ac,Br50|,  may  be  got,  crystallising  from 
HOAc  in  needles  [2-53°].  Liebermann  obtained 
the  compounds  C.,,H,  |Br.,0,,,  C,,4H,„Ac.Br,,0|, 
[218°],  C2,H,,Br,0,i,"  and  Cj^Hi.Ae.^BrjO,,  [228°], 
all  crystallising  in  needles. — 6.  Phenyl  cyanata 
at  160°  forms  C„H„0,(O.CO.NHPh)„  a  white 
amorphous  powder  [200°-205°]  (Tesmer,  B.  18, 
2609). — 7.  Ammonia  at  150°  forms  amorphous 
'  quercetamide '  (Schiitzenberger  a.  Paraf,  Z. 
1862,  41). 

Salts. -C,,H,„K,0,3  (?).-C,,H,„Na,0,3  (?).- 
C„H2„ZnO„  (H.  a.  F.). 

Acetyl  derivative  CjjHjACsO,,  or 
C^HjAc.O,  (Herzig,  M.  5,  72  ;  6,  890  ;  9,  637  ; 

10,  561 ;  12,  174  ;  c/.  Liebermann,  B.  12,  1178  ; 
A.  196,  319).  [191°].  Formed  by  boiling  quer- 
cetin  or  rliamnctin  with  Ac^O,  and  NaOAc. 
Needles  (from  alcohol).  Liebermann  obtained 
Cj^Hj^ACjO,,  [198°],  crystallising  in  needles. 

Methyl  ether  C,5HgOj(OMe).  Bhamnetin. 
Formed,  together  with  isodulcite,  by  heating 
xanthorhamnin  with  dilute  HjSOj  (Gellatly, 
iV.  E.  P.  J.  7,256;  Liebermann  a.  Hermann,  i3. 

11,  1618;  Herzig,  M.  6,  889;  9,  560;  12,  175. 
Lemon-yellow  powder,  nearly  insol.  water,  alco- 
hol, and  ether,  v.  sol.  hot  phenol.  Forms  a 
yellow  solution  in  KOHAq.  Keduces  ammoniacal 
AgNOs  and  hot  Fehling's  solution.  Yields  proto- 
catechuic acid  and  phloroglucin  on  fusion  with 
potash  or  on  treatment  with  sodium-amalgam 
(Smorawski,  B.  12,  1595).  Converted  by  HI  into 
quercetin  and  Mel.  Dyes  iron  mordants  black 
and  alumina  yellow.  Yields  C,.,H5AC|0c(0Me) 
[185°].  KOH  and  EtI  give  ethyl-rhamnetin 
[108°],  whence  Ac,,0  and  NaOAc  form  an 
acetyl-ethyl-rhamnetin  [157°].  Bhamnetin  yields 
also  (tetra-?)  propiouyl  [158°-162°]  and  (tetra-?) 
benzoyl  [212°]  derivatives,  and  an  acetyl-di- 
bromo-  derivative  [212°]. 

Methyl  derivative  C.,|H,„Me^O|,  or 
CijH.MejO,.  [157°].  Formed  from  quercetin, 
KOMe,  and  Mel  (Herzig,  M.  5,  83)  and  got  also 
by  heating  xanthorhamnin  with  KMeSO,  and 
MeOH  at  120°,  and  from  rhamnetin,  KOH,  and 
Mel  (Liebermann  a.  Hermann,  A.  196,  317 ; 
Herzig,  M.  6,  689  ;  9,  552).  Golden  needles,  si. 
sol.  alcohol,  converted  by  alcoholic  potash  at 
140°  into  the  di-methyl  derivative  of  proto- 
catechuic acid.  Boiling  Ac^O  and  NaOAc  give 
Cj^H^AcMe^O,,  or  CijHjAcMejO,  crystallising 
in  needles  [167°]. 

Ethyl  derivative  C.,,H,|,EteO,,  or 
CisH^Et^O,.  _  [122°].  Got  by  boiling  quercetin 
with  alcoholic  potash  and  EtI  (Herzig,  M.  9, 
537).    Yellow  needles,  m.  sol.  alcohol.  Yields 


I  C,.H3(OEt)2CO,H  when  heated  with  potash  at 

140°.  Ac.fi  and  sodium  acetate  give  the 
i  colourless  acetyl  derivative  Cj^H^AcElt^Oi,  or 

CisHijAcEtjOj  crystallising  in  needles  [153°]. 

Mol.  w.  (by  Kaoult's  method)  c.  426  (Herzig,  M. 

12,  172). 

A  compound  of  quercetin  and  rham- 
netin which  sometimes  occurs  in  Persian 
berries  (Herzig,  M.  10,  561)  yields  an  acetyl 
derivative  [171°],  an  acetyl-ethyl  derivative 
[142°],  and  an  ethyl  derivative  [102°]. 

Paradatiscetin  C|,H,(,Oe.  Formed  from 
quercetin  by  potash-fusion  (Hlasiwetz  a. 
Pfaundler,  J.  pr.  94,  65).  Yellowish  needles 
(from  dilute  alcohol),  nearly  insol.  water,  m.  sol. 
ether.  Acid  in  reaction.  FeOlj  colours  its  alco- 
holic solution  violet.  Potash  forms  a  yellow 
solution,  turning  green  in  air.  Eeduces  AgNO., 
and  Fehling's  solution  on  heating.  Potash- 
fusion  yields  phloroglucin  but  not  protocatechuic 
acid.  Boiled  with  water  and  BaCOg  it  yields 
BaA'.,  2aq. — SrAV2aq. 

Quercetic  acid  Ci^Hi^O;  3aq  ('?).  Formed, 
I  together  with  phloroglucin,  by  heating  quercetin 
(1  pt.)  with  moist  KOH  (3  pts.)  till  a  sample  no 
longer  gives  a  ilocculent  pp.  with  HCl  and  the 
residue  quickly  turns  dark  red  at  the  edges 
(Hlasiwetz,  A.  112,  96  ;  119,  213  ;  pr.  94,  65). 
i  Slender  silky  efflorescent  needles,  si.  sol.  cold 
water,  v.  sol.  alcohol  and  ether.  Its  aqueous 
solution  turns  yellow,  and  finally  crimson,  in  air. 
H^SOj  forms  a  brown  solution,  whence  water 
gives  a  red  pp.  forming  a  purple  solution  in 
NH3Aq.  Fed,  gives  a  blue-black  colour.  Ee- 
duces AgNOa.  Potash-fusion  gives  protocate- 
chuic acid.  AcCl  forms  Ci^HsAc^O,,  crystallising 
from  alcohol  in  prismatic  needles. 

Quercimeric  acid  CgHgO^  aq  (?).  Formed 
from  quercetin  by  potash-fusion.  Colourless 
prisms,  v.  sol.  water,  alcohol,  and  ether.  Tastes 
bitter.  Alkalis  colour  its  solutions  purple-red.. 
FeClj  gives  a  dark-blue  colour.  Eeduces  AgNOj 
and  Fehling's  solution.  Potash-fusion  gives 
protocatechuic  acid. 

QUEECIN  C„H,(OH),.  [340°].  Occurs  in 
oak  bark,  being  obtained  from  the  mother- 
liquors  in  the  preparation  of  quercite  (Gerber, 
A.  48,  348  ;  Vincent  a.  Delachanal,  C.  R.  104, 
1855;  Friedel,  105,  95;  BZ.  [2]  48,  113).  Efflor- 
escent monoclinic prisms  (containinga:aq),sl.  sol. 
water,  insol.  boiling  alcohol.  Inactive  to  light. 
Does  not  ferment  with  yeast,  nor  reduce  Fehling's 
solution.  Does  not  react  with  phenyl-hydrazine. 
Eeduces  ammoniacal  AgNOj  after  addition  of 
NaOH.  Gives  a  gelatinous  pp.  with  lead  sub- 
acetate.  After  evaporation  with  HNO3  it  gives  a 
rose-red  colour  with  NH3Aq  and  CaClj.  Not 
coloured  by  boiling  NaOHAq. 

Acetyl  derivative.— CJS.,(OAc),.  [301°]. 

QUERCITANNIC  ACID  C,.H,„0,  or 
C,5,H„0|o.  S.  -6.  S.  (ether)  -035.  Occurs  in 
oak  bark,  from  which  it  is  got  by  powdering, 
sifting  from  bast  fibres,  extracting  with  dilute 
alcohol,  and  shaking  the  filtrate  with  ether  and 
EtOAc.  The  acetic  ether  when  evaporated  de- 
posits ellagic  acid.  The  filtrate  is  evaporated 
to  dryness,  and  the  residue  washed  with  ether 
and  then  extracted  with  Et.,0  and  EtOAc  (Etti, 
Sitz.  W.  [2]  81,  495;  M.  1,  264;  4,  514;  cf. 
Stenhouse,  A.  45,  16;  Bottinger,  A.  202,270; 
240,  331 ;  263,  112  ;  Lowe,  Fr.  20,  210).  Occurs 
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also  in  tea  (Roolileder,  A.  63,  205).  Reddish- 
white  powder.  FeClj  colours  the  alcoholic  solu- 
tion dark  blue.  Pb(OAc),^  jspts.  the  alcoholic 
.solution.  Quercitannic  acid  is  not  a  glucoside 
(Etti).  At  130^0  140°  it  forms  an  anhydride 
which  gives  CjiH^^BaO,,  (Etti).  On  evaporating 
with  NaCl  it  is  converted  into  a  mixture  of  an- 
hydrides which  give  with  bromine-water  an 
amorphous  pp.  C,,,H,jBr_,0|„,  m.  sol.  alcohol  and 
EtOAc,  V.  e.  sol.  a  mixture  of  these  solvents,  re- 
acts with  hydrosylamine,  and  is  converted  by 
Br  into  C^,,Il,Jilcfi,^,  whence  Ac„0  forms 
C,gH,Ac,Br,0,„. 

QUERCITE  C„H,„0-,.  Penta-oxy -benzene 
hcxahydride  ?    Mol.  w.  164.   [234°]  (Bottinger, 

B.  14,  1598).  S.G.  ia  1-585.  S.  9  at  12°  ;  11  at 
20°.  Mr,  =  24-17.  H.C.v.  710,100  (Berthelot  a. 
Eecoura,  A.  Ch.  [6]  13,  341).  H.F.  268,200. 
Bqo  58-95  in  a  7-7  p.o.  aqueous  solution  (Kanon- 
nikotf).  Occurs  in  acorns  (Braconnot,  A.  Ch. 
[3]  27,  392  ;  Dessaignes,  A.  81, 103,  251  ;  Prunier, 
A.  Ch.  [5]  15,  5  ;  C.  R.  84,  1318  ;  85,  808 ;  86, 
338,  1460  ;  Hofmann,  A.  190,  282). 

Preparation.  —  Acorns  are  extracted  with 
cold  water,  the  extract  concentrated  at  40°,  ppd. 
by  lead  subacetate,  filtered,  mixed  with  yeast  to 
remove  sugar,  and,  after  fermentation,  freed 
from  lead  by  HjS,  and  evaporated  to  crystallisa- 
tion. 

Properties.  —  Monoclinic  prisms,  a:h:c  = 
•800:1:  -766,  ,8  =  68  °57',  insol.  ether,  benzene,  and 
chloroform,  v.  si.  sol.  hot  alcohol.  Does  not 
undergo  alcoholic  fermentation.  Dextrorota- 
tory.   Does  not  render  borax  solution  acid. 

Reactions. — 1.  At  100°  it  slowly  loses  water, 
forming  CjjHjgOig  (?).  At  240°  in  vacuo  it  gives 
CijH2,03  [230°J,  v.  si.  sol.  water.  Rapidly  heated 
to  290'  it  swells  up  and  gives  off  quinhydrone 
and  hydroquinone. — 2.  Potash-fusion  gives 
quinone,  hydroquinone,  C0_,,  formic  acid,  and 
oxalic  acid. — 3.  H^SO^  and  MnO.,  give  quinone. 
4.  Cone.  HClAq  forms,  at  100°,  C,H,C1(0H),, 
[200°],  sol.  ether,  and  viscid  C,H„C103,  which  is 
converted  by  baryta-water  into  amorphous 
quercitan  CeH,„0j,  sol.  water  and  alcohol,  insol. 
ether.  HClAq  at  120°-140°  gives  C,H.Cl3(0H), 
[155°] ,  converted  by  further  treatment  -with  HCl" 
into  C,H,Cl5  [102°].— 5.  Distillation  with  HIAq 
forms  benzene,  phenol,  iodo-phenol,  quinone, 
hydroquinone,  and  hexane. — 6.  Nitric  acid  forms 
mucic  and  tri-oxy-glutaric  acids  (Kiliani  a. 
Scheibler,  B.  22,  517).— 7.  Phenyl  cyanate  at 
165°  forms  C6H.(0.C0.NHPh)j  [120°-140°],  a 
white  amorphous  powder  (Tesmer,  B.  18,  2606). 
8.  Benzoic  acid  at  200°  forms  solid  '  benzo- 
quercite '  CifL,Jiz.,0^  ('?)  insol.  water,  sol.  alco- 
hol and  ether.  Stearic  acid  forms  a  similar 
body,  while  tartaric  acid  gives  '  quercitartaric 
acid  C,„H,,-,0„  (Berthelot,  C.  R.  44,  452  ;  A.  Ch. 
[3]  54,  82). 

Salts. —  (C„H,,05),Ba  3aq  :  amorphous,  sol. 
water  and  alcohol. — (C^HijO^j.^GaSO,,  2aq. 

Acetyl    derivatives .     The  compounds 

C,  ;H,,AcO,,  C„H,„Ac,05,  G,H,,Ao,0,,  C.HeAc^O.,, 
and  CjjHjAcjOj  have  been  prepared. 

Butyryl  derivatives.  Heating  with 
butyric  acid  gives  rise  to  C„H,,(C,H-0)0-, 
C„H„(CjH,0),0,,  and  C„H,,(C,,H,0),0„  all  being 
amorjiihous  with  bitter  taste. 

P entanitrate  C^^I^O.^)^.  Formed  from 
queroite  (1  pt.),  H^SO^  (10  pts.)  and  HNO;, 


(4  pts.)  (Hofmann,  A.  190,  288).    Resin,  insol. 

water,  sol.  alcohol  and  ether.    Explodes  when 

heated.    Zinc-dust  and  alcoholic  soda  give  oif 

the  N  as  NH^. 

QUERCITRIN  C3„H„0,,„  or,  more  probably, 

C,,H„20,,  (Herzig,  M.  14,  53).  [168°].  S.  -04  in 
i  the  cold  ;  -7  at  100°.  S.  (alcohol)  4  in  the  cold, 
I  29  at  78°  (Stein).    S.  (ether)  -8  (Schunck,  C.  J. 

53,  264).    Occurs  in  quercitron-bark,  the  bark  of 

Quercus  tinctoria  (Bolley,  A.  37,  101 ;  62,  136  ; 

Rochleder,  J.  pr.  77,  34;  Rigaud,  A.  90,  283; 
!  Zwenger  a.  Dronke,  A.  Suppl.  1,  266;  Stein, 
i  J.pr.  db,  351;  Hlasiwetz,  A.  112,  109).  Occurs 

also  in  fully-developed  horse-chestnut  leaves 
i  (Rochleder  a.  Kawalier,  Sitz.  W.  65  [2]  46),  in 

leaves  of  the  ash  (Gintl,  Z.  [2]  4,  732),  and  in 

leaves  of  Andromeda  japonica  (Eykman,  R.  T.  C. 

2,  200). 

Preparation. —  Quercitron  bark  is  exhausted 
with  alcohol,  and  the  evaporated  extract  dis- 
solved in  water  and  shaken  with  ether.  The 
ethereal  solution  is  evaporated,  the  residue  dis- 
solved in  alcohol,  and  the  quercitrin  ppd.  by 
water  and  crystallised  from  boiling  water  (Lowe, 
Fr.  14,  233;  c/.  Herzig,  M.  6,  877). 

Properties. — Yellow  needles  or  plates  (con- 
taining 3aq).  Neutral  and  tasteless.  Nearly 
insol.  cold  water,  sol.  alkalis  and  HOAc.  FeCl,, 
colours  its  solution  dark  green.  FeSOj  gives  no 
colour.  Ppd.  by  Pb(OAc)j.  Reduces  aqueous 
AgNOj  in  the  cold,  and  Fehling's  solution  after 
long  boiling.  Boiling  dilute  acids  split  it  up 
into  quercetin  (q.  v.)  and  isodulcite  (Liebermann 
a.  Hamburger,  B.  12,  1178).  Bromine  forms 
CjijHijBrjOoi,,  which  is  crystalline  and  is  decom- 
posed by  acids  into  isodulcite  and  tetra-bromo- 
quercetin. 

Salt.— C3,,H35K,0,>o:  yellow  pp. 
Violaquercitrin  C,.,H.,„0„^.    Occurs  in  Viola 
tricolor    (Mandolin,  J.   1883,   1369).  Yellow 
needles  (from  water).    Split  up  by  dilute  acids 
into  glucose  and  quercetin. 

QUILLAJIC  ACID  C|5H3„0,„.  Extracted  by 
water  from  the  bark   of   Quillaja  Saponaria 

I  (Robert,  C.  C.  1888,  972).  White  flakes,  sol. 
water  and  alcohol,  insol.  ether.    Coloured  dark 

'  red  by  H„SO_,.  Boiling  dilute  acids  split  it  up 
into  sapoginin  and  an  unfermentable  glucose. 

'  TheNa  salt  violently  attacks  the  mucous  mem- 
brane, and  is  very  poisonous  when  injected  into 
the  blood. 

QUINACETOPHENONE    is  Di-oxy-aceto- 

PHENONE. 

QUINALDINE  v.  Methtl-quinoline. 
QUINALDINIC  ACID  v.  Quinoline  carb- 
oxYLic  Acrn. 
;       QUINAMINE  V.  vol.  ii.  p.  179. 
QUINAMICINE  v.  vol.  ii.  p.  180. 
QXJINAMIDINE  v.  Cinchona  bases. 
QUINANISOLE  v.  Methyl  derivative  of  Oxy- 

QUINOLINE.  • 

I       QUINAZOLE  V.  Methyl-indazine. 

QUINAZOLINE.    This  name  is  given  to  the 
CH*N 

ring  CsHj-c^j^^Qjj  ;  v.  Oxy-quinazolinb. 

QUINAZOJLINE    DIHYDRIDE   CgH^N,  i.e. 

C„H,<5^-gg.    [127°].    Formed  by  reducing 

o-nitro-benzyl-formamide  by  Zn  and  HClAq 
(Gabriel  a.  Jansen,  B.  23,  2814;  24,  3097). 
Yellowish  ctystals,  sol.  warm  water,  forming  an 


374 


QUINAZOLINE  DIHYDRIDE. 


alkaline  solution.-B'HCl.— B'C,H,N,0,.  [215°]. 
Small  crystals,  si.  sol.  water.  — B'.,H,PtCl|;. 

ftUINENE  V.  vol.  ii.  p.  181. 

QUINETHONIC  ACID  C^H^Os  i.e. 
C,Hj(OEt).C„H„0,.  [146°].  Occurs  in  urine 
after  a  dose  of  C.Hj.OEt  (Kossel,  H.  4,  296  ;  7, 
•292;  Lehmann,  H.  13,  181).  Crystalline. 
Lsevorotatory.  Does  not  reduce  Feliling's  solu- 
tion. Converted  by  dilute  H0SO4  into  crystalline 
CgHjjOo.  HIAq  forms  hydroquinone.  Oxidising 
agents  yield  quinone.  —  KA'aq  :  monoclinio 
crystals. — AgA'aq.  Forms  with  CCH5.O.SO3H 
the  double  salt  PhO.SO.,BaA'aq  (dried  at  110°) 
and  with  cresol  and  indoxyl  the  corresi^onding 
C,H,O.SO.,BaA'aq  and  CgH^NSO^BaA',  all  three 
being  crystalline  (Hoppe-Seyler,  H.  7,  424). 

QUINHYDKONE  C,,H,„0^.  Formed  by  mix- 
ing aqueous  solutions  of  quinone  and  hydro- 
quinone  ;  by  oxidising  hydroquinone  ;  and  by  re- 
ducing quinone  (Wohler,  A.  51, 153  ;  Liebermann, 
B.  10,  1614,  2000  ;  Hesse,  A.  200,  248;  Nietzki, 
A.  215,  130  ;  Wichelhaus,  B.  5,  840  ;  12,  1500  ; 
Stenhouse  a.  Groves,  B.  13,  1305).  Brownish- 
red  prisms,  with  green  metallic  lustre.  May  be 
sublimed.  SI.  sol.  cold  water,  v.  sol.  alcohol 
and  ether,  forming  yellow  solutions.  Decomposed 
by  boiling  water,  giving  off  quinone  and  leaving 
a  solution  of  hydroquinone.  Its  ammoniacal 
solution  is  green.    Eeduces  ammoniacal  AgNO.,. 

QTJINIC  ACID  C-B.,„0,  i.e.  C,H.(OH),.CO,H. 
Mol.  w.  192.  [162°  cor.].  S.G.  1-637  (Henry  a. 
Plisson,  B.  J.  10,  186).  S.  40  at  9°.  [a]^  =  -44° 
at  20°  in  a  20  p.c.  solution  (Thomsen,  J.  pr.  [2] 
35,  156).  H.C.  833,700.  H.F.  238,300  (Berthe- 
lot  a.  Eecoura,  C.  R.  105,  144  ;  Bl.  [2]  48,  703  ; 
A.  Ch.  [6]  13,  342).  B,^  66-52  in  an  18  p.c. 
aqueous  solution  (Kanonnikoff,  J.  pr.  [2]  31, 
348).  Occurs  as  calcium  salt  in  cinchona  bark 
(Hoffmann,  CrelVs  Ann.  2,  314 ;  Vauquelin, 
A.  Ch.  59,  162  ;  Pelletier  a.  Caventou,  A.  Ch.  [2] 
15,  340 ;  Liebig,  P.  21,  1 ;  29,  70 ;  Baup,  A.  Ch. 
[2]  51,  5  ;  ^.  6,  7  ;  Woskresensky,  A.  27,  260  ; 
Hesse,  A.  110, 194  ;  112,  52  ;  114,  292;  176,  124; 
Clemm  a.  Will,  A.  110,  345).  Occurs  also  in  the 
bilberry  plant  (Vaccinium  Myrtillus)  (Zwenger, 
A.  115, 108 ;  129,  203 ;  Suppl.  1,  77),  in  the  leaves 
and  beans  of  the  coffee-plant  (Z.),  and  in  hay 
(0.  Loew,  J.  pr.  [2]  19,  310  ;  20,  476). 

Preparation. — Cinchona  bark  is  extracted 
with  dilute  H2S04,  the  extract  ppd.  by  milk  of 
lime,  filtered,  and  evaporated.  The  residue  is 
boiled  with  alcohol  and  the  calcium  quinate  left 
undissolved  is  crystallised  from  water  and  de- 
composed by  oxalic  acid. 

Properties. — Monoclinic  prisms.  V.  e.  sol. 
water,  m.  sol.  alcohol,  nearly  insol.  ether. 
Lsevorotatory. 

Reactions.— 1.  Heated  to  200°-225°  it  gives 
off  aq,  forming  quinide  C,H,||05,  a  crystalline 
anhydride,  v.  sol.  water,  si.  sol.  dilute  alcohol. 
Quinide  is  acid  in  reaction,  and  is  reconverted  by 
bases  into  quinic  aeid.  On  dry  distillation 
quinie  acid  gives  hydroquinone,  phenol,  benzoic 
acid,  and  pyrocatechin. — 2.  Ac.jO  at  170°  forms 

tri-acetyl-quinide  C6H,(0Ac)3<;^^q  [132°] 

and  tetra-acetyl-quinic  acid  (Erwig  a.  Konigs,  B. 
22,  1458  ;  cf.  Hesse,  A.  200,  233).  By  further 
heating  with  Ac,0  at  240°-250°  monoclinic 
crystals  of  is  o-tri -acetyl-quinide  [139°] 
are  obtained. — 3.  Bromine  added  to  an  aqueous 


solution  forms  pirctocatechuic  acid  (Hesse). — 4. 
Hot  H.jSOj  forms  CO  and  hydroquinone  disul- 
phonic  acid. — 5.  Hydroquinone  is  formed  by 
boiling  the  aqueous  solution  with  PbO.,.  Distilla- 
tion with  MnO._,  and  dilute  H^SO^  yields 
quinone  (detection  of  quinic  acid  in  bark:  Sten- 
house, A.  59,  100). — 6.  HNO3  gives  oxalic  acid. 
7.  KCIO3  and  HCl  give  chlorinated  quinones 
and  chlorinated  acetones  (Stiideler,  A.  69,  300  ; 
111,  293).— 8.  Cone.  HIAq  at  120°  reduces  it  to 
benzoic  acid  (Lautemann,  A.  125,  9). — 9.  Cone. 
HClAq  at  150°  gives  ^-oxy-benzoic  acid  and 
hydroquinone  (Hesse,  A.  200,  232).  Dilute 
(3  p.c.)  HClAq  at  100°-120°  forms  phenol, 
hydroquinone,  and  p-oxy-benzoic  acid  (Cha- 
dounski,  C.  C.  1888,  1029).  —  10.  Fuming 
HBrAq  at  130°  gives  protocatechuic  and  benzoic 
acids  (Fittig,  A.  193,  197).— 11.  PCl^  forms 
m-chloro-benzoyl  chloride  (Graebe,  A.  138,  197). 
12.  Gives  protocatechuic  acid  on  fusion  with 
KOH  or  NaOH.— 13.  Boiling  with  iodine  and 
KOHAq  yields  iodoform. — 14.  Calcium  quinate 
fermented  by  schizoinyeetes  in  presence  of  air 
yields  protocatechuic  acid,  in  absence  of  air  it 
gives  propionic,  acetic,  and  formic  acids  (Low, 

B.  14,  4.50). 

Salts .— NaA'  2aq.— NaA'  5aq.  S.  200.— 
BaA'.,  6aq  :  dodecahedra,  very  soluble  in  water. — 
CaA'o'lOaq.  S.  17  at  16°.  Plates,  insol.  alcohol. 
— CaA'Ac  aq  (Gundelach,  £.9,  852).— SrA'.aOaq. 
— SrA',15aq.— MgA'„6aq.— CdA'.,.  S.  -4  in  the 
cold. — ZnA',. — CoA'.,  5aq. — NiA'„  5aq  :  crystals. 
CuA'2  oaq  :  blue  needles.— CuC;H,„Og  2aq,  S.  -09 
at  18°.  —  PbA'.,  2aq  :  needles,  sol.  alcohol,  v. 
e.  sol.  water. — Pb^C^H^O,..  Amorphous,  insol. 
water. — MnA'.,.  S.'-5  in  the  cold.— FeCi.HjiOij. 
— AgA' :  mammellated  groups  of  crystals. 

Ethyl  ether  EtA'.  Viscid  mass,  with 
bitter  taste,  v.  sol.  water  and  alcohol.  Converted 
by  boiling  Ac.,0  into  C„H,(0Ac),.C02Et  crystal- 
lising from  water  in  plates  [135°],  si.  sol.  boihng 
water. 

Tetra- acetyl  derivative 

C,  H,(0Ac).,.C0,H.  [130°-136°].  Formed  by 
heating  quinic  acid  with  Ac,,0  and  ZnCL  (Erwig 
a.  Koenigs,  B.  22,  1461).  Crystalline  crusts,  si. 
sol.  cold  water,  insol.  ligroin. — AgA' :  needles. 

Anilide  C,3H,.N0,.  [174°].  Formed  by 
heating  quinic  acid  with  aniline  at  180°.  Small 
silky  needles  (containing  aq),  v.  sol.  water  and 
alcohol,  si.  sol.  ether. 

QUINICINE  V.  Cinchona  bases. 

QUINIDE  V.  Quinic  acid. 

QUINIDINE  V.  vol.  ii.  p.  180. 

QUINIENE  V.  vol.  ii.  p.  181. 

QUININE  C„oH.,,NA-  [173°  cor.]  (Lenz,  Fr. 
27,559;  Hesse,' -4.  258,  133).  The  trihydrate 
melts  at  57°  (H.).  S.  -05  at  15°  (Eegnauld, 
J.  Pharm.  Chim.  [4]  21,  8).  S.  (of  the  trihy- 
drate) -06  at  15°  (Hesse,  B.  10,  2152) ;  -06  at 
20°,  -11  at  100°  (Sestini,  Fr.  6,  359).  S.  (of  the 
anhydrous  base)  -051  at  15°  (H.) ;  -07  at  20°,  -13 
at  100°  (S.).  S.  (ether)  100  at  10°  (Hesse,  A. 
135,  327)  ;  4-4  at  18°  (van  der  Burg,  /.  1865, 
438).  A  cone,  ethereal  solution  often  gelatinises, 
the  quinine  thus  separated  being  less  sol.  ether 
(S.  about  5  at  15°).  S.  (chloroform)  67-5 
(Pettenkofer,  J.  1858,  363).  S.  (benzene)  -5  at 
15°  ;  3-3  at  80°  (Oudemans,  J.  1874,  867).  S. 
(xylene)  -11  at  15°;  -645  at  138°  (Swaving, 
R.  T.  C.  4,  186).    [a]i>=  -166°  at  15°;  -162° 
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at  25'  ill  alcoholic  solution  (Hesse,  A.  106,  217) 
=  — 145-2 +  -(>57/5  in  a  solution  of  j}  grammes  in 
lOOc.c.  of  97p.c.  alcohol  at  15°  ( Hesse,  A.  176, 206  ; 
182,  131).  [rt]D=  -158-7 +  l-911iJ  in  an  ethereal 
solution  containing  from  1-5  to  6  p.c.  base.  In 
solutions  containing  not  more  than  1-6  p.c. 
quinine,  Oudmans,  jun.  (Ar.  N.  10,  193),  found 
[ajD=  —167-5°  (in  alcohol);  —136°  in  benzene; 
—  127°  in  toluene  ;  — 117°  in  chloroform.  Dis- 
persiva  poive?- :  Grimbert,  J.  Ph.  [5]  16,  295, 
345. 

Occurrence. — In  cinchona  bark,  v.  vol.  ii.  p. 
175.  According  to  Grimaax  {Bl.  [3]  7,  304), 
cupreine  heated  with  NaOMe,  MeOH,  and  MeCl 
or  MeNO^  yields  10  to  15  p.c.  of  quinine,  while 
Mel  gives  chiefly  quinine  di-methylo-di-iodide. 

Preparation. — The  bark  is  extracted  with 
dilute  H._,SO|,  and  the  solution  ppd.  by  NaOHAq. 
The  pp.  is  dissolved  in  ether,  the  ether  shaken 
with  dilute  HoSO,,  and  the  boiling  solution 
neutralised  by  ammonia.  Quinine  sulphate 
separates  on  cooling.  The  sulphate  is  decom- 
posed by  ammonia. 

Befereiiccs.  —  Vide  references  in  articles 
Cinchona  bark  and  Cinchonidine,  and  also 
Pasteur,  C.  B.  36,  26 ;  37,  110,  162 ;  Schiitzen- 
berger,  A.  108,  347,  350;  Eobiquet,  A.  Ch.  [2] 
17,  310;  Sti-atingh,  B.  P.  15,  139;  Pelletier, 
/.  Ph.  11, 249  ;  Dutios,  B.  J.  27, 1, 110  ;  Strecker, 
A.  91,  155  ;  Thiboumery,  J.  Ph.  [3]  16,  369 ; 
Alluard,  J.  Ph.  [3]  46,  192  ;  Korner,  Z.  [2]  1, 
150;  Bouchardat,  A.  Ch.  [3]  9,  213;  De  Vrij, 
N.  J.  P.  14,  268 ;  Laudrin,  G.  B.  108,  750. 

Properties. — Ppd.  by  ammonia  from  solu- 
tions of  its  salts  in  an  amorphous  anhydrous 
form,  which  quickly  changes,  especially  in 
presence  of  free  ammonia,  into  the  crystalline 
hydrate  (containing  3aq),  consisting  of  minute 
four-sided  prisms  terminated  by  pyramids. 
The  hydrate  gives  otf  its  water  of  crystallisation 
over  H^SO^.  Quinine  is  v.  e.  sol.  ether  and  alco- 
hol, V.  sol.  CS,,  m.  sol.  benzene,  v.  si.  sol. 
ligroin,  sol.  volatile  and  fixed  oils.  It  is  alkaline 
in  reaction.  Its  solutions  are  Ifevorotatory. 
A  5  p.c.  solution  of  the  sulphate  gives  a=  —22° 
in  a  depth  of  200  mm.  (Kozsnyay,  Fr.  23,  589). 
Its  solutions  in  dilute  H,,SO„  HNO.„  H.,PO,,  and 
HOAc  exhibit  blue  fluorescence,  destroyed  by 
HCl,  HBr,  HI,  or  H.,FeCyj.  Fluorescence  of  the 
sulphate  is  prevented  by  a  large  excess  of  sul- 
phate of  cupreine  (Grimaux  a.  Arnaud,  Bl.  [3] 
7,  304).  Chlorine-water  and  ammonia  give  a 
green  pp.  dissolving  in  excess  of  ammonia  to 
an  emerald  green  liquid.  On  addition  of  an 
acid  the  colour  changes  through  blue  (when 
neutral)  to  red,  the  green  colour  returning 
on  adding  ammonia  (Brandes,  Ar.  Ph.  13, 
65  ;  Andre,  J.  Ph.  22,  132).  Excess  of 
chlorine-water  and  of  ammonia  should  be 
avoided.  Chlorine  does  not  render  a  solution  of 
quinine  sulphate  turbid  (Lepage,  J.  Ph.  26,  140). 
Bromine-water  and  ammonia  give  the  green 
colour  even  in  exceedingly  dilute  solutions 
(Fliiekiger,  Fr.  11,  318).  The  green  colour  may 
be  also  got  by  mixing  -01  g.  of  the  salt  to  be 
tested  with  an  equal  bulk  of  KCIO.,  and  a  drop 
of  cone.  H„SO,  followed  by  excess  of  ammonia 
(Mylius,  C.  C.  1886,  602).  Chlorine-water 
followed  by  Iv.,FeCyg  gives  a  red  colour  in  a 
solution  of  quinine  sulphate  (Vogel,  A.  73,  221 ; 
86,  122).    Quinine  gives  the  usual  alkaloidal 


'  reactions.     It  is  coloured  green   by  potash- 

i  fusion  (Lenz,  Fr.  25,  31).  Potassium  sulpho- 
cyanide  gives  a  white  pp.,  sol.  excess  (Schrage, 
Ar.  Ph.  [3]  13,  25).  Boiled  with  dilute  H.SO^ 
and  PbO.,  quinine  forms  quinetm,  a  red  substance 
(Marchand).  Dilute  HNO.j  gives  no  colour.  Sun- 
light acting  on  an  aqueous  solution,  even  in  au 

I  atmosphere  of  H,  ppts.  brown  flocculent  quini- 
retin,  insol.  water,  alcohol,  and  ether  (Fliiekiger, 
Pli.  [3]  8,  885).  ICl  gives  a  light-brown  crystal- 
hne  pp.,  si.  sol.  HClAq.  Quinine  is  antiseptic, 
hindering  putrefaction  and  the  alcoholic,  lactic, 
and  butyric  fermentation.  Quinine  is  a  febri- 
fuge.   Its  salts  taste  bitter. 

Beactions.  —  l.  The  sulphate  is  oxidised  by 
KMnO,  to  pyridine  tricarboxylic  acid,  oxalic 
acid,  and  NH.j  (Hoogewerff  a.  van  Dorp,  B.  12, 
158).  At  0°  the  first  product  is  chitenine 
C|„H22N„Oj,  which  crystallises  in  colourless 
prisms  [240°-286°],  insol.  ether  and  alcohol, 
sol.  dilute  acids  and  alkalis  (Skraup,  B.  12, 
1104  ;  M.  10,  39).    Quinine  (5  g.)  is  apparently 

j  oxidised  by  KMnO,  (50  g.)  to  pyridine  dicarb- 
oxylic  acid  (Kamsay  a.  Dobbie,  C.  J.  33,  102). 
Boiling  nitric  acid  also  forms  pyridine  dicarb- 
oxylic  (cinchomeronic)  acid.  Aqueous  CrOj 
oxidises  quinine  to  quininic  or  methoxy- 
quinoline  carboxylic  acid. — 2.  A  mixture  of 
HNO3  and  HoSOj  reacts,  and  on  diluting  an 
amorphous  pp.,  apparently  C„||H,„(NO.,)._,NoO.^H,,0 
is  got  (Rennie,  C.  J.  39,  469). — 3.  PCl^  converts 
it  into  colourless  quinine-chloride  C.j||H._,jN,_,OCl 
[151°]  which  by  boiling  with  alcoholic  KOH 
gives  chinen  C,„H.,_,N„0  (Comstock  a.  Konigs,  B. 
17,  1988).— 4.  Eeduced  by  sine  and  dilute  H„SO, 
to  hydro  qui  nine  C^.nHj^N.Aj,  an  amorphous 
bitter  resin  (containing  aq),  sol.  alcohol  and 
ether,  giving  a  green  colour  with  chlorine-water 
and  ammonia  (Schiitzenberger,  A.  108,  347). — 6. 
Heated  with  ivatcr  at  250°  it  yields  quinoline 
(Reynoso,  G.  B.  24,  795).  The  same  body  is 
formed  by  heating  with  cone.  KOHAq  at  190° 
(Gerhardt  a.  Wertheim,  1840,  370).— 6. 
Fuming  H.,SO.,  forms  a  sulphonic  acid.  Cone. 
H.^SOj  dissolves  quinine,  forming  isocinchonine. 
Dilute  H0SO4  at  125°  converts  quinine  into 
quinicine. — 7.  Iodic  acid  gives  off  much  gas  on 
warming  (Brett,  J.  Ph.  [3]  27,  116).— 8.  Cone. 
HClAq  at  150°  forms  MeCl  and  apoquinine 
(Hesse,  A.  205,  317).  Concentrated  HClAq 
at  —17°  slowly  forms  hydrochloroquinine 
CoHo^ClNoO^  [187°] ,  while  hydrogen  bromide  gives 
C.'„H,"jBrN"0'„  which  forms  B'H.,Br.,  (Comstock  a. 
KOnigs,  B.  20,  2510).— 9.  Heated  for  a  long 
time  with  12  pts.  of  HIAq.  S.G.  1-96  for  3  hours 
at  100°  it  gives  methyl  iodide  and  a  yellow  salt 

I  C,„H,>,N,0,,3HI  [238°]  sol.  alkalis.  Alcoholic 

j  NHjAq  converts  it  into  C|„H„No0o2HI  mixed 
with  a  little  C,gH.,,N.,0.,HI,  which  yields  an 
oxalate  [187°]  (C,„H::n;O..HI)H.,C..O,,  mixed  with 
(C,3H.,„N.,0..H.,L).,H„G,0,  (Schubert  a.  Skraup,  M. 
12,  684)'  "HBrAq  acting  on  quinine  at  100° 

I  forms  CijH.jiBrN.^O.HBr  aq,  crystallising  in 
needles,  from  which  sodium  carbonate  sets  free 
C,3H,,,,BrN,0,,  a  powder  [210=']  (.Julius,  M.  6,  751). 
10.  Quinine  dried  at  120°,  heated  with  HIAq 
(S.G.  1-7)  at  100°,  forms  C,,„H.,,N.,0.,3HI  [230°],  a 
yellow  crystalline  mass,  v.  si.  sol.  water,  si.  sol. 
alcohol,  insol.  ether  and  NaOHAq.  Alcoholic 
NH,  converts  this  salt  into  C.,„H,,N.,0.HI  ?  which 

j  is  white,  v.  sol.  alcohol,  si.  sol.  ether  [155°- 
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160°].  Its  solution  in  dilute  H^SO.,  shows  blue 
fluorescence,  and  gives  a  brownish-yellow  pp. 
with  chlorine- water  and  ammonia.  It  gives  rise 
to  the  salts  ((C„„H,,N202)„H,l3).,3H.,C.,Oi  ?  and 
C.,„H2^N,0,H2l2HN03'?  [2i7°]  '(Schubert  a. 
Skraup,  M.  12,  678  ;  cf.  Lippmann  a.  Fleissner, 
M.  12,  329). — 11.  Bromine  added  to  a  solution  of 
quinine  in  dilute  H2SO4  ppts.  B'Br.,  2aq,  B'.,Bv^, 
and  B'Brj  as  bitter  yellow  curdy  pps.,  melting 
at  160°-180°  (Colson,  C.  B.  108, 678). 

Estimation. —  V.  Cinohona  babk.  V.  also 
Lenz,  Fr.  27,  549-631.  Quinine  may  be  ppd. 
as  chromate  (De  Vrij,  C.  C.  1889,  708  ;  Ar.  Ph. 
[8]  24,  1073 ;  Vulpius,  Ar.  Ph.  [3]  24,  1022  ; 
Schlikum,  Ar.  Ph.  [3]  25,  128  ;  Hesse,  Ph.  [3] 
17,  585).  A  solution  of  quinine  sulphate  re- 
quires more  ammonia  to  redissolve  the  pp.  first 
formed  than  solutions  of  the  sulphates  of  the 
alkaloids  usually  present  with  it  (Kerner  a. 
WeUer,  Ar.  Ph.  [3]  25,  712,  749  ;  Fr.  1,  159  ;  27, 
115  ;  cf.  Schiifer,  Ar.  Ph.  [3]  25,  1033  ;  Euddi- 
man,  C.  N.  58,  202,  216,  226  ;  Jungfleisch,  /.  Ph. 
[5]  15,  5).  Use  may  also  be  made  of  the  sparing 
solubility  of  quinine  oxalate  in  presence  of 
K,0,0,  (Schafer,  Ar.  Ph.  [3]  25,  64,1041). 

Constitution.— Ghitenine  CigHy^NjOj  may  be 
got  by  oxidation  of  both  quinine  and  cinchonine. 
On  further  oxidation  ohitenine  yields  quinic, 
pyridine  tricarboxylic,  and  cincholeuponic  acids. 
From  this  it  may  be  surmised  that  one  half  of 
the  quinine  molecule  has  the  same  composition 
as  one  half  of  the  cinchonine  molecule  (Skraup, 
M.  10,  39,  220).  Quinine,  quinidine,  and 
quinicine  are  probably  stereo-isomeric,  since 
they  give  the  same  products  of  oxidation  ;  they 
are  derivatives  of  {B.  2)-methoxy-quinoline 
while  cinchonine  is  a  derivative  of  quinoline. 
Cincholeuponic  acid  C„H,3N0j  [226°]  yields 
CgH,.,NOjHCl  [194°]  and  CsHijAcNO.,,  and  is 
converted  by  nitrous  acid  into  the  dibasic 
nitroso-  derivative  OsH,2(NO)N04.  Oxidation  of 
quinine  also  yields  a  base,  cincholeupone 
CgHi-NO,  oxidised  by  CrO.,  to  cincholeuponic 
acid  and  other  products.  Cincholeupone  when 
heated  with  zinc-dust  yields  ()3)-ethyl-pyridine. 
By  nitrous  acid  cincholeupone  is  converted  into 
C9H,s(N0)N0.,  which  is  an  acid.  Ao.,0  forms 
acid  OgHigAcNOj.  Oxy-quinoline  (cynurine)  is 
also  a  product  of  oxidation  of  quinine.  From 
these  experiments  Skraup  concludes  that  quinine 
and  cinchonine  contain  a  quinoline  nucleus 
united  to  an  ethyl -pyridine  nucleus  ;  quinine 
being  methoxy-cinchonine.  Cupreine  heated 
with  NaOMe  (1  mol.),  Mel  (6  mols.),  and  MeOH 
forms  quinine  di-methylo-di-iodide  (Hesse,  A. 

266,  244;  cf.  Grimaux  a.  Arnaud,  C.  B.  112, 
774 ;  A.  267,  379).  The  chief  product  is,  how- 
ever, cupreine  mono-methylo-iodide.  When 
only  1  mol.  Mel  is  used,  no  quinine  is  got. 

Salts. — C2„H.,3AgN202.  Gelatinous  pp.  got 
by  adding  AgN03  to  a  solution  of  quinine  in 
alcoholic  NH3  (Skraup,  M.  2,  613).— B'HCl  2aq : 
groups  of  white  needles  (Hesse,  A.  176,  210; 

267,  142).  Melts  (when  anhydrous)  at  160°, 
without  undergoing  any  change.  S.  2-5  at  10°. 
v.  e.  sol.  alcohol  and  ether.  [a]o=  —134°  in  a 
2  p.c.  solution  at  17°  (Oudemans).  Its  solution 
is  not  ppd.  by  silver  nitrate  (1  mol.)  until  added 
in  excess  (Vulpius,  Ar.  Ph.  [3]  20,  361). — 
B'HCl  l^aq.  Large  monoclinic  octahedra,  de- 
posited at0°.— B'2HC1.  Groups  of  white  needles. 


or  gelatinous  mass.  S.  100  in  the  cold.  Melts 
at  15°  (A.  Clermont,  J.  Ph.  [5]  15,  15).— 
B'HjPtClg  aq  :  yellowish  flocculent  pp.,  soon  be- 
coming orange  and  crystalline  (Gerhardt,  B.  J. 
23,  354).  S.  -07  in  the  cold  ;  -8  at  100°  (Duflos). 
— B'.,H,PtCl5  3aq  :  orange  amorphous  pp.  (Hesse, 
A.  267,'308).— B'HoHgCl^.  Ppd.  by  mixing  al- 
coholic solutions  of  quinine,  HCl,  and  HgCL, 
(Hinterberger,  A.  77,  201).— B'„H,ZnCls  2aq  : 
prisms  (from  alcohol)  (Grafinghoff,  Bl.  [2]  4,391). 
—  B',,H,ZnCl8  3aq  :  crystalline.  —  B'H2Br.,3aq  : 
crystals,  v.  e.  sol.  water. — B'HI :  lemon-yellow 
prisms  (Herapath),  or  heavy  white  powder. 
SI.  sol.  water,  v.  e.  sol.  alcohol  (Winokler, 
Jahrb.  pr.  Pharni.  20,  321).  Melts  at  150°- 
155°,  but  softens  at  about  100°  and  then  blackens 
(Lippmann  a.  Fleissner,  M.  13,  436).— B'HIEtjO 
(from  ether).  Crystals. — B'HXuaq  (Eegnault). 
Crystals.  V.  Beaction 'd,  supra.'— [230°]. 
Converted  by  NH,Aq  into  B'HI.— B'^H^SOj  8aq 
i  (Hesse,  A.  119,  361  ;  225,  97 ;  Carles,  Bl.  [3]  7, 
'  108 ;  cf.  Cownley,  Ph.  [3]  7,  189).  Commercial 
:  specimens  are  somewhat  eifloresced.  Monoclinic 
\  efflorescent  prisms.  Loses  6aq  over  H.,S0j.  S. 
(of  B'„H„S0,)  -126  at  6°;  3  at  100°  (Howard).  S. 
(alcohol  of  S.G.  -85)  1.  S.  (glycerin)  2-5.  Insol. 
chloroform  and  fatty  oils.  [a]i,=  — 163°  in  a 
2  p.c.  solution  in  80  p.c.  alcohol. — B'HoSO^  7aq. 
[100°].  Eectangular  prisms  (from  hot  solutions) 
or  small  needles.  S.  9  at  13°;  12-5  at  22°. 
Loses  6aq  over  H2SO4.  [a]D=  — 164-9 -1- -31^  in 
a  solution  of  p  g.  in  100  c.c.  water,  where  p 
is  between  1  and  6  (Hesse,  A.  176,  215  ;  182, 
134). — B'(H.>S0j),  7aq  :  prisms,  v.  e.  sol.  water, 
m.  sol.  alcohol.  Its  hot  alcohoHc  solution  deposits 
gelatinous  B'(H,S0j).,5aq.  [ct]i,= -170 -h -94^1.— 
B'.2H.Cl.,H„S04  3aq.  Mass  of  small  needles,  v. 
sol.  water.  S.  (of  anhydrous  salt)  86.  [120°] 
(hydrated)  ;  [165°-170=]  (anhydrous)  (Grimaux, 
Bl.  [3]  7,  819).— B',H.,Br.,H.,SO,  3aq.  S.  26  at 
21°.— B'^HjI^HoSO,  2aq  :  yellow  crystals,  form- 
1  ing  a  colourless  solution.  Crystallises  also  with 
j  4aq.— B'.,H,Cl2H3P0 ,  9aq  :   small  needles,  sol. 

■  water.  -  B'.rH.Br'H.PO,  7aq.-B'.,H.,I,H3P04  6aq. 
i  — B'.S.SA  2aq."  S.  -3  ( WetheriU,  A.  66,  150  ; 

How,  N.  Ed.  P.  J.  [2]  1,  47).— B'HN03aq: 
^prisms  (Strecker,  A.  91,  159).— B'AgN03iaq : 

■  crystalline  pp.  Chlorate.— B'HC1032aq  (Tich- 
i  borne,  Z.  1866,  665  ;  cf.  Serullas,  A.  Ch.  [2]  45, 
\  279).— B'(HC10j)„  7aq  :  trimetric  octahedra. — 

B'(HClOj)  2aq.    [210°]  (Boedeker,  A.  71,  61).— 
B'HI04  9aq:  needles  (Langlois,  A.  Ch.  [3]  31, 
274).— B'4(HCl)3(HI)5l, :  small  brown  crystals.— 
B'3(HCl)5(HI)4l,(, :   blackish-green  flat  needles 
(J6rgensen,  /.  pr.  [2]  15,  79).— B'HL  (Bauer, 
Ar.  Ph.  [3]  5,  214).— B'HIj.    Black  prisms.— 
j  B'^I^.        Eesin.— B'Js.- B',(H.,S0j)3(HI),l4  6aq. 
j  Herapathite.    Formed  by  adding  an  alcoholic 
i  solution  of  iodine  to  a  solution  of  quinine  sul- 
phate in  HOAc  (Herapath,  P.  M.  [4]  3,  161 ;  4, 
i  186  ;  6,  171,  346  ;  7,  352  ;  9,  366 ;  14,  224  ;  C.  J. 
j  11,  130 ;  Haidinger  a.  Stokes,  Sitz.  W.  10,  106  ; 
Jorgensen,  /.  pr.  [2]  14,  230).    Large  colourless 
plates  with  metallic  green  lustre.  Polarises 
I  light,  so  that  two  plates  at  right  angles  are 
j  opaque.  S.  (90  p.c.  alcohol)  425  at  16°.  Deoom- 
!  posed  by  cold  water.    Dried  over  H,,SO.,  they 
I  become  B',(H.,S0,)3ls  3aq  (Hauer,  Z.  [2]  1,  481). 
1  — B'„(H,SO.,)„(HI) :  thin   lustrous  plates.— 
j  B',(H,SO,)3(HI),l5  2aq.      Crystals,  resembling 
1  herapathite,  decomposed  by  hot  alcohol  into 
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iodine  and  herapathite. — B's(H._>S04)5(HI)_,I,4  4aq: 
brownish  needles. — B'._,H2SO,,(HI),J2 :  red  needles. 
— B'.,HjS0.,(HI)2l,  :  brown  rectangular  plates 
■with  olive-green  reflex. — B'oH.jSOjIIIl),!^ :  black 
crystals  with  green  reflex. — B'.j(H.,S04).,(HI)ol3. — 
B'3(H,SO,),(HI).J5  ail.  —  B',(H,SOJ.,(HI)J,.  — 
B'H„SeOj  7aq :  trimetric  talales,  insol.  alcohol 
(Hjo'rtdahl,  J.  1879,  lU).-B\(B..,^eO^).,(m)J,. 
Isomorphous  with  herapathite,  which  it  greatly 
resembles.  Almost  insol.  cold  alcohol  (Jorgen- 
sen,  J.  pr.  [2]  15,  65,  418).— B'.,H„CrO.,.  S. 
•042  at  15°  (Andre)  ;  -037  at  14°  ;  -05  at  16°  (De 
Vrij,  Ar.  Ph.  [3]  24,  1073  ;  -625  at  100°  (A.). 
Ppd.  by  adding  K.^CrO,  to  a  solution  of  the 
neutral  or  acid  sulphate.  Tufts  of  golden 
needles.— B'„H,,CrO,,  2aq  (Hesse,  Ph.  [3]  17,  585, 
665).  Becomes  anhydrous  at  80°,  but  re-absorbs 
2aq  on  exposure  to  moist  air. — B'H,,Cr04  7aq. 
Ppd.  by  adding  K.,Cr„Oj  to  a  solution  of  quinine 
in  excess  of  dilute  H,,SO,  (Andr6,  J.  Ph.  [3]  41, 
341).  Orange  pp.,  decofiiposed  by  light,  and 
turned  brown  when  heated  to  60°-65°  or  when 
boiled  with  water.  More  soluble  than  B'jHXrO.,. 
— B'HoCOj  aq.  Efflorescent  needles,  with  al- 
kaline reaction,  deposited  from  a  solution  of 
quinine  in  aqueous  CO.,.  Sol.  alcohol,  insol.  ether 
(Langlois,  A.  Ch.  [3]  41,  89).— B'-.HjPO^  8aq. 
S.  -127  at  10°  (Hesse).  Tufts  of  long  needles.— 
B'32H3PO,5aq  (Anderson,  A.  66,59).  Crystals.— 
B',2H3PO,  12aq  (A.).— B'.H^PO,,  2aq  (Gerhardt, 
Gerh.  iv.  118).— B'H,PO.,.  S.  1-33  at  15-5°  (L. 
■Smith,  Z.  1862,  159).— B'HVOj  (Ditte,  A.  Ch. 
[6]  13,  236).— B'H,SiF,..  Got  by  passing  SiF^ 
into  a  solution  of  quinine  in  absolute  alcohol 
(Cavazzi,  G.  17,  563).  Minute  crystals,  insol. 
ether  and  CS.,,  si.  sol.  hot  alcohol.  Its  aqueous 
solution  is  fluorescent. — B'^H^AsO^  8aq.  Prisms, 
V.  sol.  hot  water  (Hesse). — B'.,H3As04  6aq  (Ses- 
tini).— B'HjAsO,  2aq.— B'H,FeCy,  3aq  (Dollfus, 

4.  65,  227).— B'HjFeCyslUq:  golden  plates.— 
B'HJtCy^aq  (Wertheim,  i.  73,210).  Crystals.— 
B',,H,PtCy.,  2aq.  S.  -054  at  18°  ;  1-8  at  57°.  S. 
(alcohol)  20  at  16°  (Schwarzenbach,  Pharm. 
Viertdj.  8,  210  ;  Van  der  Burg,  Fr.  4,  312).— 
B'H.PtCy^  2aq.  -074  at  18-5°;  5  at  100°.— 
B'H.,PtCy^. — 15'2HCyS.  Lemon-yellow  mono- 
clinic  crystals  (W.).— B'HCyS  aq.  S.  -18  at  20° 
(Hesse,  A.  181,  48).  —  B',(HCyS)„4HgCl,. — 
B',(HCyS).,HgCy,.  —  B'(HCr(CyS)4(NH,),),2aq. 
Formed  by  ppg.  a  solution  of  the  acid  sulpihate 
with  Keinecke's  salt  (Christensen,  J.  pr.  [2] 
45,  366).  Eed  crystals,  v.  si.  sol.  hot  water. — 
Nitro-prusside.  S.  -04  (Davy,  Ph.  [3]  11, 
756).— Cyanurates  B'H.C^N A  f aq.  [237°]. 
SI.  sol.  hot  water  (Claus,  J.  pr.  [2]  38,  227). — 
B'(H,C,N,03)- 7aq.  [243°].  —  Oxalates.  — 
B'.JH.CO^  6aq.  S.  -1  at  10°.  Prisms  (Hesse,  A. 
176,  218  ;  c/.  Kegnault,  A.  26,  37).— B'HoC.O^  aq. 
Prisms,  m.  sol.  cold  water.  —  B'H.,C.,04  3aq. 
[a]= -131°.-B'H0Ae.  [140°].  Long"  needles, 
V.  sol.  hot  water  (R.).— B'Cu(OAc),.  Green 
wystals  (Skraup,  M.  2,  611).  — Chloro-acetate 
B'C,,H,C10.,  2Jraq.  S.  1-6  at  21°  (Mazzara,  G.  13, 
525 ).— D i-chloro-acetate     B'tt^H^CLO,  2aq. 

5.  2-4  at  22°. — Formate  :  colourless  needles 
(Bonaparte,  J.  Chim.  Mid.  18,  680).— Valerate 
B'C,H,„0.,  liaq  (Bonaparte,  /.  Chim.  MM.  18, 
680;  19,  330;  Chatin,  J.  Ph.  [4]  1,  268).— 
B'CsH.oO,,  (Stalmann,  A.  147,  132 ;  Schmidt  a. 
Saehtleben,  A.  193,  100).  S.  -9  in  the  cold  ;  2-5 
at  100°  (Wittstein,  Bcpicrt.  87,  295 ;  Landerer, 


N.  Br.  Arch.  119,  240).  —  Succinate 
B'C,H,0,,  8aq.  S.  -1  at  10°.  Prisms,  v.  sol.  hot 
water. — Tartrate  B'„C,HA2aq.  Crystalline 
powder  (Hesse,  A.  243,  134;  cf.  Arppc,  J.  jjr.  53, 
334).— B'C^HA  aq  (Pasteur,  ./.  1853,  421). 
The  Irevo-  tartrate  is  more  soluble  than  the 
dextro-  tartrate,  and  has  a  different  crystalline 
form.— B'C,H,(SbOH)0,2aq.  Kesin  (Clarke, -B. 
15,  1540). -Citrate  B'.,C„H„0- 7aq.  S. -11  at 
12°  (Hesse)  ;  44  at  100°  (Mandelin,  J.  1879, 
796  ;  Scribani,  G.  9,  284).— B',2C,H,0, :  minute 
prisms.  S.  -11  in  the  cold;  2-4  at  100".— 
B'C„H„0,.  Small  prisms.  S.  -16  in  the  cold, 
2-6  at  100°.— Chloro-crotonate  B'C,H,,C10.,. 
[201°].  SI.  sol.  ether  (Daccomo,  J.  1884,  1385). 
— Trichlorocrotonate  B'C,H,CL,0.>-  [140°]. 
— Tri-chloro-lactate  B'C.HjCl.O^.  SI.  sol. 
ether. — D  i-bromo  - pyruvate  E'CaH^BriO.,. 
[93°]  (D.).  —  Mucate  B'AH.A-  Needles 
(Ruhemanna.Dufton,  C  J".  59, 754). — Benzoate 
B'HOBz.  S.  -27  at  10°.  Small  prisms.— S all- 
ey late  E'C-H^-  S.-44  at  16°.  S.  (ether) -83  at 
16°.  Prisms  (from  alcohol).  —  Melitate 
B'._,C,._,HsO|2.  Crystalline  powder,  v.  si.  sol.  cold 
water  (Karmrodt,  A.  81,  170).  —  Tannates 
B'(C,,H,„0,)>  4aq  and  B'(C,,H,„0„)3  8aq  (Jobst, 
Ar.  Ph.  [3]  'l2,  331 ;  Neumann,  Fr.  28,  664).— 
Meoonate  B'C,H_,0,.  Crystals  (Austen,  Ph. 
[3]  3,1016).— UrateB'C,H,N.,03.  Minute  prisms. 
S.  -117  in  the  cold,  2-7  at  100°.  S.  (alcohol  of 
S.G.  -823)  -063  in  the  cold,  2-2  on  boiling  (Elder- 
horst,  A.  74,  77  ;  Andrea3,  Pharni.  Viertdj.  10, 
382).  Dextro-tropate.  [187°]. —La3  vo- 
ir op  ate.  [178°]  (Ladenburg,  B.  22,  2590). 
Dextro  -  iso  -  proj)yl  -  phenyl  - glycollate 
[193°].  S.  -18  at  19°  ;  S.  (alcohol)  1-44  at  20°. 
Wd  =  —79°.  —  Lsevo  -  iso  -  propy  1  -  phe  nyl  - 
glycollate  [205°].  S.  -09  at  15°;  S.  (alcohol) 
54.    [a]D  =  - 118°  (Fileti,  J.  pr.  [2]  46,  560). 

Compound  with  benzene  B'C^Hj. 
Needles  (from  benzene)  (Oudemans,  J.  1874, 
867).— Compound  with  toluene  B'OjHj. 
Needles.  —  Compounds  with  phenol 
B'PhOH.  Crystals  (from  alcohol).  S.  -25  at  16° 
(Bomei,  Z.  [2]  5,  383  ;  Jobst,  N.  B.  P.  24,  193). 
— B'.,H,.Cl.,PhOH2aq:  prisms.  S.  1  at  15°  (Jobst  a. 
Hesse,  A.  180,  248).— B'H.SO^PhOH  2aq  (Hesse, 
Pharm.  Zcit.  34,  191).— B'.,H.,SO,PhOH  aq.  S. 
•147 at  15°.  Prisms.— B'„H.,SO.,PhOH6aq (Cotton, 
Bl.  [2]  24,  535).— Compound  with  tri- 
bromo -phenol  B'C|jH3Br30.  Silky  needles 
(from  alcohol)  (Purgotti,  G.  16,  528).— Com- 
pound with  anethole  B'.,C,„H,,,02aq.  Mono- 
clinic  crystals  (from  ether),  si.  sol.  cold  alcohol 
(Hesse,  A.  123,  382).  Compound  with 
eugenol  B'C,„H,.A-  [110°].  S.  (ether)  8-5 
at  10°.  Long  silky  prisms  (Hesse,  A.  135, 
329).  —  Compound  with  pyrocatechin 
B'„C6H,,02H.,S0.,aq:  colourless  needles  (Hesse,  C. 
C.  1889,  519).— Compounds  with  resorcin 
B'C,H,,0„K,S0,iaq  :  needles  (Malin,  A.  138,  77). 
— B'jQHAH.SO^aq  (Hesse).  —  Compound 
with  phlo'ro'glucin  B'C„H,0,H,S0,2aq:  stel- 
late groups  of  needles  (Hlasiwetz,  Z.  [2]  1,  613). 
— Compound  with  orcin  B'C,H„0.,H„S0,  aq. 
Needles  (Hlasiwetz  a.  Barth,  A.  134,  290  ;  138, 
77).— Compound  with  chloral  B'C,HCL,0. 
[149°].  Amorphous,  si.  sol.  cold  alcohol  (Maz- 
zara, G.  13,  270).— Compound  with  v/i-nitro- 
benzoic  aldehyde  B'C„H,(N0„).CH0.  [113°- 
118°].    Yellow  powder  (Mazzara^  0.13,  368).— 
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Compound  with  nitro  -  camphor 
B'(C,„H„(N02_)0),  aq.  Needles.  [c.  131^. 
Md=+46^  in  a  2'7  p.c.  alcoholic  solution 
(Cazeneuve,  Bl.  [2]  49,  97). — Compound  with 
urea  B'CON2HjH.,Cl.,6aq.  S.  6.  Small  prisms 
(Drygin,  G.  C.  1878,'  622;  1881,  245).— Com- 
pounds with  quinidine  B'C.,„H.,|N„0.,2iaq. — 
B'C.,„H.,jN,,0.,  3aq.— B'C.,„H,,N„0:C„H,  2aq  (Wood 
a.  Barret,  C.  N.  45,  6;  48,4;  Hesse,  A.  243, 
146).  —  Compound  with  hydroquinidine 
B'Cj^H.jNoO, 2^aq :  slender  white  needles,  v.  si. 
sol.  water,  m.  sol.  ether. — Compounds  with 
cinchonidine  B'2C,9H2.^N.>0.  Khombohedra, 
very  slightly  sol.  ether  (Hesse,  A.  243,  131). 
—  B'7C,9H.,.,N.,0.  Crystals  (from  alcohol).— 
B'.,(C„H.,2N20)4(H;SO.,),  20aq.  S.  -597  at  15°. 
Needles.  —  B'.,(C,<,H.„,N,0)j(CjH.O„),  6aq.  — 
B'.,(C„H.,N,.0),,(H.,Cr04)3"  18aq  :  crystals.  — 
B'.C,9H>,N,6(H.C,Oj)  6aq  (?).  Long  colourless 
needles. —  Compounds  with  cupreine 
B'C^H^NjO  4aq.  [177°].  [a]D=-236°.  Tri- 
metric  prisms  (Howard  a.  Hodgkin,  G.  J.  41, 
66  ;  Hesse,  A.  225,  98  ;  226,  242  ;  230,  72).  Its 
solution  in  dilute  H.^SO ,  shows  blue  fluorescence. 
— B'C|,H>,N,,0HjPtCl8  2aq  :  orange-red  prisms. — 
B'C„H..,N"0H.,S04  6aq  :  six-sided  prisms.  S.  3 
at  100°.— 'B'C,3H„N,0C,H,0b  2aq  :  needles. 

Acetyl  derivative  G,„H,,AcN„0,.  [108°]. 
Formed  by  heating  quinine  with  Ao.,0  (Hesse, 
A.  205,  317).  Prisms,  sol.  alcohol  and  chloroform, 
si.  sol.  ether.  [a]u  =  —  54°  in  a  2  p.c.  solution  in 
alcohol  (of  97  p.c.)  at  15°.  [o]i,  =  - 115°  in 
presence  of  3HC1.  Decomposed  by  alcoholic 
potash  into  quinine  and  HOAc. — B'HPtClu  2aq. 
— B'(HAuClj2  aq :  yellow  flocculent  pp. 

Propionyl  derivative 
C,„IL„JCJ3.fi)'^i.,0,.     [129°].    Six-sided  prisms, 
sol.  ether  and  alcohol.    [a]D=  —109°  in  a  2  p.c. 

solution    at    15°     (Hesse)  B'H.PtCle  2aq.^ 

B'(HAuCl|).,  2aq:  yellow  amorphous  pp. 

Benzoyl  derivative  C.,JI.^Jizl>(.X).,.  Amor- 
phous (Schiitzenberger,  C.  B.  47,  834). — 
B'SPtCl^. 

Methylo-iodide  B'Melaq  or 
C,oH,(OMe)N.a,H,^NMeIO  (Grimaux,  Bl.  [3]  7, 
573).  [233°-236°].  Formed  by  boiling  quinine 
(1  mol.)  with  Mel  (6  mols.)  in  MeOH  (Strecker, 
.-i.  91,  164;  Claus  a.  Mallmann,  B.  14,  76). 
Formed  also  from  cupreine,  NaOEt  and  Mel 
(Hesse,  A.  266,  240).  Colourless  needles  (from 
water),  v.  sol.  hot  water  and  alcohol.  Not  at- 
tacked by  alkalis  in  the  cold.  Boiling  KOHAq 
or  moist  Ag,0  converts  it  into  methyl-quinine 
C2„H.^:,MeN.202,  an  oil  which  yields  an  amorphous 
hydroiodide,  crystalline  B'HnPtCl^aq  (Hesse)  or 
B'H,PtCl„2aq  (Lippmann,  M.  12,  512),  and 
CjoHojMeNjOjMel  aq  crystallising  in  needles,  de- 
composed at  218°. 

Methylo-periodides  B'Mel,.  Black 
needles  (Jorgensen,  J.  pr.  [2]  3,  145  ;  14,  261). — 
B'jMeJsHjSOj.  Reddish-brown  needles  (from 
alcohol).— B'^MejIgH^SOj.  Brown  plates.— 
B'.,Me4l,82H.,S04.  Almost  black  laminae. — 
B'jMe,l2o2H2S04.  Almost  black  needles  with 
green  lustre. 

Methylo-chloride  B'MeCl  aq.  [182°]. 
Needles. — B'.,MeHPtCl,. :  orange  prisms. 

Methyld-bromid'e  B'MeBr  aq.  [126°]. 
Slender  needles,  si.  sol.  cold  water. 

Di-methylo-di-iodide  B'Me„I„  3aq. 

[158°-162°].    Formed  by  heating  B'Mel'with 


Mel  and  MeOH  in  sealed  tubes  at  100°.  Got  also, 
together  with  B'Mel  from  cupreine  by  the  action 
of  NaOMe  followed  by  Mel  (Hesse,  A.  266,  240). 
Yellow  tables  (from  water).  Converted  by  cold 
NaOHAq,  or  better  NaOH  in  MeOH,  into  a  resin 
and  a  smaller  quantity  of  a  yellow  crystalline 
body.  S.  (boiling  MeOH)  -1,  melting  about  280°, 
sol.  acids  and  reppd.  by  alkaUs  as  a  jelly.  Its 
solutions  are  yellow  with  green  fluorescence.  A 
similar  body  is  got  by  the  action  of  alkalis  on 
the  methylo-iodide  of  methoxy-quinoline  (ob- 
tained from  quinine).  —  B'McPtClg  2aq.  — 
B'2MeAuClj. 

Ethylo-iodide  B'Etlaq  (Howard,  C.  J. 
26,  1180).  [211°].  Trimetric  needles  (from 
ether),  with  very  bitter  taste.  Lsevorotatory. 
— B'Etlj :  black  needles. 

Ethylo-chloride    B'EtC13aq.  Slender 
needles.— B'EtHPtClj :  yellow  pp. 
Ethylo-bromide  B'EtBr  2aq. 
Ethylo-sulphates  B'2Et2S04  8aq. — 

B'EtHSOj  2aq  :  needles,  v.  e.  sol.  water, 
j       Ethylo-cyanide  B'EtCN.    [90°].  White 
i  needles  (Claus  a.  Merck,  B.  16,  2746). 
1       Di-ethylo-di-iodide  B'EtXSaq.  [115°]. 
:  Prepared  by  heating  quinine  with  EtI  and  al- 
\  coholic  potash  (Skraup,  M.  2,  610).  Monoclinic 

tables,  sol.  alcohol,  insol.  ether, 
i       Methylo-ethylo-di-iodide  B'MeEtL aq. 
'  [208°].    Formed  by  boihng  B'Mel  with  EtI  and 
alcohol  (Claus,  B.  14,  76).    An  isomeride  [157°- 
160°]  is  got  from  B'Etl  and  Mel. 

Benzylo-chloride  B'C.H,C1.  Amorphous. 
B'(C,H.)HPtCl5  2aq:  crystalline  (Mazzara,  G. 
I  13,  530).— B'(C,H,)..PtCl, :  yellow  powder. 
I       Tolyl-quinine  C,„H23(C;H,)N,,0.,.  Two  modi- 
:  fications  are  formed  by  heating  quinine  with  o- 
toluidme,  and  two  from  p-toluidine.    The  o  and 
p  (a)  modifications  form  oils  soluble  in  ether  ; 
the  0  and  p  (3)  modificatious  form  amorphous 
j  yellow  powders  insoluble  in  ether,  soluble  in 
I  chloroform    and    alcohol.     B'^H^CLPtCl^aq : 
1  yellow  crystalline  powders  (Claus  a.  Bottler,  B. 
1  14,  80). 

Quinopropyline  C24H,,N„02.  [164°].  Got  by 
heating  sodium-cupreine  with  PrNOa  and  PrOH 
at  110°  (Grimaux  a.  Arnaud,  Bl.  [3]  7,  310). 
White  powder. — B'.JH.SOj  liaq.  Silky  needles. 
[224°].  [a]D  =  229  a't  22°. 
!  Quinoisopropyliue  [154°].  Formed  in  like 
I  manner  from  PrN03.—B'.jH.,S04aq.  S. -3  at  10°. 
[o]„  =  229°. 

Quinoamyline  C„,,H3.,N.,0,.  [167°].  Formed 
from  sodium-cupreine  and  amyl  chloride  in  amyl 
alcohol  at  105°.  Amorphous.— B'..H.,SO,  2aq. 
Needles.  S.  -025  at  11°.  Its  solution  in  dilute 
HoSOj  fluoresces. 

'  Quinine  sulphonic  acid  C2„H,3(S03H)N.,02. 
[209°].  Formed  by  moistening  quinine  tetra- 
sulphate  with  Ac.,0,  and  treating  the  product 
with  hot  water  (Hesse,  A.  267,  141).  Small 
white  prisms  (containing  aq  when  air-dried). 
[a\-o  =  —182°  in  a  2  p.c.  solution  containing  HCl 
(3  mols.).— H.,A',H,PtCls  8aq. 

Quinine  (Iso) -sulphonic  acid 
C„„H,,3N.,0.2(S03H).  Formed  from  quinine  and 
fuming 'H„S0,  (Hesse,  A.  267,  138).  V.  sol. 
water,  forming  a  slightly  acid  Ifevorotatory  solu- 
tion with  blue  fluorescence.  Gives  a  dark-green 
colour  with  chlorine-water  and  NHjAq. — 
j  HA'HAuClj :  yellow  flocculent  pp. 
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Apoquinine  C,„H,,,N,,0,-  [ICO^].  [a]„=-178= 
in  a  2  p.c.  solutiou  of  alcohol  (of  97  p.c.)  at  15°. 
L«]i)=  —247°  in  water  containing  3HC1.  Formed 
by  lieating  quinine  or  cupreiue  with  HClAq  at 
140°  (Hesse,  A.  205,  323,  341  ;  230,  65).  Amor- 
phous powder  (containing  2aq),  sol.  alcohol, 
ether,  CHC1.„  and  hot  water.  A  solutiou  of  its 
sulphate  shows  no  fluorescence.  Chlorine-water 
and  ammonia  give  a  dark-green  colour  in  the 
cold.  The  alcoholic  solution  gives  a  dark 
brownish-red  colour  with  FeCl.,.  Fuming  HClAq 
at  150'-'  forms  C,,,H,,,C1N,0, ^aq  [IGO'J,  which 
gives  the  salts  B'K.Cl.,  3aq,  B'H„PtClu  2aq,  and 
C,9H„Ac„ClN..0„  [184°]I 

Salts.  — B'H,PtCl„3aq.  —  B'HI.  Small 
crystals  (Lippmann  a.  Fleissner,  M.  12,  331). 

Acetyl  derivative  C|,,H,j,Ac.jN.jO^^ :  amor- 
phous powder,  sol.  ether  and  alcohol. 

Isoapoquinine  C,gH.„N.O.„  [176°].  Formed 
by  the  action  of  boiling  alcoholic  potash  on 
C,aH,.,N„0,3HI  [238°]  {v.  Quinine,  Reaction  8). 
Crystalline  (Lippmann  a.  Fleissner,  M.  12,  331). 
— B'H.,PtCl„  aq :  granules,  si.  sol.  water. 

Isoquinine  C,,„H,^N,0,-  [186°].  [a]„=-181° 
in  a  4  p.c.  solution.  Formed  from  the  compound  ' 
C,„H,,N,0,3HI  [230°]  {v.  Quinine,  Reaction  9) 
with  alcoholic  potash  (Lippmann  a.  Fleissner,  | 
M.  12,  332).  Needles  (containing  aq),  v.  e.  sol. 
benzene,  si.  sol.  ether,  v.  si.  sol.  boiling  water. 
Coloured  green  by  chlorine-water  and  ammonia. 
— B'HCl  2aq  :  needles,  v.  sol.  water. — B'2HC1,  m. 
sol.  water. — B'H^PtCl,,:  yellow  crystalline  pp. — 
B',H.,SO,  lOaq  :  needles,  v.  e.  sol.  water. — 
B'AgNOj :  needles. 

>|/-Quiniiie  C,„H,jN,0,.  [191°].  Formed, 
together  with  nichine  Ci,,H..,N,>02  (?),  by  heating 
quinine  hydroiodide  with  alcoholic  potash 
(Skraup,  B.  25,  2911).  Lsvorotatory.  Yields 
B'HCl,  B'HNO,,  and  B'oHNOj,  all  si.  sol.  water 
and  readily  crystallised. 

Chineae  or  Quinene  v.  Quiniene,  vol.  ii. 
p.  181. 

Homoquiniue  v.  Cinchona  bases. 

QUININIC  ACID  V.  Methyl  derivative  of  ! 

(B.  3)-0xY-QUIN(^LINE  CARBOXYLIC  ACID.  j 

QUINISATIC  ACID  C„H,(NH.,).CO.CO.CO,H. 

o-Amido-bcnzoijl-glyo'Xtjlic  acid.  Formed  by 
oxidation  of  (Pij.  l,2,3)-tri-oxy-quinoline  with 
Fed,  (Baeyer  a.  Homolka,  B.  16,  2219).  Yellow 
prisms,  v.  sol.  water.  On  reduction  with  zinc- 
dust  and  HOAc  and  exposure  of  the  filtrate  to 
the  air  it  forms  a  dark- blue  colouring  matter. 

Anhydride  CJi^<^^^^Q.  [255°-260°]. 

Formed  by  heating  the  acid  at  120°.  Red 
crystals,  forming  a  red  solution  in  alcohol. 
Iteadily  combines  with  water,  with  re-formation 
of  the  acid.  Dilute  NaOHAq  forms  a  yellow 
solution,  very  quickly  becoming  colourless. 
NaOEt  gives  a  body  crystallising  in  indigo-blue 

needles.     Gives  an   oxim  C,H,<§'^g(22^) 

crystallising  in  orange  prisms  [208°]. 

QUmiTANNIC  ACID.  An  acid  occurring  in 
cinchona  bark  (Schwarz,  J.  pr.  56,  76;  cf.  Pelle- 
tier  a.  Caventou,  A.  Ch.  [,3]  15,  337).  Hygro- 
scopic yellow  mass.  Its  alkaline  solutions  absorb 
oxygen.  Converted  by  boiling  dilute  acids  into 
glucose  and  a  brownish-red  powder  Ca„H,„0,„ 
which  gives  acetic  and  protocatechuic  acid  when 
fused  with  potash  (Rembold,  A.  143,  270). 


QUINITE  C„H,,0,,  ^'-e- 

CH(OH)<^^--^^->CH(0H).  Hydroquinone 

hexaJiydride.  Formed,  by  reduction  with  sodium- 
amalgam  in  a  current  of  CO.^  from  the  product 
of  the  action  of  dilute  H^SO,  on  the  dihydride 
of  di-oxy-terephthalic  ether  (succinyl-succinic 
ether)  (Baeyer,  B.  25, 1037, 1840).  V.  sol.  water 
and  alcohol.  Occurs  in  two  modifications, 
trans  [144°]  and  cis  [90°],  which  yield  acetyl 
derivatives  melting  at  106°  {trans)  and  32°  (cis). 
Both  acetyl  derivatives  boil  at  244°.  Quinite  is 
converted  by  HBr  into  di-bromo-benzene  hexa- 
hydride  (trans  [114°],  cis  an  oil),  whicli  on  heat- 
ing with  quinoline  give  oily  benzene  dihydride 
(81°),  which  forms  a  tetrabromide  [182°]. 

QUINIZARIN  V.  Dl-OXY-ANTHKAQUINONE. 

QUINIZINE.  Substances  supposed  to  be 
derived  from  the  hypothetical  quinizine  were 
subsequently  found  to  be  derivatives  of  phenyl- 
pyrazole.  Thus  oxy-methyl-quinizine  is  oxy- 
phenyl-niethyl-pyrazole  (q.  v.). 

QUINOL  V.  Hydroquinone. 

QUINOLIC  ACID  C.,H,N,0,.  Got  by  oxida- 
tion of  cinchonine  with  HNO3  (Weidel,  A.  173, 
91 ;  B.  12,  1152).  Woolly  crystals,  almost  insol. 
water,  v.  si.  sol.  alcohol,  sol.  HClAq.  Alkalis 
give  a  transient  crimson  colour.  Br  and  water 
at  180°  give  hexa-bromo-quinoline.  HNO.,  at 
170°  forms  cinchomeronic  acid. — AgA'. — 
HA'HCl.— H.,A'..H„PtCl„ :  orange  needles. 

ftUINOLl'NE  C,H;N  i.e. 

Ch'cH  C  N^'cH'  Chinoline.  Leucoline.  Mol. 
w.  129.'  (237-5°)  (Young,  C.  J.  55,  485);  (234°) 
(Schiff,  B.  19,  566) ;  (241°  cor.)  (Kretschy,  M.  2, 
80).  S.G.  a  1-106  (O.  de  Coninck,  Bl.  [2]  37, 
208);  a  1-108  (Skraup).  S.V.  139-8  (Schiti). 
Vapour-prcssitre  :  Young.  Heat  of  neutralisa- 
tion :  Colson,  A.  Ch.  [6]  19,  409.  Absorption  of 
ultra-violet  spectrum:  Hartley,  C.  J.  41,  47. 
Occurs  in  coal-tar  (Runge,  P.  31,  68  ;  Hofmann, 
A.  47,  76  ;  53,  427  ;  74,  15  ;  Greville  Williams, 
Tr.  E.  21  [2]  ;  [3]  377  ;  0.  Fischer,  B.  16,  720  ; 
Jacobsen  a.  Eeimer,  B.  16,  1084). 

Formation.— 1.  By  distilling  quinine,  cin- 
chonine, or  strychnine  with  potash  (Gerhardt, 
A.  42,  310  ;  44,  279  ;  0.  de  Coninck, 
C.  R.  94,  87  ;  Bl.  [2]  35,  290).  Quinoline  free 
from  homologues  is  got  from  cinchonine  by 
treatment  with  potash  and  CuO  (Wyschnegrad- 
sky,  B.  13,  2318).  ~2.  Bypassing  allyl-aniline 
over  heated  PbO  (KOnigs,  B.  12,  453).— 3.  From 
hydrocavbostyril  (vol.  i.  p.  180)  by  treatment 
with  PCL  and  reduction  of  the  product  with  HI 
and  HOAc  (Baeyer,  B,  12,  1320). -4.  By  distil- 
lation  of  acrolein-aniline  (Kiinigs,  B.  13,  911). — 
5.  By  distilling  anil-uvitonic  acid  with  soda- 
lime  (Bottinger,  B.  13,  2165).— 6.  By  heating  a 
mixture  of  nitro-benzene,  aniline,  glycerin,  and 
H„SO^  for  three  hours  with  inverted  condenser 
(Skraup,  M.  1,  316;  2,  139,  535).— 7.  By  heating 
its  carboxylic  acids  with  lime. — 8.  By  adding  a 
few  drops  of  NaOHAq  to  a  cold  dilute  solution 
of  equimolecular  quantities  of  o-amido-benzoic 
aldehyde  and  acetic  aldehyde  (Friedlander  a. 
Gohring,B.  16,  1833).— 9.  By  heatingthe  hydro- 
chloride of  quinoline  tetrahydride  with  water 
andHg(0Ac)2  at  150°  (Tafel,  B.  25,  1623).— 10. 
By  fusing  methyl -acetanilide  with  ZnCl,  at  290° 
(Pictet.B.  23,  1903). 
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Preparation. — A  mixture  of  aniline  (38  pts.), 
glycerin  (120  pts.),  nitro-benzene  (24  pts.)  and 
HjSO.,  (100  pts.)  is  heated  -with  inverted  con- 
denser. Potash  is  then  added,  and  the  base  dis- 
tilled over  with  steam  and  fractionally  distilled. 
It  may  be  further  purified  by  means  of  the  acid 
sulphate  and  freed  from  aniline  by  oxidation  or 
iiy  treatment  in  acid  solution  with  NaNO,.  The 
yield  is  60  p.c.  (Skraup). 

Properties. —  Colourless  liquid  with  peculiar 
odour,  slowly  becoming  yellow.  V.  si.  sol.  water, 
miscible  with  alcohol,  ether,  and  CS^.  Quinoline 
is  very  hygroscopic,  forming  the  hydrate 
{G,,H-N),.3aq,  which  becomes  turbid  on  warming 
(Hoogewerff  a.  Van  Dorp,  B.  T.  C.  1,  1,  107).  It 
is  antiseptic,  antipyretic,  and  antizymotie 
(Donath,  B.  14,  178).  Quinoline  separated  from 
solutions  of  its  salts  dissolves  in  excess  of  NH3 
or  ammonium  carbonate,  but  not  in  NaOH  or 
Na.jCOj.  Iodine  in  KI  gives  a  brown  pp.,  insol. 
HClAq.  Phosphomolybdic  acid  a  yellowish- 
white  pp.,  sol.  NHjAq.  Picric  acid  a  yellow 
amorphous  pp.  HgCl,  a  white  pp.,  sol.  HClAq. 
KoHgl,  a  yellow  amorphouspp.,  changed  to  yellow 
needles  on  adding  HCl.  K,Cr„0,  gives  crystals, 
sol.  excess.  Potassium  ferrocyanide  an  amor- 
phous orange  pp.  (Donath,  B.  14,  1769).  On 
shaking  with  cone.  CuSOjAq  a  green  jDp. 
(CuSOj2(CuO,H„)34aq  is  got  (Borsbach,  B.  23, 
924  ;  cf.  Lachovitch,  M.  10,  884).  NaOBr  gives 
no  reaction  (Denig^s,  C.  R.  107,  662).  Quinoline 
forms  very  soluble  crystalline  compounds  with 
NaHSOa  (Brunck  a.  Graebe,  B.  15,  1785).  It 
combines  with  iodoform  (Ehoussopoulos,  B.  16, 
202). 

Reactions. — 1.  On  passing  through  a  red-hot 
tube  it  yields  (3)-diquinolyl  (Zimmermann  a. 
Miiller,  B.  17,  1965).— 2.  Onboihngwith  sodium 
or  sodium-amalgam  it  is  converted  into '  diquino- 
line,'  which  forms  a  scarlet  hydrochloride  which 
dyes  silk  a  transient  orange  (Greville  Williams, 
Pr.  31,  536;  C.  N.  37,  85).— 3.  Eeduced  by  tin 
and  HClAq  to  quinoline  tetrahydride  (244°) 
(Wyschnegradsky,  Bl.  [2]  34,  339).— 4.  Zinc- 
dust  and  NHjAq  or  alcohol  and  sodium-amalgam 
give  the  tetrahydrides  of  quinoline  and  of  di- 
quinoline  (Konigs,  B.  14,  99). — 5.  Oxidised  by 
bleaching-powder  or  other  hypochlorites  to  oxy- 
quinoline  (carbostyril)  and  chloro-oxy-quinoline 
(Erlenmeyer,  B.  19,  489  ;  Einhorn  a.  Lauch,  A. 
243,  342).  Chlorine  passed  into  its  solution  in 
HOAc  forms  tri-chloro-oxy-carbostyril. — 6.  On 
heating  with  SbCl^  at  170°-400°  and  passing  in 
chlorine,  the  products  are  C.filg  and  CgCl,;  (Smith 
a.  Davis,  C.  J.  41,  413). — 7.  Bromine  (2  pts.) 
added  to  a  mixture  of  quinoline  (1  pt.)  and  water 
(3  pts.)  forms  the  tetrabromide  CgH^NBr^, 
which  crystallises  from  chloroform  in  very  un- 
stable red  needles,  and  is  converted,  by  heating 
with,  alcohol,  into  C^H^NBr^HBr  [86°]  crystal- 
lising in  red  prisms,  insol.  chloroform,  v.  sol. 
alcohol  and  ether,  decomposed  at  180°  into  HBr 
and  bromo-quinoline-hydrobromide  (Grimaux, 
Bl.  [2]  38,  125  ;  C.  B.  95,  85).  Bromine  added 
to  an  ethereal  solution  of  quinoline  forms  the  di- 
bromide  C.H^NBr^, yielding  B'HCl  [100°-105°] 
and  B'HBr  [88°  cor.],  which  form  red  crystals 
(Claus  a.  Collischonn,  B.  19,  2765).— 8.  KMn04 
in  alkaline  solution  forms  pyridine  dicarboxylic 
acid  (Hoogewerff  a.  Van  Dorp,  R.  T.  C.  1,  1, 107; 
cf.  Dewar,  Pr.  26,  65).   KMnO^  and  cone.  H0SO4 


I  also  give  quinolinic  acid.    KMnO^  and  dilute 
I  HjSOj  form  quinoline  (B.  3)-carboxylic  acid,  di- 
I  quinolvl  being  an  intermediate  product  (Georgie- 
I  vitch,  M.  12,  312).— 9.  H-.SO^  at  220°  forms  the 
}  {B.  4)-sulphonic  acid;  at  250°  the  (B.  2)-sul- 
phonic  acid  is  produced  (Georgievitch,  M.  8, 
578,  041). — 10.  Oxygen  passed  through  platinised 
asbestos  containing  quinoline  and  quinoline  hy- 
drochloride at  190°  forms  (a)-diquinolyl.  Oxygen 
acting  on  a  mixture  of  aniline  and  quinoline 
hydrochloride  forms  {Py.  3  ;  B.  2)-diquinolyl 
and  p-amido-(P;/.    3)-pl2enyl-quinoline,  while 
quinoline  and  o-toluidine  hydrochloride  are  con- 
verted by  oxygen  into  amido-phenyl-methyl- 
quinoline   (Weidel,  M.   8,   120;   9,  99).— 11. 
^J-Amido-phenyl-quinoline  is  also  formed  by 
heating  quinoline  hydrochloride  with  aniline. — 
12.  BzCl  at    240°  gives   (;3)-diquinolyl.— 13. 
.4ZZo,ra7t  added  to  a  solution  of  quinoline  saturated 
with  SO.  forms  E'C^H^N^O^SO^H,  crystallising 
in  yellowish  prisms  (Pellizzari,  A.  248,  150). — 
14.  SiCl^  forms  (C3H,N).,SiCl,  (Harden,  C.J.  51, 
40).    SiFj  forms  (CgH,N)32SiF4,  crystaUising  in 
j  needles  (Comey  a.  Jackson,  Am.  10,  176). — 15. 
i  Nitroso-di-methyl-aniline  and  hydrogen  cyanide 
form  B'(C,iH,(NO).NMej).JICy,  crystaUising  in 
golden  plates  (Lippmann  a.  Fleissner,  M.  6, 
543).  —  16.     Olycerin    dichlorhydrin  forms 
(Ci,H.N)C,H3Cl,  which  is  deliquescent  and  forms 
(B''CXci).,PtCl4  and  B'CjHjAuClj.— 17.  Ethylene 
chloride  at  100°  forms  B'oC^^H^CL,  crystallising  in 
needles,  yielding  B',C2H4PtCl5  (Rhoussopoulos, 
B.  16,  879).— 18.  Ethylene  bromide  (1  mol.) 
heated  with  quinoline  (1  mol.)  at  80°  forms  the 
bromo-ethylo-bromide  B'BrC2H,Br,  crystallising 
from  alcohol  in  needles  and  yielding  B'ClC.JIjBr 
and  (B'ClC,H4Br),PtCl4  (Berend,  .B.  14,  i349). 
i  Ethylene  bromide  (1  mol.)  with  quinoline  (2 
mols.)  at  40°  forms  B'C^H4Br2  aq  crystalhsing 
from  alcohol  in  needles. — 19.  By  heating  quinol- 
;  ine  (16  g.)  with  glycolic  chlorhydrin  (10  g.)  and 
I  water  (10  c.c.)  for  3  days  at  100°  there  is  formed 
B'C1.C„H,0H,  crystallising  from  alcohol-ether  in 
•  splendid  prisms  (Wurtz,  Pr.  33,  452  ;  C.  R.  95, 
263;  96, 1269).    It  is  hygroscopic,  v.  sol.  water 
and  alcohol,  insol.  ether.    On  boiling  with  moist 
Ag.jO  it  forms  a  caustic  liquid  that  soon  turns 
crimson.    It  yields  B'(CoH40H)AuCl4,  crystal- 
lising in  minute  pointed  hexagons,  and  also 
j  B'(CjH40H)C16HgCl,,,  and  (B'(C.,H40H)Cl),PtCl4. 
20.  Iodoform  (1  mol.)  heated  with  quinoline 
(2  mols.)  for  8  days  at  100°  forms  B'XH^I.,, 
crystallising  in  long  needles  [132°]  (Rhousso- 
poulos, B.  16,  202,  880,  2004).    It  is  converted 
by  AgCl  into  B'^CHjCL  [168°],  which  gives 
B'.,GH._,PtCl„.  Iodoform  (1  mol.)  added  to  quinol- 
ine (3  mols.)  in  ethereal  solution  forms  B'jCHIj 
j  crystallising  in  needles  [65°],  not  affected  by 
;  AgCl. — 21.  Chloro-acctic  acid  forms  quinoline- 
j  betaine  C,,HgN02  [171°],  which  separates  from 
I  alcohol  in  thick  crystals  (containing  aq)  and 
I  forms  (C„H,N0„)..H,PtCl,2aq  (Gerichten,  B.  15, 
1254;  Ehoussopoulos,  B.15,  2006).— 22.  Chloro- 
acctic  ether  forms  C3H,NCl.CHj.C0.,Et  crystal- 
lising in  needles,  v.  e.  sol.  water,  converted  by 
moist  Ag..0  into  quinoline.    It  yields  the  salt 
(C,3H,4N02)2H.PtCl5.  —  23.    Chloral  in  ether 
forms  CgH^NC^HCljO  aq  [66°],  crystaUising  from 
benzene  (Rhoussopoulos,  B.  16,  881).  It  is  insol. 
water  and  decomposed  by  alcohol.    It  yields 
(CgHjNCjHClsO  aq)„3PtCl4.  —  24.  Besorcin  at 
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100='  forms  (C,,H.N).,C„HsO.,,  [102^],  S.  -25  in  the 
colli  (Hock,  B.  16,  880).  It  crystallises  from 
dilute  alcohol  in  silvery  plates,  decomposed  by 
HClAq. — 25.  Phthalic  anhydride  at  150°  forms 
'  quino-phthalone  '  C„HaNO.,  [235°]  (Traub,  B. 
16,  297). 

Salts.  —  B'HCl.  [91°].  Deliquescent 
nodules,  v.  e.  sol.  alcohol,  chloroform,  and  hot 
ether  (0.  de  Coninck,  Bl.  [2]  37,  208).— 
B'.,H„PtCl„  2aq  [225°]  (Skraup)  ;  [218°]  (Lell- 
mann,  .4.  237,  323).— B'„H.,PtCl,  aq.  S.  -07  at 
11°.— B',PtCl, :  insoluble  powder.— B',,H,PtCl^.— 
B'HAuClj.  Cauary-yellow  needles. — B'HCdCl.jaq. 
— B'CdCl,,:  white  pp.— B'HgCl.,.  Pearly  plates 
(Bromeis,'.4.  52,  130).— B',H,,HgClj  2aq.  [91°]. 
Monoclinic  crystals. — B'.,H.,PdCl4.  Crystals. — 
B'H„SnCl/2aq:  needles'.— B'HSnClj.  [127°]. 
Thin  needles.  —  B',H.,SnCls.  [above  240°].  — 
B'2H.,UrO.,Cl^  :  yellow  prisms.  —  B'SbCla.  — 
B'HSbCl B'.HjBiCle.  -  B'„H  ,ZnCl^.-B'„ZnCl.,. 
— B'HCIICI.  [118°]  (Ostermayer).  Yellow  pp., 
converted  by  ammonia  into  explosive  B'NH.J 
(Dittmar,  B.  18,  1013).— B'ICl.  [160°].  Small 
white  needles  (Pictet  a.  Krafi't,  Bl.  [3]  7,  73).— 
B'Br.,HCl.  [100°-105°J.  Orange  crystals  (Glaus, 
B.  19,  2706).-B'HMnCl3:  rose-red  needles 
(Borsebaoh,  B.  23,  433).— B'HFeClj.  [150°]. 
Formed  by  adding  HCl  to  a  solution  containing 
quinoline  and  EeClj  (B.).  Small  needles,  decom- 
posed by  boiling  water. — B'^CoCl., :  blue  triclinic 
crystals. — B'XuCL  :  nearly  black  crystals. — 
B'Cu(OAc).,.  [above  240°].  Green  crystalline 
powder. — B'„ZnI., :  white  powder,  si.  sol.  cold 
water.— B'.,ZuBr„'.—B'CdBr„.-B'CdI„.  —  B'.,CdL. 
— B'HgBr.,.  [204°].— B'Hgl.,.  [168°].— B'Br^. 
[92°-100°].  Bed  crystals  (Lubavin,  J.  R.  18, 
434).— B'Br^.  Bed  needles.— B'HBrj.  [86°].— 
B'Br^HCl.  [100°-105°].— B'l^.  [90°].  Formed 
by  adding  I  to  a  solution  of  quinoline  in  CS.^ 
(Glaus  a.  Istel,  B.  15,  824).  Dark-green  lustrous 
needles.— B'HIj.  [67°].  Ppd.  by  adding  I  in 
EI  to  a  solution  of  quinoline  sulphate  (Dafert, 
M.  4,  509).  Green  crystalline  pp.,  sol.  alcohol 
and  benzene.— B'K.SOj.  [164°].  S.  (alcohol)  2 
at  18° ;  11  at  78°  (Krakau,  J.  R.  17,  364).  Deli- 
quescent crystals.  —  B'^H.^CrjOj.  [o.  167°]. 
Yellow  needles  (from  hot  water).  S.  -30  at  10°. 
— B'HNOa.  Needles  (from  alcohol),  v.  sol. 
water,  insol.  ether.  —  B'^AgNG., :  needles.  — 
B',Hg(N03).,  ■  white  crystalline  precipitate.  — 
BC(HN0.),Ce(N03)., :  orange-red  plates  (G.  Wil- 
hams,  C.  N.  58,  199).— B'„H.,SiF„.  Long  needles 
(Gomey  a.  Jackson,  Am.' 10,  176). -B'H„G,0,,. 
Silky  needles  (from  alcohol).  Decomposes  at 
100°  (Williams).— B'.JigGy., :  long  needles  (from 
water)  (H.  Schiff,  'A.  131,  112).— Tartrate 
B'34G,H„0,i.  [125°]  (Friese,  B.  14,  2805).— 
Gyanurate  B'JP.jGaN.O,.  Crystals  (Glaus, 
J",  pr.  [2]  38,  220). -'B'HSGy(Cr(SGy),NH:,). 
EedlamelLx,  si.  sol.  hot  water  (Ghristensen,  J.pr. 
[2]  45,  365).  —  Picrate:  [203°].  —  o-Oxy- 
benzoate  E'C^H^Oj.    Crystalline  powder. 

Alkylo -iodides.  According  to  Decker 
[B.  24,  090)  the  alkylo-iodides  B'EI  are  con- 
verted by  alkalis  into  the  hydroxides  B'KOH 
which  are  readily  oxidised  by  the  air  to  crystal- 

riTT.pTT 

hne  oxy-i/-alkyl-quinolines  CcH,<^jtj|'qq  ,  which 

melt  about  100°.  The  cyauines  may  be  con- 
sidered as  derived  from  one  molecule  of  alkyl- 
quinoline  and  one  molecule  of  oxy-f-alkyl-quiu- 


oline.  The  alkylo-hydroxides  are  converted  by 
warming  with  alcohols  E'OH  into  compounds 
B'EOR'. 

Methylo-chloride  B'MeCl  aq.  [126°]. 
On  heating  with  ZnCL,  at  180°  it  is  converted 
into  a  base  C2„H,„N,,6  [72°-75°j  (above  360°), 
crystallising  in  large  trimetric  prisms,  and 
yielding  a  hydrochloride  [112°]  and  the  double 
salts  C„„H,„N20HAuGl4  and  (C,„H,,„N,,0),H„PtGl,, 
[190°]  nearly  insol.  water  (Ostermayer,  B.  18, 
593).— B'.,Me.,PtGl,..  [230°].  Yellow  plates.— 
B'MeAuCl,.  [205°].  —  B'MeClIGl.  [112°]. 
Formed  by  adding  ICl  to  the  methylo-chloride 
in  aqueous  solution.    Large  yellow  plates. 

Mcthylo-tribromide  E'lMeBr^.  [123°]. 
Orange-red  plates.  Converted  by  picric  acid 
solution  into  B'MeOG,H„(NO„)3  [104°]. 

Mcihylo-iodide  B'Mel.    [73°]  (La  Coste, 

B.  15,  192  ;  Pictet,  B.  23, 1903).  Large  crystals. 
Converted  by  moist  Ag^O  into  a  strongly  alka- 
line solution  of  the  hydroxide  B'MeOH.  Aqueous 
NaOH  in  the  cold  converts  B'Mel  into  the 
oxide  B'.^Me.^O,  a  white  jjowder,  reconverted  by 
HI  into  B'Mel  (possibly  oxy-c-methyl-quinoline) 
(La  Coste;  Glaus,  B.  15,  475;  Bernthsen,  B.  18. 
29  ;  Decker,  B.  24,  690).  Potash,  even  in  cold 
aqueous  solution,  forms  an  oil  i^robably  contain- 
ing methyl-quinoline  (lepidine)  (Skraup,  Sitz. 
W.  [2]  81,  593).  By  the  action  of  KOH  on  a 
mixture  of  B'Mel  (2  pts.)  and  the  methylo- 
iodide  of  {Py.  l)-methyl-quinoline  (1  pt.) 
there  is  formed  di-methyl-cyanine  iodide 

C.  ,,H|,|N.J,  crystallising  in  oblong  green  tablets, 
[291°],  si.  sol.  water,  forming  a  reddish-blue 
solution  (Hoogewerff  a.  Van  Dorp,  R.  T.  C.  2, 
317 ;  3,  337).  The  alcohoho  solution  is  violet, 
with  green  fluorescence.  Its  solution  in  acids  is 
yellow.  The  aqueous  solution  is  decolourised  by 
GO.,,  the  colour  re-appearing  on  boiling.  The 
corresponding  C„|H,,,N„C1 5aq  [c.  300]  forms 
C,,H,,jN,Cl(HPtGy  |aq  as  yellow  crystals.  Quin- 
oline methylo-iodide  is  oxidised  by  alkaline 
KjFeCyu  to  oxy-methyl-quinoline  or  v-methyl- 

quinolone  CJi,<^^^j^g-^Q    [72°]  (324°  at  728 

mm.)  (Decker,  J.  pr.  [2]  40,  31 ;  cf.  Bernthsen  a. 
Hess,  B.  18,  37,  who  took  it  for  di-methyl-di- 
quinolyl ;  Ostermayer,  B.  18,  591).  This  body 
is  also  got  from  carbostyril  and  Mel  (Fried- 
lander  a.  Miiller,  B.  20,  2009).  It  deliquesces 
with  water,  forming  an  oil.  Hydrochloride 
[112°]. 

E thylo-chloride  B'EtClaq.  [93°].  Large 
trimetric  tables  (Glaus  a.  Tosse,  B.  16,  1277).— 
B'.,Et.,PtGl„.    [226°].    Yellow  pp. 

' Ethylo-broviide  WEtBr  aq.  [80°].  Tri- 
metric tables.  By  the  action  of  {Py.  l)-methyl- 
quinoline  ethylo-bromide  it  is  converted  into  di- 
ethyl-cyanine  bromide  CvjH^jNoBr  or  C,_..,H^,.^N.,Br, 
crystallising  in  small  needles,  not  melted  at  290°, 
forming  a  blue  solution  in  alcohol. 

Ethylo-iodide  B'Etl.  [118°]  (Spalteholz, 
B.  16, 1851) ;  [160°]  (Hoogewerff  a.  Dorp,  B.  T.  C. 
2,  321).  Monoclinic  crystals.  At  280°  it  yields 
(7)-ethyl-quinoline  and  di-ethyl-quinoline 
(Eeher,  B.  19,  2996).  Moist  Ag.O  forms  strongly 
alkaline  B'EtOH,  which  is  sol.  water  and  reuni- 
fied by  atmospheric  oxidation.  On  heating 
B'Etl  (2  pts.)  with  {Py.  3)-methyl-quinoline 
ethylo-iodide  (1  pt.)  and  alcoholic  potash,  there  is 
formed  di-ethyl-isocy  anine  iodide  C^H.jN^I 
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(Hoogewerff  a.  Van  Dorp,  R.  T.  C.  3,  344)  or 
Co^Hj^N^I  (Spalteholz,  B.  16,  1851).  This  body 
forms  lustrous  green  prisms  (containing  Aaq  or 
1  EtOH  or  i  EtOH  l^aq)  melting  at  152^."  It  is 
insol.  ether,  si.  sol.  water,  and  forms  a  crimson 
solution  in  alcohol.  By  the  action  of  KOH  on 
a  mixture  of  B'Etl  and  (Py.  l)-methyl-quinoline 
ethylo-iodide  there  is  formed  di-ethyl-cyanine 
iodide  C,.,H.,3N,I  [273°],  crystallising  in  green 
prisms  (Hoogewerff  a.  Van  Dorp,  B.  T.  C.  2, 
317).    Quinoline  ethylo-iodide  is  oxidised  by 

alkaline  K^FeCy,  to  C,H,<^^^^=^q  (317°) 

(Decker,  J.  i^r.  [2]  47, 86),  which  body  is  also  got 
from  carbostyril  and  EtI  (Friedliinder  a.  Wein- 
berg, B.  18,  1530).  8olidifies  at  -20°. 
CjH.NEtlHgCy,.  [138°].  Needles  (from  water). 
CpH.NEtBrHgCyj.  [155°].  Crystals  (from 
alcohol)  (Glaus,  A.  269,  271). 

Ethylo-nitrate  B'EtNOj.  [89°  uncor.]. 
Large  trimetric  crystals  (Glaus,  JS.  16,  1277). 

Propylo-chloride  BTrGl  aq.  [c.  95°]  (hy- 
drated) ;  [135°]  (anhydi'ous).  Golourless  crystals 
(Glaus  a.  Gollischonn,  B.  19,  2504).  Grystallises 
from  chloroform  in  prisms  (containing  CHCl,) 
[79°].  V.  e.  sol.  water.— B'PrGlBr,.  [85°  uncor.]. 
Orange-red  radiating  crystalline  mass. — B'BrClI,. 
[62°].    Brown  crystals. 

Propyl-bromide  B'PrBr  2aq.  [66°uncor.] 
(hydrated) ;  [148°  uncor.]  (anhydrous).  Formed 
by  heating  quinoline  with  PrBr  and  a  little 
(10  p.c.)  alcohol  at  100°.  Tables,  v.  e.  sol. 
water  and  alcohol.  The  anhydrous  crystals 
(obtained  from  absolute  alcohol)  are  very  deli- 
quescent. Crystals  obtained  from  chloroform 
(containing  CHCl,,)  melt  at65°-129°.— B'PrCl.ir. 
[c.  60°].  Formed  by  passing  dry  CI  into  a  solu- 
tion of  B'PrBr  in  chloroform.  Small  sulphur- 
yellow  plates.  Unstable.— B'PrBr,,.  [93°]. 
Formed  by  adding  Br  to  the  aqueous  or  alcoholic 
solution  of  B'PrBr.  Triclinic  garnet-red  crystals. 
Yields  (Py.  3)-bromo-quinoline  on  heating. — 
B'PrBrL.  [60°  uncor.].  Formed  by  evaporating 
a  mixture  of  I  in  ether  and  B'PrBr  in  alcohol. 
Lustrous  brown  needles.  —  B'PrBrl^.  [49°]. 
Slender,  nearly  black,  needles  with  green 
reflex. 

Propylo-iodide  B'PrL  [145°].  Small 
yellow  crystals.  Not  hygroscopic.  Grystallises 
from  chloroform  with  CHGI3,  partially  melting 
at  92°.  —  B'PrCU.  [87°].  Sulphur-yellow 
needles.— B'PrClJ.  [145°].  Converted  by  long 
boiling  with  water  into  B'PrGl.—B'PrBr.J.  [77°1. 
Triclinic  orange  tables.— B'PrBr,I.  [48°-58°]. 
Very  unstable  orange  powder. — B'Prl^.  [62°]. 
Very  stable  bronzy  brown  prisms.  —  B'Prl^. 
[50°].    Stable  tables. 

Iso-amylo-ch  loride  B'C^H^fiL — 
B'„(C5H„)2PtGl,.    [220°].  Yellow  crystalline  pp. 

Iso-amylo-hromide  B'GjHijBraq.  [87°] 
(hydrated) ;  [140°]  (anhydrous)  (Glaus  a.  Tosse, 
B.  16,  1277). 

Isoamylo-iodide  B'C,,H|,I.  [185°]. 
Yellow  monoclinic  needles  (Perkin,  0.  J.  14, 
246  ;  Nadler  a.  Merz,  J.  pr.  100,  129  ;  Greville 
Williams,  C.  N.  1861,  219;  Hoogewerff  a.  Van 
Dorp,  R.  T.  C.  2,  40 ;  3,  352  ;  Arzruni,  B.  T.  C. 
4,  62).  Does  not  form  cyanine  on  treatment 
with  potash  unless  it  contains  the  isoamylo- 
iodide  of  (Py.  l)-methyl-quinoline,  in  which 
case  di-isoamyl-cyanine  iodide  CjaKj-NjI 


[c.  100°]  is  produced.  This  body  crystallises  in 
lustrous  green  monoclinic  crystals  (containing 
liaq) ;  a:b:c  =  2-379:l:l-669 ;  3  =  88°  45'.  It  also 
forms  brass-yellow  crystals.  It  is  very  hygro- 
scopic, nearly  insol.  ether,  si.  sol.  CHCI3, 
acetone,  and  isoamyl  alcohol.  It  is  v.  sol. 
alcohol,  forming  a  deep-blue  solution.  Iodine 
converts  it  into  C._,gH,,N.,l3  [189°],  which  is  si. 
sol.  alcohol,  V.  sol.  acetone,  forming  blue  solu- 
tions. The  solution  of  di-isoamyl-cyanine 
iodide  in  HClAq  is  colourless,  and  deposits  on 
evaporation  colourless  scales  of  C2,,H35N.J2HC1, 
which  at  100°  gives  off  HGl,  leaving  bronzed 
GogHsjNJHCl.  Moist  Ag.,0  forms  uncrystal- 
lisabie  C2„H,,N„(0H).  Alcohol  and  AgCl  pro- 
duce CgH-j-NXl  4aq,  crystallising  in  long  blue 
prisms,'and  yielding  (G,,,H:,-,N2Gl).,PtCl^.  Alcohol 
and  AgNOj  give  C2,jH33N2(N03)  aq,  which  forms 
lustrous  needles  giving  a  blue  aqueous  solution 
and  yielding  colourless  C29H35N.,(N03)2HC1  and 
blue  C.,gH35N2(N03)HGl.  Alcoholic  ammonium 
sulphide  converts  the  nitrate  into  reddish- 
yellow  monoclinic  crystals  of  G^sHjsNjSaOo,  which 
yields  G,,sH„,N.|S3Glj2PtClj  as  an  orange  pp. 
(N.  a.  M.).  H^SOj  converts  di-isoamyl-cyanine 
iodide  into  (C.,,H35N„)2SOj  2aq,  crystallising  from 
hot  water  in  blue  needles. 

Allylo-iodide  B'CjH.L  [177-5°]  (Pictet, 
G.  B.  95,  300). 

Benzylo-chloride  B'C,H,C1 3aq.  [65°]. 
Triclinic  tablets.  It  crystallises  also  as 
B'G,H,CI  2aq  [130°]  in  trimetric  crystals  (Glaus, 
B.  13,  2045  ;  16,  1279  ;  18,  1305).  V.  sol.  water 
and  alcohol,  insol.  ether.  KMnO^  oxidises  it  to 
benzyl-o-amido-benzoic  acid  and  its  formyl 
derivative.  By  treatment  with  KOH  or  Ag_,0  it 
is  converted  into  a  strong  base,  v.  sol.  water. 
Excess  of  KOH  ppts.  an  oil  which  turns  red  in 
air.  The  benzylo-hydroxide  yields  quinoline  on 
distillation  (Bernthsen  a.  Hess,  B.  18,  35). 
Mercuric  chloride  yields  a  crystalline  pp. 
[142°].— (B'G,H,).,PtcX.  [246°].  Yellow  pp.— 
B'C,H,ClBr,.  [92°].  Crystalline.— B'C-H,BrGl.,. 
[80°].  Yellow  needles.— B'GjHjBrj.  [100°]. 
Orange  prisms.— E'C^H^Brl^.  [110°].  Dark- 
violet  needles. 

Phenacylo-bromide  B'Br.CH.,Bz.  [115°- 
165°].  Needles,  v.  sol.  water  and  alcohol,  v.  si. 
sol.  ether  (Bamberger,  B.  20,  3340).— B'HNO,,. 

References. — Amido-,  Beomo-,  Brojio-amido-, 
Bromo-nitro-,  Chloeo-,  Ghloro-nitko-,  IODO-, 
N1TR0-,  OsY-iUnno-,  and  Oxy-  qdinolines. 


Diquinoline  v.  Diquinolyl. 


Isoquinoline  G,H-N  i.e.  G,Il^<^^^.^.[2S°]. 

(241°  i.V.).  Occurs,  as  well  as  quinoline,  in 
coal-tar  (Hoogewerff  a.  Van  Dorp,  B.  T.  C.  4, 
125,  285;  5,  305). 

Formation. — 1.  By  the  action  of  HI  at  230° 
or  of  zinc-dust  in  a  current  of  H  at  a  low  red 
heat  upon  the  di-chloro-  derivative  [123°]  ob- 
tained by  the  action  of  POCI3  on  the  imide  of 

GH  GO 

o-carboxy-phenyl-acetic    acid     C^H^-c^qq  "  NH 

(Gabriel,  B.  18,3470;  19,1656,2361;  Le  Blanc, 
B.  21,  2299).— 2.  Together  with  di-isoquinolyl, 
which  yields  B',H,,PtGl6  [177°]  by  distilling 
benzylidene-ethyl-amine  (Pictet  a.  Popovici,  B. 
25,  733). — 3.  By  heating  isocarbostyril  or  its 
carboxylic  acid  with  zinc-dust  in  a  current  of 
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iydrogen  (Bamberger  a.  Kitschelt,  B.  25,  1146; 
Z'incke,  B.  25,  1497). 

Properties.  -  Hygroscopic  tables.  Yields 
phthalic  and  cinchomeronic  acids  on  oxidation 
by  KMnO.,.  Tin  and  HClAq  give  a  tetra-hydride. 
Forms  crystalline  compounds  with  HgCl._,  and 
AgNO.,.  Bromine  in  ether  gives  C,,H,NBr.^, 
[82°],  which  forms  very  unstable  CgH.NBr.HBr, 
[c.  133°],  converted  at  200'  into  bromo-iso- 
qiiinoline  [40°]  (Edinger,  J.  pr.  [2]  43,  191). 

Salts.— B',H„PtCl,;2aq.  [264°].  Eeddish- 
yellow  crystals.— B'HAuCl,.  [225°].  Yellow 
needles.— B'HgCL.  [165°].  White  needles.— 
B'H.,SO^.  [206°].  —  B'H,,Cr„0, :  needles.— 
Piorate  B'C.H.N^O,.    [223°].    Yellow  needles. 

Mcthylo-iodidc  WUela-c^.  [160°].  Flat 
yellowish  needles.  Treatment  with  AgCl  and 
platinic  chloride  gives  (B'MeCl)„PtCl4  [240°] 
(Glaus,  J.  pr.  [2]  38,  492).  KOHAq  added  to 
B'Mel  forms  an  oily  base  which  yields 
(B'MeCl),,PtCl,  6aq.      Oxidised     by  alkaline 

CH'CH 

EjFeCy^to  j'-methyl-isoquinoline  G^^<^^Q  NMe 

[40°]  (319°),  sol.  water,  and  yielding 
B'H„PtCI,2aq  (Decker,  J.  pr.  [2]  47,  37). 

Ethylo-iodide  B'mi.  [147°].  Yellowish- 
red  tables.  Yields  ethyl-phthalimide  on  oxida- 
tion.   Gives  (B'EtCl)2PtClj. 

Benzy  I  o- chloride  B'C.H.Cl.  V.  sol. 
water  and  alcohol,  si.  sol.  ether  (Goldschmidt, 
M.  9,  678).  Yields  benzyl-phthalimide  [115°] 
on  oxidation  by  KMnO^  in  a  solution  kept 
neutral  by  HCl. 

Phcnacylo-hromidc  B'BrCH,,Bz.  [205°]. 
Formed  from  isoquinoline  and  oi-bromo-aceto- 
phenone  dissolved  in  benzene  (G.).  Prisms 
(from  alcohol),  v.  sol.  water.  AgN03  forms 
B'N03(CH„Bz)  crystalhsing  in  needles. 

Diquinoline  v.  Diquinolyl. 

QUINOLINE  (B.  1)-CARB0XYLIC  ACID 
CH:C(CO.,H).C.CH:CH      ^  ■  , 
CH'CH  *     C  N'CH'     Qumohn'i  ana-caro- 

o.ri/lic  acid.  Quinolina-vi-carhoxylic  acid. 
[357°]. 

Formation. — 1.  Together  with  a  smaller 
quantity  of  the  {B.  3)-aeid  by  heating  m-amido- 
benzoic  acid  with  glycerin,  H^SO^,  and  j;j-nitro- 
benzoic  acid  (Schlosser  a.  Skraup,  M.  2,  518;  7, 
519). — 2.  By  saponifying  its  nitrile,  which  is  got 
by  distilling  sodium  quinoline  [B.  1)-  or  (B.  4)- 
sulphonate  with  KCy  (Bedall  a.  Fischer,  B.  14, 
2574  ;  15,  683,  1980).— 3.  By  heating  quinoline 
{B.  l,4)-di-carboxylic  acid  (Skraup  a.  Brunner, 
M.  7,  153). 

Properties. — White  crystalline  powder,  sol. 
dilute  acids  and  alkalis,  insol.  ether  and  benzene, 
V.  si.  sol.  water  and  alcohol. 

Salts. — HA'HCl  l^aq  :  white  needles. — 
(HA'),H,,PtCl6 :  yellow  plates.  —  CaA',,  2aq.  — 
CaHA'.j6aq:  needles. —  H0.CuA'2aq:  minute 
violet  plates,  insol.  water. — AgA' :  crystalline  pp. 

Nitrile  C,H,N.CN.  [88°].  (above  360°). 
Fomied  as  above  and  also  from  (B.  l)-amido- 
quinoline  by  diazotisation  and  treatment  with 
CuCy,,  (Freydl,  M.  8,  581).    Crystals,  si.  sol.  Aq. 

Tetrahydride  C,,,H,,N02.  [147°].  Formed 
by  reducing  the  acid  with  tin  and  HCl  (Fischer 
a.  Korner,  B.  17,  765).  Yields  a  crystalline 
nitrosamine  C|„H|„NjO,.  [186°]. 

i/:-Isomeride  C|„H;NO,,.  [338°].  Perhaps 
identical  with  the  preceding.    Formed  by  warm- 


i  ing  quinoline  with  7«-amido-benzoic  acid,  nitro- 
I  benzene,  glycerin,  and  H.SO^  (Lellmann  a.  Alt, 
A.  237,  318).  Got  also  by  saponifying  its 
nitrile  which  is  formed  by  fusing  sodium  quinol- 
'  ine  ip-ana-sulphonate  mth  KCv  in  a  current  of 
hot  air  (Lellmann,  B.  20,  1449  ;  21,  397).  Snowy 
powder.— HA'HCl  aq.-H,,A',H2PtCl, :  needles.— 
ZnA',. — AgA'. 

Tetrahydride  C,„H„N02.  [147°].  Got 
by  reducing  the  acid  or  bromo-quinoline  cavb- 
oxylic  acid  with  tin  and  HClAq.— HA'HCl  aq. 

Nitrile   C^H^N.Cy.     [89°].    Needles  (con- 
taining I'.aq),  melting  at  70°.    EfBoresces,  and 
'  then   contains    ^aq   and    melts  at  74-5°.  — 
B'„H,,PtCl„:  needles. 

Quinoline  {B.  2)-carboxylic  acid 
CO.,H.C=CH.C.CH:CH    ^  •    ,.  , 

'    CH-CH  C— N'CH'  V'""<'""'^"^'"'^''''''0^2/'^c 
I  acid.     [291°].     Formed  by  heating  ij-amido- 
I  benzoic  acid  with  glycerin,  p-nitro-benzoic  acid, 
and  H,SG,  (Schlosser  a.  Skraup,  M.  2,  518). 
^  Formed  also  by  heating  its  nitrile  with  HClAq 
at   140°   (Fischer  a.  Wittmack,  B.  17,  440). 
I  Thick  prisms,  si.  sol.  hot  water,  v.  sol.  acids  and 
!  alkalis.— HA'HCl.— (HA').,H.,PtCl,.  —  CaA'„2aq. 
-AgA'. 

j   _   Nitrile  C,„H,N2.    [131°].    Formed  by  dis- 
j  tilling  potassium  quinoline  2^-sulphonate  (from 
j  sulphauilic  acid)  with  KCy.    Needles,  forming  a 
red  solution  in  HClAij. 

Quinoline  (£'.  3)-carboxylic  acid 
CH:CH.C.CH:CH         ^  ■  7- 
CO.,H.C=CH.C-N:CH-  Quinohne-m-carb- 
OTijUc  acid.  [248°]. 

FormatioH. — 1.  By   oxidation    of  (;8)-di- 
quinolyl  with  CrO.,  and  HOAc  (0.  Fischer  a. 
Loo,  B.  17,  1901  ;  19,  2473).  -  2.  By  oxidation 
i  of  (B.  3)-methyl-quinoline  (Skraup  a.  Brunner, 
j  M.  7,  142).— 3.  By  heating  th3  staniiocliloride 
of  c-amido-phthalic  acid  with  c-nitro-phthalic 
I  acid,  glycerin,  and  H.SO^  (TorteUi,  G.  16,  367). 
I       Properties. — Needles  (from  water). 

Salts.-Cu(OH)A'aq.— AgA'.— HA'HCl  aq  : 
triolinic  prisms. — H.A'.,H,PtCl,; :  orange  prisms. 
Quinoline  [B.  4)-carboxylic  acid 

Ch'c(Co"h)  c'^n'cH'  Q^''i™T'iii'<^-o-carboxylic 
acid.  [187°]. 

Formation.— 1.  By  heating  o-amido-benzoic 
acid  with  o-nitro-benzoic  acid,  glycerin,  and 
H,S0,  (Schlosser  a.  Skraup,  M.  2,  518).— 2.  By 
heating  its  nitrile  with  cone.  HClAq  at  150° 
(Lellmann  a.  Reusoh,  B.  22, 1392).— 3.  Together 
with  the  (B.  l)-isomeride,  by  heating  quinoline 
'  (B.  l,4)-di-carboxylic  acid  (Skraup  a.  Brunner, 
!  31.  7,  153). 

Properties. — Needles,  m.  sol.  cold  water  and 
alcohol.  FeSO ,  gives  a  purple  colour  in  neutral 
solutions.  —  HA'HCl  :  yellowish  prisms.  — 
H,,A',HC1 :  golden  prisms.  — H,,A'.,H,PtCl„ :  orange 
needles. — CaHA', :  needles.— AgA' :  pp. 

Methylo -iodide  HA'Mel.  Slender  yellow 
needles  (La  Coste,  B.  15,  196).  IMoist  Ag,0 
forms  a  solution  of  the  hydroxide  which  re- 
produces HA'  on  evaporation. 

Nitrile  C,„H,N,.  [84°].  Needles.  Yields 
B'._.H,jPtCl,,,  crystallising  in  orange  needles. 

Quinoline  (Py.  l)-carboxylic  acid 

C„H^<^^'££H51:^g.    Cinchoninic  acid.  [254°]. 
Foniiation. — 1.  By  oxidation  of  cinehonine. 
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cinchonidine,  cincliotenine,  cinchotenidine,  ' 
cinchonitine,  and  ciiicholepidine  (Weidel,  A. 
173,  84  ;  M.  3,  79  ;  Skraup,  A.  201,  303  ;  M.  2, 
601 ;  Forst  a.  Bohringer,  B.  14,  436  ;  Schnider- 
schnitsoh,  M.  10,  55).— 2.  By  oxidation  of  {Py. 
l)-methyl-quinoline  (lepidine)  (Hoogewerff  a. 
Van  Dorp,  R.  T.  C.  2,  11). 

Preparation. — By  boiling  cinchonine  with 
nitric  acid  of  S.G.  1-3  (Konigs,  B.  12,  97  ;  Glaus, 
B.  18,  362). 

Properties. — Slender  needles  (containing  aq) 
(Skraup)  or  triclinic  crystals  (containing  2aq) 
a:6:c  = -746:1: -817;  a  =  81°  37';  /3  =  120°  2'; 
7  =  86°  37'  (Muthmann  a.  Nef,  B.  20,  637).  By 
slow  evaporation  of  an  aqueous  solution  it  is 
obtained  in  monoclinic  forms  (containing  2aq), 
a:&:c  = -276:1: -533;  ;8  =  98°3'  (Ditscheiner,  4. 
173,  84  ;  Claus,  B.  20,  1604).  V.  si.  sol.  water 
and  alcohol,  insol.  ether.  Yields  quinoline  on 
distillation  with  lime,  and  oxy-quinoliue  carb- 
oxylic  acid  on  fusion  with  potash.  On  heating 
with  cone.  H^SOj  it  yields  quinoline  ^j-sulphonic 
acid  (Georgievitch,  M.  8,  644).  Sulphuric  acid 
and  ]?,0,  at  175°  gives  an  (a)-sulphonic  acid 
a,H,N(S63H)(CO,H),  which  forms  very  bitter 
triclinic  crystals  (containing  aq),  nearly  insol. 
cold  water,  giving  the  salts  (NHj)._,A"  2aq, 
CaA"  2^aq,  BaA"  3aq,  PbA"  aq,  and  CuA"  aq. 
H.,S04  and  V.f).^  at  260°  give  a  (;8)-sulphonic 
acid  CijH.NSOs  crystallising  in  bitter  needles 
(containing  2aq),  m.  sol.  cold  water,  forming  the 
salts  (NH^)HA"2aq,  BaA"aq,  and  PbA"  4aq 
(Weidel,  M.  1,  845;  2,  665;  Georgievitch,  M. 
8,  644). — KMnO^  forms  pyridine  tricarboxylic 
acid. 

Salts.— HA'HCl.—(HA')„H,PtCl, :  triclinic 
prisms.— HA'HCIICI  2aq  (Dittmar,  B.  18,  1618). 
— HA'HNO,.  —  (HA'),H,,SOj :  long  prisms.  — 
KA' |aq.— CaA'2  Ijaq :  prisms  (Weidel). — CaA'2 
(Skraup). — CuA'„ :  dark- violet  plates,  si.  sol.  hot 
water. — AgA' :  crystalline  pp. 

Dibromide  C,„H,N02Bro.  [188°].  Long 
red  needles,  decomposed  by  boiling  water  (Claus, 
B.  18,  1307). 

Di-iodide  C,oH,NO,I,.  [c.  242°].  Steel- 
blue  tables,  nearly  insol.  cold  water. 

Ethyl  ether  EtA'.  [13°].  Trimetric 
crystals,  v.  si.  sol.  water,  v.  sol.  ether,  si.  sol. 
alcohol  (Van  der  Kolf  a.  Van  Leent,  B.T.G.  8, 
217).— EtA'HgCL.  [153°].  Small  needles.— 
(EtA')2H2PtCl6.   [204°].    Orange-yellow  needles. 

Amide  CioHgN^O.  [181°].  Needles,  v.  e. 
sol.  hot  water.— B'jHoPtClg.  [250°-255°]. 

Benzylo-bromide  C,„H;NO.,C,H,Br. 
[130°].  Silky  needles,  v.  sol.  water  and  alcohol, 
insol.  ether.  By  heating  the  aqueous  solution  or 
by  treatment  with  alkalis,  it  is  converted,  by  loss 

of  HBr,  into  the  anhydride  which 

crystallises  in  dimetric  tables  (containing  3aq) 
[84°]  and  has  a  bitter  taste.  This  anhydride  is 
converted  by  alkalis  into  C„H-N(C.H.)C02H 
[218°]  (Claus  a.  Muchall,  B.  18,'  363, 1310). 

Tetrahydride  C,„H|,N0.,.  Formed  from 
cinchonio  acid,  tin,  and  HClAq  (Weidel,  M.  2, 
29;  3,  61).  Yields  a  nitrosamine  [137°].— 
B'HClliaq  :  monoclinic  crystals  ;  a:b:c  = 
-932:1:1-942  ;  ,8  =  90°  41'.  Heated  with  HoSO^  it 
gives  disulpho-cinchonic  acid  and  methyl- 
quinoUne  (cincholepidine).— B'„H„PtCla. 


Acetyl  derivative  of  the  Tetrahydride- 
C,„H,„AcN02.     [164°].      Trimetric  crystals; 
a:6:c  =  -848:I: -569.    SI.  sol.  cold  water  and  al- 
cohol.— CaA'„  2aq  :  minute  needles. 
Quinoline  {Py.  2)-carboxylic  acid 


/-I  TT  /CH:C.COnH 


CH  -  •  [273°]. 
Formation. — 1.  By  heating  acridinio  acid  at 
125°  (Graebe  a.  Caro,  B.  13, 100).— 2.  By  oxida- 
tion of  (Py.  2)-ethyl-  (or  methyl-)  quinoline 
(Eiedel,  B.  16,  1609;  Doebner  a.  Miller,  5.  18, 
1643). 

Properties  Slender  needles,  sol.  alcohol,  si. 

sol.  cold  water.  Dissolves  in  acids  and  alkalis. 
Oxidised  by  KMnO^  to  pyridine  tricarboxylic 
acid. 

Salts.— HA'HCl :  needles,  v.  sol.  water. — 
Pier  ate  :  [216°]. — CuA'o. — AgA' :  small  prisms. 
— (HA').,H.PtCl5 :  orange  needles. 

Quinoline  {Py.  3)-carboxylic  acid 

CeH4<^^'^Q'^Q  jj.    Quinaldinic  acid.  [156°]. 

Formed  from  {Py.  3)-methyl-quinoline  by  oxida- 
tion with  chromic  acid  mixture  (Doebner  a. 
Miller,  B.  16,  2472).  Got  also  by  oxidation  of 
(a)-diquinolyl  (Weidel  a.  Strache,  M.  7,  300). 
Needles  (containing  2aq),  v.  sol.  hot  water,  acids, 
and  alkalis. — CuA'o2aq. — CaA',. — AgA':  amor- 
phous precipitate. — AgHA'„HN03  aq  :  silky 
needles.  —  HA'HCl  aq.  —  (HA')2H2PtCl6  2aq.  — 
(HA')2H2Cr20, :  sparingly  soluble  red  crystals. 
Quinoline  {B.  l,4)-di-carboxylic  acid 

6H:cSS:Hj:gN=ci-  .[270°].  Formed  by 
heating  amido-tereiDhthalic  acid  with  glycerin, 
HoSOj,  and  o-nitro-phenol  (Skraup  a.  Brunner^ 
M.  7,  147).  Long  needles  (containing  2aq),  v. 
si.  sol.  cold  water.  Salts. — HA'HCl  l^aq. — 
(HA'),H,PtCl,.— Cu3A'.,(H0),.aq  :  bluish  pp. 
Quinoline  {Py.  2,3)-dicarboxylic  acid 

CuH.,<^^'^^"^Q-g.     Acridinic  acid.  Formed 

by  oxidation  of  acridine  with  KMnO,  (Graebe  a. 
Caro,  B.  13,  99).  Long  needles  (containing  2aq), 
si.  sol.  cold  water,  v.  sol.  alcohol.  Does  not 
combine  with  acids.  Decomposed  by  heat  into- 
CO,  and  a  mono-carboxylic  acid  [275°]. 
Quinoline  (P;/.  l,3)-dicarboxylic  acid 

[246°].  Formed  from 


„  „  /C(C02H):CH 
^6^jKN=C.C0.,H- 


(Py.  3)-styryl-cinchoninic  acid  by  oxidation 
with  alkaline  KMnOj  (Doebner  a.  Peters,  B.  22, 
3009).  Needles,  si.  sol.  cold  water  and  alcohol. — 
CuA"  aq. — Ag„A"  :  white  pp. 

Quinoline  (a)-dicarboxylic  acid 
CgH,N(C0,H),,.   [270°].  Formed  by  saponifying 
its  nitrile.    Slender  needles  (containing  aq),  si. 
sol.  alcohol  and  ether. 

Nitrile  C.HsNCy,,.  [222°].  Formed  by 
heating  potassium  quinoline  (a)-disulphonate 
with  KCy  (La  Coste  a.  Valeur,  B.  20,  99). 
Needles  (from  alcohol),  insol.  Aq,  v.  sol.  alkalis. 

Quinoline  (B.  2,  Py.  3)-dicarboxylic  acid 
C0.2H.C=CH.C.CH:CH  ro7c;o  oqaoi 

CH:CH.C.N=C.CO,H-  ^-^'^  7"^"" 

Formed  by  oxidation  of  benzylidene-quinoline 
(B.  2)-oarboxyhc  acid  (Von  Miller,  B.  23,  2261). 

References. — Bbomo-,    Nitbo-,    and  Oxy- 
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QUINOLINE  (Py.  3)-CAEB0XYLIC  ALDE- 
HYDE CgH^N.CHO.    [71°].    Formed  by  oxida- 
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tion  of  (P)i.  3)-quinolyl-acrylic  acid  withKMiiOj 
(Miller  a.  Spady,  B.  18,  3404 ;  19,  130).  Mono- 
clinic  plates  (from  ligroin),  si.  sol.  water.  Ee- 
duces  ammoniacal  AgNOj.  Yields  a  phenyl- 
hydrazide  CigHigNa  [198°]  crystallising  in  yellow 
plates. 

QUINOLINE  HYDRIDES. 

Polymeride  of  quinoline  dihydride  C,aH,„N2. 
[162°].  Formed  by  reducing  quinoline  with 
zinc-dust  and  HOAc,  zinc-dust  and  NHj,  zinc 
and  HClAq,  or  alcohol  and  sodium-amalgam 
(Konigs,  B.  12,  101,  252  ;  14,  99  ;  Wyschnegrad- 
sky,  B.  12,  1481;  Lellmann,  B.  22,  1337). 
Amorphous  powder.  Its  solution  in  cone.  HClAq 
is  ppd.  by  water  and  by  NaOAc.  Yields  a 
nitrosamine. 

Quinoline  dihydride  (?).  (220°-226°).  Found 
in  small  quantity  among  the  products  of  the 
action  of  KOH  on  quinoline  (0.  de  Coninck, 
G.  R.  94,  87).— B'.,H,,PtCl,.. 

Quinoline  tetrahydride  C^HuN  i.e. 

^'^KnH '.Ch!-    I^"-  "Jicor.). 

Formation. — 1.  By  reduction  of  quinoline 
with  zinc  or  tin  and  HClAq  (Wyschnegradsky, 
Bl.  [2]  34,  339 ;  B.  12,  1481 ;  13,  2400),  with 
zinc-dust  and  NH3Aq,  with  alcohol  and  sodium- 
amalgam  (Konigs,  B.  14,  99  ;  16,  727),  or  with 
sodium  (Weidel  a.  Glaser,  M.  7,  328).— 2.  From 
carbostyril,  alcohol,  and  Na  (Knorr  a.  Klotz,  B. 
19,  3302). 

Properties. — Needles,  sol.  water,  volatile  with 
steam.  Secondary  base.  ICl  forms  in  presence 
of  HCl  an  amorphous  pp.  CciHgloN  (Dittmar,  B. 
18,  1619). 

Reactions. — 1.  The  vapour  passed  through  a 
red-hot  tube  yields  indole  and  quinoline. — 2. 
Chromic  acid  mixtvre  yields  quinoline. — 3. 
Nitro-henzene  yie\&.s  quinoline.  p-Chloro-nitro- 
benzene  at  200°  does  the  same  (Lellmann  a. 
Eeusch,  B.  22,  1389).— 4.  HI  and  P  reduce  it  to 
C,|H,g,  an  oil  (147°  at  720  mm.)  (Bamberger  a. 
Lengfeld,  B.  23,  11.58).— 5.  Br  forms  oily 
CgH|„BrN  and  CjHgBr.,N. — 6.  Benzene  sulphonic 
chloride  and  NaOH  form  C5H,„N.SO,,CsN5  [67°], 
crystallising  in  plates,  si.  sol.  alcohol,  insol. 
water  (Schotten  a.  Schlomann,  B.  24,  3695).— 7. 
Methyl  chloroformate  gives  C„H|„N.CO.,Me  ! 
[c.  35°],  which  may  be  oxidised  by  KMnO^  in 
the  cold  to  an  acid  [156°]  and  at  100°  to  a  com- 
pound [175°]  crystallising  in  red  needles. — 8. 
Diazobenzene  chloride  and  aqueous  NaOAc  form 
C.HioN.N^CjHj,  which  is  split  up  by  dilute 
HoSO,  into  phenol  and  quinoline  tetrahydride. — 
9.  Potassitim  cyanate  acting  on  the  hydro- 
chloride forms  Ci,H,„N.CO.NH„  [150-5°],  crystal- 
lising in  needles,  si.  sol.  cold  water.  It  is  con- 
verted by  cone.  H„SO,  and  HNO3  at  0°  into 
C„H,(NO.,).,N.CO.NH,  [191°],  si.  sol.  alcohol,  and 
C,.H,(NO..).,N  [161°],  V.  sol.  alcohol,  which  forms  ' 
a  nitrosamine  [127°]  (Thomas,  R.  T.  C.  10,  I 
148). — 10.  Benzoic  aldehyde  and  ZnClj  yield 
CHPh(C<,H,„N)2  [153°],  while  p-nitro-benzoic  ' 
aldehyde  forms  a  corresponding  body  [177°] 
(Einhorn,  B.  19,  1243). 

Salts.  —  B'HCl.  [181°].  —  B'.,H,PtCl,.  — 
B'H.SO.,.  [137°].  Prisms  (from  'alcohol)  or 
tables  (from  water). 

Acetyl  derivative  C,,H,„NAc.  (295°). 
Yields  CO.JI.CO.NH.C„H.,.CO.,H  [1:2]  on  oxida- 
tion by  KNnO,. 

Vol.  IV. 


Benzoyl  derivative  CgH,„NBz.  [75°]. 
Tables  (from  alcohol).  Oxidised  by  KMnO^  to 
benzoyl-isatio  acid  (Schotten,  B.  24,  772). 

JVi^rosamiHe  Cj,H,„N(NO).  Oil.  Converted 
by  alcoholic  HCl  into  the  isomeric  (B.  2)- 
nitroso-quinoline  tetrahydride  [134°],  \\hich 
separates  from  benzene  in  steel-blue  crystals, 
converted  by  NaNO..  and  HOAc  into  C.,H,N,0. 
[98°]  (Ziegler,  B.  21,  864).  Phenyl-hydrazine' 
forms  Cs,H,„N20.PhN,H,  [120°].  Zinc-dust  and 
HOAc  reduce  the  nitrosamine  to  the  hydrazine 
C<,H,„N(NH,)  [5G°]  (c.  255°),  which  crystallises 
from  ligroin,  and  forms B'2HoSOj2aq,  crystallising 
in  yellow  plates.  The  hydrazine  is  oxidised  in 
ethereal  solution  by  ppd.  HgO  to  the  tetrazono 
CigHjdNp  which  forms  colourless  needles  [1G0°J, 
sol.  ether,  si.  sol.  alcohol. 

Methylo-chloride  v.   Hydrochloride  of 

I'-METHTL-QUrNOLINB  TETBAHTDRIBE. 

Ethylo-iodide  B'Etl.  Changed  byalkalia 
into  ;'-ethyl-quinoline  tetrahydride,  which  is  a 
liquid  (254°-258°)  yielding  (C,H,„NEt)„HXdCl^, 
[105°],  and  (C„H,„NEt)„H.,PtCls  [c.  160°]'  (Wysch- 
negradsky,  B.  13,  2400';  Glaus  a.  Stegehtz,  B.  17, 
1329). 

Quinoline  tetrahydride  C„H,,N.  (213°). 
Formed  by  distilling  cinchonine  (1  pt.)  with 
KOH  (3  pts.)  (O.  de  Coninck,  C.  R.  94,  87; 
A.  Ch.  [5]  21,  478).  Got  also  by  distilling 
brucine  with  potash  (De  Coninck,  C.  R.  99, 1077). 
Slightly  hygroscopic  oil,  v.  sol.  acids.  Keduces 
FeClj.  May  be  oxidised  to  quinoline. — B'HCl : 
deliquescent  needles,  v.  sol.  water. — B'jH^PtClj. 
— B'oHjPtClj:  pale  orange  plates. 

Quinoline  hexahydride  C^H^N.  (227°)  at 
720  mm.  A  product  of  the  action  of  HI  and  P 
at  230°  on  the  hydrochloride  of  quinoline  tetra- 
hydride (Bamberger  a.  Lengfeld,  B.  23,  1155). 
Liquid,  turning  brown  in  air,  m.  sol.  hot  water. 
FeClj  gives  a  brown  colour  on  warming.  Diazo- 
benzene sulphonic  acid  gives  a  light-red  colour- 
ing matter.  Phosphomolybdic  acid  gives  a  white 
pp.  Potassio-mercuric  iodide  gives  no  pp. 
NaNOj  in  acid  solution  gives  an  oily  pp.  of  the 
nitrosamine.— B'HCl.  [170°].  Silky  needles. 
B'HBr.    Long  silky  needles. 

Quinoline  decahydride  CgHj^N  i.e. 

6H::ci::CH:Stf:6i:-  [^^-^^J-  (204°at714mm.). 
Formed  by  heating  the  hydrochloride  of  quinol- 
ine tetrahydride  (3  pts.)  with  HI  (16  pts.  of 
S.G.  1-9)  for  7  hours  at  230°  (Bamberger  a. 
Lengfeld,  B.  23,  1145).  Needles  or  prisms  (from 
ligroin).  Smells  like  coniine.  Fumes  with  HCl. 
Sublimes,  in  needles,  in  the  cold.  M.  sol.  water, 
v.  sol.  alcohol  and  ether,  si.  sol.  alkalis.  Gives 
no  colour  with  FeClj  or  diazo  salts.  Eeduces 
ammoniacal  AgNO,  in  alcoholic  solution. 
Phosphomolybdic  acid  gives  a  white  flocculent 
pp.  changing  to  needles.  Potassio-mercuric 
iodide  added  to  the  acid  solution  gives  scarlet 
crystals  changing  to  black  prisms  on  warming. 

Reactions. —  1.  Phcnyl-cyanate  forms,  in 
ethereal  solution,  CjHisN.CO.NHPh,  crystallising 
in  needles  [148°]. — 2.  Phenyl  thiocarbimide  in 
ether  forms  C„H„;N.CS.NHPh,  crystalhsing  from 
chloroform  in  tables  [134-5°]. — 3.  An  ethereal 
solution  of  CSj  gives  C,,H,6N.CS.SNH,C<,H,„, 
crystallising  in  needles  [120°],  not  decomposed 
by  boiling  alcohol,  but  converted  by  iodine  into 
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(C„H„N)HI  and  S,,(CS.NC,H„)2,  which  crystal- 
lises in  colourless  needles  [81°J,  sol.  alcohol. 

Salts.— B'HCl.  [276"].  SmaU  tables.— 
B'HI.  [253°].  Silky  needles.— B'HAuCl^. 
[96°].    Golden  needles.— B'^HoPtCle.  [207-5°]. 

Acetyl  derivative  CsH|,jNAc.  Oil. 

Benzoyl  derivative  C,|H„NBz.  [44°]. 

ISOQUINOIINE  TETRAHYDRIDE  CgH„N. 
(232°).  Formed  by  the  action  of  tin  and  HCl 
upon  isoquinoline  (Hoogewerff  a.  Van  Dorp, 
R.  T.  C.  5,  305).  Liquid,  smelling  like  iso- 
quinoline, si.  sol.  water.  Absorbs  C0„  from  the 
air,  forming  a  crystalhne  carbonate.  The 
aqueous  solution  reduces  AgN03.  Yields  an 
oily  nitrosamine.- B'HCl.  [196°].  Tables,  sol. 
alcohol.  Not  hygroscopic. — B'jHoSO, :  sol.  al- 
cohol.—B'^H^PtCl^.  [232°].  Eeddish-yellow 
tables,  decomposed  by  hot  water. 

QUINOLINE-HYDKOCITJINONE  v.  Di-oxy- 

QUINOLINE. 

QUINOLINE-IODOFORM  v.  Quinoline, 
Reaction  20. 

QUINOLINE-QUINONE  CgH^NO.,  i.e. 

SS'SS'>;'S'^'SS.  Formed  by  the  action  of  cold 
CH.CO.C.N=CH 

chromic  acid  mixture  on  {B.  4,l)-oxy-amido- 
quinoline  (Fischer  a.  Eenouf,  B.  17,  1644).  Flat 
needles  with  green  reflex  (from  alcohol),  decom- 
posing at  110°-120°.  Its  salts  are  decomposed 
by  water.  Keduced  by  sulphurous  acid  to  di- 
oxy-quinoline.  Aniline  in  alcoholic  solution 
forms,  on  boiling,  the  dianilide  C,5H|„N,0o 
crystallising  from  dilute  alcohol  in  small  copper- 
red  plates  with  green  reflex  [c.  190°],  forming  a 
violet  solution  in  HClAq. 

.  CH.C(NOH).C.CH:CH 
Mono-oxim   :c.N=CH- 

Formed  by  the  action  of  NaNO,  and  HClAq  on 
(B.  4)-oxy-quinoline  (Von  Kostanecki,  B.  24, 
152).  Needles  (from  alcohol).  Gradually 
blackens  below  220°,  decomposing  completely  at 
245°. 

.  CH.C(NOH).C.CH:CH  „  , 
Di-oxim  cH.C(NOH).C.N=CH-  ^"'"^^'^ 
by  adding  hydroxylamine  hydrochloride  to  an 
aqueous  solution  of  the  mono-oxim  (Von  Kosta- 
necki a.  Keicher,  B.  24,  156).  Minute  crystals. 
Ac.,0  yields  a  crystalline  di-acetyl  derivative  de- 
composing below  160°  with  evolution  of  gas. 
Dyes  cotton  mordanted  with  iron  salts  greenish- 
black. 

Quinoline-o-quinone  CaH^NOo.  Formed  by 
oxidising  (-B.  2)-oxy-(-B.  1  or  3)-amido-quinoline 
with  FeClj  in  acid  solution  (Matheus,  B.  21, 
1887).  Unstable.— B'HCl :  long  reddish-yellow 
needles.  Decomposed  by  NajCO.,,  forming  a 
brown  solution.    The  sulphate  forms  yellow 


Mono-oxim  C„H<N(OH)(NOH).  Formed 
from  p-oxy-quinoline,  NaNOj,  and  HCl  (M.). 
Golden  needles  (from  HOAc),  si.  sol.  ether. 

Di-oxim  CgH5N(NOH)2.  Needles,  decom- 
posing at  190°  (Von  Kostanecki  a.  Eeicher,  B. 
24,  158).  Converted  by  cone.  KOHAq  into  the 
anhydride  C,,H5N(N20),  which  forms  colourless 
needles,  readily  volatile  with  steam. 

QUINOLINE  {B.  1)-SULPH0NIC  ACID 
CH:C(SO,H).C.CH:CH       .         .    ,      .  ,r, 
CH:GH— C.N=CH-     ^    P'^"^'^"*  °^ 
sulphonation  of  quinoline  (0.  Fischer,  B.  15, 
683,  1979  ;  20,  731 ;  La  Coste  a.  Valeur,  B.  20, 


97).  Formed  also  from  amido-benzene  ?h-su1- 
phonic  acid,  nitrobenzene,  glycerin,  and  H„SO^ 
at  160°  (Lellmann  a.Lange,B.  20,1446).  Mono- 
clinic  needles  (containing  aq).  Yields  oxy-quino- 
liue  [224°]  bypotash-fusion.— CaA'.,5aq:  needles, 
V.  e.  sol.  water.  According  to  Lellmann,  there 
exists  an  isomeric  quinoline  {B.  l)-sulphonic 
acid,  also  got  by  sulphonation  of  quinoline,  with 
H,SOj  (containing  50  p.c.  SO3  extra)  at  260° 
(Lellmann,  B.  20,  2172).  Thisi|'-acid  is  converted 
by  cone.  B.„SOt  at  250°-300°  into  the  {B.  2)-acid 
(Lellmann,  B.  22,  1391).  The  >|/-acid  forms  an- 
hydrous crystals. 

Tetrahydride  CjHioN.SOjH  aq.  [315°]. 
Formed  by  reducing  the  above  acid  (B.  4)-bromo- 
quinoline(B.  l)-sulphonic  acid  and  also  {B.  4)- 
oxy-quinoline  (B.  l)-sulphonic  acid  with  tin  and 
HClAq  (Lellmann  a.  Lange,  B.  20,  3087  ;  Claus, 
J.  pr.  [2]  42,  344).  Trimetric  crystals  (from 
dilute  solutions)  or  monoclinic  crystals  (from 
cone,  solutions).  FeClj  gives  a  brown  colour 
passing  through  purple  to  grass-green  on 
warming. 

Quinoline  (B.  2)-sulplionic  acid 
S03H.C=CH.C.CH:CH    „       j  u  u 

CH:CH.C.N=CH-    ^o™ed  by  heatmg  a 

mixture  of  amido-benzene-p-sulphonic  acid, 
glycerin,  nitrobenzene,  and  H„SO|  (Happ,  B.  17, 
191).  Formed  also  (to  the  extent  of  70  p.c.)  by 
heating  quinoline  with  cone.  HjSO^  at  240°-300° 
and  by  heating  the  {B.  1)-  or  (;8  4)-  acid  with 
conc.HoSO,  at  240°-300'=  (Georgievitch,  M.  8, 578, 
639).  Monoclinic  needles  (containing  liaq),  si. 
sol.  alcohol  and  cold  water.  Not  melted  at  260°. 
Potash-fusion  yields  (B.  2)-oxy-quinoline  [193°]. 
Bromine-water  gives  a  yellow  pp.  of  di-bromo- 
quinoline  [126°]  and  at  100°  Br  (3  mols.)  forms 
tri-bromo-quinoline  [170°]  (Claus  a.  Kiittner,  B. 
19,  2884).  Heating  with  KCy  gives  C.HgN.Cy 
[131°]  which  on  saponification  yields  the  carb- 
oxyhe  acid  [288°]. 

Salts.  — KA'  (dried  at  120°).  Tables.— 
BaA'2  (dried  at  120°). — AgA' :  slender  needles. — 
Ag.,HA'3 :  needles.  —  (HA'),5K4la  6aq :  lustrous 
green  crystals. 

Ethyl  ether  EtA'2aq.  Crystals,  v.  sol. 
water  (Claus  a.  Happ,  B.  18,  366).— EtA'KIj : 
unstable  brown  needles,  v.  sol.  water  (Claus  a. 
Stegelitz,  B.  19,  921).— EtA'KBr^.- EtA'HgCl^. 

Benzyl  ether  C,H,A' 2aq.  Monoclinic 
crystals. — CjH.A'KIj :  needles  with  blue  reflex. 

Quinoline  (B.  3)-sulphonic  acid 

S0,H.C=CH.C:N=CH-  [above  300°].  Formed 
by  heating  quinoline  with  H2SO4  (containing  15 
p.c.  SO3  extra)  at  130°  (Claus,  J.  pr.  [2]  37, 
260).  Small  needles,  v.  e.  sol.  water,  v.  sol. 
alcohol.  Potash-fusion  yields  oxy-quinoline 
[165°-200°].  Bromine  forms  di-bromo-quinoline 
[255°]  and  tri-bromo-quinoline  [199°]. — NaA'3aq. 
KA'  2aq.  —  CaA'„  4aq.  —  BaA'^  4aq.  —  PbA'^.  — 
CuA'„  2aq  :  dark-green  crystalline  powder. 

Ethyl  ether  BtA'.  [275°].  Needles  (from 
alcohol). 

Chloride  CgHeN.SOoCl.    Viscid  mass. 

Amide  C,,H,N.S0,NH2.  [119°].  Crystalline. 

Quinoline  (B.  4)-sulph.onic  acid 

CH:CH  C.CH:CH    ^  •  • 

CH-C(SO  H)  C  N=CH'    Vw^^^oitwe  o-sulplwnic 

acid.  Formed,  together  with  a  smaller  quantity 
of  the  p-  acid,  by  heating  quinoline  with  fuming 
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H„SO.,  at  170°  (O.  Fischer  a.  Bedall,  B.  15,  683, 
1979  ;  20,  731 ;  Eiemersclimied,  B.  16,  721 ;  La 
•Coste  a.  Valeur,  B.  20,  95  ;  Claus,  B.  19,  925, 
2882  ;  J.  iw.  [2]  37,  200).  Formed  also  by  heat- 
ing qainoline  with  cone.  H.SO4  at  220°  (Georgie- 
vitch,  M.  8,  641).  Monoclinic  prisms,  v.  si.  sol. 
water.  Oxidised  by  KMnO^  to  pyrichne  dicarb- 
oxylic  (quinolinic)  acid  (Fischer,  B.  17, 755)  and 
a  small  quantity  of  (l,2,3)-sulpho-amido- 
benzoic  acid  (Ziircher,  B.  21, 180).  Changed  by 
cone.  H,SO.,  at  250°  to  the  (B.  2)-isomeride 
(Georgievitch,  M.  8,  578).  Bromine-water  forms 
a  yellow  insoluble  pp.  and,  at  100°,  tri-bromo- 
quinohne  [198°]. 

Salts.— NaA'Saq  (Spies,  J.pr.  [2]  37,  265). 
— KA' 2aq. — CaA'„  9aq.  Monoclinic  crystals.— 
PbA'.,. — GuA'o  2aq  :  small  green  needles. 

Ethyl  ether  EtA'.  [66°].  Needles  (from 
chloroform).    Decomposed  by  boiling  water. 

Chloride  C„H„NS0..C1.    [124°].  Needles. 

Amide  C„H,N.S0.,NH2.  [184°].  Needles 
(from  water)  (Hoogewerff  a.  van  Dorp,  B.  T.  C. 
8,  184).  Converted  by  Br  and  KOHAq  into 
CsH„NS0^NBrK2aq,  crystallising  in  yellow 
needles,  m.  sol.  water,  and  converted  by  HOAc 
into  C^H.NSOoNBrH,  crystallising  from  acetone 
in  needles,  yielding  (G,H,.NSO.,NBr),J3a2aq. 

Quinoline  (a)-disulphonic  acid 
C9H5(SO;,H).,N.  Formed,  together  with  the  {0)- 
isomeride,  by  heating  quinoline  {B.  4)-sulphonic 
acid  with  fuming  H^SO,,  at  250°  (La  Coste  a. 
Valeur,  B.  19,  995  ;  20,  98).  Yellow  needles 
^containing  3aq),  v.  sol.  water,  insol.  alcohol. — 
K2A"3:^aq:  satiny  plates,  v.  e.  sol.  water. — 
BaA"  3aq.    S.  4-08  at  15°. 

Quinoline  (3)-disulphonic  acid 
€<,H5N(S0,iH).,.  Formed  as  above  (La  Coste  a. 
Valeur,  B.  19",  998 ;  20,  3199).  Needles  (con- 
taining liaq),  V.  sol.  water,  insol.  alcohol. — 
KjA"  aq  :  crusts,  si.  sol.  cold  water. — BaA"  2aq  : 
white  powder,  si.  sol.  cold  water  (difference  from 
(a)-  isomeride). 

References.  —  Bromo-  and  Oxy-quinoline 

SDLPHONIC  ACIDS. 

ISOftUINOLINE  SULPHONIC  ACID 

CgHgN(S03H).  Formed  by  heating  isoquinoline 
(1  pt.)  with  fuming  H,SO,  (2  pts.)  at  100° 
(Hoogewerff  a.  van  Dorp,  B.  T.  C.  5,  305).— 
BaA'.,  9aq.    Needles,  v.  sol.  water. 

QUINOLINIC  ACID  v.  Pyridine  dicasb- 
oxYLic  ACID.  The  name  is  also  given  by  Dewar 
(Pr.  30,  164)  to  an  acid  GftNOj  [143°]  formed 
in  small  quantity  in  the  oxidation  of  quinoline 
(derived  from  cinchonine)  by  boiling  aqueous 
KMnO,. 

(a) -DIQUINOLYL  Ci^Hi^N.  i.e. 

^fiHKN=C-C— N^^s-^'-  Diquinoline. 
[176'].    (above  400°).    V.D.  8-73  (calc.  8-86). 

Formation. — 1.  By  heating  quinoline  with 
sodium  at  192°  (Weidel,  M.  2,  491  ;  7,  327).— 2. 
In  small  quantity  (8  p.c.)  by  passing  dry  oxygen 
into  a  mixture  of  quinoline  and  quinoline  hydro- 
chloride in  presence  of  platinum-black  (Weidel, 
M.  8,  120). 

ProjxTtics.  —  Monoclinic  plates,  a:b:c  = 
l-37:l:l-32;  j8  =  109°58'.  Insol.  water,  sol.  al- 
■cohol,  ether,  and  benzene.  Oxidised  by  KMnOj 
and  HOAc  to  cyclothraustic  (C,;H,2N.,03),  quin- 
oline {Pij.  3)-carboxylic,  oxyisocinchomeronic 
i(oxy -pyridine  dicarboxylic),  and  o-amido-benzoic 


acids  (Weidel  a.  Strache,  M.  7,  280,  306  ;  8, 
197). _  Alkaline  KMnOj  forms  isocinchomeronic, 
o-amido-benzoic,  andpyridanthrilio  (C|,H,„N20.) 
acid.  MeOH  and  H„SO,  form  B"MeS0,H 
(Ostermayer,  B.  18,  333,'  597). 

Salts.  —  E"H.,C1.,  4aq  :  white  needles. — 
B"H,PtCl,.  aq.— B"HAuCl4  2aq.— B"H,S04  aq. 

Methylo  -chloride  B"MenCl2  6aq  :  needles. 
— B"Me,.Cl„2ICl.    [238°].    Lemon-yellow  pp. 

Met'hylo-iodide  B"MeI.  [283°]. 

Ethylo-io  dide  B"EtI.  Yellow  needles 
(from  water),  si.  sol.  water  (Eoser,  B.  17  ,  2769). 

Sulphonic  acid  C,sH|,N.,(S03H).  Formed 
by  heating  diquinolyl  with  K.SO^  (containing 
5  p.c.  SO3  extra)  (Weidel  a.  Gfaser,  M.  7,  808). 
Minute  needles,  almost  insol.  hot  water,  sol. 
cone.  HClAq  and  K.SO^.  Converted  by  potash- 
fusion  into  oxy-diquinolyl  [208°]. — KA'2aq: 
needles,  v.  e.  sol.  water. — CuA'._,  2aq. 

{a)-Disul2)honic  acid  C|„H,„(S03H)_,N„. 
Formed  by  heating  diquinolyl  (10  pts.)  with 
H.,SO,,  (11  pts.)  and  SO3  (34  pts.)  at  170° 
(Weidel,  M.  2,  503).  Minute  needles,  si.  sol. 
water.  Yields,  by  potash-fusion,  di-oxy-di- 
quinolyl  [239°].— K,A"  5aq  :  needles. — CuA"6aq: 
bluish-green  crystals,  nearly  insol.  water. 

{&)-Disulphonic  acid  C,8H,„(SO.iH)2N,,. 
Formed,  together  with  the  mono-sulphonic  acid, 
by  heating  (a)-diquinolyl  (100  pts.)  with  H^SO, 
(332  pts.)  and  SO3  (18  pts.)  for  20  hours  at  190° 
(Weidel  a.  Gliiser,  M.  7,  322).  Small  needles, 
converted  by  potash-fusion  into  di-oxy-di- 
quinolyl  [above  305°].— K.A"  (dried  at  120°) : 
crystalline  powder. — CuA"  "(dried  at  120°). 

(/3) -Diquinolyl 
CH;CH.C.CH:C.CH:CH\  p  XT  noooi 
CH;N— C.CH:C.CH:N -/^-^   ^-   \-'->^  i- 

Formation. — 1.  By  heating  quinoline  with 
BzCl  at  250°  (.Japp  a.  Graham,  0.  J.  39, 174).— 
2.  In  very  small  quantity  by  distilling  cinchoninic 
acid  with  lime  (Weidel,  M.  2,  501).— 3.  By 
passing  quinoline  through  a  red-hot  tube  (Zim- 
mermann  a.  Miiller,  B.  17,  1965).— 4.  By  dis- 
tilling quinoline  (B.  4) -sulphonic  acid  ;  the  yield 
being  10  p.c.  (0.  Fischer  a.  Loo,  B.  17, 1899  ;  19, 
i  2472). 

Properties. — Iridescent  plates  (by  sublima- 
tion) or  colourless  prisms  (from  ether),  sol.  hot 
I  benzene,  alcohol,  and  ether,  insol.  water.  Weak 
I  base,  the  salts  being  decomposed  by  water. 
Oxidised  by  CrOj  and  HOAc  to  quinoline  (B.  3j- 
carboxylic  acid.  CrOj  and  K.SO^  give  pyridyl- 
quinoline  carboxylic  acid  C„HgN.C,H3N.C0.,H 
[273°].    Bromine  forms  C,f,H,.,N„Br4  [192°]. 

Salts. — B"H„SOj :  sparingly  soluble  con- 
centric needles.— B"H„PtClfi :  granular  pp. 

E  thylo-iodide  B"EtI.  Very  unstable 
red  crystals,  decomposed  by  hot  water. 

Disulphonic  acid  C|sH,„(S03H),N.,. 
Formed  by  heating  the  base  (1  pt.)  with  cone. 
H2SO4  (10  pts.)  at  180°.  V.  e.  sol.  water.— 
K^A"  3aq :  prisms. 

(7) -Diquinolyl 
CH:N— C.CH:CHCH:CH.C.N=CH  ^. 
CH:CH.C.CH:C— C=CH.C.CH:CH-  ^^'J^' 
quinohjl.  [178°]. 

Formation. — 1.  By  boiling  a  mixture  of 
benzidine,  nitrobenzene,  glycerin,  and  HoSO, 
(Roser,  B.  17,  1817,  2767  ;  0.  W.  Fischer,  M.  5, 
418  ;  Colson,  C.  B.  108,  077).  A  better  yield  is 
got  by  using  o-orp-  nitrophenol  instead  of  nitro- 

c  c  2 
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benzene  (Ostermayer  a.  Henrichsen,  B.  17,  2444). 
When  crude  benzidine  is  used  there  is  also 
formed  a  base  C.„H|j,N.,03,  which  yields  B'2SnCL 
[135°]  and  B"H;PtClo2aq  (Colson,  C.  B.  lOl', 
1003;  108,  677).— 2.  By  heating  azobenzene 
■with  glycerin  and  H„S04  (Claus  a.  Stegelitz,  B. 
17,  2380). 

Properties. — Monoclinic  crystals,  insol.  water, 
si.  sol.  ether,  v.  sol.  hot  alcohol  and  benzene. 
MeOH  and  K^SO^  at  180°  form  B"(MeHS0,)o2aq, 
crystallising  in  needles.  Bromine  in  alcohol 
forms  unstable  Ci8H,.,NoBr„  and  C,8H,2N,Br4,  con- 
verted by  HClAq  at  190°  into  CigHnBrNj  [150°- 
155°]. 

Salts. — B"H.,C1,  4aq  :  white  needles.— 
B"HAuCl,2aq:  slender  needles.— B"H2SnCl4 : 
colourless  needles.— B"H,J'tCl6  (dried  at  105°). — 
B"H„C1..2IC1 :  cheesy  pp. '(Dittmar,  B.  18,  1618). 
—  B''H'S0,  3aq.  —  B  '2H.,S04.—  B"2H.,Cr„0,.— 
B"C5H3(NO,)30H  :  minute  yellow  prisms. 

Methylo-iodides  B"MeI.  Crystals.  — 
B"Me2l„.    [c.  300°].    Yellow  needles,  sol.  water. 

Ethylo-iodide  B"2BtI.  [270°].  Needles. 

Disulphonic  acid  C,8H|(|(S03H)2N„. 
White  powder,  insol.  water  and  alcohol. — 
Na2A"5aq:  small  needles.  The  same,  or  an 
isomeric,  disulphonic  acid  is  got  by  heating 
benzidine  disulphonic  acid  with  o-nitro-phenol, 
glycerin,  and  H2SO4.  It  crystallises  in  plates  or 
needles,  and  yields  K„A"  aq. 

(S)-I)iquinolyl 

CH:N— C.CH:CH  CH.CH:CH.C.CH:CH 

CH:CH.C.CH:C  ij  C.N=CH- 

[148°].  Formed  by  heating  0-  p-  di-amido-di- 
phenyl  hydrochloride  with  nitrobenzene,  glycerin, 
and  H,S04  (0.  W.  Fischer,  M.  6,  546).  Leaflets, 
insol.  water,  sol.  hot  alcohol  and  benzene. 
Bromine  in  presence  of  water  forms  orange 
needles  of  C,(,H,,N,3r4.— B"H,Cl2 :  needles,  v.  e. 
sol.  water. — B"H,PtCl6  aq  :  reddish-yellow  crys- 
talline pp. — Picrate.   [168°].    Yellow  needles. 

Methylo-iodide  B"MeI.  [126°].  Needles. 

Disulphonic  acid  0,8H,o(S03H)2N2.  Four- 
sided  tables,  not  melted  at  300°.  SI.  sol.  hot 
water. — BaA"  3aq  :  needles,  m.  sol.  hot  water. 

(Py.  3,  B.  1  or  3)-Diquinolyl  CisH.jN,.  [169°]. 
Formed  (7  pts.),  together  with  the  isomeride 
[115°],  by  heating  a  mixture  of  m-amido-(P2/.  3)- 
phenyl-quinoline  (20  pts.),  glycerin  (70  pts.), 
o-nitro-phenol  (15  pts.),  and  H.,S04  (60  pts.) 
(Miller  a.  Kinkehn,  B.  18,  1910).  "  Small  mono- 
clinic  tables,  si.  sol.  ether,  cold  alcohol,  and 
chloroform.— B"HoC1..2aq :  plates.— B"H2PtCl5. 
— B"H,S04 :  easily  soluble  needles.— B"C6H3NsO,. 
[240°].    CrystaUine  powder. 

Methylo-iodide  B"MeI.  [263°].  Needles. 

(Py.  3,  B.  3  or  l)-Diquinolyl  C,8H,„N2. 
[115°].  Formed  as  above  (M.  a.  K.).  Light- 
yellow  triclinic  crystals,  v.  sol.  alcohol,  ether, 
and  benzene,  si.  sol.  hgroin. — B"H2Cl2  3aq: 
tables,  V.  e.  sol.  water.— B"H2PtCl6 :  crystalline. 

[Py.  3,  B.  l)-Diquiiiolyl 
pxT/-CH:CH    CH.CH:CH.C.CH:CH  „.,o^ 

*^«^^\,N=C  C  C.N=CH-     LJ-**  J- 

Formed  from^-amido-(P2/.  3)-phenyl-quinoline, 
glycerin,  nitro-benzene,  and  H2SO4  (Weidel,  M. 
8, 140).  It  is  also  a  product  of  the  action  of 
oxygen  on  a  mixture  of  quinoUne  hydrochloride, 
aniline,  and  platinised  asbestos  at  180°.  Mono- 
clinic  tables  (from  alcohol). — B"H,PtCl|i:  crystal- 
line powder.— B"HC1 :  yellow.— B"H2Cl2. 


Methylo-iodide'B"Uels.<i.  [232°].  Small 
needles  (from  water),  si.  sol.  boihng  water. 

Sulphonic  acid  C,sII|i(S03H)N2.  In- 
soluble powder.  Potash-fusion  yields  an  osy- 
diquinolyl  [187°]. 

(B.,  Py.  l)-Diquinolyl  C,sH,2N2.  [122°].  Got 
by  heating  {a)-amido-{Py.  l)-phenyl-quinoline 
[150°]  with  glycerin,  nitro-benzene,  and  H^SOj 
(Koenigs  a.  Nef,  B.  20,  632).  Large  crystals 
(from  benzene).  May  be  distilled.  V.  e.  sol. 
alcohol,  V.  si.  sol.  ether.  Strong  base.  — 
B"H2PtClg :  granules,  sol.  cone.  HCLAq. 

(B.,  Py.  l)-Diquiiiolyl  C,8H,2N2.  [117°]. 
Got  by  heating  {&)-amiio-{Py.  l)-phenyl- 
quinoline  [198°]  with  glycerin,  nitro-benzene, 
and  H2SO4  (Koenigs  a.  Nef,  B.  20,  634).  Tables 
(from  benzene),  v.  e.  sol.  alcohol.  May  be  dis- 
tilled. Strong  base.  —  B"H.,PtCl5:  yellow 
needles.— Picrate.    [248°].    Bulky  flakes. 

(Py.  2,3)-Diquinolyl 

CeH4<g?:5^g£^H>^'H^- 

by  the  action  of  (Py.  3)-quinolyl-acetic  alde- 
hyde on  o-amido-benzoic  aldehyde  in  alcohoUe 
solution  (Garher  a.  Einhorn,  B.  23,  2895). 
Plates  (from  alcohol).— Auro  chloride:  [248°]> 
— Platinochloride:  [278°] .—B"S.fil,  4aq. 

Methylo-iodide  B"MeI. 

Diquinolyl  tetrahydride  C.sHisNj.  [118°]- 
Formed  by  heating  (Py.  3)-chloro-quinoUne 
with  quinoline  tetrahydride  (Friedlander  a. 
Weinberg,  B.  18,  1533).  Crystals,  si.  sol. 
ligroin,  insol.  water.  May  be  distilled.  HClAq 
forms  a  deep-yellow  solution. 

Reference.— OxYDiQurNOLTi/. 

(Py.  3)-QUIN0LYL-ACETIC  ACID 

C^H<Sc5tt,.C02H-  [275°].  Formed  from 
the  aldehyde  by  potash-fusion  or  by  oxidation 
(Carlier  a.  Einhorn,  B.  23,  2896).  Formed  also 
by  oxidation  of  a-oxy-quinolyl-propionic  acid 
with  KMn04.  Needles  (from  alcohol). — Hydro- 
chloride: [243°];  needles.  —  Silver  salt: 
white  scales,  yielding  quinaldine  on  distiUing 
with  lime. 

(Py.  3)-QTJIN0LYL-ACETIC  ALDEHYDE 

C„H,,NOi.c.  C5H,iN.CH2.CHO.  [104°].  Formed 
by  careful  oxidation  of  a-oxy-quinolyl-propionic 
acid  (Einhorn,  B.  18,  3467 ;  19,  908).  Crystals- 
(from  alcohol).  Yields  a  phenyl-hydrazide 
[199°].— B'^HjPtCl^  2aq.— E'CgHaNjO,.  [212°]. 
QUINOLYL-ACETONE  v.  Acetonyl-quinol- 

INE. 

(Py.  3)-QUIN0LYL-ACETYLENE 

CgHgN.C-CH.  Formed  by  distilling  a  solution  of 
di-bromo-quinolyl-propionic  acid  with  NaoCOj 
(Carlier  a.  Einhorn,  B.  23,  2896).  Volatile"  oil. 
Br  forms  C<,H,N.CBr:CHBr. 

(Py.  3) -QUINOLYL- ACRYLIC  ACID 
C>AN02i...  CeH4<gH:gH^^^^_^^^^.  [iggoj. 

Formed  by  the  action  of  boiling  potassium  carbon- 
ate solution  upon  '  quinolyl-acrylo-trichloride  ' 
C;,H,N.CH:CH.CCl3  aq  [145°],  which  is  got  by 
heating  (Py.  3)-methyl-quinoline  with  chloral  at 
110°  (Miller  a.  Spady,  B.  18,  3402,  3465 ;  19, 
130 ;  Einhorn,  B.  19,  908).  Plates.  Oxidised 
by  KMn04  to  aldehydo-quinoline.  HBr  forms 
^-bromo-quinolyl-propionic  acid.  —  ''BaA'2: 
needles,  si.  sol.  cold  water. — ''HA'HCl:  needles- 
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QUINOLYL-ACRYLO-TmCHLORIDE  v. 

supra. 

TRI-(5.  2)-QUIN0LYL-CARBIN0L 

(C.,H,N)3C.0H.  [108°].  Formed  by  oxidising 
tri-quinolyl-methane  with  K.CrO^  and  HOAc 
(Noelting  a.  Schwarz,  B.  24,  1608).  Needles,  v. 
sol.  alcohol,  si.  sol.  ligroin. 

(B.  3,  Py.  3)-QUIN0LyiENE  DIACRYLIC 
ACID  CH:CH.C.CH:CH 

CO,H.CH:CH.C=CH.C.N=C.CH:CH.CO,H. 
[over  300°].    Formed  by  boiling  tri-chloro-pro- 
penyl-quinolyl-acrylic  acid  with  K^COjAq  (Eck- 
hardt,  B.  22,  284).  Sol.  acids  and  alkalis.  Insol. 
water,  si.  sol.  hot  alcohol. 

DI-(J3.  2)-QUIN0LYL-ETHANE  C^H^N^t.e. 
C<,H„N.CH,.CH.,.CgH,N.  [124°].  Formed  by 
heating  di-^^-amido-di-phenyl-ethane  with  nitro- 
phenol,  glycerin,  and  H.^SO,  (Comey,  B.  23, 
1115).  Hexagonal  plates,  insol.  water,  si.  sol. 
ether. — B"H.,C1..  4aq  :  needles,  v.  sol.  water. — 
B"H,CL,.  —  B"H,PtCl,.  -  B"2HAuCl,.  —  Sul- 
phate: prisms,  m.  sol.  cold  water. 

(P?/.  3]-Q,UIN0LYL.ETHYLENE  Ci.HgN  i.e. 

Formed 


^6^i\N=C.CH:CH, 


0- 


by  boiling 

bromo-quinolyl-23ropionic  acid  with  cone. 
K,C03Aq  (Einhorn,  A.  246,  172).  Oil.  — 
B'.,H.,PtCl6  4aq.    [187°].— B'HAuCl^.  [159°]. 

[B.  3,  Pij.  3)-Di-quinolyl-ethyleiie  C„oH„N., 
.    p„/CH:CH  CH:CH.(:.CH:CH 

^6iiiKN=C.CH:CH.C=  CH.C.N=CH- 
Formed    by   heating  ?«-amido-(P7/.  3)-styryl- 
quinoline  with   o-nitro-phenol,  glycerin,  and 
H,SO,  (Wartmann,  B.  23,  3650).    Oil,  v.  sol. 
alcohol,  si.  sol.  ether. 

Mcthylo-iodide  B'Mell^aq.  [226°]. 
Golden  needles,  v.  sol.  hot  water  and  alcohol. 
Yields  C.,„H,,N.J3r,,MeI.  [210°]. 

QUINOLYL-Di-ETHYL-PHENOL  C„H,<,NO 
i.c.  CgH.N.C^ILEtj.OH.  This  is  probably  the  con- 
.stitution  of  apocinchene  (Comstock  a.  Konigs, 

B.  20,  2674  ;  v.  vol.  ii.  p.  174). 

{B.  4)-QUIN0LYL-HYDRAZINE  CaH^Nj  i.e. 
CH:CH.C.CH:CH.CH        rr-^oi    -w       a  t 

CH:N-C  C.N.,H^-  formed  from 

(-B.  4)-amido-quinoline  by  diazotisation  and 
treatment  with  SnCL  and  HCl  (Dufton,  C.  J. 
59,  757  ;  Bottinger,  P.' 24,  3277).  NeecUes  (from 
■ether)  or  prisms  (from  ligroin).  —  B"H.^CL : 
prisms.  Converted  by  potassium  cyanate  and 
HCl  into  C„H,N.NH.NH.CO.NH„  [235°],  and  by 
pyruvic  acid  into  C„H,.N.N„H:CMe.CO,,H  crystal- 
lising in  orange  needles,  converted  by  boiling 
HClAq    into    quinindole    (o)-earboxylic  acid 

C,  .,H,„N,,0,,  [286"]. 

(B.  l)-Quinolyl -hydrazine  [151°].  Formed 
in  like  manner  from  awa-amido-quinoline 
(Dufton,  C.  J.  61,  785).  Yellow  needles  (from 
water).  Yields  B'HCl  [248°]  and  is  converted 
by  cyanic  acid  into  C„H,N.NH.NH.CO.NH„[255°], 
by  benzoic  aldehyde  into  C,H,N.NH.N:CHPh 
[194°],  by  acetone  into  C„H„N.NH.N:CMe,, 
[140°]  and  by  pyruvic  acid  into  the  acid 
C„H,N.NH.N:CMe.CO.,H  [185°],  whence  boiling 
HClAq  forms  the  corresponding  quinindole  carb- 
oxylic  acid,  which  decomposes  at  about  300°. 

DIQTJINOLYLINE  is  Diooinolyl. 

DI-(B.  2)-QUIN0LYL  KETONE  (C,,H,N).,CO. 
[174°].  Formed  from  di-|}-amido-benzoplienone, 
glycerin,  H.,SO,,  and  picric  acid  (Noelting  a. 
Schwarz,  B.  24,  1608).    Needles,  v.  sol.  alcohol, 


si.  sol.  hot  water.  —  B"H.,C1,,.    [over  200°]. 
Needles,  v.  e.  sol.  water  and  alcohol. 
(Py.  3)-QUIN0LYL-MERCAPTAN 

C«Sj<N=c1h-  ^o™ed  by  heating 

(Py.  3)-oxy-quinoline  with  P^S^  at  145°  (Koos, 

B.  21,  620).  Yellow  plates,  si.  sol.  hot  water,  v. 
Gol.  hot  alcohol.  Yellow  dye.  Combines  with 
acids  and  bases.  Does  not  react  with  hydrosyl- 
amine  or  phenyl-hydrazine. 

Ethyl  derivative  CsiHjN.SEt.  Formed 
from  quinolyl-mercaptan,  NaOEt,  and  EtI.  Oil, 
decomposed  by  distillation. — B'HI.  [154°]. — 
B',H..PtCl,aq.    [c.  190°].  Octahedra. 

TRI-(P.  2)-QUIN0LYL-METHANE 
CH(C„H,N)3.  [202°].  Formed  from  p-rosaniline, 
glycerin,  H^SO.,,  and  picric  acid  at  150°  (Noelting 
a.  Schwarz,  B.  24,  1606).  Needles  (containing 
EtOH),  melting  at  98°.  Melts  at  202°  when  an- 
hydrous. —  B"'3HC1:  plates,  sol.  water.  — 
B"C,H3N,0, :  yellow  needles.  —  B"',H,.,Pt3Cl,i, : 
yellow  crystals.— B"'3MeI.  [266°]. 

(B.  2)-QUIN0LYL-METHENYL-AMID0XIM: 
C(NOH)(NH,).C=CH.C.CH:CH  ^^.^  ^  . 

CH:CH.C.N=CH-  L^"^  J-  -tormea 
from  C.,H|,N.Cy,  hydroxylamine  hydrochloride, 
Na„C03,  and  dilute  alcohol  (Biedermann,  B.  22, 
276"l).  Yellowish  needles,  m.  sol.  hot  water. 
Fehling's  solution  gives  a  greyish-green  pp. 
FeCl,  gives  a  deep-red  colour.  AgNOj  gives  a 
white  pp.  yielding  a  mirror. 

Reactions. — 1.  Phthalic  anhydride  on  warm- 
ing forms  C„H,N.C<^^j;j*^^C.C,H,.C0.,H  [203°]. 

2.  Ac,0  yields  a,H,N.C<^^j;j*^>CMe  [175°], 

crystallising  in  needles. — 3.  The  hydrochloride 
is  converted  by  potassium  cyanate  into 
C„H,N.C(N0H).NH.C0.NH..  [165°].— 4.  Chloro- 
formic  ether  forms  cXN.C(NH,):N0.C0.,Et 
[97°],  which   is  converted  by  Na'OHAq  into 

C„H,N.C<J5J>0  [155°]. 

Salts.— B'HCl :  needles.— B',H„PtCle. 

Acetyl  derivative  C,,H,N.C(NOAc).NH.j. 
[115°].  Formed  by  means  of  AcCl  in  the  cold. 
Needles,  insol.  cold  water,  si.  sol.  ether. 

Ethyl  ether  C,,H„N.C(N0Et).NH2.  [85°]. 
Formed  from  the  amidoxim,  NaOEt,  and  EtI. 
Needles,  v.  sol.  alcohol  and  hot  water. 

(Py.  3)-QUIN0LYL-PR0PI0NIC  ACID 

C, jH,N.CH,,.CH,.CO,H.  [116°].  Formed  by  re- 
ducing quinolyl-aerylic  acid  with  sodium- 
amalgam  (Carlier  a.  Einhorn,  B.  23,  2896). 

Ethyl  ether  EtA'.    [116°].  Needles. 

Reference. — Oxy-quinolyl-propionic  acid. 

m.(Py.  3)-QUIN0LYL  DISULPHIDE 
(a,H„N),S.,.     [137°].     Formed    by  oxidising 
quinolyl-mercaptan  with  H.Oj  in  dilute  alcohol 
(Eoos,  B.  21,  622).    Plates  (from  alcohol),  insol. 
water  and  alkalis. 

QUINONE  C,B.fl.,  i.e.  CO  CH"  -S^"-^"- 
quinone.  Mol.  w.  108.  [116°].  V.D.  (H  =  l) 
53-4  (calc.  54)  (Hofmann,  B.  3,  583).  H.C. 
659,020.  H.F.  45,200  (from  diamond)  (Berthelot 
a.  Eecoura,  Bl.  [2]  48,  699;  A.  Ch.  [6]  13,  312, 
335  ;  C.  R.  104,  1572). 

Formation. — 1.  By  oxidation  of  quinic  acid 
with  MnO„  (4  pts.),  H.SO,  (1  pt.),  and  water 
(h  pt.)    (Woskresensky,  A.  27,  208).— 2.  By 
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oxidation  of  hydroquinone  (Wobler,  A.  51,  148). 
3.  By  oxidation  of  benzidine,  of  aniline,  and  of 
j)-phenylene-diamine  by  MnOj  and  H2SO4  (Hof- 
mann,  Pr.  13,  4). — 4.  By  action  of  MnO„  and 
H2SO4  on  amido-benzene  ^-sulplionic  acid  and 
on  phenol  jp-sulphonic  acid  (Schrader,  B.  8, 
759). 

Preparation. — 1.  By  adding  cone.  Na-CroOjAq 
to  a  cold  solution  of  aniline  (1  pt.)  in  H0SO4 
(8  pts.)  and  water  (25  pts.),  and  extracting  with 
ether  (Nietzki,  B.  19,  1467).— 2.  20  g.  of  aniline 
are  dissolved  in  600  c.c.  of  water  containing 
160  g.  of  H2SO4 ;  20  g.  of  finely-powdered  potas- 
sium bichromate  are  added  by  degrees,  with 
constant  agitation,  keeping  the  temperature  at 
10°-15°.  After  standing  over  night  33  g.  more 
potassium  bichromate  are  added ;  the  quinone  is 
then  extracted  with  ether,  dried  over  CaCU,  and 
the  ether  removed  by  distillation.  The  yield  is 
about  86  p.c.  of  the  theoretical  amount  (Schniter, 
B.  20,  2283  ;  cf.  Seyda,  B.  16,  687  ;  Nietzki,  B. 
11,  1102;  A.  215,  127).  — 3.  From  ^j-amido- 
phenol.  ^-Amido-phenol  sulphate  is  dissolved 
in  water,  some  H2SO4  added,  and  then  PbOj 
gradually,  with  shaking,  till  the  violet  colour 
first  formed  disappears.  The  quinone  is  ex- 
tracted with  ether.  Yield  theoretical  (Schmitt  a. 
Siepermann,  J.pr.  [2]  19,  317). 

Properties. — Yellow  monoclinic  prisms  (from 
water)  or  plates  (from  EtI)  (Hesse,  A.  114,  299), 
cr  needles  (by  sublimation).  Its  odour  is 
characteristic.  V.  si.  sol.  cold  water,  m.  sol. 
alcohol  and  ether.  The  solutions  turn  the  skin 
brown.  Sol.  HClAq  and  cone.  HNO3.  Its  alka- 
line solution  turns  brown  in  air  (Laurent,  C.  B. 
26,  35).  An  alcoholic  solution  of  hydroooeru- 
lignone  deposits,  even  in  dilute  solutions, 
crystals  of  ccerulignone  with  steel-blue  reflex. 

Reactions. — 1.  Chlorine  forms  tri  -  chloro- 
quinone. — 2.  HCl  and  KCIO3  give  tetra-chloro- 
quinone  (Hofmann,  A.  52,  55). — 3.  Cone.  HClAq 
forms  chloro-hydroquinone  (Wohler ;  Stadeler, 
A.  69,  308). — 4.  HIAq  forms  quinhydrone  and 
hydroquinone. — 5.  HBr  passed  into  a  solution 
in  chloroform  ppts.  quinhydrone,  and  finally  forms 
bromo-hydroquinone.  HBrAq  forms,  on  heating 
di-bromo-hydroquinone  (Sarauw,  A.  209,  99). — 

6.  Bromine.  (1  mol.)  in  CHCI3  is  instantly  ab- 
sorbed. Excess  of  bromine  (2  mols.)  appears  to 
form  C5H4Br402,  which  is  split  up  by  heat  into 
HBr  and  two  di-bromo-quinones  CgH2Br.,02 
[2:5:4:1]  and  [2:6:4:1]  (Nef,  J.  pr.  [2]  42,  167)'— 

7.  HNOjOn  heating  yields  oxalic  and  picric  acids 
and  HCy  (Nietzki,  A.  215,  138).— 8.  Ammonia 
gas  forms  emerald-green  quinonimide  C5H5NO, 
sol.  water,  the  solution  soon  turning  black 
(Woskresensky).  NH3  in  presence  of  chloroform 
produces  hydroquinone,  quinhydrone,  and  brown 
C„H5N02(Zincke,  B.  16, 1556).— 9.  An  alcoholic 
solution  exposed  to  sunlight  yields  hydroquinone 
and  aldehyde  (Ciamician,  G.  16,  111).  —  10. 
Hydrazine  hydrate  gives  hydroquinone  and  a 
compound  C,.H4(OH)2N2H4  (Curtius  a.  Thun, 
J.pr.  [2]  44,  191). — 11.  Ileated  in  a  sealed  tube 
alone  at  160°,  or  with  water  at  100°,  it  yields 
hydroquinone  and  quinhydrone  (Scheid,  A.  218, 
227).— 12.  PCI3  forms  a  thick  oily  product, 
CijHiOjPjCls.  Water  acting  upon  this  forms 
mono-  and  di-chloro-hydroquinone. — 13.  Heated 
with  POCl.,,  quinone  gives  mono-  and  di-chloro- 
hydroquinone.    An  amorphous  body  CjiHuOi, 


is  also  formed. — 14.  Alcoholic  B.S  form  C,2H,2S04, 
a  yellowish  crystalUne  mass,  melting  below 
100°.— 15.  AcCl  forms  in  the  cold  the  di-acetyl 
derivatives  of  chloro-hydroquinone.  On  warm- 
ing it  also  forms  CeH2Cl2(OAc)„  (Schulz,  B.  15,- 
652).  AcBr,  in  like  manner,  gives  CgH3Br(OAc)2 
and  C5H2Br2(OAc)2. — 16.  AcoO  does  not  act  below 
200°,  when  it  forms  C,.H4(OAc)2  and  a  brown  mass. 
17.  Cold  dilute  NaOAc  converts  it  into  hydro- 
quinone (Hesse,  4. 220,  365). — 18.  Aniline  in  boil- 
ing alcoholic  solution  forms  di-phenyl-di-amido- 
quinone  and  hydroquinone  3C5H4O., 2NH,,Ph 
=  C,H,(NHPh)202  +  2G6H4(OH)2.  Other  primary 
and  secondary  bases  act  in  like  manner. — 
19.  0-  and  p-  Nitro-aniline  form  red  crystals 
C,H402C,H4(N02).NH2  melting  at  97°  and  120° 
respectively  (Hebebrand,  B.  15, 1976).  o-Nitro- 
aniline  in  HOAc  forms  CsH202(NH.C,H4.N02)3 
[1:4:2:5]  [305°]  crystalhsing  from  alcohol  in  red 
needles  (Leicester,  B.  23,  2794). — 20.  o-Amido- 
phenol  in  hot  alcohol  forms  a  base  (C24H,gN404?) 
which  crystallises  in  violet  needles  [250°],  si.  sol. 
alcohol  (Zineke  a.  Hebebrand,  A.  226,  61).  In 
dilute  acids  it  forms  a  red  solution.  AcO  yields 
C„4H„Ac.,N404  [285°],  while  Bz,0  at  150°  gives 
C24H,„Bz2N404  [265°].  Yields  a  crystalline  ni- 
trosoamine  C24H„;(NO),N404.  Forms  the  salts 
B"H.,Clo,  crystallising  in  'needles  with  green 
lustre,  B"H2S04,  B"H2PtCl6,  and.  a  pi  crate 
crystallising  in  steel-blue  needles  [236°].  — 
21.  C,H4(NH2)(OMe)  [1:2]  forms  C2„H,gN204  or 
C6H202(NH.CjH4.0Me)2  crystallismg  in  reddish- 
violet  needles  [230°],  forming  a  blue  solution  in 
H,S04. — 2'2.p-Amido-phenol  hydrochloride  gives 
C,'H202(NH.C6H4.0H).,  crystallising  in  violet- 
brown  needles,  not  melted  at  290°.— 23.  (1,3,2)- 
Amido-o-cresol  forms  a  comj^ound  [285°],  which 
gives  a  crystalline  acetyl-  derivative. — 24.  (2,4, 1)- 
Nitro-toluidine  forms  CsH30.,.NH.C,H5NO„,  de- 
composing at  300°,  and  CeH20o(NH.C,H6.N02)2 
(L.). — 25.  Acetoacetic  ether  and  ZnCL  at  100° 
form  CigHigOg  [184°],  crystallising  in  .needles, 
insol.  water,  sol.  hot  alcohol.  Cone.  H2SO4  forms 
a  deep-blue  solution.  Alcoholic  potash  forms 
CijHjoK^O,,  2aq,  the  salt  of  an  insoluble  acid 
C,4H,,0j  (Von  Pechmann,  B.  21,  3005).  — 
26.  C6H4(OH)(OMe)  [1:4]  in  hot  ligroin  forms 
di-methyl-quinhydrone  C2(,H,oOe,  crystallising  in 
lustrous  greenish-black  prisms,  decomposed  by 
warm  water  (Hesse,  A.  200,  253). 

Mono-oxim       CO^^g:^g>C:N.OH  or 

C(OH)  <^^g:^]^^C.NO.  p-Nitroso-phenol. 

Mol.  w.  123. 

Formation. — 1.  By  boiling  nitroso-di-methyl- 
aniline  (or  nitroso-di-phenyl-aniline)  hydro- 
chloride with  dilute  NaOHAq  (Baeyer  a.  Caro, 
B.  7,  809,  967  ;  Ter  Meer,  B.  8,  622  ;  Fischer,  B. 
19,  2995).— 2.  By  adding  KNOj  and  HOAc  to  an 
aqueous  solution  of  phenol  (B.  a.  C. ;  cf.  Sten- 
house  a.  Groves,  A.  188,  360). — 3.  By  adding 
hydroxylamine  hydrochloride  to  a  cold  dilute 
aqueous  solution  of  quinone  (Goldschmidt,  B. 
17,  213). — 4.  Formed  also  from  aqueous  phenol, 
hydroxylamine  hydrochloride  andH202(Wurster, 
B.  20,  2631).  Free  hydroxylamine  merely  re- 
duces quinone  to  hydroquinone. 

Properties. — Nearly  colourless  needles  or 
greenish  trimetric  plates;  a:6:c=  •593:1:2'469. 
M.  sol.  water,  forming  a  light-green  solution 
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which  turns  brown  on  boiling.  V.  sol.  ether, 
acetone,  and  aqueous  alkalis,  si.  sol.  HOAc. 
Decomposes  at  120^-130°.  Decomposed  by  hot 
cone.  HClAq.  When  dissolved  in  phenol  it 
gives,  on  addition  of  H._,SOj,  a  cherry-red  solu- 
tion turned  blue  on  addition  of  KOHAq.  In  this 
reaction  the  compound  C,sH|-NO.,  is  formed. 
Polyhydric  j)henols,  containing  two  hydroxyls 
in  the  j)t-  position,  give  by  like  treatment 
fluorescent  '  dichronis  '  ;  thus  resorcin  gives 
CjgHijNO^,  C.j|^H„,NoO|„,  and  azoresorcin  (Brunner 
a.  Chuit,  B.  21,  249). 

Reactions. — 1.  Oxidised  by  alkaline  KjFeCyg 
to  ^J-nitro-phenol. — 2.  Reduced  by  tin  and 
HClAq  to  p-amido-plienol. — 3.  Nitrous  acid  gas 
passed  into  an  ethereal  solution  forms  diazo- 
phenol  nitrate  (Jaeger,  B.  8,  894).— 4.  Gaseous 
HCI  passed  into  a  cooled  ethereal  solution  forms 
di-chloro-amido-phenol  [175°]  and  tri-chloro- 
amido-phenol  (.J. ;  Hirsch,  B.  13,  1908).— 5.  A 
solution  of  HCI  in  MeOH  in  presence  of  ice 
forms  C,H,.Cl.,(NH„){OMe)  [12°]  ■  while  EtOH 
and  HCI  give  C,;H,Cl,,(NH,){OEt)  [46°]  (275°). 
6.  Cone.  KOHAq  at  180°  forms  azophenol 
C,,H,„N„0„  [214°]  (Jaeger).  —  7.  KCIO3  and 
HClAq  form  C.-HjClNO,,  crystallising  in  yellow 
needles,  v.  sol.  alcohol,  insol.  water,  and  ex- 
ploding at  70°  (Mohlau,  B.  19,  281).  — 8. 
ClCOoMe  added  to  its  sodium  salt  forms 
C6H,(N0).0.C0.,Me  [137°],  while  ClCO,.Et  yields 
C,H,(NO).O.CO,Et  [109°]  (Walker,  B.  17,  400). 
9.  BzCl  added  to  the  sodium  salt  in  ether  forms 
C5H^(N0).0Bz,  crystallising  in  yellowish  needles 
[168°-175°],  sol.  hot  alcohol  (Walker).— 10. 
Aniline  forms  azOphenine  C,,H,(NPh),,(NHPh),. 
p-Chloro-aniline  forms,  in  like  manner,  tetra- 
chloro-azophenine  [265°j  (Fischer  a.  Hepp,  B. 
21,  677).- 11.  Bromine  forms  CeH,,Br,0(NOH), 
crystallising  in  small  leaflets,  decomjsosed  by 
water  (0.  Fischer,  B.  21,  674).— 12.  Phenijl 
cyanate  gives  CuHjO.NO.CO.NHPh,  crystallising 
in  short  yellow  prisms  decomposed  at  160°  with- 
out melting.  It  is  converted  by  alkalis  into  the 
oxim,  aniline,  and  COo  (Goldschmidt  a.  Strauss, 
B.  22,  3105). 

Salts.— C,H,(N0)(0Na)2aq.  Bed  needles 
(from  alcohol),  v.  sol.  water,  insol.  ether.  De- 
composed by  boiling  water.  Ppd.  by  NaOH 
from  aqueous  solution. — (C,|H,(N0).0)oI5a  (dried 
at  100°).  Red  needles  (from  warm  water). — 
— C,jH.|(NO).OAg  aq.  Violet  crystals  with  green 
reflex. 

Dioxim  C(N0H)<g^:^2>C(N0H). Formed 

by  the  action  of  hydroxylamine  hydrochloride 
on  the  mono- oxim,  on  hydroquinone,  and  on^- 
nitroso-aniline  (Nietzki,  B.  20,  613;  21,  430; 
Fischer,  B.  21,  685).  Yellowish  needles  (from 
hot  water).  Decomposes  at  240°.  Eeduced  by 
SnClj  and  HCI  top-phenylene-diamine.  Oxidised 
by  alkaline  K.^FeCy„  into  insoluble  di-nitroso- 
benzene.  Ac^O  forms  a  crystalline  di-acetyl 
derivative,  sol.  hot  alcohol. 

Quinone-chlorimide     CsH4<^^*^^  [85°]. 

Formed  by  the  action  of  bleaching  powder  on  a 
solution  of  the  hydrochloride  of  p-amido-phenol 
(B.  Schmitt,  J.  x)r.  [2]  8,  1 ;  19,  316  ;  Hirsch,  B. 
11,  1980  ;  13,  1903  ;  Fogh,  B.  21,  890  ;  Andresen, 
J.  pr.  [2]  23,  167)  or  C„H,(NH.,).OEt.  Purified  by 
steam-distillation.  Golden  crystals  (from  HOAc). 


I  SI.  sol.  cold  water,  v.  sol.  alcohol  and  ether. 

I  Explodes   above   86°.      Smells  like  quinone. 

I  Stains  the  skin  brown.    Turned  brown  by  al- 

j  kalis.  Beduced  by  tin  and  HCI  to  ^j-amido- 
phenol.  Water  at  100°  forms  quinone.  Aqueous 
SO.,  forms  amido-phenol  sulphonic  acid.  HCI 
gives  chlorinated  amido-phenols.  Gives  Lieber- 
mann's  colour  reaction  with  phenol  and  H.^SO,. 
Quinone-di-chlorimide  C^H^NoCL,  i.e. 
N  CI 

CeH4<^^^j.    Formed  from  p-phenylene-diamine 

hydrochloride  and  bleaching-powder  solution 
(Krause,  B.  12,  47).  Needles  (from  water),  de- 
composing at  124°.  Almost  insol.  cold  water. 
Its  solution  stains  the  skin  brown.  Eeduced  by 
SnCl,  to  ^:)-plienylene-diamine.  HCI  forms  tetra- 
chloro-p-phenylene-diamine.  Br  gives  di-chloro- 
di-bromo-quinone.  (/8)-Naphthylamine  forms 
amido-naphthophenazine.  (/3)-Naplithol  forms 
C,„H,„N„0,  which  dyes  silk  crimson  and  yields 
B'HN0/(Nietzki  a.  Otto,  B.  21,  1745). 
Quinone-phenylimide  CijHuNO  i.e. 

C,H^<^^^^  [97°].    Formed  by  oxidising  p-oxy- 

di-phenyl-amine  in  benzene  by  HgO  (Ban- 
drowski,  M.  9,  134,  415).  Bed  crystals,  v.  sol. 
alcohol,  ether,  and  chloroform.  Decomp)osed  by 
'  water  and  alkalis.  Acids  reproduce  quinone. 
Eeacts  with  aniline,  forming  |;-oxy-di-phenyl- 
amine  and  di-phenyl-di-amido-quinone-phenyl- 
imide. 

Quinone-j>tolylimide  C,:,H„NO.  [70°]. 
^  Formed  in  like  manner  from  |j-oxy-phenyl-p- 
tolyl-amine  (B.).  Dark-red  scales  (from  ligroin), 
sol.  most  solvents. 

Di-methyl-amido-phenylimide  CijHj^N^O  i.e. 

C,S.,<^-^''^'^^^\    Phenol-blue.    Formed  by 

the  action  of  nitroso-di-methyl-aniline  on  an 
alkaline  solution  of  phenol,  or  by  oxidation  of  a 
mixture  of  phenol  and  phenylene-di-methyl-|)- 
diamine  (Mohlau,  B.  16,2851 ;  18,  2913).  Formed 
also  from  quinone-chlorimide  and  di-methyl- 
aniline  (Fogh,  B.  21,  889).  Steel-blue  prisms 
(from  water)  (containing  ^aq).  Its  solution  in 
HClAq  is  blue.  Cone.  H„S04  forms  quinone  and 
C,H,(NH2)(NMe,,).     Boiling    NaOHAq  forms 

NMe^H  and  CjH4<^^-'-'<^-^-'-'-*^.    The  sulphonic 

acid  C,4H,4N.,S04  ^aq,  formed  from  ^3-amido- 
phenol-sulphonic  acid  in  water  by  successive 
treatment  with  CI  and  dimethylauiline,  crystal- 
lises in  bronzed  needles,  forming  a  blue  solution 
in  NaOHAq. 

CH  CH 

Quinone  tetrahydride  C0<^qjj--'qjj-'^C0. 

Diketohcxametliylene.  [78°].  Formed  by  heat- 
ing the  dihydride  of  di-oxy-terephthalic  acid 
(succinyl-succinic  acid)  of  200°  and  distilling 
the  product  under  reduced  pressure  (Hermann, 
A.  211,  322  ;  Baeyer  a.  Noyes,  B.  22,  2170). 
Prisms,  v.  sol.  water.    FeCl^  does  not  colour  its 

I  solution.  Its  alkaline  solution  turns  brown  in 
the  air.  Bromine  forms  C^Br^O.,.  Eeduces 
Fehling's  solution.  HCy  forms  C„"H8(OH),Cy2 
[180°].  Yields  a  di-oxim  which  when  quickly 
heated  melts  at  200° ;  when  slowly  heated  at  192°. 
The  di-phenyl-di-hydrazide  C,H,(N.,HPh).  is  ob- 
tained as  a  white  pp.  [125°]  crystalUsing  from 
alcohol  in  yellow  prisms  [150°], yielding  a  crystal- 

,  line  hydrochloride  B"HiCl2. 
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An  isomeride  of  the  tetrahydride  CsHgO,, 
[170°],  is  got  by  the  action  of  NaOHAq  on 
succinyl-succinic  ether.  It  crystallises  in  prisms 
(containing  ^aq).  It  changes  into  the  preceding 
isomeride  on  distillation.  It  reduces  Fehhng's 
solution. 

References. — Amido-,  Beomo-,  Bromo-nitro-, 
Chioro-,  Chloeo-niteo-,  Iodo-,  Nitro-amido-, 
OxY-AMiDO-,  and  Osy-quinone. 

TEIQUINONE  v.  Benzene-tki-quinone. 

QUINONE  DICARBOXYLIC  ACID  diliy- 
dride  v.  Di-oxt-terephthaiic  acid. 

Tetrahydride  v.  Dihydride  of  di-oxy- 

TEEEPHTHAIIC  ACID. 

Quinone  tetracarboxylic  acid.  Methyl 
ether  Cfi.,(COMe)^.  [207°].  Formed  by  oxida- 
tion of  Cs(6H);(C0oMe),  withHNOj  (Nef,^.258, 
318).  Colourless  prisms  (containing  2MeOH) 
(from  MeOH)  or  yellow  needles  (by  sublimation). 

Ethyl  ether  Gfi^iCO^m),.  [149°]. 
Formed  by  oxidising  di-amido-pyromellitic  ether 
with  cone.  HNO3  (Nef,  C.  J.  53,  428;  A.  237, 
28).  Golden  needles  (from  alcohol).  May  be 
sublimed.  On  treatment  with  KOHAq  or  with 
H2SO4  in  HOAc  it  yields  hydroquinone  tetra- 
carboxylic  ether.  Zinc-dust  and  HOAc  also  re- 
duce it  to  hydroquinone  tetracarboxylic  ether. 

QUINOPHENOL  v.  Oxy-quinoline. 

DIQUINO-PHENAZINE  C„H4<;^>C,0,. 

Formed  by  the  action  of  dilute  HNO3  on 
C6H4:N2:C„02(OH)2,  which  is  got  from  rhodi- 
zonic  acid  and  o-phenylene-diamine  (Nietzki  a. 
Schmidt,  B.  21,  1228).  Yellowish  needles  (con- 
taining 3aq),  si.  sol.  water.  Converted  by 
o-phenylene-diamine  sulphate  into  C2.,H,„N6, 
crystallising  in  greenish  needles. 

DIQUINOQUINONE  CK'^—^ScK.  Di- 

quinoyl.  The  di-oxim  C,H,0.,(NOH).,  is  di- 
nitrosoresorcin  (q.  v.)  (Goldschmidt  a.  Strauss, 
B.  20,  1611 ;  Kehrmann  a.  Messinger,  B.  23, 
2816).  The  dioxim  is  converted  by  hydroxyl- 
amine  into  the  tetra-oxim,  which,  on  heating 
with  AcjO,  yields  the  anhydride  GjHjNjOj  crystal- 
lising in  needles  [61°],  sol.  ether.  The  tetra- 
oxim  may  be  reduced  by  SnClj  and  HCl  to  tetra- 
amido-benzene. 

Triquinoquinone  v.  Benzene  thiquinone. 

Reference. — Oxy-diquinoyl. 

DIQUINO-TOLAZINE  C,H3Me<;^>C,04. 

Formed  from  rhodizonic  acid  and  tolylene-o- 
diamine,  the  product  being  oxidised  by  HNO3 
(Nietzki  a.  Kehrmann,  B.  20,  324).  Yellow 
needles  (containing  2aq).  On  warming  with  an 
aqueous  solution  of  a  salt  of  tolylene-o-diamine 
it  is  converted  into  0.2,11,80,1,  which  crystallises 
from  chloroform  in  needles  (containing  CHCI3). 

QUINOVATANNICACID  C^HisOs?  Occurs 
in  the  bark  of  Cincliona  nova  (Quina  nova) 
(Hlasiwetz,  A.  79,  129).  Translucent  yellow 
mass,  sol.  water  and  alcohol,  insol.  ether.  FeClj 
gives  a  dark-green  colour.  NHjAq  colours  its 
solution  brown.  Its  alkaline  solution  absorbs 
oxygen  from  the  air.  Boiling  dilute  HoSO^  splits 
it  up  into  sugar  and  '  quinova  red  '  C28H28O12 
(Eembold,  A.  143,273),  which  also  occurs  in  the 
bark.  Quinova  red  is  a  nearly  black  resin,  nearly 
insol.  water,  v.  sol.  alcohol,  ether,  and  alkalis. 


gives  no  colour  with  FeCl3,  and  yields  proto- 
catechuic  acid  on  fusion  with  potash. 

QUINOVIN  C3„H„0,  (Hlasiwetz)  or  C^.'B.fin 
(Oudemans,  jun.,  R.  T.  C.  2,  160).  Quinova- 
bitter.  Quinovic  acid.  [a]D=-i-69°.  Occurs 
in  false  cinchona  bark  from  Cinchona  nova 
(Pelletier  a.  Caventou,  J.  Ph.  7,  112  ;  Winckler, 
Rep.  Pharm.  51,  193  ;  Buchner,  jun.,  A.  17, 161 ; 
Peterson,  A.  17,  165 ;  Schnedermann,  A.  45, 
277;  Eochleder  a.  Hlasiwetz,  A.  79,  129;  111, 
182).  Occurs  also  in  true  cinchona  bark  (Schwarz, 

A.  80,  330;  De  Vrij,  J.  Ph.  [3]  37,  255),  in  aU 
parts  of  Cinchona  Calisaya  (from  Java),  and  in 
tormentilla  root  (Eembold,  A.  145,  9). 

Preparation. — The  bark  is  extracted  with 
boiling  milk  of  lime,  the  extract  ppd.  by  HCl, 
and  the  pp.  repeatedly  dissolved  in  alcohol 
and  thrown  down  by  water. 

Properties. — Needles  (from  alcohol),  almost 
insol.  hot  water,  v.  si.  sol.  ether,  v.  sol.  dilute 
alcohol.  Tastes  bitter.  Dextrorotatory.  Sol. 
aqueous  alkalis.  Resolved  by  acids  into  quinovic 
acid  and  quinovite.  Does  not  reduce  Fehling's 
solution. 

S«,  1 1  s.— PbC3oHj60,aq.—  (CuO)34C,„H„06. 

()3)-Quinovin.  [c.  235°].  [a]^  =  +  28°  in  a  2-7 
p.c.  alcoholic  solution.  Occurs  in  cuprea  bark 
(from  Remijia)  (Liebermana  a.  Giesel,  B.  16, 
928).  Scales  (from  dilute  alcohol).  Insol.  ether, 
V.  e.  sol.  alcohol.  Dextrorotatory.  Forms  with 
alcohol  the  compound  C,jH520,,5EtOH,  crystal- 
lising in  large  prisms.  Split  up  by  dilute  acids 
into  quinovic  acid  and  quinovite. 

Quinovite  CjH,o04  i.e.  CbH,|0(0H)3.  Quinova- 
sugar,  (c.  300°).  "  [a]„  =  60°'  (0.) ;  =  -f-  78°  (L. 
a.  G.).  Formed  by  the  action  of  HCl  on  a  hot 
alcoholic  solution  of  quinovin ;  quinovic  acid 
crystallises  out,  and  the  mother-liquor  is  neu- 
tralised by  BaCOj,  filtered,  and  evaporated. 
Hygroscopic  mass,  sol.  ether.  Has  a  bitter- 
sweet taste.  Does  not  ferment  with  yeast. 
Reduces  Fehling's  solution. 

Tri-acetyl  derivative  C5H„0(0Ac).,. 
[47°].    (c.  303°).    White  needles  (Liebermann, 

B.  17,  872). 

Quinovic  acid  C3.,H,,„0,;  (Oudemans,  R.  T.  C. 
2,  160)  ;  C„,H3,0,  (Hlasiwetz  a.  Gilm,  A.  Ill, 
182)  ;  C3.,H4s06  (Liebermann).  [a]i>  =  -1-  86°. 
Occurs  in  tormentilla  root  (Eembold,  A.  145,  6). 
Formed  from  quinovin  as  above.  White  sandy 
powder  composed  of  minute  trimetric  six-sided 
laminEB,  insol.  water,  v.  sol.  hot  alcohol,  si.  sol. 
ether.  Tasteless.  Ppd.  from  alkaline  solu- 
tions by  acids  in  a  gelatinous  form,  gradually 
becoming  pulverulent.  Dextrorotatory.  HoSO, 
gives  off  CO  and  forms  novic  acid,  quinoohromin 
CjjHj^Oo  (crystallising  in  needles),  quinovene 

C.  |.jH,2  (?),  and  apoquinovic  acid  CibHijOj  (crys- 
tallising in  needles;  whence  C,gH.25NaOj 3^aq). 

Salts.— K.,C.,,H360,  liaq :  bulky  pp.  — 
CuA"Cu3(0H),  5aq :  light-blue  pp.  —  AgjA"  : 
bulky  pp. 

Ethyl  ether  Gs^B.^.Btfi^.  [127°-130°]. 
Crystals,  v.  sol.  alcohol  and  ether. 

Pyroquinovic  acid  CjiH^^O^.  (above  360°). 
Formed  by  heating  quinovic  acid  (Liebermann 
a.  Giesel,  B.  16,  936).  Needles,  insol.  water,  v. 
sol.  alcohol  and  ether.  Its  alkaline  solution  is 
la5vorotatory.  On  distillation,  the  distillate 
solidifies  to  a  clear  glassy  mass,  easily  soluble 
in  ether,  and  resembling  gum  copal  in  its  proper- 
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ties.  When  this  substance  is  heated  with  HI 
and  P  it  yields  a  terpene  (quinoteipene)  which 
probably  has  the  formula  CmH^s-  This  terpene 
is  also  formed  by  direct  reduction  of  pyroquino- 
vic  acid  with  HI  and  P  (Liebermann,  B.  17, 
869). 

Salts.— KA'  (dried  at  110°).— BaAV 
Quinoterpene  CjoHig.  (above  360°).  Formed 
as  above.  Dextrorotatory. 

Oxy-quinoterpene  CjoHigO,  or  C.,„H„0. 
Cliolestol.  [139°].  (above  360°).  Accompanies 
qninovin  in  false  cinchona  bark  (Liebermann, 
B.  17,  871 ;  18,  1803  ;  Hesse,  A.  234,  377). 
Needles  (from  alcohol).  Eeduced  by  HI  and  P 
to  q-uinoterpene.  Yields  an  acetyl  derivative 
[126°]  and  a  benzoyl  derivative  [144°]. 

QUINOXALINE  CsH^N,  i.e.  GJi,<^'!^- 


[27°].  (222°  uneor.).  Formed  by  the  action  of 
o-phenylene-diamine  on  glyoxal  in  aqueous  solu- 
tion (Hinsberg,  B.  17,  320;  A.  237,334).  White 
crystals,  smelling  like  quinoline  and  piperidine, 
miscible  with  cold  water,  alcohol,  ether,  and 
benzene.  Partially  separated  from  aqueous 
solution  by  warming  or  by  adding  KOHAq.  Its 
aqueous  solution  gives  white  pps.  with  HgClj 
and  AgNOj.  Yields  a  sparingly  soluble  oxalate. 
Little  attacked  by  oxidising  agents.  Sodium 
reduces  it,  in  alcoholic  solution,  to  phenyl- 
ene-ethylene-diamine  (Merz  a.  Eis,  B.  20, 
1190). — B'HCl :  needles,  v.  sol.  water.  Decom- 
poses at  184°.— B'H.SO,.  [187°].  Silvery 
plates,  v.  sol.  water.— B^H.^PtClg  (dried  at  100°). 
Needles. 

References. — Amido-  and  Oxy-q0inoxaiine. 


KACEMIC  ACID  v.  Tartaric  acid. 

EACEMIC  CAMPHOR  v.  Camphor. 

KADICLE.  Lavoisier  and  his  followers  re- 
garded an  acid  as  a  substance  formed  by  the 
combination  of  much  oxygen  with  another 
body ;  the  body  with  which  the  oxygen  was 
■combined  was  called  by  de  Morveau  the  radicle 
of  the  acid,  and  the  name  was  used  in  this  sense 
by  Lavoisier.  '  II  faut  done  distinguer  dans 
tout  acide  la  base  acidifiable,  a  laquelle  M.  de 
Morveau  a  donne  le  nom  de  radical,  et  le  principe 
acidifiant,  c'est-a-dire,  I'oxig^ne  '  (Traiti  M- 
mentaire  de  Chiinie  [1789]  1,  69).  That  the 
radicle  of  an  acid  might  be  either  a  simple 
or  a  compound  substance  is  evident  from  de 
Morveau's  use  of  the  term  ;  in  speaking  of  the 
nomenclature  of  acids  of  unknown  composition, 
he  says :  '  Nous  nous  sommes  contentes  de 
designer  I'etre  simple  qui  y  modifie  I'oxigene 
par  I'expression  de  base  acidifiable,  ou,  pour 
abr6ger,  de  radicle,  de  tet  acide  '  [M^moire  sur 
le  Developpement  des  Frincipes  de  la  Nomencla- 
ture Mdthodique  [1787]).  Lavoisier,  in  1789, 
extended  the  meaning  of  the  term  radicle  when 
he  said  (TraiU,  1,  209)  that  most  of  the  oxidisa- 
ble  and  aciditiable  radicles  of  mineral  com- 
pounds were  simple  bodies,  whereas  the  radicles 
of  compounds  of  vegetable  and  animal  origin 
were  generally  composed  of  at  least  two  simple 
bodies.  The  notion  of  radicles  was  here,  and 
elsewhere,  extended  by  Lavoisier  to  mean  the 
bases  or  foundations  whereon  more  complicated 
bodies  were  built  up,  generally  by  the  addition 
of  oxygen. 

As  organic  chemistry  advanced,  and  many 
compounds  were  obtained  from  animal  and 
vegetable  sources,  attempts  were  naturally  made 
to  find  some  reason  for  the  existence  of  so  vast 
a  number  of  compounds  all  composed  of  but 
three  or  four  elements.  Lavoisier's  assertion 
that  the  radicles  of  organic  compounds  are 
themselves  composed  of  two  or  more  elements, 
was  revived,  adopted,  and  developed.  Berzelius, 
Liebig,  Dumas,  and  other  earlier  workers  in 
organic  chemistry  were  struck  by  the  enormous 
number  of  compounds  produced  by  the  union 


of  the  four  elements  carbon,  hydrogen,  oxygen, 
and  nitrogen.  They  said  the  true  elements  of 
organic  chemistry  are  the  radicles  cyanogen, 
amidogen,  benzoyl,  ethyl,  &c.,&c.  Dumas  (C  R. 
5,  300)  said :  '  In  mineral  chemistry  the  radicles 
are  simple,  in  organic  chemistry  they  are  com- 
pound; therein  consists  the  whole  difference.  The 
laws  whereby  the  compounds  are  formed  and 
their  reactions  are  regulated  are  the  same  in 
both.'  Liebig  said  :  '  Organic  chemistry  is  the 
chemistry  of  comjiound  radicles.'  In  1832 
Liebig  and  Wdhler  made  apparent  the  meaning 
and  wide  applicability  of  the  dictum  that 
'  organic  chemistry  is  the  chemistry  of  com- 
pound radicles '  by  their  researches  into  the 
constitution  of  the  compounds  obtained  from 
oil  of  bitter  almonds.  By  regarding  these  bodies 
as  compounds  of  the  radicle  benzoyl,  C;HjO, 
they  became  comparable  with  the  compounds 
of  the  radicles  potassium  and  other  metals. 
From  this  time  the  conception  of  the  radicle 
was  firmly  established. 

The  elements  are  the  simple  radicles,  on 
which,  and  by  the  combinations  of  which,  com- 
pounds are  built  up.  The  reactions  of  a  series 
of  compounds  often  show  such  similarities  that 
we  are  obliged  to  conclude  that  the  compositions 
of  these  compounds  are  also  similar  ;  in  many 
cases  this  similarity  of  composition  can  be  made 
apparent  only  by  supposing  that  a  certain  group, 
or  collocation,  of  elements  enters  into  the  com- 
position of  all  the  compounds.  Such  a  group  of 
elements,  playing  the  part  of  a  simple  body 
throughout  a  series  of  reactions,  but  neverthe- 
less separable  into  two  or  more  elements,  is 
called  a  compound  radicle. 

For  an  example  of  the  working  out  of  the 
conception  of  the  radicle  v.  Amjionidm  com- 
pounds, vol.  i.  pp.  200-201. 

M.  M.  P.  M. 

RADI  OIL.  The  product  of  the  distillation  of 
the  wood  of  a  juniper.  Contains  a  sesquiterpene 
C,.H„,,  whose  hydrochloride  C,5H.,j2HCl  melts  at 
118°  (Wallaoh,  A.  238,  82). 

EAFFINOSE  C,sH3,,0,fi  5aq  (Morris  a.  Brown, 
C.  J.  53,  619  ;  De  Vries,  B.  T.  C.  8,  326  ;  C.  B. 
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106,  751;  Tollens  a.  Mayer,  B.  21,  1569). 
Melitose.  Gossypose.  Melitriose.  Mol.  w.  528  to 
644  (by  Kaoult's  method)  (cal.  594) ;  596  (by  rate 
of  osmosis  in  leaves  of  Tradescantia) .  [c.  87°]. 
S.  17  at  16°  (K.) ;  14  at  20°  (Loiseau).  S.  (80 
p.c.  alcohol)  1-4  at  70°.  =  104-6  (M.  a.  B.). 
[a]j  =  116-6.  H.C.  2,019,700  (Stohmann,  J.  pr.  [2] 
45,  320 ;  cf.  Berthelot  a.  Matignon,  C.  B.  Ill, 
13).  Discovered  by  Johnston  (C.  S.  Mem.  1, 
159)  in  a  manna,  which  drops  from  various 
kinds  of  eucalyptus  in  Tasmania.  Further 
examined  by  Berthelot  (C.  B.  41.  392)  and 
Bischbiet  a.  Tollens  (B.  18,  2611).  Occurs  also 
in  cotton-seed  (Ritthausen,  J.  pr.  [2J  29,  351 ; 
Bohm,  J.  pr.  [2]  30,  37),  in  beet-root  molasses 
(Loiseau,  Bl.  [2]  26,  365;  Tollens,  B.  18,  26; 
A.  232,  201;  Lipmann,  B.  18,  3087;  Lindet, 
C.  B.  110,  795  ;  Bl.  [3]  3,  682). 

Preparation. — Cotton-seed  cake  is  extracted 
with  spirit  (S.G.  -848).  The  extract  is  boiled 
down  to  a  small  bulk,  and  then  shaken  with 
ether  (to  remove  colouring  matters).  After  a 
time  lumps  of  sugar  separate ;  these  are  dis- 
solved in  80  p.c.  alcohol  at  70°,  boiled  with 
animal  charcoal,  and  allowed  to  stand.  In  a 
week  glittering  needles,  arranged  in  hemisiDheri- 
cal  masses,  separate  (H.  Eitthausen,  J.  pr.  [2] 
29,  351). 

Properties. — Groups  of  needles,  v.  e.  sol.  hot 
water,  v.  si.  sol.  alcohol.  Has  a  slightly  sweet 
taste.  Does  not  reduce  Fehling's  solution.  Not 
turned  brown  by  boiling  KOHAq.  At  108°  it 
gives  off  its  water  of  crystallisation  without 
melting  ;  the  anhydrous  rafflnose  is  not  very 
hygroscopic.  A  second  hydrate  (containing 
6aq)  may  be  got  as  lamellae  by  crystallisation 
from  dilute  alcohol  (Berthelot,  C.  B.  109,  548 ; 
Bl.  [3]  2,  656).  Eeadily  ferments,  giving  with 
good  yeast  approximately  as  much  alcohol  as 
cane-sugar,  while  with  feeble  yeast  only  one- 
third  of  that  quantity  is  formed.  Eaffinose  can 
be  assimilated  by  young  plants,  being  converted 
into  starch  (Brown  a.-  Morris,  G.  J.  57,  486). 

Beactions.—l.  Boiling  dilute  H^SO^  splits  it 
up  into  Iffivulose  and  '  melibiose '  Gl„'^i„„0^^, 
which  yields  with  phenyl-hydrazine  the  osa- 
zone  C,,,H3.,N40g.  The  mixture  of  Ifevulose  and 
melibiose  shows  [a]i,  =  50°.  On  further  boiling 
with  dilute  H^SO^  the  melibiose  is  hydrolysed, 
the  product  consisting  of  galactose  (1  mol.), 
Itevulose  (1  mol.),  and  dextrose  (1  mol.)  (Scheib- 
ler  a.  Mittelmeier,  B.  22,  1678,  3118 ;  Tollens, 
A.  238,  308  ;  249,  227).  Melibiose  is  identical 
with  eucalyn,  and  may  be  reduced  by  sodium- 
amalgam  to  melibiotite  CuH.jjOj,,  a  syrup  which 
does  not  reduce  Fehling's  solution,  but  yields 
galactose  on  boiling  with  dilute  acids.  Invertin 
also  splits  up  rafSnose  first  into  Ifevulose  (which 
may  be  fermented  by  yeast)  and  melibiose,  and 
then  this  melibiose  may  be  split  up  at  36°  by  a 
cone,  solution  of  invertin  into  dextrose  and 
galactose.  The  Pneumococcus  of  Friedlander 
sets  up  fermentation  in  suitable  solutions  of 
raffinose  (Percy  Frankland,  G.  J.  59,  270).-- 
2.  NaOEt  gives  a  compound  containing  6  to  7 
p.c.  sodium.— 3.  Boiling  HNO3  (S.G.  1-15)  gives 
23  p.c.  of  mucic  acid.  Saccharic  acid  is  also 
formed. 

Salts  (Beythien  a.  Tollens,  A.  255,  195).— 
NaC,sH3,0,5.  -  Na,C„H3„0„aq.  Crystals.  — 
C,8H320„(SrO)2aq.  SI. sol. water.— CisHg^Oi.SrO. 


— C.sHjsOieBaO.— C,8H3..0|e2BaO.  Crystals. — 
Ci8H3,0,„(CaO)3  2aq.— C,j,H320,63PbO. 

Estimation. — In  a  mixture  of  cane-sugar  and. 
rafiinose,  the  amount  of  raffinose  may  be  deter- 
mined by  observing  the  change  of  rotatory 
power  after  hydrolysis  (Creydt,  B.  19,  3115  ; 
Gunning,  Fr.  28, 45).  The  raffinose  may  also  be 
ppd.  by  lead  acetate  from  a  solution  in  methyl 
alcohol,  and  the  effect  on  the  polarising  action 
of  the  liquid  observed  (Lotman,  Ghent.  Zeit.  12,. 
391 ;  Gunning). 

KANGIFORMIC  ACID  C^,B.,jd.,.  [106°], 
Occurs,  together  with  atranoric  acid,  in  the 
lichen  Cladonia  rangiformis  (Paterno,  G.  12, 
259).  Plates  (from  benzene),  sol.  ether.  Its 
ammoniacal  solution  gives  a  flocculent  pp.  of 
AgA'  on  adding  AgNOj. 

EAPIC  ACID  CisHj^Oj.  Occurs  as  glyceride,^ 
together  with  the  glycerides  of  erucic  and  be- 
henic  acids,  in  rape-seed  oil  (Eeimer  a.  Will,  B. 
20,  2387).  Oil.  Yields  stearic  acid  on  fusion 
with  potash.  The  zinc  salt  melts  at  78°.  The 
Na  salt  is  gelatinous,  v.  sol.  water,  si.  sol.  alcohoL 
EEDUCINE  C,„H,,Ne09  or  C.HnNjO^.  An 
alkaloid  occurring,  as  well  as  para-reducine- 
C,HgN,0,  according  to  Thudichum  (C.  B.  106, 
1803)  in  urine.  It  reduces  ferric,  cupric,  mer- 
curic, and  silver  salts,  and  forms  an  insoluble 
barium  compound. 

REDUCTION.  This  term  is  used  as 
synonymous  with  deosidation  in  its  widest  sense. 
V.  Deoxidation,  vol.  ii.  p.  377  ;  and  cf.  Oxida- 
tion, vol.  iii.  p.  657. 

EEGIANIN  V.  Jtjglone. 
RENNET  V.  Milk  and  Pboteids. 
RESACETIC  ACID  v.  vol.  i.  p.  18. 
EESACETOPHENONE     v.  Di-oxy-aoeto- 

PHEKONE. 

RESINS.  Amorphous  substances,  occurring 
in  all  parts  of  plants,  but  especially  in  the  bark 
(Wiesner,  Sitz.  W.  52  [2]  118).  Frequently  as- 
sociated with  essential  oils.  Eesins  are  also 
formed  from  various  oils  by  atmospheric  oxida- 
tion or  by  the  action  of  alcohohc  potash.  Boil- 
ing aqueous  potash  resinifies  aldehydes.  P2O5. 
converts  various  aldehydes  {e.g.  benzoic  alde- 
hyde) into  resins.  These  resins  are  solid, 
translucent,  with  conchoidal  fracture,  insol. 
water,  wholly  or  partially  sol.  alcohol  and 
aqueous  alkalis.  The  resins,  therefore,  contain 
acids.  The  resins  soften  when  heated,  but  are 
decomposed  by  distillation.  By  potash-fusion, 
protocatechuic  acid  is  obtained  from  guaiacum,, 

j  benzoin,  dragon's  blood,  asafcetida,  esparto 
resin,  myrrh,  acaroid  resin,  and  opopanax.  By 
potash-fusion  ^J-oxy-benzoic  acid  is  got  from 

I  benzoin,  dragon's  blood,  aloes,  and  acaroid  resin ;. 
lihloroglucin  from  dragon's  blood,  esparto  resin, 

I  and  gamboge ;  and  resorcin  from  galbanum,. 
asafcetida,  gum  ammoniac,  sagapenum,  and 
acaroid  resin  (Hlasiwetz  a.  Barth,  A.  134,  265  % 
138,  61 ;  139,  83).  Dammar,  sandarac,  mastic, 
and  incense-resin  are  not  attacked  by  fused 
potash.  Eesins  containing  gum  or  mucilage, 
soluble  in  water,  are  called  gum-resins.  Eesins 
mixed  with  essential  oils  are  termed  balsams. 
The  following  resins,  are  comijletely  soluble  irt 
alcohol  of  95  p.c.  :  benzoin,  caranna,  resins  and 
balsams  from  conifers  (colophony),  dragon's- 
blood,  guaiacum,  mani-resin,  mastic  from  Alex- 
andria and  from  Bombay,  black  balsam  of  Peru, 
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podocarpus  resin,  sandarac,  balsam  of  Tolu, 
xanthovrhcea  resin.  The  following  resins  are 
only  partially  dissolved  by  alcohol  of  95  p.c. : 
ammoniac,  asafoetida,  bdelUum,  Canada  bal- 
sam, ceradia  resin,  copaiba  balsam,  cojjal,  dam- 
mar, elemi,  eui^horbium,  euryops  resin,  galba- 
num,  gamboge,  liquidambar,  common  mastic, 
Mecca  balsam,  myrrh,  olibanum,  opopanax, 
white  balsam  of  Peru,  sagapenum,  sonora-lac, 
and  liquid  storax  (Hirschsohn,  Ar.  Fh.  [3] 
10,  481 ;  11,  54, 152,  247,  312, 434).  Ether  dis- 
solves completely :  caranna,  Canada  balsam, 
conifer  resins,  copaiba  balsam,  dragon's  blood, 
elemi,  guaiac-resin,  mani-resin,  mastic,  podo- 
carpus  resin,  and  sandarac.  Most  other  resins 
are  partially  soluble  in  ether.  FeCl^  gives  in 
alcoholic  solution  a  blue  colour  with  guaiacum 
and  caranna,  a  dark-green  colour  with  benzoin 
and  some  sorts  of  asafostida,  and  a  black  colour 
with  gamboge,  balsam  of  Peru,  ojjopanax,  storax, 
sagapenum,  shellac,  and  xanthorrhoja  resin. 
reCl3  gives  in  an  alcoholic  solution  of  Canada 
balsam  and  of  some  sorts  of  dammar,  a  pp.  which 
disappears  on  heating,  and  with  copal  and 
sonora-lac  a  pp.  which  does  not  disappear  on 
heating.  Alcohol  containing  HCl  is  coloured 
brick-red  by  white  balsam  of  Peru  and  ceradia- 
resin ;  red  to  violet  by  common  myrrh  and 
euryops-resin  ;  blue  to  violet  by  some  sorts  of 
elemi;  yellowish-brown  to  green  by  guaiac- 
resin  ;  yellow,  changing  through  brown  to  cherry- 
red,  by  benzoin  and  balsam  of  Tolu  ;  crimson  by 
xanthorrha^a  resin  ;  greenish,  changing  to  dingy 
violet,  by  asafcetida;  yellow  by  gamboge  and 
caranna ;  light  rose-coloured  by  podocarpus 
resin  ;  and  brown  by  other  resins.  Cone.  HoSO^ 
forms  a  cherry-red  solution  with  benzoin  from 
Siam  and  with  balsam  of  Tolu ;  a  yellow  solu- 
tion with  gamboge ;  a  solution  with  yellowish- 
brown  fluorescence  with  asafoetida  ;  and  brown 
with  other  resins.  A  drop  of  H„SO^  added  to  a 
solution  of  pine-wood  resin  in  HOAc  gives  a  red 
or  violet  colour  as  the  liquids  mix  (Morawski, 
C.  C.  1888,  1C30).  Fossil  resins  {e.g.  amber) 
are  often  found  in  beds  of  coal  and  lignite, 
being  clearly  derived  from  plants.  Schmidt 
a.  Erban  (M.  7,  655;  cf.  Kremel,  Fr.  26, 
262)  have  determined,  for  a  great  variety  of 
commercial  resins,  the  quantity  of  alkali  neces- 
sary to  neutralise  an  alcoholic  solution,  and  the 
amount  required  for  sai)onifieation,  and  also  the 
amount  of  iodine  the  resins  can  take  up.  They 
also  base  a  method  of  separation  upon  the  rela- 
tive solubilities  of  resins.  A  classification  of  red 
resins  according  to  their  solubility  in  chloroform, 
benzene,  and  CH.,  is  given  by  Dobbie  a.  Hender- 
son (2V.  jE.  30,  624).  Colophony  softens  under 
boiling  water,  while  powdered  shellac,  mastic, 
elemi,  and  dammar  agglomerate,  and  sandarac, 
copal,  and  amber  remain  unchanged  (Kliebhau, 
C.  C.  1888,  87).  The  products  of  distillation  of 
colophony  have  been  examined  by  many  chemists 
(Freray,  A.  Ch.  [2]  59,  13  ;  A.  15,  284-;  Pelletier 
a.  Walter,  A.  Ch.  [2]  67,  267  ;  Th6nard,  Eobiquet, 
a.  Dumas,  C.  B.  1838,  i.  460  ;  Schiel,  4.115,96; 
Couerbe,  J.pr.  18,  165  ;  Curie,  C.  N.  30,  189  ; 
Kelbe,  B.  13,  1157  ;  B.  14,  1240  ;  A.  210,  1  ;  B. 
15,  308 ;  Eenard,  C.  R.  91,  416  ;  B.  13,  2000 ; 
Bl.  [2]  36,  215  ;  Tilden,  B.  13,  1604;  Anderson, 
C.  N.  20,  76  ;  Mills,  '  Destructive  Distillation,' 
31 ;  Tichborne,  Ph.  [3]  i.  302 ;  Morris,  C.  J.  41, 


167)  by  whom  the  following  substances  have 
been  described  as  constituents  :  water,  reti- 
naphtha  C,H,  (108°)  (P.  a.  W.),  retinyl  C,H„ 
(150°)  (P.  a.  W.),  retinol  C^H^  [150°]  (236°-246°) 
(P.  a.  W.),  retisterene  [67°j  (325°)  (T.  E.  a.  D.), 
carbonic  acid,  carbonic  oxide,  ethylene  (S.),  pro- 
pylene (S.),  heptane  (97°)  (T.),  octane  (S.),  a 
valerylene  (50°)  (C),  cymenes  (170°-178°)  (K.), 
heptinene  C,H,,  (104°)  (E.),  colophenone 
C,,H,A  (S.)  (97°),  a  terpene  (160°)  (S.),  abietic 
acid  (K.),  isobutyric  and  methyl-propyl-acetic 
acids  (K.),  hydrocarbons  C„H„(190°-200°)  (K.), 
and  iso-butyric  aldehyde  (T.).  Eenard  {A.  Ch. 
[6J  1,  223)  found  among  the  products  of  distilla- 
tion of  colophony  (rosin  oil),  pentane,  amylene, 
hexane,  hexylene,  toluene,  toluene  tetrahydride, 
toluene  hexahydride,  xylene,  xylene  tetrahydride, 
xylene  hexahydride,  7)i-ethyl-propyl-benzene, 
terpenes,  isobutyric  aldehyde  and  acid,  and 
valeric  aldehyde  and  acid.  Lwoff  (B.  20,  1017) 
found,  in  resin  oil,  valeric,  heptoic,  ennoic,  and 
hendecoic  acids.  Eesin  oil  is  coloured  violet  by 
H.,SO,,  of  S.G.  1-53  (Holde,  C.  C.  1888,  952). 

Eesin  of  Pinus  Laricio  (Poir).  [c.  100°].  V. 
sol.  alcohol,  ether,  and  oil  of  turpentine  ;  insol. 
ligroin.  Contains  much  methoxyl  (Bamberger, 
M.  12,  441).  Turned  red  by  air,  and  finaUy 
brown.  It  contains  a  little  free  caffeic  acid 
C„H,(OH).,CH:CH.CO.,H  [195°]  and  ferulic  acid 
[4:3:1]  C,,H:,(OH)(OMe).CH:CH.CO,H  [169°]. 
4  p.c.  of  caffeic  and  1  p.c.  of  ferulic  acid  may  be 
extracted  by  boiling  with  water.  The  resin  also 
contains  some  vanillin  C„H3(0H)(0Me).CH0. 
The  resin  yields  pyrocatechin  and  protocatechuic 

!  acid  on  fusion  with  potash. 

j       Resin  of  Picea  vulgaris  (Link),    [e.  100°]. 

I  Contains  methoxyl  (Bamberger,  M.  12,  456). 
Contains  ^J-coumaric  acid  and  vaniUiu.  Potash- 
fusion  gives  protocatechuic  and  p-oxybenzoic 
acids. 

Resin  of  Pinus  sylvestris  contains  an  acid 
j  C.ijHjaOj  [143°],  insol.  water,  v.  sol.  alcohol, 
!  ether,  and  HOAc.  [ajj  =  -  74°.  It  yields  the 
;  salts  C.„H,„Ag03,  (C,„H,,,j03),Ba  2aq,  (0,„H,,„03)„Ca, 
j  and  (C,uH  ,j03).,Cu,  and  oily  C2oH,gEt03,  which  on 
1  distillation  forms  oily  C^oHjjEtO.^.  AlcohoUc 
I  HCl  converts  the  acid  into  an  isomeride  [160°], 
'  [a]j=  -93°  (Shkatelofi,  J.  R.  20,  477). 

Resin  from  Ficus  rubiginosa  contains  '  syco- 
ceryl  acetate  '  C^jH^gO^  [121°]  which  on  saponi- 
hcatiou  gives  acetic  acid  and  sycoceryl  alcohol 
C3,H,^0  [114°]  (De  la  Eue  a.  Miiller,  Tr.  1860, 
43 ;  Eennie  a.  Goyder,  C.  J.  61,  916). 

References. — Abietic  acid.  Aldehyde  besin, 

j  AmBEE,    AllBOL-A-BREA    BESIN,     AsAFCETIDA,  AS- 

PHAiT,  Benzoin  (gum),  Canada  ealsam,  Colo- 
phony, Copaiba  balsam,  Copal,  Damuara  besin. 
Dragon's    blood,    Eleiii,    Euphorbiusi,  Gal- 

BANDM,  GUAIACDM,  GUM  AMMONIAC,  GdTIA  PEKCHA, 

Jalap,  Lac,  Laech  fungus,  Larrea  resin,  Masopin, 
Mastic,  Maynas  besin,  Mecca  balsam,  Mybbh, 
Olibanum,  Opopanax,  Palisakdeb  resin,  Podo- 
CAEPic  aced,  Podophyllin,  Sagapenum,  San- 
dabac,  Scammony,  and  Storax. 

RESORCIN  C„H,0„  i.e.  C„H^(OH)„  [1:3]. 
[112°].  (267°)  (Kopp).  S.  86-4  at  0°  ;  14'7-3  at 
12-5°;  228-6  at  30°  (Calderon,  Bl.  [2]  29,  234). 
V.D.  3-85  (calc.  3-81)  (Troost,  C.  R.  89,  351). 
H.C.v.  683,100.  H.C.p.  683,400.  H.F.  87,600 
(Stohmann,  J.pr.  [2]  45,  335).  S.V.  103  (Los- 
sen,  A.  254,  59).    S.V.S.  93-05. 
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Formation. — 1.  By  potash-fusion  from  gal- 
banum  (Hlasiwetz  a.  Barth,  A.  130,  354), 
m-iodo-phenol  (Korner,  Bl.  [2]  7,  261),  phenol- 
j3-sulphonic  acid  (Glutz,  Bl.  [2]  8,  361),^-chloro- 
benzene  sulphonic  acid  (Oppenheim  a.  Vogt,  A. 
Suppl.  6,  376),  from  umbelliferone  (Hlasiwetz  a. 
Grabowski,  A.  139,  99),  from  asafoetida,  from 
gum  ammoniac,  from  sagapeuum,  from  acaroid 
resin  (Hlasiwetz,  A.  130,  354  ;  138,  63 ;  139,  78), 
from  0-,  m-,  and  p-  bromo-phenol  (Fittig  a. 
Mager,  B.  8,  362),  from  |j-chloro-phenol  (Faust, 
B.  6,  1022),  from  p-iodo-phenol  above  165° 
(Nolting  a.  Wrzesinsky,  B.  8,  820),  from  phenol 
(Barth  a.  Schreder,  B.  12,  420),  and  from  benzene 
in-  or  p-  disulphonic  acid  (Barth  a.  Senhofer,  B. 
8,  1483  ;  Fahlberg,  Am.  2,  195).— 2.  By  dry 
distillation  of  brazilin  (E.  Kopp,  B.  6,  446). — 
3.  By  the  action  of  nitrous  acid  on  w-amido- 
phenol  (Bantlin,  B.  11,  2101). 

Preparation. — By  fusing  benzene  m-disul- 
phonie  acid  with  NaOH  (Miihlhauser,  D.  P.  J. 
263,  154). 

Properties. — Colourless  trimetric  tables  (from 
water,  alcohol,  or  ether);  a:&:c  =  ■912:1:1-059 
(Calderon,  C.  B.  84,  779)  or  needles  (from  benz- 
ene). V.  sol.  water,  alcohol,  and  ether,  insol. 
chloroform  and  CS,.  Acquires  a  reddish  tint  en 
exposure  to  air.  Neutral  to  litmus.  Has  a  sweet 
taste.  FeClj  colours  its  aqueous  solution  dark 
■violet.  Its  ammoniacal  solution,  exposed  to  the 
air,  becomes  rose-red  and  finally  brown.  The 
.ammoniacal  solution  leaves  on  evaporation  a 
dark-blue  mass,  which  forms  a  blue  solution, 
turned  red  by  acids.  Bleaching-powder  gives  a 
transient  violet  colour.  A  drop  of  a  solution  of 
NaOCl  gives  a  violet  colour,  quickly  changing  to 
yellow,  and  on  heating  to  dark-red  or  brown 
(Stark,  Ph.  [3]  21,  848;  Bodde,  Ar.  Ph.  [3]  27, 
656).  Resorcin  reduces  boiling  ammoniacal 
AgNOs  and  boiling  Fehhng's  solution.  On  heat- 
ing resorcin  with  a  few  drops  of  nitro-benzene 
and  cone.  H^SOj  a  blue  mass  is  got  which,  when 
poured  into  water  and  made  alkaline,  gives  a 
solution  with  vermilion  fluorescence.  If  resor- 
cin is  added  to  cone.  H.^SO.,  and  a  little  NaNOj, 
and  the  mixture  is  heated  to  100°,  a  product  is 
got  which,  when  mixed  with  water  and  rendered 
alkaline  by  NH.,,  imparts  to  fusel  oil  a  crimson 
colour  with  vermihon  fluorescence  (Bindschedler, 
M.  5,  168).  Resorcin  fused  with  phthalic  an- 
liydride  forms  fluorescein,  which  dissolves  in 
aqueous  alkalis  with  strong  green  fluorescence 
(Baeyer,  A.  183,  8).  Resorcin  heated  with  alco- 
hol, beet-sugar,  and  HClAq  gives  a  reddish- 
violet  colour  (Ihl,  Cham.  Zcit.  13,  264).  A  solu- 
tion of  resorcin  (1  pt.)  in  absolute  alcohol 
(2  pts.),  mixed  with  an  aldehyde  and  a  few  drops 
of  cone.  HClAq,  gives,  after  standing  for  some 
hours  and  then  pouring  into  water,  a  resinous 
or  crystalline  pp.  (Michael  a.  Ryder,  Am.  9,  134). 
A  mixture  of  resorcin  and  f  urf  uraldehyde  touched 
■with  a  drop  of  HCl  gives  an  indigo-blue  sub- 
stance, which  dissolves  with  green  colour  in 
water,  and  is  ppd.  by  HCl  in  blue  flakes  (Baeyer, 
B.  5,  25).  On  warming  a  liquid  containing 
chloral  or  chloroform  with  resorcin  and  NaOH 
a  yellowish-red  colour  with  green  fluorescence 
is  got  (Schwarz,  Fr.  27,  668).  Cupric  sulphate 
and  excess  of  ammonia  form  a  deep-black  liquid, 
■which  dyes  wool  black  (Wagner,  D.  P.  J.  220, 
96). 


Titration. — 1.  Bromine-water  is  run  in  until 
all  the  resorcin  is  converted  into  tribromo-re- 
sorcin,  which  is  ppd.:  C^H^(OH),-f  3Br„  = 
CeHBr.,(0H)2  -f  3HBr.  The  excess  is  de'termined 
by  adding  KI  and  titrating  with  hyposulphite 
(Degener,  J.  pr.  [2]  20,  322).— 2.  Potash  and 
potassium  iodide  are  added  to  the  solution,  and 
then  a  neutral  solution  of  bleaching-powder  is 
run  in.  On  adding  HCl  a  pp.  of  tri-iodo-re- 
'•  sorcin  is  formed,  and  the  excess  of  iodine  is 
titrated  by  hyposulphite  (Degener). 

Reactions. — 1.    Soda-fusion   gives  phloro- 
glucin  (65  p.c),  some  pyrocatechin  (3  p.c),  and 
'  tetra-oxy-diphenyl  (li  p.c.)  (Barth  a.  iSchreder, 
i  B.  12,  503). — 2.  Exhaustive  chlorination  in  pre- 
j  sence  of  I  forms  CCl^  and  CO^  (Ruoif,  B.  9, 
I  1483). — 3.  ICl  forms  tri-iodo-resorcin  (Michael 
a.  Norton,  B.  9,  1752). — 4.  An  alkaline  solution 
gives  with  KI  a  violet-red  pp.  of  CcHjI^KOj 
(Messinger  a.  Vortmann,  J5.  22,  2320).— 5.  A 
solution  of  resorcin  (10  g.)  in  water  (100  e.c.) 
gives  a  purple  colour  with  '5  c.c.  of  very  dilute 
I  solutions  of  nitrates,  to  which  a  drop  of  15  p.c. 

HClAq  and  2  c.c.  of  HjSOj  have  been  added 
:  (Lindo,  C.  N.  58,  176).— 6.  Resorcin  (15  g.)  dis- 
!  solved  in  water  (70  c.c.)  and  warmed  with  a 
mixture  of  (60  c.c.  of)  HBrAq  (S.G.  1-47)  and 
I  (20  c.c.  of)  HNO,,  (S.G.  1-39)  gives  C^sHj^BrNjO.s 
as  a  lustrous  violet  mass,  which  forms  a  red 
solution  in  alcohol,  changed  by  alkalis  to  a  blue 
j  liquid  (Brunner  a.  Kramer,  B.  17,  1873  ;  21, 
2481).    It  yields  C43H,^5Ac5BrN.jO,3  as  an  orange- 
red  amorphous  powder  [120°],  v.  sol.  hot  alcohol. 

7.  Resorcin  (15  g.)  heated  with  water  (60  g.), 
HNO3  (20  c.c.  of  S.G.  1-39),  and  HCl  (60  c.c.  of 
S.G.  1-2)  for  half  an  hour  on  a  water-bath  forms 
a  violet  mass  C^uHj^ClNjOi,,,  insol.  chloroform, 

I  sol.  alcohol  and  ether.  It  yields  yellowish-brown 
I  flocculent  C^sHjoACsClNjOia  (Brunner,  B.  21, 
;  2479). — 8.  A  blue  colouring  matter  (lacmoid)  is 
got  by  heating  resorcin  (55  pts.)  with  NaNOj  (18 
pts.)  at  130°,  dissolving  in  NHjAq  and  reppg.  by 
HCl  (Benedikt  a.  Julius,  M.  5,  534). — 9.  Bromine 
in  CS2  forms  C„H„Br„(OH)„  [111°]  (Zehenter,  M. 

8,  293).— 10.  With  Ai..Cl6  it  gives  the  compound 
(C,-Hj02)Al2Cl4,  which  is  v.  sol.  hot  CSj,  less 
sol.  cold  CS2 ;  decomposed  at  once  by  water  into 
resorcin,  AI2O3,  and  HCl  (Claus  a.  Merklin,  B, 
18,2934). — 11.  Dry  aj»;H07tia  passed  into  a  solu- 
tion of  resorcin  in  dry  ether  forms  (CjH502)NH3, 
which  separates  as  a  liquid,  solidifying  as  co- 
lourless deliquescent  crystals,  turning  green  and 
afterwards  blue  in  the  air  (Malin,  A.  138,  80). — 
12.  B..,0.,  and  NH^Aq  give,  after  acidification,  a 
brown  pp.  ('  lacmoid ')  which  forms  an  indigo 
blue  solution  in  alkalis  (Zulkowsky  a.  Peters,  AT. 
11,  243;  cf.  Wurster,  B.  20,  2934).— 13.  Ammo- 
nium  carbonate  solution  at  125°  forms  (4,2,1)- 
and  (6,2,1)-  di-osy-benzoic  acid  (Senhofer  a. 
Brunner,  Sitz.  W.  [2]  80,  604). — 14.  Ammoniacal 
CaClj  at  300°  forms  a  brownish-red  colouring 
matter  [72°],  insol.  water  and  alkalis,  sol.  alco- 
hol (Seyewitz,  C.  B.  109,  946).— 15.  Sulphur 
and  NaOHAq  form,  on  boiling,  CjHjOjS^,  a  yel- 
low powder,  sol.  alkalis,  insol.  water,  and  de- 
composing before  fusion  (Lange,  B.  21,  263). — 
16.  K2S.,0,  acting  on  potassium  resorcin  forms 
C,H4(0H)(0.S03K)  and  C,H,(0.SO3K)2.  The 
latter  salt  is  converted,  by  heating  in  the  dry 
state  at  160°,  into  a  salt  of  resorcin  disulphonic 
acid  (Baumann,  B.  11,  1911).— 17.  COCI2  forms 
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C^HjiCOj,  a  red  amorphous  substance,  insol. 
water,  v.  sol.  alcohol  (Birnbauin,  B.  14,  1753). — 
18.  All  alcoholic  solution  of  potassiimi  xantliate 
forms  C„H,j(OH).^.CS.,H,  crystallising  in  yellow 
needles  [131°],  sol.  hot  water  (Lippmann  a. 
Fleissner,  M.  9,  290). — 19.  Acetone  dicarboxylic 
ccitZ  and  conc.H.,SO ,  f  orm()3) -umbelhferone-aoetic 

. ,      C(OH):CH.('.O.CO  .  ^-cr  .onoi 

^•^"l  CH=CH.C.CtCH,CO,H)>CS  ^202], 
crystallising  in  needles  (containing  aq),  insol. 
ether  (Michael,  J.  pr.  [2]  37,  409).— 20.  Benzene 
sulphonic  chloride  added  to  a  solution  kept 
slightly  alkaline  forms  C,H4(O.SOoC,;H5)2,  crys- 
tallising from  hot  alcohol  in  needles  [70°] 
(Georgesen,  B.  24,  417). — 21.  Hydrogen  ammo- 
nium o-sulphohenzoic  acid  forms  C,3H,3NSOe2aq 
as  pale-yellow  crystals,  v.  sol.  water  and  alcohol. 
Its  alkaline  solutions  are  slightly  fluorescent. 
Cone.  HClAq  at  220°  reconverts  it  into  the 
parent  substances  (Fahlberg  a.  Barge,  B.  22, 
754).  Kesorcin  (4  mols.)  heated  with  o-sulp)ho- 
benzoic  acid  (1  mol.)  forms  C^iHooNSOs  4aq. — 
22.  Chloro-acetic  acidiovms  C|,jll4(O.CH2.C02H)2 
[194°],  which  yields  a  di-bromo-  derivative  (Ga- 
briel, B.  12,  1040).— 23.  ClCO.Et  acting  on 
C,H,(0K)2  forms  C6H,(0.C0.Ji;t).„  a  thick  oil 
(300°)  (M.  Wallaeh,  A.  220,  84).— 24.  Dry  oxalic 
acid  (1  mol.)  in  a  sealed  tube  at  200°  forms 
'  resorcin-oxalein  '  C.,Ji,  fi.,  a  hygroscopic  red 
powder,  sol.  alcohol  and  ether  (Claus,  B.  10, 
1305  ;  14,  2503).  At  100°  it  becomes  C.,„H,.,0,., 
which  is  less  sol.  alcohol.  Dilute  alkaline  solu- 
tions are  yellow,  with  dark-green  fluorescence. 
Bromine  gives  CoH^Br^O,..  HNO3  forms 
C.,„Hs(N02),0,.  H^SOj '  yields  C2„H,(S03H)30,. 
Aa.fi  forms  red  ConHjoAc.Og  and  colourless 
CooHjAcaO,;. — 25.  Crystallised  oxalic  acid  (Imol.) 
heated  with  resorcin  (2  mols.)  at  120°  yields  two 
compounds  CnHgO^one  of  which  fluoresces  green 
in  alkaline  solutions  (Gukassianz,  B.  11,  1184). 
26.  HOAc  and  ZnClj  at  145°  form  di-oxy-aceto- 
phenone.  Kesorcin  (100  g.)  boiled  with  HOAc 
(200  g.)  and  ZnCL  (300  g.)  for  two  hours  forms 
'  acetfluorescein  '  C^jHi^Os  and  '  resacetein  ' 
CijHj.jOj.  Resacetein  crystallises  by  spontaneous 
evaporation  of  its  ammoniacal  solution  in  red 
needles.  Its  solution  in  KOHAq  is  red,  but  soon 
turns  brown.  It  yields  the  salts  B'HCl  2aq 
and  B'jHjSO^  (dried  at  110°)  and  a  triacetyl 
derivative  Ci^H.jAcjO,  [229°].  Acetfluorescein 
forms  minute  brownish-red  crystals.  Its  dilute 
alkaline  solutions  exhibit  green  fluorescence 
(Nencki  a.  Sieber,  J.  pr.  [2]  23,  540 ;  Easinski, 
J.  vr.  [2]  20,  58).— 27.  Eesorcin  (20  pts.) 
heated  with  formic  acid  (10  pts.)  and  ZnCL 
(20  pts.)  for  30  minutes  at  140°  forms  '  res- 

aurin'  C,,H,,0,  or  (C,H3(OH)2)2C<g^jj^^Qgj_ 

Eesaurin  is  a  brick-red  hygroscopic  powder, 
forming  a  red  solution  in  alkalis,  sol.  alcohol, 
insol.  ether  and  acids  (Nencki  a.  Schmid,  J.  pr. 
[2]  23,  547).— 28.  On  heating  with  ZnCl,,  and 
acetoacetic  ether  or  citric  acid  '  resocyanin  ' 
is  formed  (Wittenberg,  J.  pr.  [2]  24,  125 ;  20, 
74  ;  Schmid,  J.  pr.  [2]  25,  81).  Eesocyanin 
can  be  prepared  by  heating  dry  citric  acid 
(60  g.)  with  resorcin  (60  g.)  and  H.SO^  (150  g.) 
for  an  hour  at  180°.  Eesocyanin  C„,H|j(Os 
[185°]  is  insol.  cold  water,  si.  sol.  ether,  v.  sol. 
alcohol.  Its  alkaline  solutions  are  colourless 
with  blue  fluorescence.    Its  solutions  are  not 


coloured  by  FeCl3.  It  yields  C„,H,„Br„0,  [250°] 
and  C,,H|,;Ac20„  [150°].  Eesocyanin  yields 
resorcin  when  fused  with  potash.  It  may  be  re- 
duced to  a  hydride  C.,,H„„0,.  [259°]  which  yields 
C„,H,3Ac.,0e  [222°].  '  NaOMe  and  Mel  give 
Co.Hi.Me.O^  [159°].— 29.  A  cold  alcoholic  solu- 
tion of  sodium  malonic  ether  forms  C^^lij^^ 
[191°],  which  is  v.  sol.  hot  alcohol,  insol.  cold 
water.  Its  alkaline  solutions  are  fluorescent. 
It  splits  up  when  heated  above  191°  into  CO2 
and  methyl-umbelliferoue  (Michael,  Am.  5,434  ; 
/.  pr.  [2]  35,  455  ;  37,  409).— 30.  Eesorcin  (7  pts.) 
heated  with  phthalic  anhydride  at  200°  forms 
FLuoKESCEiN  (vol.  ii.  p.  557).— 31.  Kesorcin 
(2  mols.)  heated  with  phthalimide  (1  mol.)  and 
H2SO,  at  100°  forms  G,,oH,3NSO„  a  light-yellow 
powder,  insol.  benzene  and  ether,  v.  sol.  alcohol. 
It  forms  C2„H,2NaNSO,  7aq  and  C„„H,,Ac2NS0„  a 
yellowish-green  crystalline  powder  (Ostersetzer, 
ilf.  11,425). — 32.  o-Bemo-yl-benzoic  acid  forms, 
on  heating,  di-oxy-tri-p)henyl-carbinol  carboxylic 
anhydride  {v.  vol.  iii.  p.  738).— 33.  Maleic  anhy- 
dride   forms,   on    heating,  maleic-fluorescein 

CO  — O-^  C  *\c"h^(0H)'^^'  ^^^'^'^  exhibits  deep 
green  fluorescence  in  alkaline  solution  and  gives 
crystalline  CieHgEt.Os  and  C„jHsAe20.  [157°] 
(Burckhardt,  B.  18,  2804). — 34.  Succinic  acid 
(13  g.)  heated  with  resorcin  (20  g.)  and  H.,S0,, 
(40  g.)  at  195°  forms  '  succinyl-fluorescein ' 
C.H,,03  or  ?  W>  c  <^«g^^(OH)>o^ 

is  crystalline  (containing  3aq)  and  fluoresces  in 
alkaline  solution.  It  yields  Ci^HsBr^Oj  (Nencki 
a.  Sieber,  J.  pr.  [2]  23,  153). — 35.  Tartaric  acid 
(1  mol.)  heated  with  resorcin  (2  mols.)  and 
il2S04  (1  p.c.)  at  165°  forms  resorcin -tartrein,  a 
dark  olive-green  powder,  which  fluoresces  in 
alkahne  solution  (Fraude,  B.  14,  2558).— 36. 
NajCOg  added  to  a  solution  of  resorcin  and 
quiiione  forms  a  deep-green  solution  changing 
through  yellow  to  brownish-red  on  shaking  with 
air  (Wurster,  B.  20,  2934).— 37.  Heated  with 
aniline  and  CaCl,  it  yields  ju-oxy-di-phenyi- 
amine.  With  aniline  and  ZnCI,  it  yields  di- 
phenyl-j«-phenylene-di-amine  (Calm,  B.  16, 
2780  ;  cf.  Merz  a.  Weith,  B.  14,  2345).— 38.  Alde- 
hyde in  presence  of  weak  acids  forms  C,^IL,fi^ 
or  CH3.CH(0.C,H,.0H).,,  yellow  crystals,  insol. 
water  and  ether,  sol.  alcohol.  At  120°  this  body 
is  converted  into  brown  crystalline  CosH2„0,.  By 
heating  the  compound  C,4H,  ,04  witli  zinc-dust 
in  a  current  of  hydrogen  at  300°,  resorcin  is  pro- 
duced. Ao.,0  at  140°  gives  C,4H,.Ac„0.,  [282°] 
(Causse,  Bl.  [2]  47,  89;  /.  Ph.  [5]  13,  354).— 39. 
Chloral  hydrate  in  aqueous  solution  containing 
NaHS04  forms  silky  needles  of  C,,H,20,.,  insol. 
water  and  benzene,  sol.  ether  and  alcohol.  Its 
alkaline  solutions  are  fluorescent.  It  yields  a 
diacetyl  derivative  [252°]  (Causse, -BZ.  [3]  3,  801). 
Kesorcin  and  ghjoxylic  acid  yield  the  same 
CijHjoOii.  By  boiling  chloral  hydrate  (5  pts.)  with 
resorcin  (10  pts.)  and  water  (40  pts.)  there  is 
formed  CgHi.Oj  crystallising  from  dilute  alcohol 
in  yellowish  needles,  and  yielding  Cj,H,Ac.,03 
[159°]  and  CJifiz.f),,  [105°]  (Michael  a.  Comey, 
Am.  5,  350). — 40.  Benzoic  aldehyde,  alcohol, 
and  a  little  HCl  give  C2,.H2o04  xaq  [above  330°], a 
colourless  resin,  insol.  water,  v.  e.  sol.  alcohol. 
Its  alkaline  solution  absorbs  oxygen  from  the 
air.    Ac.O  and  NaOAc  form  C.,,H„Ac404.  HCl 
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■converts  it  into  the  isomeric  C2,;H„o04  4aq  crystal- 
lising from  alcohol  in  dimetrio  tables,  reduced 
by  sodium-amalgam  to  C.^H^D,  crystallising 
from  alcohol  in  prisms,  and  converted  by  Ac.,0 
and  NaOAc  into  C.JI^^Acfi^  crystallising 
from  xylene  in  prisms  (Michael,  Am.  5, 
340). — 41.  CH3.CCI3  and  caustic  soda  form 
CH3.C(O.C,H,.OH)3  [159°],  V.  sol.  alcohol,  si.  sol. 
hot  water  (Heiber,  B.  24,  3684).— 42.  Camphor 
forms  the  compounds  CsHsO,,(C,„H,sO)  [29°], 
[a]i,  =  22-5°,  crystallising  in  hygroscoijic  rectangu- 
lar plates,  and  CsHg02(C|oH,sO)„,  a  syrupy  liquid, 
S.G.  15 1-037  ;  [<i]d  =  25-9°  (L6ger,  C.  R.  Ill,  110). 
43.  Phenyl-hydrazine  (2  mols.)  rubbed  with 
powdered  resorcin  (1  mol.)  forms  CgHgO.,2N.,H3Ph, 
crystallising  in  unstable  satiny  needles  [76°],  v. 
sol.  benzene  alcohol,  and  ether.  It  is  decom- 
posed by  water  and  alkalis  (Baeyer  a.  Kochen- 
dorfer,  B.  22,  2195).— 44.  Quinone  (1  moL) 
added  to  a  solution  of  resorcin  (1  mol.)  in  hot 
benzene  forms  C,2H,„0,,  [c.  90°]  crystaUising  in 
dark-red  needles  with  green  reflex,  m.  sol.  water 
(Nietzki,  A.  215,  136). — 45.  Cyanic  acid  passed 
into  an  ethereal  solution  of  resorcin  forms 
C^HsNjOj  [120°],  si.  sol.  ether,  m.  sol.  hot  water 
(Traube,  B.  22,  1579).— 46.  Phenyl  cyanate 
forms  at  100°  C,H4(0.C0.NHPh)„  [164°]  (Snape, 
C.  J.  47,  772).— 47.  Urea  (2  pts.)  in  a  current  of 
CO2  at  250°  forms  CjuHooNgOs  6aq,  an  olive-brown 
amorphous  powder,  melting  above  360°,  v.  si. 
sol.  hot  HOAc,  sol.  alkalis  (Birnbaum,  B.  13, 
1619).— 48.  Heated  with  aqueous  KHCO.,  or 
ammonium  carbonate  it  yields  di-oxy-benzoic 
acid. — 49.  Besorcin  (1  pt.)  mixed  with  acetone 
(2  pts.)  and  fuming  HClAq  (1  pt.)  forms  Cj^HiuOj 
or  CMe._,(O.CBH,.OH),,  which  crystallises  in  small 
prisms  [213°],  insol.  water  and  ether,  sol.  KOHAq 
and  Na^CO^Aq.  It  is  decomposed  by  heat  into 
acetone  and  resorcin.  It  forms  a  crystalline 
hydrate  C,,H,504aq.  Ac.,0  yields  CuHuAcOj 
[126°]  while  BzCl  gives'  G,.^^fizS>i  [115°] 
(Causse,  Bl.  [3]  7,  563).— 50.  Eesorcin  (20  g.) 
heated  with  K.,CS,  under  pressure  at  100°  forms 
CjH.SjOo  [150°-155°],  si.  sol.  CS,,  converted  by 
potash-fusion  into  resorcin  and  (4,2,l)-di-oxy- 
benzoic  acid  [205°]  (Pribram  a.  Gliicksman,  M. 
13,  626). 

Mono-methyl  ether  C,H4(0H)(0Me). 
(244°).  V.D.  (H  =  l)  62-2  (obs.).  Formed  by 
heating  resorcin  (1  mol.)  with  KOH  (1  mol.) 
and  KMeSOj  at  160°  (Habermann,  B.  10,  868). 
Formed  also  from  resorcin,  NaOMe,  and  Mel 
(Tiemann,  B.  13,  2362  ;  14,  2019).  Prepared  by 
heating  resorcin  with  MeOH  and  KHSO4  for 
10  hours  at  180°  (Wallach,  B.  16,  151).  Liquid, 
sol.  hot  water,  alcohol,  ether,  benzene,  and 
NaOHAq.  Slightly  volatile  with  steam.  FeCij 
colours  its  solution  violet.  Acetic  anhydride 
forms  CsH4(0AcU0Me)  (255°).  KOHandK.S.O, 
form  C|iH4(OMe)(S04K),  crystallising  in  plates, 
sol.  water  and  hot  alcohol. 

Di-methyl  ether  C,H4(0Me).,.  (215°) 
(E.  Schiff,  B.  19,  562) ;  (224°)  (Stohmann). 
V.D.  68-8  (obs.).  S.V.  157-13.  S.G.  2  i-075. 
H.F.p.  74,034  [0,0,  =  94,000;  H.„0  =  69,000] 
(Stohmann,  J.  pr.  '[2]  35,  27).  S.V.  157-1. 
Prepared  by  heating  resorcin  (1  pt.)  with  MeOH, 
KOH  (1-5  pts.),  and  Mel  (3  pts.)  for  6  hours  at 
250°  (Oechsner  de  Coninck,  Bl.  [2]  34,  149). 
Oil,  V.  sol.  alcohol  and  ether.  Volatile  with 
steam.    Not  coloured  by  FeClj. 


Methyl  ethyl  ether  C„H4(0Me)(0Et). 
(216°).  Formed  from  C„H4(0H)(0Me),  EOH, 
and  KEtSO,  at  165°  ;  the  product  being  distilled 
with  steam  (Spitz,  M.  5,  488).  Liquid. 

Methyl  propyl  ether  C5H4(OMe)(OPr). 
(226°).    Colourless  liquid. 

Methyl  isobutyl  ether 
C5H4(OMe)(OCH,¥r).    (234°).  Liquid. 

Methyl  isoamyl  ether 
C6H4(OMe)(OG,H„).    (236°).  Liquid. 

Mono-ethyl  ether  C,H4(0H)(0Et). 
Liquid.  HNO3  saturated  with  nitrous  acid 
added  to  its  ethereal  solution  at  0°  forms 
C,H3(N0,)(0H)(0Et)  and  two  colouring  matters  : 
CjiHjuNjOs  [230°]  crystallising  in  red  needles, 
insol.  water,  si.  sol.  boiling  alcohol,  forming  a 
purple  solution  in  H2SO4;  and  C„H„N03  [228°] 
crystallising  in  orange-red  needles,  forming  a 
bluish-violet  solution  in  H.SO^  (Weselsky  a. 
I  Benedikt,  M.  1,  891). 

I      Di-ethyl     ether     CeH^OEt),.  [12-4°]. 

j  (229°)  (PukaU,  B.  20,  1140) ;  (235°)  (Herzig  a. 
Zeisel,  M.  11,  300).    Formed  from  resorcin, 

I  KOH,  and  EtI.  Colourless  prisms,  volatile  with 
steam.  On  adding  one  drop  of  KNO.,  solution 
followed  by  HClAq  to  its  solution  in  HOAc,  an 
intense  emerald  green  colour  is  produced. 
Yields  two  di-bromo-  derivatives  [101°]  and  [77°]. 
Converted  by  dissolving  in  HOAc,  adding  NaNO.,, 
and  passing  in  HCl  into  C,H3(N0)(0Et).,  [123°] 
and  C,H3(N0)(0H)(0Et),  whence  BzCl  forms 
yellow  crystals  of  C,H3(N0)(0Et)(0Bz)  [155°] 
(Kraus,  M.  12,  374). 

Hexa-chloro-di-vinyl  ether 
C,H4(OC,Cl3)„.     [54°].     Formed    by  heating 
CsHjjoAc).,  with  PCI5  at  100°  (Michael,  Am.  9, 
210).  Long  prisms,  insol.  hot  water. 

Di-propyl  ether  C„H4(OPr)2.  (251°). 
V.D.  7-02  (obs.).  Liquid,  m.  sol.  hot  water, 
sol.  alcohol,  ether,  and  ligroin  (Kariof,  M.  1, 
258  ;  B.  13,  1677).  Br  forms  CoH3Br(OPr),,  [70°]. 

Mono-henzyl  ether  C,H4(OH)(6CjH,). 
Formed  from  resorcin,  KOH,  alcohol,  and  benzyl 
bromide  (Schiff  a.  Pellizzari,  A.  221, 376  ;  G.  13, 
504). 

Di-henzyl  ether  C,H4(0C,H,)2.  [76°]. 
Glittering  tables  (from  alcohol). 

Tetra-ni  tr 0 -di-phcnyl  ether 
C,H,(O.C6H3(NOj)„)2.  [184°].  Formed  from 
resorcin,  NaOEt,  and  (l,2,4)-chloro-di-nitro- 
benzene  in  alcohol  (Nietzki  a.  Schiindelen,  B. 
24,  3586).  Colourless  plates.  Converted  by 
HNO3  into  a  penta-nitro-  derivative  [68°],  and 
by  H,,S04  and  HNO3  into  the  hexa-nitro-di- 
phenyl  ether  [220°]. 

Di-acetyl  derivative  CjH4(OAc)2. 
(273°)  (Nencki,  J.  pr.  [2]  23,  147) ;  (278°  i.V.) 
(Typke,  B.  16,  552).  Formed  from  resorcin 
and  AcCl  (Malin,  A.  138,  78).  Oil. 

Di-benzoyl  derivative  CuH4(0Bz)„. 
[117°].  H.F.  124,598  (Stohmann,  J.  pr.  ['2] 
36,  10).  From  resorcin  (5  g.),  benzoic  acid  (11  g.) 
and  POCI3  (13  g.),  the  latter  being  added  slowly 
(Kasinski,  J.  pn:  [2]  26,  64).  Formed  also  by 
shaking  resorcin  with  BzCl  and  NaOHAq  (Hius- 
berg,  A.  254,  254).    Plates  (from  ether). 

Anhydride  C,,,H,„03  i.e.  0(C.H4.0H).,. 
Besorcinyl  oxide.  Resorcin  ether.  Formed  by 
heating  resorcin  with  NaOH  and  COj  (Bottinger, 
B.  9,  182),  with  Na  and  CO^  (Barth,  B.  9,  308), 
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■with  HClAq  under  pressure  (Barth  a.  Weider, 
B.  10,  1464),  or  with  H„SO,  (Barth,  A.  164,  122  ; 
Kopp,  B.  6,  447;  Annaheim,  B.  10,  976). 
Formed  also  by  heating  resorcin  at  195°  with 
the  disulphonie  acid  of  resorcin  or  of  phen- 
anthrene  (Hazura  a.  Juhus,  M.  5, 191).  Brownish- 
red  amorphous  powder,  acquiring  by  pressure  a 
green  metallic  lustre.  Nearly  insol.  water,  v. 
si.  sol.  cold  alcohol  and  ether.  KOHAq  forms  a 
dark  red  solution  with  green  fluorescence.  Pot- 
ash-fusion reconverts  it  into  resorcin.  Oxidised 
by  nitric  acid  to  isophthalic  acid.  Yields 
Ci-H^ACjOj,  which  forms  a  reddish-violet  solution 
in  alkalis,  and  Cj.HgBi-jOj. 

Anhydride  Co^HigOj.  Formed,  together 
with  Ci^HioO.,,  by  heating  resorcin  with  HClAq 
at  180°.  Brick-red  powder,  v.  sol.  alcohol  and 
ether.  Its  alkaline  solution  is  brownish-yellow 
with  violet-blue  fluorescence.  Yields  C.^HigACjO^ 
and  C._,,H|.^Br,,05.  Oxidised  by  nitric  acid  to 
isophthalic  acid. 

Resazurin  C,.,H„NO,  (B.  a.  K.),  or  Ci,H,NO, 
(Nietzki,  B.  22,  3021 ;  24,  3366).  Diazorhorcin. 
Azoresorcin.  Resazo'in.  Formed  by  the  action 
of  nitrous  acid  on  an  ethereal  solution  of  resorcin 
(Weselsky,  B.4,  618  ;  M.  1,  889  ;  5,  607).  Formed 
also  by  the  action  of  MuO^  and  H^SOj  on  an  al- 
coholic solution  of  resorcin  and  nitroso-resorcin. 
Prepared  by  adding  fuming  HNO3  (6  c.c.)  to  re- 
sorcin (10  g.)  dissolved  in  ether  (500  c.c.)  at  —7°. 
Dark-red  prisms  with  green  reflex.  Insol.  water 
and  ether,  v.  si.  sol.  cold  alcohol  and  HO  Ac.  Its 
alkaline  solutions  are  bluish-violet.  Cone.  HoSO., 
forms  a  red  solution.  HCl  forms  a  crystalline  hy- 
drochloride. Yields  Ba(C,2H,.N0j),,  crystallising 
in  brown  needles,  and  a  sodium  salt,  which  forms 
greenish  needles,  v.  sol.  water,  si.  sol.  NaOHAq, 
fluorescing  brick  red  in  dilute  alcoholic  solution. 
Kesazurin  forms  C|.,H3Br,N0,,  on  bromination. 

Reactions. — 1.  AcCl  in  a  sealed  tube  at  100° 
forms  C,.,H„C1„N03  (?)  crystallising  from  HOAc 
in  golden  plates  and  amorphous  G.iH.jiCljN.^O,;  (?) 
(Weselsky,  A.  162,  288  ;  Brunner  a.  Kramer, 

B.  17,  1854).— 2.  Cone.  H„SO,  at  210°  and  cone. 
HClAq  at  100°  form  resorufin. — 3.  On  heating 
with  tin  and  cone.  HClAq  an  emerald-green  solu- 
tion is  got,  from  which  on  cooling  '  hydrodiazo- 
resorufin  hydrochloride  '  separates  as  colourless 
leaflets  or  needles,  which,  when  exposed  to  air,  ac- 
quire a  coppery  lustre,  and  when  heated  in  a  cur- 
rent of  air  produce  resorufin.  Hydrodiazo-reso- 
Tufin  is  dioxyphenoxazine,  the  formula  being 

C,  H3(0H)  <^j^>C,H,OH  (Nietzki,  B.  22,  3020). 

4.  Hot  cone. HNO3 forms  'tetrazoresorcin  nitrate ' 
C,sHgN,0,5  (?),  crystallising  in  lustrous  garnet- 
red  needles,  sol.  water,  alcohol,  and  ether  with 
indigo-blue  colour.  According  to  Brunner  a. 
Kramer  {B.  17,  1864 ;  18,  587)  these  crystals  are 
tri-nitro-resazurin  C,.,H,;(N0,)3N0j.  By  heating 
them  with  cone.  HNO3  Weselsky  obtained 
'  tetrazoresorufin  nitrate  '  C3,;H„N,^0._,,(?),  crystal- 
lising from  NHO3  in  dark-red  needles,  and  from 
wet  ether  in  purple  needles  (containing  11  aq). 
Tin  and  HClAq  acting  upon  either  of  these 
bodies  form  a  red  body,  probably  tri-amido- 
resorufin  hydrochloride,  and  a  colourless  body, 
probably  tri-arnido-di-oxy-phenoxazine.  By 
passing  air  through  an  ammoniacal  solution  of 
the  colourless  body  there  are  formed  lustrous 
green  crystals  of  '  hydroimidotetrazoresorufin  ' 


C36H,,N„0,aq  (W.)  or  C,,,H„(NH,,)3N0,  (B.) 
(possibly  tri-amido-resorufin).  —  5.  Bromine 
added  to  its  solution  in  NaOHAq  forms 
(C,,,H-Br,NO,|)HBr  as  a  lustrous  green  mass, 
forming  a  blue  alcoholic  solution  with  red 
fluorescence  (Brunner  a.  Kramer,  B.  17,  1862). 
Nietzki  obtained  CijHjBriNO^,  which  gave 
C|._,H,,NaBr|N04  2aq,  crystallising  from  dilute 
alcohol  in  lustrous  green  prisms. — 6.  Oxidised 
in  KOH  solution  by  H,0,_,  to  oxyresazurin 
C,sH,.,N„0;  (?),  which  forms  almost  colourless 
crystals  giving  a  reddish -yellow  solution  in 
alkalis.  This  compound  is  also  formed  by 
alkaline  KMnO^.  It  is  reduced  by  zinc-dust  to 
C|sH|,N.,0-  (?),  crystallising  in  colourless  needles 
(Ehrlich,  M.  8,  425). 

Acetyl  derivative  C^.H^AcNO^.  [222°]. 
Formed  by  heating  the  sodium  compound  with 
NaOAc  and  Ac,0  at  100°  (Nietzki,  B.  22,  8024). 
Euby-red  needles. 

Ethyl  ether  C,;H,.EtNO.,.  [215°].  Formed 
from  the  Ag  salt,  alcohol,  and  EtI.  Dark-red 
needles.  According  to  Weselsky  the  formula  of 
the  ether  [202°]  got  from  resazurin,  alcohol,  and 
HCl  at  100°  is  C,sH8Et,,N,0,. 

I      Resoruftn  C|„H.NO.,  i.e. 

!  CO.CH:C.O.C.CH:C.OH      ,  ^  t^- 

CH:CH.C:N.C.CH:CH  '  ^-oresorufin.  Diazo- 
fesorufin. 

Formation. — 1.  By  heating  resazurin  with 
cone.  H,,S04  at  210". — 2.  By  heating  resorcin 
with  a  solution  of  nitrous  acid  in  H.SOj  (Brunner 
a.  Kramer,  B.  17, 1847). — 8.  By  warming  nitroso- 
resorcin  with  resorcin  and  H.SO.,  (Fevre,  Bl.  [2] 
39,  593). — 4.  By  heating  resorcin  with  nitro- 
'  benzene  and  H2SO4  at  170°. — 5.  By  the  action 
j  of  zinc-dust   on  an  ammoniacal   solution  of 
;  resazurin  (Weselsky  a.  Benedikt,  M.  5,  608). — 
6.  By  boiling  resazurin  (1  pt.)  with  FeCL  (2  pts.) 
and  fuming  HClAq  (10  pts.)  and  ppg.  with  water 
(W.  a.  B.). — 7.  By  action  of  nitroso-phenol  on 
resorcin  or  of  nitroso-resorcin  on  phenol  in 
presence  of  H,SO.,  (Nietzki,  B.  22,  3020 ;  23, 
718). — 8.  By  adding  MnO,_,  to  a  solution  of  p- 
j  amido-phenol  and  resorcin  in  cone.  H.jSOj. 

Proioertics.  —  Small  dark-red  grains  (from 
dilute  HClAq),  insol.  water  and  ether,  si.  sol. 
alcohol.  Forms  a  bluish- violet  solution  in  H^SO^. 
Alkalis  form  a  crimson  solution  with  scarlet 
fluorescence. 

Reactions. — 1.  Eeduced  by  tin  and  HClAq 
or  by  zinc  and  HClAq  to  dioxy-phenoxazine 
CijH.iNOj,   crystallising    in    nearly  colourless 
needles,  which  soon  become  green  in  the  air,  and 
yielding  C,„H,;Ac.jN03   [216"]   crystallising  in 
colourless  needles,  si.  sol.  hot  alcohol. — 2.  Bro- 
mine added  to  the  alkaline  solution  yields  the 
j  sodium  salt  CivHJJr^NOjNa  2aq,  crystallising  in 
j  lustrous  green  needles.  —  3.  Nitric  acid  (S.G.  1-37) 
forms  a  body  crystallising  in  green  needles, 
j  forming  a  purple  solution  in  water,  alcohol,  and 
I  ether.    This  body  is  probably  tri-nitro-resorulin. 
j  4.  Fuming  HCl  at  100°  forms  '  azoresorufyl 
I  chloride  '  C.,4H„jCl4N,05  (?)  crystallising  in  red 
plates,  sol.  ether  (Brunner  a.  Kramer,  B.  17, 
i  1857).     Its    alkaline    solution    exhibits  red 
fluorescence. 

Acetyl  derivative  CioHsAcNOg.  [223°]. 
Formed  by  heating  resorufin  with  Ac.,0  and 
NaOAc.  Orange  scales,  v.  sol.  acetone,"  si.  sol. 
alcohol  and  ether. 
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Ethyl  e^Tier  CjjH.EtNOa.  [225°].  Orange- 
red  needles  (Nietzki). 

Nitroso-resorcin  v.  vol.  iii.  p.  619. 
Diresorcin  v.  Tetea-oxy-diphentl. 
References. — Amido-,  Amido-di-isiido,  Beomo-, 

Dl-BEOMO-AMIDO,  BkOMO-NITEO-,  ChLOKO-,  IoDO-, 
Dl-IODO-NITR0-,NlTEO-,NlTEO-AMIDO-,andNlTBOSO- 
EESOECIN. 

KESOKCIN-AZO-  v.  Azo-  compounds  and 

DiSAZO-  COMPOUNDS. 

RESOECIN-BENZEIN     v.  Tetka-ox?-tei- 

PHEN  YL-  CABBINOL. 

KESORCIN  CARBOXYLIC  ACID  v.  Di-oxy- 

BENZOIC  ACID. 

Kesorcin  (a)-dicarboxylic  acid 
C,Hj(OH),(CO,H),.  [276°].  Formed,  together 
with  di-oxy-benzoic  acid,  by  heating  resorcin 
(1  pt.)  with  ammonium  carbonate  (4  pts.)  and 
water  (5  pts.)  in  a  sealed  tube  (Senhofer  a. 
Brunner,  Bn.  2,  1266).  Minute  tables  (from 
water),  v.  si.  sol.  hot  water.  FeClj  colours  its 
aqueous  solution  red. — KHA"  aq :  needles. — 
K2A"3aq  :  needles,  v.  e.  sol.  water. — BaA"  5iaq: 
needles. — CuA"5|aq. — AgjA"  :  amorphous  pp. 

Resorcin  (;8)-dicarboxylic  acid 
CeH„(OH).,(CO.,H),,.  [250°].  Formed  by  heating 
(l,3,5)-di-oxy-benzoic  acid  with  ammonium  car- 
bonate and  water  (S.  a.  B.).  Four-sided  prisms 
(containing  aq),  si.  sol.  cold  water.  FeCl,  colours 
its  solution  violet.  —  K.,A". — Ba(HA")2  7aq. — 
BaA"  4aq  :  needles.  —  BaoCgHaOg  2aq  (dried  at 
160°).— PbCjH.Oe  liaq.— CuA''  S^aq. 

Resorcin  dicarboxylic  acid 
C„H,(OH),(C02H)„[4:2:5:l]  (?).    [192°].  Formed 
by  oxidising  the  corresponding  aldehyde  [127°] 
(Tiemann  a.  Lewy,  B.  10,  2212).  Slender  needles. 

Diresorcin  dicarboxylic  acid  v.  Tetea-oxy- 

DIPHENTL  DICAEBOSYLIC  ACID. 

RESORCIN  ALDEHYDE  v.  Di-osy-benzoic 

ALDEHYDE. 

Resorcin  dicarboxylic  aldehyde  v.  Di-oxy- 

ISOPHTHALIC  ALDEHYDE. 

RESORCIN-INDOPHANE  C^H^NA-  Ppd., 
as  K  salt,  by  warming  potassium  tri-nitro- 
resorcin  with  aqueous  KCy  (Schreder,  A.  163, 
297).  Small  lustrous  needles,  forming  a  bluish- 
violet  aqueous  solution. — NaoCDHjNjOg  aq.  — 
KoCf,H„N^Os  aq  :  dark-brown  luiitrous  crystals, 
exploding  when  heated. —  BaC<,H„N,0,  aq. 

DIRESORCIN-PHTHALElN  '  C3,,H,„0,„  5Uq 
(Link,  B.  13,  1654)  or  a„H,20e  (Benedikt"  a. 
Juhus,  M.  5,  182).  [245°].*  Formed  by  heating 
diresorcin  (tetra-oxy-diphenyl)  with  phthalic 
anhydride  and  SnCl^  or  H^SO,  at  115°.  Silvery 
plates  or  needles,  forming  an  indigo-blue  solu- 
tion in  alkalis.  Converted  by  heating  with  zinc- 
dust  and  caustic  soda  into  diresorcin-phthalin 
C32H,jO_,„8iaq  (L.)  or  C,„H„0,2aq  (B.  a.  J.), 
crystallising  from  water  in  colourless  plates 
[238°],  forming  a  colourless  solution  in  alkalis. 

RESORCIN  SULPHONIC  ACID 
CsH3(OH),(S03H).     Formed  by  potash-fusion 
from  the  disulphonic  acid  (H.  Fischer,  M.  2, 
337).— KA'  2aq  :  crystals. 

Resorcin  disulphonic  acid  CeH„(OH),(S03H)2. 
Prepared  by  sulphonation  of  resorcin  (Piccard  a. 
Humbert,  B.  9, 1479  ;  Tedesohi,  B.  12, 1267).  De- 
liquescent needles  (containing  2aq),  sol.  water 
and  alcohol,  insol.  ether.  FeClj  gives  a  red 
colour.     Gives  phloroglucin  on  fusion  with 


potash.  Bromine  forms  tri-bromo-resorcin  everk 
in  the  cold.— K^A"  aq :  needles. — K^A"  4aq  :  deli- 
quescent needles.  —  Na„A"  aq.  —  BaA"  3aq.  — 
BaA"  3|aq.— BajCgH-iSjOs  4aq.— CuA"  lOaq:  tri- 
clinic  crystals.— BaX„H„S„Os  5aq :  crystals. — 
Pb,C,;H„S.,0,4aq. 

Resorcin  disulphonic  acid 
C„H„(0H),(S03H)„.  Formed  from  di-amido- 
benzene  disulphonic  acid  by  the  diazo-  reaction 
(Limpricht,  B.  8,  290).  Long  four-sided  needles. 
BaA"  2aq  :  crystalline  pp.,  got  by  adding  alcohol 
to  its  aqueous  solution. 

Resorcin  trisulphonic  acid  CsH(OH)2(S03H)3. 
Formed  by  heating  the  disulphonic  acid  with 
fuming  at  200°  (Piccard  a.  Humbert,  B. 

10,  182).  In  neutral  solution  it  gives  a  violet 
colour  with  FeClj. — Ba.5A"'„  3^aq.  Insol.  water 
and  HClAq. 

References. — I0D0-,  Niiko-,    and  Niteoso- 

BESOBCIN  SULPHONIC  ACID. 

RESORCYLIC  ACID  v.  Di-oxy-benzoic  acid. 
RESORCYIIC  ALDEHYDE  v.  Di-oxy-benzoic 

ALDEHYDE. 

Resorcylic  dialdehyde  v.  Di-oxy-isophthalic 

ALDEHYDE. 

RETENE  C„H„  i.e.  eH."jH!MePr[l:2:6:3]' 
Mol.  w.  234.  [98-5°].  (394°)  (Schweizer,  A.  264, 
195).  V.D.  8-3  (calc.  8-1)  (Knecht,  B.  10, 
2074).  S.  (95  p.c.  alcohol)  3  in  the  cold ;  69  at 
78°.  S.G.  (solid)  1-13  at  16°.  H.C.v.  2,323,600. 
H.C.p.  2,326,100.  H.F.  -13,100  (Berthelot  a. 
Vieille,  A.  Ch.  [6]  10,  447).  Occurs  in  scales  ia 
fossil  pine-stems,  accompanying  fichtelite  in 
peat  bogs,  and  is  a  product  of  the  distillation  of 
wood  (Fritsche,  J.pr.  75,  281 ;  Fehling,  A.  106, 
388 ;  Wahlforss,  Z.  [2]  5,  73 ;  Krauss,  A.  106, 
391;  Ekstrand,  Bl.  [2]  24,  53;  A.  185,  75; 
Bamberger  a.  Hooker,  A,  229,  115).  Produced 
by  passing  acetylene  through  a  red-hot  tube 
(Berthelot,  J.  1866,  516).  White  plates,  soL 
alcohol,  V.  sol.  hot  HOAc,  ether,  and  OS,.  Not 
attacked  by  potash-fusion  or  by  alkaline  KMnOj. 
Dissolved  by  fuming  HNO3.  It  is  not  attacked 
by  sodium-amalgam  or  HIAq  at  200°. 

Reactions. — 1.  Absorbs  chlorine,  forming 
CjgHisCL,  which  splits  up  on  heating  into  HCl 
and  chloro-retene  C,gH,,Cl,  a  crystalline  body. — ■ 

2.  Bromine  and  water  form  di-bromo-retene 
CigHigBrj  [180°]  crystallising  from  CSjin  colour- 
less tables.  Excess  of  Br  at  100°  forms  viscid 
C,sH„jBre  and  crystalline   C,8H,4Br,  [212°].— 

3.  Oxidised  by  chromic  acid  mixture  to  retene- 
quinone,  phthalic  acid,  and  HOAc.  CrOg  in 
HOAc  forms retenequinone,  retenicacid  CigHigOj, 
and  an  acid  CigHjgOj  crystallising  from  hot  alco- 
hol in  plates  [139°],  forming  NaA'  and  BaA'^, 
both  crystallising  in  plates. 

Compound  with  picric  acid 
C,sH„C„H,(N0„)30H.  [124°].  S.  (95  p.c.  alco- 
hol) 2-3  at  16°;  20  at  78°.  Orange-yellow 
needles  (from  alcohol).  Decomposed  by  water. 
Crystallises  as  (C,3H,J(C,HJC,H3N307  from 
benzene. 

Compound  with  di-nitro-anthra- 
quinone.  Dark  orange-red  needles  (from 
HOAc). 

Tetra-hydride  CisH,,,.  (280°  at  50  mm.). 
Formed  by  adding  Na  to  a  solution  of  retene  in 
isoamyl  alcohol  (Bamberger  a.  Lodler,  B.  20, 
3076).    Pale-yellow  liquid. 
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Dod eca-hydride  C,gH,„.  (336°  uncor.). 
Formed  by  heating  reteue  with  HI  and  P  at 
260°  (Liebermann  a.  Spiegel,  B.  22,  780). 
Colourless  oil  with  bluish  fluorescence.  Yields 
no  retenequinone  when  oxidised  by  HNO3. 

PerhydrideC,Jl,„.  [48^.  (335°  i.V.)  at 
719  mm.  V.D.  8-69  (calc.  8-58).  This  is  pro- 
bably the  constitution  of  fichtelite  (Bamberger 
a.  Strasser,  B.  22,  3361 ;  Spiegel,  B.  22,  336y  ; 
c/.  vol.  ii.  p.  548).  By  heating  with  iodine  it  is 
converted  into  C,sH,,(,  (346°  cor.)  at  714  mm. 

KETENE-FLUORENE  v.  Mbthyl-isopkopyl- 

FLUOKENE. 

RETENE-GLYCOLLIC  ACID  CisH^O^  i.e. 
C„iH,„:C(OH).CO,H.  Formed  by  boiling  retene- 
quinone with  NaOHAq  (Bamberger  a.  Hooker, 

A.  229,  132).  White  crystals,  si.  sol.  hot  water. 
— AgA' :  flocculent  pp.,  si.  sol.  hot  water. 

RETENE   KETONE  v.  Methyl-isoproptl- 

DIPHENYLENE  KETONE. 

RETENEQUINONE  Cj^HiA  i.e. 
Co'c^Il'MePr'  Retistenequiiione.  Dioxy- 
retistene.  [192°].  S.  (95  p.o.  alcohol)  -15  at 
0° ;  2-2  at  78°.  Formed  by  oxidising  retene 
with  CrOj  in  HOAe  (Wahlforss,  Z.  [2]  5,  73 ; 
Ekstrand,  A.  185,  75  ;  Bamberger  a.  Hooker,  B. 
18,  1024 ;  A.  229,  117).  Orange-red  prisms,  v. 
si.  sol.  cold  alcohol  and  ether,  si.  sol.  aniline 
and  HOAc,  sol.  benzene  and  chloroform.  Not 
attacked  by  01  in  the  cold.  Not  affected  by  hot 
HNO3.  Cone.  HoSO,,  forms  a  green  solution. 
Alcoholic  potash  imparts  to  its  alcoholic  solu- 
tion a  claret  colour  which  disappears  on  shaking 
with  air,  but  reappears  on  warming  in  absence 
of  air. 

Reactions. — 1.  Bromine  forms  C,sH,^Br,02 
[252°],  crystallising  from  HOAc  in  orange  prisms. 

2.  Cold  NaOHAq  does  not  dissolve  it,  but  on 
boiling  converts  it  into  retene-glycoUic  acid. — ■ 

3.  On  distillation  with  baryta  it  yields  retene- 
ketone  and  oily  C,,H2,  (215-220°).— 4.  Distilla- 
tion with  zinc-dust  forms  retene. — 5.  HI  and  P 
reduce  it  to  retene. — 6.  In  boiling  alcoholic  solu- 
tion it  is  reduced  by  sodium-amalgam  to  retene 
diphenic  acid  C,gH,g(C0,_,H)2,  an  unstable  resin 
yielding  Ag.,A". — 7.  KMnOj  forms  oxy  isopropyl- 
diphenylene  ketone  carboxylic  acid.— 8.  Phenyl- 

C'N 

ene-o-diaininetoxm&  G^^^^<^^_^^C^I^^,  crystal- 
lising in  needles  [164°],  insol.  water,  si.  sol.  alco- 
hol, V.  sol.  ether,  resinified  by  strong  acids.— 
9.  Alcoholic  ammonia  added  to  a  solution  of  the 
quinone  in  chloroform  slowly  forms  the  imide 
C„H,^0(NH),  crystallising  in  unstable  golden 
needles. — 10. Aqueous SO.^ forms  hydroretene- 
C  OH' 

quinone    CI,^;H,|j<^|jp^JJ•,  crystallising  in  white 

plates,  sol.  alcohol  and  alkalis.  The  same  body 
is  got  by  reducing  the  quinone  with  Zn  and 
NaOHAq.  It  is  oxidised  by  air  to  retenequinone. 

Oxim  C,8H„0(N0H).  [128-5°].  Golden 
needles  (from  alcohol),  decomposed  by  acids  into 
the  quinone  and  hydroxylamine.  Forms  green 
compounds  with  iron  mordants  (Von  Kostanecki, 

B.  22,  1347). 

RETENE  DISULPHONIC  ACID 
Ci8H,„(S03H).,.    S.  c.  40  in  the  cold.  Formed 
by  sulphonation  (Ekstrand,  A.  185,86).  Needles 
(containing  10  aq),  v.  sol.  water  and  alcohol. 
Its  aqueous  solution  is  ppd.  by  H.>S0,„  forming 
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HA"5H,S0,„  crystallising  in  hair-like  needles. — ■ 
K,A"Aaq"  (dried  at  100°).  S.  c.  18.  Small  silky 
needles. — Na.A"iaq  (dried  at  100°).  S.  c.  40  in 
the  cold.— BaA"6aq.  S.  1-6.- SrA"  liaq.  S.  4.— 
CaA"8aq.  S.5.— MgA"2aq(driedatldO°).  S.4.— 
CuA''5aq:  long  needles.  S.  c.  30. — PbA"aq 
(dried  at  100°).    S.  2. 

Chloride  C,8H„(S02C1)„.  [175°].  Prisms 
(from  HOAc). 

Retene  trisulphonic  acid  C,8H,5(S03H)3. 
Got  by  heating  retene  with  fuming  H,S6,  at 
100^.  Crystalline  mass,  v.  sol.  water,  alcohol, 
and  ether;  not  ppd.  by  HjSOj. — BajA"'„18aq. 
Needles.    S.  7. — Pb,jA"'„18aq  :  slender  needles. 

RETENIC  ACID  C.^HisO^.  [222°].  A  pro- 
duct of  oxidation  of  retene  (Ekstrand,  A.  185, 
111).  Needles  (from  alcohol),  v.  sol.  alcohol, 
ether,  and  HOAc.  May  be  sublimed. — NaA  : 
IDlates,  m.  sol.  water. 

RETINAPHTHA  is  Toluene. 

RETINDOLE  v.  Indole. 

RETISTENE  is  Ebtene. 

RHAMNETIN    is    the    Methyl    ether  of 

QUEECETIN  (g.  v.). 

EHAMNITE  C,  H,  A  i-e- 
CH,.CH(OH).CH(OH).CH(OH).CH(OH).CH.,OH. 
[121°].  [ci]d  =  10-7°.  Formed  by  reducing  isodul- 
cite  with  sodium-amalgam  in  a  solution  kept 
nearly  neutral  by  H,,SO.,  (E.  Fischer  a.  Piloty,  B. 
23,  3104).  Triolinic  crystals,  with  sweet  taste, 
V.  sol.  water  and  alcohol,  si.  sol.  chloroform,  v. 
si.  sol.  ether.  Dextrorotatory.  Does  not  reduce 
Fehling's  solution. 

RHAMNOHEPTOSE  G^^ifi-, 
CH(0H).CH(0H).CH(0H).CH3      .  .00 
CH(OH).CH(OH).CH(OH).CHO-    W^-"  • 
Formed  by   the   action  of  sodium-amalgam 
on  the  lactone,  [c.  160°],  [a]D  =  55-6°,  of  hexa- 
oxy-ootoic  acid,  which  is  formed  from  rhamno- 
hexose  by  successive  treatment  with  HCy  and 
baryta  (Fischer  a.  Piloty,  B.  23,  3106).  Sweet 
syrup.  Dextrorotatory.  Yields  C6H,„0,(N,HPh) 
[200°]  and  C8H,j03(N2HPh).  [c.  200°].  Con- 
verted by  treatment  with  HCy,  followed  by 
saponification,    into     hepta-oxy-ennoic  acid 
CH(OH).CH(OH).CH(OH).CH, 
CH(OH).CH(OH).CH(OH).CH(OH).CO,H' 
lactone   of  which   [c.   172°]   is  liBvorotatory 
[a]  I,  =  -51°. 

RHAMNOHEXITE  C-H^O^  i-e- 
CH(0H).CH(0H).CH(0H).CH3 
CH(OH).CH(OH).CH„(OH) 
[a]D  =  11'6°.    Formed  by  reducing  rhamnohexose 
with  sodium-amalgam  (Fischer  a.  Piloty,  B.  23, 
3106).    Small  colourless  prisms  (from  hot  al- 
cohol).   Does  not  reduce  Fehling's  solution. 

RHAMNOHEXOSE  C,H„08  i.e. 

CH3.GH(0H).CH(0H).CH(0H).UH(0H).CH(0H).CH0. 

[181°].  [a]D=-61°.  Formed  by  reducing  the 
lactone  of  isodulcite  carboxylic  acid  with  sodium- 
amalgam  in  acid  solution  at  a  low  temperature 
(Fischer  a.  Piloty,  B.  23,  3104).  Small  tables, 
si.  sol.  alcohol.  Its  aqueous  solution  tastes 
sweet.    Yields  a  di-phenyl-di-hydrazide  [200°]. 

RHAMNOSE  v.  Isodulcite. 

EHATANINE  CoH.jNOj.  S.  -8  at  100°. 
S  (alcohol)  -01  at  15°  ;  -04  at  78°.  Occurs  in 
the  extract  of  rhatany  root  (Wittstein,  J.  1854, 
656  ;  Euge,  Viertelj.  d.  nat.  Ges.  in  Zurich,  6, 
Heft  3  ;  Gintl,  Site.  W.  [2]  60,  668  ;  Kreitmair, 
A.  176,  69).    Spherical  groups  of  white  needles, 

D  D 
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insol.  ether.  Not  ppd.  by  lead  acetate  or  sub- 
acetate.  Kesembles  tyrosine.  On  heating  with  a 
little  solution  of  Hg(N0a)2  it  becomes  rose-red, 
and  gives  a  brown  pp.  on  further  addition  of 
Hg(N03)2.  Boiling  HNO,  gives  a  red  colour 
changing  to  blue,  and  finally  to  a  fluorescent 
green.  Sulphuric  acid  forms  a  sulphonic  acid 
C,|,H,2N03(S03H)  aq  crystallising  from  alcohol  in 
plates  yielding  BaA'2  2|aq  and  BaA'jSaq. 

Salts. — HjA"HCl:  monoclinie  prisms,  de- 
composed by  treatment  with  water  or  alcohol. — 
(H2A"),HJ>tCl6.— Na^A" :  deHquescent  amor- 
phous mass. — KjA". — BaA"  2aq. — SrA"  2aq. — 
CaA". — MgA".— Ag.,A"  :  minute  needles,  si.  sol. 
cold  water.— H2A"HN03.—H2A"H2S04 :  tri- 
metric  crystals. — H.,A"H3P04 :  small  prisms. 

KHATANITANNIC  ACID  C,,B.,fi,  (Eaabe, 
J.  1880,  1060).  Occurs  in  rhatany  extract  from 
the  root-bark  of  Erameria  triandra  (Wittstein, 
J.  1854,  656 ;  Grabowski,  A.  143,  274).  Amor- 
phous, sol.  water.  Eeduces  Fehling's  solution. 
Gives  a  dark-green  colour  with  FeClj.  Yields 
phloroglucin  and  protocateehuic  acid  on  fusion 
with  potash.  Boiling  dilute  HjSOj  forms  '  rha- 
tania-red  '  CauHigOg,  which  yields  pyrocatechin 
on  distillation. 

KHINACANTHIN  Ci.HigO^.  Occurs  in  the 
root  of  PJiinanthus  communis  (Liborius,  J.  1881, 
1022).  Tasteless  resin,  sol.  alcohol.  Does  not 
form  glucose  on  boiling  with  HClAq. 

EHINANTHIN  C„,H,,02„  (L.)  or  C.^H^.O^o. 
A  glucoside  occurring  in  the  seeds  of  the  yellow 
rattle  (Bhinantlms  crista-galli),  and  giving  rise 
to  the  violet  colour  of  bread  prepared  from  rye 
contaminated  with  these  seeds.  Occurs  also  in 
the  seeds  of  Alectrolophus  Mrsutus  (Ludwig,  Z. 
[2]  5,  303;  Ar.  Ph.  [2]  142,  199),  and  in  the 
leaves  and  stalks  of  the  snap-dragon  {Anti- 
rhinum  mapis)  (Phipson,  C.  N.  58,  99).  Stel- 
late groups  of  prisms,  with  bitter-sweet  taste,  v. 
sol.  water  and  alcohol.  Gives  a  bluish-green 
solution  on  warming  with  alcoholic  HCl.  Ee- 
solved  by  dilute  HClAq  into  brown  amorphous 
rhinanthogen  and  a  sugar. 

KHIZOPOGONIC  ACID  C^jH^O,.  [127°]. 
Obtained  from  the  mushroom  Bhizopogon  ru- 
besccns  by  extracting  with  ether  (Oudemans, 
B.  T.  C.  2,  155).  Eed  needles,  insol.  water,  v.  e. 
sol.  ether,  chloroform,  and  boiling  alcohol.  Its 
alkaline  solutions  are  intensely  violet. — KA'  aq  : 
minute  dark-violet  crystals. 

RHODAMMINES     v.  Ehodidm-ammonium 
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EHODANIDES,  another  name  for  Sulpho- 
cyanides  (q.  v.  vol.  ii.  p.  348). 

RHODANIC  ACID  CjHjNSp  i.e. 

HS.CH2.CO.S.CN  or  CH2<^~^^  (Andreasch, 

If.  10,73).  [169°].  Formed  bywarming  an  aqueous 
solution  of  chloro-acetio  acid  (1  mol.)  with  am- 
monium sulphocyanide  (3  mols.)  (Nencki,  J.  pr. 
[2]  16, 1 ;  B.  17,  2279  ;  Ginsberg  a.  Bondzynski, 
B.  19,  113).  Formed  also  by  passing  HCl  into 
an  alcoholic  solution  of  thioglycollic  acid  and 
potassium  sulphocyanide  (FreytU,  M.  10,  82). 
Yellow  six-sided  prisms  and  tables,  v.  si.  sol. 
cold  water,  v.  sol.  alcohol  and  ether.  Acid  in 
reaction.  Boiling  baryta-water  splits  it  up  into 
HCyS  and  thioglycollic  acid.  Water  at  200° 
forms  CO2,  H„S,  NH3,  and  thioglycollic  acid. 
Eeacts  with  aldehydes  in  presence  of  HCl,  form- 


ing compounds  of  the  typeE.CH:C(SH).CO.S.CN. 
Ethylidene-rhodanic  acid  C5H5NS2O  [148"] 
forms  yellow  needles,  sol.  hot  water.  Benzyl- 
idene-rhodanio  acid  C,„H-NS„0  [200°]  also  forms 
yellow  needles,  converted  by  hot  H.,S0j  (4  pts.) 
into  C,dH,NS.,05,  crystallising  in  needles,  yield- 
ing NaA',  KA',  and  NH^A',  and  converted  by 
HNO3  into  C,„H5N2S20„  crystallising  in  yellow 
needles  yielding  NaA'  aq.  o-Nitro-benzyhdene- 
rhodanic  acid  C,(,HjN2S,03  [189°]  crystallises 
from  dilute  alcohol,  and  may  be  reduced  to 
o-amido-benzyUdene-rhodanic  acid,  which  yields 
CioHjAcNjSjO  [280°-285°]  and  CioH^ACoN.SjO 
[189°].  ^-Nitro-benzyUdene-rhodanie  acid  [252°] 
is  also  crystalline  (Bondzynski,  M.  8,  357). 
FeCl3  added  to  a  hot  solution  of  rhodanic  acid 
forms  a  brown  pp.,  from  which  alcohol  extracts 
CjHjNjSsOj  as  a  brownish-red  powder,  forming 
a  red  solution  in  alkalis. 

Salts.— CuA'2  aq  :  yellowish-green  amor- 
phous pp. — (C3H3NS.,0)2CuCl :  golden  needles. 

RHODATES.  No  salts  have  been  isolated 
the  acidic  radicle  of  which  is  composed  of  Eh 
and  0  ;  but  there  is  some  reason  to  think  that 
such  salts  exist  in  the  solution  obtained  by  pass- 
ing CI  into  an  alkaline  solution  of  Eh2(0H)i; ;  v. 
under  Hydea.ted  rhodium  dioxide,  p.  405. 

RHODINOL  C,„H„0  i.e. 
CH,,:C(C3H,).CH:CH.CHMe.CH20H.  (217°).  S.G. 
is  -88.  Occurs  in  German  and  Turkish  oil  of 
roses  (Eckart,  B.  24, 4205).  Oxidised  by  chromic 
acid  mixture  to  an  aldehyde,  rhodinal,  and  rhodi- 
nolic  acid.  PoOj  yields  a  terpene.  KMn04  forms 
valeric,  butyric,  acetic,  oxalic,  and  carbonic  acids 
and  C^Hj^Oj,  possibly  an  alcohol. 

RHODIUM.  At.  w.  102-7.  Mol.  w.  unknown. 
Melts  at  c.  2000°  (Pictet,  C.  B.  88,  1317).  S.G. 
121  (Deville  a.  Debray,  J.  12,  240).  S.H.  -05803 
(10°  to  97° ;  specimen  contained  trace  of  Ir) 
(Eegnault,  A.  Ch.  [3]  63,  1).  C.E.  -0000085  at 
40°  (Fizeau,  C.  B.  68,  1125). 

Occurrence. — With  the  other  Pt  metals  in 
platinum-ore ;  the  p.c.  of  Eh  varies  from  0  to  c.  5 ; 
as  much  as  12-3  p.c.  was  found  in  a  South 
American  ore  by  Deville  a.  Debray  (A.  Ch.  [2] 
29,  137 ;  cf.  Kern,  C.  N.  35,  88). 

Del  Eio  (v.  D.  a.  D.,  Z.c.)  found  an  alloy  of  Eh 
and  Au  in  Mexico,  containing  from  34  to  43  p.c. 
Eh.  Ehodium  was  separated  from  the  other  Pt 
metals  in  1803  by  Wollaston  (T.  1804.  419),  at 
the  same  time  as  he  isolated  Pd.  The  name 
rhodium  was  given  by  W.  because  of  the  rose- 
colour  of  the  salts  [pdSuv^g,  rose). 

Formation. — 1.  By  reducing  KhCl3.3NaClAq 
by  Zn,H,  formic  acid,  &c. — 2.  By  strongly  heat- 
ing EhCl3.3NH4Cl. 

Preparation. — Eh  is  generally  prepared  by 
adding  iron  to  the  mother-hquors  from  which 
Pt  has  been  extracted  {v.  Platinum,  this  vol.  p. 
286),  and  then  treating  the  solid  so  ppd.  The 
processes  for  the  treatment  of  this  residue  are 
many  ;  that  described  here  is  the  one  employed 
by  Claus  (J.  pr.  85,  129),  and  by  Gibbs  (J.  pr.  84, 
65  ;  94,  19),  and  is  a  modification  of  Claus's 
older  method  (cf.  Deville  a.  Debray,  C.  B.  78, 
1782).  The  platinum-residue — which  contains 
Eh,  Eu,  Pd,  Ir,  Cr,  Cu,  and  Pb — is  fused  at  a 
bright  red  heat  with  1  pt.  Pb  and  1  pt.  PbO ; 
the  regulus,  after  separation  of  slag,  is  treated 
with  nitric  acid  (equal  vols.  cone,  acid  and  water) ; 
the  insoluble  residue  is  washed,  dried,  and  mixed 
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with  its  own  weight  of  NaCI,  and  this  mixture 
is  heated  to  low  redness,  in  a  large  porcelain 
tube,  in  a  stream  of  CI,  for  some  time  ;  the 
treatment  with  NaCl  and  CI  is  repeated ;  after 
cooling,  the  contents  of  the  tube  are  lixiviated 
with  water,  when  EhCl^.SNaCl  dissolves  with 
small  quantities  of  the  corresjjonding  salt  of  Ir 
and  traces  of  some  of  the  other  metals.  The 
solution  is  heated  with  HNO.fA.q,  to  transform 
IrCls  into  IrCl,,  and  Ir  is  then  removed,  as 
IrCl|.2AmCl,  by  fractional  ppn.  with  cone. 
AmClAq.  The  filtrate  from  the  last  pp.  of 
IrCl.,.'2AmCl,  which  is  almost  quite  free  from  all 
metals  except  Kh,  is  evaporated  to  dryness  with 
HNO;,Aq,  to  decompose  the  AmCl ;  the  residue  is 
mixed  with  3  or  4  times  its  weight  of  S,  and 
heated  to  bright  redness  in  a  covered  porcelain 
crucible,  which  is  packed  in  powdered  charcoal 
in  a  larger  earthen  crucible.  The  regulus  thus 
obtained  is  boiled  for  some  time  with  aqua 
regia,  and  then  with  cone.  H^SOj ;  it  is  then 
fused,  at  a  low  red  heat,  with  3  or  4  pts.  Zn, 
whereby  an  alloy  of  Eh  and  Zn  is  formed,  with 
the  production  of  so  much  heat  that  part  of  the 
Zn  is  volatilised.  After  cooling,  the  alloy  is 
digested  with  cone.  HClAq,  to  remove  impurities, 
and  is  then  dissolved  in  aqua  regia.  NHjAq  is 
added  to  this  solution  till  the  pp.  which  forms 
has  dissolved;  the  solutionis  boiled,  and  evapo- 
rated until  yellow  Eh„(NH3),|,Cl6  separates;  the 
whole  is  then  eva^jorated  to  dryness  at  100°,  and 
the  residue  is  treated  with  warm  dil.  HClAq 
until  the  washings  show  no  yellow  colour;  the 
residue  is  dissolved  in  boiling  water,  and  the 
liquid  is  filtered,  hot,  into  dil.  HGlAq  ;  the  small 
yellow  crystals  of  Eh2(NH3),„Clg  which  separate 
are  re-crystallised  several  times  from  hot,  dil. 
NH.,Aq,  whereby  the  salt  is  obtained  quite  pure. 
The  pure  Eh,^(NH3),„Cls  is  decomposed  by  heat- 
ing strongly  in  a  graphite  crucible,  and  the  Eh 
thus  obtained  is  fused  in  a  lime  crucible  in  the 
0-H  flame  (v.  vol.  iii.  p.  642).  The  fusion  re- 
moves the  last  traces  of  Os  and  Si.  For  other 
methods  of  preparing  Eh  v.  Bunsen,  A.  146, 
265;  Fremy,  O.  R.  38,  K)08 ;  Lea,  Am.  S.  38,81, 
248 ;  Schneider,  P.  Sujyp.  5,  261 ;  Phihpp,  D.  P.  J. 
220,  95  ;  Martins,  A.  67,  357  ;  Wilm,  Bl.  [2]  34, 
€79. 

Properties. — A  very  hard,  white  metal,  with 
a  tinge  of  blue-grey ;  about  as  ductile  and  malle- 
able as  Ag.  Melts  only  in  the  full  0-H  flame, 
without  volatilising ;  spits  on  cooling  ;  is  super- 
ficially oxidised  when  very  strongly  heated  in 
air.  Insoluble  in  acids  when  compact,  but  the 
finely  divided  metal  ppd.  from  solutions  is  sol. 
HNO^Aq,  and  also  si.  sol.  HClAq  in  presence  of 
air  (Wilm,  Bl.  [2]  34,  679).  Alloys  of  Eh  with  Bi, 
Cu,  Pb,  Ft,  or  Zn  are  attacked  by  HNOjAq.  Eh 
is  obtained  as  a  black  porous  solid  by  reducing 
solutions  of  Eh  compounds  by  Zn,  Hg,  EtOH, 
or  HCO,H  {v.  Glaus,  J.  2»:  85,  139  ;  Wilm,  I.e.). 
The  finely  divided  Eh  obtained  by  heating  the 
purpureochloride  takes  up  c.  13  p.c.  0  when 
heated  in  a  stream  of  air  (EhO  requires  13'5  p.c. 
0),  and  the  0  is  given  up  by  heating  in  H. 

In  its  chemical  relationships  Eh  is  closely 
allied  to  Eu  and  Pd,  and  less  closely  to  Os,  Ir, 
and  Pt ;  v.  Noble  metals,  vol.  iii.  p.  628. 

The  at.  w.  of  Eh  has  been  determined  (1)  by 
analyses  of  EhClj.SKCl  (Berzelius,  P.  13,  442 
[1828] ) ;  (2)  by  analyses  of  a  large  number  of 


different  Eh  compounds  (Glaus,  J.  pr.  85,  139 
[1862]);  (3)  by  analyses  of  Eh.,(NH3),„Cl,  and 
Eh.,(NH3),<,Br«  (Jorgensen,  J.pr.  "[2]  27,  433,489 
[1883]);  (4)  by  reducing  pure  Eh_,(NH,),„Cl,,  in 

H,  and  determining  the  residual  Eh  (Seubert  a. 
Kobb6,  A.  260,  314  [1890]) ;  (5)  by  determining 

5.  H.  of  Eh  (Eegnault,  A.  Ch.  [3]  63,  1).  No 
compound  of  Eh  has  been  gasified.  The  older 
values  for  at.  w.  of  Eh  varied  from  104'3  to  103. 
Seubert  a.  Kobb6  have  shown  that  the  true  value 
is  less  than  103. 

Reactions  and  Combinations. — 1.  Ehodiam 
black  heated  in  air  combines  with  0  to  form 
EhO,  according  to  Wilm  {B.  15,  2225).  Leidie 
(Bl.  [2]  50,  664)  says  that  the  products  contain 
from  14-5  to  17-8  p.c.  O  (EhO  requires  13-5  p.c. 
O).— 2.  Oxidised  to  Eh,0,,  and  then  to  EhO,„ 
by  fusion  ivithpotash  and  nitre  (Glaus,  I.e.) ;  also 
by  heating  strongly  ivith  barium  peroxide  (D.  a. 
D.,  I.e.). — 3.  Fusion  of  Eh  black  loith  potassium- 
hydrogen  sulphate  produces  what  is  probably  a 
double  Eh-K  sulphate  (Glaus,  I.e.). — 4.  Heated 
in  ehlorine  to  c.  400°,  EhCl^  is  formed  {v.  Leidid, 
Bl.  [2]  50,  664). — 5.  Mixed  with  sodium-ehloride 
and  heated  in  ehlorine,  EhClj.SNaCl  is  produced ; 
KCl  and  CI,  and  BaClj  and  CI,  act  similarly 
(Berzelius,  P.  13,  435  ;  Bunsen,  A.  146,  266).— 

6.  EhS  is  formed  by  heating  Eh  black  in 
vapour  of  sulphur  (B.,  I.e.). — 7.  Eh  dissolves  in 
molten  phosphoric  acid  (Fischer,  P.  18,  257), 
also  in  molten  acid  phosphates  (Eose-Finkner, 
IIa7id.d.anal.Chc7n.&th  ed.,  1,354). — 8.  Finely- 
divided  Eh  dissolves  in  molten  zinc  (Jorgensen, 
J.pr.  [2]  27, 433,  489).— 9.  Hydrogen  is  absorbed 
in  large  quantities  by  Eh.  The  finely  divided 
metal  obtained  by  heating  EhCla.SAmCl  becomes 
sensibly  hot  when  H  is  passed  over  it  (Wilm, 

I.  e.). — 10.  Eh  black  decomposes  cJilorine  tvater, 
forming  HGlAq  and  O,  and  solutions  of  hypo- 
chlorites, forming  chlorides  and  0  (Jorgensen, 
I.e.).  It  also  decomposes  hydrogen  peroxide, 
giving  off  0. — 11.  Eh  black  decomposes /or»wc 
acid  solution  to  H  and  CO,,;  alcoJial  in  presence 
of  alkali  is  oxidised  to  alkali  acetate,  and  H  is 
given  off,  at  c.  30°  (D.  a.  D.,  A.  Ch.  [2]  29,  137  ; 
56,  385;  c/.  Hoppe-Seyler, B.  16, 117).— 12.  When 
Eh  black  obtained  by  heating  EhCl3.3AmCl  is 
heated  in  coal-gas,  or  in  ethylene,  the  volmne  of 
the  Eh  increases  and  C  is  absorbed  (Wilm,  Bl. 
[2]  34,  679). 

Detection. — Eh  may  be  brought  into  solution 
in  water,  either  by  repeated  fusion  with  KHSO^, 
or  by  mixing  with  NaCl  and  heating  to  low  red- 
ness in  CI.  To  detect  Eh  in  solution,  Demar<;ay 
(C  R.  101,  951)  recommends  to  add  AmCl  to  a 
neutral,  or  an  almost  neutral,  solution  which 
has  been  boiled  with  HClAq,  then  to  add  fairly 
cone,  freshly  prepared  NaClOAq,  and  then  a  20 
p.c.  acetic  acid  solution,  drop  by  drop,  with 
constant  shaking,  till  any  pp.  formed  by  the 
NaClOAq  dissoves  to  an  orange-coloured  solu- 
tion ;  on  standing,  this  solution  decolourises, 
deposits  a  greyish  pp.,  and  finally  acquires  an 
intense  sky-blue  colour,  which  remains  for  some 
time.  Free  HNO3  or  H,S04  should  be  absent, 
not  much  acetic  acid  should  be  added,  and  the 
temperature  should  not  be  raised.  By  taking 
two  equal  portions  of  the  hquid  to  be  tested, 
diluting  one  with  water  to  the  same  bulk  as  the 
other  occupies  when  the  reagents  are  added, 
and  comparing  the  two,  -00019  g.  Eh  can  be 
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detected  in  3  e.c.  liquid.  The  otlier  Pt  metals 
give  no  reaction  with  NaClOAq  under  the  above 
conditions. 

Shodium,  alloys  of.  Eh  alloys  with  many 
metals,  by  fusion  with  them.  Some  of  the 
alloys  seem  to  have  definite  compositions,  e.g. 
EhjPb  and  EhZng.  Descriptions  of  the  alloys 
will  be  found  in  the  papers  referred  to : — As 
(WoUaston,  T.  1804.  419) ;  Bi  (W.,  I.e.) ;  Au  (W., 
I.e. ;  van  Riemsdyk,  J.  1880. 1269) ;  Fe  (Faraday 
a.  Stodart,  G.  A.  66,  167)  ;  Pb  (Debray,  C.  B. 
90, 1195  ;  Deville  a.  D.,  G.  R.  44, 1101 ;  94, 1557) ; 
Pt  (D.  a.  D.,  l.c.) ;  Ag  (W.,  I.e.)  ;  Sn  (D.,  I.e. ; 
Leidie,  G.  B.  106,  1076)  ;  Zn  (D.  a.  D.,  l.c. ; 
Bunsen,  A.  146,  271 ;  Jorgensen,  J.  ])r.  [2]  27, 
434). 

Khodium,  ammonio-salts  of,   v.  Ehodium- 
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Khodium,  chlorides  of.  The  only  chloride 
of  Eh  which  has  been  isolated  with  certainty 
is  EhClj.  The  lower  chloride  EhCl,  probably 
exists. 

Ehodidm  dichloeide  EhCl,.  This  chloride 
probably  exists.  Berzelius  obtained  a  greyish- 
red  powder,  to  which  he  gave  this  composition, 
by  heating  Eh  in  CI,  warming  the  j)roduct  with 
KOHAq,  and  treating  the  hydrated  oxide  so 
formed  with  HClAq,  when  EhCl3  dissolved  and 
EhCl,  (?)  remained  (P.  13,  437).  According  to 
Fellenberg  [P.  50,  63)  EhCL  is  obtained,  as  a 
rose-red  powder,  insol.  water,  HClAq,  or  HNOjAq, 
undecomposed  by  KOHAq,  by  heating  EhS  in  CI. 
Claus  (J.  1855. 423)  and  Leidi6  (C.  B.  106, 1076  ; 
107,  234)  regard  the  existence  of  EhCl.,  as  un- 
proved. According  to  L.,  no  substance  of  con- 
stant composition  is  obtained  by  F.'s  method. 

(?)  Double  salt,  Am,EhCl„.a;H;0.  The  com- 
pound to  which  Wilm  gave  this  composition, 
and  which  he  said  was  obtained  by  adding  AmCl 
to  EhCljAq  in  presence  of  much  aqua  regia  {B. 
16,  3033),  is  almost  certainly  identical  with 
Am3EhClg.NH^N03.3JH,0,  obtained  by  Leidi6  {v. 
Ammonium  chlob-rhodite,  infra). 

Ehodium  teichloribe  EhClj  (BJiodo- 
chloride.  Bhodo-rhodic  chloride,  RhClo.EhClj. 
Rhodium  sesquichloride,  EhjCl^).  EhClg  is 
the  simplest  formula  possible,  but  it  is  not 
necessarily  molecular.  Leidie  (0.  R.  106, 
1076;  107,  234)  prepared  EhClj  by  heating 
the  alloy  EhSnj  in  a  rapid  stream  of  dry,  air- 
free  CI  at  the  B.  P.  of  S,  until  SnClj  ceased  to  be 
formed,  allowing  to  cool,  and  removing  CI  by  a 
current  of  COj.  The  chloride  is  thus  obtained 
as  a  sealing-wax-red  powder.  The  alloy  EhSnj 
is  formed  by  fusing  1  part  finely  divided  Eh 
with  30  to  50  parts  Sn,  and  treating  the  product 
for  a  day  or  two  with  fairly  cone.  HClAq  at  0° 
(Debray,  C.  R.  104,  1470,  1577).  EhCl,,  was 
also  formed  by  Jorgensen  {J.  pr.  [2]  27,  433)  by 
heating  Cl2Eh2(NH3),|,Cl4  in  a  stream  of  CI. 
Leidie  {Bl.  [2]  50,  664)  says  that  EhClj  is  not 
obtained  pure  by  Claus'  method  of  heating  Eh 
in  CI,  as  part  of  the  EhCl,  is  decomposed  at  the 
temperature  which  must  be  employed  to  cause 
combination  of  Eh  and  CI.  Leidi^  (I.e.)  could 
not  obtain  pure  EhCl,  by  heating  Eh.jS,  in  CI, 
nor  by  heating  the  double  chlorides  of  Eh  and 
alkali  metals  with  HjSO^,  as  recommended  by 
Claus  ;  in  the  latter  reactions  L.  obtained  alkali 
sulphate  and  Eh, (SO,,).,.  BhCl^  is  a  red  powder, 
insol.  water  and  acids  ;  decomposes  to  Eh  and 


CI  at  c.  450°_500°  (L.,  I.e.).  Wlien  moist  EhCI, 
is  heated  in  vacuo,  or  in  a  stream  of  N,  it  is 
partially  decomposed  at  100°,  and  wholly  at  360°, 
to  Rh,03  andHCl  (L.,  I.e.).  Slowly  reduced  by 
H  at  low  redness  [v.  Claus,  J.  1855.  423). 

Hydrate  of  rhodium  trichloride 
EhCl3.4H20.  Said  to  be  formed  by  Claus  (I.e.} 
by  dissolving  freshly  ppd.  Eh(0H)3  in  HClAq, 
and  evaporating ;  by  Berzelius  (P.  13,  437)  by 
decomposing  K.^EhClgAq  by  H^SiFgAq,  filtering, 
and  evaporating.  Described  as  a  dark-red,  glassy, 
deliquescent  solid ;  e.  sol.  alcohol,  insol.  ether. 
Leidie  {Bl.  [2]  50,  664)  could  not  obtain  this, 
nor  any  definite,  hydrate  of  EhClj. 

Double  salts.  Ghloro-rhodites 
EhCl3.3MCl,  or  MjEhCl,.  M  =  Am,  ifia,  iPb,  Hg, 
K,  Ag,  Na.    Also  M^EhCl^ ;  M  =  ?Am,  and  K. 

Ammonium  chlor-rhodite  2Am3EhCl5.3H,0 
(Ammonium-rlioduim  trichloride).  Large,  red, 
rhombic  prisms  (v.  Keferstein,  P.  99,  275) ;  by 
adding  cone.  HClAq  to  NajEhCl^Aq,  filtering 
from  NaCl,  and  adding  cone.  AmClAq  (Claus, 
I.e. ;  Wikn,  B.  16,  3033  ;  Leidie,  I.e.).  Sol.  water, 
or  dil.  AmClAq  ;  insol.  alcohol.  The  salt 
AmJlhCl5.H.,0,  said  to  be  formed  by  heating  a 
solution  of  the  preceding  salt  (Vauquelin,  A.  Gh. 
93,  204),  could  not  be  obtained  by  Leidie  {I.e.). 

Double  salt  with  ammonium 
nitrate,  2(Am3EhCls.NH^N03).7H,0.  Obtained, 
as  violet-red  crystals,  by  adding  HNOjAq  to 
AmjEhCljAq,  and  then  excess  of  AmClAq,  con- 
centrating, and  drying  the  crystals  in  vacuo. 
Scarcely  sol.  HNOjAq ;  when  boiled  with  water 
gives  oS  same  gases  as  are  obtained  by  boiling 
AmClAq  with  agua  regia. 

Potassium  chlor-rhodites  (1)  K3EhCl6.3H,0. 
Dark-red  triclinic  prisms ;  by  adding  cone. 
KClAq  to  EhCljAq,  and  allowing  to  evaporate 
(Claus,  I.e.).  Obtained  by  Seubert  a.  Kobbe  (B. 
23,  2556)  by  saturating  the  filtrate  from  the  salt 
K,EhCl5  {infra)  with  HCl,  filtering  from  KCl, 
and  evaporating.  Leidie  {I.e.)  failed  to  obtain 
this  salt. 

(2)  K.jEhClj.HjO  (no  water,  according  to  L.). 
Brown  triclinic  prisms,  si.  sol.  water.  Gives  Eh, 
KCl,  and  CI  when  heated  to  redness.  Formed 
by  heating  a  mixture  of  1  part  spongy  Eh  with 
2  parts  KCl,  in  a  stream  of  CI,  so  long  as  CI  is 
absorbed,  dissolving  in  water,  filtering,  and 
evaporating  under  reduced  pressure  (S.  a.  K., 

I.C.). 

Sodium  chlor-rlwdite  Na3EhCl5.9H,0.  Pre- 
pared like  the  K  salt  (Berzelius,  Claus,  Leidie). 

The  lead,  mereurous,  and  silver  salts  are 
obtained  by  adding  Pb(N03)2Aq,  HgNOjAq,  or 
AgNOjAq,  to  solution  of  an  alkali  salt  (Claus, 
I.e.).  The  barium  salt  is  obtained  like  the  K 
and  Na  salts  (Bunsen,  4.  146,  276).  Comp)ounds 
of  EhClj  with  methylamine  chlorides  are  de- 
scribed by  Vincent  {Bl.  [2]  44,  513). 

Ehodium,  cyanides  of,  and  derivatives,  v.  vol. 
ii.  p.  346. 

Rhodium,  hydrosulphide  of, 
EhS3H3(  =  Eh,,S3.3H,S).  A  brownish  -  black, 
voluminous  pp.,  obtained  by  passing  HjS  into 
solution  of  a  Eh  salt  at  c.  100°  (Leidie,  [2] 
60,  664).  Insol.  acids,  or  alkali  sulphide  solu- 
tions ;  decomposed  by  Br  and  agua  regia.  Gives 
off  H.,S,  and  forms  Eh„S3  when  boiled  with  much 
water  in  N,  or  when  heated  with  water  in  a 
sealed  tube  to  100°. 
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Rhodium,  hydroxides  of,  v.  Ehodium  oxides 

AND  HYDEATED  OXIDES. 

Rhodium,  iodide  of.  The  black  substance 
obtained  by  Jorgeusen  in  making  Eh2(NH3),„l5 

{v.    lODOPUKPUREORHODIUM    IODIDE,    p.  400)  WaS 

probably  P>hl3  ;  analysis  gave  21'8  p.c.  Eh,  the 
formula  requiring  21-3  p.c.  According  to  Glaus 
(I.e.)  an  iodide  of  Eh  is  formed  when  KIAq  is 
added  to  solution  of  a  salt  of  Eh. 

Rhodium,  oxides  and  hydrated  oxides  of. 
Eh  and  0  combine,  when  Eh  is  strongly  heated 
in  0,  probably  with  formation  of  EhO.  The 
only  oxides  of  Eh  which  have  been  isolated  with 
certainty  are  Eh,03  and  EhO, ;  EhO  also  pro- 
bably exists,  and  there  are  indications  of  the 
Jormation  of  EhOj.  The  hydrated  oxides,  or 
hydroxides,  are  Eh„03..3H.,0  [  =  Eh(0H)3],  and 
Eh0,,.2H.,0  [  =  Eh{OH)J. 

Ehodium  monoxide  EhO  (Bliodous  oxide). 
Probably  formed  when  Eh  black  is- heated  in  a 
stream  of  air  (Wilm,  B.  15,  2225).  Leidie  [Bl. 
[2]  50,  664)  says  that  from  14-5  to  17-8  p.c.  O  is 
taken  up ;  EhO  requires  13'5  p.c.  0.  The  grey 
powder  obtained  by  heating  Ehf0H)3was  looked 
on  by  Glaus  as  probably  EhO.  Deville  a.  Debray 
(A.  Ch.  [3]  61,  83)  obtained  what  they  regarded 
as  EhO  containing  a  little  PbO  by  melting  Eh 
with  PbO,  Pb,  and  borax,  cupelling,  and  treating 
the  residue  with  HNOjAq.  EhO  is  said  to  be 
fairly  easily  reduced  to  Eh  by  heating  in  H. 

Ehodidm  sesqdioxide  EhoOj  (Bhodo-rhodic 
oxide).  This  oxide  may  be  formed  when  Eh 
black  is  heated  to  redness  in  air.  Leidi6  found 
from  14-5  to  17-8  p.c.  0  taken  up  (Bl.  [2]  50, 
664)  ;  Eh..03  requires  18-92  p.c.  0.  Eh^Oj  was 
obtained  by  Glaus  {J.  pr.  76,  24  ;  80,  282  ;  85, 
129)  by  heating  Eh(N03)3  in  a  Pt  crucible  till 
oxides  of  N  ceased  to  come  off ;  also  by  fusing  Eh 
with  BaO.,  and  Ba(N03)j.  Fremy  (A.  Ch.  [3]  44, 
385)  says  that  Eh^03  is  produced  by  heating 
NajEhGl,.  to  redness  in  a  stream  of  O.  Eh-.Og  is 
also  formed  by  heating  EhOaHj.  Eho03  forms  a 
grey  solid ;  insol.  acids ;  reduced  by  H  to  Eh 
(Glaus,  I.e.).  Fremy  obtained  it  as  lustrous, 
metal-like,  crystals,  somewhat  volatile  when 
heated  in  a  stream  of  0,  which  decomposed 
ClAq  giving  HClAq  and  0. 

Hydrated  rhodium  sesquioxide.  (1) 
Eh„03.3H,,0  (Rhodo-rhodie  hydroxide,  Eh03H3). 
A  black  gelatinous  pp.  formed  by  adding  excess 
of  KOHAq,  and  a  little  alcohol,  to  Na3EhGl,  Aq. 
SI.  sol.  cone.  HGlAq  (Glaus,  I.e.).  (2)  Eh.A-5H,0 
{Hydrated  rhodo-rliodie  hydroxide,'&h.OJiy'E..,0). 
Obtained  by  adding  KOHAq  to  solution  of  Eh  GLj, 
the  latter  being  in  excess,  allowing  to  stand  till 
the  j)p.  is  citron-yellow  (the  first  rose-red  pp. 
contains  the  hydrate  mixed  with  K3EhGlj^),  and 
washing  with  hot  water  (Glaus,  I.e.).  The  whole 
of  the  KOH  cannot  be  removed  from  the  p]3. 
by  washing.  Sol.  HClAq,  HNOjAq,  H,SOjAq, 
H^S03Aq,  and  when  freshly  ppd.  also  in  acetic 
acid.  Also  sol.  cone.  KOHAq,  but  reppd.  on 
dilution  (Descotils,  Gm.-K.  3,  1261).  Said  by 
Leidi6  (C.  R.  107,  234)  to  be  sol.  in  solution  of 
alkali  hydrogen  oxalates.  Solutions  of  this  hy- 
drate in  acids  yield  the  salts  Eh.,3X  on  evapora- 
tion ;  X  =  2N03,  C,0,„  SO,,,  SO3,  &c. 

Ehodium  dioxide  EhO,  {Rhodi-  or  rhodie 
oxide).  A  brown  solid  ;  obtained  by  repeatedly 
fusing  finely  divided  Eh  with  KOH  and  KNO3. 


Insol.  acids,  or  boiling  KOHAq.  Eeduced  to  Eh 
by  H  at  a  high  temperature  (Glaus,  I.e.). 

Hydrated  rhodium  dioxide  Eh0^..2H.>0 
(Rhodie  hydroxide,  Eh0.,H,|).  Obtained  by  Glaus 
(I.e.)  by  leading  CI  into  a  solution  of  Eh,03.5H^,0 
in  KOHAq  till  a  dark-brown  gelatinous  pp.  was 
formed,  then  adding  pieces  of  KOH  from  time  to 
time,  and  continuing  the  passage  of  Gl  until  pp. 
became  more  comjsact,  and  green,  and  the  solu- 
tion became  blue-violet.  A  greenish  solid,  sol. 
HGlAq,  forming  a  greenish-blue  solution,  which 
evolves  CI  and  becomes  the  deep-red  colour  of 
EhGlj  solution  (cf.  Jorgensen,  J.  pr.  [2]  27, 
446). 

Rhodie  aeid  and  rhodates  (?).  The 
blue-violet  solution  obtained  by  passing  CI  into 
Eh203.5H20  in  KOHAq  (supra)  is  fairly  per- 
manent, but  after  some  time  it  pjjts.  a  blue 
powder,  gas  is  given  off,  and  the  liquid  becomes 
colourless.  When  the  blue  powder  is  dried  it 
becomes  green  Eh0..2H,0.  A  blue  pp.  is  also 
obtained  by  carefully  neutralising  the  blue- 
violet  solution  by  HNO,,Aq ;  this  powder,  when 
moist,  is  sol.  HClAq,  with  evolution  of  CI ;  on 
heating,  more  CI  is  evolved,  and  the  liquid  be- 
comes the  red  colour  of  EhCL,  solution.  Claus 
(I.e.)  regarded  the  blue-violet  solution  as  contain- 
ing potassium  rhodate,  and  the  blue  pp.  he 
looked  on  as  rhodimn  trioxide  or  rhodie  anhy- 
dride, EhOj. 

Rhodium,  salts  of.  But  few  salts  are  known 
obtained  by  replacing  H  of  oxyacids  by  Eh  ;  the 
chief  are  nitrate, nitrite,  oxalates, phosphates,  and 
sulphates;  a  few  double  salts  are  also  known. 

Rhodium,  sulphides  of.  Eh  and  S  combine 
when  heated,  probably  forming  EhS.  Eh,S3  is 
formed  by  ppn.  from  Eh  salts. 

Ehodium  monosulphide  EhS  (Rhodous  sul- 
phide). Said  by  Berzelius  to  be  formed  by  heat- 
ing finely  divided  Eh  in  S  vapour  ;  also,  accord 
ing  to  VauqueUn  (^4.  Gli.  88,  167),  by  heating 
AmjEhCl,  with  S.  Fellenberg  (P.  50,  63)  ob- 
tained EhS  by  heating  dry  Eh,S3  in  CO,  (?).  A 
white-blue,  lustrous  solid ;  heated  in  air  gives 
spongy  Eh  ;  heated  in  CI  forms  EhCU  and  S2GL, 
(F.,  I.e.).  EhS  is  insol.  aqua  regia,  according  to 
Debray  (C.  R.  97, 1333.)  (v.  also  Gibbs,  J.  pr.  91, 
171 ;  Lecoq  de  Boisbaudran,  C.  R.  96,  152). 

Ehodidm  sesquisdlphide  Eh^Sj  (Rhodo- 
rhodie  sulphide).  Formed,  by  passing  H,S  into 
solution  of  a  Eh  salt,  as  a  black  pp. ;  according 
to  Leidi6  (G.  R.  106,  1076,  1533)  the  pp.  is 
Eh„S3.3H,S  (v.  Ehodium,  hydrosdlphide  of,  p. 
404),  which  becomes  Eh^S,  by  heating  for  some 
time  with  water  at  100-',  in  a  closed  vessel  or  in 
N.  Leidie  (I.e.)  obtained  Eh,S3,  in  black  crystal- 
line tablets,  by  heating  KhCl;  to  360°  in  a  stream 
of  H„S  ;  according  to  L.,  this  is  the  only  method 
whereby  pure  Eh^Sj  can  be  prepared.  Loses 
8  p.c.  S  when  heated  in  N  to  dull  redness ;  all  S 
expelled  only  in  0-H  flame  (L.,  I.e.).  Insol.  al- 
kali solutions;  not  acted  on  by  HClAq,  HNOjAq, 
BrAq,  or  aq;ua  regia  (L.,  I.e.).  Forms  the 
double  salt  Eh„S3.3Na,S,  by  adding  excess 
of  cone.  Na^SAq  to  Na3EhCl|Aq  ;  decomposed  by 
water,  stable  in  presence  of  excess  of  alkali 
sulphide  (Leidie,  I.e.).  M.  M.  P.  M. 

RHODIUM  -  AMMONIUM  COMPOUNDS. 
(Rliodammines.  Ammoniacal  rhodium  bases.) 
When  a  solution  of  Eh  in  aqua  regia  is  eva- 
porated with  excess  of  NHaAq  a  compound 
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EhXlg.lONHj  is  obtained.  By  treating  this 
body  with  moist  Ag.,0  and  water  in  the  cold 
Eh2Cl4O2H2.10NH3  is  formed;  if  heat  is  used, 
the  product  is  Eh.Oi^Hj.lONHs  These  com- 
pounds react  as  definite  salts,  which  exchange 
their  more  negative  radicles  without  losing  Eh 
or  NH3.  The  classification  of  the  rhodium- 
ammonium  compounds  generally  adopted  is 
similar  to  that  used  for  the  Cr  and  Co  com- 
pounds (v.  vol.  ii.  pp.  158  and  222).  In  the 
following  general  formulse  M  and  X  represent 
negative  radicles,  which  may  be  the  same  or 
different  ; 

M2.Eh2.10NH,,.X,  or  N4H,(NHJs(Eh,M2).X, 
Purpureo-rhodium  series. 
Eh2.10NH3.X,.2H„O  or  N,H,(NH,)^h2.Xe.2H„0 
Boseo-rlwdium  series. 
Eh,.12NH3.X,  or  NjH,(NHj)8Eh2.X6 
Luteo-rhodium  series. 
The  Eh  compounds  were  investigated  by 
Berzelius  {Lehrbuch,  5th  ed.,  3, 956) ;  Vauquelin 
{A.  Ch.  88,  167);  Claus  (Beitrage  zur  Chcmie 
der  Platinmetalle,  Dorpat,  1854) ;   and  more 
recently  by  Jorgensen  {J  pr.  [2]  27,  633 ;  34, 
394 ;  44,  48). 

I.  PUBPUEEO-EHODIDM  COMPOUNDS 

M.,.Eh2.10NH,.Xj.  Changed  to  roseo  salts,  with- 
out loss  of  NH3,  by  boiling  with  alkali  solution. 
The  two  atoms  of  radicle  represented  by  M..,  are 
not  removed  by  the  ordinary  reagents  for  remov- 
ing this  radicle  from  salts. 

Glhloro -purpurea-  series  (Jorgensen,  I.e.). 

CMoropurpureorhodium  chloride 
Cl2.Eh2.lONH3.Cl4.  This  salt  is  prepared  by 
dissolving  the  alloy  EhZn2  in  aqioa  regia, 
evaporating  to  dryness,  treating  the  residue 
with  water,  filtering,  adding  excess  NH3Aq, 
evaporating  to  dryness  at  100°,  heating  with 
dil.  HClAq,  and  filtering  while  hot ;  the  insoluble 
salt  is  washed  with  dil.  HClAq,  dissolved  in 
boiling  water,  and  the  hot  solution  is  filtered 
into  HClAq  (1:1  by  volume) ;  the  purpureo- 
chloride  which  separates  is  washed  with  dilute 
HClAq,  and  then  with  alcohol.  Small  lustrous 
yellow  rhombic  crystals ;  isomorphous  with 
chloropurpureo-cobalt  chloride  [v.  Topsoe,  /.  pr. 
[2]  27,  433  ;  Keferstein,  A.  Ch.  99,  275).  S.G. 
2-079  at  18°.  S.  '56  cold  water,  considerably 
more  sol.  hot  v^ater.  Sol.  without  decomposi- 
tion in  hot  cone.  HjSO^,  also  in  boiling  NaOHAq. 
Easily  reduced  to  Eh,  but  not  acted  on  by 
such  oxidisers  as  aqua  regia  or  HClAq  and 
KCIO3.  Heated  in  CO,  gives  Eh,  NH4CI,  NH3, 
and  N  ;  heated  in  H,  gives  Eh,  NH.,C1,  and  NH3; 
heated  in  HCl  gas,  gives  Bh  andNH.|Cl ;  heated 
in  CI  gives  EhClj  and  NH4CI.  Eeacts  with 
various  substances  to  exchange  Cl^  for  equi- 
valent quantities  of  other  negative  radicles. 
Combines  with  PtCl ,  to  form  the  double  salt 

Cl2.Eh2.10NH3.Cl4.2PtCl4. 

C hloropurpurcorhodium  hydroxide 
Cl,.Eh2.10NH3.(OH)4.  Known  only  in  solution, 
which  is  obtained  by  rubbing  the  chlorochloride 
with  a  little  water  and  moist  Ag.,0  for  a  few 
minutes,  and  filtering.  Eeacts  strongly  alkaline ; 
gives  salts  by  neutralisation  with  various  acids. 
After  warming,  the  solution  contains  roseo- 
chloride,  and  hydroxide  Eh2.10NH3.Cl2(OH)4, 
along  with  Eh2.10NH3.(OH)g,  and  gives"  a  pp. 
with  AgNO.)Aq. 

The  other  salts  of  this  series   are  the 


chloro-carbonate  M(C03);.2aq,  chloro-nitrate 
M(N03)4,  silicofluoride  i\i(SiF„).,,  and  chloro- 
sulpJiates  M(S04)2.4aq  and  M.,'(S04)„.3H2S04. 
M  =  Cl2.Eh2.10NH3. 

Bromopurpureo-  series  (Jorgensen,  Z.c). 
Bromopurpureorhodium  bromide 
Br2.Eh2.lONH3.Brj.  Deep-yellow  rhombic  crys- 
tals ;  S.G.  2-65  at  17-5° ;  scarcely  sol.  water. 
Prepared  similarly  to  the  chlorochloride,  using 
HBrAq  in  place  of  HClAq ;  also  by  dissolving 
the  chlorochloride  in  7  p.c.  hot  NaOHAq,  digest- 
ing for  about  an  hour  at  100°,  adding  excess 
cone.  HBr Aq,washing  the  pp.  which  forms  with  dil. 
HBrAq  and  then  with  alcohol ;  also  by  saturating 
solution  of  roseo-hydroxide,  Eh2.10NH3.(OH)|i, 
with  dil.  HBrAq  and  heating  for  some  time  at 
100°.  Forms  a  double  salt  with  platinic 
bromide,  Br2.Eh,.10NH3.Br,.2PtBr4.  The  bromo- 
nitrate,  Br2.Eh2.10NH3.(NO3)4,  and  bromo- 
silico fluoride,  Br2.Eh2.10NH3.2SLFe,  have  been 
isolated. 

lodopurpureo-  series  (Jorgensen,  Z.c). 
lodopurpureorhodium  iodide  l2.Eh2.10NH3.I,. 
Prepared  by  heating  the  roseohydroxide  with 
excess  of  HIAq  for  some  time ;  then  transform- 
ing the  impure  product  into  iodochloride  by 
washing  with  water,  then  with  alcohol,  rubbing 
repeatedly  with  dil.  HClAq,  dissolving  in  hot 
water,  and  filtering  into  dil.  HClAq.  The  iodo- 
chloride is  then  dissolved  in  hot  water  and 
poured  into  KIAq ;  the  ppd.  iodo-iodide  is 
crystallised  from  hot  water.  Eeddish-yellow, 
rhombic  crystals ;  S.G.  3*11  at  14'8° ;  very  si. 
sol.  cold  water.  Forms  a  double  salt  with 
2Ptl4.  The  other  salts  of  this  series  are  the 
iodo-chloride  MCI4,  iodo-nitrate  M(N03)4,  iodo- 
silicofluoride  M.(SiFg)„,  and  iodo-sulphate 
M(S04)2.6aq.    M  =  L.Eh^lONHj. 

Nitratopurpureo-  series  (Jorgensen, 
J.  pr.  [2]  31,  49).  Nitratopxirpureorhodium 
nitrate  (NO3)2.Eh2.10NH3.(NO3),.  Formed  by 
heating  the  roseonitrate  Eh2.10NH3.(NO3)g  to 
100°  ;  also  by  adding  an  equal  vol.  cone.  HNOgAq 
to  an  aqueous  solution  of  the  roseonitrate,  and 
heating  at  100°.  Yellowish-white  crystals ;  de- 
flagrates when  heated.  The  other  salts  of  this 
series  are  nitrato-chlorido  MCI4,  and  nitrato-di- 
thionate  61(820^)2-  2aq.    M  =  (NO3)2.Eh2.10NH3. 

Nitritopurpureo-  series  or  Xantho- 
series  (Jorgensen,  J.  pr.  [2]  31,  49).  Nitrito- 
purpureorhodium  nitrate 

;  (NO2)2.Eh2.10NH3.(NO3)4  (Xanthorhodium  ni- 
\  trate).  5  g.  chlorochloride  are  heated  with 
50  c.c.  water  and  30  c.c.  NaOHAq  (7  p.c.)  till 
dissolved  ;  after  cooling,  10  g.  crystallised  NaNOj 
are  added  and  then  a  slight  excess  of  dil. 
HN03Aq  (1  acid  :  2  water).  The  powder  which 
separates  after  a  time  is  washed  with  dil. 
HNOjAq,  and  then  with  alcohol,  and  is  crystal- 
lised from  hot  water.  Octahedral  crystals,  iso- 
morphous with  corresponding  Co  salt.  Insol. 
alcohol  and  dilute  HN03Aq ;  si.  sol.  cold  water ; 
easily  sol.  hot  water  and  cone.  HNO.,Aq.  No 
reaction  with  ordinary  reagents  for  nitrites,  e.g. 
KIAq,  KMnOjAq,  &c.  Cone.  H.SOj  does  not 
evolve  NOj- 

The  other  salts  of  this  series  are :  xantho- 
bromide  MBr^,  xanthochloride  MCI4,  xantho- 
dithionate  M(S.,0,i)2. 2aq,  oxalate  M(C,04)2, 
silicofluoride  M(SiFg)2,  sulphates  M(S04)„  and. 
M(S04)2.3H2S04.    M  =  (NO2)2.Eh2.10NH3. 
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n.  EOSEOKHODIUM  COMPOUNDS 

Eli,.10NH3.X,.2H,,O.  All  the  atoms  of  the  nega- 
tive radicle  in  these  salts  react  similarly ;  e.g. 
AgNOjAq  pjits.  6C1  from  the  chloride.  Heated 
to  100°  2H2O  is  given  off,  and  purpureo-  salts  re- 
main. These  compounds  are  generally  formed 
by  treating  the  chloropurpureo-  compounds  with 
hot  alkali  solutions.  Many  are  prepared  from 
the  hydroxide  by  the  action  of  acids  (Glaus,  I.e. ; 
Jorgensen,  I.e.). 

lioscorhodium  hydroxide  Eh2.10NH3.(OH)„. 
Prepared  by  heating  chloropurpureochloride  with 
excess  of  moist  Ag.,0  and  water  for  some  days, 
filtering  from  AgCl,  and  evaporating  in  vacuo. 
A  yellow  deliquescent  solid,  with  strongly  alka- 
line reaction  ;  i^pts.  metallic  hydroxides  from 
salts ;  decomposes  NHj  salts,  giving  ofl  NH3. 
Neutralises  acids,  forming  roseo-  salts. 

Roscorhodiim  bromide  Eh„.10NH.j.Brs.2H.,O. 
Ppd.  by  adding  cone.  HBrAq  to  solution  of  the 
hydroxide  ;  also  by  boiling  chloropurpureo- 
chloride with  NaOHAq,  and  then  adding  excess 
of  cone.  HBrAq.  Pale-yellow  crystals  ;  changes 
to  the  purpureo-  salt  at  100°,  or  by  crystallising 
from  hot  water.  The  other  salts  of  this  series 
are  :  carbonate  M(C03)3.aq ;  iodo  -  sulphate 
Ml.,(^0,).,;  nitrate  M(N03)„  and  the  double 
salt  M(N03).^.PtCle;  ■phosphate  M(HPO^)3.4aq, 
and  the  sodium  pyrophosphate 
M(NaP.,0,)2.23aq  ;  SM^p/iafo  M(SO,)3.3aq,  and  the 
double   salt  M(SOJ.,.PtCls. 

III.  LUTEOEHODIUM  COMPOUNDS  Eh2.i2NH3.X6. 

These  salts  are  very  stable.  Their  colours  are 
the  same  as  those  of  corresponding  roseo-  salts. 
The  chloride  can  be  prepared  by  heating  the 
chloropurpureochloride  with  cone.  NHjAq  ; 
most  of  the  other  salts  are  obtained  from  the 
chloride  (Jorgensen,  J.  pr.  [2]  44,  48,  63).  The 
negative  radicles  are  all  acted  on  similarly  by 
reagents. 

LuteorJwdium  chloride  Kh2.12NH3.Cl„.  Pre- 
pared by  heating  chloropurpureochloride  with 
c.  30  times  its  weight  NHjAq  (25  p.c.  NH3)  for 
several  days  at  100°-102°,  dissolving  in  hot  water, 
and  ppg.  by  cone.  HClAq.  S.  c.  12  at  8°.  Not 
changed  to  chloropurpureochloride  by  digestion 
with  HClAq  at  100°.  Forms  the  double  salt 
Eh,.12NH3.Cl6.3PtCl,.6aq.  The  other  salts  of 
this  series  described  by  Jorgensen  are  :  bromide 
MBr„  nitrates  U(^0.,)^  and  M(N03),.HN03, 
phosphate  M(P04)2.8aq  and  sodium  luteo- 
pyrophosphate  M(NaP20,)2.23aq,  and  sxd- 
phate  M(S04)3..5aq.  [ 

Rhodium-pyridine  compounds.  Compounds 
of  nil  with  pyridine,  C5H5N,  and  negative  ra- 
dicles have  been  prepared  by  Jorgensen  {J.  pr. 
[2]  27,  433).  The  compounds  examined  con- 
tain 8C5H3N,  and  correspond  with  the  chrom- 
tetrammonium  series  of  ainmoniacal  compounds 
(vol.  ii.  p.  159),  and  with  the  octammine  series 
of  ammoniacal  Co  compounds  (vol.  ii.  p.  225). 
The  composition  of  these  pyridine  compound", 
is  represented  by  the  formula  M,Eh.>(C5H5N),X„; 
where  M  =  CI  and  X  =  Br,  01,  OH,  NO3  and  J, SO",. 
The  salts  resemble  the  NH3  compounds  generally. 
The  chloride  (X  =  C1)  is  prepared  similarly  to 
chloropurpureorhodium  chloride,  using  pyridine 
in  place  of  ammonia ;  the  other  salts  are  pre- 
pared from  the  chloride  by  the  action  of  acids. 
AgNO  ,Aq  ppts.  one-third  of  the  halogen  only  from 
the  chloride  and  bromide.  M.  M.  P.  M. 


RHODIZONIC  ACID  v.  Di-oxy-diquinoyl. 

RHCEADINE  Co.HjiNOe.  [232°].  S.  (80p.c. 
alcohol)  -09.  S.  (ether)  -08  at  18°.  An  alkaloid 
occurring  in  aU  parts  of  the  red  poppy  Papaver 
Rhceas,  and  in  the  white  seed  capsules  of  the 
white  poppy  Papaver  somniferiim  (Hesse,  A. 
140,  146  ;  149,  35 ;  163,  47).  SmaU  white 
prisms,  nearly  iusol.  water,  alcohol,  and  ether. 
May  be  sublimed.  Tasteless,  and  not  poisonous. 
Its  solution  in  very  weak  HCl  is  colourless,  but 
in  cone.  HClAq  and  in  H^SO,  it  forms  purple 
solutions,  the  base  being  partially  decomposed. 
The  colourless  solution  is  ppd.  by  tannin  and  by 
HgCl2. 

Salts . — B'jHjPtClg  2aq  :  yellow  amorphous 
pp. — B'HI  2aq  :  mass  of  minute  prisms. 

Rhoeagenine  C„,H„,NO,;.  [223°].  S.  (80 p.c. 
alcohol)  -07.  S.  (ether)  -06.  Formed  by  boiling 
rhceadine  with  dilute  H._,SO.,.  Small  crystals 
(from  alcohol),  si.  sol.  ether,  alcohol,  and  water, 
v.  sol.  dilute  acids.  Its  alcoholic  solution  turns 
litmus  blue.  Cannot  be  sublimed.  Not  coloured 
by  acids.  Its  salts  taste  bitter.— B'jHjPtCle. — 
B'HI :  short  prisms,  m.  sol.  hot  water. 

RIBONIC  ACID  C,H,„0,  i.e. 

CH.,(OH).CH(OH).CH(OH).CH(OH).CO.,H. 
Tetra-oxy -valeric  acid.  Formed  by  heating 
CH,(OH).CH(OH).CH(OH).CH(OH).CO,H,  ara- 
bonic  acid,  with  pyridine  in  a  closed  vessel  at 
130°  (E.  Fischer  a.  Piloty,  B.  24,  4216).  When  set 
free  from  its  salts  it  changes  into  the  lactone. — 
HgA'.,:  needles.— CdA'„.    [a]i>  =  0-6°.  Needles. 

Lactone  C^Jlfi,.  '  [72°-76°].  [0]^=  -18°. 
Colourless  prisms,  v.  e.  sol.  water  and  alcohol, 
v.  si.  sol.  ether.  Converted  by  heating  with 
pyridine  and  water  at  135°  into  arabonie  acid. 
HNO3  yields  tri-oxy-glutario  acid.  Phenyl 
hydrazine  forms  C5H<,05(N.,H..Ph)  [164°]. 

RIBOSE  "C-.HijOj.  Formed  by  reducing  the 
lactone  of  ribonic  acid  with  sodium-amalgam 
(Fischer  a.  Piloty,  B.  24,  4220).  Colourless 
syrup.  Yields  a  phenyl-hydrazide  [155°]  and  a 
p-bromo-phenyl-hydrazide  CnHi^OjN.jBr  [165°]. 

RICINELAIDIC  ACID  C„H3,63.  [63°]. 
Formed  by  the  action  of  nitrous  acid  on  ricinoleic 
acid  (Boudet,  A.  4,  16  ;  Playfair,  A.  60,  322  ; 
Bouis,  A.  Ch.  [3]  44,  82 ;  Ulrich,  Bl.  [2]  9,  225). 
Got  also  by  saponifying  ricinelaidin.  White 
silky  needles,  v.  sol.  alcohol  and  ether.  Keddens 
litmus.  Yields  ?i-heptoic  acid  on  oxidation  with 
HNO3  (Krafft,  B.  21,  2735).  Alkaline  KMnO^ 
yields  two  tri-oxy-stearic  acids  [120°]  and  [116°] 
(Griissuer  a.  Hazura,  M.  10,  196  ;  Mangold,  BL 
13,  326).  Forms  oily  Ci^HjiBroOj,  converted  by 
KOHAq  in  the  cold  into  C|,H.,3Br03,  whence 
alcoholic  potash  forms  an  acid  melting  at  71°. 

Salts.  — BaA'2 :  unctuous  powder. — AgA' . 
white  powder,  sol.  NH3Aq. 

Ethyl  ether  EtA'.    [16°].  Crystalline. 

A  711  id e  CisHj^NO.,.  [93°]  (Eowney,  C/jem. 
Gaz.  1855,  361). 

Reference. — BROMO-RicrNELAiDic  acid. 

RICINELAIDIN.  [45°]  (Bouis) ;  [66°]  (Bou- 
det). Formed  by  the  action  of  nitrous  fumes  on 
castor  oil.  Solid,  v.  sol.  alcohol  and  ether. 
Split  up  by  boiling  IvOHAq  into  glycerin  and 
potassium  richielaidate.  Yields  heptoic  .  alde- 
hyde (cenanthol)  on  dry  distillation  (Bertagnini, 
A.  85,  282).  Yields  octyl  alcohol  and  potassium 
sebacate  on  distillation  with  potash  (Bouis). 
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RICINIC  ACID  C.gH^Oa  i.e. 
C„H3.,(0H).C0,H.  [81°].  (252°  at  15  mm.). 
Formed  by  distilling  barium  ricinoleate  in  vacuo 
(Krafft,  B.  21,  2736).  Plates  (from  dilute  alco- 
hol). Yields,  on  oxidation  by  HNO3,  ^i-heptoic 
acid  and  an  acid  [c.  103°]  not  volatile  with 
steam.  Converted  by  HCl  into  diricinic  acid 
C„H32(OH).CO.O.C,.H3,,.CO.,H,  triricinic  acid 
C„H32(OH).CO.O.C,iH3",.CO!:O.C„H;,„.CO,H,  and 
polyricinic  acids.  Sulphuric  acid  forms  these 
acids,  as  well  as  S03H.O.C„H3„.CO.,H, 
S03H.O.C„H3,.CO.O.C„H32.CO,,H,  &c.  H^SO^ 
acting  on  castor    oil  forms    the  compound 

so<o.%5:Zca.c.,H3,OH 

acids,  constituting  Turkey  red  oil.  The  poly- 
ricinic acids  are  converted  by  boiling  KOHAq 
but  not  by  NaoCOj  into  ricinic  acid.  Hot  water 
decomposes  the  polyricino-sulphuric  acids  into 
H2SO4  and  polyricinic  acids  (Juillard,  Bl.  [3]  6, 
638). 

KICININE.  An  alkaloid  occurring,  accord- 
ing to  Tuson  (0.  J.  17,  195;  C.  N.  22,  229;  cf. 
Werner,  C.  N.  22,  203),  in  the  seeds  of  the 
castor  oil  plant  (Bicinus  communis).  Bectan- 
gular  prisms  or  laminsB,  insol.  water,  nearly 
insol.  ether,  sol.  alcohol. 

RICINISOLIC  ACID  v.  Tei-oxy-steaeio  acid. 

RICINOLEIC  ACID  C„H3,03  i.e. 
CH3.[CH,,]5.CH(OH).CH:CH[CH']8.CO.,H  (?). 
[17°].  Occurs  as  glyceride  in  castor  oil  (Bussy 
a.  Lecanu,  J.  Ph.  13,  70;  Saalmiiller,  A.  64, 
108  ;  Svanberg  a.  Kolmodin,  pr.  45,  431 ; 
Bonis,  A.  Ch.  [3]  44,  103  ;  48,  99  ;  Petersen,  A. 
118,  69).  Prepared  by  saponification  of  castor 
oil  by  KOH  or  HCl  and  purified  by  means  of  its 
Ca  or  Ba  salt  (Glaus,  B.  9,  1916;  Krafft,  B.  21, 
2731).  Crystalline  mass,  miscible  with  alcohol 
and  ether.  Its  alcoholic  solution  is  alkaline  in 
reaction.  Does  not  absorb  oxygen  from  the  air. 
Yields  C,sH33Ac03.  Yields  polymerides  when 
heated  with  water  in  closed  vessels  (Scheurer- 
Kestner,  C.  B.  113,  201). 

Reactions. — 1.  Oxidised  by  HNO3  to  azelaic 
acid  CijHjgO,,,  oxalic  acid,  and  heptoic  acid. — 
2.  Alkaline  KMnOj  forms  two  isomeric  tri-oxy- 
stearic  acids  (Dieff,  J.  pr.  [2]  39,  345  ;  B.  20, 
1211;  Hazura  a.  Griissner,  M.  8,  475  ;  Mangold, 
M.  13,  326). — 2.  Nitrous  acid  forms  ricinelaidic 
acid. — 3.  Yields  methyl  hexyl  ketone  (173°)  and 
an  acid  C,,H3403  [81°]  on  distillation  of  the  Ba 
salt. — 4.  The  Na  salt  on  distillation  with  NaOH 
yields  methyl  hexyl  ketone,  sec-octyl  alcohol 
and  sodium  sebacate  NajCuHijO,. — 5.  Bromine 
forms  oily  CigHjiBrjO,,  converted  by  alcoholic 
potash  into  CjjHjjBrOj,  whence  Br  forms  oily 
C|sH33Br303,  converted  by  alcoholic  potash  at 
120°  into  ricinostearolic  acid  CisHj^Oj,  which 
combines  with  bromine  forming  unstable  oily 
C.sHj^BrA-— 6.  PCI5  forms  C.sHjjCljO.— 7.  HI 
and  P  give  C1SH33IO2. 

Salts. — BaA',;  soft  scales  (from  alcohol), 
si.  sol.  water. — SrA'2 :  small  grains  (from  alco- 
hol).—CaA'„  (dried  at  100°).  [80°].— MgA'^ : 
slender  needles,  v.  sol.  alcohol. — PbA'j.  [100°]. 
Crystalline  mass,  v.  sol.  ether. — ZnA'j.— AgA' : 
curdy  pp. 

Ethyl  ether  EtA'.  Oil. 

Amide  C„H33.CONH2.  [66°].  Nodules 
(from  alcohol). 


Beferences. — Bbomo-  and  Oxy-  eicinoleic 
Acm. 

RICINOLIC  ACID  v.  Tri-oxy-steabic  acid. 

RICINOSTEAUOLIC  ACID  C.gHjjOa.  [51°]. 
Formed  by  heating  the  dibromide  of  ricinoleic 
acid  with  alcoholic  potash  (Ulrich,  Z.  1867, 
647).  Grouj)s  of  needles  (from  alcohol),  v.  sol. 
ether.  Volatile. — BaA'„  :  plates  (from  alcohol) 
[135°].— AgA' :  granular  pp. 

RICINOSTEAROXYLIC  ACID  CisHjoO,. 
[78°].  Formed  by  heating  ricinostearolic  acid 
with  moist  Ag,0  (Uhioh-,  Z.  1867,  550).  Den- 
dritic groups  of  needles  (from  alcohol),  v.  sol. 
ether. — BaA'j. — AgA';  granular  pp.  decomposed 
by  hot  alcohol. 

ROBININ  C.,5H3„0,s.  [195°].  Occurs  in  the 
blossoms  of  the  acacia  {Robinia  pseudacacia) 
I  (Zwenger  a.  Dronke,  A.  Suppl.  1,  257).  Thin 
yellow  needles  (containing  5i  aq).  Neutral  in 
reaction.  Tasteless,  si.  sol.  cold  water  and  alco- 
hol, insol.  ether.  Sol.  alkalis,  forming  yellow 
solutions.  The  ammoniacal  solution  turns 
brown  in  air.  FeClj  gives  a  brown  colour.  Its 
alcoholic  solution  is  ppd.  by  lead  subacetate. 
Eeduces  hot  Fehling's  solution.  HNO3  forms 
I  oxalic  and  picric  acids.  Split  up  by  boiling 
dilute  acids  into  quercetin  and  a  sugar. 

ROCCELLIC  ACID  C,;H3„0,.  [132°].  S..(boil- 
ing  alcohol  of  S.G.  "819)  55.  Occurs  in  various 
species  of  Boccella  (Heeren,  S.  J.  59,  346 ; 
Liebig,  P.  21,  31 ;  Schunck,  A.  61,  64 ;  Hesse, 
A.  117,  332).  Four-sided  prisms,  insol.  water, 
V.  sol.  alcohol  and  ether,  si.  sol.  warm  benzene. 
Sol.  Na,C03Aq  and  borax. 

Salts.— BaA"  (dried  at  100°).— CaA"  aq  : 
amorphous  pp.— Pb3A''o(OH)„2aq:  white  powder. 
— Ag,,A"  :  amorphous  pp. 

Ethyl  ether  Et„A".  Oil. 

Anhydride  Ci;H3i,03.  Got  by  heating  the 
acid  above  220°.    Oil,  v.  sol.  hot  alcohol  and 

Anilide  C,,H3„02(NHPh)2.  [55°].  Got  by 
heating  the  acid  with  aniline  at  190°.  Colour- 
less laminae  (from  alcohol),  insol.  water,  NHjAq, 
and  HClAq. 

ROCCELLININ  CisHi^O;.  Occurs  in  BocccZZa 
tinctoria  (Stenhouse,  A.  68,  69).  Silky  needles 
(from  alcohol),  nearly  insol.  cold  alcohol  and 
ether.  Its  solutions  in  alkalis  are  not  coloured 
by  air.  Not  decomposed  by  boiling  KOHAq. 
Does  not  pp.  metallic  salts. 

ROCHELLE  SALTS,  Potassium-sodium  tar- 
trate ;  V.  Takteates. 

ROSANILINE  C.,„H„,NsO  i.e. 
([4:l]C8H,(NH,)).,C(OH).CeH3Me(NH.,)  [1:3:4]. 
Tri-amido-di-phenyl-tolyl-carhinol.  Formed  by 
oxidation  of  a  mixture  of  aniline,  o-toluidine, 
and  jp-toluidine  (Hofmann,  /.  pr.  77,  190 ;  87, 
226  ;  Pr.  12,  2  ;  Muhlhiiuser,  D.  P.  J.  266,  455, 
503,  547).  SnCl„  As.O^,  HNO3,  Hg(N03)2, 
FeCl3,  and  nitrobenzene  may  be  used  as  oxidising 
agents.  For  the  production  of  a  red  colouring 
matter  it  is  essential  that  there  should  be  pre- 
sent a  base  with  methyl  in  the  p)-  position  to 
amidogen  (p-toluidine,  (l,3,4)-xylidine,  or  mes- 
idine),  and  also  a  base  with  H  in  the^-  position 
to  amidogen  {e.g.  aniline,  o-toluidine,  or  (1,3,2)- 
xylidine)  (Rosenstiehl,  C.  B.  82,  415;  94, 
1319;  95,  238;  98,  433;  A.  Ch.  [6]  2,  360). 
When  nitro-benzene  is  used  as  oxidising  agent 
it  appears  to  be  itself  reduced  to  benzene  and 
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nitrogen,  and  not  to  take  part  in  the  formation 
of  rosaniline.  Thus,  when  ehloro-nitro-benzene, 
nitro-aniline,  or  di-nitro-benzene  is  used,  a  sub- 
stituted rosaniline  (e.g.  chloro-rosaniline)  is  not 
formed  (Lange,  B.  18, 1918).  Colourless  needles 
or  plates,  obtained  by  ppg.  a  solution  of  one  of 
its  salts  with  NHjAq  and  recrystallising.  Nearly 
insol.  water,  si.  sol.  NH|Aq,  m.  sol.  alcohol, 
insol.  ether.  Turns  red  in  air.  Dyes  silk  and 
wool  in  acid,  neutral,  and  even  in  slightly  am- 
moniacal  solutions. 

Reactions. — 1.  Eeduced  by  ammonium  sul- 
phide or  powdered  zinc  to  tri-amido-di-phenyl- 
tolyl-methane  (leucaniline)  (Hofmann,  Pr.  12, 
2). —  2.  Yields  alkyl  derivatives  on  heating  with 
■alkyl  iodides  and  phenyl  derivatives  on  heating 
a  salt  with  aniline  (Hofmann,  Pr.  13,  9).  Benzyl 
chloride,  methyl  iodide,  and  MeOH  form 
G,„Hj5(CjH;)jN3MeI,  crystallising  in  lustrous 
green  needles  (Hofmann,  B.  6,  263). — 3.  The 
hydrochloride,  heated  with  water  at  235°,  forms 
NHjCl,  phenol,  red  crystals  of  C,„H,„N,0,  [176°], 
and  colourless  crystals,  which  turn  red  in  air 
and  then  crystallise  from  alcohol  in  red  needles 
0„„H,„N03  (Liebermann,  B.  5,  144;  6,  951).— 

4.  The  hydrochloride,  heated  with  dilute  HClAq 
at  240°,  yields  aniline  and  toluidine  (L.). — 

5.  Water  at  270°  forms  di-oxy-benzophenone, 
di-amido-phenyl-tolyl-ketone,oxy-amido-phenyl- 
tolyl-ketone,  phenol,  and  NH,,  (Liebermann,  B. 

6.  951;  11,  1435;  16,  1927).— 6.  Potassium 
cyanide  added  to  rosaniline  acetate  in  alcohol 
yields  C2,H„„N4,  a  white  crystalline  powder,  sol. 
HClAq,  and  reppd.  by  NHjAq.  It  separates 
from  alcohol  in  monocliuic  crystals.  It  forms 
crystalline  salts. — 7.  A  solution  of  a  rosaniline 
salt  is  decolourised  by  SO.,,  and  the  solution  is 
turned  red,  and  afterwards  violet,  by  aldehydes, 
■and  gradually  deposits  copper-coloured  scales 
of  alkyhdene  derivatives  (Schiff,  Bl.  [2]  7,  518). 
Thus  cenanthol  forms  C5H,3.CH:C,,„H|,N3, 
which  yields  B'HAsO,  and  B'H.PtCls.— 
8.  CEnanthol  reacts  with  rosaniline  acetate  in 
the  cold,  forming  (C;Hn)3(C„,,H„Ni,),,  (Schitf,  Bl. 
[2]  5,  291). — 9.  By  exhaustive  chlorination  it 
yields  CCI4  and  per-chloro-benzene  (Merz  a. 
Weith,  B.  16,  2876).— 10.  Boiling  Ac,0  yields  a 
tetra-acetyl  derivative  as  a  reddish  amorphous 
powder.  The  same  body  is  got  by  treating  tri- 
acetyl-tri-amido-di-phenyl-tolyl-methane  with 
K,Cr.,0,  and  HOAc  (Renouf,  B.  16,  1303).  A 
mono-acetyl  derivative  C,„H,j,AcN3,  got  by  heat- 
ing rosaniline  hydrochloride  with  acetamide,  is 
reddish-brown  and  yields  dark-blue  B'HCl  with 
metallic  lustre  (Beckerhinn,  J.  1870,  768).— 11. 
May  be  sulphonated  by  H.SOj  containing  SO3  at 
130°  (Schoop,  Cliem.  Zcit.  11,  572).— 12.  By 
diazotisation  followed  by  reduction  with  tin  and 
HCl  in  the  cold  it  is  converted  into  '  roshydraz- 
ide,'  the  hydrochloride  of  which  forms  green 
crystals,  and  dyes  cotton  brownish-red  (Ziegler, 
B.  20,  1557). — 13.  Br  forms  a  tetra-bromo-ros- 
aniline  (?)  crystallising  from  benzene  in  prisms 
(Caro  a.  Graebe,  .4.  179,  203). -14.  Aldehyde 
forms  a  blue  product  which  is  converted  by 
Na2S._,03  into  aldehyde  green  C.^H^jN-jSoO,  an 
amorphous  green  mass,  sol.  alcohol  and  ppd.  by 
ether  (Cherpin ;  Usebe,  J.  pr.  92,  337  ;  Hof- 
mann, B.  3,  761 ;  Gattermann,  B.  22,  227). 

Salts. — These  are  derived  from  the  anhy- 
drous base  C,H,N:C(0,H4.NH,)j.— C,„H„N3HC1. 


Bed  crystals  with  green  lustre.  Insol.  ether,  si. 
sol.  water,  m.  sol.  alcohol.  Its  solution  in  water 
ol^  alcohol  is  crimson.  Dyes  wool  and  silk 
magenta.  The  absorption-spectrum  has  been 
studied  by  Hartley  (C.  J.  51, 169).— C,,„H,<,N33HC1. 
Ppd.  by  cone.  HClAq.  Yellowish-brown  needles, 
more  sol.  alcohol  and  water  than  B"'HCl. — 
Decomposed  by  much  water,  forming  B"'HC1. — 
C,,„H,s,N34HCl  or  (C,H„NH3C1).CC1(C„H,NH3C1),. 
Got  by  passing  dry  HCl  into  rosaniline  powder 
(Rosenstiehl,  Bl.  [3]  9, 122).  Eeddish-brown  and 
hygroscopic,  forming  a  magenta  solution.  Fumes 
in  air,  giving  off  HCl.  After  keeping  it  is  not 
completely  soluble. — C„„H|,,N34HBr.  Resembles 
the  preceding  salt.— C.^oHi.iNjHOAc.  Large  crys- 
tals with  green  metallic  lustre ;  v.  sol.  water 
and  alcohol.— (C„„H,gN3).,H.,PtCl„.  Amorphous. 
—  (C,„H,,,]Sf3),3H,P"tCl,,.— CjoHigNjHBr.  SI.  sol. 
water. —  C2„H|,,N.,HI.  Green  needles,  v.  sol. 
water.  —  C,„H|,,N.,HN03  '■  small  crystals.  — 
(C„„H,.,N3),H,S0',  (dried  at  130°).  Crystals  with 
green  lustre.  Does  not  form  an  alum  with 
AL(SO,)3(Wood,  C.iV.38,1).— G2„H,gN,C,H,N30,. 
Red  needles,  very  slightly  sol.  water.  — 
(C.,„H,„N3).,H.,C20.,  aq.  —  Tannate:  ppd.  by 
adding  tannin  to  an  aqueous  solution  of  a  salt 
of  rosaniline.  Red  mass,  insol.  water,  sol.  al- 
cohol and  HOAc  (E.  Kopp,  J.  1862,  694).— 
Aurinate  :  Got  by  heating  equivalent  quantities 
of  rosaniline  and  aurin  with  alcohol  (Dale  a. 
Sohorlemmer,  C.  J.  43,  186).  Hexagonal 
crystals  with  green  lustre  (Dyson,  C.  /.  43,  471). 
More  sol.  alcohol  than  either  constituent.  Dyes 
silk  magenta. — Phenate  CjoHmNjCi-HjO.  Got 
by  heating  rosaniline  with  phenol,  dissolving  in 
alcohol,  and  ppg.  with  water  (Dj'son,  C.  J.  43, 
470). 

Para-rosaniline  C|,,H,gN30  i.e. 
([l:4]C6H,(NH2))3COH.  Tri-amido-tri-i)henyl- 
carbinol. 

Formation.  —  1.  From  tri-nitro-tri-phenyl- 
methane  by  oxidation  by  CrO,  and  HOAc  fol- 
lowed by  reduction  of  the  resulting  tri-nitro-tri- 
phenyl-carbinol  with  zinc-dust  and  HOAc  (E.  a. 
0.  Fischer,  B.  11,  195,  473,  612,  1079,  1598  ;  A. 
194,  242). — 2.  By  heating  a  mixture  of  aniline 
and  p-toluidine  with  arsenic  acid  (Rosenstiehl, 
A.  Ch.  [5]  8,  192) ;  formed  therefore  in  the  pre- 
paration of  rosaniline  (Graebe,  B.  12,  2241). — 3. 
By  heating  |j-nitro-di-amido-tri-phenyl-methane 
with  FeCU  at  170°  (0.  Fischer,  B.  15,  678).— 4. 
By  heating  j.i-nitro-benzylidene  bromide  with 
aniline  (Zimmermann  a.  Miiller,  B.  17,  2936). — 
5.  Hy  heating  aurin  with  NHjAq  at  180°  (Dale 
a.  Schorlemmer,  B.  10,  1016). — 6.  By  heating 
di-amido-di-phenyl-methane  (from  aniline  and 
formic  aldehyde)  with  aniline,  aniline  hydro- 
chloride, and  nitro-benzene  or  arsenic  acid. 

Properties.  —  Crystalline  plates.  Nearly 
colourless  ;  si.  sol.  water  ;  absorbs  CO^  from  air. 
Its  solution  in  cone.  HClAq  is  coloured  grass- 
green  by  a  crystal  of  KCIO3. 

Reactions.  —  1.  Yields  o-toluidine  and  di- 
amido-benzophenone  [237°]  on  boiling  with 
HClAq  for  a  long  time  (Wichelhaus,      19, 110). 

2.  HIAq  at  190°  forms  aniline  and  ^; -toluidine 

3.  Nitrous  acid  forms  the  tri-diazo-  derivative, 
which  on  boiling  is  converted  into  aurin.— 4.  Re- 
duced by  zinc-dust  and  HClAq  to  tri-amido-tri- 
phenyl-methane. — 5.  KCy  added  to  its  hydro- 
chloride in  presence  of  alcohol  forms  '  hydro- 
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EOSANILINE. 


cyanpararosaniline  '  C|,,H,,N3HCN,  crystallising 
from  hot  alcohol  in  colourless  prisms,  forming 
B'H^Clj  2aq.— 6.  Pararosaniline  (5  g.)  is  sloi^ly 
converted  by  cone.  HClAq  (55  g.),  water  (55  g.), 
and  aldehyde  (22  g.)  in  the  cold  into  aldehyde- 
blue,  a  dark-blue  hygroscopic  powder,  ppd.  by 
adding  NaCl  to  the  product  after  dilution  with 
water  (Gattermann,  B.  22,  227).  Aldehyde  blu^ 
yields,  on  distillation,  a  solid  base  C,„H<,N. 

Salt.— C,„H,8N,C1.    S. -24  at  9°. 

Tri-methyl-rosaniline    v.  Tki-methtl-tri- 

AMlDO-DI-PHENYL-TOLlIi-CAKBINOL. 

Hexa-methyl-pararosaniline  v.  ELexa-methyl- 

TBI-AMID0-TRI-PHEN1L-CARBIN0L. 

Phenyl-rosanilines     v.-  Hexa-phenti-tei- 

AMIDO-TEI-PHENYL-CAEBINOL  and  TRI-PHENTL-TEI- 
AMIDO-DI-PHENYL-TOLYL-CARBINOL. 

EOSEINE.    A  name  for  salts  of  Eosaniline. 

ROSEMAEY  OIL.  S.G.  i§  -905.  a=+42' 
to  -f9°48'in  100  mm.  (Schimmel,  PJi.  [3]  21, 
940;  22,  328).  Obtained  by  steam-distillation 
from  Rosmarinus  officinalis  (Kane,  Trans.  Irish 
Acad.  18,  135  ;  Lallemand,  A.  114,  197  ;  A.  Oh. 
[3]  57,  404;  Gladstone,  J.  1863,  549;  Mont- 
golfier,  Bl.  1876,  18  ;  Bruylants,  J.  Ph.  [4]  29, 
508).  Contains  aterpene  (165°),  dextrorotatory 
camphor,  borneol,  and  cineol  C|„H,80  (176°- 
179°)  (Weber,  A.  238,  89).  The  cineol  forms  a 
hydrochloride  (G|„H,,0).,HC1,  a  tetra-bromide 
[124°],  and  the  iodide  C,„'H,  J,  [79°]. 

BOSE  OIL.  Obtained  by  steam-distillation 
from  rose  leaves.  Contains  a  stearoptene  0,^11,,, 
[34°]  (365°)  which  is  not  attacked  by  chromic 
acid  mixture  and  appears  to  be  a  paraffin  (Mar- 
kownikoff,  B.  23,  3191 ;  J.  pr.  [2]  48,  311 ;  cf. 
Blanchet,  A.  7,  154  ;  Gladstone  a.  Dale,  C.  J. 
17,  1;  Salkiiliinski,  N.  B.  P.  24,  129;  Bauer, 
D.  P.  J.  204,  253  ;  Fluckiger,  Z.  [2]  6,  126 ; 
Panajotoff,  B.  24,  2700;  Eckart,  B.  24,  4205). 
Eose  oil  also  contains  rhodinol  (q.v.).  Bulgarian 
oil  of  roses  contains  roseol  C,„H.2i)0  (225°  cor.), 
which  is  oxidised  by  KMnO^  to  C,„H,3(0H),, 
(240°)  S.G.  2  1-0445  ;  f  1-0343  ;  and  is  reduced 
by  HI  to  C,„H2,  (159°)  S.G.  g  -7700 ;  f  -7554 
(Ladenburg,  J.  pr.  [2]  48,  293). 

ROSEOCOBALT  SALTS  v.  Cobaltamines, 
vol.  ii.  p.  226. 

KOSEOCHROMIUM  SALTS  v.  Chrom-ammo- 

NIDM  SALTS,  Vol.  ii.  p.  160. 

EOSEORHODIUM  SALTS  v.  Ehodidm-ammo- 

NIUM  COMPOUNDS,  tllls  Vol.  p.  407. 

ROSEWOOD  OIL.  The  oil  got  by  steam- 
distillation  from  the  wood  of  Convolvulus  scopa- 
rius  contains  a  terpene  0,1,11,5  (249°)  (Gladstone 
a.  Dale).  Eosewood  also  contains  a  Islack  resin 
C,,H2,0„  [95°]  S.G.  1-266,  which  is  insol.  i 
water,  sol.  alcohol,  and  gives  a  blood-red  colour  j 
with  H.,S0j  (Terreil  a.  Wolff,  Bl.  [2]  33,  435).  i 

ROSINDOLES.  Eed  colouring  matters,  | 
greatly  resembling  rosauiline,  formed  by  heating 
indoles  with  BzCl,  and  by  oxidation  of  benzyl- 
idene  derivatives  of  indoles  (E.  Fischer  a.  Wag- 
ner, B.  20,  815).  Thus  methyl-ketole  yields  di- 
methyl rosindole,  C.H^oN,, which  may  possibly  be 
CPh(C„H,NH)\  '  ■ 
NC,H,  >• 

ROSINDONE  C,H<^^^;Npj^>C,H,. 

Eosindulone.  [262°].  Formed  by  heating  rosin- 
duline  with  cone.  HClAq  at  170°  under  pressure 
(Fischer  a.  Hepp,  A.   256,  238;   262,  244). 


Formed  also  from   oxj^-naishthoquinone  and 
I  phenyl-o-phenylene-diamine  (Kehrmann,  J.  pr. 
1  [2]  43,  269  ;  B.  24,  586).    Eed  hexagonal  tables, 
I  insol.  hot  water,  m.  sol.  boiling  alcohol,  forming 
1  a  scarlet  solution  with  brick-red  fluorescence. 
Eeduced  to  naphthophenazine  by  distilling  in  a 
current   of  H  over  zinc-dust.    Converted  by 
^-toluidine   at   130°  into  p-tolyl-rosinduline. 
Oxidised  by  CrOj  to  rosindonic  acid  CjjHi^NjOa, 
which  crystallises  in  colourless  needles,  si.  sol. 
alcohol,  insol.  water,  v.  sol.  ether. 
ROSINDULINE  C,„H,5N3  i.e. 

^'i^Kc(NH).CH:C.NPh/'*-''*-^<-  [199°]- 
Formed  by  heating  benzene-  azo-  (a)-naphthyl- 
amine  with  aniline  and  alcohol  at  165°  under 
pressure  (Fischer  a.  Hepp,  A.  256, 236).  Formed 
!  also   by    heating  phenyl-o-phenylene-diamine 
with   oxy-naphthoquinone   imide,  HOAc,  and 
alcohol  at  100°  (Kehrmann,  J.  pr.  [2]  43,  269  ; 
B.  24,  587).    Eeddish-brown  plates,  v.  sol.  alco- 
hol and  ether,  insol.  water.    Cone.  HjSO^  forms 
j  a  green  solution,  becoming  red  on  dilution.  The 
I  alcoholic  solutions  exhibit  reddish-yellow  fluor- 
escence.— B'HCl  35aq  :  red  needles. 

Rosinduline.  This  name  has  also  been  given 
to  the  ijhenyl  derivative  of  the  preceding  body 
{v.  vol.  iii.  13.  9). 

ROSOLIC  ACID  V.  Tei-oxy-di-phenyl-tolyl- 
CARBiNOL  and  Tei-oxy-tei-phenyl-cabbinol. 

EOTTLERIN  C„H,„03?  [200°].  A  yellow 
substance  occurring  in  the  fruit  of  Bottlcra 
tinctoria,  which  grows  in  India  (Anderson, 
N.  Ed.  P.  J.  [2]  1,  300 ;  Jawein,  B.  20,  182). 
It  is  identical  with  Mallotoxin  (g.  v.). 

RUBAZONIC  ACID  CjiHi^NjO.,.  Formed  by 
oxidation  of  oxy-amido-phenyl-methyl-pyrazole 
(Knorr,  A.  238,  137).  Got  also  by  boiling  pyr- 
azole-blue  with  NHjAq.  Prepared  from  the 
phenyl-hydrazide  of  oxy-phenyl-methyl-pyrazole 
by  reduction  with  zinc-dust  and  HOAc,  followed 
by  oxidation  mth  FeClj  (Buchka  a.  Sprague, 

B.  22,  2551).  Insol.  water  and  dilute  acids,  v.. 
sol.  ether  and  benzene.  Its  solutions  in  alkalis- 
are  deep  violet,  but  on  boiling  become  yellow. 

RUBERYTHRIC  ACID  C„^B..,,0,,  i.e. 

C,  ^H,;0,(0H).0.C,,,H,^03(0H).'.  Bubianic  acid. 
[260°].  Obtained  from  madder-root  by  extracting 
with  boiling  absolute  alcohol  (Eochleder,  A,  80, 
321 ;  82,  205  ;  Schunck,^.  66, 176  ;  Liebermann 
a.  Bergami,  B.  20,2241).  Lemon-yellow  needles, 
V.  sol.  hot  water,  v.  si.  sol.  alcohol,  insol.  ether. 
Its  alcoholic  solution  is  yellow.  Alkalis  form 
blood-red  solutions.  It  does  not  ferment  with 
yeast.  Boiling  dilute  acids  split  it  up  into- 
alizarin  and  sugar.  Ac^O  and  NaOAc  yield 
C.,5H,|,Ac80,4,  crystallising  in  yellow  needles 
[230°].  -C,„H2,K0,j.— BaA'j  aq. 

RUBIAN  C..sH.,j0,5.  A  glucoside  in  madder 
root,  split  up  by  acids,  alkalis,  or  the  madder- 
ferment  (erythrozym)  into  glucose,  alizarin,  and 
other  bodies  (Schunck,  P.  M.  [4]  12,  200,  270 ; 
J.  pr.  59,  465).  Amorphous  resin,  v.  sol.  water, 
m.  sol.  alcohol,  insol.  ether.  Its  solutions  are 
very  bitter.  Yields  ruberythric  acid  on  treat- 
ment with  baryta.  It  is  probably  a  mixture  of 
ruberythric  acid  and  other  bodies. 

RUBIANIC  ACID  v.  Edbeeythbio  acid. 
RITBIDINE.   A  general  name  for  homologues 
of  pyridine  of  the  formula  C„Hi,N,  e.g.  di-methyl- 

ISOBDT  YL-PYEIDINE . 


EUBIDIUM. 
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Eubidine  C,,H„N.    (230°).    S.G.  ^  1-017. 

Occurs  in  coal-tar  (Thenius,  Bei?.  Chim.  app.  4, 
181).  Liquid,  si.  sol.  water,  miscible  with  alco- 
hol and  ether.  Its  salts  redden  in  the  air. 
Bleaching-powder  gives  a  red  colour.  Colours 
acidified  fir-wood  red.  —  B'jHoPtClg :  reddish 
crystalline  powder. 

RUBIDIUM.  Kb.  At.  w.  85-2.  Mol.  w.  un- 
known. Melts  at  c.  38-5°  (Bunsen,  A.  125,  367). 
S.G.  c.  1'52  (B.,  I.e.).  Eefraction-equivalent  12-1 
(Gladstone,  Pr.  18,  49) ;  11-6  (Kannonikoff,  /.  R. 
1884  [1]  119).  Chief  lines  in  emission-spectrum 
are  two  in  the  red,  Eb^  and  Eb„  7800  and  6297  ; 
and  two  in  the  violet,  Eb/s  and  Eb„,  4216  and  4200 
(Kirchoff  a.  Bunsen,  P.  113,  337 ;  Lecoq  de 
Boisbaudran,  Spectres  lumineux  [1874]  46 ;  v. 
also  B.  A.  1884.  438).  Beketoff  (J.  B.  1888.  363) 
gives  [Eb-,0]  =94,900. 

Occurrence. — Never  free.  Salts  are  widely 
distributed,  but  in  very  small  quantities,  along 
with  salts  of  Cs,  and  frequently  also  salts  of  Li, 
K,  and  Na.  Many  lepidolites  contain  Kb  salts 
amounting  to  c.  -24  p.c.  Eb  (K.  a.  B.,  P.  113,  337  ; 
119,  1 ;  Grandeau,  A.  Ch.  [3]  67,  155  ;  Allen, 
Am.  S.  [2]  34,  367).  Traces  of  Eb  salts  have 
been  found  in  specimens  of  07-tlwclase  (Erdmann, 
J.  pr.  86,  377,  448;  Laspeyres,  A.  134,  349; 
petalite  (Grandeau,  Z.c.)  ;  micas  (Schrotter, /.pr. 
85,  458) ;  basalt  (Engelbach,  A.  135,  126)  ; 
carnallite  (Erdmann,  I.e.)  \  in  alum  obtained  on 
the  island  of  Volcano  (Cossa,  Acc.  dei  Lincei, 
11,  9)  ;  saltpetre  (Dieulafait,  C.  B.  98,  1545). 
Small  quantities  of  Eb  salts,  varying  from  c. 
•0002  to  c.  '03  g.  KbCl  per  litre,  occur  in  mineral 
springs  {v.  Bunsen,  A.  122,  347:  Grandeau, 
A.  Ch.  [3]  67,  155  ;  Schmtter,  J.  pr.  85,  458 ; 
Eedtenbacher,  J.pr.  85,  458  ;  Bottger,  J.  pr.  89, 
378).  Traces  of  Eb  salts  have  been  found  in 
sea  luater  (Sonstadt,  C.  N.  22,  25,  44)  ;  in 
fumaroles  giving  out  boric  acid  (Hofmann, 
J.  C.  T.  1863.  354)  ;  in  coffee,  tea,  cocoa,  and 
tobacco  (Grandeau,  I.e.);  in  the  ashes  of  beetroot 
(G.,  I.e. ;  Lef^^vre,  C.R.  55,  430) ;  in  the  ashes  of 
various  pilants  (von  Than,  A.  Suppl.  2,  84)  ; 
in  normal  human  iirine  (Scbiaparelli  a.  Peroni, 
G.  10,  390).  According  to  Lockyer  a  well- 
marked  Eb  line  occurs  in  the  solar  spectrum 
{Pr.  27,  279). 

Historical. — In  1860  Bunsen  applied  the 
method  of  spectroscopic  analysis,  then  being 
worked  out  by  him  along  with  Kirchoff,  to  the 
examination  of  the  residue  obtained  by  eva- 
porating very  large  quantities  of  the  water  from 
a  mineral  spring  at  Diirkheim.  Two  red  lines 
appeared  which  were  not  known  to  belong  to 
any  element.  By  further  investigation  Bunsen 
separated  the  chloride  of  the  element,  and  on 
electrolysing  the  molten  chloride  he  obtained 
metallic  globules,  which  rose  to  the  surface  and 
took  fire.  By  strongly  heating  an  intimate  mix- 
ture of  the  carbonate  of  the  new  element  with 
finely  divided  charcoal  and  distilling  into  a  re- 
ceiver under  rock-oil,  Bunsen  obtained  the  metal 
in  some  quantity.  The  name  rubidium  was  given 
because  of  the  characteristic  lines  in  the  red 
part  of  the  spectrum  {ruber  =  dark  red)  {v.  Bun- 
sen, A.  113,  337;  122,347). 

Formation. — 1.  By  distilling  the  mixture  of 
Eb.jCO;,  and  C  obtained  by  carbonising  Rb.H 
tartrate  (Bunsen,  I.e. ;  Setterberg,  ^4.211, 100). — 
2.  By  distilling  a  mixture  of  RbOH  and  Al  (Beke- 


toff, /.  B.  1888.  363).— 3.  By  passing  a  strong 
electric  current  through  molten  EbCl,  the  posi- 
tive electrode  being  graphite,  and  the  negative 
an  iron  wire,  globules  of  Eb  rise  to  the  surface, 
and  there  take  fire.  If  the  negative  electrode 
is  surrounded  with  H  {v.  Lithium,  vol.  iii.  p. 
148),  a  smalt-blue  substance  is  formed,  which 
dissolves  in  water  with  formation  of  EbOH  and 
H ;  this  blue  solid  is  probably  a  lower  chloride 
thanEbCl,  perhaps  EboCl  (Bunsen,  I.e.). 

Preparation. — The  saline  residues  from  the 
manufacture  of  hthium  compounds  from  Saxon 
lepidolite  (at  Struve's  works  in  Leipzig)  were 
found  by  Bunsen  (/.c),  Heintz  (J.pr.  87,310), 
and  Erdmann  {J.pr.  86,  294)  to  be  rich  in  Eb 
salts.  The  si^ecimen  examined  by  Bunsen  con- 
tained 19-75  p.c.  EbCl.  Cossa  {B.  11,  811)  re- 
commended the  natural  alum  from  the  island 
of  Volcano  as  a  good  raw  material  for  preparing 
Eb  salts. 

1.  Bunsen's  method  {A.  122,  351)  for  separa- 
ting Eb  is  based  on  the  different  solubilities  in 

j  water  of  the  platiuochlorides  of  K,  Kb,  and  Cs ; 
these  solubilities  at  17°  are  in  the  ratio  of 

j  15:2:1.  One  kilo,  of  the  saline  residue  from  the 
preparation  of  Li  compounds  from  Saxon  lepi- 
dolite is  dissolved  in  2-5  kilos,  water,  and  ppd., 
when  cold,  by  30  g.  Pt  in  aqua  rcgia.  After 
settling  the  liquid  is  drawn  off,  and  the  pp. 
is  boiled  25  times  in  succession  with  small 
quantities  of  water  (1-5  kilos,  in  all),  each  portion 
being  poured  into  the  liquid  which  was  drawn 
off  from  the  pp.  by  the  PtCl^.  The  4  kilos,  of 
liquid  and  washings  are  evaporated  to  2-5  kilos. 
While  this  evaporation  is  proceeding,  the  washed 
platinochloride  pp.  is  dried  at  100°,  heated 
nearly  to  redness  in  a  stream  of  H  until  a  mix- 
ture of  Pt  with  EbCl,  and  jDerliaps  a  little  CsCl, 
remains  (if  the  solid  melts  reduction  is  incom- 
plete) ;  and  the  RbCl  is  dissolved  out  in  hot 
water.  The  Pt  which  remains  is  dissolved  in 
aciua  regia,  and  added  to  the  liquid  which  has 
been  evaporated.  The  pp.  is  washed  with  small 
quantities  of  water  as  before,  dried,  and  reduced 
in  H,  the  supernatant  liquid  and  washings  being 
evaporated.  The  reduced  Pt  is  dissolved  and 
added  to  the  liquid,  and  so  on.  These  processes 
are  repeated  seven  or  eight  times.  From  1  kilo, 
material  Bunsen  obtained  -125  kilo.  EbCl,  con- 
taining 3-4  p.c.  KCl  and  a  little  CsCl.  To 
separate  KCl,  the  approximately  pure  EbCl  is  dis- 
solved in  water  (36  g.  in  1  litre),  heated  to  boil- 
ing, and  a  boiling  solution  of  PtCl.,  (30  g.  Pt  in 
aqtia  regia,  diluted  to  1  litre)  is  added  ;  the  pp. 
is  washed  repeatedly  with  water  at  40°-50°,  then 
dried,  and  reduced  in  H  ;  the  EbCl  is  dissolved 
in  water,  and  the  Pt  in  aqua  rcgia,  and  these 

I  processes  are  repeated  until  the  EbCl  shows  no 
trace  of  the  red  lines  of  K  in  the  spectro- 
scope. Finally,  Bunsen  separated  CsCl  by  trans- 
forming the  chlorides  into  carbonates,  and  treat- 
ing the  powdered  salts  with  boiling  absolute 
alcohol  until  the  insoluble  EbCl  ceased  to  show 
the  blue  lines  of  Cs  in  the  spectroscope  (EbCl  is 
insoluble,  while  CsCl  dissolves,  in  absolute  alco- 
hol). This  process  has  been  modified  by  Heintz 
{J.  pr.  87,  310),  Grandeau  {A.  Ch.  [3]  67,  155), 
Piccard  {J.  pr.  86,  449),  Bottger  (J.  pi:  89,  378), 
Schrotter  (/.  pr.  85,  458),  de  Boisbaudran  {Bl. 
[2]  17,  551),  and  others. 

2.  Eedtenbacher's  method  (/.  pr.  95,  148)  is 
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based  on  the  different  solubilities  of  the  alums 
of  K,  Kb,  and  Cs  ;  the  solubilities  in  water,  at 
17°,  are  as  22:4:1.  The  method  has  been  modi- 
fied by  Stolba  (J.  in:  99,  49),  Godeffroy  {A.  181, 
176),  Petersen  [D.  P.  J.  224,  176),  Cossa  {B.  11, 
811),  Setterberg  (A.  211,  100),  Eobinson  a. 
Hutchins  (C.  N.  49,  253).  The  mother-liquor 
from  which  Li,C03  has  been  separated  by 
Schrotter's  method  (vol.  iii.  p.  149)  is  evaporated 
with  HjSO^Aq,  with  addition  of  A1,(S0.,)3, 
whereby  Eb  and  Cs  alums  are  obtained  mixed 
with  K  alum.  Or  lepidolite  may  be  decomposed 
by  heating  with  H2SO4  and  CaP.,,  the  residue 
boiled  with  five  or  six  volumes  water,  KOH  added 
■equal  to  5  p.c.  of  the  quantity  of  lepidolite  used, 
the  whole  boiled  with  water,  and  filtered  hot, 
when  the  alums  crystallise  out  on  cooling 
(Stolba,  I.e.).  The  alums  are  dissolved  in  half 
their  weight  of  boiling  water,  half  as  much  cold 
water  is  added,  and  after  stirring  the  whole  is 
let  cool  to  45°,  when  almost  all  the  Kb  and 
Cs  alums  separate,  leaving  much  K  alum  in 
solution.  The  solution  in  water,  and  cooling, 
are  repeated,  temperature  being  allowed  to  fall 
to  40°  ;  the  alum  which  separates  is  dissolved 
in  water  equal  to  half  the  weight  of  the  original 
quantity  of  mixed  alums,  boiled  for  some  time, 
and  allowed  to  cool  to  60°  while  being  stirred. 
The  crystals  which  separate  are  almost  pure  Cs 
alum ;  the  mother-liquor,  when  evaporated,  yields 
almost  pure  Kb  alum. 

To  prepare  the  metal,  EbCl  or  Kb  alum  can 
be  transformed  into  EbOH,  and  Eb  prepared 
therefrom ;  or  the  KbOH  may  be  dissolved  in 
the  proper  quantity  of  tartaric  acid  to  form 
EbH  tartrate,  which  may  then  be  charred,  and 
Hb  obtained  from  the  mixture  of  EbXOj  and  C 
so  formed. 

To  prepare  KbOH,  the  EbCl  is  converted 
into  EboSO,,  by  H,SOjAq,  the  Kb.SO,  is  dis- 
solved in  water,  boiled,  BaOAq  is  added,  the 
liquid  being  kept  boiling.  BaSOj  is  removed  by 
decantation,  and  the  liquid  is  evaporated  to 
dryness  in  a  silver  dish  as  quickly  as  possible. 
KbOH  is  obtained  from  Eb  alum  by  dissolving 
in  hot  water,  ppg.  AloO.,  by  slight  excess  of 
NH^Aq,  filtering  hot,  evaporating  to  dryness  in  a 
Pt  dish,  strongly  heating  till  (NHJ2SO4  is  re- 
moved, and  then  proceeding  to  decompose  the 
Kb,S04  by  BaOAq  as  already  described.  KbOH 
is  mixed  with  Al  clippings  in  the  ratio  2KbOH:Al 
(  =  1  part  Al  to  7'5  parts  RbOH),  and  the  mix- 
ture is  heated  to  full  redness  in  a  furnace,  in  an 
iron  cylinder,  connected  by  an  iron  tube  with  a 
^lass  receiver.  The  Eb  distils  over,  and  appears 
like  Hg  in  the  receiver.  As  H  is  given  off,  the 
Kb  is  surrounded  by  a  non-oxidising  atmosphere 
(4EbOH  -I-  2A1  =  Kb.,O.ALO,  +  2Eb  +  2H„).  From 
28  to  33  p.c.  of  the  Kb  in  KbOH  is"  obtained 
(Beketoff,  J.  R.  1888.  363  ;  abstracts  in  C.  J.  58, 
108,  and  B.  21,  Rcf.  424).  For  a  description  of 
the  method  of  preparing  Kb  from  Kb-.COj  and  C 
V.  Bunsen  {A.  125,  367)  and  Setterbe'rg  (.4.  211, 
100).  An  explosive  compound  similar  to  the 
compound  of  K  and  CO  (this  vol.  p.  300)  is  liable 
to  be  formed. 

For  a  method  of  separating  Eb  from  Cs  and 
K,  based  on  the  formation  of  double  compounds 
of  EbCl  with  SbCl,,  and  with  SnCl„  v.  Muth- 
mann  {B.  26,  1019  [1893]). 

Properties, — A  very  lustrous,  white  metal, 


with  an  extremely  faint  tinge  of  yellow.  Soft 
as  wax,  even  at  — 10°  ;  melts  very  easily  (c. 
38-5°).  Lighter  than  water.  Bunsen  (A.  125, 
367)  made  one  determination  of  S.G.,  which  gave 
1"52,  but  the  result  is  not  final.  Heated  in  ab- 
sence of  0,  the  metal  distils  below  redness, 
forming  a  blue  vapour.  Kb  dissolves  in  liquid 
NH,  (Seeley,  C.  N.  23,  169).  When  exposed  to 
air  Eb  is  at  once  covered  with  a  greyish-blue 
film,  which  is  supposed  to  be  a  suboxide  ;  much 
heat  is  produced,  and  the  metal  soon  takes  fire. 
Decomposes  cold  water  very  rapidly,  with  evolu- 
tion of  H,  which  takes  fire.  Kb  is  the  most 
positive  element  next  to  Cs.  It  closely  resembles 
K  in  its  chemical  relations  {v.  Ajdkaiis,  metals 
OP  THE,  vol.  i.  p.  114).  The  at.  w.  of  Kb  has 
been  determined  (1)  by  determining  CI  in  RbCl  by 
Bunsen  (P.  113,  339 ;  115,  584  [1861]),  Piccard 
{J.  pr.  86,  454  [1862]),  and  Godeffroy  {A.  181, 
189  [1875]) ;  (2)  by  determining  V.D.  of  BbCl 
and  KbI  at  c.  1200°  (Scott,  Pr.  E.  14,  410). 
The  S.H.  of  Kb  has  not  been  determined ;  but 
from  observations  of  the  molecular  heats  of  KbCl 
and  Kb;,C03,  and  comparisons  of  these  with  those 
of  the  corresponding  salts  of  metals  that  have 
normal  atomic  heats,  it  is  probable  that  the 
atomic  heat  of  Eb  is  c.  6'4,  and,  therefore,  that 
the  S.H.  is  c.  -075.  The  atom  of  Kb  is  mono- 
valent in  the  gaseous  molecules  RbCl  and  Rbl. 

Reactions  and  Combinations. — 1.  Rapidly 
oxidises  in  air  ;  much  heat  is  produced,  and  the 
metal  ignites.    Beketoff  (/.  R.  1888.  363)  gives 
[Rb-,0]  =  94,900. — 2.  Decomposes  cold  ivater, 
with  rapid  evolution  of  H  and  production  of 
RbOHAq;    Beketoff    (I.e.)  gives  [Rb,H-'0Aq] 
=  96,400,  with  formation  of  RbOHAq  and  H.— 
3.  Burns  in  vapour  of  chlorine,  bromine,  iodine, 
I  sulphur,  and  arsenic,  forming  compounds  with 
j  those  elements  (Bunsen,  Z.c). 
{      Detection     and     EstimatioJi.  —  Phospho- 
j  molybdic  acid  gives  a  yellow  pp.  insol.  acids 
I  (Debray,  Bl.  [2]  5,  404).     Silicotungstic  acid 
(SiW,.,Oj.,Hs.KH,0)  ppts.  Rb  salts,  but  not  salts 
of  K  (Godeffroy!^  B.  9,  1365).    As  Cs  salts  are 
ppd.  by  SbClj  in  cone.  HClAq,  added  to  solu- 
tions containing  cone.  HCl  (as  6CsCl.SbCl3), 
while  Kb  salts  give  no  pp.,  Kb  can  be  separated 
from  Cs  salts  by  addition  of  HClAq  and  SbCl, 
in  HClAq  (G.,  B.  8,  9).    Kb  is  best  detected  by 
the  spectroscope.    The  most  characteristic  lines 
are    in    the   blue-violet,    Rb„(\  =  4206),  and 
Rb^(\  =  4216):  -0002  mgm.  EbCl  can  be  de- 
'  tected  (Bunsen,  Z.c).    Eb  is  determined  in  the 
;  form  of  EbCl.    For  the  separation  of  Eb  from 
i  K,  and  estimation  of  the  Eb,  v.  Bunsen  (Z.c). 
I  Bunsen  determined  EbCl  in  presence  of  CsCl  by 
finding  the  sum  of  the  two  chlorides,  then  esti- 
j  mating  the  total  CI,  and  calculating  the  quantity 
1  of  each  salt. 

I      Eubidium,    amalgam    of.      When  cone. 

I  RbClAq  is  electrolysed,  using  Hg  as  negative 
electrode,  a  solid,  white,  lustrous,  crystalline 
amalgam  is  formed.  Decomposes  cold  water 
rapidly ;  becomes  oxidised  superficially  in  air, 
and  then  deliquesces  with  formation  of  RbOH. 
Is  electropositive  to  K  amalgam  (Bunsen,  A.  122, 
347). 

Eubidium,  bromide  of.  RbBr.  Formula 
probably  molecular,  from  analogy  of  RbCl  and 
KbI.  Formed  by  burning  Rb  in  Br.  Also  by 
saturating  HBrAq  with  RbjCO^,  and  evaporating. 
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White,  lustrous,  regular  octaliedra.  S.  98  at  5°, 
104-8  at  16°  (Eeissig,  A.  127,  33).  Melts  at  c. 
683°  (Carnelley,  C.  J.  33,  279).  Combines  with 
IBr,  to  form  RbBr.EBr ;  and  with  Br  to  form 
Kblir.Br,  (Wells  a.  Wheeler,  Am.  S.  [3]  43,  475). 

Kubidium,  chloride  of.  EbCl.  Mol.  w. 
120-57.  V.D.  at  1200°-1500'  69-7  (Scott,  Pr.  E. 
14,  410).  Melts  at  o.  710°  (Carnelley,  C.  J.  33, 
279).  By  burning  Rb  in  CI.  Also  by  saturating 
HClAq  with  Rb.jCO;,,  evaporating,  and  crystal- 
lising from  water.  Also  by  reducing  Rb,,PtCl,| 
in  H,  and  dissolving  out  EbCl  in  water  (c/. 
Preparation,  p.  411).  White,  lustrous,  cubi- 
cal crystals ;  unchanged  in  air ;  decrepitates 
when  heated,  and  then  melts,  and  volatilises  at 
a  very  high  temperature.  S.  76-38  at  1°,  82-89 
at  7°  ;  sol.  alcohol  (Bunsen,  I.e.).  Molten  KbCl 
is  a  good  conductor  of  electricity  (Hampe,  Cliem. 
Zeitung,  1887.  No.  54).  Double  compounds  : 
EbCl  combines  with  many  metallic  chlorides  ; 
some  at  any  rate  of  the  products, 6.(7. the  platino- 
and  platini-chlorides  Eb.,PtCl,  and  EbnPtClg,  are 
best  regarded  as  Eb  salts  of  acids  containing 
metals  and  CI.  The  following  compounds  have 
been  prepared:  M  =  RbCl.  --  6M.SbCl,  (1) ; 
3M.2SbCl3  (6)  ;  eM.BiCLi  (1)  ;  2M.CdCL, 
M.CdCl„.rsH.,0  (1) ;  2M.CrCl,..aq  (2) ;  2M.CuCl.,  (1) ; 
M.AuCL,  (3)';  3M.FeCl,  (1),  2M.FeCl;,.aq  "(2)  ; 
2M.MnCl,.  3aq  (1)  ;  2M.HgCL,  2M.HgCl„.  2aq, 
M.2HgCl',  M.4HgCl.,(l);  '  2M.lN'iCL,  (1) ; 
2M.PtCl.r  (4),  2M.PtCl'  (5)  ;  3M.TICI3  '(2)  ; 
2M.SnCij  (1) ;  2M.ZnCL  (1). 

References  to  above. — (1)  Godeffroy,  B.  8, 
9;  (2)  Neumann,  yl.  244,  329;  (.3)  Eosenbladt, 
JB.  19,  2535;  (4)  Nilsou,  Bl.  [2]  27,  210;  (5) 
-  Bunsen,  A.  122,  347  ;  (6)  Muthmann,  B.  26, 
1019,  1425. 

EbCl  also  combines  with  IBr  to  form 
RbCl.IBr;  with  ICl,  to  form  RbCl.ICl ;  with 
BrCl,  to  form  EbCl.BrCl ;  and  with  Br  to  form 
RbCl.Br,  (Wells  a.  Wheeler,  Am.  S.  [3]  43,  475). 

Rubidium,  cyanide  of.  Setterberg  {A.  211, 
100)  probably  obtained  a  cyanide  of  Eb  by  pass- 
ing dry  HCN  into  an  alcoholic  solution  of  EbOH. 
Eeissig  (.4.  127,  33)  failed  to  obtain  the  salt 
free  from  products  of  decomposition. 

Rubidium,  ferrocyanide  of ;  v.  vol.  ii.  p.  335. 

Rubidium,  fluoride  of,  EbP.  Formula  pro- 
bably molecular,  from  analogy  of  EbCl  and 
Ebl.  S.G.  3-202  at  16-5°  (Clarke,  Am.  S.  [3] 
13,  293).  Melts  at  e.  753°  (Carnelley,  C.  J.  33, 
279).  Forms  a  double  compound  with 
uranyl  fluoride,  4EbF.UO.,F.,.6aq  (Ditte,  0.  B. 
91,  166). 

Rubidium,  hydroxide  of,  EbOH.  A  white, 
brittle  solid,  with  slight  greyish  tinge ;  very 
alkaline  and  caustic ;  easily  sol.  water,  with 
production  of  much  heat ;  sol.  alcohol.  Formed 
by  decomposing  H,,0  by  Eb  ;  also  by  boiling 
Rb.jSOjAq  till  air  is  driven  out,  adding  BaOAq 
gradually,  keeping  the  liquid  boiling  till  BaSO^ 
ceases  to  be  formed,  decanting  from  BaSOj, 
which  separates  out  rapidly,  and  evaporating 
in  a  silver  dish.  Melts  below  redness ;  is  not 
decomposed  by  heating.  When  molten  attacks 
Pt.  Beketoff  (J.  B.  1888.  363)  gives  [Rb,0,H] 
=  164,800  ;  [Eb-0,H-0]  =  69,900. 

Rubidium,  iodide  of,  Ebl.  Mol.  w.  211-53. 
V.D.  110-8  at  1200°-1500°  (Scott,  Pr.  E.  14, 
410).  Melts  at  c.  642°  (Carnelley,  C.  J.  33,  279). 
Lustrous,  white,  regular  octahedra  ;  unchanged 


I  in  air.  S.  137-5  at  6-9°,  152  at  17-4°.  Formed 
by  saturating  HIAq  with  Eb.^CO,,  evaporating, 
and  crystallising  from  water.  Also  by  heating 
Eb  in  I  vapour  (Eeissig,  A.  127,  33).  Ebl  com- 
bines v^ith  I  to  form  Ebl.I.,  (Wells  a.  Wheeler, 
Am.  S.  [.3]  43,  475). 

Rubidium,  oxides  of.  No  oxide  of  Eb  has 
been  isolated.  Eb  burns  in  air,  possibly  with 
formation  of  an  oxide  and  peroxide  similar  to 
li.X)  and  ICO,.  The  greyish-blue  film  which  is 
formed  on  the  surface  of  the  metal  when  ex- 
posed to  the  air  is  perhaps  a  suboxide.  According 
to  Beketoff  (J.  B.  1888.  363),  the  thermal  value 
of  [Eb-,0]  is  94,900. 

Rubidium,  salts  of.  The  principal  salts 
formed  by  replacing  H  of  oxyaoids  by  Eb  are 
borate,  carbonates,  clilorata  and  perchlo7-ate, 
chroniate  and  dichromate,  molybdatc,  nitrate, 
oxalate,  silicotungstate,  sidphate,  and  thio- 
sulpliate  {v.  Carbonates,  Nitrates,  Ac). 

Rubidium,  silicofluoride  of.  Eb.,SiF5.  White, 
regular  crystals.  S.G.  3-338  at  20°"  S.  c.  -16  at 
20°,  1-35  at  100°.  By  ppg.  hot  Eb  alum  solu- 
tion by  CuSiF,  (Stolba,  J.  pr.  102,  1). 

M.  M.  P.  M. 

RUBIJERVINE  v.  Jervine. 

RUE  OIL.  The  essential  oil  (c.  229°)  ob- 
tained by  distilling  Buta  gravcolens  contains 
methyl  ennyl  ketone  C,,H.,.0  (224°),  a  ketone 
C|.,H.,jO  (232°),  and  a  small  quantity  of  terpene 
(Gerhardt,  G.  B.  26,  225,  361 ;  Cahours,  G.  B. 
26,  262 ;  Greville  Williams,  T.  1858  [1]  99  ;  A. 
107,  374;  Hallwachs,  A.  113,  108;  Harbordt, 
A.  123,  293).  By  boiling  oil  of  rue  with  nitric 
acid  (S.G.  1-2)  an  acid  C,,H,„N..04  may  be  ob- 
tained (Chiozza,  A.  85,  225  ;  Alexejeff,  Z.  1865, 
736).  This  acid  is  a  heavy  oil,  foi-ming  KA'  and 
NaA',  crystallising  from  alcohol  in  greenish- 
yellow  tables  (Limpach,  A.  190,  298). 

RTJFICOCCIN  V.  Carminic  acid. 

RUFIGALLIC  ACID    v.  Hexa-osy-anthea- 

QUINONE. 

RUFIN  Co,H,„08.  A  product  of  the  action 
of  heat  on  phlorizin  (Mulder,  Rev.  Scicntif.  3, 
50  ;  Stas,  A.  60, 198).  Dark-red  resin,  sol.  alco- 
hol, nearly  insol.  ether  and  water.  Its  alkaline 
solutions  are  red.  Ac.,0  forms  CiHuAcOs  (Schiff, 
A.  156,  5). 

RUFIOPINE  is  Tetra-oxy-anthraqtjinone. 
RUFOL  V.  Di-oxy-anthhacene. 
RUTHENAMMINES       v.  Euthbnidm- 

ASIMONIUM  COMPOUNDS,  p.  418. 

RUTHEWATES    v.    Euthenium,   salts  op 

OXYAClIiS  OF,  p.  417. 

RUTHENITES    v.    Euthenium,    saits  of 

OXYACIDS  OF,  p.  417. 

RUTHENIUM.  At.  w.  101-4.  Mol.  w.  un- 
known. Melts  at  highest  temperature  attainable 
by  O-H  flame,  which  is  above  2000°  (Devi,lle  a. 
Debray,  A.  Ch.  fS]  56,  385).  S.G.  12-26  at  0° 
(crystallised)  (D.  a.  D.,  C.  B.  83,  928) ;  older  de- 
terminations varied  from  8-6toll'4.  Joly  {G.B. 
116,  430)  gives  S.G.  of  Eu  melted  in  an  electric 
furnace  as  12-63  at  0°  referred  to  water  at  4°. 
S.H.  -0611  from  0°  to  100°  (Bunsen,  P.  141,  1). 
C.E.  at  40°  (linear)  -00000963  (Fizeau,  C.  B.  68, 
1125). 

Occurrence. — In  many  platinum  ores  ;  Eu  is 
a  constant  ingredient  of  osmiridium  (vol.  iii.  p. 
47),  the  quantity  varying  from  3  to  6  p.c.  (y. 
Claus,  A.  56,  267  ;  59,  234  ;  Gibbs,  Am.  S.  [2]  29, 
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427;  31,  63;  34,  341).  Wohler  found  Ku.S,,  in 
laurite,  a  rare  mineral  occurring  in  Borneo  and 
in  Oregon  (J.  pr.  98,  226). 

In  1828  Osann  (P.  13,  283  ;  14,  329  ;  cf.  64, 
197)  thought  he  had  discovered  three  new  metals 
in  the  portion  of  a  Pt  ore  insol.  in  aqua  regia  ; 
to  these  metals  he  gave  the  names  jpolin,  plura- 
nium,  and  rutlmiium  (from  B^<^/^enm  =  Russia). 
In  1845  Claus  {A.  56,  257  ;  59,  234 ;  cf.  63,  359) 
examined  the  substance  called  ruthenium  oxide 
by  Osann,  and  found  it  to  consist  chiefly  of  SiOj, 
TiOj,  FejOg,  and  ZrOj ;  from  this  material  Claus 
isolated  a  newmetal,  towhichhe  assigned  Osann's 
name,  ruthenium. 

Formation.  —  1.  By    reducing  Eu^Oj  by  ! 
heating  in  H  or  C. — 2.  By  strongly  heating 
(NHJJRuCls,  (NHj).,RuCl5,  Eu(NH,j.NH,Cl)2,  or 
Ilu(NH3.NH3Cl)..HgCl„.— 3.  By  heating  EuSnjin 
a  graphite  boat  in  a  stream  of  HCl. 

Preparation. — Deville  a. Debray  [C.  R.  82, 926) 
prepared  pure  Eu  by  heating  the  ordinary  metal  in 
a  stream  of  0  till  every  trace  of  Os  was  removed 
as  OsO^  (vol.  iii.  p.  646),  fusing  with  KOH  and 
KNO3,  dissolving  in  water,  saturating  with  CI,  and 
distilling  off  EuOj  into  KOHAq,  by  heating  in 
a  stream  of  CI  on  a  water-bath,  ppg.  EUjO^  by  ■ 
adding  alcohol  to  the  solution  of  KEuO,,,  heating 
the  pp.  in  coal-gas  till  reduced  to  Eu,  melting  in 
a  graphite  crucible  with  5  to  6  parts  pure  tin, 
treating  with  boiling  HClAq,  washing  and  drying 
the  crystalline  EuSn2  which  remained,  and  heat- 
ing this  strongly  in  a  graphite  boat  in  a  stream 
of  HCl. — 2.  Osm-iridium  is  mixed  with  2  parts 
KNO3  1  P^i't  KOH,  and  the  mixture  is  heated 
to  redness  in  a  large  silver  crucible,  embedded  in 
MgO  in  an  earthenware  crucible ;  the  molten 
portion  is  poured  off,  and  the  residue  is  heated 
with  more  KNO3  and  KOH.  The  fused  mass  is 
lixiviated  with  water ;  the  orange  solution,  which 
contains  KOH  and  K  salts  of  HNO,,  HNO3, 
HjOsOj,  and  HjEuO,,  is  neutralised  by  HNOjAq, 
when  a  black  pp.  forms  containing  OsOj.xHjO 
and  EujOj.isHoO.  This  pp.  is  filtered  off,  the 
liltrate  being  set  aside,  and  is  washed  and  boiled 
with  HClAq  and  HN03Aq  in  a  retort  connected 
with  a  receiver  which  is  kept  very  cold ;  the 
boiling  is  continued  till  a  drop  of  the  distillate,  i 
when  brought  alternately  into  the  oxidising  and 
reducing  parts  of  the  Bunsen  flame,  ceases  to 
give  a  bright  flash  in  the  former,  i.e.  until  OsO^ 
ceases  to  distil  off.  The  residue,  which  con- 
tains EUCI3  and  EuCl„  is  dissolved  in  a  little 
water,  excess  of  NH^Cl  is  added  to  the  hot 
cone,  solution,  the  liquid  is  poured  off  from 
(NH,|)J{uCl5,  evaporated  and  mixed  with  more 
NH.,cr,  when  (NHJ.EuCls  ppts.  Excess  of 
NH4CI  is  removed  from  the  pps.  by  washing  with 
alcohol.  By  strongly  heating  the  pps.  Eu  is  ob-  | 
tained.  The  solution  filtered  from  the  pp.  of 
OsOo.kHjO  and  Eu,03.a:H.,0  contains  OsO.,  and 
EuOj ;  it  is  made  strongly  acid  by  HClAq,  OsO^ 
is  distilled  off,  the  solution  is  evaporated  till  most 
•of  the  KNO3  crystallises  out,  the  mother-liquor 
is  evaporated  to  dryness,  the  residue  is  dissolved 
in  water,  and  Ru^Sj  is  ppd.  by  adding  (NH4)2SAq 
and  then  acidifying  ;  after  washing  and  drying, 
the  EU0S3  is  roasted,  and  the  EujOj  so  formed  is 
reduced  by  heating  in  H,  or  by  strongly  heating 
in  a  graphite  crucible  ;  or  the  Eu^Oj  may  be 
dissolved  in  HClAq,  and  NH^-Eu  chlorides  ob- 
tained from  this  solution  and  decomposed  by 


heat  (Claus,  J.  pr.  85,  129 ;  Carey  Lea,  Am.  S. 
[2]  38,  83). 

For  other  methods  of  separating  Eu  from 
osm-iridium  v.  Deville  a.  Debray  {A.  Ch.  [3]  56, 
385;  C.  B.  83,  927;  Fremy,  A.  Ch.  [3]  44,  385; 
Gibbs,  Am.  S.  [2]  34,  343;  37,  61).  Debray  ob- 
tained ruthenium  in  crystals  by  dissolving  the 
spongy  metal  in  molten  lead,  heating  strongly, 
and,  after  cooling,  dissolving  out  the  lead  (with 
which  Eu  does  not  alloy)  in  HNOjAq  (C.  B.  90, 
1195). 

Properties. — A  white,  lustrous,  hard,  heavy, 
brittle  metal.  As  obtained  by  heating  the  double 
ammonium  chlorides,  Eu  forms  a  white  spongy 
mass  ;  the  metal  formed  by  reducing  the  oxide 
by  H  appears  in  white  porous  fragments,  which 
can  be  powdered ;  after  fusion  in  an  electric 
furnace  Eu  appears  greyish  (Joly,  C.  B.  116,  430). 
Next  to  Os,  Eu  is  the  most  infusible  metal;  small 
pieces  can  be  melted  at  the  highest  temperature 
of  the  0-H  flame  (D.  a.  D.,  A.  Ch.  [3]  56,  385) ; 
a  little  EUO4  is  formed  and  then  decomposed  to 
EuOj  (D.  a.  D.,  C.  B.  80,  457).  Insoluble  in  all 
acids  if  in  compact  pieces ;  very  finely  divided 
Eu  dissolves  slightly  and  slowly  in  boiling  aqua 
regia.  Not  attacked  by  molten  KHSO4 ;  oxidised 
to  K,Eu04  by  fusion  with  KOH,  KNO3,  or  KCIO3. 
Eu  dissolves  in  molten  Zn  or  Pb  ;  treatment  with 
HNOjAq  leaves  the  Bu  undissolved.  Small  quan- 
tities of  Eu  when  alloyed  with  Pt  metals  soluble 
in  acids  go  into  solution,  with  the  Pt  metals,  in 
these  acids.  Finely  divided  Eu  combines  with 
0,  when  heated  in  0  or  in  air. 

Eu  is  closely  related  to  Eh  and  Pd,  and  less 
closely,  but  very  distinctly,  to  Os,  Ir,  and  Pt ; 
V.  Noble  metais,  vol.  iii.  p.  628. 

The  atomic  weight  of  Eu  has  been  deter- 
mined (1)  by  determining  the  ratio  of  Eu  to 
KCl  in  K^RuCls  (Claus,  P.  65,  218  [1845]; 
(2)  by  analyses  of  the  salts  M.,Eu(N0)Cl5,  where 
M  =  K,  Na,  and  NH4  (Joly,  C.'B.  107,  994;  108, 
946  [1889];  (3)  by  determining  V.D.  of  EuOj 
(Debray  a.  Joly,  C.  B.  106,  328)  ;  (4)  by  mea- 
suring S.H.  of  Eu  (Bunsen,  P.  141,  1).  Claus's 
determinations  gave  values  from  102-2  to  104'8 
for  the  at.  wt. 

The  only  compound  of  Eu  whose  mol.  weight 
is  known  in  the  gaseous  state  is  EUO4 ;  the 
valency  of  the  atom  of  Eu  cannot  be  determined 
from  this  datum. 

Beactions  and  Combinations. — 1.  Finely  di- 
vided Eu,  when  heated  to  redness  in  air  or  in 
oxygen,  rapidly  absorbs  18'5  p.c.  0  (Claus,  J.  pr. 
42,  364) ;  after  10  hours,  c.  23  p.c.  0  has  com- 
bined (D.  a.  D.,  C.  R.  87,  441) ;  the  product  is  a 
mixture  of  EUO2  and  Eu  (Claus  failed  to  obtain 
a  lower  oxide  than  EuOj  in  this  way).  Crys- 
tals of  EuO^  are  obtained  by  heating  the  metal 
in  a  tube  in  a  rapid  stream  of  O  ;  according  to 
Debray  and  Joly  (C.  B.  106,  1494),  EUO4  is 
formed  and  then  decomposed  {v.  Euthenium 
TETEOxiDE,  p.  417). — 2.  Heated  in  chlorine,  a 
small  portion  is  changed  to  a  chloride  ;  mixed 
with  sodium  chloride  and  heated  in  chlorine, 
NajEuCls  is  formed  (Claus,  I.e.). — 3.  Spongy  Eu 
is  said  to  form  HClAq  when  placed  in  chlorine 
water  ;  and  to  produce  chlorides  in  solutions  of 
hypochlorites,  O  being  given  off  (Schonbein, 
J.  pr.  98,  76). — 4.  Very  finely  divided  Eu  dis- 
solves slightly  when  kept  in  boiling  aqua  regia 
for  some  time,  EuClj  being  formed. — 5,  MjEuOj, 
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soluble  in  water,  is  formed  by  fusing  Ku  with  i 
caustic  alkalis,  alkali  chlorates,  or  alkali  ni- 
trates.   Alkaline  earth  nitrates  or  chlorates  also 
form  ruthenates  (v.  Kuthenates,  p.  417). 

Detection. — A  few  mgms.  of  the  substance  to 
be  tested  are  heated,  in  a  spoon  of  Pt,  with  ex- 
cess of  KNO3  until  the  whole  melts  and  ceases 
to  give  off  gas ;  when  cold,  the  mass  is  dissolved 
in  water,  when  a  strongly  coloured  orange-yellow 
solution  is  obtained  ;  a  little  HNO^Aq  is  added  to 
this  solution,  followed  by  HClAq,  and  warming 
till  the  voluminous  black  pp.,  produced  by 
HNOjAq,  dissolves  to  an  orange-yellow  solution  ; 
H.S  is  passed  into  this  liquid,  until  it  appears 
black  from  the  presence  of  suspended  Eu  sul- 
phide (or  oxysulphide)  ;  on  filtering,  an  azure- 
blue  liquid  is  obtained,  probably  containing 
EuCL,  (Bunsen,  A.  146,  265).  For  estimation 
v.Deville  a.  Debray  (C.  R.  83,  927). 

Ruthenium,  alloys  of.  An  alloy  with  mrfwtw 
was  obtained  by  Deville  a.  Debray  (A.  Ch.  [3] 
56,  385).    A  crystalline  alloy  with  tin,  EuSn3,  is 
formed  by  melting  Eu  with  10  to  15  parts  tin,  and  i 
when  cold  treating  with  HClAq.    The  tin  is  1 
removed,  and  crystalline  Eu  remains,  by  heat-  I 
ing,  in  a  graphite  boat,  in  HClgas  (D.  a.  D.,  I.e.  ; 
V.  also  C.  R.  83,  927).    Eu  alloys  with  zinc  ; 
much  heat  is  produced  (D.  a.  D.,  I.e.).    Eu  dis-  \ 
solves  in  molten  lead,  but  separates  out  again  on  j 
coohng  (Debray,  C.  R.  90,  1195). 

Ruthenium,  ammonio-salts  of;  v.  Euthe- 

NIUM-AMMONIDM  COMPOUNDS,  p.  418. 

Ruthenium,  chlorides  of.    Two  chlorides,  i 
EuCL  and  EuCLj,  are  obtained  by  heating  finely  \ 
divided  Eu  in  a  stream  of  CI.    No  other  chloride  j 
has  been  isolated  ;  the  existence  of  double  com- 
pounds of  EuClj  with  alkali  chlorides  is  doubt- 
ful.   The  molecular  weights  of  the  chlorides  are 
not  known. 

EuTHENiDM  DicHLOEiDE  EuCl,-  (Ruthenous 
chloride.  Ruthenoso-chloride.)  Prepared  by 
heating  very  finely  divided  Eu  in  a  stream  of 
01.  Action  begins  at  c.  360°  (Joly,  C.  R.  114, 
291)  with  formation  of  EuClj,  which  is  removed 
by  subUming,  and  the  temperature  is  kept  at  dull  i 
redness  for  an  hour  or  two ;  the  residue  is 
powdered,  and  again  heated  in  CI ;  and  this 
treatment  is  repeated  several  times  (Claus,  A. 
59,  234).  A  black  crystalline  mass  ;  insoluble  I 
■water,  acids,  or  alkali  solutions.  The  azure- 
blue  liquid  formed  by  the  action  of  reducers, 
such  as  Zn  or  H„S,  on  solutions  of  EuClj,  was 
thought  by  Claus  (I.e.)  to  contain  EuCL. 

EUTHENIDM  TRICHLORIDE  EuClj.  {RuthcnO-, 

or  ruthenoso-ruthenic,  chloride.  Sesquichloride 
of  ruthenium.)  Obtained,  as  a  brown,  crystalline, 
very  hygroscopic  solid,  by  dissolving  Eu(0H)3  | 
(Claus,  A.  59,  234),  or  EuO,  (.Joly,  C.  R.  107, 
994),  in  HClAq,  and  evaporating  to  dryness,  j 
Joly  (C.  R.  114,  291)  obtained  EUCI3  by  heating 
finely  divided  Eu  at  360°  to  440°  in  a  mixture  of 
CO  and  CI,  the  CI  being  in  excess.  Claus  says 
that  EuClj  is  sol.  water,  with  partial  decompo- 
sition to  an  insol.  oxychloride  ;  and  that,  on 
heating,  the  solution  decomposes  with  separation 
of  a  black  powder  (partly  oxychloride,  partly 
EuOjHj),  the  colouring  power  of  which  is  so 
great  that  1  mgm.  suffices  to  make  500  c.c.  water 
appear  quite  black.  Joly  (0.  R.  114,  291)  says 
that  EuCl.|,  prepared  by  heating  Eu  in  CI  and 
CO,  is  insol.  cold  water,  acid  solutions,  CCl.,,  CSj, 


CHCI3,  Et,0,  or  PCI3 ;  it  is  decomposed  slowly 
by  hot  water  ;  slowly  dissolved  by  digesting  with 
50  times  its  weight  of  absolute  alcohol,  in  a  sealed 
tube.  Solution  in  alcohol  is  purple-violet ; 
slowly  decomposes  in  moist  air,  more  rapidly  at 
60°,  giving  EuCL-OH  (v.  Edthenium  hydkoxy- 
CHLOEiDE,  p.  416).  EUCI3  absorbs  NH3  to  form 
2EUCI3.7NH3 ;  another  compound  containing 
NH3,  viz.  Eu,,Cl,(OH),.7NH3.3H,0,  is  formed  by 
throwing  EUCI3  in  small  successive  quantities 
into  cold  saturated  NH.,Aq  and  then  heating  to 
40°  (Joly,  C.  R.  115,  1299). 

Double  salts.  Chlor-ruthenites, 
EUCI3.2MCI,  or  MJluCl,;  M  =  NH„  K,  Na 
(Claus,  ^.  59,  234;' 63,  359).  Formed  by  eva- 
porating EUO3H3  in  HClAq  nearly  to  dryness, 
dissolving  in  water,  and  adding  cone,  solution 
of  the  alkali  chloride ;  also  by  heating  a  mix- 
ture of  Eu  with  KCl  or  NaCl  in  CI  (Joly,  C.  R. 
107,994).  Thepotassium  salt,  which  seems  to 
be  the  most  definite,  is  a  brownish-violet,  crys- 
talline powder,  scarcely  sol.  cold  water,  some- 
what sol.  boihng  water,  insol.  alcohol  of  80  p.c. 

Joly  (C.  R.  108,  854)  obtained  ruthenium 
nitrosochloride  EuCl3.N0.H.^0,  by  heating 
EuCl,  with  a  large  excess  of  HN03Aq,  and  eva- 
porating at  120°.  Heated  in  vacuo,  or  in  CO,, 
at  440°,  gives  off  NO,  and  leaves  a  mixture 
of  EUCI3  and  EuO.,.  Solution  of  the  nitroso- 
chloride is  not  ppd.  by  alkalis  in  the  cold ;  but 
on  boiling  with  enough  alkali  to  combine  with 
3C1,  a  brown  gelatinous  pp.  of  nitroso-oxide, 
Eu203.2N0.2H,,0,  is  obtained.  For  compounds 
of  EUCI3  with  NO  and  alkali  chlorides,  v.  Nitroso- 
chlor-ruthcnates ,  infra. 

EOTHENIDM    TETRACHLORIDE   EuCl^.  (Ruthc- 

nichloride.  Ruthenic  chloride.)  Claus  (A.  59, 
234)  supposed  that  a  solution  of  EuOjH^  in 
HClAq  contained  this  chloride ;  he  also  de- 
scribed various  nXlioXi  chlor-ruthcnates,  M,,EuCl„, 
obtained  by  adding  alkali  chlorides  to  the  sup- 
posed solution  of  EuCl.,.  Joly,  however  (C.  R. 
107,  994),  has  shown  that  Claus'  salts  contain 
NO  ;  and  he  asserts  that  the  compound  used  by 
C.  and  supposed  to  be  EuOjH.,  itself  contained 
NO.  Joly  failed  to  obtain  either  EuCl^  or  the 
salts  M^EuClg.  The  compounds  described  by  C. 
as  MjEuCle,  but  shown  by  J.  to  be  M,Eu(NO)Cli, 
may  be  called  nitrosochlor-ruthenates. 

Nitrosochlor -ruthenates, 
M2Eu(NO)Cl5(EuCl3.N0.2MCl).  M  =  Am,  K,  Na. 
These  salts  were  obtained  by  Joly  {C.  R.  107, 
994)  by  heating  EUCI3  in  HNOjAq  for  some  time 
and  adding  alkali  chlorides,  also  by  adding 
alkali  nitrites  to  warm  solutions  of  EuCl,  in 
HClAq.  According  to  Joly,  the  salts  described 
by  Claus  as  M„EuCls  are  in  reahty  nitrosochlor- 
ruthenates.  These  salts  yield  NO  when  heated 
with  CaCO,.  Solutions  of  these  salts  are  not  ppd. 
by  alkalis  in  the  cold  ;  on  boiling  with  alkali  sufii- 
cient  to  combine  with  3C1,  a  pp.  of  Eu.,0,(N0)o.2aq 
is  slowly  formed  (J.,  C.  R.  108,  854).  The  group 
NO  evidently  forms  part  of  the  acidic  radicle  of 
the  salts  (c/.  Euthenium-ajimonidm  compounds, 
p.  418). 

Potassitmi  nitrosochlor -ruthenate, 
K,Eu(NO)Cl,.  Prepared  by  fusing  Eu  with  KOH 
and  KNO3,  dissolving  in  HClAq,  and  evapora- 
ting somewhat  till  excess  of  KCl  and  KNO.,  crys- 
tallise out;  by  evaporating  the  motlier-liquor 
a  mixture  of  KjEuCl^  and  K2Eu(NO)Cl5  is  ob- 
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tained,  from  which  water  dissolves  the  latter 
salt.  Purified  by  crystallisation  from  water, 
wherein  the  salt  is  fairly  soluble.  Black,  ortho- 
rhombic  prisms ;  transparent  when  in  thin 
crystals.    Solution  in  water  is  violet-red. 

Ruthenium,  cyanide  of,  and  derivatives ;  v. 
vol.  ii.  p.  346. 

Ruthenium,  hydroxides  of;  v.  Eutheniuh, 

OXIDES  AND  HYDRATED  OXIDES  OF,  infra. 

Ruthenium,  hydroxychloride  of,  Eu(OH)Clo. 
Described  by  Joly  (C.  B.  114,  291)  as  a  solid', 
obtained  by  heating,  in  moist  air  to  60°,  a  solu- 
tion of  EuClj  in  absolute  alcohol.  Very  sol. 
water ;  the  deep  indigo-blue  solution  slowly 
deposits  EUO3H3. 

Ruthenium,  iodide  of,  Eul,.  This  com- 
pound is  formed,  according  to  Glaus  (A.  59, 
234),  as  a  black  pp.  by  adding  KI  to  KoEuOljAq. 

Ruthenium,  nitrosochloride  of,  Eu.NO.Cl3, 
V.  under  Euthenium  teichlokide. 

Ruthenium,  nitrosopentoxide  of, 
Eu„(NO)203.2H20,  v.  under  Euthenium  pent- 
oxide. 

Ruthenium,  oxides  and  hydrated  oxides  of. 

Glaus  described  four  oxides  of  Eu  :  EuO,  EujOj, 
EuO,,  and  EuO^ ;  and  the  hydrated  oxides 
Euod^.SHjO  and  EuO„.2H20.  According  to  De- 
bray  and  Joly,  EuO  and  EuoOj  have  not  been  | 
isolated,  but  the  oxides  EU0O5  and  Eu^Og  exist, 
besides  EuO,,  and  EuO.,.  According  to  Joly,  j 
Glaus'  EuOj.2H,0  contains  NO.  Eu  combines 
with  O  when  melted  in  the  0-H  flame,  -with 
formation  of  EuO„ ;  it  is  probable  that  Eu04  is 
formed,  and  then  decomposed  to  EuO._,  +  Oj. 

Euthenium  monoxide  EuO.  (Buthenous 
oxide.)  According  to  Glaus  {A.  59,  234),  this  | 
oxide  is  formed,  as  a  dark-grey,  metal -like  solid,  | 
by  calcining  EuCI,  mixed  with  rather  more  than 
an  equivalent  of  NaXOa  in  a  stream  of  G0„,  and 
washing  with  water  as  long  as  anything  dis- 
solves. Debray  and  Joly  (0.  B.  106,  328,  1424) 
could  not  obtain  this  oxide. 

Euthenium  sesquioxide  EU2O3.  (Butheno- 
oxide.)  When  Eu  black  is  strongly  heated  in  a 
Pt  crucible,  c.  18-5  p.c.  0  is  rapidly  taken  up  ; 
O  is  then  slowly  absorbed  till  from  23  to  24  p.c. 
has  combined,  and  a  blue-black  mass  is  formed. 
This  blue-black  solid  is  Eu.,03,  according  to  Glaus 
(A.  56,  257  ;  59,  234)  ;  according  to  D.  a.  J.  (I.e.) 
it  is  a  mixture  of  Eu  and  EuOj. 

HyDEATED  ruthenium  SESQUIOXIDE 

EuoOj.SHjO  or  EUO3H3.  [Black  ruthenium  \ 
hydroxide.)  A  black  powder ;  prepared  by  ppg. 
solutions  of  EuGla  by  alkali,  or  by  alkali  car- 
bonate, phosphate,  or  borate  (Glaus,  A.  59,  234). 
Also  ppd. from  an  aqueous  solution  of  Eu(0H)Cl2 
{v. Hydroxychloride, supra).  Even  after  washing 
for  several  days  the  pp.  retains  c.  1  p.c.  alkali. 
Eeduced,  but  incompletely,  by  H  at  ordinary 
temperature.  Insol.  KOHAq  or  NaOHAq,  si. 
sol.  NH3Aq  (Glaus,  I.e.) ;  sol.  in  acids.  The  only 
salts  of  oxyacids  derived  from  this  oxide  which 
have  been  prepared  are  Eu(N02)3.3KN02  and 
the  corresponding  Na  salt  (Glaus,  J.  1863.  697  ; 
Gibbs,  Am.  S.  [2]  29,  427  ;  31,  63 ;  34,  341). 

Euthenium  dioxide  EuO._,.  (Buthenic  oxide.) 
Formed  by  strongly  heating  Eu  sulphide,  or 
Eu(S0,)2,  in  air  (Glaus,  A.  59,  234).  Eu(SOJ, 
is  obtained  by  ppg.  EuGl,  solution  by  H.,S,  and 
oxidising  the  pp.  by  HNO3.  EuOj  is  also  formed, 
as  a  crystalline  sublimate,  by  roasting  osm- 


iridium  containing  Eu  in  a  porcelain  tube- 
(Fremy,  A.  Ch.  [3]  44,  385).  Also  obtained  by 
strongly  heating  finely  divided  Eu  for  some 
time  in  a  stream  of  0  (D.  a.  D.,  A.  Ch.  [3]  56, 
385;  C.  B.  83,  927;  87,  441).  The  whole  of 
the  Eu  is  not  converted  into  EuOj,  but  some 
metal  remains  unoxidised  (D.  a.  J.,  C.  B.  106, 
1494).  At  a  very  high  temperature  EuO^  is 
formed,  and  at  a  lower  temperature  this  is  re- 
solved into  EuO.,  and  0  (D.  a.  D.,  C.  B.  80,  457  ; 
D.  a.  J.,  C.  B.  106,  1424).  D.  a.  J.  (C.  B.  106, 
328)  obtained  EuO.,,  partly  amorphous  and  partly 
crystalline,  by  heating  EuO^  to  107°  ;  also  by 
heating  Uu  fl^  to  440°. 

Dark-violet,  quadratic  crystals  ;  isomorphous 
with  rutile  (Fremy,  I.e. ;  D.  a.  J.,  I.e.).  S.G. 
7-2  (D.  a.  D.,  A.  Ch.  [3]  56,  385).  Insol.  acids, 
sol.  molten  KOHAq.  Easily  reduced  by  H.  The 
only  salt  of  an  oxyaoid  corresponding  with  EuO^ 
which  has  been  isolated  is  Eu(SO.,)j  (Glaus,  I.e.). 

Hydrated  ruthenium  dioxide  EUO2.5H2O  or 
EuOjH,.3H20.  The  existence  of  this  compound 
is  doubtful.  Glaus  (A.  59,  234)  gave  this  com- 
position to  the  gelatinous,  yellow-brown  pp. 
formed  by  decomposing  KoEuClfAq  by  Na2G03 ; 
but  Joly  has  shown  that  Glaus'  KjEuGlg  contains 
NO  (cf.  Euthenium  teteachloeide,  p. 415).  Glaus 
also  obtained  hydrated  EUO2  by  evaporating 
Eu(S04)2Aq  with  KOHAq;  but  as  the  sulphate 
employed  was  obtained  by  oxidising  Eu  sulphide 
byHN03,it  may  have  containedNO.  Joly  {C.  B. 
107,  994)  gives  the  formula  Eu203(NO)2.2H.,0  to 
to  the  brown  gelatinous  pp.  formed  by  boiling 
Eu(N0)Cl3  or  K2Eu(N0)Cl3  with  KOHAq  or 
K>G03Aq.  It  seems  probable  that  Glaus' 
EuO2.5H.jO  is  the  same  as  the  nitroso-  com- 
pound obtained  by  Joly  (cf.  infra  Hydrated 
nitroso-pentoxide). 

Euthenium  pentoxide  Eu205(  =  Eu02.Eu03). 
When  EuO^Aq  stands  for  some  time  in  a  closed 
vessel,  a  black  pp.  settles  down  and  a  black 
crystalline  crust  forms  on  the  sides  of  the  vessel, 
while  O  is  set  free  and  escapes  when  the  vessel 
is  opened.  The  composition  of  the  pp.  and 
crystalline  crust  after  drying  at  100°  is  given  by 
Debray  a.  Joly  as  EujO^  (C.  B.  106,  328).  This 
oxide  is  also  obtained  by  allowing  a  dilute  solu- 
tion of  a  ruthenate  to  stand  for  a  long  time,  or 
by  adding  a  dilute  acid  to  such  a  solution. 
Eu.,0,  dissolves  in  HClAq,  giving  off  01 ;  heated 
to  300°  EU4O,  is  formed. 

Hydrated  nitroso-pe7itoxide'R\i„0.,('i>(0).,.2'H..-.0. 
A  black  solid,  formed  by  boiling  Eu(Nd)Gl3  or 
K2Eu(NO)Cl5  (v.  Nitrosochloride,  and  Nitroso- 
chlor-ruthenates,  p.  415)  with  sufficient  alkali 
or  alkaline  carbonate  to  combine  with  3C1,  and 
drying  the  pp.  at  150°  (Joly,  C.  B.  108,  854). 
Slowly  decomposes  when  heated  to  360°  in  GOj, 
giving  Eu.,Os, ;  above  440°  decomposes  violently, 
giving  off  N  oxides ;  reduced  by  H  below  100°, 
giving  off  NH3.  Sol.  in  acids,  forming  nitroso- 
salts. 

Euthenium  nonoxide  Eu^O^  ( =  3EUO2.EUO3). 
This  composition  was  given  by  D.  a.  J.  (C.  B. 
106,  328)  to  the  black,  lustrous,  crystalline  crust 
obtained  by  heating  EuO^Aq  to  100°.  The  same 
oxide  is  formed  by  heating  Eu^O^  to  360°. 
Heated  to  440°  this  oxide  gives  amorphous 
EuOo  and  0. 

Euthenium  tki- oxide  EUO3.  (Buthenic 
anhydride.)    This  oxide  has  not  been  isolated, 
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but  salts  derived  from  it  are  known.  RuO^  is  [ 
.  the  hypothetical  anhydride  of  ruthenic  acid 
(H^EuO,),  which  has  not  been  isolated.  For 
the  salts  corresponding  with  this  oxide  v. 
Buthenatcs,  under  Ruthenidji,  salts  op  oxy- 
AciDs  OF,  infra. 

Ruthenium  heptoxide  Ru^O,.  (Per-ruthenic 
anhydride.)  This  oxide,  the  hypothetical 
anhydride  of  the  non-isolated  per-ruthenic 
acid  (HRuOJ,  has  not  been  prepared.  For  the 
salts  corresponding  with  this  oxide  v.  Pcr- 
ruthenates,  under  Ruthenium,  salts  op  oxyacids 
OF,  infra. 

Ruthenium  tetboxidb  RuO^.  (Sometimes 
called  per-ruthenic  acid,  and  frequently  rzti/tf  jiic  i 
acid.)    Mol.  w.  165-24.    V.D.  83-3  at  100°  and 
106  mm.  pressure  (Debray  a.  Joly,  C.  R.  106, 
328). 

Formation. — 1.  Bypassing  CI  into  a  solution 
of  the  product  of  fusing  Ru  with  KOH  and 
KNO.,.— 2.  By  the  action  of  KCIO3  and  HCl,  not 
aqua  regia,  on  K^RuCljAq  (Glaus,  A.  59,  234). —  j 
3.  By  heating  finely  divided  Ru  in  a  stream  of  j 
0  to  c.  1000°,  and  cooling  rapidly  by  means  of  \ 
ice.    If  the  temperature  is  allowed  to  fall  slowly 
the  RuO,  formed  decomposes  explosively  at  e. 
108°  (Debray  a.  Joly,  C.  R.  106,  100). 

Preparation. — A  mixture  of  1  part  finely 
divided  Ru,  with  8  parts  KOH  and  1  part  KNO.„ 
is  heated  to  dull  redness  in  a  silver  crucible  till 
fused ;  the  product,  when  cold,  is  dissolved  in 
16  parts  water ;  the  solution  is  placed  in  a 
tubulated  retort  connected,  by  a  long  tube,  with 
a  very  well  cooled  receiver  (the  connecting  tube 
being  also  cooled),  and  a  rapid  stream  of  CI  is 
passed  into  the  solution  ;  a  considerable  amount 
of  heat  is  produced,  and  RuOj  passes  over  and 
solidifies  in  the  receiver  (Deville  a.  Debray,  ^.  C/t. 
[5]  4,  537).  To  free  the  preparation  from  water 
D.  a.  J.  (C.  R.  106,  328)  place  it  in  a  tube  with 
fused  CaCU,  contract  the  tube  in  the  middle, 
pump  out  the  air,  and  seal  off  the  tube.  The 
RuO.,  slowly  sublimes  into  the  upper  part,  which 
is  then  separated  from  the  rest.  The  RuO^  is 
finally  distilled  in  vacuo  into  tubes  which  have 
been  very  carefully  cleansed  from  all  traces  of 
organic  matter,  and  dried  by  heating  to  redness 
in  a  stream  of  H.  RUO4  may  be  obtained  in 
well-formed  crystals  by  subliming  in  vacuo  at 
the  ordinary  temperature. 

Properties.— {V>.  a.  J.,  C.B.  106,328.)  Golden 
yellow  crystals,  melting  at  25-5°  to  an  orange-red 
liquid,  which  solidifies  slowly  to  a  vitreous  solid. 
Smell  resembles  that  of  ozone  ;  the  vapour 
causes  coughing,  but  does  not  affect  the  eyes 
(Claus,  J.  pr.  80,  282).  Sublimes  at  3  to  4  mm. 
pressure  on  the  slightest  rise  of  temperature ; 
the  vapour  is  golden  yellow.  Decomposes  at 
106°- 107°  without  boiling.  The  vapour-pressure 
of  the  crystals  is  almost  nil  at  0°,  20  mm.  at 
42°,  and  182  mm.  at  100-8°.  May  be  distilled  in 
water-vapour  containing  CI  or  HCIO.  Gradually 
reduced  to  RuOj  by  sunlight  (Joly,  G.  R.  113, 
693).  Dissolves  in  water,  forming  a  golden- 
yellow  solution,  which  gradually  decomposes 
with  ppn.  of  RuoOj.ajH^O.  RuO,,  attacks  Hg,  and 
slowly  acts  on  glass.  RuOj  does  not  form  cor- 
responding salts,  either  by  reacting  with  acids 
or  alkalis.  Moist  RuO.,  is  very  easily  reduced, 
e.g.  by  contact  with  paper. 

Reactions. — 1.  Decomposed  by  heat ;  no  ae- 
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tion  below  106°  ;  at  107°  sudden  decomposition 
occurs,  with  a  smoky  flame  and  formation  of 
amorphous  RuO._,  on  the  walls  of  the  vessel,  and 
crystalline  RuO.,  from  the  part  that  has  melted 
(D.  a.  J.,  I.e.).  According  to  D.  a.  J.  (C.  R.  106, 
100),  RuO,  is  formed  when  O  is  passed  over 
spongy  Ru  at  c.  1000°,  and  the  product  is 
rapidly  cooled.  If  cooling  is  allowed  to  take 
place  slowly  the  EuO^  decomposes  at  c.  108°. — 
2.  Dissolves  imvater  ;  solution  keeps  unchanged 
for  some  time,  but  slowly  deposits  RuoO^.i  H.jO. 
Decomposition  is  more  rapid  at  higher  tempera- 
tures ;  at  100°  Ru.,0,,.a'H„0  is  formed  (D.  a.  J., 
I.e.). — 3.  Solution  in  water,  or  moist  ituO,,,  is 
quickly  reduced  by  alcohol  and  several  other  or- 
ganic compounds   (Claus,  J.  pr.  80,  282). — 

4.  With  solutions  of  alkalis  forms  ruthenates 
and  per-ruthenates,  with  evolution  of  O.  Alco- 
holic solution  of  potash  ppts.  Ru,^03.3H._,0. — 

5.  Heated  with  hydrochloric  acid,  CI  is  given 
off  and  RUCI3  formed  in  solution. — 6.  Hydrogen 
sulphitle  gradually  throws  down  a  black  pp.  of 
an  oxysulphide,  from  Ru0,Aq  (Claus,  I.e.). 

Ruthenium,  oxyacids  of.  No  oxyaeid  of  Ru 
has  been  isolated,  but  some  salts  of  the  hypo- 
thetical acids  H,Ru04  and  HRUO4  are  known 
{v.  Ruthenium,  salts  op  oxyacids  or,  infra). 

Ruthenium,  oxysulphide  of.  A  current  of 
H,S  passed  into  RuO^Aq  slowly  ppts.  all  the  Ru 
as  a  black  substance,  which  is  said  by  Claus 
{J.pr.  80,  282)  to  be  an  oxysulphide,  whose  com- 
position varies  according  to  the  quantity  of  H.,S 
passed  in.  The  pp.  suddenly  glows  when  dried 
I  at  100°,  and  burns,  giving  off  SO... 

Ruthenium,  salts  of.  Very  few  salts  are 
known  obtained  by  j-eplacing  the  H  of  oxyacids 
by  Ru.  The  double  nitrites  Ru(N0,).,.3MN0,,, 
where  M  =  K  or  Na,  are  the  only  salts  which  have 
been  prepared  corresponding  with  EujO., ;  and 
'  Ru(S04),^  is  the  only  salt  of  RuO..  which  has 
been  isolated  ;  the  double  sulphite  EuSO^.K.^SO.j 
corresponds  with  RuO. 
I  Ruthenium,  salts  of  oxyacids  of.  A  few 
salts  of  the  hypothetical  acid  H>Ru04,  and  two 
salts  of  the  hypothetical  acid  HRuOj,  have  been 
isolated. 

Ruthenates,  M'oRuOj.  Salts  of  hypothetical 
H2RUO4  (formerly  called  ruthcnitcs).  These 
salts  are  formed  by  heating  Eu,  or  an  oxide  of 
Eu,  with  an  oxide,  hydroxide,  nitrate,  or  chlor- 
i  ate  of  an  alkali  metal  (Claus,  A.  66,  257  ;  59, 
234),  or  of  an  alkaline  earth  metal  (Deville  a. 
Debray,  A.  Ch.  [3]  56,  385).  Euthenates  in 
solution  are  easily  reduced  by  organic  bodies, 
with  ppn.  of  black  Eu._,03.3H.,0 ;  acids'  added  to 
cone,  solutions  form  per-ruthenates,  M^EuOj. 

Barium  rutlieuate  BsLRaO^aq.  Obtained 
by  adding  EUO4  to  BaOAq.  The  solution  is  at 
first  green,  probably  from  formation  of  per- 
ruthenate ;  a  black  pp.  is  thrown  down,  which 
soon  changes  to  the  cinnabar-coloured  crystal- 
line Ba  salt.  This  salt  is  also  formed  by  adding 
BaCI.Aq  to  a  solution  of  the  K  salt  (Debray  a. 
Joly,"C.  R.  106, 1494). 

Potassium  rtitlienate  K^RuOj.aq  (D.  a. 
J.,  I.e.).  50  g.  RUO4,  melted  under  water,  are 
slowly  added  to  70  g.  KOH  in  500  c.c.  water  at 
60°  ;  temperature  is  kept  at  60°  until  the  evolu- 
tion of  0  has  ceased,  when  the  solution  is 
evaporated  in  vacuo ;  long,  black,  orthorhombic 
prisms,  reflecting  green  light,  are  formed  (for 

E  E 


418 


RUTHENATES. 


crystalline  measurements  v.T).  a.  J.  {I.e.  p.  1-197). 
After  drying  in  vacuo,  the  crystals  absorb 
moisture  and  GOj  from  the  air.  Unchanged  at 
106°  in  vacuo  ;  loses  H,0  at  200°,  and  may  then 
be  heated  to  -100°  without  decomposition.  Very 
sol.  water ;  solution  is  orange  yellow  ;  it  soon 
decomposes  in  air,  depositing  EuoOj.a'H^.O,  and 
probably  forming  KRuOjAq.  Organic  bodies 
dipped  into  the  solution  become  black  from  de- 
position of  Eu,03.3H20.  Acids  hasten  forma- 
tion of  KEuOjAq  and  EujOs  ;  from  cone. 
KjEuOjAq  acids  ppt.  KKUO4,  which  decomposes 
to  EU2O5  and  EuO,  (D.  a.  D.,  C.  R.  83,  927). 

The  magnesium,  silver,  and  strontium  salts 
are  obtained  by  adding  MgCl,Aq,  AgNOjAq,  and 
SrCl,Aq  respectively  to  KjEuOjAq.  The  sodium 
salt  has  not  been  isolated ;  it  cannot  be  separated 
from  excess  of  soda. 

PER-RniHENATES,  M'EuO,.  Salts  of  hypo- 
thetical HEUO4  (formerly  called  ruthenates). 
Obtained  by  the  action  of  CI  on  ruthenates,  or 
of  acids  on  cone,  solutions  of  ruthenates. 
Alkalis  produce  ruthenates  from  solutions  of 
per-ruthenates. 

Potassium  per  -  ruthenate  KEUO4 
(Deville  a.  Debray,  C.  R.  83,  927).  50  g.  EuO^, 
melted  underwater,  are  slowly  added  to  60  g.  KOH 
in  250  c.c.  water  at  60° ;  O  is  evolved,  and  the 
solution  becomes  green  ;  after  O  ceases  to  come 
off,  the  liquid  is  allowed  to  cool  in  a  closed 
vessel ;  the  cold  (red)  liquid,  which  contains 
KjEuOj,  is  poured  off,  and  the  crystals  of 
KEUO4  that  adhere  to  the  sides  of  the  vessel 
are  dried  in  vacuo  on  an  unglazed  porcelain 
plate.  Black,  opaque,  quadratic  pyramids  (for 
crystallographic  measurements  v.  D.  a.  J.,  C.  R. 
106,  1496).  Unchanged  in  air  after  drying  m 
vacuo ;  decomposes  suddenly  at  440^,  giving  off 
O  (?  with  formation  of  K^EuO^  and  EuO^).  CI 
reacts  in  the  cold  to  form  EuOj  and  KCl. 
Slightly  sol.  water ;  solution  is  blackish-green 
and  soon  decomposes,  KOH  being  formed. 
Alkalis  added  to  KRuOjAq  produce  KjEuOjAq, 
with  evolution  of  0. 

The  sodium  salt,  NaEuOj.aq,  has  been 
isolated ;  it  forms  black  crystals.  Addition  of 
chlorides  of  alkaline  earths  to  solution  of  KEUO4, 
or  NaEuO,,,  ppts.  MnEuOj,  not  M"(EuOj)2,  and 
the  solutions  contain  EUO4. 

Ruthenium,  sulphides  of.  No  sulphide  of 
Eu  has  beeh  isolated  with  certainty.  Claus 
could  not  obtain  a  sulphide  by  heating  Eu  with 
S  in  CO,  (A.  56,  257 ;  59,  234).  The  pps.  formed 
by  H„S  in  solutions  of  Eu  compounds  vary  in 
composition,  and  contain  free  S.  By  ppg.  EuClj 
solution  by  H^S,  and  heating  the  solid  in  COo, 
S  and  H2O  are  given  off,  and  a  greyish-black 
metal-like  substance  remains,  which  is  perhaps 
EujS;,  (C,  I.e.).  The  pp.  which  H^S  produces  in 
EuO.,Aq  is  probably  an  oxysulphicle  (q.  v.).  The 
mineral  laurite,  from  Borneo  and  Oregon,  con- 
tains EujSj  with  Os  sulphide  (V/ohler,  A.  139, 
116  ;  191,  374).  M.  M.  P.  M. 

RUTHENIUM-AMMONIUM  COMPOUNDS. 
{Rutlienavimines.  Ammoniacal  ruthenium 
bases.)  These  compounds  have  not  been  ob- 
tained by  treating  Eu  chlorides  ^vith  NHjAq. 
The  starting-point  for  the  compounds  described 
by  Claus  was  EuClj.2NH,Cl.  By  treatment  with 
NH^Aq,  Claus  obtained  EuCl2.4NH.,.3aq,  and 
from  this  he  prepared  various  salts  EUX2.4NH3, 


where  X  =  monovalent  acidic  radicle  {N.  Pctersb. 
Acad.  Bull.  1,  97  ;  2,  158).  By  evaporating  a 
solution  of  the  base  Eu(OH)2.4NH3  in  vacuo 
over  H.SO^,  Claus  obtained  a  new  base,  to  which 
he  gave  the  formula  Ru(OH)o.2NHj.4aq ;  he 
did  not  prepare  any  salts  of  this  base.  Joly 
(C.  R.  107,  994)  found  that  Claus'  EuC1^.2NH4Cl 
is  a  nitroso-  compound,  and  has  the  composi- 
tion EuCl3N0.2NH4Cl.  Joly  also  showed  [C.  R. 
108,  1300)  that  Claus'  EuCl.,.4NH3  has  the  com- 
position EuCl2.NO.OH.4NH3,  and  that  the 
salts  obtained  by  Claus  belong  to  the  form 
EuX2.NO.OH.4NH3.  Whether  the  base  described 
by  Claus  as  Eu(OH)2.2NH3  contains  NO  or  not 
has  not  been  determined ;  it  is  described  here 
provisionally. 

The  nomenclature  adopted  in  this  article 
must  be  looked  on  as  only  provisional. 

NiTROSO-RUTHENI-DIAMMlNES, 

X.NO.Eu(NH3.NH3E)2 ;  E  may  or  may  not  be  the 
same  as  X.  (Joly,  C.  R.  108,  1300  ;  111,  969.) 
Described  by  Claus  as  ammonium  rutheiwso-di- 
ammonium  compounds,  N.Jli{iiHi).2Ru.X2,  or 
ruthcnoso-diammincs,  Eu(Nii3.NH3X)2. 

Series  I.  Hydroxy-compounds, 
OH.NO.Eu(NH3.NH3E)„.  The  chloride,  E  =  C1, 
was  obtained  (Joly,  C.'R.  108,  1300)  by  boiling 
Eu(N0)Cl3  (described  under  Edthkxium  tri- 
chloride, p.  415)  with  excess  of  NHjAq,  mitil 
the  liquid  became  golden  yellow,  and  deposited 
orange-yellow  crystals  of  the  salt.  The  bromide 
E  =  Br,  and  iodide  E  =  I,  were  prepared  similarly. 
The  carbonate  E  =  -gCOa,  nitrate  E  NO3,  and 
sulphate  E  =  ISO4,  were  prepared  by  the  reaction 
of  the  chloride  with  Ag  salts.  By  reacting  on 
the  chloride  with  moist  AgjO,  Joly  obtained  a 
strongly  alkaline  liquid  which  probably  con- 
tained the  hydroxide,  E  =  OH.  The  chloride 
forms  a  double  compound  with  PtCl4. 

Series  II.  Chloro  -  co  mp  0  und  s, 
Cl.NO.Ru(NH3.NH3E)2  (Joly,  C.  R.  Ill,  969). 
The  chloride,  E  =  CI,  was  obtained  by  dissolving 
the  hydroxy-chloride  in  much  HClAq,  evapora- 
ting, and  crystallising  from  boiling  water  ;  it 
combines  with  PtClj.  The  bromide  and  iodide, 
E  =  Br  and  I,  were  obtained  similarly  to  the 
chloride. 

Series  III.  Nitrate  -  compounds, 
N03.NO.Eu(NH3.NH3E)2.  The  nitrate,  1^  = 'NO,, 
was  formed  by  the  action  of  AgNOjAq,  or  boil- 
ling  HNOgAq,  on  the  chloro-chloride  (J.,  I.e.). 

Series  IV.  S ulphato  -  covipounds, 
SO,.2[NO.Ru(NH3.NH3E),J.  Two  sulphates,  the 
normal  salt  where  E  =  i804  and  the  acid  salt 
2(S04.2[NO.Eu(NH3.NH;)2SO,,]).H2S04,  were  ob- 
tained by  the  action  of  HjSOjAq  on  the  chloro- 
chloride. 

These  compounds  give  off  NH3  when  heated 
in  KOHAq,  and  separate  Eu  nitroso-hydroxide 
Eu(0H)3N0,  from  which  nitroso-  salts  are  ob- 
tained hj  the  action  of  acids. 

?'?EUTHENOS-AMMINES,Eu(NH3X)2,OrrM^/teMOS- 

diammonium  compounds,  NH2(NH4)Eu.X2.  The 
only  compound  of  this  class  which  has  been 
isolated  is  the  hydroxide,  Eu(NH3.0H)2.4aq, 
obtained  by  Claus  (N.  Pctersb.  Acad.  Bull.  1, 
97  ;  2,  158)  by  evaporating,  over  H.^SOj  in  vacuo, 
a  solution  of  the  base  to  which  he  gave  the 
formula  Eu(NH,,.NH3.0H)2.  As  the  compound 
from  which  Claus  obtained  the  supposed 
ruthenos-ammine  hydroxide  has  been  found 
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■to  contain  NO,  it  is  probable  that  the  product 
of  evaporation  was  also  a  nitroso-  compound. 

M.  M.  P.  M. 
RUTIN  C,M,„0.,y  [above  190°1.  S.  -58  at 
100^.  S.  (boiling  alcohol)  20.  S.  (ether)  -29. 
Extracted  by  alcohol  or  HOAc  from  the  leaves 
of  the  garden  rue  {Biita  gravcolens)  (Weiss, 
Pharm.  Centr.  1842,  903;  Borntrager,  A.  53, 
385 ;  Forster,  B.  15,  217).  Occurs  also  in 
capers,  the  tlower-buds  of  Capparis  spinosa 
(Rochleder  a.  Hlasiwetz,  A.  82,  197  ;  96,  123 ; 
Zwenger  a.  Dronke,  A.  123,  145),  in  safrtower 
^Stein,  J.pr.  58,399;  88,  280),  in  rose  leaves 
(FilhoI.J.  1803, 594),  and  in  the  leaves  of  the  buck- 


wheat {Polygonum  Fagojvjrum  (Schunck,  C.  J. 
53,  262).  Crystallises  from  water  in  pale-yellow 
needles  (containing  3aq).  Sol.  alkalis,  forming 
a  yellow  solution,  from  which  it  is  reppd.  by 
acids.  FeClj  gives  a  dark-green  colour.  Lead 
acetate  added  to  its  alcoholic  solution  forms 
a  yellow  pp.  Pb3C4.,H4,,0.j5.  Does  not  reduce 
Fehling's  solution.  Decomposed  by  boiling 
dilute  H^SO,,  into  quercetin  (1  mol.)  and  iso- 
dulcite  (3  mols.). 

RUTYL.  A  name  sometimes  used  for  decoy! 
C,„H|90  or  decyl  C,(,H„,. 

RUTYLENE  v.  Decinene. 

RUTYLIDENE  v.  Hexdecinenb. 
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SACCHARIC  ACID  C,H,„0,  i.e. 
C0,H.CH(0H).CH(0H).CH(0H).CH(0H).C0,,H. 
Mol.  w.  210.  Formed  by  the  action  of  nitric 
acid  (6  pts.  of  S.G.  1*15)  on  dextrose  (glucose), 
and  therefore  on  cane  sugar  and  on  milk  sugar 
(bcheele,  Opiiscula,  ii.  203  ;  Trommsdorff,  A. 
8,  36 ;  Uu6rin-Varry,  A.  Ch.  [2]  49,  280  ;  62, 
318 ;  65,  332  ;  Erdmann,  A.  21,  1 ;  Hess,  A. 
20,  1  ;  Thaulofl,  A.  27, 113  ;  Liebig,  A.  30,  313  ; 
113,  1  ;  Heintz,  P.  61,  315  ;  105,  211  ;  106, 
93  ;  111,  265,  291 ;  A.  51,  185  ;  ToUens,  B.  21, 
2149).  Formed  also  by  oxidation  of  dextrin, 
maltose,  and  dextrose  by  Br,  and  subsequent 
addition  of  ZnCO,,  (Herzfeld,  A.  220,  352),  and 
by  the  action  of  Br  on  glyouronic  acid  (Thier- 
felder,  B.  19,  3148). 

Preparation. — 1.  Dextrose  (5  g.)  is  evapo- 
rated with  HNO3  (30  c.e.  of  S.G.  1-15)  to  a  thick 
syrup.  The  syrup  is  dissolved  in  water  (20  c.e.) 
and  neutralised  with  K._,CO., ;  HOAc  is  then 
added  and  the  solution  evaporated  until  the  acid 
K  salt  crystallises  out  (Tollens,  A.  249,  218). — 

2.  Starch  (100  g.)  is  ground  up  with  water  (100 
c.e),  poured  into  HNO3  (500  c.e.  of  S.G.  1-15), 
and  heated  on  the  water-bath  till  red  fumes 
begin  to  come  off.  The  temperature  is  then 
lowered  and  kept  at  65°  until  syrupy.  The  pro- 
duct is  converted  as  above  into  the  acid  K  salt 
(20  g.),  which  is  dissolved  in  water,  neutralised 
with  ammonia,  and  ppd.  by  AgNO;,.  The  Ag 
salt  is  then  decomposed  by  HCl  (Sohst  a.  Tol- 
lens, A.  245,  4). 

Properties. — Brittle  deliquescent  mass,  v.  sol. 
water  and  alcohol,  v.  si.  sol.  ether.  Dextro- 
rotatory, [a\iy  varying  from  8°  to  38°.  Eeduces 
auric  chloride  and  ammoniacal  AgNO,  (forming 
a  mirror)  but  not  Fehling's  solution  (Kiliani, 
B.  14,  2529). 

Reactions.— 1.  Oxidised  by  HNO3  to  dextro- 
tartaric,  racemic,  and  oxalic  acids. — 2.  Potash 
at   250^    yields    acetic   and  oxalic    acids.  — 

3.  PCI5  forms  chloromuconic  acid  CfflfiUO^ 
[260=]  (Bell,  B.  12,  1272).— 4.  Boiling  dilute 
(30  p.c.)  HClAq  forms  dehydromucie  acid  (S.  a. 
T. ;  Schrotter,  M.  9,  442).— 5.  HIAq  and  P  at 
150°  forms  some  adipic  acid  (De  la  Motte,  B.  12, 
1572). — 6.  The  ammonium  salt  decomposes  at 
160°  into  C0_„  NH3,  and  pyrrole  (Bell  a.  Lapper, 
B.  10,  1961).  The  ethylamine  salt  yields,  in  like 
manner,  ethyl-pyrrole. — 7.  Phenyl-hydrazine 
■acetate  at  100°  forms  CHaOXCO.NjH^Ph),,  a 


yellowish  substance  [210°],  insol.  water,  alcohol, 
and  ether  ;  not  decomposed  by  alcoholic  potash 
(Maquenne,  Bl.  [2]  48,  721). 

Salts. — KHA":  trimetric  crystals;  a:b:c 
=  1-763:1:2.234.  S.  1-1  at  7°.-K,>A"  :  crystal- 
line crusts,  v.  sol.  water. — (NH|)HA".  S.  1-22 
at  15°;  24-4  at  100°.  Four-sided  prisms.— 
BaA"  :  minute  crystals,  v.  si.  sol.  water. — 
BaA"3aq  :  amorphous. — CaA"  aq. — SrA"  Ijaq. 
— MgA"  3aq  :  crystalline,  m.  sol.  hot  water. — 
ZnA"  aq.  —  CdA".  —  PbA".  —  Pb„C,H,0,.  — 
Pb,C,.,HnO,„.  —  Pb,C,,H,„0,„.  —  Pb;c,H,o;.  — 
Pb.CLA".— Bi,C,H,08  2aq.-Ag,A":  white  pp. 

Ethyl  ether  Et^A".  Crystalline  mass,  v. 
sol.  water  and  alcohol. — (Et._,A")2CaCl..  Prisms, 
V.  sol.  water,  si.  sol.  alcohol,  insol.  etlier. 

Tetra-acety I  derivative  of  the  ethyl 
ci/jer  CsH^ACjEt.Os.  [61°].  Monoclinic  tables 
(from  alcohol),  insol.  Aq,  v.  e.  sol.  hot  alcohol. 

Anhydride  C^HjO,  i.e. 

CH(0H)</^q('^-^>CH.CH(0H).C0,H.  Sac- 

charolactone.  [132°].  Formed  by  allowing 
syrupy  saccharic  acid  to  stand  over  H-.SO,  for 
some  days  (Sohst  a.  Tollens,  A.  245,  5).  Thin 
plates  (from  water).  Yields  pyromucic  acid  on 
heating.  Reduced  in  acid  solution  by  treat- 
ment with  sodium-amalgam  to  glycuronic  acid 
C0.,H.CH(0H).CH(0H).CH(0H).CH(0H).CH0 
(Fischer  a.  Piloty,  B.  23,  937  ;  24,  521). 

Di-acetyl  derivative  of  the  double 
anhy dride  C|„H,(,08  i.e. 

CH(OAc).CH.O.CO  .,000-1  Formed 

CO.b— CH-CH(OAc)- 

from  AcO,  acid  potassium  saecharate,  and 
H..SO4  (Maquenne,  Bl.  [2]  48,  720  ;  cf.  Baltzer, 
Bi.  [2]  10,  263 ;  A.  149,  238).  White  plates,  v. 
si.  sol.  alcohol  and  ether. 

Amide  C^H^Oe(NH_.).,.    Amorphous  powder. 

Isosaccharic  acid  C^HioOg.  [185°].  [a],, 
=  46°  at  20°.  Formed  by  careful  oxidation  of 
glucosamine  hydrochloride  by  dilute  HNO, 
(S.G.  1-2)  (Tiemann,  B.  17,  246;  19,  1258, 
1273).  Trimetric  crystals  (from  water),  v.  sol. 
water  and  alcohol,  si.  sol.  ether.  Dextrorota- 
tory. Converted  by  heat  into  CO^,  and  pyro- 
mucic acid.  Induced  by  HI  to  adipic  acid. 
Heated  in  a  current  of  dry  HGl  it  yields  fur- 
furane  (aa')-dicarboxylic  acid.  PCI,  forms 
CjH3C10(C0,,H),,,  which  yields  Et.A"  '  [40°].— 
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KHA"iaq:  v.  sol.  water.— (NHJoA".— BaA".— 
CaA'^.— SrA".— PbA"  2aq.— CuA".— Ag.,A". 

Ethyl  ether  Et.A".  [73°J.  (250°).  [o]d 
=  +  35'5°.  Needles,  v.  sol.  water.  Yields  a 
tetra-acetyl  derivative  C4H4(OAc)4(C02Et)2 
[47°]  V.  sol.  water  and  alcohol. 

Amide  of  the  anhy dride 
CjH40(0H).,(C0NH,).  [226°].    [a]^  =  7-2°. 

Anilide  of  the  anhydride.  [231°]. 

Acetyl  derivative  C4H4(OAc),(CO,H)„aq. 
[101°].    Needles  (from  water). 

Parasaccharic  acid  CsH,„08.  Formed,  to- 
gether with  glycyrrhetin,  by  boiling  glycyrrhizin 
with  dilute  H.SO^  (Habermann,  0.  C.  1880, 
253).  Hygroscoijic  mass,  sol.  water  and  alcohol. 
Its  salts  are  amorphous. 

Metasaccharic  acid  CoH,„03.  The  salt 
CaA"  aq,  got  by  boiling  an  aqueous  solution  of 
the  dianhydride  with  CaCO,,  forms  crystals,  si. 
sol.  water.  KA'  and  Ag,C|jHsOs  have  also  been 
prepared  (Fischer,  B.  23,  262i).  Solutions  of 
metasaccharates  turn  deep  red  when  exposed  to 
air. 

Dilactone  Gi^ELfi^  i.e. 
CH(OH).CH.O.CO 
CO  .  O.CH— CH(OH) 
acid.  [68°].  S.  5-5  at  15°.  [o]o= -202° 
(Fischer,  B.  24,  541).  Formed  by  oxidation  of 
arabinose-carboxylic  (mannonic)  acid  C,jH,.,07 
by  digesting  its  lactone  with  HNO3  (S.G.  1-2) 
for  24  hours  at  50°  (Kihani,  B.  20,  341,  2710 ; 
21,  1422).  Long  colourless  needles  (containing 
2aq),  si.  sol.  alcohol,  insol.  ether.  Eeadily  re- 
duces Fehling's  solution.  Keduced  by  HI  to 
M-adipio  acid.  Sodium-amalgam  reduces  it  to 
mannite.  Phenyl  hydrazine  hydrochloride  and 
sodium  acetate  solution  in  the  cold  form 
CH(OH).CH(OH) 
CO  .  O.CH.CH(OH).CO.N2H2Ph 
tallising  in  minute  plates  (containing  |aq),  v.  e. 
sol.  hot  water.  Phenyl  hydrazine  hydrochloride 
and  boiling  sodium  acetate  solution  forms 
C4Hj(OH),(CO.NJl2Ph)2,  crystallising  in  minute 
plates  [213°],  v.  si.  sol.  water. 

Di-acetyl  derivative  of  the  dilactone 
CH(OAc).CH.O.CO  risKon  ,  1 

CO.O--CH-CH(OAc)-  tl55  ]•  Formed  by 
adding  a  few  drops  of  H,,S04  to  a  mixture  of  the 
dilactone  and  Ac.^O  (Kiliani,  B.  22,  524).  Prisms, 
V.  sol.  hot  HOAc. 

Amide  C,H,(OH)4(CO.NH,)2.  [190°]. 
Formed  from  the  lactone  and  NHjAq.  Mono- 
clinic  tables. 

Dextro-metasaccharic  acid.  d-Mannosaccha- 
ric  acid  C|;H|„Oa.  Salts. — CaA":  crystalline 
powder. — BaA"  :  minute  tables,  m.  sol.  water. — 
SrA". — CdA"  :  minute  tables,  v.  si.  sol.  water. 

Lactone  C^B.^^.  [180°-190°].  [a]B  =  202= 
at  23°.  Formed  by  oxidation  of  mannose,  of 
mannite,  or  of  d-mannonic  acid  by  HNO3  (S.G. 
1-2)  at  50°  (Fischer  a.  Wirthle,  B.  24, 539 ;  Easter- 
field,  C.  J.  59,  306).  Long  needles  (from  alcohol 
or  water),  v.  sol.  hot  water.  Eeadily  reduces 
Fehling's  solution.  Turns  yellow  on  boiling  with 
potash.  Phenyl-hydrazine  acetate  in  the  cold 
forms  CH(OH).CH(OH)  ,  0. 

loims       Q  CH.CH(OH).CON„H.,Ph   L^^^  -I' 

while  at  100°  it  forms  C4Hj(OH)4(CO.N2H.Ph)2 
[212°],  almost  insol.  hot  water. 

Amide  C,H,,N,,0,.  [189°].  Formed  from 
the  lactone  and  NHaAq  in  the  cold.  Crystals. 


[192°]  crys- 


Inactive  metasaccharic  acid  C^H,„08.  i-Man- 
nosaccharic  acid.  The  salts  of  this  acid  greatly 
resemble  those  of  the  preceding  acid. 

_  Lactone  C,H„0fi.  [c.  190°].  Formed  by 
mixing  equal  parts  of  the  dextro-  and  Ifcvo- 
lactones  in  aqueous  solution.  Formed  also  by 
oxidising  i-mannonic  lactone  (E.  Fischer  a. 
Stanley  Smith,  B.  23,  2622;  24,  544).  The- 
aqueous  solution  is  inactive  to  light,  and  gra- 
dually becomes  acid  on  standing.  Phenyl-hy- 
drazine acetate  reacts,  forming  in  the  cold 
CH(OH).CH(OH) 

CO.O  — CH.CH(OH).CON„H,Ph      l-J-y"  -J-^o  J 
and  at  100°  C,H,(0H),(C0N„H„Ph)2  [220°-225°]. 
Amide.  [185°]. 

SACCHARIN.  The  lactone  of  saccharinic 
acid  [v.  infra).  The  name  has  also  been  ap- 
plied to  the  imide  of  Sulphobenzoic  acid. 

SACCHARINIC  ACID  C^H^Os  i.e. 
CH,,(0H).CH(0H).CH(0H).CMe(0H).C02H. 

Formed  by  boiling  an  aqueous  solution  of  dex- 
trose, Isevulose,  or  invert  sugar  with  lime  (Peligot, 
Bl.  [2]  36,  226  ;  C.  B.  90,  1141  ;  Scheibler,  B. 
13,  2212).  On  setting  the  acid  free  it  changes, 
especially  on  heating,  into  the  anhydride.  The 
salts  are  v.  e.  sol.  water.— KA':  monoclinic 
tables.— NaA'.  [a]^  =  - 17-2°.— CaA'.  (dried  at 
100°).  Formed  by  boiling  the  lactone  with 
water  and  CaC03.  Amorphous.  [a]i,=  — 5'7°. — 
CuA'„  4aq :  blue  nodules  (Kiliani,  B.  15,  2955). 

Anhydride  C,H,„05.  [161°].  [a]D=94°.- 
S.  13  at  15°.  Electrical  conductivity  :  Walden, 
B.  24,  2028.  H.C.  656,900.  H.F.  252,100  (Stoh- 
mann,  J.  pr.  [2]  45,  313). 

Preparation. — A  cold  solution  of  1  kg.  of 
invert  sugar  in  9  litres  of  water  is  treated  with 
100  g.  of  powdered  lime  and  allowed  to  stand, 
agitating  at  intervals.  After  14  days  400  g. 
more  CaOjH,  is  added,  and  the  mixture  again 
allowed  to  stand  for  one  or  two  months,  until  it 
no  longer  reduces  Fehling's  solution.  It  is  then 
saturated  with  COj,  the  remaining  Ca  precipi- 
tated with  oxalic  acid,  and  the  filtrate  evapo- 
rated nearly  to  a  syrup.  The  saccharin  which 
separates  is  recrystallised  from  hot  water  ;  the- 
yield  is  100  g.  (Kihani,  B.  16,  2954). 

Properties. — Prisms,  with  bitter  taste,  v.  sol. 
hot  water.  Dextrorotatory.  Converted  by 
alkalis  into  Isevorotatory  salts  of  saccharinic 
acid.  May  be  volatilised  almost  without  decom- 
position. Can  be  extracted  by  ether,  even  from 
solutions  containing  NajCOg.  Does  not  ferment 
with  yeast.  Does  not  reduce  Fehling's  solution, 
even  after  long  boiling  with  dilute  H5SO4.  Not 
attacked  by  dilute  HNO3.  Cone.  HNO3  forms 
oxalic  acid  and  saccharonic  acid  C|jH,„0,.  1  g. 
reduces  4-6  g.  of  KMnO^.  Oxidised  by  moist 
Ag„0  to  formic,  acetic,  and  glycoUic  acids.  Boil- 
ing HIAq  reduces  it  to  the  lactone  of  7-oxy- 
isohexoic  acid  CH,.CH(OH).CH.,.CHMe.CO„H, 
which  is  further  reduced  by  HI  at  200°  to 
CHMePr.CCH  (Liebermann  a.  Scheibler,  B.  16, 
1821 ;  Kihani,  A.  218,  371).  I  and  KOH  give 
iodoform.  Potash-fusion  forms  formic  and  lactic 
acids  (Hermann  a.  Tollens,  B.  18,  1333).  Boil- 
ing HClAq  has  no  action.  Phenyl-hydrazine 
forms  C„H„05(N,H2Ph)  [165°],  crystallising  from 
alcohol  in  needles,  v.  sol.  water  (Fischer  a.  Pass- 
more,  B.  22,  2733).  Phenyl  cyanate  at  165= 
forms  C3jH3„N403,  crystallising  in  silky  needles- 
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:r230°-240°],  V.  sol.  hot  aniline,  si.  sol.  alcohol  ' 
.(Tesmer,  B.  18,  2607). 

Isosaccharinic  acid  C^HjoOg  i.e. 
CH,,(OH).CH(OH).CH,.C(OH)(CO,H).CH,OH? 
Formed  by  the  action  of  lime  on  malt-extract  at 
20°  or  on  milk-sugar  (Cuisinier,  Bl.  [2]  38,  512). 
The  free  acid  at  once  splits  up  into  water  and 
lactone.  The  Na  salt  is  lasvorotatory. — CaA'j. 
S.  1  in  hot  water.    Crystalline  powder. 

Lactone  C^HkiO^.  Isosaccharin.  [95°]. 
[a]D  =  63°in  a  10  p.c.  aqueous  solution  ;  =74°  in 
HOAc.  Electrical  conductivity  :  Walden,  B.  24, 
^028.  Prepared  by  allowing  a  solution  of  milk- 
sugar  (1  kilo)  in  water  (9  litres)  mixed  with 
slaked  lime  (450 g.)  to  stand  for  6  weeks;  filter- 
ing ;  saturating  the  filtrate  with  C0„ ;  boiling, 
again  filtering,  and  evaporating  to  500  e.c.  The 
calcium  isosaccharinate  (170  g.)  which  then 
crystallises  is  decomposed  by  oxalic  acid  (Kiliani, 
B.  18,  631).  Large  crystals,  v.  e.  sol.  water,  al- 
cohol, and  ether.  Dextrorotatory.  Does  not 
ferment  with  yeast  or  reduce  Fehling's  solution. 

Reactions. — 1.  Beduced  by  HI  and  P  to  the 
lactone  of  oxy-hexoic  acid,  and  finally  to 
CHPrMe.COjH.— 2.  Oxidised  by  HNO.,  to  di- 
oxy-propane  tricarboxylic  acid  C:,H3(OH)„(CO„H)3, 
which  is  split  up  by  heat  into  CO.,  and  ay-di-oxy- 
glutaric  acid  CH.,(CH(OH).CO.,H).,  (Kiliani,  B. 
18,  2514).— 3.  Phemjl  cyanatc  at  165°  forms 
Cj^Hj^N^O,  [181°]  a  white  amorphous  powder 
{Tesmer,  B.  18,  2609). 

Anilide  CioH^NO^.  [165°].  Formed  by 
heating  the  lactone  with  aniline  at  115°  (Sorokin, 
Bl.  [2]  47,  168 ;  J.  pr.  [2]  37,  318).  Needles,  v. 
sol.  water.  Decomposed  by  acids  and  alkalis 
into  aniline  and  isosaccharin. 

Metasaccharinic  acid  C^HjoOs  i.e. 
CH,,(0H).CH(0H).CH(0H).CH(6H).CH,.C0,H. 
Formed,  together  with  isosaccharinic  acid,  by  the 
action  of  lime  on  a  cold  solution  of  milk-sugar, 
its  Ca  salt  being  contained  in  the  mother-liquor 
from  which  calcium  isosaccharinate  has  crystal- 
Hsed  (Kiliani,  16,  2625;  18,  642).  The  free 
acid  splits  up  at  once  into  water  and  lactone. — 
CaA'o  2aq  :  crusts  of  minute  prisms,  v.  si.  sol. 
cold  water. — CuA'„  2aq :  groups  of  minute  green 
plates. 

iac i owe  C^HmOj.  Metasaccharin.  [142°]. 
l[a]D=  —  48°.  Large  trimetric  plates;  a:b:c  = 
•624:1: -899.  V.  sol.  cold  water  and  alcohol,  v. 
si.  sol.  ether.  Lfevorotatory. 

Reactions.— 1.  Eeduced  by  HI  to  the  lactone 
of  oxy-w-hexoic  acid. — 2.  Oxidised  by  HNO,  to 
tri-oxy-adipic  acid. — 3.  Phenyl  cyanate  at  165° 
forms  Cj^Hj.iNjOn,  a  white  amorphous  powder 
[205°-210°]  (Tesmer,  B.  18,  2608). 

SACCHAROLACTONE  v.  Anhydride  of  Sac- 
charic ACID. 

SACCHAEONIC  ACID  C^R^^O^i.e. 

CO,H.CH(OH).CH(OH).CMe(OH).CO,H. 
Formed  by  heating  saccharin  (1  pt.)  with  HNO3 
(3  pts.  of  S.G.  1-375)  at  35°,  diluting,  adding 
CaCOj,  filtering,  evaporating,  and  extracting 
with  ether  (Kiliani,  A.  218,  361).  The  product 
so  obtained  is  the  lactonic  acid ;  the  free  acid  at 
once  splits  up  into  water  and  lactone. — Na,,A". 
Formed  by  boiling  the  anhydride  with  NaoCOjAq. 
Crystalline.  —  (NHJ.A". — CaA"  :  gummy.  — 
AgjA" :  flocculent  pp. 

Lactonic  acid  CJIgO^.  Saccharone. 
Jajj,  =  —  6°.    Formed  as  above.    Large  trimetric 


crystals  (containing  aq),  v.  si.  sol.  ether.  Cone. 
HIAq  converts  it  into  a  dibasic  acid  C^H^O, 
[139°]  crystallising  from  water  in  small  prisms, 
and  finally  to  a-methyl-glutarie  acid.  Does  not 
reduce  Fehling's  solution. — NaA'  aq.  Formed 
from  saccharone  (2mols.)  and  Na^COjAq  (1  moL). 
Trimetric  prisms  with  neutral  reaction. — NH,|A': 
crystals.  Its  aqueous  solution  is  ppd.  by  lead 
subacetate,  but  not  by  lead  acetate  or  AgNO^. 

SACCHARUMIC  ACID  C.^H.^O,,.  Aproduct 
of  the  action  of  baryta  on  dextrose  (Eeichardt, 
Viertcljahrschrift  pr.  Pharni.  19,  384,  503). 
Yellowish-brown  powder  with  bitter  taste,  v.  sol. 
water  and  alcohol,  si.  sol.  ether.  Its  solution 
becomes  dark  on  exposure  to  air  or  on  addition 
of  alkalis.  —  BaHoA'".  —  Ba.A'"  6aq :  pp.  — 
Cu.,A"  3aq  :    greyish-brown    pp.  —  PbA''.  — 

ph;c„H„o„. 

SACCULMIC  ACID  C„H,„OJ  Formed, 
together  with  sacculmin,  by  boiling  cane-sugar 
(300  g.)  with  H.,SO,  (15  g.)  and  water  (420  g.) 
(Stein,  A.  30,  84;  Sestini,  G.  10,  121).  The 
yield  of  the  two  bodies  is  about  10  p.c.  of  the 
sugar  used.  Glittering  black  mass,  si.  sol. 
water  and  alcohol,  insol.  ether.  The  alcoholic 
solution  is  red,  with  reddish-brown  reflex.  Sol. 
KOHAq  and  reppd.  by  acids.  AgNOj  gives 
brown  amorphous  C^Hj.iAgOig.  BaCL  ppts. 
brown  CjoHigBaOg  aq.  Chlorine  passed  into 
water  in  which  sacculmic  acid  or  sacculmin  is 
suspended  gives  yellow  flocculent  di-chloro-oxy- 
sacculmide  Ci^HfihO^.  Di-chloro-oxy-saccul- 
mide  boiled  with  KOHAq  forms  oxysacculmic 
acid  C,,HjOj,  which  is  sol.  water,  but  insol.  water 
containing  H,_,SO^.  CuSO,,  gives  in  its  aqueous 
solution  a  brown  pp.  of  C.|jH,„CuO,,,.  Bromine 
and  water  form  amorphous  orange  CijH^„BrjO.,., 
(Sestini,  G.  12,  292). 

Sacculmin  CjiH^jgOi^.  Formed  as  above. 
Black  amorphous  mass,  insol.  KOHAq.  Eeacts 
with  chlorine  water  in  the  same  way  as  sac- 
culmic acid.  According  to  Conrad  and  Guthzeit 
{B.  18,  443 ;  19,  2844),  sacculmin  and  sacculmic 
acid  are  mixtures  of  variable  composition. 

SAFFLOWER  v.  Caethamin. 

SAFFRANINE  (PHENO-)  CigH.sN^O.  Pheno- 
saffranine.  The  hydrochloride  may  be  represented 

as  C,H3(NH,)<^^>C6H3NH,  (Bernthsen, 

B.  20,  179,  2690;  cf.  Andresen,  B.  19,  2215; 
Nietzki,  B.  19,  3017,  3163;  Witt,  B.  19,  3121), 

or  by   C,H<gcIi^^^i;i^H:)>CA(NH,j[2  4] 

(Witt). 

Formation. — 1.  Formed  by  gently  warming 
phenylene-^-diamine  (1  mol.)  with  aniline  (2 
mols.)  and  K,Cr.,0,  (Nietzki,  B.  16,  466).  A  blue 

compound  C6H4<;^(2^j^jjp]^^>C6H,NH,,  (?)  is 

first  formed,  and  changes  at  100°  into  the  red 
saffranine  (Barbier  a.  Vignon,  Bl.  [2]  48,  338, 
772  ;  C.  B.  105,  939).  The  blue  compound  is 
reduced  by   zinc  and  hydrochloric   acid  to 

C„H,<;^g>C5H3.NHo,  which  is  oxidised  by  air 

to  amido-phenazine.  According  to  Nietzki,  how- 
ever, the  blue  intermediate  compound  is  the 
indamine  C,H,(NH,,).N:C,H,:NH2C1  and  yields 
di-amido-diphenylamine  on  reduction. — 2.  From 
benzene-azo-aniline  (amido-azo-benzene)  by 
treatment  with  nitro-benzene,  Fe,  and  HClAq 
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(B.  a.  v.). — 3.  By  oxidising  a  mixture  of 
NH(C5H,.NH2[1:4])„  (1  mol.)  and  aniline  (1  mol.) 
with  KjCrjO,  (B.). 

Properties. — Golden  plates.  When  freshly 
precipitated  by  baryta  from  the  sulphate  it  is 
CigHi^NjOH,  but  after  frequent  recrystallisation 
from  hot  water  it  approximates  to  C,8H,jN4 
(Nietzki  a.  Otto,  B.  21,  1590).  V.  sol.  hot  water, 
sol.  alcohol,  almost  insol.  ether.  Cone.  H2SO4 
gives  a  green  colour,  changing  to  blue  and  red  on 
dilution.  Cone.  HClAq  gives  a  blue  colour.  NaNOj 
added  to  a  solution  of  saffranine  hydrochloride 
forms  the  diazo-  compound  CisHi^N^Clj,  which 
gives  a  blue  solution  and  yields  CisHisNjCLSAuClj. 
This  diazo-  compound  on  boiling  with  alcohol 
forms  CigHijNj,  the  salts  of  which  form  red 
aqueous  solutions  and  dye  wool  and  silk  a  bluer 
shade  than  saffranine.  The  base  CijHijNj  is 
also  got  by  adding  H,S04  till  the  colour  is  vio- 
let, then  adding  excess  of  NaNO.,  and  boiling  : 
it  yields  B'HNOj,  B'H.>SO.„  and  a  violet  acetyl 
derivative.  Alcoholic  potash  forms  NH.,  and 
saffrauol.  Zinc-dust  and  HCl  give  leuco-saffra- 
nine  and,  on  long  boiling,  CigHjgNjO  [130^], 
crystallising  from  water  in  long  needles  yielding 
CigHijjAcNjO  [173°]  and  converted  by  nitrous 
ether  into  CigHigNjO  [117°],  crystallising  from 
alcohol  in  needles. 

Salts.  —  (C,„H„N4Cl)„PtCl4.  —  C^Hi.N^Cl. 
Flat  needles  with  green  lustre,  si.  sol.  cold,  v. 
Bol.  hot  water,  insol.  HCLAq. — B'HNOa.  Almost 
insol.  HNO3. 

Di-acetyl  derivative  CiaHijAc^N^. — 
B'HCl.  Got  by  heating  saffranine  hydrochloride 
with  Ac.O  and  NaOAc  (Nietzki,  B.  16,  468). 
Lustrous  brown  plates,  forming  a  violet  solution 
in  alcoholic  soda. — B'HI. 

Di-methyl-safFranine.  The  chloride  of  this 
substance  CooHitjN^Cl  is  formed,  together  with 
K2(C„H4NMeo)2,  by  the  action  of  ^-nitroso-di- 
methyl-aniline  (1  mol.)  on  aniline  (1  mol.)  in 
alcoholic  solution  at  100°  (Barbier  a.  Vignon, 
C.  B.  105,  672).  An  isomeric  (?)  di-methyl- 
safFranine  got  by  oxidising  a  mixture  of 
C,H4(NH,)NMe„  and  aniline  yields  B^HjPtCls 
and  B'HNOj  (Nietzki,  B.  16, 869  ;  19,  3i63).  An 
isomeride  is  formed  by  heating  benzene-azo- 
xylidine  with  aniline  at  150°  (Menton,  A.  263, 
337).  Crystalline,  forming  a  rose-red  aqueous 
solution.  A  tetramethyl-saffranine  Cj^H^oN^  is 
got  by  oxidising  di-methyl-phenylene-greeu 
mixed  with  aniline  acetate  (Bindschedler,  B. 
16,  867).  It  yields  B'HCl,  v.  e.  sol.  water  and 
B'HNOaaq. 

Ethyl-saffranine  CigHijEtNj.  Formed  by 
boiling  p-phenylene-ethyl-diamine  with  aniline, 
KjCr,©,,  and  dilute  HOAc  (Schweizer,  B.  19, 
150).  Formed  also  by  oxidising  phenylene-jj- 
diamine,  aniline,  and  ethyl-anihne  with  KXr^O, 
and  dilute  HOAc  (S.).  The  hydrochloride  forms 
bluish-green  hygroscopic  crystals,  sol.  water  and 
alcohol,  insol.  ether.  Its  solutions  exhibit  olive- 
green  fluorescence. — B'jHjPtClj:  dark  lustrous 
needles. 

Di-ethyl-safFranine  C.H^^N^.  Formed  by 
oxidising  a  mixture  of  C,.Hj(NH,)(NEto)  (1  mol.) 
and  aniline  (2  mols.)  with  Kfir.fi,  (Nietzki,  B. 
16,  470).  Formed  also  by  oxidising  a  mixture 
of  phenylene-|j-diamine,  aniline,  and  di-etliyl- 
aniline  with  K.Cr.^O;  (N.).  The  alcoholic  solution 
is  fluorescent.  The  hydrochloride  is  sol.  HClAq. 


NaNOj  added  to  its  solution  in  HClAq  gives  a 
greenish-blue  colour  due  to  the  diazo-chloride 
which  forms  CaHjjNsCljPtClj.  —  B'jHjPtCls ; 
green  needles. 

Acetyl  derivative  CigHiiEt^AcN,.  The- 
hydrochloride  is  ppd.  as  glittering  brown 
needles  on  adding  NaCl  to  its  aqueous  solution. 
— B'jHsPtClg. 

Tetra-ethyl-sa£Eranine  C2SH32N4  or 
C21.H33N4.OH.  Formed  by  oxidising  a  mixture  of 
phenylene-di-ethyl-^-diamine,  aniline,  and  di- 
ethyl-aniline  with  Kfirfi,  (N.).— B'jH^PtClg. 

Para-safiEranine  CjoHigNj.  Prepared  by  dis- 
solving mauveine  in  dilute  acetic  acid  and  boil- 
ing with  PbO,.  NaOH  is  added  to  slight  ex- 
cess, and  the  red  filtrate  boiled  with  some  pow- 
dered zinc  and  CaCO,  and  then  NaCl  added. 
Commercial  saffranine  contains  some  para- 
saffranine  (Perkin,  C.  J.  35,  728). 

Properties. — Eed-brown  pp.,  dissolving  in 
water  or  alcohol.  It  is  isomeric  or  identical 
with  commercial  saffranine,  prepared  from  equal 
molecules  of  tolylene  p-diamine,  o-toluidine,  and 
aniline.  Salts.— B'HCl.— B'HNOj.  These  salts 
dye  silk  a  shade  more  scarlet  than  saffranine. 

Saffranine  C2,H2„N4  or  C^iHjiN^OH.  Formed, 
from  o-toluidine  by  treatment  with  nitrous  acid 
and  oxidation  of  the  product  with  K^CrjO,  (M^ne, 
C.  N.  26, 215 ;  Hofmann  a.  Geyger,  B'.  5, 526 ;  Dale 
a.  Sohorlemmer,  C.  J.  35,  683).  Obtained  by 
heating  toluene-azo-o-toluidine  with  o-toluidine 
hydrochloride  at  150°-160°  (Witt,  B.  10,  873), 
and  by  adding  K2Cr04  to  a  hot  solution  of 
tolylene-^-diamine  hydrochloride  (1  mol.)  and 
0-  or  j)-toluidine  hydrochloride  (2  mols.)  (Witt, 
B.  12,  939;  Bindschedler,  B.  13,  207).  The 
commercial  saffranine  (saffranine  hydrochloride) 
can  be  purified  by  recrystaUisation  from  water 
containing  HCl,  or  by  treatment  with  alcohol 
(Bottger,  .f^'.  B.  P.  23,  181).  Pieddish-bro\vn' 
crystals,  v.  sol.  water  and  alcohol,  insol.  ether- 
Cone.  HCl  changes  the  colour  of  its  solution 
through  violet  to  blue.  H2SO4  turns  it  blue  and 
finally  green.  Decolourised  by  zinc  and  HClAq. 
Saffranine  is  also  decolourised  by  glucose  and 
NaOHAq  on  heating,  and  hence  may  be  used  as  a 
test  for  sugar  in  urine  (Crismer,  G.  C.  1888, 1510) ; 
the  colour  is  restored  by  atmospheric  oxidation. 
Commercial  saffranine  (-5  g.)  is  fatal  when  ad- 
ministered to  dogs  by  subcutaneous  injection 
(Weyl,  B.  21,  2191).— B'HCl.  Thin  reddish 
crystals,  sol.  water  and  alcohol,  insol.  ether  and 
NaClAq.— B'2H2PtCl5.  Yellowish-red  crystalline 
powder,  almost  insol.  water,  alcohol,  and  ether. 
— X  B'HBr  :  minute  needles.— B'HNOg.  Slender 
reddish-brown  needles,  v.  si.  sol.  cold  water. — 
Sulphate:  needles,  m.  sol.  water. — 
B'CgHjNsO, :  brownish-red  insoluble  needles. 

Substances  of  the  saffranine  class  are  formed 
by  heating  NH(C,H4NH2)2  with  (4,3,1)-  and 
(4,2,1)-  xylidine  and  with  (5,4,2,l)-cumidine, 
but  not  with  mesidine,  (5,4,3, l)-cumidine,  or 
(5,2,1)-,  (6,2,1)-,  (5,3,1)-,  and  (3,2,l)-xylidine 
(Nietzki,  B.  19,  3163). 

SafiFranol  C,sH,(,N2(OH)2.  Formed  by  boiling 
saffranine  hydrochloride  with  alcoholic  potash 
for  3  days  (Nietzki  a.  Otto,  B.  21,  1593).  Ppd. 
as  yellowish  needles  by  adding  HCl  to  its  solu- 
tion in  alkalis.  Nearly  insol.  water,  alcohol,  and 
HOAc.  Cone.  H2SO4  forms  a  brown  solution. 
Yields  a  crystalline  diacetyl  derivative. 
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SAFFRON.  The  dried  stigmas  of  Crocus 
sativus,  used  as  a  colouring  matter.  It  contains 
crocin  (q.v.),  crocose  (q.v.),  picrocrocin  (q-v.), 
polychroite,  and  an  oil  C,|,H||0  (209°)  miscible 
with  alcohol  and  ether  but  decomposed  by  water 
(Quadrat,  J.  pi:  5G,  08  ;  Weiss,  J.  ^jt-.  101,  65). 

Polychroite  C4,H.„0|s.  Dried  saifron  is 
washed  with  ether  and  extracted  with  water. 
The  extract  is  mixed  with  alcohol  and  filtered, 
and  the  filtrate  ppd.  by  ether.  Orange  deli- 
quescent mass,  V.  sol.  water,  insol.  alcohol. 
Yields  glucose  on  boiling  with  dilute  acids. 

SAFROLE  C,„H,„0,  i.e. 

CH.<S:dci;cSH.CH:CH,  " 
(232°).    S.G.  i2  1  0956  (S.)  ;    ll:?  1-0963  (Glad- 
stone, C.  J.  59,  290).    V.D.  81  (obs.  and  calc). 
Md  =  1-539  at  11°  (G.).    P^x,  =45-57  (Bruhl, -B. 
21,  477).    H.C.v.  1,243,800.    H.C.p.  1,244,700. 

H.  F.  40,300  (Stohmann  a.  Langbein,  J.  pr.  [2] 
46,  533).  The  chief  constituent  of  the  essential 
oil  of  sassafras  {Sassafras  officinalis)  (Grimaux 
a.  Kuotte,  A.  152,  88  ;  J.  Schiff,  B.  17,  1935  ; 
Poleck,  B.  17,  1940  ;  19,  1094  ;  22,  2861). 
Occurs  also  in  the  oil  obtained  from  the  leaves 
and  fruit  of   Illicium  rcligiosum  (Eykman, 

B.  T.  C.  4,  36,  45  ;  B.  22,  2757  ;  23,  864),  and 
in  the  oil  of  the  camphor  tree,  Cinnaviomum 
camplwra  (Fliickiger,  Ph.  [3]  17,  989).  Mono- 
clinic  crystals,  sol.  alcohol  and  ether.  Smells 
like  oil  of  sassafras.  Inactive  to  light.  Oxidised 
by  dilute  KMnOj  to  CO;,  formic,  oxalic,  and 
piperonylio  acids,  and  piperonal.  Alcoholic 
potash  converts  it  into  isosafrole.  Does  not 
react  with  hydroxylamine  or  BzCl.  Does  not 
combine     with     NaHSOj.     Bromine  forms 

C,  „H-Br,0,>  [170°]  S.  (chloroform)  7. 

Isosafrole  C,„H,oO.  i.e. 

CH,<;q>C,H3.CH:CH.CH3.    (247°).  V.D.  80-3 

(obs.);  81  (calc).    H.C.v.  1,233,600.  H.C.p. 

I,  234,500.  H.F.  50,500.  Formed  by  boiUng  safrole 
(100  g.)  with  KOH  (250  g.)  in  alcohol  (500  c.c. 
of  94  p.c.)  for  24  hours  (Schiff ;  Ciamician  a. 
Silber,  B.  23,  1160).  Liquid,  even  at  -18°, 
miscible  with  alcohol,  ether,  HOAc,  and  benzene, 
insol.  water  and  alkalis.  Cone.  H^SO^  forms  an 
intensely  red  solution.  Oxidised  by  K„Cr.,0,  and 
HoSO.,  to  piperonal  and  acetic  aldehyde.  Alka- 
line KMn04  gives  piperonylic  acid.  Bromine  in 
CS.,  forms  CioBraHgO^  [110°],  crystallising  from 
ligroin  in  colourless  needles.  Sodium  reduces 
it    in     alcohol    solution     to     C,oH,20.,  or 

C,H3Pr<^Q^CH.,  (228°),  a  liquid  miscible  with 

alcohol  and  ether.  Isosafrole  is  converted  by 
treatment  with  KOH  and  MeOH  into  a  com- 
pound, apparently  different  from  methyl- 
eugenol,  but  yielding  isovanillic  acid  on  oxida- 
tion, and  [4:2:1]  C„H3(C,H,)(0Ac).,  on  treatment 
with  Ac.O  (Ciamician  a.  Silber,  B.  25,  1470). 

Ni  tr  0  site  Gt^ll^tii.flf  i.e. 
CH,0,--C6H3.Q-— -QMe^  ^_  399^. 

25,  1956).  Mol.  w.  224  (by  Eaoult's  method). 
[124°].  Ac.O  forms  a  white  modification  [124°]. 
Alcoholic  potash  forms  an  isomeride  [185°] 
which  yields  a  mono-acetyl  derivative  [129°], 
and  a  benzoyl  derivative  [146°].  KMnO_,  oxidises 


it  to  piperonylic  acid.  Kedueed  by  tin  and  HClAq 
to  C,„HA03  or  CH,0,:C,H3.g--  fiMe  ,  ^gg,j_ 

Mol.  w.  197  (by  Eaoult's  method).  Zinc  and 
HOAc  yield  C|„H|„03,  probably  represented  by 
(CH..O.,)C„H,.CH„.CO.CH,  [38°],  which  yields 
a  phenyl-hydrazide  C,„H,„0,,(N„HPh)  [97°]. 
Another  product  of  the  action  of  zinc  and  HOAc 
is  C,,H„N.,0,  [180°] ;  and  a  third  is  C,„H,„N.,04 

or  CH,0,:C,H3.C  CMe  ,         on  ^j,-.. 

N.O.H  HON      •  L^*^^  -I' 
yields  a  di-acetyl  derivative  [138°]. 

SAGAPENUM.  A  gum  resin  imported  from 
Egypt  and  Persia,  consisting  of  yellow  agglo- 
merated granules,  smelhng  like  garlic  and 
having  an  acrid  bitter  taste.  Softens  in 
the  hand.  Yields  umbelliferone  on  distillation. 
HNOj  forms  styphnic  acid.  Potash-fusion 
forms  resorcin  (Brandes,  N.  Tr.  2,  2,  97  ; 
Pelletier,  Bull.  Pharm.  3,  481 ;  Johnston,  Tr. 
1840,  361).  After  moistening  with  alcohol  it 
dissolves  in  H-.SO^,  forming  a  brown  liquid. 
Sagapenum  is  only  partially  soluble  in  alcohol 
and  ether,  but  the  ethereal  extract  is  not  clouded 
by  addition  of  alcohol.  Fed.,  colours  its  solu- 
tions black  (Hirschsohn,  J".  1875,  859  ;  Ar.  Ph. 
[3]  10,  481 ;  11,  54,  152,  247,  312,  434  ;  C.  C. 
1877,  182). 

SAGE  OIL.  Obtained  in  the  south  of  Europe 
by  distilling  sage  {Salvia  officinalis)  with  water, 
the  plant  being  cut  down  in  the  autumn  (M.  M.  P. 
Muir,  C.  J.  33,  292  ;  37,  678 ;  cf.  Eochleder,  A. 
44,  4;  Herberger,  R.  P.  34,  138;  Hlasiwetz, 
/.  p)''-  -51,  355).  Contains  a  terpene  (156°), 
salviol  {q.  v.),  C,„H,jjO  (c.  200°),  a  camphor 
C,„HmO,  probably  a  little  cymene,  and,  especially 
when  prepared  from  English  plants,  cedrene, 
Ci^H,.,  (c.  260°).  The  amount  of  salviol  and  of 
camphor  is  very  small  at  first  and  increases 
with  the  age  of  the  oil,  being  formed  by  oxida- 
tion of  the  terpenes.  Pure  salviol,  pure  sage 
terpene,  and  pure  cedrene  do  not  resinify  when 
singly  exposed  to  heat  and  light ;  but  a  mixture 
of  these  rapidly  darkens. 

SAGO.  Balls  of  starch  got  from  the  pith  of 
certain  species  of  Sagus  and  Cycas  by  stirring 
with  water,  allowing  to  settle,  and  rubbing  the 
deposit  through  sieves. 

SALAMANDRINE  C3,H,„N,,0-,.  An  alkaloid 
obtained  from  the  poisonous  secretion  of  the 
cutaneous  glands  of  the  salamander  {Salaman- 
dra  maczilata).  Crystalline,  v.  sol.  water  and 
alcohol  (Zalesky,  Bl.  [2]  6,  344).  Alkaline  in 
reaction.    Poisonous. — B'H.,C1„ :  needles. 

SALICIN  C,,,H,j,0,  i.e. 
C,H„O..O.C,-H,.CH.,OH.  Mol.  w.  286.  [201°] 
(Schiff,"  B.  14,  304).  S.  3-3  at  11°  (Piria,  A.  96, 
378).  [o]d=  -62-6°  (Tiemann,  B.  18,  1600  ;  cf. 
Hesse,  A.  176,  116  ;  Sorokin,  J.  pr.  [2]  37,  331). 
Occurs  in  the  bark  of  several  species  of  willow 
and  poplar,  e.g.  Salix  helix,  S.  amygdalina, 
Popidus  trciinila,  P.  grceca  (Leroux,  A.  Ch.  [2] 
43,  440  ;  Braconnot,  A.  Ch.  [2]  44,  296  ;  Pelouse 
a.  Gay-Lussac,  A.  Ch.  [2]  44,  220  ;  48,  111 ;  Piria, 
A.  Ch.  [2]  69, 281 ;  [3]  14,  257  ;  Bouchardat,  C.  R. 
18,  299  ;  19,  602,  1179  ;  20,  610, 1635  ;  Gerhardt, 
A.  Ch.  [3]  7,  215;  Tischhauser,  A.  7,  280).  Occurs 
also  in  castoreum  (Wohler,  A.  67,  360). 

Formation. — 1.  By  digesting  an  aqueous  so- 
lution of  helicin  with  sodium-amalgam  (Lisenko, 
Z.  1864,  577)  or  with  zinc  and  HjSO.,  (Michael, 
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Am.  5,  172). — 2.  By  boiling  populin  with  lime- 
water  (Piria). 

Preparation. — Willow  bark  (6  lbs.)  is  boiled 
with  water  ;  the  filtrate  evaporated  (to  18  lbs.) ; 
mixed  while  hot  with  PbO  (2  lbs.) ;  digested  for 
24  hours  and  filtered  ;  the  filtrate  evaporated  to 
a  syrup  and  left  to  crystallise  (Duflos,  A.  8,  200  ; 
cf.  Peschier,  A.  Ch.  [2]  44,  418  ;  Erdmann,  B.  J. 
33,  1,  136). 

Properties. — Trimetric  tables ; 
«:6:c  =  •927:1:2-494.  Sol.  water  and  alcohol, 
insol.  ether.  Laevorotatory.  Tastes  bitter. 
Neutral  to  litmus.  Its  solutions  are  not  ppd.  by 
lead  acetate  or  subacetate,  by  gelatin,  or  by 
tannin.  Cone.  H^SD,  gives  a  red  colour.  IClAq 
forms  a  crystalline  body  (Stenhouse,  C.  J.  17, 
327).  After  injection  of  salicin,  salicylic  alde- 
hyde and  salicylic  acid  are  found  in  the  urine 
(Laveran  a.  Millon,  A.  Ch.  [3]  13,  145 ;  Eanke, 
J.pr.  56,  1). 

Reactions. — 1.  Decomposed  at  240°  into  sali- 
retin  and  glucosan. — 2.  Split  up  by  eniulsin  and 
saliva  at  40°  into  glucose  and  saligenin  (Piria  ; 
Stadeler,  J.  pr.  72,  850).— 3.  Boiling  dilute 
H2SO4  forms  glucose  and  saliretin.— 4.  Oxidised 
by  chromic  acid  mixture  to  CO.,,  formic  acid, 
and  salicylic  aldehyde. — 5.  Cold  dilute  HNO3 
forms  helicin.  Hot  cone.  HNO,  forms  picric 
acid. — 6.  Potash-fusion  forms  salicylic  acid. — 
7.  Boiling  NaOHAq  forms  saliretin. — 8.  HCl 
and  KCIO3  give  tetra-ehloroquinone. 

Metallic  derivatives.  —  C,3H,.NaO_. 
Formed  from  salicin  and  NaOEt  in  alcohol 
(Perkin,  C.  N.  18,  110).  Crystalline.  — 
PbjCijHijO-.  Got  by  adding  NHjAq  to  a  hot 
cone,  solution  of  salicin,  and  then  adding  lead 
subacetate.    Bulky  white  pp. 

Acetyl  derivative  C|3H,jAc.,0,.  Needles 
(from  alcohol),  nearly  insol.  water  (Schiff,  Z.  [2] 
5,  51). 

Benzoyl  derivative  C^oH^jOs  i.e. 
C,3H„BzO,.  Populin.  [180°].  S.  -05  at  9° 
(Piria)  ;  -04  at  15° ;  -24  at  100°  (Schiff) ;  S. 
(alcohol)  1  at  16°.  Occurs  in  the  bark  and 
leaves  of  the  aspen  (Populus  tremula)  (Bracon- 
not,  A.  Ch.  [2]  44,  296  ;  Piria,  A.  Ch.  [3]  34, 
278  ;  44,  366 ;  A.  81,  245).  Formed  by  heating 
salicin  with  Bz^O  (Schiff,  A.  154,  5).  Prepared 
by  boiling  the  leaves  of  the  aspen  with  water, 
ppg.  with  lead  subacetate,  removing  lead  from 
the  filtrate  by  H^S,  and  evaporating  to  crystal- 
lisation. Light  silky  needles  (containing  2aq). 
Tastes  sweet.  Laevorotatory  (Biot  a.  Pasteur, 
C.  B.  34,  607).  SI.  sol.  water  and  alcohol,  nearly 
insol.  ether.  KjCr^O,  and  H.SO^  form  salicylic 
aldehyde.  HNO3  (S.G.  1-3)  forms  benzoyl- 
helicin.  Cone.  H2SO4  forms  a  deep-red  solution, 
whence  water  ppts.  a  red  powder  ('  rutilin  '). 
Boiling  dilute  acids  split  it  up  into  glucose, 
benzoic  acid,  and  saliretin.  Alcoholic  NH3  at 
100°  forms  benzamide,  benzoic  ether,  and  salicin. 
Populin  is  not  hydrolysed  by  emulsin. 

Di-henzoyl  derivative  C^HisBzjOj. 
Formed,  together  with  the  mono-  and  tetra- 
benzoyl  derivatives,  by  heating  salicin  with 
Bz._,0  (Schiff).  Flocculent  mass,  nearly  insol. 
water,  si.  sol.  ether. 

Tetra-benzoyl  derivative  C^Hi^Bz^O,. 
Amorphous  resin,  not  coloured  by  cold  H2SO,. 

Chloro-salicin  C|,H,,C10,.  Formed  by  pass- 
ing CI  into  water  in  which  salicin  is  suspended 


I  (Piria,  A.  Ch.  [3]  14,  275).  Long  silky  needles 
(containing  2aq),  sol.  water  and  alcohol,  insol. 
ether.  Tastes  bitter.  Kesolved  by  emulsin 
into  glucose  and  chloro-saligenin.  Yields  a  tetra- 
acetyl  derivative,  crystallising  from  alcohol  in 
prisms. 

Di-chloro-salicin  CijHisCljO,.  Formed  by 
the  action  of  CI  on  chloro-salicin.  Silky  needles 
(containing  aq),  nearly  insol.  cold  water,  m.  sol. 
alcohol.  Gives  no  colour  with  FeClj  or  H.SO^. 
Split  up  by  emulsin  into  glucose  and  di-chloro- 
saligenin. 

Tri-chloro-salicin  CijHisCljO;.  Formed  by 
chlorinating  the  preceding  body  in  presence  of 
water  and  CaC03.  Yellowish  needles  (contain- 
ing aq)  (from  dilute  alcohol),  almost  insol.  cold 
water. 

Bromo-salicin  CijH.jBrO,.  [160°].  Formed 
by  slowly  adding  Br  to  salicin  (1  pt.)  in  water 
(20  pts.)  (0.  Schmidt,  Z.  [2]  1,  320).  Four-sided 
prisms,  v.  sol.  water  and  alcohol.  Split  up  by 
emulsin  into  glucose  and  bromosaligenin. 

SALICYL.  The  radicle  o-oxy-benzoyl 
[1:2]C,H,(0H).C0.  The  same  name  is  some- 
times applied  to  the  radicle  o-carboxyl-phenyl 
[l:2JCO„H.C,.H4  and,  rarely,  to  o-oxy-benzyl 
C„H,(OH).CH.,. 

SALIC YLA  MIC  ACID.  An  old  name  for 
o-Amido-benzoio  acid. 

SALICYLAMIDE.     The  amide  of  o-Oxy- 

BENZOIC  ACID. 

SALICYLAMINE.  A  name  for  o-Oxy-benzyl- 

AMIXE. 

I       SALICYL-GLYCIDIC  ACID  v.  Oxy-phenyl- 

I  GLYCIDIC  ACID. 

I  SALICYL-GLYCOLLIC  ACID  is  o-Carboxy- 
I  phenoxy-acetic  acid. 

SALICYLIC  ACID  v.  o-Osy-benzoio  acid. 
i      Homosalicylic  acid  v.  Oxy-toluic  acid. 

SALICYLIC  ALDEHYDE  v.  o-Oxy-benzoic 

ALDEHYDE. 

!       SALICYL-LACTIC  ACID  v.  Di-oxy-phenyl- 

PEOPIONIC  ACID. 

SALICYL-PHENOL  v.  Di-oxy-benzophenone. 
SALICYL-KESORCIN  v.  Tbi-oxy-benzophen- 
I  one. 

I      SALICYL-SULPHURIC  ACID  v.  Cakboxy- 

PHENYL  SULPHUEIO  ACID. 

I       SALIGENIN  V.  o-Oxy-benzyl  alcohol. 

SALIGENOL.    Another    name  for  o-Oxy- 

BENZYL  ALCOHOL. 

SALIRETIN  V.  o-Oxy-benzyl  alcohol. 
SALOL  V.  Phenyl  ether  of  o-Oxy-benzoic 
I  acid. 

SALT-FORMING  OXIDES.  Oxides  which 
'  form  salts,  either  by  reacting  with  acids  (or 
acidic  oxides) — in  which  case  the  oxides  are 
basic — or  by  reacting  with  basic  oxides  or 
hydroxides — in  which  case  the  oxides  are  acidic. 
For  a  table  showing  the  compositions  and  gene- 
ral characters  of  the  characteristic  highest  salt- 
forming  oxides  of  each  group  of  elements,  v.  vol. 
iii.  p.  661.  M.  M.  P.  M. 

SALTPETRE.  A  common  name  for  potassium 
nitrate  ;  v.  vol.  iii.  p.  514. 

SALTS.  The  earliest  use  of  the  word  salt 
seems  to  have  been  to  designate  the  solid  ob- 
tained by  evaporating  sea-water.  The  term 
was  afterwards  applied  to  solids  which  more  or 
less  resembled  sea-salt,  especially  to  those  solid 
bodies  which  were  easily  soluble  in  water.  The 
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study  of  the  compositions  of  salt-like  substances 
led  to  the  view  that  they  were  made  up  of  two 
parts,  one  of  which  was  electro-positive  with 
regard  to  the  other.  When  the  compositions  of 
acids  had  been  generalised  in  the  statement  that 
acids  are  compounds  of  hydrogen  with  non- 
metallic,  or  negative,  elements,  the  relation  of 
salts  to  acids  was  indicated  by  calling  salts  me- 
tallic derivatives  of  acids.  This  conception  of 
the  composition  of  salts  included  the  older  view, 
inasmuch  as  the  metallic  derivative  of  an  acid 
is  necessarily  a  compound  of  a  positive  metal 
with  a  less  positive  non-metal,  or  with  a  (less 
positive)  group  of  elements,  which  non-metal,  or 
group  of  elements,  was  combined  with  hydrogen 
in  the  parent  acid. 

The  most  general  conception  of  the  compo- 
sition of  salts  is  that  which  formulates  them  as 
MjE,„,  where  M  is  the  positive,  or  basic,  or 
basylous  part,  and  R  is  the  negative,  or  acidic, 
or  chlorous  part  of  the  salt.  Both  M  and  R 
may  be  either  simple  or  complex.  Common 
salt,  NaCl,  is  the  type  of  all  salts  as  regards 
■composition  ;  the  positive  radicle,  Na,  may  be 
replaced  by  other  metals,  or  by  groups  of  ele- 
ments which  are  positive  with  regard  to  the 
other  part  of  the  compound ;  so  the  negative 
radicle  CI  may  be  replaced  by  other  non-metals, 
or  by  groups  of  elements  which  are  negative 
with  regard  to  the  other  part  of  the  compound. 

When  an  aqueous  solution  of  a  salt  is  elec- 
trolysed, the  positive  radicle  is  separated  at  the 
negative  electrode,  and  the  negative  radicle  at 
the  positive  electrode  (secondary  reactions  may 
occur).  An  element  may  form  part  of  the  posi- 
tive radicle  of  a  salt,  and  the  same  element 
may  form  part  of  the  negative  radicle  of  another 
salt.  Thus  in  the  electrolysis  of  a  ferric  salt 
the  iron  travels  to  the  cathode,  but  in  the  elec- 
trolysis of  KjFe(CN)^  the  iron  travels,  with  the 
cyanogen,  to  the  anode.  In  the  electrolysis  of 
PtCl,  the  Pt  is  separated  at  the  negative  elec- 
trode, but  in  the  electrolysis  of  NaoPtCle  the  Pt 
is  separated,  with  the  CI,  at  the  positive  elec- 
trode. We  must  then  regard  the  radicles  of, 
say.  Fed,,  as  Fe  and  3C1,  the  radicles  of  PtCl, 
as  Pt  and  4C1,  and  the  radicles  of  NaCl  as  Na 
and  CI ;  but  we  must  look  on  the  radicles  of 
K,Fe(CN),,  as  4K  and  Fe(CN)„  and  the  radicles 
of  Na,,PtCl„  not  as  •2Na,  Pt,  and  6C1,  but  as 
2Na  and  PtCl,..  Again,  neither  the  salt 
K,Fe(CN),.,  nor  the  salt  NajPtClg,  in  aqueous 
solution,  gives  the  ordinary  reactions  of  iron  or 
platinum  ;  but  if  these  salts  were  composed  of 
the  radicles  4K,  Fe,  and  6CN,  and  2Na,  Pt,  and 
6C1  respectively,  we  should  expect  them  to 
show  the  same  qualitative  reactions  as  solutions 
of  FeCLj  and  PtClj.  In  contrast  with  these  salts 
is  the  compound  formed  by  evaporating  a  mix- 
ture of  K„SO,Aq  and  CuSd,,Aq.  The  salt  thus 
produced,  K„S0,,.CuS0j.6H.,0,  when  dissolved  in 
water,  gives  the  ordinary  reactions  of  sulphates, 
of  K  compounds,  and  of  Cu  compounds  ;  more- 
over, on  electrolysis  the  K  and  Cu  appear  at  the 
cathode,  and  the  group  SO,,  is  set  free  at  the 
anode  (where  it  reacts  with  H.,0  to  give  HjSOj 
and  O). 

But  all  these  salts— NaCl,  PtCl^,  FeCl3, 
KjFe(CN)„  Na,PtCl,„  and  CuSO^.K^SO  — are  re- 
presented, as  regards  composition,  by  the  general 
formula  M^Jiy.    This  formula  satisfactorily  ex- 


presses the  composition  of  all  salts  ;  but  it  says 
nothing  about  the  properties  of  these  com- 
pounds. When  solutions  of  two  salts  are  mixed, 
a  more  or  less  complete  interchange  of  positive 
radicles  generally  takes  place.  This  capability 
of  reacting  as  if  they  were  composed  of  two 
parts — or,  one  may  say,  of  reacting  in  a  binary 
way — is  characteristic  of  salts.  Salts  in  solution 
are  most  probably  dissociated  into  two  parts, 
each  of  which  carries  an  electric  charge.  Even 
if  the  whole  of  the  salt  is  not  dissociated,  the 
portion  which  readily  takes  part  in  chemical 
changes  is  most  probably  dissociated  binarily 
(c/.  Electrical  methods,  p.  184). 

Salts,  then,  may  be  regarded  as  compounds 
j  of  the  form  M,cE;<,  which  readily  exchange  M 
1  and  R  with  other  compounds  of  similar  compo- 
j  sition,  and  which  in  aqueous  solutions  are  wholly 
or  partially  separated  into  their  positive  and 
I  negative  radicles,  each  radicle  carrying  with  it 
an  electric  charge. 

Salts  are  often  classified  as  normal,  acid, 
basic,  and  double  salts. 

An  acid  salt  is  one  whose  negative  radicle 
contains  hydrogen  that  can  be  eliminated  by 
causing  the  salt  to  react  with  an  alkali  or  basic 
oxide,  while  a  normal  salt  contains  no  replace- 
able hydrogen.    As  an  acid  is  described  as  a 
compound  containing  hydrogen,  all  or  part  of 
which  is  replaceable  by  metal  when  the  acid 
(  interacts  with  a  metal  or  a  basic  oxide,  it  is 
!  evident  that  an  acid  salt  comes  under  the  de- 
I  scription  of  an  acid,  and,  strictly  speaking,  is  an 
I  acid.    According  to  the  meaning  already  given 
j  to  the  term  '  salt,'  the  class  of  salts  includes  acids, 
j  It  is,  however,  convenient  to  give  a  special  name 
:  to  the  compounds  of  hydrogen  with  negative 
I  radicles.    A  basic  salt  contains  a  positive  radicle 
or  radicles  which  can  be  replaced  by  a  negative 
radicle  with  formation  of  a  normal  salt.  This 
positive  radicle  is  sometimes  the  group  OH, 
sometimes  it  is  a  group  M.iO,„  where  M  is  the 
metal  of  the   salt.     Thus  'Bi(OH),NO.,  and 
Pb(PbO)N03  are  basic  salts.   When  treated  with 
nitric  acid  the  former  gives  the  normal  salt 
Bi(N03),,  and  the  latter  the  normal  salt  Pb(N03),,. 
The  basic  salt  is  an  intermediate  stage  between 
the  base  and  the  normal  salt,  just  as  the  acid 
salt  is  an  intermediate  stage  between  the  acid 
and  the  normal  salt, 
i       Basic  salts  are  formed  by  fairly  weak  bases  ; 
the  very  strong  bases,  Na^O,  K„0,  CaO,  t&c,  do 
not  form  basic  salts. 

Normal  salts  frequently  combine  with  other 
normal  salts  to  form  double  salts.  Generally 
speaking,  one  of  the  components  of  a  double 
salt  is  a  salt  of  a  strong  base  which  forms  acid 
salts  but  not  basic  salts,  and  the  other  com- 
ponent is  a  salt  of  a  weaker  base  which  readily 
forms  basic  salts  but  does  not  form  acid  salts. 
That  component  which  is  itself  the  salt  of  a 
strong  base — e.g.  K^SO,,  NaCl,  &c. — may  be  re- 
garded as  the  more  acidic  or  negative  radicle  of 
the  double  salt,  while  the  component  which  is 
itself  the  salt  of  a  weaker  base — e.g.  A1,,(S04)3, 
Zn3(P0j),,,  iSrc. — may  be  regarded  as  the  more 
basic  or  positive  radicle  of  the  double  salt.  The 
double  salt  belongs  to  the  type  M.rR„ ;  both  M 
and  R  are  themselves  salts.  And  just  as  many 
normal  salts  are  formed  by  the  direct  union  of 
;  their  radicles — o.g.  NaCl  by  combining  Na  and 


426 


SALTS. 


CI,  BaSOj  by  combining  BaO  and  SO3 — so  double 
salts  are  formed  by  the  union  of  a  more  positive 
with  a  less  positive  radicle,  which  is,  in  such 
cases,  itself  a  salt. 

The  reactions  of  some  double  salts  indicate 
that  these  salts  are  to  be  regarded  as  composed 
of  the  two  simple  salts  which  were  brought 
together  when  the  double  salts  were  formed  ;  the 
salt  MgS0j.K„S04.  6aq,  for  instance,  gives,  in 
solution,  the  reaction  of  sulphates,  of  Mg,  and 
of  K,  and  on  electrolysis  the  Mg  and  K  go  to  the 
negative  electrode.  On  the  other  hand,  the  re- 
actions of  some  double  salts  indicate  that  these 
salts  are  not  to  be  regarded  as  composed  of  the 
simple  salts  by  the  union  of  which  the  double 
salts  were  formed  ;  the  salt  Cr2(C204)3.K,C.204, 
for  instance,  does  not  give  the  reactions 
of  oxalates,  nor  the  reactions  of  Cr :  this 
salt  must  be  looked  on  as  the  potassium 
salt  of  the  acid  'R.fi^:.^{GoO^)^.  It  the  salt 
(NH,)Xr„(a04)4.2H,0  is  treated  with  NHjAq, 
a  new  salt  is  formed  having  the  composition 
Cr,(C.,Oj3.(NH,,),,C.,Oj.4NH3.a;H,0,  and  the  re- 
actions of  this  salt  show  that  it  is  an  oxalate, 
and  therefore  that  it  has  a  different  constitution 
from  that  of  the  salt  (NHJ.,Cr2(C204)4  from  which 
it  is  obtained. 

The  salts  of  the  haloid  acids  combine  to  form 
many  double  salts,  e.g.  Pbl.^.KI,  BiCls-SKCl, 
AnClj.KCl,  &c.  Most  of  these  double  haloids 
are  generally  regarded  as  double  salts  in  the 
usual  acceptation  of  the  term ;  but  several  of 
them  do  not  give  the  ordinary  reactions  of  the 
less  positive  metal  they  contain,  nor  the  re- 
actions of  the  halogen  which  enters  into  their 
composition.  For  instance,  PtCl,.2N'aClAq  re- 
acts with  two  equivalents  of  AgNOj  to  give 
PtClj.QAgCl ;  if  PtCl,.2NaCl  were  a  double  salt, 
reacting  in  solution  as  if  it  were  composed  of 
the  two  radicles  PtClj  and  NaCl,  it  would  inter- 
act with  six  equivalents  of  AgNO^,  and  the  pro- 
ducts would  be  Pt(N03),„  NaNOj,  and  AgCl.  It 
is  evident,  then,  that  the  Na-Pt  chloride  is  the  Na 
salt  of  the  acid  HoPtClg,  and  that  the  constitu- 
tion of  this  salt  is  similar  to  that  of  the  ordinary 
simple  salts. 

i?emsen  {Am.  11,  No.  5  [1889])  proposes  to 
regard  all  the  so-called  double  haloids  as  simple 
salts  similar  to  ordinary  oxysalts.  It  seems  to 
me  that  the  constitutions  of  these  salts  cannot 
be  determined  by  an  examination  of  their  com- 
position only,  but  that  the  reactions  of  each 
salt  must  be  examined.  Some  of  the  double 
haloids  are  undoubtedly  simple  salts,  as  some  of 
the  double  oxysalts  are  certainly  simple  salts  of 
metal-containing  acids ;  but  as  some  oxysalts 
containing  two  metals  react  so  as  to  show  that 
they  are  composed  of  two  radicles,  each  of  which 
is  a  simple  salt,  so  some  of  the  double  haloids 
also  give  the  ordinary  reactions  of  both  the 
metals,  and  also  of  the  acidic  radicle,  which  they 
contain,  and  must  therefore  be  regarded  as  true 
double  salts.  M.  M.  P.  M. 

SALVIOL  C,„H,„0.  (200°).  S.G.  -938. 
Md  =  1-4G2  at  20°.  E^o  74-2.  (M.  M.  P.  Muir, 
C.  J.  33,  292 ;  37,  683).  A  constituent  of  oil  of 
Sage  (q.  v.).  It  is  a  dextrorotatory  liquid.  On 
distillation  some  of  it  splits  up  into  H,0  and 
CioH,c. 

Reactions. —  I.  Chromic  acid  mixture  or 
dilute  nitric  acid  produces  acetic  and  oxalic 


acids  and  camphor  [174°]. — 2.  P^Oj  produces 
polymerides  of  C,oH,6,  a  terpene  (171°),  an 
aromatic  hydrocarbon  (c.  130°),  and  a  paraffin- 
like  hydrocarbon  (170°-180°).  Cymene  is  not 
formed.  Hence  salviol  is  not  Ci„H,sO.  However, 
according  to  Semmler  {B.  25,  3350),  salviol  is 
identical  with  tanacetone. 

Constitution. — Eefractive  index  appears  to 
indicate  absence  of  C:C  groups. 

SALYLIC  ACID.  A  name  given  by  Kolbe  to 
a  supposed  isomeride  of  benzoic  acid  got  from 
salicylic  acid  by  successive  treatment  with  PCI5 
and  sodium-amalgam.  It  is  identical  with 
benzoic  acid  (Eeichenbach  a.  Beilstein,  A.  132, 
309).  The  name  is  also  applied  by  Stadeler  (-4. 
Suppl.  7,  159)  to  two  acids  :  (a)  Ci.HnO^  [101°] 
and  (fi)  CjjHjjOs  [95°],  obtained  by  allowing 
salicylic  aldehyde  to  stand  for  12  years  under 
water.  The  (a)-  acid  forms  small  four-sided 
I  prisms,  gives  no  colour  with  FeCl3,  and  yields 
j  Ag.,A".  The  (/3)-  acid  forms  aggregates  of  needles^ 
gives  an  intense  violet  colour  with  FeCl3,  and 
yields  AgjA'".  Both  acids  are  v.  sol.  alcohol  and 
ether. 

SAMAHITJM.  This  name  was  given  by  Lecoq 
de  Boisbaudran  (C.  B.  88,  322  ;  89,  212)  to  the 
metal  of  an  earth  which  he  separated  from 
what  was  then  known  as  didymia,  occurring  in 
samarskite.  Delafontaine  (C.  B.  89,  632)  ob- 
tained from  didymia  an  earth  which  he  called 
decipia,  and  when  this  had  been  removed  by 
ppn.  as  sulphate,  the  new  earth,  samaria, 
remained  in  solution,  and  was  obtained  by  frac- 
tionally ppg.  by  NH3Aq.  Cleve  (C.  J.  43,  362) 
separated  what  he  regarded  as  pure  samaria 
from  ortliite  ;  he  prepared  and  described  several 
salts  of  the  new  element.  Cleve  found  the  at. 
wt.  of  Sm  to  be  150,  supposing  the  oxide  to  be 
SmoO,, ;  this  number  was  confirmed  by  Betten- 
dorff  '{A.  263,  164).  It  is  still  very  doubtful 
whether  samaria  is  a  homogeneous  substance ; 
according  to  Crookes,  it  contains  at  least  four 
different  bodies  {v.  Metals,  eabe,  vol.  iii.p.  244). 
Because  of  the  great  uncertainty  attaching  to 
the  homogeneous  nature  of  the  so-called  samaria 
it  does  not  seem  desirable  to  give  an  account  of 
the  bodies  which  have  been  described  as  com- 
pounds of  Sm.  The  student  is  referred  to  the 
memoirs  cited  above, and  also  to  the  following: — 
L.  de  Boisbaudran,  C.  i?.  114,  575 ;  116,  611  (spec- 
trum and  compounds  of  samaria) ;  Marignac, 
Ar.  Sc.  [3]  3,  413  (spectrum,  and  compounds); 
Kriiss  a.  Nilson,  B.  20, 2134 ;  21,2310  (spectrum) ; 
V.  also,  for  spectrum,  B.  A.  1884.  438.  The  com- 
pounds of  the  supposed  element  are  described 
by  Cleve  {I.e.,  and  also  Bl.  [2]  43,  162)  {cf.  also 
Eabths,  vol.  ii.  p.  422).  M.  M.  P.  M. 

SANDAL  WOOD.  A  dye  wood  furnished  by 
Pterocarpus  santaliims,  which  grows  in  tropical 
Asia.  It  dyes  mordanted  cotton  red.  It  con- 
tains santalin  (Meier,  A.  72,  320).  Yellow 
sandal  wood  (from  Sanlalum  albiim),  yields 
by  steam-distillation  an  oil  containing  santalol 
CisHogO,  and  santalal  Ci^ILj^O  (Chapoteaut,  Bl. 
1  [2]  37,  303).  After  treatment  with  Na  the  oil 
yields  a  terpene  C,„H,5,  S.G.  -919,  jiia  =  1-487 
(Gladstone,  0.  J.  [2]  10,  6).  The  crude  oil 
heated  in  sealed  tubes  at  310°  forms  0^1,3.^203 
(c.  340°),  G„B.,fi,  (350°)  and  C2oH3„0  (240°) 
whence  PjOj  forms  C,oH,4  (c.  177°). 
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Santalol  (310°)  is  converted  by  P.,0.,  into 
water  and  C,,,H,,^  (200°).  HOAc  at  150°  forms 
the  acetyl  derivative  C,,,H.,jOAc  (298°),  and  a 
compound  Cj^H^^O  (283°). 

Santalal  (300°)  is  converted  by  F.O^  into 
C„H^  (248°). 

Sandal  wood  oil  from  Santalum  Preissianuni 
contains  a  crystalline  solid  [105°]  {Ph.  [3]  22, 
328). 

SANDAKACH.  A  gum  resin  which  exudes 
from  Thuja  articulata  growing  in  Barbary,  and 
from  various  species  of  Callitris  growing  in 
Australia  and  New  Zealand  (Johnston,  J.  ]»'■ 
17,  157  ;  Maiden,  Ph.  [3]  20,  562).  Transparent 
yellowish  mass  with  vitreous  fracture,  resembling 
pine-resin  in  taste  and  smell.  Sol.  alcohol.  Com- 
pletely sol.  ether.  Its  alcoholic  solution  is  ppd. 
by  Pb(OAc).,.  It  appears  to  contain  several  resins 
(e.g.  C,Ji,,A^  C,„H,,,0„,  and  C4„H,„0,)  differing 
in  solubility  in  alcohol. 

SANGUINARINE  C„H,5N04  (E.  Schmidt, 
Ar.  Ph.  [3]  2(5,  622).  Prepared  from  the  root 
of  Sanguinaria  canadensis  (Dana,  Annals  of 
the  Lyceum  of  New  York,  2,  245 ;  Probst,  A. 
29,  120;  31,  241;  Sohiel,  A.  43,  233;  Am.  S. 
[2]  10,  220  ;  Naschold,  J.  pr.  lOG,  385).  Accord- 
ing to  Probst  and  Schiel  it  is  identical  with 
chelerythrine,  but  Naschold  and  Schmidt  assign 
the  formula  C,,H,5N0.,  to  sangainarine  and 
C,,,H,,N04  to  chelerythrine.  Prepared  by  ex- 
hausting the  root  with  ether  and  ppg.  the 
hydrochloride  by  HCl.  Pearly  grains,  insol. 
water,  sol.  alcohol  and  ether.  Poisonous. — 
Salts  :  B'HCl  aq.— B'„H..PtCl,  (dried  at  100°).— 
B'„H,,PtCy«.  According  to  Konig  (C.  C-  1891, 
i.  321)  sauguinarine  has  the  formula  C.,„H,,,NO.,, 
crystallises  with  Aaq,  melts  at  211°,  and  forms 
the  red  salts  B'HCl  5aq,  E'ENO^aq,  B'HAuClj, 
and  B'.,H.,PtCl„. 

SANTAL  C.H^Oj.  Obtained  from  sandal 
wood  by  extracting  with  very  dilute  KOH,  ppg. 
with  HCl,  and  extracting  the  pp.  with  ether 
(Weidel,  Z.  [2]  6,  83).  It  is  accompanied  by  a 
scarlet  crystalline  powder  CuHuO,,  ?  Santal 
crystallises  from  alcohol  in  colourless  iridescent 
four-sided  lamin;B  (containing  l^aq),  insol. 
water,  si.  sol.  cold  alcohol,  sol.  KOHAq,  si.  sol. 
NH.,Aq.  Fed.,  colours  its  alcoholic  solution 
dark  red.  Potash-fusion  yields  protocatechuic 
acid. 

SANTALIN  C,,,H„05  (Meier,  A.  72,  320) ; 
C,.H„0,  (Wegermann  a.  Haffely,  A.  74,  226)  ; 
C,';H„0„  (Franchimont,  B.  12,  14).  [105°].  The 
colouring  matter  of  sandal  wood  and  of  coliatur 
wood.  Extracted  by  ether  or  alcohol,  and  purified 
by  ppg.  its  alcoholic  solution  with  Pb(OAc).,,  and 
decomposing  the  pp.  by  dilute  H.^SO^.  Minute 
red  prisms  (M.)  or  amorphous  (F.),  without 
taste  or  smell,  insol.  water.  Its  alcoholic  solu- 
tion is  blood-red.  Sol.  alkalis,  forming  violet 
solutions  in  which  BaCl2  ppts.Ba(C|iH,30o),  as  a 
dark-violet  amorphous  pp.  Pb(OAc),_,  added  "to  its 
alcoholic  solution  ppts.PbCijHuOB  (dried  at  100°). 
On  heating  with  HCl,  santalin  gives  off  MeCl 
(1  mol.).  Gives  resorcin  and  HOAc  on  fusion 
with  potash.  KMn04  gives  off  an  odour  of 
vanilla. 

SANTONIC  ACID  C.^H^oOi  i.e. 
jj  ^CHMe.gH(OH)  ,  „ 

^»^'\CHMe.CH.CH(OH).CH,.CO.,H  '^'l  ^^^^ 
nizzaro,  B.  18,  2748).  [171°]  (Hvoslef,  B.  G,  1471). 


I  S.  -56  at  17°.    [a]D  =  -74°  at  20°  in  chloroform 
1  (Nasini,  B.  13,  2210  ;  O.  13,  164).    Formed  by 
I  boiling  santonin  with  baryta-water  (Cannizzaro 
I  a.  Sestini,  G.  3,  241 ;  Hesse,  B.  6, 1280).  Colour- 
I  less  trimetric  plates  (Striiver,  G.  6,  349),  m.  sol. 
I  hot  water,  v.  sol.  ether,  v.  e.  sol.  alcohol.  Acid 
to  litmus.    Lajvorotatory.    HIAq  forms  C,.H,.^ 
(235°-245°)  and  C„H,J  (144°  at  3  mm.)  (Can- 
nizzaro a.  Amato,  B.  7,  1104).    Boiling  HIAq 
and  P  form  (a)-  and  (3)-metasantonin.  By  boil- 
ing with  HOAc  and  heating  the  residue  it  is 
converted  into  santonide  and  parasantonide. 
Sodium-amalgam    yields    hydrosantonic  acid. 
Does  not  react  with  hydroxylamine.    Wlien  iti? 
chloroform  solution  is  heated  with  POCl,  as 
long  as  HCl  comes  off,  and  a  current  of  damp 
air  passed  through  the  product,  there  is  formed 
PO(C,5H,s03Cl)3  [98°]  (Cannizzaro,  G.  10,  459) 

Salts. — NaA'.  Stellate  groups  of  needles. 
— BaA'.,. — AgA' :  white  pp. 

Methyl  ether  MeA'.  (86°).  Colourless 
needles  (Cannizzaro,  G.  6,  335). 

Ethyl  ether  EtA'.  [95°].  [a]o=-45°at 
26°.    Trimetric  crystals. 

n-Propyl  ether  PrA'.  (220°  at  3mm.). 
S.G.    \"    1-125.    [a]D= -40°  at  20°. 

Iso  butyl  ether  CH.PrA'.  [67°]. 
[a]o=-41°.     Needles   (Carnelutti  a.  Nasini, 

B.  13,  2208  ;  G.  10,  530). 

Ally  I  ether  C.,'3..,M.    [55°].  [a]„=-40°. 

Acetyl  derivative  Cj^HiaAcO^.  [140°]. 
Got  by  boiling  the  acid  for  six  hours  with  AcCl 
(Sestini,  G.  5,  121).  Prisms  (from  CHCI3).  It 
is  accompanied  by  C,„H,,.0,  [128°]. 

Chloride  C,,H,<,0:,CL  [155°]. 

Bromide  C,,,H,,j0,Br.  [145°]. 

Iodide  C,^B.^,,0.,l.  [136°]. 

Hydrosantonic  acid  Cj^H.^Oi.  [170°]. 
Formed  by  reducing  santonic  acid  with  sodium- 
amalgam  (Cannizzaro,  G.  6,  341).  Colourless 
trimetric  crystals  (from  ether),  less  sol.  alcohol 
than  santonic  acid.  Dextrorotatory.  Oxidised  by 
Ag,,0  to  metasantonic  acid.  HOAc  at  150 forms 
hydrosantonid  e  C,5H2|,03  [156°],  which  is  re- 
converted into  hydrosantonic  acid  by  alcoholic 
potash  (Cannizzaro  a.  Valente,  G.  8,  309).  AcCl 
converts  hydrosantonic  acid  into  acetyl-hydro- 
santonide  C.^HigAcO,,  [204°],  which  is  converted 
by  alcoholic  NH,  at  i30°  into  hydrosantonamide 

C,  5H.,,03.NH.,  [190°].  BzCl  forms  benzoyl- 
hydrSsantonide  C,,,H,,,Bz03  [157°]. 

Salts. — NaA' 3aq  :  trimetric  crystals.  — 
KA'  2aq  :  monoclinic  crystals. 

Santoninic  acid  C,5H„„04  i.e. 
CH:CH.CH.CHMe.C0  '  „, 
CH:CH.CH.CHMe.CH.CH(OH).CH,.CO,H 
(Cannizzaro,  B.  18,  274G).  Santonous  acid. 
aj  =  —  26°  in  alcohol  at  22°.  Formed  by  heating 
santonin  with  KOHAq  (Hesse,  B.  6,  1280).  Tri- 
metric tables,  si.  sol.  cold  water,  m.  sol.  ether, 
v.  o.  sol.  alcohol.  Not  turned  yellow  by  light. 
Acid  to  litmus.  Not  coloured  red  by  alcoholic 
potash.  At  120°  it  splits  up  into  water  and 
santonin ;  dilute  HjSOj  acts  in  like  manner. 

Salts. — NaA'  3saq.  S.  33  in  cold  water. 
S.  (90  p.c.  alcohol)-  25  (Lepage,  J.  1876,  618). 
Stellate  groups  of  needles.  Laevorotatory ; 
ai=  -  18°  at  22°.— BaA'2  aq. 

Metasantonic  acid  Ci^H.^O^.  [161°].  Formed 
by  heating  silver  hydrosantonate  with  water. 
Got  also  by  distilling  santonic  acid  at  45  mm.. 
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by  boiling  santonide  with  KOHAq,  and  by  the 
action  of  Na.jCOjAq  on  isosantonin.  Trimetric 
crystals  (from  ether).  Ltevorotatory.  Its  K  and 
Na  salts  are  very  soluble. — AgA'  :  pp.,  m.  sol. 
"water. 

Methyl  ether  MeA'.  [102°]. 

Chloride  CisH.^O^Cl.  [139°]. 

Parasantonic  acid  CisHojOj.  [173°], 
[a]  =  —  99°  in  chloroform  (Carnelutti  a.  Nasini 
G.  10,  534).  Formed  by  boiling  parasantonide 
-with  NaOHAq  or  HClAq.  Trimetric  crystals, 
m.  sol.  water  and  ether.  Converted  by  AcCl, 
Ac„0,  or  PCI5  into  parasantonide.  Boiling  HIAq 
and  P  form  (a)-  and  {0)-  metasantonin.  The 
parasantonates  are  mostly  v.  sol.  water. — BaA'„ : 
slender  needles  (from  water). 

Methyl  ether  Meji'.  [184°].  [a]i>=-109° 
in  chloroform  at  27°. 

Ethyl  ether  mk'.  [173°].  [a]D=-100° 
in  chloroform  at  20°. 

n-Propyl  ether  FrA'.  [113°].  [a]i,=  -91° 
at  26°.    Colourless  prisms. 

Allyl  ether  C^n.M.  [149°].  [a]D=-92°. 
Isevorotatory. 
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CH:CH.CH.CHMe.CO,H 
CH:CH.CH.CHMe.CH;.CH(0H).CH,,.C02H 
[155°].  [a]D=— 125°.  Formed,  as  ethyl  ether 
of  the  lactonic  acid,  by  exposing  a  solution  of 
santonin  in  65  p.c.  alcohol  to  direct  sunlight 
(Sestini,  Bep.  ital.  chim.  ijhann,  1865).  Formed 
also  by  exposing  an  aqueous  solution  of  sodium 
santonate  to  sunshine.  Prepared  by  insolation 
of  a  1  p.c.  solution  of  santonin  in  diluted  HOAo 
for  one  month  (Cannizzaro  a.  Villavecchia,  B. 
18,  2750,  2859).  Trimetric  prisms  (from  alco- 
hol). Gives  off  H„0  at  100°,  forming  the  lac- 
tonic acid  C,5H2||04,  and  then  melts  at  155°.  V. 
si.  sol.  water,  v.  sol.  alcohol  and  ether.  Laevo- 
rotatory. 

Salts.—  (NH,)2A"  6aq.  —  BaA"  aq  :  white 
amorphous  pp. — CaHjA"j  3aq :  silky  needles,  si. 
sol.  cold  water. — CaA"  a;aq. — Ag._A" :  white  pp. 

Methyl  ether  of  the  lactonic  acid. 
[57°].  Got  by  the  action  of  sunshine  on  a  solu- 
tion of  santonin  in  MeOH.  Long  prisms  (from 
MeOH). 

Ethyl  ether  of  the  (a)-lactoiiic  acid 
■C„H,,04.  [69°].  (305°).  [a]n= -118°  in  a 
6  p.c.  alcoholic  solution  at  14°.  Got  by  exposing 
an  alcoholic  solution  of  santonin  to  sunhght 
(Sestini,  J.  1876,  622).  Formed  also  from 
AgjCisHjiiOs  and  EtI  (V.).  Formed  also  by  the 
action  of  alcohol  and  H2SO4  on  photosantonic 
acid.  Thin  tables,  almost  insol.  cold  water,  v. 
sol.  alcohol  and  ether.  Lsevorotatory.  NaOH 
converts  it  into  sodium  photosantonate. 

Ethyl  ether  of  the  {B)-lactonic  acid 
CpH.iOj.  [155°].  [a]i,  =  77°  in  alcohol  at  14°. 
Formed,  together  with  the  preceding,  by  insola- 
tion of  a  solution  of  santonin  in  absolute  alco- 
hol.   Tables  (from  ether).  Dextrorotatory. 

Anhydrophotosantonic  acid  C,5H,„04  i.e. 
C,3H„(CO,H)2.  [133°].  [o]„=  4-31-9:  Obtained 
by  saponification  of  its  ether,  which  is  formed 
by  passing  gaseous  HCl  into  a  solution  of  photo- 
santonic acid  in  absolute  alcohol  (Villavecchia, 
B.  18,  2862).  Crystalline  solid.  V.  sol.  alcohol 
and  ether.— BaA"  :  white  amorphous  solid;  v.  e. 
sol.  water. 


Di-ethyl  ether  Et,A":  (180°-185°). 
[a]i,  =  +  20-4°.    Colourless  liquid. 

Isophotosan tonic  acid  C^■'E.^.,0^  i.e. 
CH:CH.CH.CHMe.C(OH)„  ' 
CH:CH.CH.CHMe.CH.CH(0H).CH,.C02H^'' 
[a]„  =  124°  in  a  3  p.c.  alcoholic  solution  at  11°. 
Formed,  together  with  photosantonic  acid,  by  ex- 
posing a  solution  of  santonin  (1  kilo.)  dissolved 
in  HOAc  (52  litres  of  S.G.  1-054)  for  several 
months  to  sunshine  (Cannizzaro  a.  Fabris,  B. 
19,  2260).    Thick  trimetric  crystals  (from  alco- 
hol), si.  sol.  water,  m.  sol.  ether,  v.  sol.  alcohol. 
Dextrorotatory.    At  100°  it  gives  an  anhydride 
CjsHjuOj.    Sol.  alkalis  and  hot  NajCOjAq,  form- 
ing orange-red  solutions. — BaA'„  aq  :  white  amor- 
phous powder,  v.  e.  sol.  alcohol  and  water. 

Acetyl  derivative  G^JL,,,kcO^.  [183°]. 
[a]i,  =  59°.  Transparent  needles.  Dextro- 
rotatory. 

Di-acetyl  derivative  ^G^^^kc^Or^.  [c. 
166°].  Crystals,  v.  si.  sol.  alcohol  and  ether. 
Converted  into  C|5H,,Ac05  by  heating  with 
absolute  alcohol  at  120°. 

Pyrophotosantonic  acid  C^^„J,0.^.  [94-5°]. 
Formed  by  heating  photosantonic  acid  in  a 
current  o|  CO.,  or  (Sestini  a.  Danesi,  O.  12, 
83).  Got  also  by  heating  photosantonic  acid 
with  HI  (Cannizzaro  a.  Fabris,  B.  19,  2260). 
Crystals,  sol.  alcohol  and  ether. — BaA'„.  Forms, 
on  distillation,  C^H^^  (222°). 

SANTONIDE  C,,H,s03-  [127-5°].  [a]n  =  754° 
in  chloroform  at  20° ;  (566°  in  alcohol  at  20°. 
S.V.S.  206.  Formed  by  evaporating  a  solution 
of  santonic  acid  in  HOAc  and  heating  the  residue 
at  180°  (Cannizzaro  a.  Valente ;  Carnelutti  a. 
Nasini,  G.  10,  628  ;  13,  149).  Trimetric  crystals. 
Dextrorotatory.  M.  sol.  chloroform,  v.  si.  sol. 
alcohol.  Not  attacked  by  PCI5.  Boiling  KOHAq 
forms  metasantonic  acid. 

Parasantonide  C,,H,5,03.  [110°].  S.G. 
1-202.  [a]D  =  897°  at  26°.  S.V.S.  206.  Formed 
by  boiling  santonic  acid  with  HOAc,  evaporating, 
and  heating  the  residue  at  260°  (Cannizzaro,  G. 
8,  309  ;  10,  628).  Trimetric  crystals,  v.  si.  sol. 
alcohol,  m.  sol.  Ac.,0.  Not  attacked  by  Ac^O  or 
PCI5.  Boiling  KOHAq  converts  it  into  para- 
santonic acid. 

Metasantonide.  [138°].  [a]n=-223°  at 
26°.  S.V.S.  236.  Prepared  by  heating  santonin 
with  cone.  H^SOj  for  some  hours  at  100°  and 
ppg.  by  water  (Cannizzaro  a.  Valente,  Rend. 
Accad.  Lincei,  ii. ;  G.  10,  42).  Crystals  (from 
ether).  Converted  by  Na^COaAq  into  metasan- 
tonic acid. 

SANTONIN  CijHjeOsi.c. 
CH:CH.CH.CHMe.CO  p„ 
CH:CH.CH.CHMe.CH.CH<^  q2\,c0  or 

CH,.CMe.C.CH.,.CH.O  .no  /ro„r,;,,ov.^ 

CO  ".CMe.C.CH:.CH.CHMe>'='0  (Caimizzaro). 
Mol.w.246.  [170°].  S.G.  22 1-247.  [a]B=-174° 
in  alcohol  of  90  v.  p.  c.  (Hesse,  A.  176,  125) ; 
=  - 172°  in  chloroform  at  20°.  S.  -02  at  17-5° ; 
•4  at  100°.  S.  (alcohol)  2-3  at  22-5°  ;  8  at  60°  ; 
37  at  80°.  S.  (ether)  2-4  at  40°.  S.  (chloroform) 
23  (Schlimpert,  N.  Br.  Arch.  100, 161).  Occurs 
in  wormseed  (semen  contra,  semen  cinas,  or 
semen  santonici),  the  undeveloped  flower  heads 
of  Artemisia  Vahliana  and  other  species  of 
Artemisia  (Kahler,  Brandos  Archiv,  34,  318  ;  35, 
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21G  ;  Alms,  ibid.  34,  319  ;  39,  190  ;  H.  Tromms- 
dorff,  A.  11, 190  ;  Heldt,  A.  63,  10,  40). 

Prcparaiion.  —  From  Artemisia  maritima 
(Linn.)  which  contains  2  p.c.  The  seeds  (5  pts.) 
are  treated  with  lime  (1  pt.)  and  water,  and  ex- 
tracted with  alcohol.  The  extract  is  freed  from 
alcohol  by  evaporation  and  neutralised  with  HCl, 
when  santonin  crystallises  out.  In  this  process 
a  lime-  compound  (C|5H,,0j)„Ca,  is  first  formed, 
and  afterwards  decomposed  by  HCl,  which  forms 
sautonic  acid,  CuHjnO,,,  whence  santonin  is 
formed  by  splitting  off  H.,0  (Busch,  J.  pr.  [2]  35, 
322). 

Properties.  —  Flattened  hexagonal  prisms, 
which  turn  yellow  in  light.  May  be  sublimed. 
Licvorotatory,  the  specific  rotation  being  but 
little  affected  by  temperature  or  concentration 
of  the  solution  (Hesse ;  Nasini,  G.  13,  139). 
Nearly  insol.  cold  water,  v.  sol.  hot  alcohol  and 
ether.  Poisonous,  exerting  an  anthelmintic 
action,  and  producing  temporary  colour-blind- 
ness (Lavater,  Phariii.  Viertelj.  2,  110 ;  Wells, 
J.  Ph.  [3]  15,  111 ;  Martini,  C.  B.  47,  259  ;  50, 
645).  Eeacts  with  hydroxylamine,  forming  an 
oxim  (Cannizzaro,  B.  18,  2746) ;  santonin  is 
best  administered  as  oxim  (Coppola,  C.  C.  1887, 
1206,  1301).  Not  attacked  by  aqueous  KMn04. 
Eesinitied  by  boiling  cone.  HClAq.  KOH  turns 
santonin  crimson  (especially  in  presence  of 
alcohol)  and  forms  Ci^HigKO^.  AcCl  has  no 
action.  Cone.  HoSO,,  containing  FeCla  gives  a 
violet  colour  (Lindo,  C.  N.  36,  222 ;  Knapp, 
D.  P.  J.  268,  42). 

Beactions. — 1.  By  treatment  with  1  mol.  of 
PCI5  it  gives  a  compound  CijH,  jClOj  [125°  uncor.] . 
With  2  mols.  of  PCI5  it  gives  a  compound 
C,-,H„CLO,  [182°  uncor.]  (Pawlewski,  B.  18, 
2900).  According  to  Klein  {B.  26,  982)  the 
compound  is  Ci^HijCljO.,. — 2.  Eeduced  by  HI 
and  P  to  santonous  acid  C,-Ho„03.— 3.  HNO3 
(S.G.  1'123)  at  95°  forms  C0„,  succinic,  oxalic, 
and  acetic  acids,  and  HCy  (Wagner,  B.  20, 
1662).  —  4.  Boiling  baryta-water  forms  san- 
tonic  acid. — 5.  Hot  KOHAq  forms  santoninic 
acid. — 6.  Potash-fusion  forms  formic  and  pro- 
pionic acids  (Banff  a.  Chiozza,  A.  91,  112). — 7. 
An  alcoholic  solution  exposed  for  some  months 
to  sunlight  forms  the  ethyl  ether  of  the  lactonic 
acid  of  photosantonic  acid  {v.  supra). — 8.  A 
solution  in  HOAc  exposed  to  sunshine  yields 
j)hoto-  and  isophoto-  santonic  acids. — 9.  Forms 
santonol  on  distillation  with  zinc-dust.  Distil- 
lation over  red-hot  zinc-dust  gives  di-methyl- 
uaphthalene  (Cannizzaro,  G.  12,415). — 10.  Cold 
cone.  HClAq  forms  an  isomerideCijHjgOj,  [260°], 
si.  sol.  hot  alcohol,  insol.  water  (Andreocci,  B. 
26, 1373).  [a]c  =  -¥  112°.  This  body  is  not  acted 
upon  by  hydroxylamine  or  phenyl-hydrazine,  but 
yields  an  acetyl  derivative  C,-,H,,Ac03  [156°]. 
Like  santonin  it  is  insol.  Na.,COjAq,  but  sol. 
NaOHAq.  It  is  reduced  by  zinc-dust  and  HOAo 
to  C,,H,„03  [175°]  [a]E=  -53-3°  an  acid  isomeric 
with  santonous  acid,  which  when  fused  with 
potash  yields  propionic  acid  and  di-methyl-(j3)- 
naphthol. — 11.  Br  in  glacial  acetic  acid  forms 
C,-,H|j|03.H0Ac,Br.,.  Crystals  (from  alcohol),  de- 
composing above  60°.  On  boiling  with  alcohol 
and  aniline  it  yields  bromo-santonin  C,r,H|,Bi'03 
[151°].  On  boiling  with  KOHAq  the  acetate 
bromide  yields  santonin  (Klein,  B.  25,  3317). 

Oxim  C,5H,80.,(NOH)  aq.    [209°]  (Klein,  B. 


26,  411 ;  cf.  Gucci,  G.  19,  367).  Needles  (from 
dilute  alcohol).  Ac.O  yields  C,.H„0.,(NOAc) 
[166"^]  or  [170°]  (K.)  ;  [203°]  (G._).  The  oxim 
prepared  by  alkaline  hydroxylamine  gives  with 
HCl  and  FeClj  a  violet-red  colour  [s(/K-oximic 
acid]. 

Bemyl  ether  of  the  oxim  [152°].  HIAq 
forms  benzyl  iodide. 

Phcnyl-hydrazide  C,5H|sO,,(N,HPh) . 
[220°].  Pale-yellow  needles  (from  alcohol),  not 
decomposed  by  cold  acids  (Cristaldi,  G.  17,  526  ; 
•  Grassi,  C.  C.  1887, 1163). 

Chlorosantonin  0,^1^,010,,.  Formed  from 
santonin  and  chlorine-water  (Heldt,  A.  63,34; 
Sestini,  Bl.  5,  202).  Crystalline.  Turns  yellow 
in  light. 

Di-cWoro-santonin  CuHn-CLOj.  Formed  by 
passing  CI  for  a  long  time  through  water  con- 
taining santonin  in  suspension  (Sestini).  Groups 
of  small  plates  (from  alcohol).  Coloured  orauge- 
red  by  alcoholic  potash. 

Tri-chloro-santonin  C,5H,,,C1,03.  [213°]. 
Monoclinic  prisms,  not  coloured  by  sunshine,  m. 
sol.  alcohol  and  ether. 

(a)-Metasantonin  C,5H„03.    [161°].  (239°). 
S.V.S.  205.     [a]D  =  124°  in  chloroform  at  20°. 
Formed,  together  with  (/3)-metasantonin,  by 
boiling  santonic  acid  or  parasantonide  with 
HIAq  and  P  (Cannizzaro,  G.  4,  446,  452 ;  8, 
j  318 ;   10,  461).     Trimetric  hemihedral  plates 
j  (from  ether).    Dextrorotatory.    Not  affected  by 
'  light.    Yields  C,5H„Br03  [212°]  and  C,,H|„Br,03 
I  [184°]. 

I  (/3)-Metasantonin  C^.H.fi^.  [136°].  S.V.S. 
211.  [a]u  =  124°.  Formed  as  above.  Mono- 
clinic  crystals.  Yields  C,5H,.Br03  [114°]  and 
C„H„Br,03  [186°]. 

Photosantonin.  A  name  for  the  ethyl  ether 
of  the  (a)-lactouic  acid  of  photosantonic  acid  (v. 
supra). 

SANTONOUS  ACID  C.^HoiiO,  i.e. 
C,„H„Me,(OH).C,,H,.CO,H?  [179°].  [a]i,  =  74° 
in  alcohol  at  20°.  Formed  by  boiling  santonin 
with  HIAq  and  P  (Cannizzaro  a.  Carnelutti,  B. 
12,  1574;  G.  12,  393;  13,  385).  White  needles, 
v.  e.  sol.  alcohol  and  ether,  si.  sol.  cold  water, 
sol.  NaoCOjAq.  May  be  distilled  in  vacuo. 
Distilled  over  powdered  zinc  in  a  current  of 
hydrogen  it  yields  di-methyl-naphthalene,  di- 
methyl-naphtliol,  propylene,  and  a  little  xylene. 
On  heating  with  Ba(OH).,  above  360°  it  yields 
CO.,,  CHj,  and  di-methyi-naphthol  C,.,H„OH 
[13.5°],  which  yields  C,,H,,OMe  [68°].  Converted 
by  heat  into  the  anhydride  of  isosantonous  acid, 
and,  finally,  into  di-methyl-naphthol  dihydride 
and  propionic  acid. 

Salts.— NaA'.  Needles,  ppd.  by  adding 
ether  to  its  alcoholic  solution.  V.  sol.  water. — 
BaA'.,. —  *AgA':  white  pp.,  quickly  turning  black. 

Methyl  ether  MeA'.  [82°]. 

Ethyl  ether  EtA'.  [117°].  [a]D  =  78°  in 
chloroform  or  67°  in  HOAc  at  20°.  White 
crystals,  sol.  alcohol  and  ether.  Dextrorotatory. 
Converted  by  BzCl  into  Ci^H^BzEtOs  [78°].  Na. 
added  to  its  ethereal  solution  ppts.  C,5H,„NaEt03, 
whence  EtI  produces  C,5H,sEt.,03  [32°],  which 
on  saponification  yields  ethyl-santonous  acid 
C,5H,5Et03  [116°],  [a]i,=  -f75°  in  alcohol. 

Isosantonous  acid  C|5H.,„03.  [155°].  Formed 
by  heating  santonous  acid,  dissolving  the  re- 
sulting anhydride  in  NaOHAq,  and  ppg.  with 
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HClAq.  Got  also  by  heating  santonous  acid  (1 
pt.)  with  Ba(OH),^  (3  pts.)  in  a  bath  of  molten 
lead  (Cannizzaro  a.  Carnelutti,  B.  12,  1574 ; 
G.  12,  400).  Small  plates,  si.  sol.  water,  sol. 
alcohol  and  ether.  Inactive  to  light.  May  be 
distilled  in  vacuo. 

Ethyl  ether  EtA'.  [125°].  Crystalline. 
BzCl  at  100°  yields  C.^HigBzEtOa  [91°].  Na 
added  to  its  ethereal  solutions  gives  no  pp.,  but 
on  adding  alcohol  CuHigNaEtO.,  is  thrown  down 
as  an  amorphous  powder,  readily  decomposed 
by  water.  The  Na  derivative  is  converted  by 
EtI  into  Ci^HigEtoOj  [54°],  whence  alcoholic 
potash  produces  Cj^HuEtOa  [143°],  v. sol.  alcohol 
and  ether. 

SAPONIFICATION.  The  conversion  of  the 
natural  fats  into  soap  (and  glycerin)  by  boiling 
with  alkalis.  In  a  more  general  sense  it  is  used 
to  denote  the  resolution  of  compound  ethers  into 
acids  and  alcohols.  In  the  widest  sense  it  is 
used  to  denote  the  production  of  an  acid  from  a 
neutral  substance  by  hydrolysis. 

SAPONIN  C^M^fi^s  (Kochleder,  Z.  [2]  3, 
632) ;  C^fi,„0,„  (Stiitz,  A.  218,  231) ;  Cj^H-.O,, 
(Hesse,  A.  261,  373).  Struthiin.  Giihagin. 
Polygalin.  Polygalic  acid.  Senegin.  A  glucoside 
occurring  in  the  common  soapwort  {Saponaria 
officinalis)  (Schrade,  N.  Journ.  d.  Chem.  8,  548), 
in  the  Oriental  soapwort  (Gypsophila  Struthium) 
(Bley,  A.  4,  283  ;  Bussy,  A.  7,  168),  in  quillaja 
bark  (0.  Henry  a.  Boutron-Charland,  J.  Ph.  4, 
249),  in  the  corncockle  (Agrostemma  Githago) 
(Malapert,  J.  Ph.  [3]  10,  339  ;  Scharling,  A.  74, 
351 ;  Christophsohn,  Ar.  Ph.  [3]  6,  432,  461),  in 
the  root  of  Polygala  Senega  (BoUey,  4.  90,  211; 
91,  117),  and  in  many  other  plants.  White 
amorphous  powder,  insol.  alcohol  and  ether,  v.  e. 
sol.  water.  The  dilute  aqueous  solution  froths 
like  soap  when  shaken  ;  the  lather  is  prevented 
by  addition  of  alcohol.  Impure  saponin  pro- 
duces sneezing.  Saponin  begins  to  turn  black 
at  145°  (Blyth),  but  does  not  melt  or  sublime 
when  heated.  Baryta  forms  amorphous 
(Ci,,H3|,0,o)2Ba(OH)2.  A  solution  of  saponin  is 
ppd.  by  lead  acetate.  Decomposed  by  boiling 
dilute  acids  into  sapogenin  and  sugar  CgHijOg 
([a]i,  =  52°  at  25°)  (Kochleder  a.  Schwarz,  Sitz. 
W.  11,  339  ;  Overbeck,  N.  Br.  Arch.  77,  135 ; 
Schiaparelli ;  cf.  Crawford,  Pharm.  Vicrielj.  6, 
361 ;  Fliiokiger,  Ph.  [3]  8,  488). 

Acetyl  derivativesG,Jl^f^A.cfi^^.  [161°]. — 
C.^H^AcjO,,.  [99°].— C„H.^Ac,0„.  [137°].— 
C,aH,,Ac30,2.  [84°]  (Stiitz).— C3,Hj,Ac,0„.— 
C^oH^^ACgO,,.  —  Cs^H^ACi^O,,.  —  C.,.,B.^,Ao,fi^„ 
(Hesse). 

Butyryl  derivative  C,9H25(C4H,0)40,|, 
(Stiitz)  ;  C3^,,(C4H,0),0„  (Hesse).  [68°-72°]. 
According  to  Schiaparelh  (G.  13,  422  ;  Ph.  [3] 
14,  801),  sa^jonin  obtained  from  soapwort  has 
the  formula  C3,H540||„  is  IjBvorotatory,  [a]c=  —8 
at  20°,  yields  amorphous  Ba2H.^(C32H5.,0,g)3,  and 
is  split  up  by  boiling  dilute  H2SO4  into  glucose 
and  saponetin  C,„H5„0,5. 

SAPOGENIN  C,4H,,20„.  Formed  by  hydro- 
lysis of  saponin.  Concentric  groups  of  needles 
(from  alcohol),  sol.  ether,  insol.  water.  From 
solution  in  dilute  potash  it  is  ppd.  by  cone. 
KOHAq  as  flocculent  potassium-saponin.  Pot- 
ash-fusion gives  acetic  and  butyric  acids  and  a 
crystalline  compound  [128°]. 


Oxysapogenin  C^R^Oj  is  obtained  by  the 
action  of  HClAq  on  a  glucoside  present  in  the 
alcoholic  extract  of  Herniaria  (Earth  a.  Herzig, 
M.  10,  172). 

SAPPANIN  C,.,Hio04.  Formed,  together  with 
resorcin  and  a  little  pyrocatechin,  by  fusing 
extract  of  sajDan  wood  with  NaOH  (Schreder, 
B.  5,  572).  Crystallises  from  water  in  plates 
(containing  2aq),  nearly  insol.  cold  water,  v.  sol. 
alcohol  and  ether,  insol.  CHCI3.  Neutral  in  re- 
action. FeClj  colours  its  aqueous  solution  red. 
NaOCl  gives  a  grass-green  colour.  May  be  dis- 
tilled. Pb(0Ac)2  gives  a  yellowish  pp.  Eeduces 
hot  Fehling's  solution  and  ammoniacal  AgN03. 
HNO3  forms  tri-nitro-resorcin  (styphnic  acid). 
Yields  diphenyl  on  distillation  with  red-hot  zinc- 
dust.  AcCl  gives  C,2HjAc404,  crystallising  from 
alcohol  in  prisms.  Br  and  HOAc  give  CioH^Br^Oj, 
crystallising  from  dilute  alcohol  in  needles. 

SAPRINE  C^H^N.^.  [From  irairpds,  putrid.] 
An  alkaloid  in  putrefying  llesh  (Gautier,  Bl.  [2] 
48,  13),  V.  Ptomaines. 

SARCINE  V.  Hypoxanthine. 

SAECOLACTIC  ACID  v.  Lactic  acid. 

SARCOLEMMA  v.  Muscle. 

SARCOSINE  V.  Metiiyl-amido-acetic  acid. 

SARCOSINIC  ACID  CsH-NOj.  [195°].  Oc- 
curs in  a  variety  of  shellac  known  as  Sonora 
gum  (Hertz,  J.  1876,  912).  White  silky  scales, 
V.  sol.  water,  insol.  alcohol  and  ether.  Cannot 
be  sublimed.  Converted  by  nitrous  acid  into 
lactic  acid.  Forms  salts  with  acids  and  bases. 
It  is  a  weaker  acid  than  alanine. 

SARCOSINURIC  ACID  v.  vol.  lii.  p.  260. 

SARSAPARIILA  v.  Paeillin. 

SASSAFRAS  OIL.  Obtained  by  steam-dis- 
tillation from  the  bark  and  wood  of  the  root  of 
Lawns  sassafras  of  North  America.  Contains 
saffrole  (g.  v.)  and  a  terpene  CjjHjg  (156°).  S.G. 
2  -835. 

SATIVIC  ACID  V.  Tetra-oxy-steakic  acid.  , 
SATURATION,  CAPACITY  OF.  When  a 
base  is  added  to  an  acid,  a  point  is  reached 
whereat  the  properties  of  the  base  are  neutralised 
by  those  of  the  acid,  and  the  properties  of  the 
acid  are  neutralised  by  those  of  the  base.  The 
compound  that  is  produced — a  salt — has  neither 
the  properties  of  the  acid  nor  the  properties  of 
the  base.  The  capacity  of  saturation  of  an  acid 
is  measured  by  the  quantity  of  a  base,  taken 
in  formula-weights,  which  must  be  added  to  the 
quantity  of  the  acid  expressed  by  its  formula  in 
order  to  form  a  normal  salt.  The  capacity  of 
saturation  of  a  base  is  measured  by  the  number 
of  formula-weights  of  an  acid  which  must  be 
added  to  a  formula-weight  of  the  base  in  order 
to  form  a  normal  salt.  The  study  of  the  capa- 
cities of  saturation  of  acids  and  bases  leads  to 
the  classification  of  acids  as  monobasic,  dibasic, 
tribasic,  &o.,  and  of  bases  as  mono-acid,  di-acid, 
tri-acid,  &c.  {v.  Acids,  vol.  i.  p.  49  ;  and  Acids, 
Basicity  of,  vol.  i.  p.  51).  The  notion  of  equi- 
valency also  arises  from  the  study  of  the  capa- 
cities of  saturation  of  acids  and  bases  (v.  vol.  ii. 
p.  446). 

When  chlorine  combines  with  potassium,  one 
atom  of  the  metal  is  saturated  by  one  atom  of 
the  halogen ;  but  three  atoms  of  chlorine  are 
required  to  saturate  a  single  atom  of  bismuth  or 
antimony.  The  notion  of  a  definite  capacity  of 
saturation  has  been  extended  from  the  acids  and 
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bases  to  the  atoms  of  the  elements.  The  develop- 
ment of  this  conception  leads  to  the  hypotheses 
of  valency  and  atom-linking  {v.  Classification, 
vol.  ii.  pp.  213-215 ;  Equivalency,  vol.  ii.  p.  446  ; 
and  FoKMDL^,  vol.  ii.  p.  572).     M.  M.  P.  M. 

SAVINE  OIL.  Oleum  SabincB.  The  essen- 
tial oil  from  Junipcrus  Sabina  contains  a 
sesquiterpene  CuH,,,  which  has  a  crystalline 
hydrochloride  C„H",^2HC1  [118°]  (Wallach,  A. 
238,  82). 

SAVORY.  Essence  of  savory  (from  Saturcja 
montana)  contains  40  p.c.  carvaerol  (232°)  and 
two  terpenes  (174°)  and  (183°)  (Haller,  C.  R. 
94,  132).  The  oil  from  Satureja  hortensis  con- 
tains 20  p.c.  cymene,  50  p.c.  carvaerol,  a  terpene 
(179°).  S.G.  -855,  and  avery  small  quantity 
of  a  phenol  which  differs  from  carvaerol  in  not 
being  extracted  by  ether  from  its  dilute  alkaline 
solution,  and  yields  a  phosphate  [69°]  (Jahns, 
B.  15,816). 

SCAMMONY.  A  purgative  gum-resin  com- 
posed of  the  dried  milky  juice  of  Convolvulus 
scammonia  and  of  other  species  of  Convolvulus. 
It  is  iHirified  by  boiling  with  alcohol,  neutralising 
the  alkaline  filtrate  by  dilute  H„S04,  filtering, 
and  evaporating  (Perret,  Bl.  [2]  "28,  522).  It 
contains  jalapin  (q.  v.). 

SCANDIUM.  Sc.  At.  w.  44.  Mol.  w.  un- 
known. The  oxide  of  a  new  element  was 
isolated  in  1879  by  Nilson  (B.  12,  554)  from 
euxenite  and  gadolinite  ;  the  same  oxide  was 
obtained,  about  the  same  time,  by  Cleve,  also 
from  Scandinavian  minerals  (Bl.  [2]  31,  486 
[1879]).  The  name  scandium  was  given  to  the 
metal  of  the  new  earth  by  Nilson  to  denote  the 
locality  of  the  minerals  from  which  the  oxide 
had  been  obtained.  In  his  first  memoir  Nilson 
represented  scandia  as  ScO,^,  and  determined  the 
at.  w.  of  Sc  to  be  c.  170  ;  in  his  second  memoir 
(B.  13,  1439)  he  adopted  Cleve's  correction,  and 
formulated  the  oxide  as  Sc.,03,  and  gave  the 
at.  w.  of  the  metal  as  44.  The  element  scandium 
has  not  yet  been  isolated. 

Occurrence.  —  80,03  is  found,  along  with 
yttria,  ytterbia,  &c.,  in  very  small  quantities 
in  a  few  rare  minerals — gadolinite,  keilhauite, 
yttrotifanite,  and  euxenite.  From  4  kilos. 
gadolinite  Cleve  obtained  -8  g.  So.fi^,  and  1-2  g. 
ScjOj  from  3  kilos,  yttrotitanite. 

Preparation. — The  metal  has  not  been 
isolated  {v.  ScAiiDiuM  oxide,  infra). 

Detection. — Sc  salts  give  a  very  brilliant 
emission-spectrum,  rich  in  rays.  Thal6n 
(B.  12,  555)  gives  the  wave-lengths  of  the  most 
characteristic  lines  as  6304,  6079,  6037  in  the 
orange ;  5526  in  the  yellow  (very  marked)  ; 
5031  in  the  green;  4415,  4400,  4374,  4325, 
4326,  4314,  and  4249  in  the  indigo  [v.  also  B.  A. 
1884.  440). 

Chemical  relations. — Ten  years  before  Nilson 
discovered  Sc,  Mendel6eff  asserted  that  an 
element  would  be  found  in  the  group  of  which 
boron  is  the  first  member,  and  that  this  element 
would  resemble  B  and  Al.  To  this  unknown 
element  Mendeleeff  gave  the  name  ekaboron, 
and  he  stated  the  pi'operties  of  the  element  and 
its  compounds  in  detail.  The  properties  of  the 
compounds  of  scandium  correspond  with  great 
closeness  with  those  of  Mendeleeff's  ekaboron 
(v.  tables  in  vol.  i.  p.  352  ;  cf.  vol.  iii.  p.  815). 
The  properties  of  ekaboron  were  arrived  at  by 


comparing  the  properties  of  pairs  of  elements 
related  to  one  another,  as  regards  positions  in 
the  periodic  arrangement,  similarly  to  ekaboron 
and  its  atom-analogues.  The  relations  ex- 
pressed by  the  following  scheme  were  specially 
studied  by  Mendeleeff ; 
Eb:Al  =  CaiMg  =  Ti:Si  =  V:P  =  Cr:S: 

j  Eb:B  =  Ca:Be  =  Ti:C  =  V:N  =  Cr:0  =  Mn:F. 

;       These  statements  mean,  the  relations  between 

I  the  properties  of  Eb  and  Al  are  similar  to  the 
relations  between  the  properties  of  Ca  and  Mg, 
&c.  For  a  brief  working  out  of  similar  rela- 
tions in  the  ease  of  eka-aluminium  v.  Gallium 
(vol.  ii.  pp.  598-9).  Scandium  is  the  second 
even-series  member  of  Group  III.    It  follows  B, 

^  and  is  followed  by  Y,  La,  and  Yb  in  the  even 
series  of  this  group.  So  resembles  Al  in  many 
respects,  but  the  difference  between  these  ele- 
ments is  shown,  among  other  ways,  in  the  fact 
that  the  double  sulphate  of  Sc  and  K  — 
Sc,(SOj3.3K,,SO., — is  not  an  alum  (v.  Earths, 
METALS  OP  THE  ;  vol.  ii.  p.  424). 

Scandium,  chloride  of,  ScCl3(?).  White 
hygroscopic  needles  separate  on  evaporating  a 
solution  of  the  oxide  in  HClAq  to  a  syrup  ;  HCl 
is  given  off  on  heating,  and  an  oxychloride 

!  remains  as  a  white  powder  (Cleve,  I.e.). 

Scandium,  oxide  of,  80,63.  (Scandia.)  Pre- 
pared by  ppg.  solutions  of  Sc  salts  by  NHjAq, 
washing  the  white,  gelatinous,  very  bulky  pp.  of 
hydrated  oxide,  drying  at  100°,  and  then  heating 
strongly ;  also  obtained  by  heating  to  redness  8c 
nitrate,  sulphate,  or  oxalate.  A  white,  light 
powder,  resembling  MgO ;  sol.  in  hot  cone. 
H.,SO,Aq  or  HNOjAq.     S.G.  3-864  (Nilson  a. 

i  Pettersson,  B.  13,  1461).    S.H.  from  0°  to  100° 

j  =-153  (N.  a.  P.). 

Scandia  is  best  obtained  from  euxenite. 
The  finely-powdered  mineral  is  fused  with 
KHSOj,  the  product  is  dissolved  in  cold  water, 
and  ppd.  by  NHjAq,  the  pp.  is  dissolved  in 
HN03Aq,  the  solution  is  boiled  for  some  time, 
filtered  from  any  pp.  which  forms,  and  ppd.  by 
oxalic  acid  ;  the  ppd.  oxalates  are  dried,  heated 
strongly,  washed  with  hot  water  to  remove  the 
KoCOj,  dissolved  in  HNO:,Aq,  and  the  solution  is 

i  evaporated  to  dryness  and  the  residue  heated  till 
it  melts  ;  the  fused  nitrates  are  treated  with 
water,  when  a  pp.  forms,  consisting  of  oxide  of 
Thwith  small  quantities  of  oxides  of  Ce,  U,  and 
Fe  ;  the  filtered  solution  is  evaporated  to  dryness, 
the  nitrates  are  partly  decomposed  by  heating, 
and  then  treated  with  water ;  the  residue,  which 
contains  a  basic  nitrate  of  Sc,  is  evaporated  with 

I  HN03Aq,  and  the  residue  is  again  heated  for 

j  some  time,  treated  with  water,  and  the  insoluble 
evaporated  with  HNOjAq,  and  so  on.  This 
process  separates  didymia,  yttria,  andterbia,  the 
nitrates  of  which  earths  are  not  so  readily  de- 
composed by  heat  to  basic  nitrates  as  Sc 
nitrate  is.  By  repeating  this  process  68  times 
Nilson  (B.  13,  1442)  obtained  a  nitrate  solution 
which  showed  no  absorption  bands,  and  con- 
tained only  salts  of  Sc  and  Yb.  The  solution  of 
Sc  and  Yb  nitrates  is  evaporated  with  cone. 
H,SO„  saturated  K,SO,,Aq  is  added,  the  salt 
800(804)3. 3K,S0j  which  separates  (Yb  sulphate 
remains  in  solution)  is  dissolved  in  water,  and 
ppd.  by  NHjAq  ;  the  ppd.  SCoOj-xHoO  is  washed 
and  dissolved  in  HNO,Aq,  and  Sc  oxalate  is 
ppd.  by  oxalic  acid ;  the  ppd.  oxalate  is  washed, 


432 


SCANDIUM. 


dried,  and  decomposed  by  heat.  The  80,0, 
thus  obtained  contains  only  traces  of  ytterbia, 
which  may  be  removed  by  transforming  the  earths 
into  nitrates,  heating  for  some  time,  treating 
with  water,  again  transforming  the  insoluble  into 
nitrate,  and  so  on. 

Scandium,  salts  of  (Nilson,  I.e. ;  Cleve,  I.e. ;  also 
C.  R.  89,419).  A  few  salts  of  Sc  have  been  prepared  ; 
they  are  white  solids,  resembling  the  salts  of  Al. 
The  sulphate  forms  a  double  salt  with  KoSOj, 
viz.  Sc.,(SOJ.,.3K2S04,  which  is  not  an  alum. 
The  salts  which  have  been  isolated  are  nitrate, 
oxalate,  selenites,  sulpliate,  and  double  sulphates 
of  NHj,  K,  and  Na.  M.  M.  P.  M. 

SCATOLE  V.  Methyl-indole. 

SCHEELE'S  GKEEN.  Commercial  name  for 
CuHAsO, ;  V.  Copper  absenites,  vol.  i.  p.  306. 

SCHEIBLER'S  REAGENT.  Composed  of 
sodium  tungstate  (100  g.),  sodium  phosphate 
(70  g.),  water  (500  c.c.)  and  a  little  nitric  acid 
{J.pr.  80,  211).    It  ppts.  alkaloids. 

SCHIFF'S  EEACTIONS.  (a)  For  aldehydes  : 
a  solution  of  a  rosaniline  salt,  bleached  by  SOj, 
is  coloured  purple-red  by  aldehydes,  (b)  For 
urea  :  a  purple  colour  with  furfuraldehyde  and 
HCl.  (c)  For  cholesterin :  a  red  colour  with 
cone.  H.,SOj  followed  by  NHj. 

SCHULTZE'S  REAGENT.  A  saturated  solu- 
tion of  sodium  phosphate  (4  pts.)  mixed  with 
SbCls  (1  pt.).  It  gives  a  white  pp.  with  alka- 
loids. 

SCHULZE'S  REAGENT.  Dry  ZnCL  (25  pts.), 
KI  (8  pts.),  water  (8-5  pts.),  and  sufficient  iodine 
to  be  dissolved  on  warming  for  a  short  time. 
Gives  a  blue  colour  with  cellulose. 

SCHWEIZER'S  SOLUTION.  A  saturated 
solution  of  freshly  ppd.  Cu(OH)._,  in  ammonia 
(of  20  p.c).  It  dissolves  silk,  cotton  wool,  and 
linen. 

SCOPARIN  C„,H„20|o.  Occurs,  together  with 
sparteine,  in  Spartium  scoparium  (Stenhouse, 
Tr.  1851,  422;  A.  78,  15).  Pale-yellow  brittle 
mass,  tasteless,  inodorous,  and  neutral.  Ppd.  as 
a  jelly  by  adding  HCl  to  its  cold  ammoniacal 
solution,  but  may  be  obtained  from  cold  alcohol 
in  crystalline  stars.  V.  si.  sol.  cold  water,  m. 
sol.  hot  water  and  alcohol.  Sol.  alkalis.  Its 
alkaline  solution  deposits  a  greenish-brown 
resin  on  boiling.  Bleaching-powder  colours  its 
solution  dark  green.  Br  gives  a  bluish-green 
colour.  HNO3  forms  picric  acid.  Potash-fusion 
gives  phloroglucin  and  protocatechuic  acid 
(Hlasiwetz,  A.  138,  190). 

SCOPOLAMINE  C,-H,,NO^.  Hijoscine.  [53°] 
(Schmidt)  ;  [55'']  (Hesse).  [a]i,=  -13-7°  in  al- 
cohol at  15°.  An  alkaloid  occurring  in  the  root 
of  Seopolia  atrcpoides  and  also  in  hyoscyamus 
seeds  (E.  Schmidt,  Ar.  Ph.  230,  207  ;  B.  25, 
2601;  cf.  Ladenburg,  A.  206,  299;  276,  345; 
B.  14,  1870;  25,  2388;  0.  Hesse,  A.  271,  100). 
Crystalline.  Not  affected  by  nitrous  acid.  It  is 
either  identical  with  hyoseine,  or  sometimes  con- 
founded with  that  alkaloid.  Decomposed  by 
barjrta-water  into  atropic  acid  and  scojioline 
(pseudatropine,  oscine)  CgHi^NO,  [110°]  (242° 
uncor.),  which  yields  B'HAuClj  [225°],  B'^H^PtCIs 
[230°],  and  C,H,J3zN02  [59°].  which  gives 
(C8H„BzNOj).,H,PtCl5  [184°].  —  B'HBr  3aq.  — 
B'HAuCI,.    [214°].— B'HCl  2aq.— B'HI. 

Acetyl  derivative  C,,H.,|,AcN04. 
— B'HAuCl.,. 


;  SCOPOLEINE  C^Ho^NO^  (?).  Extracted  by  , 
!  alcohol  from  the  root  of   Seopolia  japonica 

(Eijkman,  B.  T.  C.  3,  173).    Crystals  (from 

CHCl,). 

SCOPOLETIN  C,2H,„05  (E.) ;   C.JIfi,  (T.> 

i.e.  CeH2(0Me)(0HX^^-^Q.     [198°  uncor.]. 

Occurs  in  the  root  of  Japanese  Belladonna 
(Seopolia  japonica)  (Eijkman,  B.  T.  C.  3,  189  ; 
Takahashi,  C.  C.  1888,  1364).  Slender  needles 
or  prisms,  si.  sol.  cold  water,  v.  sol.  alcohol  and 
ether.  Poisonous.  Its  solutions  exhibit  blue 
fluorescence.  KOH  and  Mel  yield  C,oH,Me04 
[144°]  identical  with  di-methyl-resculetin,  and 
converted  by  Br  into  CioH^BrMeOj,  whence 
potash  forms  C,,H,„0„  an  acid  from  which 
dimethoxy-coumarin  C,|,H,„03  [58°]  may  be 
obtained.  Methyl-scopoletin  is  converted  by 
potash-fusion,  extracting  with  MeOH  and  heat- 
ing with  Mel  into  C,H,(0Me)3.CH:CH.C0.,Me 
[102°1,  which  may  be  reduced  to  the  acid 
C5H,(OMe)3CH,.CH.,.CO,H. 

Acetyl  derivative  C,„H.Ac04.  [176°]. 

Benzoyl  derivative  Ci^H.BzOj.  [158°]. 

SC0P0LINC,„H3„O,,2aq(?).  [c.218°].  Occurs 
in  Seopolia  japonica  (Eijkman,  B.  T.  C.  3,  177). 
I  White  needles,  sol.  hot  water  and  alcohol,  insoL 
i  ether  and  CHCl.,.  Decomposed  by  heating  with 
dilute  acids  into  glucose  and  scopoletin. 

SCUTELLARIN  C,„H,03.  [199°].  Occurs  in 
the  root  of  Scutellaria  lanceolata  (Takahashi^ 
C.  C.  1889,  ii.  100).  Flat  yellow  needles,  insol. 
cold  water,  v.  sol.  alcohol  and  ether,  sol.  NaOHAq 
and  Na.jCOaAq.  Does  not  reduce  Fehling's 
solution.  Does  not  react  with  phenyl-hydrazine. 
Is  not  poisonous. 

SCYLLITE.  A  neutral  substance  resembling 
inosite,  occurring  in  cartilaginous  fishes  (Frerichs 
a.  Stadeler,  J.^r.  73,  48). 

SEA  SALT.  Common  name  of  sodium 
chloride  (q.  v.  in  this  volume). 

SEA  WATER  v.  W.4.tee  (in  this  volume). 

SEBACIC  ACID  C,„H,  A  i-e-  (CH2),(C02H)„. 
{  Ipomic  acid.     Pyrolic  acid.     Mol.  w.  202. 

[133°].  (29.5°  at  100  mm.)  (Krafft,  B.  22,  816). 
i  S.  -1  at  17°;  2  at  100°  (Nelson  a.  Bayne,  J. 

1874,  625).  H.C.p.  1,295,668  (Louguinine,  C.  B. 
:  107,597;  1,296,800  (Stohmann,  J.  2))-.  [2]  40,  202). 
I  H.F.  264,200  (S.). 

Formation. — 1.  Dry  distillation  of  oleic  acid 
or  of  fats  containing  olein  (Th.(:Qa,i'd,  Ann.  Chim. 
39,  193;  Dumas  a.  Paigot,  A.  Ch.  57,  332; 
Eedtenbacher,  A.  35,  188).— 2.  By  distiUing 
castor  oil  or  ricinoleic  acid  with  KOH  (Bonis,  A. 
80,  303  ;  97,  34.-3.  By  the  action  of  HNO3  on 
j  spermaceti,  stearic  acid  (Arppe,  A.  124,  98),  eon- 
volvulic  acid,  jalapin,  jalapic  acid  (Mayer,  A. 
83,  143  ;  96,  160).— 4.  One  of  the  products  of 
the  distillation  of  crude  fatty  acids  in  a  current 
of  superheated  steam  (Cahours,  C.  B.  94,  610). — 
5.  The  ethyl  ether  is  formed  by  electrolysis  of 
C0.,Et.CH2.CH„.CH,.CH,.C0,K,  the  yield  being 
20  p.c.  of  the  theoretical  amount  (Crum  Brown 
a.  Walker,  A.  261,  120).— 6.  By  oxidation  of 
hendecenoic  acid  by  HNO3  (Becker,  B.  11, 
1414). — 7.  By  reduction  of  tetracetylene  dicarb- 
oxylic  acid  Cj,(COoH).,  by  sodium-amalgam 
(Baeyer,  B.  18,  2271)' 

Preparation. — Castor  oil  is  heated  with  cone. 
KOHAq  for  some  hours  at  40°,  and  the  resulting 
hard  crust  crushed,  dried,  and  heated  in  an  iron 
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vessel  till  the  mass  begins  to  turn  brown.  The 
product  is  shaken  with  cold  water  and  the 
solution  ppd.  by  HCl  (Witt,  B.  7,  219). 

Proxierties. — White  needles  or  plates,  si.  sol. 
cold  water,  v.  sol.  alcohol  and  ether.  Eeddeus 
litmus. 

Reactions. — 1.  HNO3  forms  succinic,  pimelic, 
and  adipic  acids  (Carlet,  /.  Ph.  [3]  24,  176; 
Wirz,  A.  104,  280 ;  Arppe,  Z.  18(35,  295  ;  cf. 
Schlieper,  A.  70,  121).— 2.  KMn04  yields  suc- 
cinic, glutaric,  and  adipic  acids  (Carette,  G.  B. 
101,  1498). — 3.  Distillation  with  lime  yields 
deoinene  and  heptoic  aldehyde  (Petersen). 
Distillation  with  BaO  forms  octane.  —  4. 
MeONa  at  300°  forms  ennoic  acid  (Mai,  B.  22, 
2133).— 5.  Glycerina,t200°iorms{CJI,(OB.).,).Ji.", 
which  solidifies  at  -40°  (Berthelot,  A.  Ch.  [3] 
41,  293).— 6.  Brat  165°  forms  C,„H,6Br.,0,,  [115°], 
which  yields  Na^A",  KHA",  BaA"  2aq, 
CaA"2aq,  PbA",  Ag.A",  and  Me.A"  [50°]  (Claus 

B.  20,  2882). 

Salts. — KjA":  crystalline  powder,  v.  sol. 
water. — KHA"  :  minute  needles,  v.  sol.  water 
(Neison,  C.J.  27,  301). — Na^A":  minute  crystals. 
— NaHA"  :  crystalline  powder. — CaA"  (dried  at 
100°)  :  thin  scales,  si.  sol.  water.— CaH„A"., : 
white  pp.,  si.  sol.  water. — BaHjA''^ :  needles 
(from  water),  v.  sol.  water. — BaA"  :  crystalline 
crusts,  V.  sol.  water. — SrA". — MgA"  :  white 
crusts,  V.  sol.  water. — MgH^A", :  needles,  v.  sol. 
water. — ZnA"  :  white  pp.,  si.  sol.  water. — NiA". 
— CoA".— CoA"  2aq.— PbA".-CuA":  emerald- 
green  pp. — HgA"  :  insoluble  pp. — Hg„A"  :  amor- 
phous powder. — A1H3A"3 :  white  powder,  v.  sol. 
hot  water. — Ag.A"  :  white  powder,  v.  sol.  HNO3. 
—Aniline  salt  (PhNH„),H,A".  [134°].  Sil- 
very plates,  sol.  warm  water.  May  be  sublimed 
(Gehring,  C.  B.  104,  1451). 

Methyl  ether  Me.A".  [38°].  (288°) 
(Neison,  C.  J.  29,  314  ;  cf.  Carlet,  C.B.  37,  130). 

Pearly  crystals  (from  ether). 

Mono-ethyl  ether  EtHA".  Solidifies  at 
10°  as  snow-white  needles. 

Ethyl  ether  m.A".  [c.  5°].  (308°  cor.). 
S.G.  15  -9682 ;  p  -9005.  M.M.  14'496  at  14° 
(Perkin,  C.  J.45T518). 

Biityl  ether  (C,H,),A".  (344°).  S.G. 
0  .942  ;  i5  -933.  Formed  by  the  action  of  gaseous 
HCl  on  a  mixture  of  sebacic  acid  and  butyl 
alcohol  at  150°  (Gehring,  C.  B.  104,  1289,  1625). 
Oil,  miscible  with  alcohol  and  ether.  Chlorine 
in  sunlight  forms  (C4Clj)2A",  crystalhsing  in 
hexagonal  prisms  [172°]. 

Isoamyl  ether  (G,^B.,^).A".  (above  360°). 
S.G.  ifi  -951.  Oil.  Alcoholic  NaOH  forms 
(C5n„)HA",  which  solidifies  at  10°,  forming  a 
crystalline  mass,  splitting  up  at  325°  into  sebacic 
acid  and  (C5H||),A".  Chlorine  in  excess  forms, 
in  160  hours,  (CjCl„)oA"  [179°],  crystallising  in 
volatile  trimetric  prisms,  si.  sol.  alcohol. 

Chloride  C„H,g(C0Cl)2.  (220°  at  75  mm.). 
Formed  from  sebacic  acid  (40  g.)  and  PCl5(85  g.) 
(Auger,  A.  Ch.  [6]  22,  361).  Thick  liquid,  de- 
composed by  heat.    Benzene  and    AICI3  give 

C,  H,e(C0.C,H,),  [89°]  and  C,H,.C0.C8H„.C0„H 
[79°]. 

Anhydride  C8H,s<^^q>0.  [78°].  Formed 

by  heating  the  Na  salt  with  the  chloride  (Auger, 
A.  Ch.  [6]  22,  362).  Minute  yellowish  crystals 
(from  benzene). 
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Amide  C„H,s(CO.NH,,)j.  Formed  from  the 
ethers  and  NH,Aq  (Rowney,  A.  82,  123  ;  Carlet, 
C.  B.  37,  128).  Groups  of  minute  needles, 
m.  sol.  hot  water. 

Amic  acid  C8H„(CO,,H)(CONH2).  Formed 
from  EtHA"  and  NH3Aq,  and  got  also  by  heating 
(NH.,),,A"  (Rowney,  0.  J.  4,  334 ;  Kraut,  J.  1863, 
358).    Crystalline,  v.  sol.  alcohol  and  hot  water. 

Anilide  C8H,s(C0NPhH)„.  [198°]  (Pelliz- 
zari,  A.  232,  147).  (above  360°).  Formed  by 
heating  sebacic  acid  (1  pt.)  with  aniline  (1  pt.) 
at  215°  (Gehring,  C.  B.  104,  1451  ;  cf.  Maillot, 
C.  B.  87,  737).  Scales  (from  alcohol),  v.  si.  sol. 
ether. 

Nitro-anilide  C^B.^^(CO.'SILG^IL^.^^{0.,).,. 
[116°].  Formed  by  the  action  of  HNO3  on  the 
anilide  (Gehring,  C.  B.  104,  1716).  Slender 
needles  (from  water).  Tastes  sweet.  May  be 
sublimed. 

Beferences.  —  Pekchlor-    and  Oxy-sebaoic 

ACID. 

SEBACIN  V.  Decinene. 
SEBACOXYL-AMIDO-BENZOIC     ACID  v. 

Cakboxy-phenyl-sebacamic  acid. 

SEBACYL-DIBENZAMIC  ACID  v.  Scbacyl 
derivative  of  jh-Amido-benzoic  acid. 

SELENATES.  Salts  of  selenic  acid  (H,Se0j), 

i  MjiSeO^  and  M'HSeO.,.  These  salts  are  formed 
by  dissolving  metalhc  oxides,  hydroxides,  or 

j  carbonates  in  H.jSeO.,Aq;  the  more  insoluble 
selenates  are  formed  from  the  alkali  salts  by 
double  decomposition.  The  selenates  generally 
resemble,  and  on  the  whole  are  isomorphous 
with,  the  sulphates  (von  Gerichten,  A.  168, 
214).  The  selenates  generally  crystallise  with 
less  water  than  the  sulp)hates  under  the  same 
conditions  of  temperature  (Topsoe,  Ar.  Sc.  45, 
76).  Selenates  are  generally  undecomposed  at 
red  heat ;  heated  in  H,  or  with  Na^COa,  or  C, 
they  give  selenides  ;  boiled  with  HClAq,  tliey 
give  off  CI  and  leave  SeOjAq.  For  the  crystal- 
lographic  measurements  of  selenates,  v.  Tops5e 
(I.e.);  Topsoe  a.  Christiansen  {A.  Ch.  [i]  SI) ; 
and  Fabre  (C  B.  105,  114).  For  measurements 
of  the  specific  volumes  of  selenates,  v.  Pettersson 
(B.  9,  1559,  1676)  and  Schroder  {J.  pr.  [2]  22, 
432). 

Aluminium  selenates.  The  normal  salt, 
Alo(SeO^)3,  is  a  white  solid ;  by  dissolving 
AIO3H3  in  H.,Se0.|Aq,  and  evaporating.  Yields 
various  basic  salts  by  heating  with  AIO3H3  or  by 
partially  ppg.  the  normal  salt  in  solution  by 
NHjAq.  Forms  alums  with  alkali  metal  selen- 
ates. For  accounts  of  these  alums  v.  Wohlwill 
(.4.  114,  162)  ;  Weber  [P.  108,  615) ;  Pettersson 
(B.  9, 1559,  1676) ;  Fabre  (C.  B.  105,  114).  For 
the  alums  formed  by  Al2(Se0.,)3  and  suljihates  of 
alkali  metals,  and  by  selenates  of  alkali  metals 
with  Al,.(S0j)3  and  Cr.,(S04)3,  v.  von  Gerichten 
{B.  6,  162). 

Ammonium  selenates.  The  normal  salt, 
(NH4)„Se04,  is  formed  by  neutralising  H^SeO^Aq 
by  NHjAq  and  evaporating  ;  it  seems  to  exist 
in  two  different  crystalline  forms  (v.  von  Lang, 
W.  A.  B.  45  (2nd  part),  109  ;  Topsoe,  iUd.  66, 
5).  When  heated,  it  gives  oiJ  NH3  and  leaves 
the  acid  salt  (NHj)HSe04  (Cameron  a.  Davy, 
C.  N.  38,  133).  This  acid  salt  is  also  formed  by 
adding  excess  of  H.SeOiAq  to  NHjAq  (Topsoe, 
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Barium  selenate  BaSeO^.  A  white  salt, 
obtained  by  decomposing  an  alkali  selenate  by 
BaCl.,Aq,  filtering,  and  washing.  Insol.  water 
and  HNOjAq  ;  boiled  with  HClAq  gives  BaSeOj, 
which  dissolves.  S.G.  4-67  at  22°  (Schafarik, 
J.  1863.  15  ;  Michel,  C.  B.  106,  878). 

Beryllium  selenate  BeSeOj.  4aq.  Ehombic 
crystals  (Topsoe,  W.  A.  B.  66,  5). 

Cadmium  selenate  CdSeOj.  2aq.  By  dis- 
solving CdC^HjO  in  H,SeO|Aq,  and  crystal- 
lising ;  lustrous,  rhombic  plates ;  S.G.  3'632 
(von  Hauer,  J.  pr.  80,  214).  Forms  double  salts 
with  NHj  and  K  (Topsoe,  I.e. ;  von  H.,  I.e. ;  von 
Geriehten,  B.  6,  162). 

Calcium  selenate  CaSe04.2aq.  Eesembles 
CaSO, ;  obtained  by  ppg.  KjSeOjAq  by 
Ca(N03)2Aq,  dissolving  in  cold  water,  and  ppg. 
by  heating  (von  Hauer,  I.e.).  Also  formed  by 
fusing  CaCL  with  K.SeO^  and  NaCl  (Michel, 
C.  a.  106,  878). 

Chromium  selenate.  Not  isolated.  Double 
salts,  which  are  alums,  are  known,  of  the  com- 
position Cr,(Se04)3.M2SeOj.  24aq  (Wohlwill,  A. 
114,  162;  Fabre,  C.  B.  105,  114;  Pettersson,  B. 
6,  1466).  Alums  are  also  known  of  the  com-  | 
position  Cr.,(Se04)3.M,,S04.24aq  (von  G.,  I.e.). 

Cobalt  selenate  CoSeO^.  7aq.  Hydrated  salts 
have  been  obtained  with  6aq  and  5aq  {v.  Mitsch- 
erlich,  P.  11,  327  ;  Topsoe,  W.  A.  B.  66,  5). 
Forms  double  salts  with  K„SeO„  and  (NH4)oSe04 
(T.,  I.e. ;  von  G.,  I.e. ;  von  H.,  I.e.). 

Copper  selenate  CuSeO^.  5aq.  Blue,  trans- 
parent, lustrous  crystals,  isomorphous  with  the 
sulphate.  By  dissolving  CUO2H2  in  HjSeO^Aq 
(Mitscherlich,  P.  11,  330).  Forms  double  salts 
with  selenates  of  NH^,  K  (Topsoe,  I.e. ;  von  G., 
I.e.)  ;  also  with  Mg  and  Zn  selenates  (Wohl- 
will, I.e.). 

Didymium  selenate  Di2(SeOj)3  (Cleve,  Bl.  [2] 
43,  362).  Also  with  5aq  (C.,  I.e.)  ;  and  with  6aq 
(Frerichs  a.  Smith,  A.  191,  350).  Forms  <^0M6Ze 
salts  with  NH,  and  K  selenates  (C,  I.e.). 

Iron  selenate  FeSe04.7aq  {Ferrous  selenate). 
By  evaporating,  in  H,  a  solution  of  Fe.  or 
FeCOs,  in  H,Se04Aq ;  resembles  FeSOj!  7aq 
(Topsoe,  I.e.).  '  Obtained  by  Wohlwill  (A.  114, 
189)  with  5aq.  Forms  a  double  salt  with 
K2Se04  (von  G.,  I.e.). 

Lanthanum  selenate  La2(Se04)3. 12aq  (F.  a. 
S.,  I.e.). 

Lead  selenate  PbSeOj.  A  white  powder ;  by 
ppg.  K„Se04Aq  by  Pb(N03)2Aq  (Schafarik,  J. 
1863. 15). 

Magnesium  selenate  MgSeOi.  6aq.  White, 
monoclinic  crystals  ;  isomorphous  with  the  sul- 
phate ;  S.G.  1-928  (Topsoe,  I.e.).  Forms  double 
salts  with  NH4  and  K  selenates  (T.,  I.e. ;  von 
G.,  I.C.). 

Nickel  selenate  NiSeOj.  aq.  By  evaporating 
solution  of  NiCOs  in  H„Se04Aq  (Mitscherlich, 
I.e. ;  Wohlwill,  I.e.).  Forms  double  salts  with 
selenates  of  NHj  and  K  (von  G.,  I.e. ;  von  Hauer, 
J.pr.  80,  214). 

Mercury  selenates.  1.  Mereuric  selenate, 
HgSe04.  By  digesting  HgO  with  H2Se04Aq,  or 
by  adding  excess  of  H2Se04Aq  to  mercuric 
acetate,  and  evaporating ;  a  yellowish-white 
solid.  Decomposed  by  water,  giving  a  basie  salt 
HgSe04.  2HgO  (Cameron  a.  Davy,  Trans.  I.  28, 
137).    2.  Mereurous  selenate,  Hg2Se04 ;  by  ppg. 


HgNOjAq  by  K.SeO.Aq  (C.  a.  D.,  I.e.).  With 
NH,Aq  forms  (NHg2)2Se04. 2aq. 

Potassium  selenates.  The  normal  salt, 
K.^SeO^,  is  obtained  by  fusing  Se,  K^SeOj,  or 
native  lead  selenide,  with  KNO3,  dissolving  in 
hot  water,  allowing  to  cool  partly,  pouring  ofif 
from  excess  of  KNO3  which  separates,  and  col- 
lecting the  crystals  which  separate  from  the 
mother-hquor.  Equally  sol.  hot  and  cold 
water  (Mitscherlich,  P.  9,  623  ;  11,  327).  Closely 
resembles  KjSO,.  The  acid  salt  KHSe04  is 
obtained  like,  and  closely  resembles,  KHSOj 
(M.,  I.e.).  KoSeOj  forms  many  double  salts ; 
with  MSO4,  M=  Cd,  Co,  Cu,  Fe,  Mn,  Hg,  and 
Zn  (von  Geriehten,  B.  6,  162) ;  with  AL(Se04)3 
and  Cr.,(Se04)3,  the  compounds  being  alums 
(von  G.,  I.e. ;  Pettersson,  B.  9,1559, 1676  ;  Schro- 
der, J.pr.  [2]  22,  432;  Fabre,  C.  B.  105,  114). 

Silver  selenate  Ag2Se04.  Similar  to,  and 
isomorphous  with,  Ag^SOj  (Mitscherlich,  I.e.). 

Sodium  selenate  Na2Se04.  Prepared  like 
K.SeOj ;  separates  with  iOaq  when  crystallised 
below  40°  (M.,  I.e.). 

Strontium  selenate  SrSe04.  Obtained  by 
fusing  SrClj  with  NaCl  and  an  alkali  selenate ; 
S.G.  4'23.  Exactly  resembles  celestine  in  crys- 
tallographic  and  optical  properties  (Michel,  C.  B. 
106,  878). 

Thallium  selenate  TljSeOj.  By  dissolving 
TIXO3  in  H^Se04Aq,  and  evaporating.  Forms 
white,  prismatic  needles,  isomorphous  with 
K..Se04 ;  si.  sol.  cold  water ;  insol.  alcohol  or 
ether  (Kuhlmann,  Bl.  1864  [1]  330  ;  Oettinger, 
Zeit.  Chem.  Pharm.  1864.  440).  Forms  doioble 
salts,  which  are  alums,  with  Al,(Se04)3  and  with 
Cr2(Se04),  (Fabre,  C.  B.  105,  li4). 

Zinc  selenate  ZnSeOj.  7aq.  Various  hydrates 
are  known  {v.  Mitscherlich,  P.  11,  326 ;  12, 144  ; 
Topsoe,  I.e.).  Forms  a  double  salt  with  TljSeO, 
(Werther,  Bl.  1865  [1]  60)  ;  also  with  K^SO^ 
(von  Geriehten,  B.  6,  162). 

THIOSELENATES  Mi.SeSOj.  {Selenothio- 
sulphates.  Selenosulphates.)  Solutions  of  the 
normal  alkali  sulphites  dissolve  Se,  forming 
these  salts.  The  acid  has  not  been  isolated. 
The  salts  correspond  with  the  thiosulphates,  S 
being  replaced  by  Se. 

Potassium  thioselenate  K.SeSO^.aq.  Formed 
by  mixing  K,SeAq  with  SOsAq  (Cloez,  Bl.  3, 
112 ;  [2]  4,  419).  Better  prepared  by  digesting 
K2S03Aq  with  excess  of  Se,  filtering  the  cold 
liquid  from  Se,  and  concentrating  without  heat ; 
crystals  of  K2SO4  mixed  with  K2SeS.,05  (v.  infra) 
separate,  and  K^SeSOj  crystallises  from  the 
mother-liquor  (Cloez,  I.e.;  Eathke,  J.pr.  95,  1). 
White,  lustrous,  six-sided  tablets  ;  deliquescent 
in  moist  air ;  effloresce  over  H^SOj.  Decom- 
posed rather  easily  by  heat,  giving  K  poly- 
selenides  ;  cold  water  separates  Se,  and  forms 
K^SeSjOj  {v.  infra)  ;  acids  evolve  SO,  and  sepa- 
rate Se  ;  BaCLAq  ppts.  BaSOj  and  Se  from  an 
aqueous  solution  of  the  salt ;  an  ammoniaeal 
solution  of  Ag.jO  forms  AgjSe  and  K^SOjAq  on 
heating. 

DITHIO  -  TEISELENATES  Mi2SeS„0e. 

(Selenotrithionatcs.)  These  salts  may  be  re- 
garded as  derived  from  trithionates  (MijSaOo)  by 
replacing  S  by  Se ;  as  the  salts  M^SjOj  are  called 
trithionates,  so  the  salts  MioScjOj  might  be 
called  triselenates  if  they  were  isolated,  and  the 
salts  MioS.^SeOg  may  be  called  dithio-triselenates. 
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Potassium  ditMo-triselenate  KoSeS-P^- 
This  salt  is  formed  in  the  preparation  of  potas- 
sium thioselenate  {v.  srqjra) ;  if  KHSO3  is 
present  in  the  K.SOa  used  considerable  quan- 
tities of  KjSeS.^Og  are  produced  (Kathke,  /.  pr. 
95,  1).  It  is  also  obtained  by  mixing  K^SeSOj 
with  excess  of  K^SOj  and  cone.  H^SeO^Aq. 
Forms  lustrous,  greenish-yellow,  monoclinic 
prisms,  isomorphous  with  KjS^O^ ;  stable  in 
air  ;  sol.  water  without  change  (Rathke,  J.  pr. 
[2]  1,  33).  Acids  evolve  SO.,  and  ppt.  Se,  on 
warming ;  ammoniacal  solution  of  Ag,_,0  ppts. 
AgjSe,  forming  also  K.^SO^Aq  and  R>SO^Aq. 

Dithio-triselenic  acid,  H^SeSoO^,  is  said  to 
be  present  in  the  solution  obtained  Ijy  the  action 
of  excess  of  SO,,  on  SeO.Aq  (Schulze,  J.  pr.  [2] 
32,  390).  "  '  M.  M.  P.  M. 

SELENHYDKIC  ACID  H^Se  ;  v.  Hydeogen 
SELENIDE,  vol.  ii.  p.  724. 

SELENIC  ACID  H.SeO,,.  Mol.  w.  not  de- 
termined. S.G.  2'9508"  at  15° ;  S.G.  of  super- 
fused  acid,  2-6083  at  15  "  (Cameron  a.  Macallan, 
Pr.  46,  13).  Melts  at  58°  ;  the  molten  acid  may 
be  cooled  below  5°  without  solidifying  (C.  a.  M., 
I.e.).  H.F.  [Se,O^Aq]  =  76,660;  [SeO-'Aq,0] 
=  20,500  (Th.  2,  279). 

Fonnatio7i. — 1.  By  passing  CI  into  HoSeOjAq, 
and  evaporating. — 2.  By  fusing  Se  or  SeOj  with 
KNO3,  ppg.  BaSeO^  from  solution  of  the  fused 
mass,  decomposing  by  K^COj,  filtering  from 
BaCOg,  neutralising  any  KjCO^  present  by 
HNOjAq,  ppg.  PbSeOj,  and  decomposing  this 
salt  by  H„S  (von  Gerichten,  A.  168,  214).— 
3.  By  heating  Se  with  HIN03Aq,  boiling  with 
HClAq  (to  reduce  any  HjSeO^  to  HoSeOj),  ppg. 
traces  of  HoSO,  by  adding  a  little  Ba(N03),Aq, 
filtering  from  IBaS04,  neutralising  by  Na.^CO;,, 
evaporating  to  dryness,  heating  to  dull  redness, 
boiling  with  HNOjAq,  ppg.  PbSe04  by  addition 
of  Pb(N03).Aq,  and  decomposing  by  H.,S  (Fabian,  | 
A.  Siippl.  '1,  241).  —  4.  By  fusing  SeOj  with 
excess  of  KNO3,  boiling  with  HNOgAq,  ppg. 
CaSe04  by  addition  of  Ca(NO.j).Aq,  decomposing 
the  CaSeOj  by  addition  of  CdCoOj,  and  decom- 
posing the  CdSeOj  so  obtained  by  HoS  (von 
Hauer,  J.  pr.  80,  214).— 5.  By  adding  AgNOj  or 
Ag.fiOj  to  a  solution  of  pure  SeO.,  in  water, 
digesting  the  ppd.  AgjSeOa  with  water  and  a 
shght  excess  of  Br,  filtering  from  AgBr,  and 
evaporating  the  filtrate,  which  contains  H^SeO^ 
(Thomsen,  B.  2,  598).  —  6.  By  oxid'ising 
H,,Se03Aq  by  K,Cr04Aq,  PbO,,  or  Mn02  (Wohl- 
will,  A.  114,  169,  176). 

Preparation. — SeO.;  is  heated  till  sublimation 
begins ;  it  is  then  dissolved  in  water,  and  BaOAq 
is  added  so  long  as  a  few  drops,  when  filtered, 
continue  to  give  a  pp.  with  BaOAq  ;  the  filtered 
liquid  is  now  free  from  HoSO^  and  H,,SeO|,  it  is 
evaporated  to  dryness,  and  the  residual  SeO,  is 
heated  tiU  it  sublimes  (Thomsen,  B.  2,  598). 
The  pure  SeO,  thus  obtained  is  dissolved  in 
water,  excess  of  AgNO.^Aq  is  added,  the  ppd. 
Ag.^SeOj  is  washed  with  water  and  shaken  with 
water  and  Br — at  first  Br  is  added,  and  then 
BrAq  tiU  the  liquid  shows  a  faint  orange  colour ; 
the  liquid  filtered  from  AgBr  contains  only 
H.;SeO|,  it  is  evaporated  and  treated  as  described 
hereafter  (T.,  I.e.).  Another  method  consists  in 
neutralising  the  solution  of  pure  SeO._,  by 
K^COj,  evaporating  to  dryness,  fusing  with  a 


I  little  KNO3  for  some  time,  dissolving  in  water, 
I  slightly  acidifying  with  HNOjAq,  boiling  for 
some  time  to  decompose  any  nitrite  present, 
allowing  to  cool,  adding  Pb(N0.,)2Aq,  washing 
the  ppd.  PbSeO^,  suspending  this  salt  in  water, 
and  decomposing  it  by  a  rapid  stream  of  H.^S  ; 
the  filtered  liquid  is  then  evaporated  (von 
Gerichten,  A.  168,  214). 

The  solution  of  H.^SeO^is  concentrated  by  eva- 
poration in  an  open  dish  on  a  water-bath  so  long 
as  water  passes  off ;  an  acid  containing  0.  83-84 
'  p.c.  H.,Se04  is  thus  obtained ;  this  acid  is  placed 
in  a  small  flask  connected  with  a  short  wide  tube 
I  containing  solid  KOH,  which  is  connected  with  a 
large  U  tube  also  containing  solid  KOH  ;  the  U 
tube  is  connected  with  the  receiver  of  an  air- 
pump,  or  with  a  vessel  in  connection  with  a  good 
water-pump.  The  air  is  pumped  out  of  the 
apparatus,  and  when  a  good  vacuum  is  obtained 
the  small  flask  is  heated  to  100°  so  long  as  acid 
distils  over(thisis  knownbythe  KOH  effervescing 
slightly,  as  ordinary  KOH  contains  K.CO.,) ; 
the  temperature  is  then  raised  to  180°  (an  oiJ- 
bath  being  used  to  heat  the  flask),  and  heating 
at  this  temperature  is  continued  so  long  as  acid 
distils  off ;  as  soon  as  the  potash  ceases  to  be 
acted  on  the  heating  is  stopped  and  the  flask  is 
at  once  cooled  ;  a  very  good  vacuum  must  be 
maintained  throughout  the  process.  H.^SeOj 
crystallises  as  the  flask  is  cooled.  A  small  quan- 
tity of  HjSeOjAq  should  be  evaporated  thus  at  a 
time  (Cameron  a.  Macallan,  Pr.  46,  13). 

Properties. — A  white  crystalline  solid,  crystal- 
lising in  long  hexagonal  prisms,  and  melting  at 
58°  to  a  colourless  oily  liquid.  The  liquid  acid 
may  be  cooled  below  5°  without  solidifying  if  it 
is  not  stirred ;  a  crystal  of  H^SeO.,  dropped  into 
the  liquid  causes  it  to  solidify  at  once,  the  tem- 
perature rising  to  58°.  The  liquid  acid  is 
specifically  lighter  than  the  solid  (v.  data  at 
beginning  of  article)  (C.  a.  M.,  I.e.).  H._,Se04  is 
very  hygroscopic  ;  it  mixes  with  water,  with  pro- 
duction of  heat. 

The  following  table  is  taken  from  Cameron 
and  Macallan  (I.e.) : — 


P.O. 

S.G.  H,SeO.,Aq 

P.c. 

S.G.  H„SeO>q 

H,SeO^ 

at  15° 

at  15° 

99-73 

2-6083 

90 

2-3848 

99-5 

2-6051 

89 

2-3568 

99-0 

2-5975 

88 

2-3291 

98-5 

2-5863 

87 

2-3061 

98-0 

2-5767 

86 

2-2795 

97-5 

2-5695 

85 

2-2558 

97 

2-5601 

84 

2-2258 

96 

2-5388 

83 

2-1946 

95 

2-5163 

82 

2-1757 

94 

2-4925 

81 

2-1479 

93 

2-4596 

80 

2-1216 

92 

2-4322 

79 

2-0922 

91 

2-4081 

73-5 

1-9G75 

Reactions. — 1.  With  water  much  heat  is  pro- 
duced, and  hydrates  are  probably  formed  {v. 
infra.  Hydrates  of  selenic  acid).  H.^SeO,,  acts 
as  a  dehydrating  agent,  similarly  to  HoSO., 
(C.  a.  M.,  I.e.). — 2.  Heated  in  vacuo  begins  to 
decompose  into  0,  H.,0,  and  SeO.^  at  c.  200°  ;  the 
water  formed  dilutes  the  remaining  acid,  which 
then  distils  over.  When  dilute  H,jSeO.,Aq  is 
heated  at  ordinary  pressure  water  distils  off  till 
temperature  rises  to  205°,  when  the  acid  has  the 
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composition  H,Se04.H,,0  ;  traces  of  H2Se04  then 
distil  over ;  at  260°  wlaite  fumes  of  HoSeO^  come 
off.  When  HjSeOj  is  strongly  heated  at  the 
ordinary  pressure,  some  of  it  is  decomposed  to 
SeO.,,  0,  and  S.fi  ;  the  remaining  acid  is  diluted 
by  the  water  till  a  dilute  acid  distils  off 
(0.  a.  M.,  I.e.).— 3.  Dilute  H^SeO^Aq  dissolves 
many  metals,  with  evolution  of  H  ;  warm  cone, 
acid  dissolves  copper  and  gold,  with  partial  re- 
duction to  HoSeOj. — 4.  Digestion  with  hydro- 
chloric acid  reduces  H^SeOjAq  to  HjSeOjAq,  with 
evolution  of  01 ;  the  acid  is  not  reduced  by 
sulphur  dioxide  nor  by  sulphuretted  hydrogen. — 
5.  Sulphur  reacts  with  liquid  HoSeO^  at  c.  60°, 
forming  a  deep-blue,  very  unstable  substance 
(?  SeSOs)  which  decomposes  to  SOo  and  HoSeO., 
(C.  a.  M.,  I.e.). — 6.  iSeZejwow dissolves  in  HoSeO,,, 
giving  a  green  unstable  substance — ?  Se^O^ 
(C.  a.  M.,  I.e.). — 7.  Tellurium  dissolves  in  HjSeOj, 
forming  a  reddish  body,  probably  TeSeOa 
(C.  a.  M.). — 8.  Heated  with  phosphoric  anhy- 
dride, SeO,  is  given  off ;  but  at  a  lower  tempera- 
ture crystals  were  obtained  which  C.  a.  M.  think 
were  SeOs. 

Hydeates  of  SELENIC  ACID.  The  mono- 
hydrate  H.,Se04.H.^0  was  obtained  by  0.  a.  M. 
(I.e.)  by  diluting  HjSeOj  to  88-96  p.c,  freezing  at 
—  23°,  melting  and  re-crystallising  by  freezing 
several  times.  This  hydrate  forms  long  needles, 
melting  at  25°,  and  remaining  liquid  even  50° 
below  its  melting-point ;  Pickering  (priv.  comm.) 
gives  melting-point  as  16'6°.  S.G.  of  solid 
hydrate  =  2-6273  at  15°;  S.G.  of  superfused 
hydrate  =  2-3557  at  15°.  C.  a.  M.  did  not 
succeed  in  obtaining  other  hydrates  as  solids. 
For  salts  of  H.,Se04  v.  Selenates,  p.  433. 

M.  M.  P.  M. 

SELENIDES.  Se  combines  with  most  metals 
when  heated  with  them.  Se  also  combines  with 
many  non-metals,  e.g.  with  B,  Br,  CI,  F,  H,  I, 
0,  P,  and  S.  Many  metalHc  selenides  are 
formed  by  heating  the  elements  together  (ITels- 
mann,  A.  116,  122;  Schneider,  A.  97,  192; 
Little,  A.  112,  211) ;  also  by  the  interaction  of 
Se  and  metallic  salts  (Schneider,  P.  127,  642 ; 
Potilitzin,  B.  12,  697)  ;  sometimes  by  the  inter- 
action of  Se  and  metalUc  sulphides  at  high 
temperatures  (P.,  I.e.).  For  thermal  data  regard- 
ing the  formation  of  many  metallic  selenides  v. 
Fabre  (C.  B.  102, 1469  ;  103, 269, 345).  Selenides 
of  the  alkali  metals  are  sol.  water  ;  they  are 
formed  by  saturating  the  hydroxides  in  water 
by  H„Se  (Fabre,  C.  R.  102,  613),  by  reducing 
the  selenites  by  C  (W5hler  a.  Dean,  A.  97,  1), 
by  reducing  selenates  by  H  at  200°  (Fabre,  C.  B. 
102,  1469),  and  by  heating  the  elements  to- 
gether (Uelsmann,  A.  116,  122).  The  selenides 
of  metals  other  than  the  alkali  metals  are  insol. 
water.  M.  M.  P.  M. 

SELENION.  Se.  (Seleniu7n.)  At.  w.  78-8. 
Mol.  w.  157-6  (v.  imfra).  M.P.  217°  for  crystal- 
line variety  (Hittorf,  P.  84,  214 ;  Draper  a. 
Moss,  C.  B.  33,  1 ;  v.  Action  of  heat  on  selenion). 
Boils  at  676°-683°  (Carnelley  a.  WilUams,  G.  J. 
35,  563).  S.G.  c.  4-7  crystalline ;  c.  4-3  amor- 
phous (for  more  details  v.  description  of  varieties 
of  Se,  infra).  V.D.  Ill  at  860°,  92  at  1040°,  82 
at  1420°  (DevUle  a.  Troost,  C.  B.  49,  239;  56, 
891).  S.H.  crystalline  -20°  to  -f  7°  = -0732,  crys- 
talline 20°  to  98°  =  -0762,  amorphous  -  27°  to  -I-  8° 
= -0746,  amorphous  19°  to  87°  =  -1036  (Begnault, 


A.  Ch.  [3]  46,  257).  C.E.  vitreous  at  40° 
=  -0000368  (Fizeau,  C.  B.  68,  1125  ;  cf.  Spring, 

B.  14,  2580).  For  E.G.  v.  infra.  ma  =  2-654, 
Ma  =  2-692,  /iiD  =  2-98  {v.  Sirks,  P.  143,  429). 
For  emission  and  absorption  spectra  v.  B.  A. 
1884.  440.  H.C.  [Se.O-^]  =  57,080 ;  [Se,0-,Aq] 
=  56,160  ;  [Se,0',AqJ  =  76,660  {Th.  2,  274). 

Historical.— la.  1817  Berzelius  (S.  23,  309) 
obtained  a  new  element  from  the  crystals 
formed  in  the  leaden  chamber  of  a  sulphuric 
acid  works  at  Gripsholm  in  Sweden  ;  as  the  new 
element  was  found  to  resemble  tellurium  (dis- 
covered in  1798  by  Klapstock),  Berzelius  gave  it 
the  name  selenion  ((re\-^v?)  =  the  moon).  As  Se 
is  distinctly  a  non-metallic  element,  and  as  the 
termination  um  is  characteristic  of  the  names 
of  metals,  it  seems  altogether  improper  to  use 
the  name  selenium  rather  than  selenion. 

Occurrence. — In  small  quantities  uncombined 
with  other  elements ;  in  combination  with  various 
metals,  such  as  Bi,  Cu,  Pb,  Hg,  Ag,  generally 
along  with  sulphur.  Most  selenion-contain- 
ing  metallic  sulphides  are  very  poor  in  Se  ;  but 
certain  selenides  from  the  Ai'gentine  Kepublic 
contain  from  29  to  48-5  p.c.  Se,  combined  with 
Cu,  Pb,  and  Ag.  Minerals  containing  Se  are 
fairly  widely  distributed,  but  occur  only  in  small 
quantities    (Stromeyer,  S.  43,  452 ;  Maclvor, 

C.  N.  56,  251 ;  Nordstrom,  B.  12,  1723  ;  Pisani, 
C.  R.  88,  391 ;  Hensler  a.  Klinger,  B.  18,  2556  ; 
Stelzner,  J.  1874.  1234).  When  sulphides  which 
contain  Se  are  roasted,  the  Se  condenses  in  the 
flues.  The  deposits  that  form  in  sulphuric  acid 
chambers  often  contain  Se ;  and  many  specimens 
of  the  acid  also  contain  this  element.  Com- 
mercial HClAq  sometimes  contains  Se,  derived 
from  the  HjSO^  used  in  making  the  HClAq 
(Kemper,  J.  1860.  84;  Nilson,  B.  7,  1719; 
Lamy,  C.  B.  74,  1285  ;  Scheurer-Kestner,  C.  B. 
74,  1286  ;  Personne,  C.  B.  74,  1199  ;  Drink- 
water,  An.  8,  63). 

Formation. —  1.  By  passing  SOj  into 
H^SeO^Aq ;  H.SeOaAq  -h  2SO2  -h  H^O 
=  2H2S04  +  Se. — 2.  By  allowing  the  solution  of 
an  alkali  selenide  to  stand  in  air  (Bottger,  J.  pr. 
71,  512). — 3.  By  adding  acid  to  solution  of  a 
thio-selenate  (Bottger,  J.  pr.  94,  439),  or  to 
KCNSeAq  (Oppenheim,  /.  pr.  71,  266).— 4.  By 
the  action  of  such  metals  as  Zn  or  Fe  on 
H^SeOjAq  made  strongly  acid  by  HCl  or  H^SO^. 
5."By  heating  (NHJaSeO^  or  (NH4),,Se04. 

Preparation. — 1.  From  the  flue-dust  formed 
in  roasting  sulphides  containing  Se.  The  flue- 
dust  is  washed  with  water,  dried,  and  distilled ; 
this  method  is  applicable  to  dusts  rich  in  Se. 
Dusts  poorer  in  Se  are  washed,  the  heavier 
particles  are  lixiviated  with  dilute  HClAq  and 
then  with  water,  dried,  fused  with  pearlasli  and 
soda,  and  washed  with  water ;  the  solution  of 
alkali  selenide  thus  obtained  is  allowed  to  stand 
in  the  air,  and  the  Se  which  ppts.  is  washed, 
dried,  and  distilled  (Bottger,  J.pr.  71,  512).  Or 
the  washed  dust  is  made  into  a  thin  paste  with 
equal  volumes  of  HjSO,  and  HjO,  heated  to 
boiling,  with  addition  from  time  to  time  of  a 
little  HNO3  or  KCIO3,  till  the  red  colour  of  the 
Uquid  is  destroyed,  cone.  HClAq  is  added  equal 
to  half  the  volume  of  the  liquid,  and  the  whole 
is  evaporated  to  one-fourth  its  bulk,  whereby  CI 
is  evolved  and  HjSeO^  is  reduced  to  HjSeOj ; 
SOo  is  passed  into  this  solution,  the  ppd.  Se  is- 
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washed,  dried,  and  distilled  (Wohler,  G.  A.  69, 
264). — 2.  From  the  deposit  in  the  leaden  cham- 
bers of  sulphuric  acid  tvorJcs.  The  washed 
deposit  is  boiled  with  cone.  NajSOjAq  till  it  is 
blacli  (from  formation  of  PbS),  and  the  liquid, 
which  contains  Na-jSeOj,  is  filtered  into  dil. 
HClAq,  whereby  Se  is  ppd.  This  process  is  re- 
peated several  times  (Bottger,  J.  pr.  94,  439). 
Or  the  washed  deposit  is  digested  at  80°-100° 
with  fairly  cone.  KCNAq  until  the  red  colour  of 
the  liquid  has  changed  to  grey,  the  liquid 
is  filtered,  the  residue  washed  with  boiling 
water  till  HClAq  ceases  to  produce  a  reddish 
opalescence  in  the  washings,  and  excess  of 
HClAq  is  added  to  the  filtrate  and  washings, 
whereby  Se  is  ppd.  (KCNAq  +  Se  =  KCNSeAq  ; 
KCNSeAq  +  HClAq  =  KClAq  +  HCNAq  +  Se).  The 
ppd.  Se  is  dissolved  in  HNO.|Aq,  the  solution  is 
evaporated  (slowly,  to  prevent  loss  of  SeO.,)  to 
dryness,  the  SeO.,  is  sublimed  in  a  tube  of  hard 
glass  in  a  stream  of  dry  dust-free  air,  the  subli- 
mate is  dissolved  in  water,  HClAq  is  added,  and 
Se  is  ppd.  by  SO,  (Oppenheim,  J.  pr.  71,  266). 

Se,  as  prepared  by  reducing  cold  HaSeO^Aq,  is 
a  red  amorphous  powder;  an  amorphous 
vitreous  variety  is  obtained  by  melting  ppd. 
Se  and  cooling  very  rapidly  by  pouring  on  to  a 
porcelain  plate  (Hittorf,  P.  84,  214  ;  Eanimels- 
berg,  P.  152,  151  ;  Eegnault,  A.  Ch.  [3]  46, 
257)  ;  a  black  crystalline  variety  of  Se  is 
prepared  by  allowing  cone.  KoSeAq  or  Na^SeAq 
to  stand  in  air  until  a  crust  forms  on  the  sur- 
face (H.,  I.e. ;  E.,  I.e.),  also  by  crystallising  any 
form  of  Se  from  Se^CL  (Eathke,  A.  152,  181) ; 
a  red  crystalline  variety  is  prepared  by 
slowly  and  repeatedly  heating  a  solution  of  Se 
in  CS.,  in  a  sealed  tube  to  somewhat  under  100°, 
and  allowing  to  cool  (E.,  I.e. ;  Eathke,  A.  152, 
181),  also  by  subliming  amorphous  Se  (Born- 
trager,  D.  P.  J".  242,  55) ;  a  grey  metal-like 
variety  is  prepared  by  very  slowly  heating 
amorphous  or  red  crystalline  Se  to  96°-97° 
(H.,  I.e. ;  E.,  I.e. ;  Fabre,  C.  B.  103,  53).  Ac- 
cording to  Schutze  (J.  pr.  [2]  32,390)  a  col- 
loidal soluble  form  of  Se  is  obtained  by 
reducing  HoSeO^Aq  by  SO,;  no  acid  must  be 
present.  The  colloidal  Se  remains  in  solution, 
colouring  the  liquid  dark  red.  The  solution  is 
not  changed  by  boiling  but  on  adding  an  acid 
or  a  salt  Se  is  ppd.  in  red  flocks. 

Properties. — Se  exists  in  several,  probably  in 
five,  forms. 

I.  Amorphous  selenion;  sol.  in  CS^. — 
(i.)  Bed-pcnvdery  amorphous  Seforms  sealing-wax- 
red  flocks,  or  when  dried  at  a  low  temperature  a 
dark-red  powder;  when  formed  by  reduction  of  hot 
H.,Se03Aq  it  appears  as  a  black  powder  (Hittorf, 
P.  84,  214).  S.G.  at  20°  =  4'3  (Rammelsberg,  P. 
152,  151  ;  Schaffgotsch,  P.  90, 66)  ;  4-2  (Eathke, 
A.  152,  181).  This  variety  is  a  non-conductor 
of  electricity  (Hittorf,  I.e.).  It  is  sol.  CSo ;  S. 
at  b.p.  of  CS,(46-6°)  =  -1,  at  0°  =  -016  (Mitscher- 
lich,  J.  1855.  314) ;  according  to  Eammelsberg 
(I.e.)  the  solubility  in  CS,  varies  much.  For 
S.H.  V.  beginning  of  this  article.  Petersen 
{Z.  P.  C.  8,  601)  gives  H.C.  of  this  variety 
[Se,0^  =  57.250,  and  at.  vol.  18-4  ;  the  change 
from  this  form  to  any  other  form  of  Se  is 
attended  with  contraction  and  the  production 
of  a  small  quantity  of  heat.  For  action  of  heat 
V.  irifra. 


(ii.)  Amorphous  vitreous  Se  forms  a  black 
lustrous  solid,  appearing  red  in  thin  layers. 
S.G.  4-282  at  20°  (Schaifgotsch,  /.  j^r.  43,  308; 
60,  312).  Sol.  in  CS„.  No  fixed  melting-point ; 
when  heated  it  softens  at  60°,  and  becomes 
gradually  less  viscous  till  at  250°  it  is  quite 
liquid;  if  this  liquid  is  rapidly  cooled,  the 
vitreous  variety  is  re-formed  (Hittorf,  I.e. ; 
Draper  a.  Moss,  C.  N.  33,  1).  Heated  very 
slowly  to  96°-97°  this  variety  changes  to  metal- 
lic Se,  with  production  of  heat  (E.,  I.e. ;  Eegnault, 
A.  Ch.  [3]  40,  257  ;  Fabre,  C.  B.  103,  53). 

II.  Crystalline  selenion;  insol.  in 
CS„. — (i.)  Black  crystalline  Se.  Small,  micro- 
scopic, glittering  leaflets.  S.G.  4-8  (E.,  I.e.) ; 
4-76  to  4-78  at  15°  (Mitscherlich,  J.  1855.  314). 
Insol.  CS,.  H.C.  [Se,0-]  =  55,820  ;  at.  vol.  =  16-5  ; 
change  from  amorpihous  Se  to  this  form  is  ac- 
companied by  slight  production  of  beat  and 
contraction  (Petersen,  Z.  P.  C.  8,  601). 

(ii.)  Bed  crystalline  Se.  Small,  thin,  trans- 
parent, lustrous  crystals ;  in  thicker  layers  ap- 
pears black  and  opaque.  S.G.  4-46  to  4-5  at  15° 
(E.,  I.e. ;  M.,  I.e. ;  Eathke,  I.e.).  Melts  at  217° 
(H.,  I.e. ;  D.  a.  M.,  I.e.).  Insol.  in  CS.,.  Petersen 
{I.e.)  gives  H.C.  [Se,0-]  =  56,200 ;  and  at.  vol. 
=  17'7.  This  variety  is  a  conductor  of  elec- 
tricity, the  conductivity  increasing  with  increase 
of  temp,  and  also  by  exposure  to  light.  (For 
details,  v.  infra.)  When  heated  to  c.  110°  this 
variety  becomes  black.  The  crystals  are  mono- 
clinic, ratio  of  axes  =  l-62:l:l-6  (M.,  I.e. ;  Eegnault, 
I.e.) ;  isomorphous  with  monoclinic  S  (E.,  I.e.). 
For  S.H.  V.  beginning  of  this  article. 

(iii.)  Grey  metallic  Se.  Lustrous,  grey, 
metal-Uke,  granular  solid,  resembling  grey  pig- 
iron  ;  somewhat  malleable  (Eegnault,  Z.c).  In- 
sol. in  CS...  S.G.  4-4  to  4-5  (E.,  I.e.).  Melts  at 
217°  (H.,  I.e.) ;  on  cooling,  the  vitreous  variety 
is  chiefly  formed,  but  if  the  cooling  is  stopped 
at  210°  after  a  time  there  is  a  sudden  rise  to 
217°,  and  the  whole  solidifies  in  the  metallic 
form.  All  varieties  of  Se  are  sol.  Sefih  and 
SeEt4. 

Action  of  heat  on  selenion.  Any  one  of  the 
crystalline  varieties  of  Se  melts  at  217° ;  when 
the  molten  Se  is  allowed  to  cool  slowly  it 
gradually  becomes  less  soft,  a  thermometer 
placed  in  the  cooling  substance  continuously 
falls  and  shows  no  point  of  rest  (Hittorf,  I.e. ; 
Eegnault,  I.e.) ;  the  final  product  is  crystalline 
Se,  but  if  the  cooling  is  caused  to  take  place 
rapidly  the  amorphous  vitreous  variety  is 
formed ;  if  the  cooling  is  stopped  at  210°,  and 
that  temperature  is  maintained  for  some  time, 
there  is  a  sudden  rise  to  217°  and  the  Se  again 
solidifies  in  the  crystalline  (metallic)  form. 
When  amorphous  Se  is  heated  it  softens  at  c. 
60°,  and  becomes  gradually  less  viscous  until 
at  250°  it  is  quite  liquid  ;  if  the  heating  is  very 
gradual,  there  is  a  sudden  evolution  of  heat  at 
96°-97°  (Eegnault,  I.e.,  found  temperature  rise 
to  200°-230°),  and  the  metallic  variety  is  pro- 
duced. Se  boils  at  676°-^683°,  forming  a  reddish- 
yellow  vapour,  the  V.D.  of  which  does  not  be- 
come constant  until  600°-700°  above  the  b.p. 

Effects  of  light  and  heat  on  the  electrical  con- 
ductivity of  crystalline  selenion.  Amoi'phous 
Se  does  not  conduct  electricity ;  but  when  heated 
rapidly  it  begins  to  conduct  at  165°-175°,  and 
conductivity     increases     until    it    attains  a 
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maximum  ate.  217°  (Draper  a.  Moss,  C.  N.  33, 1). 
Crystalline  Se  conducts,  the  conductivity  in- 
creasing proportionally  with  increase  of  tem- 
perature to  217°,  after  which  it  decreases  and 
reaches  a  minimum  at  250°  (Hittorf,  P.  84,214  ; 
D.  a.  M.,  Z.c).  If  Se  is  heated  for  a  considerable 
time  to  200°  and  is  then  allowed  to  cool,  con- 
ductivity decreases  as  temperature  rises  and 
increases  as  temperature  falls  (W.  Siemens, 
P.  159,  117).  This  observation  seems  to  show 
that  at  c.  200°  a  variety  of  Se  is  formed  which 
behaves  like  a  metal,  and  that  on  cooling  this 
form  remains  mixed  with  the  ordinary  crystal- 
line variety,  so  that  the  conductivity  depends  on 
the  relative  quantities  of  the  two  forms,  and 
therefore  on  the  temperature  (c/.  Kalischer, 
W.  31,  101).  The  electrical  conductivity  of 
crystalline  Se  increases  enormously  when  the  Se 
is  exposed  to  light  (Sale,  Pr.  21,  283 ;  Smith, 
B.  6,  204  ;  Eosse,  P.  M.  [4]  47, 161 ;  Forssmann, 
W.  2,  513).  Adams  and  Day  (Pr.  24,  163)  found 
that  the  resistance  of  Se  varied  directly  as  the 
square  root  of  the  intensity  of  the  source  of 
light ;  also  that  light  caused  an  electric  current 
in  Se  from  the  less  to  the  more  illuminated  part 
(Pr.  25,  113 ;  cf.  Bidwell,  C.  N.  62,  191). 

Se  may  be  sublimed  and  distilled  in  vactw, 
or  in  an  indifferent  gas  (Schuller,  J.  1884. 
1550) ;  heated  in  air  it  is  burnt  to  SeOo.  Se 
dissolves  in  cone.  HjSO^,  forming  SeSO„  and  is 
ppd.  again  on  adding  water  ;  Se  is  sol.  in  alkali 
solutions,  forming  alkali  selenides ;  also  in 
KCNAq,  in  alkaline  sulphite  solutions,  in  SeoClj, 
Se.J3r.„  and  SeEt^ ;  the  amorphous  varieties  are 
sl.'soL  CSj 

Se  resembles  S  and  Te  in  its  chemical  cha- 
racter ;  it  is  somewhat  less  negative  than  S  and 
more  negative  than  Te ;  it  shows  distinct 
analogies  with  Cr,  Mo,  W,  and  U  (v.  Oxygen 
GROUP  OF  ELEMENTS,  vol.  iii.  p.  705  ;  and  Chro- 
mium GROUP  of  ELEMENTS,  Vol.  11.  p.  168). 

The  atomic  wt.  of  Se  has  been  determined 

(1)  byanalysingSeCl4(Berzelius,P.  8,  21  [1818]); 

(2)  by  analysing  KjSeO^  (Mitscherlich  a.  Nitzsch, 
P.  9,  627  [1827] ;  (3)  by  oxidising  Se  to  SeO.,, 
by  reducing  SeO,  to  Se,  and  by  analysing 
BaSeOj  (Sace,  A.  Ch.  [3]  21,  119  [1847]) ;  (4)  by 
analysis  of  HgSe  (Erdmann  a.  Marchand,  J.  pr. 
55,  202  [1849]) ;  (5)  by  converting  Se  into  SeCl^ 
(Dumas,  A.  Ch.  [3]  55,  186  [1859] ;  (6)  by  re- 
ducing SeO„  to  Se  and  by  analysing  Ag„Se03 
(Pettersson  a.  Ekman,  B.  9,  1210  [1876] ;  (7)  by 
determining  S.H.  of  Se  (Kegnault,  A.  Ch.  [3] 
46,  257) ;  (8)  by  determining  V.D.  of,  and 
analysing,  SeH,,,  SeO„,  SejCl,,  SeCl^,  and  SeBrCl,. 

The  molecular  wt.  of  Se  has  been  found  by 
determining  the  V.D.  of  Se  at  860°,  c.  1000°, 
and  c.  1400°  ;  the  values  at  1400°  agree  with  the 
formula  Scj. 

The  atom  of  Se  is  divalent  in  the  gaseous 
molecule  SeH^,  and  tetravalent  in  the  gaseous 
molecules  SeCX  and  SeBrClj. 

Reactions  and  Combinations. — 1.  Water  and 
ozone  produce  H.SeO^  (Mailfert,  G.  R.  94,  860, 
1186).  Water  alone  does  not  react  at  160° 
(Cross  a.  Higgin,  C.  J.  35,  249).— 2.  Cone,  sul- 
2yhuric  acid  dissolves  Se  on  warming,  forming 
H2Se03,  and  some  HjSeOj,  and  giving  off  SO.^. 
Fuming  sulphuric  acid  forms  a  greenish  solu- 
tion containing  SeSO,,  (v.  Thio-oxide,  p.  441) ; 
on  boiling  HjSeOa  is  formed  and  SO.^  evolved 


(Divers  a.  ShmiosS,  B.  18,  1209).— 3.  Hot  cone, 
nitric  acid  oxidises  Se  to  HjSeOj,  with  evolution 
of  NO,  Hydrochloric  acid  does  not  react  with 
Se. — 4.  Se  dissolves  in  alkali  solutions,  forming 
alkali  selenides ;  fusion  with  alkalis  produces 
the  same  compounds. — 5.  Fusion  with  nitre  or 
potassium  chlorate  forms  K2Se04. —  6.  Potas- 
sium cyanide  solution  dissolves  Se  to  KCNSeAq. 
7.  Solutions  of  alkali  or  alkaline  earth  sul- 
phites dissolve  Se,  forming  thioselenates  (Rathke 
a.  Zschiesche,  J.pr.92,  141;  Uelsmann,  A.  116, 
123 ;  V.  also  Thioselenates,  p.  434). — 8.  Se 
vapour  passed  over  heated  lead  fluoride  forms 
Se  fluoride  (Knox,  Pr.  Irish  Acad.  1841.  299).— 
9.  Se  combines  with  oxygen  to  form  SeOj,  when 
heated  in  O  or  air. — 10.  Se  combines  with  c/iZor- 
i7ie,  bromine,  and  iodine  at  the  ordinary  tem- 
perature.— 11.  Heated  tolow  redness  with  hydro- 
gen, H,Se  is  formed  (Uelsmann,  A.  116,  122). — 
12.  Phosphorus  combines  at  the  ordinary  tem- 
perature.— 13.  Se  combines  with  arsenic  and 
antimony,  by  heating  the  elements  together. — 
14.  Selenides  of  most  metals  are  formed  by  heat- 
ing Se  with  metals  {v.  Selenides,  p.  436).  Some- 
times the  combination  is  effected  without  heat, 
under  the  influence  of  light  [v.  Bidwell,  P.  M. 
[5]  20,  178 ;  Moss,  C.  N.  33,  203).— 15.  Se  dis- 
solves in  molten  sulphur,  but  no  definite  com- 
pounds are  formed  in  this  way. — 16.  With 
sulphuric  anhydride  Se  combines  to  form 
SeSOg  (v.  Thio-oxide,  p.  441). 

Selenion,  acids  of.  Selenhydric  acid  H^Se, 
vol.  ii.  p.  724  ;  selenic  acid  H^SeOj,  p.  435 ; 
selenious  acid  H.^SeOj,  p.  445 ;  Selenocyan- 
hydric  acid  HCNSe,  vol.  ii.  p.  348  ;  also  Seleno- 
cyanic  acid,  this  vol.  p.  443  ;  salts  of  thioselcnic 
acids,  HjSeSOj  and  HjSeSjOg,  are  known,  p.  434  ; 
and  salts  of  selenosamic  acids,  Se(NH„)OMi  and 
2SeO(NH2).OH.OMi,  have  been  isolated,  p.  446. 

Selenion,  antimonide  of;  v.  vol.  i.  p.  283, 
Antimony,  Combinations  of,  No.  6. 

Selenion,  arsenides  and  arBenosulphides  of ; 
V.  vol.  i.  p.  303,  Aksenic,  Combinations  of.  No.  7. 

Selenion,  boride  of.  A  yellow-grey  solid  is 
formed  by  strongly  heating  amorphous  B  in  a 
stream  of  H.Se  ;  the  solid  is  decomposed  by 
water  with  rapid  evolution  of  H.,Se  (Sabatier, 
C.  R.  112,  865).  As  S.  gives  the  'formula  B,S, 
to  the  boron  sulphide  formed  by  passing  H.,S 
over  B,  it  is  probable  that  the  Se  compound  has 
the  composition  B.jSej. 

Selenion,  bromides  of.  Two  compounds  of 
Se  and  Br  are  known,  SejBr.,  and  SeBr^ ;  both 
are  formed  by  the  direct  union  of  the  elements. 
Both  are  decomposed  by  heat,  but  they  are  more 
stable  towards  heat  than  the  corresponding  S 
compounds  (Evans  a.  Eamsay,  C.  J.  45,  62). 
As  the  V.D.  of  neither  has  been  determined,  the 
formulae  are  not  necessarily  molecular ;  but 
from  the  analogy  of  SCjCl,  and  SeCl^,  which 
formulas  represent  the  compositions  of  gaseous 
molecules  of  these  chlorides,  it  is  probable  that 
the  mol.  wts.  of  the  bromides  correspond  with 
the  formulffl  ScjEr,  and  SeBr^. 

Selenious  bromide  Se,Br,.  (Selenion  mono- 
bromide.)  Formula  probably  molecular,  from 
analogy  of  Se.CL.  To  15-9  parts  powdered  Se 
covered  with  three  times  its  weight  of  dry  CS._„ 
16  parts  Br  are  gradually  added ;  after  a  time 
the  CS2  is  distilled  off  ;  and  Se.^Bi-j  remains  as  a 
thin  oily  liquid,  having  a  dark  reddish-brown 
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colour  (appearing  black  in  a  thickish  layer),  and  | 
an  unpleasant  smell  resembling  that  of  S,Cl2 
(SeruUas,  A.  Ch.  [2]  35,  349  ;  Schneider,  P.  128, 
327).    A  thin  layer  of  Se._.Br.^  transmits  rose-red 
light ;  the  absorption  spectrum  has  been  ex- 
amined by  Gernez  (C.  R.  74,  1190).    S.G.  of 
Se.,Br.,  =  3-604  at  15°.  Br  is  given  off  on  heating, 
then  a  little  SeBr,,  and  at  225°- 230°  most  of 
the  SeoBr,_.  distils  over,  and  finally  some  Se  is 
obtained  (Schneider,  I.e.).    Se.^Br,,  dissolves  in  j 
all  proportions  in  GS.^,  less  easily  in  CHCI3, 
EtBr,  and  EtI.    It  sinks  in  loater,  and  then  de-  1 
composes  to  H,_,Se0.jAq,  HBrAq,  and  Se.    Abso-  \ 
lute  alcohol  forms  SeBr,  (which  remains  dis-  i 
solved)  and  Se.    SeoBr^  dissolves  Se  (c.  22  p.c), 
on  adding  GS._,  the  Se  separates.    Br  is  absorbed 
by  Se,_d3r._„  with  formation  of  SeBr^.    A  solution 
of  Se.,Br„  in  CS.,  shaken  with  dry  AgCN  forms 
a  little  Se  cyanide  (Schneider,  P.  129,  634). 

Selenio  bromide   SeBr,.     {Selenion  tetra- 
hroinide.)    Formula  probably  molecular,  from 
analogy  of  SeGl,.    To  a  solution  of  1  part  Se^^rj 
in  CSj  1^  parts  Br  are  gradually  added,  the 
SeBr,  which  separates  is  allowed  to  stand  in 
contact  with  the  CS_,  for  some  days,  whereby  it  i 
becomes  crystalline,  and  the  GS„  is  distilled  off ;  1 
the  compound  obstinately  retains  some  GS.j.  j 
By  heating  to  75°-80°  Br  is  given  off,  and  the  j 
SeBr^,  containing   SejBr.,,  sublimes  in   black,  I 
lustrous,  six-sided  leaflets,  mixed  with  a  little  | 
pure  SeBfj  in  dark-orange  crystals,  and  Se2Br2  | 
remains  (Schneider,  P.  129,  450).    SeBr^  is  also  ' 
obtained  by  dissolving  1  part  powdered  Se  in 
10-12  parts  Br,  pressing  the  crystalline  mass 
between  filter-paper,  and  removing  excess  of  Br 
by  gently  warming.    SeBr^  dissolves  in  GS,>, 
CHC1.„  and  EtBr  ;  it  dissolves  with  decomposi- 
tion in  alcohol,  also  in  HGlAq.    SeBr4  is  very 
hygroscopic ;   in  moist   air  it  gives  Br  and 
Se.J3r, ;  in  much  water  it  forms  H.SeOjAq  and 
HBrAq.    Combines  with  SC.,  to  form  SeCl^-SOj 
(v.  Selenion  thio-oxychloeide,  p.  441).  Forms 
compounds  with  KBr  and  NH,Br,  K,,SeBrg  and 
(NH:,,)„SeBr6  (v.  Muthmann  a.  Schafer,  B.  26, 
1008). ' 

Selenion,  bromochlorides  of.  Two  com- 
pounds of  Se,  Br,  and  CI  were  obtained  by 
Evans  and  Ramsay  (C.  J.  45,  68)  by  the  inter- 
actions of  Se.Cl,  and  Br,  and  Se._,Br._,  and  Gl.  The 
bromochlorides  thus  formed  are  SeBrCl3  and 
SeBr^Cl. 

Selenion  tribeomoohloeide  SeBrjCl. 
Orange,  hygroscopic  crystals  formed  by  adding 
2-1  parts  Br,  in  CS,,,  to  1  part  Se._,Cl.,,  crystal- 
lising from  CS.>,  and  gently  warming  in  a  current 
of  air  to  remove  adhering  GSj  (Se..Cl.,  +  3Br., 
=  2SeBr3Cl).  Decomposes  when  heated,  giving 
off  Br  ;  as  V.D.  at  200°  was  c.  half  that  calcu- 
lated for  SeBr3Cl,  dissociation  is  probably  com- 
plete at  that  temperature. 

Selenion  bromotrichloeide  SeBrClj.  Mol. 
w.  264-66.  V.D.  at  179°  and  754  mm.  pressure 
=  131-5;  dissociation  begins  at  c.  190='-200°. 
Yellow-brown  crystals  ;  obtained  by  passing  Gl 
into  Se._.Br.,  in  CS.,,  washing  the  pp.  with  CS,,, 
and  drying  in  a  current  of  warm  air.  Gives  off 
Br  when  heated  above  c.  190°,  and  yields  sub- 
limate of  SeBr,. 

Selenion,  carbide  of,  v.  Gaubon  selenide, 
vol.  i.  p.  093. 


Selenion,  chlorides  of.  Two  chlorides  are 
formed  by  passing  CI  over  heated  Se ;  using  an 
excess  of  Se  the  product  is  Se-.GL^,  and  with  an 
excess  of  Gl  the  product  is  SeGl.,.  Attempts  to 
form  SeCL,  corresponding  with  SGlj,  have  been 
unsuccessful. 

Seleniods  chloride  Se^Clj.  (Selenion  mono- 
chloride.  Selenion  selenochloricle.)  Mol.  w. 
228-34.  V.D.  110  at  200°-250°  (Evans  a. 
Eamsay,  C.  J.  45,  62 ;  Chabri6,  Bl.  [3]  2,  803). 
S.G.  2-906  at  17-5°  (Divers  a.  Shimose,  C.  /.  45, 
198).  Boiling  begins  at  c.  145°,  but  no  definite 
b.p.  can  be  given  (E.  a.  R.,  I.e.).  H.F.  rSe-,CP] 
=  22,150  [Th.  2,  405). 

Formation. — 1.  By  passing  CI  over  excess  of 
heated  Se.— 2.  By  heating  SeCl^  with  Se  at  100° 
(Berzelius,  P.  9,  225). — 3.  By  passing  HGl  into 
a  solution  of  Se  in  fuming  H2SO,  (Divers  a. 
Shimos6,  C.  J.  45,  194,  198). 

Preparation. — HCl  gas  is  passed  into  a  solu- 
tion of  Se  in  fuming  HjSO^  till  a  deep-red  liquid 
is  deposited  and  the  mother-liquor  is  yellowish- 
brown  ;  the  mother-liquor  is  then  poured  off,  the 
red  liquid  is  dissolved  in  fresh  fuming  H,^SOp 
and  HGl  is  passed  in  ;  this  jorocess  is  repeated 
again ;  finally,  the  red  liquid  is  digested,  in  a 
closed  vessel,  with  dry  KCl  (to  remove  H.^SOj)  and 
decanted  (D.  a.  S.,  I.e.).  The  reactions  are  pro- 
bably (1)  2SeS03-f  2HGl=SeS03.SeGl„-FH,SO.,; 
(2)  SeS03.SeCU-i-HCl  =  Se2Cl2  4-SO.,.C1.0H  (D. 
a.  S.). 

Properties,  Reactions,  and  Combinations. — 
Se^CU  is  a  heavy,  deep-red  liquid,  smelling  some- 
thing'like  S.,G1., ;  S.G.  2-906  at  17-5°  ;  somewhat 
volatile  at  ordinary  temperatures,  giving  off 
orange-coloured  vapour  at  100°,  beginning  to 
boil  at  c.  145°,  but  exhibiting  no  fixed  b.p. 
(E.  a.  K.,  I.e.).  V.D.  determined  ate.  200°  gave 
results  agreeing  with  Se„Cl„.  For  absorption 
spectrum  of  vapour  v.  Gernez,  C.  R.  74,  1190. 
Se.,Cl,,  is  easily  sol.  CS.,,  CHCI3,  C,H„  and  CGI,. 
It  is  slowly  decomposed  by  H,,0,  EtOH,  and 
EtjO ;  a  solution  in  GS„  shaken  with  water 
gives  H.,Se03Aq,  HCLA.q,  and  Se.  Warm  Se.,Cl., 
dissolves  Se  freely  ;  on  cooling  the  Se  is  partly 
ppd.  in  the  metal-like  form  (Rathke,  A.  152, 
181).  Se.,Cl._,  is  decomposed  by  shaking  with 
Hg  or  Ag  '(D.  a.  S.,  I.e.) ;  with  P  it  gives  PCI3  and 
Se  (Baudrimont,  A.  Ch.  [4]  2,  5).  Be^CL  com- 
bines with  PGI5  to  form  a  yellow  substance 
(B.,  I.C.). 

Selenic  chloride  SeClj.  (Selenion  tetra- 
chloride.) Mol.  w.  220-28.  V.D.  at  180°  =  110 
(Evans  a.  Ramsay,  C.  J.  45,  65).  H.F.  [Se,Cl'] 
=  46,160  (Th.  2,  405). 

Formation. — 1.  By  heating  Se,  or  Se.jCl,,  in 
excess  of  GL— 2.  By  heating  SeO.,  with  PCI5 
(v.  Preparation). — 3.  By  the  action  of  SOClj  on 
SeOCl.,. 

Preparation.— To  13  parts  PCL,  in  a  long- 
necked  flask  7  parts  SeO^  are  added  little  by 
little,  the  reaction  being  allowed  to  cease  after 
each  addition  before  more  SeO.,  is  added 
(SeO.,  +  PCI5  =  SeOCl., -H  POCI3) ;  the"  mass  be- 
comes liquid  and  then  suddenly  solidifies 
(bSeOCl.,-f2POGl,  =  3SeCl4  +  P.A);  excess  of 
POCl.,  is  now  removed  by  heating  the  flask 
while  a  rapid  stream  of  dry  CO.,  is  passed 
through  it ;  a  wide  tube  is  then  fitted  by  a  cork 
into  the  neck  of  the  flask,  and  the  flask  is  placed 
in  a  tray  containing  hot  sand  (if  the  flask  is 
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allowed  to  cool  the  condensing  VJ)^  may  cause 
it  to  crack)  (Micliaelis,  J.  Z.  6,  79). 

Properties,  Reactions,  and  Combinations. 
A  slightly  yellow  crystalKne  solid;  volatilises 
when  heated,  without  melting,  in  yellow  vapours. 
Evans  a.  Eamsay  (C.  J.  45,  65)  found  V.D.  at 
180°  to  be  110,  agreeing  with  the  formula  SeCl, ; 
dissociation  to  Se.Cl,  and  CI  began  at  c.  210°, 
and  at  350°  c.  66  p.c.  was  decomposed. 
Clausnizer  {B.  11,  2007)  got  the  value  57  for 
V.D.  at  218°,  at  which  temperature  E.  a.  R.'s 
value  was  c.  86 ;  at  368°  Chabri6  {Bl.  [3]  2,  803) 
obtained  the  number  57,  which  agrees  fairly  with 
the  results  of  E.  a.  E.  SeClj  is  nearly  insol. 
CS„.  In  moist  air  SeOCl2  and  HCl  are  produced 
(Weber,  P.  108,  615);  water  forms  HjSeOsAq 
and  HClAq.  HoS  produces  HCl  and  Se  sul- 
phide; SO.,  has  no  action.  NH^Aq  produces 
Se,  N,  and  H  at  ordinary  temperatures,  and 
N  selenide  at  a  low  temperature  (Verneuil,  Bl. 
[2]  38,  548).  Dry  NH3  combines  with  SeCl^ 
at  —20°,  forming  a  very  unstable  compound, 
probably  SeC1^.4NH3  (V.,  I.e.).  With  PCI5  the 
compound  SeClj.2PCl5  is  formed  (Baudrimont, 
A.  Ch.  [4]  2,  5). 

Selenion,  chlorobromides  of,  v.  Selenion 
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Selenion,  cyanide  of ;  v.  Cyanogen  selenide, 
vol.  ii.  p.  358. 

Selenion,  fluoride  of.  No  definite  compound 
of  Se  and  P  has  been  isolated.  According  to 
Knox  {Pr.  Irish  Acad.  1841.  299)  a  fluoride  of 
Se  sublimes  when  Se  vapour  is  passed  over 
molten  PbFj. 

Selenion,  haloid  compouuds  of.  Se  com- 
bines with  the  halogens  to  form  two  types  of 
compounds,  Se.,X.,  and  SeX^  (the  fluorides  have 
not  been  examined)  ;  the  formulae  are  probably 
molecular,  as  the  V.D.s  of  SeoCL  and  SeCl^  have 
been  determined.  The  compounds  Se^X,,  where 
X  =  CI  or  Br,  are  liquids  at  ordinary  tempera- 
tures ;  the  other  compounds  are  solids.  All  the 
compounds  are  fairly  easily  decomposed  by  heat, 
but  less  easily  than  the  corresponding  S  haloid 
compounds. 

Selenion,  hydride  of;  Hydrogen  selenide, 
vol.  ii.  p.  724. 

Selenion,  hydroxides  of.  The  hydroxides  of 
Se,  SeO(OH)2,  and  SeO„(OH)2  are  acids  ;  v. 
Seleniotjs  acid,  p.  445,  and  Selenic  acid, 
p.  435. 

Selenion,  iodides  of.  Two  compounds  of  Se 
and  I  are  known,  Se^I,  and  Sel^,  corresponding 
with  the  bromides  and  chlorides. 

Seleniods  iodide  Se„h.  {Selenion  mono- 
iodide.)  Formula  probably  molecular,  from  ana- 
logy of  Se^Clj.  Formed  by  heating  the  elements 
together  in  the  ratio  Se:I(l:l-61) ;  also  by  heat- 
ing SeJBrj  and  EtI  at  100^  in  a  sealed  tube 
(Schneider,  P.  129,  627).  Crystalline,  steel-grey, 
somewhat  metal-like  solid;  melting  to  a  dark- 
brown  liquid  at  68°-70°.  Decomposed  to  Se 
and  I  by  continued  heating  at  100°  ;  also  by 
solvents  of  I.  Water  forms  HjSeOsAq,  HIAq, 
and  Se. 

Selenic  iodide  Sel4.  {Selenion  tetra-iodide.) 
Formula  probably  molecular,  from  analogy  of 
SeCl^.  Formed  by  heating  together  Se  and  I 
in  the  ratio  Se:4I(l:6-44)  ;  also  by  mixing  SeBri 
and  EtI  in  the  ratio  SeBr4:4EtI,  the  Selj  sepa- 
rates after  a  little.    Best  prepared  by  adding 


HIAq  to  cone.  HjSeOjAq  as  long  as  a  pp.  is 
produced ;  the  pp.  is  washed,  pressed,  and  dried 
over  H.SO4  (Schneider,  I.e.).  A  dark-grey  solid, 
melting  at  75°-80°  to  a  blackish-brown  liquid. 
Gives  up  all  I  when  heated  to  c.  100°,  or  treated 
with  solvents  of  I ;  slowly  decomposed  by 
water.  Attempts  to  form  an  iodochloride  of 
selenion  were  unsuccessful  {v.  Evans  a.  Kamsay, 
C.  J.  45,  70). 

Selenion,  nitride  of;  i).  Nitrogen  selenide, 
vol.  iu.  p.  570. 

Selenion,  oxides  of.  Only  one  oxide  of  Se 
has  been  isolated  with  certainty  ;  this  oxide  is 
SeOo.  Berzelius  thought  that  an  oxide  SeO  was 
j  formed,  along  with  SeO;,  by  heating  Se  in  air  or 
I  0,  by  heating  Se  and  SeO,,  and  by  the  partial 
}  oxidation  of  Se  sulphide  by  HNO3.  According 
to  Chabri6  {A.  Ch.  [6]  20,  202)  Se  takes  up  0 
!  approximately  corresponding  with  that  required 
to  form  SeO,  when  heated  in  air  to  180°. 
Attempts  to  prepare  SeOg  have  failed.  By  pass- 
ing gaseous  SeO.,  and  0  over  hot  spongy  Pt,  von 
Geriehten  {A.  168,  214)  obtained  a  white  sub- 
limate that  dissolved  in  water  with  a  hissing 
sound,  forming  H^SeO^,  but  Cameron  a.  Macallan 
{Pr.  46,  32)  failed  to  confirm  this  result ;  C.  a. 
M.  {I.e.)  did  not  get  SeOj  by  passing  0  over  hot 
Pt  sponge  mixed  with  Se,  nor  by  the  action  of 
ozone  on  SeC,  nor  by  heating  selenate  of  Sb, 
Bi,  Fe,  Pb,  Hg,  or  Ag.  By  heating  dry  H.SeO^ 
with  P2O5  in  a  closed  flask  they  got  a  trace  of  a 
crystalline  solid,  analyses  of  which  pointed  to 
the  composition  SeOj.  A  solution  of  Se  in 
HjSeOj  perhaps  contains  Se.O^  (v.  Selenic  acid, 
Reactions,  No.  6,  p.  436). 

Selenion  dioxide  SeO,.  {Selenious  oxide. 
Selenioiis  anhydride.)  Mol.  w.  not  determined. 
S.G.  3'9538  at  15°  (Cameron  a.  Macallan,  Pr. 
46,  27;  Clausnizer,  A.  196,  265).  [Se,©^ 
=  57,250  from  amorphous  Se;  55,820  from 
black  crystalline  Se  ;  56,200  from  red  crystalline 
Se  (Petersen,  Z.  P.  C.  8,  601).  Melts  at  340° 
in  a  sealed  tube  ;  at  ordinary  pressure  volatilises 
without  melting,  slowly  at  250°,  rapidly  at  280° 
(Chabri6,  A.  Ch.  [6]  20,  202;  C.  a.  M.,  I.e.). 
For  absorption-spectrum  of  SeO^  vapour  v. 
Gernez  (G.  R.  74,  803). 

Preparation. — 1.  Se  is  placed  in  the  lower 
part  of  a  V-tube  with  one  limb  longer  than  the 
other,  and  the  longer  limb  drawn  to  a  fine  open- 
ing ;  the  shorter  limb  is  connected  with  a  gas- 
holder, from  which  a  stream  of  dry  0  is  passed 
into  the  V-tube  ;  the  tube  is  heated  till  the  Se 
burns  ;  the  SeO.^  condenses  in  the  longer  limb  of 
the  tube.  —2.  Se  is  dissolved  in  cone.  HNOjAq, 
the  solution  is  evaporated  to  dryness,  best  in  a 
retort  (solidification  occurs  suddenly,  with  evolu- 
tion of  heat) ;  the  dry  H2Se03  is  heated  in  the 
retort  tUl  sublimation  begins,  then  let  cool,  and 
dissolved  in  water ;  the  solution  is  ppd.  by 
BaOAq ;  the  solution,  after  filtering,  is  evapo- 
r0,ted  to  dryness,  and  the  residue  is  heated,  when 
Se02  sublimes  ;  traces  of  H.^Se04  and  H2SO4  are 
thus  removed,  excess  of  BaO  remains  in  the 
residue  (Thomson,  B.  2,  598 ;  cf.  Wohlwill,  A. 
114,  176  ;  Fischer,  P.  67,  412). 

Properties  and  Reactions. — Long,  white, 
lustrous,  four-sided  needles  (form.p.  &c.«.  begin- 
ning of  this  article).  1.  Slowly  withdraws  water 
from  moist  air,  forming  H2Se03 ;  dissolves  in 
water,  forming  same  acid,  with  disappearance  of 
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lieat,  [SeO=,Aq]=  -920  (Th.  2,  405).— 2.  SI.  sol. 
boiling    acetic    axJiydrkle,    crystallising  un- 
changed ;  heated  to  180°-200°  oxidation  of  the 
Ac.,0  occurs  (to  CO,,  <fec.)  and   Se  separates  i 
(Hinsberg,  A.  260,  40). — 3.  Dissolves  in  aqueous  [ 
acetic  acid,  H,,SeOa  separating  on  cooling  (H., 

I.  e.).— 4..  Dissolves  in  alcohol  of  96  p.c,  and  is 
re-obtained  on  evajsoration  over  H„SOj  (H.,  I.e.). 
5.  Eeacts  with  phosphoric  chloride  to  give  SeCl4, 
P„05,  and  POCI3 ;  heated  with  phosphoryl  chlor- 
ide gives  SeOCl,  and  P2O5  (Michaelis,  J.  Z.  6, 
79). — 6.  Heated  with  sodium  chloride  yields 
SeOCL  and  Na2Se03  (Cameron  a.  Macallan,  Pr. 
46,  35). — 7.  Heated  with  selenion  tetrachloride 
in  a  closed  tube  produces  SeOClj ;  with  SeBr^ 
probably  forms  SeOBr,  (Schneider,  P.  129,  450). 
8.  Decomposed  by  dry  ammonia  to  H„0,  Se,  and 
N  ;  when  NH.,  is  passed  into  SeO,  in  absolute 
alcohol,  SeO(NH,).OjSIH4  is  formed  '{v.  Sblknos- 
AMic  ACIDS,  SALTS  OF,  p.  446). — 9.  Heated  with  dry 
HCN  and  Ac.,0,  Se  cyanide  is  probably  formed 
(Hinsberg,  A.  260,  40). — 10.  Hydriodic  acid 
reduces  SeO,  to  Se  and  H,0,  even  at  10°. — 

II.  Se0,_>  and  sulphur  dioxide  do  not  react  at 
any  temperature  (Schulze,  J.  pr.  [2]  32,  390). — 
12.  The  compounds  K,,SeBr,,  and  (NH,,),,SeBre 
are  produced  by  dissolving  SeO,  in  hydrobromic 
acid  and  adding  potassium  or  ammonium  brom- 
ide {v.  Muthmann  a.  Schafer,  B.  26,  1008). 

Combinations. — 1.  According  to  Ditte  [A.  Gh. 
[5]  10,  82),  SeO.,  combines  with  dry  hydrogen 
chloride  to  form  two  compounds,  one  of  which, 
SeO,.2HCl,  is  liquid,  and  the  other,  Se0.,.4HCl, 
is  solid,  at  the  ordinary  temperature.  With 
hydrogen  bromide  SeO^.lHBr  is  formed,  and 
when  this  is  kept  very  cold  and  HBr  is  passed 
over  it,  D.  says  that  SeOo.5HBr  is  produced. 
Hydrogen  fluoride  is  said  also  to  combine  with 
SeO^,  but  the  product  has  not  been  ex- 
amined.— 2.  With  alkali  halides  the  compounds 
MX.2SeO.,.2H,,0  are  formed  (Muthmann  a.  Scha- 
fer, B.  26,  1008).— 3.  Hinsberg  {A.  260,  40)  de- 
scribed a  compound  with  alcohol,  HeO^.C.Jifi,  ob- 
tained by  evaporating  Se0,,in  absolute  alcohol  over 
CaCl,. — 4.  Large  white  crystals  of  the  compound 
SeO,_,.S03  are  obtained  by  warming  SeO.,  and  pure 
sulphuric  anhydride  to  100°,  distilling  off  excess 
of  SO,,  at  60°-70°,  and  allowing  to  cool.  At  100° 
the  compound  gives  up  SO,  (Weber,  B.  19,  3185). 

Selenion  thio-oside  SeSO,.  {Sclcnion  sulph- 
oo:idc.  Selenion-sulphur  trioxide.)  Mol.  w.  not 
determined.  Magnus  (P.  10,  491)  noticed  tliat 
Se  dissolved  in  fuming  H.SO,  to  produce  a 
green  solution ;  Weber  (P.  i56,  531)  separated 
and  analysed  the  green  compound,  and  gave  it 
the  formula  SeSO.,.  Divers  a.  Shimose  (C.  J. 
45,  201)  further  examined  this  substance. 
Powdered  Se  is  placed  in  liquid  SO, ;  heat  is 
given  off,  and  a  dark-green  liquid  is  formed ; 
after  a  time  the  whole  solidifies  ;  after  warming 
to  30°-40°  for  a  few  minutes  the  liquid  part  is 
drained  off,  and  the  adhering  SO.,  is  removed  by 
the  use  of  a  Sprengel  pump  (for  details  v.  D.  a. 
S.  on  TeSO^,  C.  J.  43,  324).  SeSOj  is  a  green 
solid,  which  may  be  heated  to  c.  35°  without 
change ;  decomposition  begins  at  c.  40°,  and  at 
c.  120°  SOo  and  O  are  rapidly  evolved  and  Se 
separates  ;  by  heating  slowly  in  vacuo  it  changes 
to  a  yellow  powder,  which  D.  a.  S.  think  to  be  a 
modification  of  the  thio-oxide.  SeSO.,  is  sol. 
cone.  HjSO,, ;  on  adding  much  water  Se  is  ppd.. 


and  HoSeO^  and  H2SO3  go  into  solution .  HCl  reacts 
with  SeSOj  inH.SO^  to  form  Se.CL  and  S0,,.C1.0H 
{v.  Selenious  chloride.  Preparation,  p.  439). 
Schulz-Sellack  (B.  4,  113)  observed  that  the 
vapours  of  SO3  react  with  Se  to  form  a  yellow 
liowder. 

Selenioa,  oyacids  of,  and  their  salts.  The 

oxyacids  of  Se  are  selenious  acid  H2Se03  (v. 
p.  445)  and  selenic  acid  H.SeOj  {v.  p.  435)  ; 
salts  of  the  thioselenic  acids   H.jSeSOj  and 

H.  SeS.^Og  have  been  isolated  (v.  p.  434)  ;  and 
salts  of  the  selenosamic  acids  SeO(NH.J.OH 
and  2SeO(NH,).(OH)„  are  known  {v.  p.  439). 

Selenion,  oxybromide  of.  By  melting  to- 
gether SeO,  and  SeBr^  Schneider  (P.  129,  450) 
obtained  needles  which  were  probably  SeOBr,, 
corresponding  with  SeOClj  formed  in  a  similar 
way. 

Selenion,  oxychlorides  of.  The  oxychloride 
of  Se,  SeOCL,  corresponds  with  sulphuryl 
chloride  SOCL ;  an  oxychloride  containing  Se 
and  S,  and  corresponding  with  S-^OvClj,  has  also 
been  isolated. 

Selenyl  chloride  SeOCL,.  (Selenion  oxy- 
chloride.)   Mol.  w.  not  determined. 

Preparation. — 1.  Equivalent  weights  of  SeCl, 
and  SeO,,  are  heated  in  a  sealed  tube  to  150°, 
and  the  product  is  purified  by  repeated  distilla- 
tion (Weber,  P.  118,  615).— 2.  SeO,  and  PCI5  are 
brought  together  in  the  ratio  SeO,:PCl, ;  SeOCL, 
and  POCI3  are  produced,  but  the  heat  evolved 
suffices  to  cause  a  secondary  reaction,  which 
yields  SeCl,,  and  P,,05,  so  that  very  little  SeOGlj 
can  be  obtained  by  this  method  (Michaelis,  J.  Z. 
6,  79 ;  cf.  Selenic  chloride.  Preparation, 
p.  439).^3.  By  distilling  SeO,  and  NaCl  in 
the  ratio  SeO,:NaCl  (Cameron  a.  Macallan,  Pr. 
46,  35). 

Properties. — A  yellowish  liquid,  fuming  in 
the  air,  boiling  at  179'5°,  and  solidifying  below 
0°  to  colourless  crystals,  which  melt  at  10° 
(M.,  I.C.). 

Reactions   and  Combinations    (M.,  I.e.). — 

I.  Water  decomposes  SeOCl,,  forming  H.SeOjAq 
and  HClAq. — 2.  Ammonia  produces  SeO,,  Se,  N, 
NH,C1. — 3.  Sulphuryl  chloride  produces  SeCl^ 
and  SO.,. — 4.  Phosphoryl  chloride  forms  SeCl, 
and  P..65  (v.  Preparation  of  selenic  chloride, 
p.  439). — 5.  With  phosphorous  chloride  P0Ci3, 
SeCl,  and  Se.,Cl,  are  produced.  — 6.  SeOCl., 
combines  \vith  stannic  chloride  to  form 
3SeOCL.SnCl,, ;  also  with  titanic  chloride  and 
antimonic  chloride  to  form  2SeOCl,.TiCl4  and 
2SeOCl,.SbCl5  (Weber,  P.  125,  325).  " 

Selenion,  thio-oxychloeide  op,  SeSOjCl,. 
(Pyrothioselentjl  chloride.  Selenion  sidpho- 
oxy tetrachloride.)    Mol.  w.  not  determined. 

Formation. — 1.  By  the  interaction  of  SO,  and 
SeCl,  (H.  Eose,  P.  44,  315).— 2.  By  dissolving 
SeCl,  in  Nordhausen  sulphuric  acid  (Clausnizer, 
B.  11,  2007).— 3.  By  heating  SO.Cl,  and  SeOCl, 
in  a  sealed  tube  to  170°-180°  (C.,  Z.c.).— 4.  By 
the  interaction  of  SCOH.Cl  and  SeO„  SeOCl,,, 
or  SeCl,  (C,  I.e.). 

Preparation. — SeCl^  and  S0„.0H.C1  are 
warmed  together  in  the  ratio  SeCl,:2(S0,,.0H.Cl) 
till  the  SeCl,  is  quite  dissolved: 

SeCl^  +  S0,.0H.C1  =  S0,.C1.0SeCl3  -f  CI. 
(Excessof  S0,.0H.C1  is  needed  to  hasten  the  reac- 
tion and  to  serve  as  a  solvent.)  The  reddish  solu- 
tion solidifies  on  cooling ;  the  white  needles  are 
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separated  by  pressing  between  porous  plates,  and 
dried  over  HjSOj. 

Properties  and  Beactimis.  —  Small  ■white 
needles ;  unchanged  in  vacvx)  or  on  gentle 
warming ;  deliquesces  in  moist  air ;  melts  at 
165°  and  boils  at  183°;  V.D.  at  209°  =  48-5, 
calculated  for  SeSOjCl^  =  150 ;  dissocia- 
tion has  therefore  occurred,  perhaps  thus  : 
2SeS03Cl^  =  2SO3-I-  Se^Clj-)-  3CI2  (C.,/.c.).  Decom- 
posed by  water,  at  once,  to  HjSOjAq,  H^SeOjAq, 
and  HClAq. 

Selenion,   phosphides  of;  v.  Phosphobus 

SELBNEDES,  p.  144. 

Selenion,  sulphides  of.  The  only  compound 
of  Se  and  S  that  has  been  isolated  is  SeS.  Divers 
a.  Shimidzu  (C  J.  47,  446)  say  that  this  is  the 
only  compound  of  the  two  elements  that  exists, 
but  Eathke  {B.  18,  1634)  considers  that  others 
exist,  although  none  but  SeS  has  been  obtained  in 
a  state  of  purity.  Se  and  S  may  be  melted  to- 
gether in  all  proportions,  but  no  compound  is 
produced  (Bettendorff  a.  von  Kath,  P.  139,  329  ; 
Eathke,  P.  141,590).  Isomorphous  mixtures  of 
the  two  elements  crystallise  from  solutions  of 
Se  and  S  in  CS.,  (B.  a.  von  E.,  I.e.).  The  pp. 
formed  by  passing  HjS  into  BLSeO^  contains  Se 
and  S  in  the  ratio  SeS„  but  it  is  a  mixture  of 
SeS  with  S  (H.  Eose,  P.  107,  186  ;  D.  a.  S.,  I.e. ; 
Eathke,  B.  18, 1534).  The  pp.  containing  Se  and 
S  in  the  ratio  Se,_,S  obtained  by  passing  H^Se 
into  H2SO3  is  merely  a  mixture  (D.  a.  S.,  I.e.). 

Selenion  monosdlphidb  SeS.  Mol.  w.  not 
determined.  Very  dilute  HoSeOjAq,  cooled  to 
0°-5°,  is  saturated  with  H^S,  which  is  first 
passed  through  a  flask  filled  with  pieces  of  ice  ; 
the  yellow  pp.  which  forms  is  washed,  dried 
in  vacuo,  moistened  with  CS^,  and  allowed  to 
stand  for  some  days  till  the  mass  becomes  crys- 
talline, the  CSj  withdrawing  S  ;  CS.j  is  added  to 
the  crystals,  after  a  few  minutes  the  CS._,  is  de- 
canted, and  the  residue  is  washed  with  C^Hj  and 
then  with  alcohol.  SeS  forms  small,  orange- 
yellow,  lustrous  tablets  ;  S.G.  3-056  at  0°,  3-035 
at  52°  ;  S.H.  -1274.  On  heating  it  melts,  gives 
off  S  vapour,  and  then  vapour  of  S  and  Se.  Sol. 
CS„,  but  not  crystallisable  therefrom  by  evapora- 
tion ;  insol.  water  and  ether  (Ditte,  C.  R.  73, 
625,  660). 

Selenion,  salphoxide  of;  v.  Selenion  thio- 
oxide,  under  Selenion  oxides,  p.  441. 

Selenion,  sulphoxychloride  of;  v.  Selenion 
thio-oxychloride,  under  Selenion  oxtchlorides, 
p.  441. 

Selenion,  tMo-oxide  of;  v.  Selenion  oxides, 
p.  441. 

Selenion,  thio-oxychloride  of;  v.  Selenion 
oxychloridcs,  p.  441.  M.  M.  P.  M. 

SELENION,  ORGANIC  COMPOUNDS  OF. 

Methyl  selenide  or  Selenion  methide  Me2Se. 
Mol.  w.  109.  (58°).  Formed  by  distilling  a 
solution  of  barium  methyl  sulphate  with  K^Se 
(Wohler  a.  Dean,  A.  97,  5)  or  of  KMeSO^  with 
NajSe  (C.  L.  Jackson,  A.  179,  1).  Heavy  oil 
with  nasty  smell.  Burns  with  bluish  flame. 
PtCl^  forms  (Me.,Se)2PtCl4,  crystallising  from 
alcohol  in  yellow  plates.  Cone.  HNO3  forms 
(Me2SeO)HN03  [91°],  whence  HClAq  produces 
Me^SeCl^  [60°],  while  HBrAq  gives  Me^SeBr^ 
[82°]  and  KIAq  ppts.  Me^Sel^. 

Methylo-iodide  Me.,SeI.  Tri-methyl- 
selenonium  iodide.     Yields  (Me3SeCl)2PtCl4, 


crystallising  from  water  in  dark-red  octahedra 
(Jackson,  B.  7,  1277). 

Di-methyl  diselenide  MejSe.,.  Formed  from 
KMeSO,  and  K,Se,,  (W.  a.  D.;"Eathke,  A.  152, 
211).  Heavy  reddish-yellow  oil,  with  unpleasant 
odour,  sol.  HNOjAq. 

Methane  selinic  acid  CHj.SeO^H.  [122°]. 
Formed  by  oxidising  Me^Sej  with  HNO3  (W.  a. 
D.).  Deliquescent  crystals,  v.  sol.  alcohoL 
Gives  with  HCl  crystalline  CH^SeOoCl.— 
AgA':  prisms. 

Ethyl  selenide  Et^Se.  (108°).  (Eathke; 
Pieverling,  A.  185,  331).  Oil,  without  unpleasant 
odour.  HCl  added  to  its  solution  in  dilute 
HNO3  ppts.  Ei.SeCU,  whence  NHjAq  forms 
(Et,Se),,OCl,  (Joy,  A.  SG,  35). 

Ethyl  iodide  EtjSel.  Crystalline.  Con- 
verted by  moist  AgjO  into  a  strongly  alkaline  base 
which  forms  crystalline  salts. — (Et3SeCl).,ZnClo : 
thin  plates.— (Et3SeCl),^tCl^. 

Di-ethyl  diselenide  Et^Se^.  (186°).  Liquid 
with  disgusting  odour.  HCl  added  to  its  solu- 
tion in  dilute  HNO3  gives  monoclinic  crystals  of 
C^H^SeOXl. 

Ethane  selinic  acid  Et.SOjH.  Yields  with 
HCl  monoclinic  crystals  of  C^HeSeOjCl. 

Ethyl  selenhydrate  EtSeH.  Selenion- 
mercaptan.  Formed  from  KSeH  and  Ca(EtSOj)._, 
(Siemens,  A.  61,  360).  Heavy  oil,  boiling  much 
below  100°  and  having  an  unpleasant  odour. 
Eeacts  with  HgO. 

Ethyl  selenite  SeO(OEt),.  (184°).  S.G. 
iS  1-49.  Formed  from  Ag.SeOj  and  EtI,  and 
got  also  by  heating  SeOCl.,  with  NaOEt  and  dry 
ether  at  180°  (Michaelis,'^.  241,  158).  Thick 
liquid,  miscible  with  water  and  alcohol.  The- 
chloride  SeO(OEt)Cl  [10°]  (175°),  formed  from 
SeOCL  and  alcohol,  crystallises  in  needles. 

Selenide  of  carbon  CSCj.  Formed  in  small 
quantity  by  passing  a  mixture  of  CCI4  and  H.Se 
through  a  red-hot  tube  (Eathke,  A.  152,  199). 
Pungent  yellow  liquid.  Converted  by  alcoholic 
potash  into  EtO.CSejK,  crystallising  in  yellow 
needles,  v.  sol.  water  and  alcohol. 

Selenido  -  di  -  acetic    acid  Se(CH2.C02H)2. 
Formed  from  ammonium  chloro-acetate  and 
alcoholic  (NH.,)jSe  (Ulrich,  B.  8,  773).  Mono- 
clinic    tables.  —  '"(NHJ._,A":    insol.  alcohol 
—  "CuA":  bluish -green  pp. 

Amide.— YoYm&di  from  C1CH,.C0NH.  and 
alcoholic  (NH,).,Se.    Prisms,  m.  sol.  cold  water. 

Di-phenyl  selenide  SePh..  S.G.  ^2  1-450. 
V.D.  8-17  (calc.  8-09).  Formed,  together  with 
selenophenol  and  Se,Ph3.C,H,Cl  (240°- 250°  in 
vacuo),  from  SeClj  and  benzene  in  presence  of 
AICI3  (Chabri6,  G.  R.  109,  183 ;  Bl.  [2]  50,  133 ; 
[3]  2,  788).  Oil.  Boils  at  227°  under  a  few  cm. 
pressure.  Bromine  forms  Se(C,jHjBr)2  [112°],. 
crystallising  from  alcohol  in  colourless  hexa- 
gonal plates.  H,,0.„  in  presence  of  HCl  and  a 
current  of  air,  forms  Se(C,H,Cl).CsH,OH  [145°] 
converted  by  HNO3  into  a  crystalline  product 
[188°]. 

Phenyl  selenhydrate  CsH^SeH.  Seleno- 
phenol. [60°].  Formed  from  benzene,  SeClj,. 
and  AICI3  (Chabri6,  C.  R.  109,  183 ;  Bl.  [3]  2,. 
788).    Sol.  alcohol,  insol.  water. 

Tetra  -  methyl  -  di  -  amido  -  di  -  phenyl-selenide 
Se(C„H,NMe2)2.  [124°].  Formed  from  SeOClj. 
and  di-methyl-aniline  in  ether  (Godchaux,  B. 
24,  765).    Yellowish  needles,  m.  sol.  cold  alcohol 
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and  ether. — B"H..SO,.  [55^].  Colourless  needles, 
V.  e.  sol.  water.— B"2C„H,(N02)30H.  [135^]. 
Yellow  plates. 

Tetra  -  ethyl  -  di  -  amido  -  di  -  phenyl  -  selenide 
Se(C„H,NEt,),.  [83°].  Formed  from  SeOCL 
and  PhNEt.,  in  ether.  Silky  needles,  v.  e.  sol. 
hot  ether  "and  alcohol.-B"H„Cl.,.  [73°].— 
B"2C„H2(NO,)30H.  [135°].  Yellow  plates  and 
needles. 

Di-phenyl-selenone  SeOPh,.  (230° at  6-5  mm.). 
S.G.ii?^l'48.  Formed,  tofretlier  with  the  compound 
PhSeO(C,H4Cl)  [94°],  from  SeOCL,  benzene,  and 
AlCl.,.  Amber-yellow  liquid.  Not  attacked  by 
cold  HNO Bromine- water  yields  SeO(CsH^Br)2 
[120°].  H.,0„  HCl,  and  a  current  of  air  form 
SeOiC^H^Cl),  [159°]. 

Phenyl  seleno-carbimide  Ph.NC.Se.  Formed 
by  shaking  Na.^Se  with  the  chloride  of  phenyl- 
carbamine,  PhNCCl.^,  and  ether  for  a  day,  filter- 
ing, distilling  with  steam,  and  drying  the  oil  in 
vacuo  over  H^SO,  (Stolte,  B.  19,  2350).  Pale 
yellowish-red  oil,  v.  sol.  alcohol  and  ether. 

Phenyl-seleno-urea  NHPh.CSe.NH,.  [182°]. 
Formed  by  passing  NH.,  into  Ph.NC.Se  dissolved 
in  ether,  and  also  by  the  action  of  H.Se  on 
phenyl-cyanamide  in  benzene  (Stolte,  B.  19, 
1579,  2350).    Crystals  (from  alcohol). 

Di-phenyl-seleno-urea  CSe(NHPh)j.  [186°]. 
Formed  from  aniline  and  phenyl  seleno-carb- 
imide (Stolte,  B.  19,  2351).  Crystals  (from 
alcohol),  si.  sol.  ether. 

Selenaldine  CjHijNSe,,.  Formed  by  passing 
SeH,,  into  an  aqueous  solution  of  aldehyde- 
ammonia  in  absence  of  air  (Wohler  a.  Liebig,  A. 
61,  11).  Colourless  crystals,  with  slight  odour, 
si.  sol.  water,  v.  sol.  alcohol  and  ether.  Its  solu- 
tions are  turned  brown  by  air. 

Amido-selenazole  C3H^N,Se  i.e. 

Ch'cH^'^^^'  Selenazylamine.  [121°]. 
Formed  by  warming  seleno-urea  with  di-chloro- 
di-ethyl  oxide  and  aqueous  NaOEt  (G.  Hofmann, 
A.  250,  308).  White  needles,  v.  sol.  alcohol  and 
ether,  m.  sol.  benzene  and  water.  Decomposed 
by  prolonged  boiling  with  water. — B'^tLPtCl,; : 
orange-red  pp. 

Acetyl  derivative  C^^kc^.^^e.  [c.210°]. 
Needles. 

Oxy-amido-selenazole  ch'cIoh/ 

hydanto'in.  [190°].  Formed  by  boiling  seleno- 
urea  with  chloro-acetic  acid  and  alcohol  (G. 
Hofmann,  A.  250,  312).  Thick  crystals,  m.  sol. 
hot  water  and  alcohol,  insol.  ether. — B'HCl : 
needles. 

Di-oxy-selenazole  ^H.'cjoH)^^-  \)-^'^°^- 
Formed  by  boiling  oxy-amido-selenazole  with 
NaUHAq  (Hofmann).  Prisms,  v.  sol.  alcohol, 
m.  sol.  water. 

Amido-methyl-selenazole  iH-CMe^''^^* 
[80°].  Formed  from  seleno-urea  and  chloro- 
acetone  (G.  Hofmann,  A.  250,  305).  Needles, 
V.  sol.  alcohol  and  ether.  Alkaline  in  reaction. 
—B'HCl:  prisms  (from  water).— B'„H.,PtCle : 
orange-red  crystalline  pp. 

Acetyl  derivative  CH^AcNaSe.  [122°]. 
Needles  (from  benzene),  si.  sol.  water. 


Amido-methyl-selenazole    carboxylic  acid 

CO,H.?;CMe^-''>N.    [195°].    Formed  by  heat- 

ing  seleno-urea  with  chloro-acetoacetic  ether  (G. 
Hofmann,  A.  250,  309).  Needles,  m.  sol.  water, 
V.  sol.  alcohol  and  ether. — HA'HCl :  plates,  v.  e. 
sol.  water. 

Acetyl  derivative  C^H.AcN^SeO.i.  [220°]. 
Needles,  almost  insol.  hot  water. 

Amido-phenyl-selenazole      CiH^N^Se  i.e. 

CH'cPh^'*^^-  formed  from  bromo- 

acetophenone  and  seleno-urea  (G.  Hofmann,  A. 
250,  307).  Needles  or  prisms,  insol.  water,  sol. 
alcohol  and  acids. — B'HBr  :  yellowish  plates,  si. 
sol.  cold  water. 

Di-phenyl-selenazole  C,5H,,NSe  i.e. 

CnlcPh^^-  Formed  fr  om  oi-bromo- 

acetophenone  and  seleno-benzamide  (G.  Hof- 
mann, A.  250,  317).  Plates,  v.  sol.  alcohol 
and  ether.  Its  salts  are  decomposed  by  water. — 
B',H.,PtCl6 :  pale-yellow  pp. 

Phenyl-methyl-selenazole     C,„Hs,NSe  i.e. 

CH-CMe^^-  '^•^'^  Fo™ed  from 

PhCSe.NH,  [126°]  and  chloro-acetone  (G.  Hof- 
mann, A.  250,  316).  Yellow  oil.— B'^H^PtCls : 
pale-yellow  needles. 

Phenyl-methyl-selenazole   carboxylic  acid 

C,.H,SeNO,  i.e.  co.fl.f -CMe^^-  t^^^^" 
Formed  by  saponifying  its  ether,  which  is  got 
from  seleno-benzamide  and  chloro-acetoacetic 
ether  (Hofmann,  A.  250,  318).  Small  needles 
(from  benzene),  m.  sol.  alcohol. — AgA'. 

Ethyl  ether  EtA'.    [124°].  Plates. 

Seleno-benzoic  acid.  Amide  C,H.,.CSe.NH,. 
[126°].  Formed  by  passing  H._,Se  into  an  alcoholic 
solution  of  benzonitrile  made  slightly  alkaUne 
with  NH,  (Dechend,  B.  7,  1273  ;  G.  Hofmann, 
A.  250,  314).  Golden  needles  (from  water  or 
ether).  Eeacts  with  a-chloro-ketones,  forming 
selenazoles;  e.g.  X.CO.CHCl.X -t- CPh(SeH):NH 

=h=o4x;cIVhci- 

Seleno-benzoic    aldehyde    v.  Benztlidenb 

SELENIDE. 

Selenocyanic  acid  HSeCN.  The  K  salt  is 
got  by  fusing  K^FeCy,  (3  pts.)  with  Se  (1  pt.) 
(Crookes,  A.  78,  177  ;  cf.  BerzeUus,  S.  J.  31,  60). 
The  free  acid  is  obtained,  in  solution,  by  de- 
composing the  lead  salt  by  H.,S.  It  is  decom- 
posed by  acids  into  Se  and  HCy.  FeClj  does 
not  give  a  red  colour,  but  ppts.  Se.  Iodine  added 
to  a  solution  of  KSeCN  ppts.  KC.,N,,Sej.  Air 
containing  a  little  chlorine  passed  over  a  10  p.c. 
solution  of  KSeCN  forms  a  red  crystalline  pp. 
KSe.|C;,N.,  aq  changing  to  yellow  Se.,Cy„,  which 
separates  from  chloroform  in  yellow  plates,  and 
is  decomposed  by  water  into  HCy,  SeO,,  and  Se, 
and  yields  in  vacuo  at  108°  a  crystalline  sub- 
limate of  Se..Cy.,,  decomposed  by  hot  water  into 
HCy,  SeO„  and  Se  (Verneuil,  C.  B.  103,  144). 
Alcohol  converts  KSejC,,N,,  into  Se  and  KSejCjNj, 
which  forms  brown  crystals,  sol.  alcohol. 

Salts. — KA'.  Formed  as  above,  and  also 
by  dissolving  Se  in  aqueous  KCy  (Wohler ; 
Schiellerup,  A.  109,  125 ;  G.  Hofmann,  A.  250, 
296).  Very  deliquescent  needles,  alkaline  to 
litmus. — NHjA'  (Cameron  a.  Davy,  C.  N.  44, 
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63).— KA'HgCL  :  white  pp.— KA'HgBr„.— 
KA'HgI,.~KHg2A'3:  prisms.— KHgA'j.—HgjA'j : 
olive-green  pp.  —  HgA'j :  felt-like  mass  of 
yellowish  crystals. — AgA'2HgCl2. — PbA'j :  lemon- 
yellow  needles  (from  water). — KjPtA'g.  Dark- 
red  scales  (Clarke,  B.  11,  1325).— AgA'.  Satiny 
crystals,  blackened  by  light.  Converted  by  ICy 
into  volatile  crystalline  SeCy,  (Linnemann,  A. 
120,  36). 

Methyl  ether  MeA'.  (158°).  Yellow  oil 
(Stolte,  B.  19,  1577). 

Allyl  ether  C3H5A'.  Oil. 

Methylene  ether  GB.^'^.  [182°].  Formed 
from  Mel  and  alcoholic  KSeCN  (Proskauer,  B. 
7,  1281).  Ehombohedra  (from  alcohol).  HNO3 
forms  CH^SeOgH),. 

Ethylene  ether  CjH^A'j.  [128°].  HNO3 
forms,  on  boiling,  deliquescent  C2H4(Se03H)2, 
which  yields  BaA",  sol.  hot  water.  KOH  yields 
diethylene  tetraselenide  [131°]. 

Propylene  ether 
CH3.CH(SeCN).CH,(SeCN).    [66°].   Formed  by 
heating  KSeCN  with  propylene  bromide  and 
alcohol  (Hagelberg,  B.  23,  1091).   White  crys- 
tals. 

Trimethylene  ether 
CH2(SeCN).CH2.CH.(SeCN).    [51°].  Converted 
by  KOH  into  trimethylene  diselenide  [55°]. 

Benzyl  ether  v.  vol.  i.  p.  502. 

Selenocyano-acetic  acid  CH2(SeCN).C02H. 
[85°].  Formed  from  chloro-acetic  acid  and 
potassium  selenocyanide  (G.  Hofmann,  A.  250, 
300).  Yellowish  needles  (from  ether  and  chlo- 
roform), v.  e.  sol.  water  and  alcohol. — BaA'2: 
amorphous. 

Selenocyano-acetoacetic  ether 
CH3.CO.CH(SeCN).C02Et.  Formed  from  chloro- 
acetoaoetic  ether  and  KSeCN  (H.).  Liquid. 

Selenocyano-acetone  CH,,.CO.CH.,.SeCN. 
Formed  from  chloro-acetone  and  KSeCN  (H.). 
Yellowish  oil.  Gives  an  oily  phenyl-hydrazide 
and  an  oxim.  Not  more  sol.  alkalis  than 
water. 

Selenocyano-acetophenone 

C«H5.C0.CH,SeCN.  [85°].  Formed  by  boiling 
w  bromo-acetophenone  with  alcohol  and  KSeCN 
(Hofmann).  Crystalline. 

Selenocyano-ethyl-phthalimide 
C8H402:N.CH2.CH2.SeCN.  [125°].  Formedby heat- 
ing bromo-ethyl-phthalimide  with  KSeCy  and 
alcohol  (CoblenZjiJ.  24, 2133).  Crystalline  mass. 
Converted  by  boiling  dilute  caustic  potash  into 
Se2(C2H4.NH.CO.C,H^.CO„H)2  [119°],  which 
iorms  yellowish  crystals  and  is  converted  by 
HCl  at  180°  into  Se2(C.,H4NH„)„,  which  yields 
B"2HC1  [188°]  and  B"2C,H3N30",  [178°],  both 
being  crystalline. 

7-Selenocyano-propyl-phthalimide 
CsH.GjiN.CHj.CHj.CHj.SeCN.  [102°].  Formed 
by  heating  bromo-propyl-phthalimide  with 
KSeCN  and  alcohol  (Coblenz,  B.  24,  2134). 
Converted  by  boiling  dilute  (10  p.c.)  KOH  into 
crystalline  Se.,(C.,H5.NH.CO.C,H4.CO,H)2  [84°], 
whence  HCl  at' 180°  forms  Se,(C3HgNH2)2,  which 
yields  B"2HC1  [170°]  and  B"2C„ja3N30,  [165°]. 

w-Selenocyano-o-toluic  acid.  Nitrite 
CH„(SeCN).CuH,|.CN.  o-Cyano-henzyl  seleno- 
cyanide. [121°].  Formed  by  warming  the  ni- 
trile  CH,C1.C,H„.CN  with  KSeCN  (Drory,  B.  24, 
2564).  Long  brownish  needles  (from  alcohol) 
or  prisms  (from  benzene).    Converted  by  dilute 


HjSO^  into  Se2(CH2.C,H^.CN)2  [110°].  HClAq 
at  100°  forms  Se  and  o-cyano-benzyl  chloride. 

Selenocyanuric  acid  H3Se3C3N3.  Formed 
from  Cl3Cy3  and  Na2Se  (Stolte,  B.  19,  1578). 

Methyl  ether.  [174°]. 

Seleno-phthalimidine  C,H4<^^^)>Se. 

Formed  from  CH,(SeCN).C6H,.CN  and  cone. 
H2SO4  (Drory,  B.  24,  2566).    Sol.  alcohol. 

Reactions. — 1.  NaOH  forms  the  compound 
Se2(CH2.C5H,.CN)2, crystallising  in  needles  [110°], 
sol.  alcohol  and  CSj,  and  converted  by  HCl  at 
160°  into  Se  and  phthalide. — 2.  When  steam  is 
blown  through  a  mixture  of  selenophthalimid- 
ine,  alcohol,  and  KOH  there  is  formed  seleno- 

phthalide  CjHj<^Q^^Se,  crystallising  in  broad 

plates  [58°],  insol.  water,  sol.  alcohol. — 3.  Alco- 
holic potash  and  Mel  form  CH2(SeMe).C6H4.CN 
(180°-200°). 

Salts. — B'HCl:  needles,  shghtly  sol.  water 
and  alcohol. — B'jHiPtClii.  Orange  powder. — 
E'C^HgNjO,.— B'HBi.  [264°].  Needles :  si.  sol. 
water.— B'HIj  (?)  [223°].  Formed  by  heating 
CH,(SeCy).C6Hj.CN  with  HM.q  at  100°.  Dark- 
violet   needles.— Sulphate  [145°-150°]. 

Piaselenole    C^H^^^^Se.   [76°].  Formed 

from  o-phenylene-diamine  and  an  aqueous  solu- 
tion of  selenious  acid  (Hinsberg,  B.  22,  2897). 
Needles,  v.  sol.  alcohol  and  ether,  si.  sol.  water. 
Its  salts  are  yellow  and  decomposed  by  much 
water  with  separation  of  the  base.  Iodine  forms 
a  green  periodide. 

Amido-piaselenole  C6H3(NH2):N„Se.  [150°]. 
Formed  by  adding  H2Se03  to  a  cool  solution  of 
tri-amido-benzene  hydrochloride  and  NaOAc 
(Hinsberg,  B.  22,  2898).  Brownish-red  needles, 
si.  sol.  water,  m.  sol.  alcohol.  SnCl2  separates 
Se. — B'HCl :  reddish-brown  needles,  si.  sol. 

Oxy-piaselenole.    Ethyl  derivative 
CsH3(OEt):N2Se.    [104°].    This  is  formed  from 
C,H3(0Et)(NH,)„  and  aqueous  H2Se03.  Needles 
forming  a  yellowish-red  solution  in  H2SO4. 

Methyl-piaseleuole  ^MelcHic  J>^®-  t"^^"]" 
(267°  uncor.).  Formed  from  tolylene-diamine 
and  aqueous  SeOj  at  80°  (Hinsberg,  B.  22, 
863).  Needles,  si.  sol.  cold  water.  SnCl, 
yields  tolylene-o-diamine  and  Se.  Does  not  react 
with  nitrous  acid  or  with  AC2O. — B'.jHjPtCle. 

Chloro-methyl-piaselenole  C6H„ClMe:N2Se. 
[150°].  Formed  by  warming  o-tolylene-diamine 
with  SeO,  and  cone.  HClAq  (Hinsberg,  B.  23, 
1395).    Small  needles,  volatile  with  steam. 

NaphthopiaselenoleC6H4<^^g:^-^>Se. 

[129°].  Formed  from  (a(8)-naphthylene-diamine 
sulphate,  aqueous  NaOAc,  and  SeOj  (Hinsberg, 
B.  22,  866).  Needles,  si.  sol.  water,  m.  sol. 
alcohol,  V.  sol.  ether.  Cone.  H2SO4  gives  an 
intense  yellow  colour.  SnClj  and  HCl  give  Se 
and  naphthylene-diamine. 

Seleno-urea  CSe(NH2)2.  [c.  200°].  S.  11  at 
19°.  S.  (alcohol)  3  at  18°.  Formed  by  passing 
H.,Se  into  a  2  p.c.  solution  of  cyanamide  in 
etiaer  (Verneuil,  C.  B.  99,  1154 ;  100,  1296 ; 
Bl.  [2]  43,  58,  583).  White  needles,  v.  sol. 
hot  water,  si.  sol.  alcohol  and  ether.  Its 
solutions  are  decomposed  by  light,  especially 
in  presence  of  an  alkali,  with  separation  of 
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selenium.  In  presence  of  air  and  HClAq  it 
yields  (CSeN,Hj302HCl,  which  forms  brown 
crystals  with  violet  reflex,  converted  by  baryta- 
water  into  Se,  seleno-urea,  and  cyanamide. 
The  compound  (CSeN,Hj).,02HBr  may  be  formed 
in  like  manner.  When  the  '  osy-triselenourea  ' 
hydrochloride  is  allowed  to  stand  in  the  acid 
liquid  in  which  it  is  formed,  it  changes  into 
yellow  crystalline  (CSeNoH^)2Cl.,.  HlAq  converts 
selenourea  into  (CSeNoHJ.,!,.  HoSO^  added  to  a 
saturated  solution  of  selenourea  forms  scarlet 
crystals  converted  by  heating  with  alcohol 
(100  pts.)  and  H,,SO^  (4  pts.)  at  •50''  into 
(CSeN,H4)20H,,S04,  crystallising  in  pearly  plates. 
Ethylene-<|'-seleno-urea  CsH^N.^Se  i.e. 

^g-"^g^C:NH.     Formed    by  evaporating  a 

solution  of  bromo-ethyl-amine  hydrobromide 
(8  g.)  with  KSeCy  (5  g.)  to  dryness  on  a  water- 
bath  (Baringer,  B.  23,  1003).  Unstable.  Con- 
verted by  bromine-water  into  ethylene-i//-urea. — 
B'HBr.  [170°].  Needles.— B'„H.,PtCl(,.— 
B'CeH3N30,.    [220°].  Needles. 

Propylene-ij/-seIenourea  CjHjN  .Se.  Obtained 
in  like  manner  from  )3-bromo-propyl-amine. — 
E'C^HsNjO,.  [110°].— B'.,H,PtCl,.  Light-yellow 
plates. 

Trimethylene  -tp  -  selenourea  C^HgNoSe. 
Formed  from  y  -  bromo-propyl-amine  and 
KSeCy.— B'HBr.  [135°].  White  crystals  (from 
alcohol)  soon  turning  red. — B'CgHjNjO,.  [c.  53°]. 
Small  concentric  needles. 

Seleno-isovaleric  aldehyde  C^HioSe.  [57°]. 

Crystalline  (Schroder,  B.  4,  402). 

T^-  T    1       1,        o  ^CMe:CH 

Di-methyl-selenophene  Se<;^Qjjg.Qg-. 

Selenoxene.  (154°  uneor.).  Formed  by  heating 
acetooyl-acetone  with  phosphorus  pentaselenide 
PjSej  at  180°.  Colourless  mobile  liquid  of 
slight  smell.  With  isatin  and  cone.  HoSO^  it 
gives  a  carmine-red  colouration.  By  Lauben- 
heimer's  reaction  a  reddish-brown  colour  is 
produced.  Benzoyl-formic  acid  also  i^roduces  a 
reddish-brown  colouration  (Paal,  B.  18,  2255). 

SELENIOUS  ACID  HoSeOj.  Mol.  w.  not 
determined.  This  compound  is  the  acid  of  the 
anhydride  SeO„. 

Preparation. — Se  is  dissolved  in  hot  cone. 
HNOjAq,  the  solution  is  evaporated  to  dryness, 
the  residue  is  dissolved  in  water,  BaOAq  is 
added  to  ppt.  traces  of  HoSeO^,  the  tiltrate  is 
evaporated  to  dryness  in  a  retort,  and  the  residue 
is  heated  till  SeO,  sublimes  (Thomsen,  B.  2, 
598) ;  the  pure  SeO.,  thus  obtained  is  dissolved 
in  c.  I  its  weight  of  hot  water,  on  cooling  large 
crystals  of  H„Se03  separate  (Weber,  P.  118,479). 
To  prevent  formation  of  H.,Se04  in  the  oxidation 
of  Se,  Divers  a.  Shimos6"  (C.  J.  47,  439)  re- 
commend to  dissolve  Se  in  a  large  excess  of  cone. 
H.^SOj  instead  of  using  HNO3. 

Properties. — Large  white  crystals, resembling 
nitre  ;  effloresces  in  an  ;  withdraws  water  from 
moist  air  ;  S.G.  3-0066  at  15-7°  (Clausnizer,  B. 
11,  2009).  Poisonous.  The  acid  crystallises 
unchanged  from  solution  in  aqueous  acetic  acid, 
or  in  aqueous  C^H^  (Chabrie,  A.  Ch.  [6]  20,  202). 
H.F.  [Se,0-,Aq]  =  56,160  (r7i.  2,  274).  H.Se03 
is  a  dibasic  acid ;  this  is  shown  by  the  existence 
of  two  salts  MiHSeOa  andMi.SeOj  (v.  Selenites), 
and  also  by  the  heat  of  neutralisation,  which  is 
given   by  Thomsen  (Th.  1,  172)  as  follows : 


[H-SeO^Aq,  NaOHAq]  =  14,770,  [H'SeO'Aq] 
2NaOHAq]  =  27,020,  [H-SeO»Aq,  4NaOHAq, 
=  27,480.  As  no  derivative  of  H2Se03  exists 
corresponding  with  C.,H-,.S02.0H,  and  as  only 
one  ethyl  selenite  Se6(OEt)2  can  be  obtained, 
and  as  the  compound  SeO.Cl.OEt  has  been 
isolated,  it  appears  that  the  acid  is  SeO(OH)2 
and  not  SeC.OH.H  (Michaelis  a.  Landmann, 
B.  13,  650;  i.  241,  150). 

Reactions. — 1.  Heat  causes  HoSeOjto  decom- 
pose to  8eO.,  and  H2O. — 2.  Many  oxidisable 
bodies  remove  0  from  HoSeO,.  For  instance, 
sulphur  dioxide  passed  into  H^SeOjAq  jjpts.  Se  ; 
the  reduction  is  complete  only  when  the  com- 
pounds interact  in  the  ratio  H..Se03:2S02 
(Schulze,  /.  pr.  [2]  32,  390) ;  the  presence  of 
iiCl  hastens  the  reaction  (v.  Michaelis,  /.  Z. 
6,  88  ;  Eathke,  A.  152,  194).  When  SOo  and 
H2Se03  interact  in  other  proportions  than 
H2Se03:2S02,  thioselenic  acids  are  formed 
(cf.  p.  435).  Hydrogen  sulphide  ppts.  Se  and 
S  in  the  ratio  Se:2S  (Divers  a.  Shimidzu,  C.  J. 
47,  441).  Various  jnetals,  such  as  Cu,  Fe,  Ag,  or 
Zn,  also  reduce  HoSeOsAq  in  presence  of  HCl, 
with  ppn.  of  Se.  H2Se03Aq  is  partly  reduced  by 
exposure  to  air  containing  dust.   M.  M.  P.  M. 

SELENITES.  Salts  of  selenious  acid 
(KSeOj),  M.'SeO;,,  and  M^HSeO,.  The  alkali 
salts  are  formed  by  adding  alkalis  to  H^SeO^Aq 
and  evaporating;  most  of  the  other  selenites 
are  formed  from  the  alkali  salts  by  double  de- 
composition. 

Selenites  give  selenides,  or  metallic  oxide 
and  Se,  when  heated  with  charcoal.  Heated 
with  NHjCl,  out  of  air,  they  give  a  sublimate  of 
Se.  Most  selenites,  except  those  of  the  alkalis, 
are  insol.  in  water. 

Many  selenites  combine  with  SeOj  to  form 
acid  salts  ;  many  basic  selenites  are  also  known. 

Boulzoureano  {Bl.  [2]  48,  209)  found  that 
many  selenites  can  be  obtained  in  well-formed 
crystals  by  adding  NajSeOjAq  to  solutions  of 
metallic  salts,  and  heating  the  pp.  so  formed  with 
very  dilute  H^SeOjAq  in  sealed  tubes  at  200° ; 
also  by  dissolving  metallic  carbonates  in  dilute 
H2Se03Aq,  adding  water,  and  heating  in  sealed 
tubes  at  200°.  The  older  investigations  of 
selenites  were  by  Berzelius  (v.  Lchrbuch)  and 
Muspratt  (C.  J.  2,  52).  Boulzoureano  (I.e. ;  also 
A.  Ch.  [6]  18,  289)  has  made  a  more  thorough 
investigation  of  these  salts.  Nilson  (Bl.  [2]  21, 
253 ;  23,  260,  353,  494)  has  also  prepared  and 
described  many  selenites. 

It  has  been  thought  sufficient  to  give  the 
names  of  the  metals  selenites  of  which  have 
been  analysed.  Abstracts  of  B.'s  papers  will  be 
found  in  C.  J.  54,  220  ;  60,  262 ;  and  an  abstract 
of  Nilson's  paper  will  be  found  in  the  'drd  Supp. 
of  the  first  edition  of  this  Dictionaby,  p.  1786. — 
Al,  Am,  Sb,  Ba,  Be,  Bi,  Cd,  Ca,  Ce,  Cr,  Co,  Cu, 
Di,  In,  Fe,  La,  Pb,  Li,  Mg,  Mu,  Hg  (cf.  Cameron 
a.  Davy,  Trans.  I.  28,  146),  Ni,  K,  Ag,  Na,  Sr, 
Tl,  Th,  U,  Zn.  M.  M.  P.  M. 

SELENO-ANTIMONATES  v.  Antimonates, 
vol.  i.  p.  286. 

SELENOCYANHYDRIC  ACID  v.  vol.  ii.  p. 
348. 

SELENOCYANIDES  v.  vol.  ii.  p.  348. 
SELENOMETAHYPOPHOSPHITES 

E'PSe  and  Il"(PSe)2  v.  Diphosphoe0s  selenidb, 
this  vol.  p.  145. 
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SELENOPYROPHOSPHATES. 


SELENOPYROPHOSPHATES  E/P„Se,  and 
E^J^iP^Se,  V.  Phosphoric  selenide,  p.  145. 

'  SELENOPYROPHOSPHITES  K,'P.,Se,  and 
E,"P„Se5  V.  Phosphorous  selenide,  p.  145. 

'  SELENOSAMIC  ACIDS,  SALTS  OF.  Selenos- 
ainic  acid  SeO(NH2)OH  has  not  been  isolated, 
but  the  NHj  salt  of  this  acid,  and  also  the  NH^ 
salt  of  diselenosamic  acid,  2SeO(NH2).(OH)2, 
have  been  obtained. 

Ammonium  selenosamate  SeO(NH2)ONH4  is 
formed  by  the  action  of  dry  NH3  on  SeO,  dis- 
solved in  alcohol.  It  is  a  white,  crystalline, 
deliquescent  salt ;  very  unstable,  easily  giving 
off  NH3  and  forming  diselenosamate.  Water 
partially  converts  this  salt  into  (NHJ^SeOj. 

Ammonium  diselenosamate 
2SeO(NH,).OH.ONH4  is  formed  by  boiling  an 
alcoholic  solution  of  the  selenosamate,  or  by 
letting  the  solution  stand  over  HjSOj  in  vacuo. 
It  crystallises  from  alcohol  in  large,  deliquescent 
prisms  {v.  Cameron  a.  Macallan,  Pr.  44,  112). 

M.  M.  P.  M. 

SELENOTHIO-OXIDE  SeSOs  v.  Selenion 
thio-oxide,  under  Selenion  oxides,  p.  441. 

SELENOTHIO-OXYCHLOKIDE  SeSOjCl^  v. 
Selenion  thio-oxychloride,  p.  441. 

SELENOTHIOSULPHATES  M^SeSOa  v. 
TUiosclenatcs,  under  Selenates,  p.  434. 

SELEKOTRITHIONATES  M„SeSA 
Dithiotriselenates,  under  Selenates,  p.  434. 

SELENOTRITHIONIC  ACID  H.SeS.Oe  v. 
Diihiotriselenic  acid,  under  Selenates,  p.  435. 

SELENYL  BROMIDE  and  CHLORIDE  v. 
Selenion  oxybkomidb  and  Oxychlobide,  p. 
441. 

SEMINOSE  V.  Mannose. 

SENEGIN  V.  Saponin. 

SENNA  V.  Cathmtic  acid. 

SENNITE  is  identical  with  Finite,  the 
methyl  ether  of  dextrorotatory  inosite. 

SEPTYL.    A  name  for  Heptyl. 

SEQUOIENE  C,3H,„.  [105°].  (290°-300°). 
V.D.  5-66  (obs.).  Occurs,  together  with  C,oH,e 
(155°K  S.G.  i5  -852,  [a]i,  =  24°,  and  oily  C.^H^A 
(229°),  in  the  leaves  of  Sequoia  gigantea  (Lunge 
a.  Steinkauler,  B.  13,  1656).  White  plates  with 
characteristic  smell,  volatile  with  steam ;  sol. 
alcohol,  ether,  benzene,  and  chloroform. 

SERICIC  ACID  C.sHjoN^O,.  Formed  by  the 
action  of  cone,  baryta-water  on  silk  (Champion, 
C.  R.  12,  330).  Deliquescent,  translucent  mass. 
— BaA',.— PbA', :  pp. 

SERIN  CjHjNOa.  a-Amido-hydracrylic  acid  1 
S.  3  at  10° ;  5  at  20°.  Formed  by  boiling  silk 
with  dilute  H^SO^  (Cramer,  J.  pr.  96,  76 ;  Bau- 
mann,  B.  15,  1735 ;  Melikoff,  C.  0.  1881,  354). 
Monoclinic  crystals,  insol.  alcohol  and  ether. 
Converted  by  nitrous  acid  into  glyceric  acid. — 
CuA',. — HA'HCl:  needles,  v.  e.  sol.  water. — 
HA'HNOj :  minute  needles. 

SERINE  V.  Pboteids. 

SERTTM  ALBUMEN  v.  Pboteids. 

SERUM  CASEiN  v.  Pboteids. 

SERUM  GLOBULIN  v.  Pboteids. 

SESAME  OIL.  S.G.  ^£  -9191.  =  1-474  at 
20°  (Long,  Am.  10,  392).  A  fatty  oil  obtained 
from  the  seeds  of  Sesamum  orientale.  It  con- 
tains glycerides  of  oleic  and  linoleic  acids 
(Pohl,  J.  pr.  63,  400  ;  Hazura  a.  Griissner,  M. 
10,  247).  Gives  a  raspberry-red  colour  on  warm- 
ing with  HClAq  and  cane-sugar  (Zipperer,  Chem. 


Zeit.  11,  1600).  The  oil  contains  -05  p.c.  of 
sesamin  CigHiA  [118].  S.  (alcohol)  -27  at 
20°  ;  8-07  at  78°.  S.G.  1-305.  H^SO^  containing 
HNO3  colours  sesamin  green  and  afterwards 
bright  red  (Tocher,  Ph.  [3]  23,  700). 

SEXTYL.    Another  name  for  Hexyl. 

SHEA  BUTTER,  obtained  in  West  Africa 
from  the  nuts  of  Bassia  Parkii,  contains  olein 
aad  stearin  (Oudemans,  J.pr.  89,  205), 

SHELLAC  V.  Lac 

SHIKIMIC  ACID  C,H,„05  i.e. 

CH(OH)<g|JOH)^g^>C.CO,H.  [184°].  S.G. 

i4  1-599.  Moo "=1-303  at  14°.  [a]i>=  -186°  in 
a  7  p.c.  solution.    S.  (ether)  -015  at  23°  ;  S.  (al- 

j  cohol)  2-25.    Occurs  in  the  fruit  of  Illicium 

I  religiosum   (Japanese,  shikimi)   and  Chinese 

I  star-anise  (Eykman,  R.  T.  C.  4,  49  ;  5,  299  ;  B. 

j  24,  1278).  Crystalline  powder  composed  of 
minute  needles,  si.  sol.  alcohol  and  CHCI3, 
nearly  insol.  ether.    Lsevorotatory.    Yields  p- 

I  oxy-benzoic  acid  when  heated  with  HClAq. — 

I  NHjA' :  crystals. 

I  Dihydride 

,  CH(0H)<gg05).CH,^pg  ^^75oj. 

j  S.G.  a  1-47.  "^00  =1-324  at  19°.  [a]D=-18°. 
j  S.  14  in  the  cold.    Formed  by  reducing  the  acid 

with  sodium-amalgam  in  presence  of  HClAq. 

Monoclinic  crystals.     Converted  by  HCl  into 

benzoic  acid. 
Dibromide 

CH(0H)<^^(0H)^HBrs^(,g^_CQ^3_  ^ggo^ 

Moo  =  1-295.  Mi,  =  -  58°.  Formed  by  adding 
Br  to  a  cold  solution  of  the  acid.  Tetrahedra. 
Converted  by  moist  Ag„0  into  C,H,,Br05  [235°], 
S.  6-3  at  17°,  [a]D=  4-22°,  crystalhsing  in  hexa- 
gonal needles,  si.  sol.  ether,  converted  by  baryta 
into  oxyshikimic  acid  [156°]. 

SHIKIMIPICRIN  C,H,„03  (?).  [200°].  S.  6-2 
in  the  cold.  Occurs  in  the  fruit  of  IHicium 
religiosum  (Eykman,  R.  T.  C.  4,  53).  Large 
crystals,  m.  sol.  alcohol,  si.  sol.  ether. 

SHIKIMOLE  V.  Safeole. 

SIEGBURGITE.  A  fossil  resin  found  near 
Siegburg.  It  contains  styracin,  metastyrene, 
and  some  free  cinnamic  acid  (Klinger  a.  Pit- 
schke,  B.  17,  2742). 

SIKIMINE.  [175°].  A  poisonous  substance 
in  the  seeds  of  Illicium  religiosum  (Eykman, 
Ph.  [3]  11,  1046).  Prisms,  si.  sol.  water,  ether, 
and  CHCI3,  v.  sol.  alcohol  and  HOAc. 

SILICA  SiOo.  (Silicon  dioxide.  Silicic 
anhydride.)  Mol.  w.  not  known.  S.G.  quartz 
2-647  to  2-652,  tridymite  2-282  to  2-326,  amor- 
phous 2-20  at  15-6°  (Schaffgotsch,  P.  68,  147). 
S.H.  quartz  -1737  at  ord.  temp.,  -305  at  c.  400°, 
constant  from  400°  to  over  1000°  (Pionehon, 
C.  R.  106,  1344).  H.F.  [Si,0-']=  219,240  from 
amorphous  Si ;  211,120  from  crystalUne  Si 
(Troost  a.  Hautefeuille,  C.  R.  70,  252). 

Occurrence. — Compounds  of  SiO^  are  very 
widely  distributed  in  large  quantities  ;  quartz, 
flint,  chalcedony,  jasper,  opal,  &c.,  are  nearly 
pure  SiOj.  Silica  is  the  chief  constituent  of 
sa7idstones ;  felspar,  agate,  and  a  vast  number 
of  other  minerals  contain  silica.  Silica  (or 
silicates)  is  also  found  in  many  plants. 

Preparation. — (i)  Amorphous  silica. — ■ 
1.  Quartz  is  finely  powdered,  best  by  heating  to 
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redness  and  plunging  into  cold  water,  and 
heated  with  c.  6  times  its  weight  of  Na^CO^  in 
a  Pt  crucible  till  the  whole  fuses  quietly ;  the 
cold  mass  is  treated  with  water,  the  solution, 
when  clear,  is  poured  slowly  into  excess  of  fairly 
cone.  HClAq,  the  liquid  (after  filtration,  if  neces- 
sary) is  evaporated  to  dryness  in  a  Pt  dish,  the 
residue  is  moistened  with  cone.  HClAq,  warmed, 
and  allowed  to  stand  for  an  hour  or  two ;  this 
treatment  with  acid  is  repeated  two  or  three 
times  ;  water  is  then  added  and,  after  warming 
and  standing,  the  solution  is  filtered  off,  the 
residual  SiO^  is  washed  with  hot  water,  dried, 
and  heated  to  redness. — 2.  SiF.,  {v.  p.  459)  is 
passed  into  water,  the  gelatinous  SiO,^  which  is 
ppd.is  pressed  between  linen,  thoroughly  washed, 
dried,  and  heated  to  redness. 

(ii.)  Crystalline  silica.— 1.  Moist  ppd. 
SiO._, — e.g.  the  pp.  got  by  passing  SiF4  into 
water — is  dissolved  in  boiling  NaOHAq,  and  the 
solution  is  heated  in  a  sealed  tube ;  crystals  of 
tridymite  {v.  infra,  Properties)  separate  lielow 
180°,  and  crystals  of  quartz  separate  above  180° 
(Maschke,  P.  14.5,  549).— 2.  Small  tubes  of  hard 
glass  are  half-tilled  with  solutions  of  dialysed 
silicic  acid  (v.  Silica,  htdrates  of,  infra)  con- 
taining c.  10  p.c.  SiOj,  closed  by  fusion,  and 
heated  to  250°  for  some  months  ;  small  crystals 
of  quartz  are  thus  obtained  (Kroustchoff,  C.  R. 
104,  C02). — 3.  Any  hydrate  of  SiO^  yields  crys- 
talline silica  by  heating  in  a  forge-fire  (Fremy, 

A.  Ch.  [3]  38,  327).— 4.  Crystalline  SiO,,  is 
formed  by  fusing  silicates  with  microcosmic  salt 
(G.  Eose,  J.  pr.  101,  228),  or  with  borax  (G.  Rose, 

B.  2,  388).  For  other  methods  of  preparing 
crystalline  silica  v.  Rammelsberg  {B.  5,  1006), 
Hautefeuille  (C.  B.  8(5,  1133  ;  90",  830),  Senar- 
mont  {A.  Ch.  42,  129),  Friedel  a.  Sarasin 
{Bl.  [2]  31,  481),  and  Daubree  {Ami.  M.  [5]  12, 
297). 

Properties. — The  mol.  w.  of  silica  is  un- 
known, but  there  is  reason  to  think  it  is  a  con- 
siderable multiple  of  that  indicated  by  the 
formula  Si02.  By  applying  the  cryoscopic 
method  to  an  aqueous  solution  of  colloidal  silicic 
acid  {v.  Metasilicic  acid,  infra)  Saban6eil 
{J.  R.  21,  515 ;  Abstract  in  C.  J.  58,  1215)  ob- 
tained numbers  pointing  to  silica  being  a  very 
high  polymeride  of  SiO„.  The  great  infusi- 
bility  and  non-volatility  of  silica,  especially 
when  this  compound  is  compared  with  CO.,,, 
make  it  probable  that  the  molecular  formula 
of  silica  is  ^iSiOj,  where  n  has  a  large  value 
(v.  Mendeleeff's  Principles  of  Chemistry,  vol.  ii. 
p.  93). 

Crystalline  silica.  SiO,  crystallises  as 
qziartz  in  colourless,  transparent,  hexagonal, 
six-sided  prisms  having  the  axes-ratio  1:1-0999 
(S.G.  c.  2'65),  and  as  tridymite  in  hexagonal 
forms  with  the  axes-ratio  1:1-G31  (S.G.  c.  2-3). 
Crystalline  SiO^  is  insol.  or  almost  insol.  in 
alkali  solutions  ;  it  is  attacked  by  HFAq  slowly 
and  without  notable  rise  in  temperature. 

Amorphous  silica  is  a  white,  loose, 
tasteless  powder  ;  S.G.  2-2.  It  dissolves  in  hot 
alkali  solutions ;  after  continued  heating  to  a 
high  temperature  it  is  less  sol.  or  nearly  insol., 
owing  to  change  into  the  crystalline  form.  Dis- 
solves in  HFAq,  with  intumescence  and  consider- 
able rise  of  temperature. 

Silica  is  fusible  in  the  O-H  flame  to  a 


colourless  glass ;  when  fused  it  may  be  drawn 
into  extremely  fine  threads.  Cramer  (Zeit.  fiir 
angcwand.  Chcm.)  finds  that  quartz  is  volatile 
at  a  temperature  whereat  Pt  boils  {v.  Abstract 
in  C.  J.  64,  ii.  164).  SiO,,  is  insol.  in  acids, 
except  in  HFAq.  It  is  slightly  volatilised  in 
steam  (v.  Jeffreys,  A.  39,  255).  Silica  is  in- 
soluble in  molten  microcosmic  salt  (NaNHjHPOj). 

Reactions. — 1.  Fused  with  alkalis,  alkali 
silicates  are  formed ;  with  alkali  carbonates 
C0„  is  evolved. — 2.  Decomposes  most  solid  salts 
by  fusion  with  them  vnih.  formation  of  silicates 
(c/.  Silicates,  p.  448).  According  to  Mills  a. 
Meanwell  (C.  J.  39,  533)  SiO,  does  not  react 
with  pure  Na.,S04  or  K_,S04  even  at  a  very  high 
temperature. — 3.  SiO._>  is  decomposed  by  potas- 
•  sium  at  a  red  heat,  forming  K  silicate  and 
}  silicide ;  it  is  also  reduced  at  red  heat  by  calcium, 
j  strontium,  and  magnesium  (Bunsen  a.  Mat- 
thiessen,  A.  94,  111;  Phipson,  Pr.  13,  217; 
Parkinson,  C.  J.  [2]  5,  128  ;  Winkler,  B.  23, 
2642). — 4.  Heated  with  carbon  and  certain 
metals,  SiO,  is  reduced,  with  formation  of 
silicides  of  the  metals ;  Ir,  Pd,  Pt,  and  Eu  react 
in  this  way  (Boussingault,  C.  R.  82,  591 ;  cf. 
Warren,  C.  N.  60,  5).  Au  and  Ag  reduce  SiO,_,  only 
when  strongly  heated  therewith  in  presence  of 
Na,SiFs  and  Na  (W.,  Z.c.).— 5.  Dry  SiO,  (prepared 
from  SiF,|)  which  has  not  been  strongly  heated 
reacts  with  molten  metaphosphoric  acid  to  form 
SiO,.P,0,  and  Si0...2P.,05.4H,,0  (Hautefeuille  a. 
Margottet,  C.  R.  96,  1052  ;  i04,  56  ;  v.  Silico- 
PHOsPHORic  OXIDES,  p.  462). — 6.  Mixed  with  finely 
divided  carbon  and  heated  in  hydrogen  sulphide. 
Sis,  is  formed  (v.  Silicon  sulphide,  p.  462). — 7.  A 
mixture  of  SiO,  and  carbon  licated  in  chlorine 
or  hydiogen  chloride  gives  SiCl4  and  CO  (v. 
Silicon  tetbachlokide,  p.  458) ;  when  bromine 
or  hydrogen  bromide  is  used,  SiBr.,  is  formed 
(v.  Silicon  tethabhomide,  p.  457). — 8.  With 
hydrogen  fluoride,  QiP^  is  obtained  (u.  Silicon 
tetrafldoride,  p.  459). — 9.  Heated  to  low  red- 
ness in  vapour  of  boron  trichloride ,  SiCl4  and 
B..O3  are  formed  (Troost  a.  Hautefeuille,  A.  Ch. 
[5]  7,  476). 

SILICA,  HYDRATES  OF.  (Silicic  acids.) 
The  hydrates  of  SiO,  act  as  weak  acids.  The 
compositions  of  these  hydrates  are  very  un- 
certain. The  silicates  ■>;.SiO,.5;iEO  are  derivable 
from  hydrates  of  SiO,,  some  of  which  have  been 
isolated  while  others  are  hypothetical  (v. 
Silicates,  p.  448). 

Metasilicic  acid  H2Si03  =  SiO,.H,0.  (Silica 
monohydrate.)  Obtained  by  the  action  of 
!  moist  air  on  Si(0Et)4;  Si(0Et)4 -t- 3H,0  = 
SiO,.H,0 4EtOH  (Bbelmen,  J.  pr.  37,  359). 
Also  by  dialysing  a  mixture  of  Na  silicate  and 
excess  of  HClAq  until  the  liquid  in  the  dialyser 
is  free  from  chlorides,  concentrating  by  boiling 
in  a  flask,  allowing  to  gelatinise,  and  drying  the 
jelly-like  mass  over  H,SOj  for  two  days  (Graham, 
T.  1861.  183).  SiO„.H,0  is  described  by  Graham 
as  a  transparent,  glassy,  lustrous  solid ;  insol. 
water. 

Orthosilicic      acid      H4Si04  =  SiO„.2H,0. 

(Silica  dihydrate.)  This  hydrate  of  SiO,  has 
not  been  isolated  with  certainty  ;  it  is  supposed 
to  exist  in  the  solution  obtained  by  dialysing  a 
solution  of  K  or  Na  silicate  with  excess  of 
HClAq  ;  but  as  the  compositions  of  the  silicates 
of  K  and  Na  are  very  doubtful,  the  argument 
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based  on  the  supposition  that  these  siHcates  are 
ortho-  salts — and,  therefore,  will  yield  ortho-  acid 
— is  not  very  trustworthy.  Various  esters  of  the 
form  Si(OX)j  exist  where  Xis  Me,  Et,  &c.  The 
solution  of  SiOj.aHjO,  when  x  is  supposed  to 
=  2,  obtained  by  dialysing  K  or  Na  silicate 
solution  with  excess  of  HClAq  till  the  liquid  in 
the  dialyser  is  free  from  chlorides,  is  described 
by  Graham  (I.e.)  as  a  clear  liquid,  which  may  be 
boiled  in  a  flask  till  it  contains  c.  13  p.c.  SiOj 
without  separation  of  any  solid.  The  liquid  soon 
becomes  opalescent  on  keeping,  and  after  a  time 
sets  to  a  transparent, colourless  jelly,which  is  insol. 
water,  and,  dried  over  H,SOj,  gives  SiOj.HjO  (v. 
Metasilicic  acid,  p.  447).  The  solution  of 
SiOj.xHjO  is  coagulated  by  a  minute  trace  of  an 
alkali  or  alkaline  earth  carbonate,  also  by  C0„,  but 
notbydil.H„SOjAq,HN03Aq,orH.C2H30,Aq.*The 
solution  reddens  litmus  (c/.  Doveri,  A.  64,  256  ; 
Liebig,  A.  94,  373;  Karsten,  P.  6,  357;  Fuchs, 
A.  82,  119;  Struckmann,  A.  94,  341;  Eose, 
P.  108,  20  ;  Kiihn,  J.  pr.  59,  1 ;  Fremy,  A.  Ch. 
[3]  38,  314;  Maschke,  J.pr.  68,  234). 

Teisilicic  dihydeate  3SiO.,.2K,0  =  H^SiaOg. 
By  decomposing  K  or  Na  silicate  solution  by 
CO2,  or  SiF.,  by  H^O,  and  drying  the  gelatinous 
pp.  so  formed  m  vacuo,  Fremy  (I.e.)  obtained  a 
hydrate  containing  16-2  to  16-8  p.c.  water 
(3SiO.,.2H20  requires  16'67  p.c.  water).  Several 
naturally  occurring  silicates  may  be  regarded 
as  derived  from  this  hydrate  (v.  Silicates, 
infra). 

DisiLicic  monohydbate  28102.3^0 -^HjSijOs. 
The  gelatinous  pp.  formed  by  decomposing  SiF^ 
by  water,  after  drying  for  six  weeks  in  air  at 
20°-25°,  was  found  by  Merz  {J.pr.  99,  1771)  to 
contain  from  13-1  to  13'5  p.c.  water  (the  formula 
given  requires  13'05  p.c.  water). 

Other  hydeates.  By  drying  the  gelatinous 
pps.  obtained  by  decomposing  SiF^  by  water,  or 
by  decomposing  alkali  silicate  solutions  by  weak 
acids  and  washing  (v.  Kiihn,  J.pr.  59,  1),  solids 
are  obtained  of  varying  and  uncertain  composi- 
tion (v.  Carnelley  a.  Walker,  C.  J.  53,  80); 
hydrates  of  fair  definiteness  agreeing  approxi- 
mately with  the  formulas  3SiO.>.H20  =  H2Si30j, 
9Si02.2H20  =  H^SigOjo,  and  6Si02'H20  =  H2Si„0,3, 
have  been  obtained  (Fuchs,  A.  82,  119 ;  Gott- 
lieb, J.  pr.  [2]  6,  185  ;  Merz,  J.  pr.  99,  1771). 
For  methods  of  preparing  gelatinous  pps.  of 
SiC.ajHjO  V.  Struckmann,  A.  94,  337;  Kuhl- 
mann,  A.  41,  231 ;  Liebig,  A.  94,  374  ;  Guyton- 
Morveau,  A.  Ch.  [2]  31,  246;  Hautefeuille  a. 
Margottet,  C.  B.  96,  1052.  Concerning  the  ab- 
sorption of  water  by  SiOj  v.  van  Bemmelen,  B. 
11,  2232  ;  13,  1466. 

Thomsen  {Th.  1,  215)  has  examined  the 
thermal  phenomena  accompanying  the  inter- 
action of  NaOHAq  and  SiC^Aq  ;  the  SiOjAq  was 
prepared  by  adding  exactly  an  equivalent  of 
HCl  in  dilute  solution  to  Na  silicate  solution  of 
known  composition.  He  gives  the  following 
tables : — 


m  [mNaOHAq.SiO'Aq] 

*  2652 

I  3241 

f  3555 

1  4316 

1  4731 

2  5230 
4  5412 


[NaOHAq,.rSiO''Aq] 
1353 
2615 
3548 
4316 
5332 
6483 
7956 


There  seems  to  be  no  fixed  point  of  neutral- 


isation.     Putting    [NaOHAq,a;SiO-Aq]  = 


x  +  n 


where  C  and  n  are  constants  having  the  values 
0  =  13,410  and  w  =  2-13,  the  calculated  values 
agree  very  fairly  with  the  observed  so  far  as 
data  go ;  if  the  formula  is  supposed  to  be  ac- 
curate then  the  heat  of  neutralisation  of 
SiOjAq,  when  SiO,  is  taken  as  =  oo  in  the  re- 
action NaOHAq  +  Si02Aq,  is  =  13,410,  which  is 
about  the  thermal  value  of  the  interaction  of  an 
acid  with  one  molecular  weight  of  NaOH.  The 
affinity  of  SiO,,Aq  is  almost  nil.    M.  M.  P.  M. 

SILICATES.  Compounds  of  SiC^  with  basic 
radicles.  The  basic  radicles  of  silicates  are 
generally  oxygen-containing  groups  ;  sometimes 
they  contain  negative  elements  other  than  0. 
Silica,  like  other  feebly  acidic  oxides,  combines 
with  bases  in  many  proportions,  forming  com- 
pounds which  may  be  represented  as  normal 
salts,  and  also  compounds  of  the  type  of  basic 
and  acidic  salts.  The  general  composition  of 
silicates  is  given  by  the  formula  wSiOj.wfE, 
where  E  =  basic  radicle.  Most  of  the  silicates 
occurring  in  rocks  vary  in  composition  between 
the  limits  Si02.4MO  and  2Si02.MO,  where  M 
=  a  mono-  or  di-valent  metal,  and  the  limits 
Si02.2M203  and  eSiOj.MjOs  where  M  =  a  trivalent 
metal.  The  metals  most  commonly  found  in 
these  silicates  are  Al,  K,  Na,  Ca,  Mg,  Fe,  and 
Mn.  A  fair  number  of  natural  silicates  contain 
CI  or  F  as  part  of  the  basic  radicle.  Few  pure 
silicates  occur  in  rocks :  the  siliceous  minerals 
are  generally  mixtures  of  isomorphous  silicates  ; 
hence  it  is  not  possible  to  deduce  satisfactory 
formulaa  for  naturally  occurring  silicates  solely 
from  the  results  of  analyses  of  minerals. 

Mendel6eff  {Principles  of  Chemistry,  2,  111) 
compares  the  siliceous  minerals  to  alloys.  Several 
silicates  which  occur  as  mineral  species  have 
been  formed  artificially ;  the  study  of  the  altera- 
tion-products of  natural  silicates,  and  the  com- 
parison of  silicates  with  carbon  compounds  {v. 
e.g.  Mendeleeff,  I.e.,  note  p.  Ill)  throw  light  on 
the  constitution  of  these  bodies. 

The  most  important  memoirs  on  the  constitu- 
tion and  chemical  relations  of  the  silicates  are 
to  be  found  in  Groth's  Tabellarische  TJebersicht 
der  Mineralien  nach  ihren  Krystallographisch- 
chemischen  Beziehungen  (3rd  ed.),  pp.  89  et  seq.y 
and  in  a  series  of  papers  by  F.  W.  Clarke  {Am. 
10,  120;  Am.  S.  [3]  38,  384  ;  40,  303  ;  43,  190), 
{v.  also  Clarke  in  U.S.  Geological  Survey  Bulle- 
tins, No.  90  [1892] ;  also  A.  C.  J.  May  1893). 

Groth  and  Clarke  both  look  on  the  natural 
silicates  as  derived  from  a  few  fairly  simple 
types.  They  are  very  stable  compounds ;  most 
of  them  are  formed  at  high  temperatures,  their 
number  is  not  very  great,  and  a  few  typical 
forms  containing  a  small  number  of  common 
metals  are  very  widely  distributed.  Among  the 
commoner  silicates  are  Si02.2MO,  2Si02.3MO, 
3SiO.,.2MO,  where  M  is  very  frequently  an 
alkaline  earth  metal;  3Si02.2E203,  2SiO,.E.,03, 
6SiO2.E2O3.M2O,  and  3Si02.E.A-3MO,  where  E 
is  Al  or  Fe,  and  M  is  K,  Na,  or  an  alkaline 
earth. 

The  consideration  of  the  probable  constitu- 
tion of  the  typical  silicates  may  be  approached 
by  seeking  to  derive  these  salts  from  the  silicic 
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acids  7iSiO.,.7»H.,0.  Metasilicic  acid,  SiO,.H,,0, 
has  been  isolated ;  the  formula  may  be 
written  K.SiO.j  or  OSi(OH).,.  Orthosilicic  acid, 
SiO,.2H„d  =  H^SiOj=Si(OH)„  also  probably 
exists.  A  few  other  hydrates  of  silica  have 
been  isolated,  but  their  compositions  are  not 
quite  definitely  established ;  ■2SiO...H.,0  =  H..Si„0-„ 
and  3SiO,.2H20  =  H_,Si30„,  seem  to  be  fairly 
certain. 

Silicates  derivable  from  metasilicic 
acid  0:Si(OH),.  The  typical  empirical  formulie 
of  normal  salts  of  this  class  are  SiO„.M„0, 
SiO.,.MO,  SSiC.MoOs,  4SiO„.E.,03.M..O, '  and 
4Si6.,.E,,03-MO.  'The  atomic  ratio  of  Si  to  0  in 
these  salts  is  1:3 ;  this  ratio  is  maintained  in 
the  acid  salts.  Silicates  of  the  forms  Si02.2MO 
and  SiOo.MoOj  may  be  represented  as  basic  salts 
of  this  class ;  the  atomic  ratios  of  Si  to  0  in 
these  are  1:4  and  1:5.  Examples  of  normal 
salts  of  this  class  are  sodium  silicate 
0:Si(ONa)o,  ivollastonite  0:Si.O,Ca,  and  Icucitc 
{0:^i.0^^kLK„.  The  basic  salts  maybe  re- 
garded as  derived  from  0:Si(OH)._,  by  re- 
placing each  H  by  a  monovalent  basic  radicle, 
such  as  AlO  or  ZnOH  ;  for  instance,  siliceous 
calamine  SiO.,.2ZnO.H.,0  may  be  formulated 
0:Si(O.ZnOH)J,  and  kjjanitc  SiO.,.Al203  is  pro- 
bably 0:Si(OAl:0).,.  If  only  one  H  is  replaced 
in  0:Si(OH).,  the  product  will  be  an  acid  salt 
of  the  metasilicate  class  ;  gyroUtc,  for  instance, 
3SiO.,.2CaO.H,,0  may  be  represented  as 

0:Si(OH)O.Ca.O.Si.O.Ca.O.(HO)Si:0. 
6 

Silicates  derivable  from  hypotheti- 
cal mctadisilicic  acid 

2  ('O.Si(OH)„\-HOH  =  HO.Si.O.Si.OH.  The 
V  /  0  0 

typical  empirical  formula}  of  normal  salts  of 
this  class  are  2SiO„.M.,0,  2SiO...MO,  6SiO.,.K.,03, 
and  8SiO,,.E„03-M.>b.  The  atomic  ratio 'of"  Si 
to  0  in  these  salts  is  2:5  ;  this  ratio  is  main- 
tained in  the  acid  salts.  Silicates  of  the  form 
2Si0...2MO.H„0,  wherein  the  atomic  ratio  of  Si 
to  0  is  2:7,  via.y  be  regarded  as  basic  salts  of 
this  class.  Petalite  SSiOo.AloOj.LioO  is  pro- 
bably an  example  of  a  normal  salt  of  the 
metadisilicate  class  ;  thus 

0:Si.O.  /0~Si:0 

6     >A1<  6 
0:Si.O/  \Li0.Si:0 

Picrosminc  2SiO„.2Mg0.H..O  may  perhaps  be 
a  basic  salt  of  this  class, 
(HOMg,)O.Si.O.Si.O(MgOH) ;  but  it  may  also  be 
0  O 

regarded  as  an  acid  orthodisilicate  {v.  infra). 
One  of  the  soluble  glasses,  4SiO,.Na,^O.H.O, 
may  be  written  as  an  acid  salt  of  this  class, 
HO.Si.O.Si.ONa. 
0  0 

Silicates  derivable  from  ortho- 
silicic  acid  Si(OH).,.  The  typical  empiri- 
cal formula  of  normal  salts  of  this  class 
are  SiO.,.2M.,0,  Si0.,.2M0,  3SiO.,.2M„03,  and 
3Si0.,.M,b3.3M,0.  The  atomic  ratio  of  Si  to 
0  in  these  salts  is  1:4 ;  this  ratio  is  main- 
tained in  the  acid  salts.  Salts  of  the  forms 
Si0,.4M0.2H,0  and  Si0,.2M,03,  atomic  ratio  of 
Si  to  0  =  1:8,  may  be  formulated  as  basic  ortho- 
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silicates.  Olivine  Si0.^.2Mg0,  and  zirconite 
SiOj-ZrOj  are  likely  normal  salts  of  this  class; 

Mg<^Q>Si<Q>iAIg  and   Si(0,Zr).  Xcnolite 

3Si0,.2Al203,   is  also  a  normal  orthosilicate ; 
A103=Si.002:Si:0,,O.Si:03Al. 

Ai  Ar 

Andalusite  Si0,,.Al,>03  is  probably  partly  a  basic 
salt  and  partly  a  normal  salt  of  this  class; 
Si(03Al).0.A10.  Dioptasc  SiO.,.CuO.H,,0  may  be 
formulated  as  an  acid  salt  of  the  ortho- 
silicate   class ;  Si(0H),_,.02Cu. 

Silicates  derivable  from  hypotheti- 
cal orthodisilicic  acid 
I  2Si(0H),-H,0  =  (H0)3Si.0.Si(0H)3.  The  typical 
empirical  formuliB  of  normal  salts  of  this  class 
are  2SiO.,.3M.,0,  2Si0.,.3M0,  2SiO.,.M.,03,  and 
4Si0,.M„63.3M20.  The  atomic  ratio  of  Si  to  O 
in  the  normal  and  acid  salts  is  2:7.  Serpentine 
2SiO„.3MgO  is  probably  a  normal  salt  of 
this  "class,  (MgO„)Si.  0.  Si(0.,Mg).  Okcnite 
O.Mg.O 

2Si0.j.Ca0.2H.^O  seems  to  be  an  acid  salt 
of    this   class,   H0.Si.0.Si(0H)3 ;  picrosmine 

2SiO.,.2MgO.H20  may  also  be  an  acid  ortho- 
disili'cate,  MgO,.(HO)Si.O.Si(OH).0,Mg  ;  but  it 
may  be  formulated  as  a  basic  metadisilicate 
(v.  supra). 

Silicates  derivable  from  hypotheti- 
cal orthotrisilicic  acid.  By  removing 
2H,,0  from  3Si(0H),  the  acid 

(H0)3Si.0.Si.0.Si(0H)3  would  remain.  Some 
(0H).3 

natural  silicates  may  be  looked  on  as  salts  of 
this  hypothetical  acid;  meerschaum,  for  in- 
stance, 3Si02.2Mg0.2H.,0,  may  have  the  formula 
Mg0„.(H0)Si.0.Si.0.Si{0H).0.,Mg.  Groth  (I.e.), 
(OR), 

however,  thinks  it  is  not  necessary  to  call  in  a 
hypothetical  trisilicic  acid  to  express  the  com- 
position of  silicates. 

Some  silicates  which  do  not  fit  into  any  of  the 
classes  already  mentioned  may  be  looked  on  as 
derived  from  more  than  one  of  the  acids  simul- 
taneously. Others  may  be  represented  as  salts 
of  hypothetical  acids  formed  by  eliminating 
water  from  one  or  other  of  the  acids  that  have 
been  mentioned.  Orthoclase,  GSiO.^.ALOj.IvO, 
may  be  taken  as  an  example  of  a  silicate 
derived,  according  to  Groth  (I.e.),  from  two 
acids,    metasilicic    and    mctadisilicic ;  thus 

O.Si.<2>A1.0.Si.O.Si.OK.    Groth  urges  that 
0  6 

this  formula  is  in  keeping  with  the  facts  (1)  that 
felspars  of  the  orthoclase  class  are  derived  from 
silicates,  such  as  leueite,  which  are  metasili- 
cates,  and  (2)  that  orthoclase  readily  yields 
kaolinite  2Si02.AL03,  which  may  be  a  basic 
metadisilicate.  Writing  leueiie  as  a  meta- 
silicate, and  kaolinite  as  a  basic  metadisili- 
cate, it  is  seen  that  both  contain  the  group 

0:Si<-_ 

-Al='  ^  gJ'oup  which  is  represented 
as  present  in  orthoclase  also.  Thus 

GG 


450 


SILICATES. 


Leucite. 


Kaolinite. 

'Vol' 


Orthoclase. 


The  group  common  to  the  three  silicates  is  in- 
dicated by  the  dotted  lines.    If  HHO  were 
removed  from  orthodisilicic  acid  the  product 
0:Si(OH) 


would  be  6 


;  augite,  2Si02.2MgO,  may 


Si(0H)3 


0:Si— Ov 


be  derived  from  this  acid,      0  0^ 
1/ 

Si<°>Mg 

Again,  4Si(OH),-3HOH=  SiA(OH),„ 

r(0H)3:Si.0.Si.0.Si.0.Si(0H)3-]  ;  if  H^O  were 

L  (0H),(6H),  J 

removed  from  this  hypothetical  orthotetrasilicic 

acid,  there  would  result  Sij04(0H)g 

rO:Si.O  .  Si.O  .  Si.0.Si(0H)3'l  ;  and  from  this 

I  OH  y\  /\  J 

OHOHOHOH 
might  be  derived  the  following  acids : — 
rO:Si.O  .  Si.O  .  Si.O  .  Si:0"l 
1^  L    I      /\    /\   I  J. 
OH  OHOHOHOH  OH 


Si,05(0H), 


SiA(OH), 


Si40,(0H), 


rO:Si.O.Si.O.Si.O.Si:0 

L    I     0  _/\ 


OH 


], 

OH  OH  OH 

rO:Si.O.Si.O.Si.O.Si:0-| 
L    I      0     0      I  J. 
OH  OH 


and 


Some  of  the  natural  sQicates  may  be  repre- 
sented as  derived  from  one  or  other  of  these 
acids.  Acids  containing  OH  yield  CI  deriva- 
tives wherein  OH  is  replaced  by  CI,  generally 
by  interaction  with  PCI5.  As  CI  derivatives  of 
some  of  the  hypothetical  silicic  acids  are  known, 
the  existence  of  these  derivatives  is  an  argument 
in  favour  of  representing  certain  silicates  as 
salts  of  acids  which  have  not  themselves  been 
isolated.  Thus,  besides  SiCl^,  which  corresponds 
with  orthosilicic  acid  Si(0H)4,  and  SiClj.SH, 
which  is  derived  from  the  hypothetical  ortho- 
thiosilicic  acid,  there  exists  SijOCln  correspond- 
ing with  ortho-disilicic  acid  Si20(0H)(i,  Si403Cl,o 
corresponding  with  ortho-tetrasilicic  acid 
Si403(OH),„,  81404013  corresponding  with  the 
acid  Si404(0H)5,  and  SiiOjCl,.  corresponding 
with  the  acid  Si405(OH)6  {v.  supra). 

Clarke  (I.e.),  recognising  the  two  main  divi- 
sions of  ortho-  silicates  and  meta-  silicates,  seeks 
to  derive  the  various  members  of  each  class  as 


OSi.O.Al 
I 

0 

■-I 

0:Si.OIC 


far  as  possible  from  the  typical  normal  alumi- 
nium salts  by  substituting  metals  or  basic 
groups,  wholly  or  partially,  for  Al. 

Ortliosilicates.  Clarke  starts  with  normal 
Al  orthosilicate,  3SiO,.2Al203  =  Al4(Si04)3,  which 
forms  the  mineral  species  xenolite ;  allied 
to  xenolite  are  fibrolite  SiOj.AljOj  =  Al2Si05, 
topaz  Si02.Al202F2  =  Al2Si04ro,  muscovite 
6SiO2.3Al2O3.K2O.2H2O  =  2Al3KH2"(Si04)3,  para- 
gonite, corresponding  with  muscovite  but  con- 
taining Na  in  place  of  K,  and  eucryptite 
2SiO2.Al2O3.Li20  =  2AILiSi04.  By  trebling  the 
formula  given  for  fibrolite  and  topaz,  using  the 
simplest  formula  given  for  muscovite  and  para- 
gonite, and  trebling  the  simplest  formula  given 
for  eucryptite,  Clarke  arrives  at  the  following 
comparable  formulse  for  the  six  sUicates  : — 


Al 


Al 


Al 


Xenolite. 

Fibrolite. 

{  O.Si:03=Al 
O.SilOa-Al 
[  O.Si-Oj-Al 

rO.Si:03:(A10)3 
O.SilO,:Al 
O.Si:03:Al 

Topaz. 

Muscovite. 

rO.Si:03:(AlF2), 

O.Si:03:Al 

[  O.SilOjiAl 

Al, 

O.Si-Oj-IvHj 

O.Si^Oa-Al 

O.Si-Os-Al 

Paragonite. 
(  O.Si-Og-NaHj 

O.SiSOj-Al 
[  O.Si:0,:Al 

Al 

Eucryptite. 
O.SiiOaSLis 
O.Sil03:Al 
O.SilOa-Al 

These  silicates  are  represented  as  derived 
from  normal  Al  orthosilicate  by  substituting 
either  metals,  metals  and  hydrogen,  or  basic 
groups,  for  Al.  If  such  substitution  is  carried 
further  a  series  of  siUcates  may  be  obtained, 
for  some  of  which  Clarke  suggests  the  following 
formula : — 


Dumortierite. 
rO.Si:03:(A10)3 
Al-^  O.Si:03;(A10)3 
I  O.Si:03lAl 

Prehnite. 
r  O.Si:0.,:CaH 
Al-^  O.Si:03:CaH 
O.Si-Oo-Al 


Al 


Grossularite. 
O.Si:03 1 
O.Si-OjJ 
O.SilOjlAl 

Natrolite. 
r  O.SiiO^-NaHj 
.  \  O.SiiOa-NaHj 
[  O.Si:03:Al 


Fibrolite  alters  by  hydration,  giving  westan- 
ite  4SiO2.3Ai2O3.H2O  =  2Al3HSi209,  kaolinite 
2Si02.Al,03.2H20  =  Al„Si2H,0i„  and  montmoril- 
lonite  4SiO2.Al2O3.7H2O  =  2AlSi2H,03.  Clarke 
suggests  the  following  formulas  for  these  pro- 
ducts of  alteration  of  fibroUte : — 
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Al 


Fibrolite. 
O.Si:0,:(A10)3 
O-SiSOj-Al 
O.SiiO  :A1 


Kaolinite. 
fOH 
Al  O.SilOj-H, 
O.Si:0  :A1 


Wcstanite. 

roH 

Al  ■  O.Si:0,:Al 
I  O.Si;0.,:Al 

Moiitmorillonite. 

(  OH 
Al  ■  O.SiSOj-H, 
I  O.Si;0  :H, 


If  it  is  supposed  that  two  groups  AHO.SiSO,)^ 
combine  with  elimination  of  one  of  the  O.SiO^ 
groups  (  =  SiO., +  20),  then  there  remains  the 
O.SiO, 

Al 


coUocation  of  atoms, 


O.SiOs 

Q^SiOj  from  which 

O.SiOj 
O.SiO^ 

a  number  of  silicates,  especially  iron  and  mag- 
nesir.n  micas,  may  be  derived.    Thus — 


Al 


Sodalite. 
O.SuO.-^a, 
All  O.Si;0,IAl 

0„:Si:0.,:Na2 
Al  O.Si-Os-Al 
I  CI 


Annite. 
fO.Si-Oa-FeH 
Al  O.Si:0,:FeH 

Al  O'SilOj-FeH 
i  O.Si-Oa-FeH 

Nosean. 
( CSi-Gs-Na^ 
AljO.SiSOs-Al 

0.,:Si:0„:Na2 
Al  O.SiiOj-Al 
i  SO^.Na 

Clarke  (Atn.  10,  126)  suggests  that  uUra- 
marine  may  be  analogous  to  these  silicates ; 
( O.Si-Os-Naj 
Al  O.Si=03:Al 
thus,  0,:Si:6.,:Na2 
Al  O.Si:03:Al 
Is.Na 

The  metasilicates  are  considered  by  Clarke 
{I.e.)  in  a  way  similar  to  that  whereby  he  has 
elucidated  the  orthosilicates.  The  starting- 
point  is  Al  metasilicate,  AL(Si03)3.  This  salt  is 
not  itself    known.     The    formula    may  be 


(1)  0:Si:03 


(2)  0:Si<0^ 


0:Si<0 
0:Si:02  / 


Al 


Al 


0:Si<0- 


^Al. 


Inasmuch  as  many  metasilicates  of  the  form 
AlM(SiO.,),„  where  M  =  Li,  K,  Na,  H,  may  be 
simply  derived  from  the  first,  but  not  from  the 
second,  formula  given  for  Al.,(Si03)3,  thus 
0:Si:0,:A1.0.Si:0         ,  i     *i  ^ 

6m  '  thinks  that  the  first 

formula  may  be  taken  to  represent  Al„(Si03)3. 
Several  other  metasilicates  may  be  formulated  as 
derived  from  the  Al  salt  by  substituting  metals 
or  basic  groups  for  one  of  the  AlSiOj  groups  ;  or 
many  metasilicates  containing  divalent  metals 
may  bem  ore  simply  derived  from  the  normal 
form  M"SiO„  by  doubling  this  formula  and  then 
replacing  one  M"  in  the  formula  M"M"(Si03)2 
by  other  metals  or  by  basic  groups. 

The  species  albite  and  orthoclase,  AlMSiaO,, 
are  looked  on  by  Clarke  as  derived  from  the 


Al  salt  of  the  acid  H^SisOg  ( =  3SiO.,.2H„0), 
which  acid  has  probably  been  isolated^  in  'the 
same  way  as  many  orthosilicates  are  derived  by 
him  from  the  normal  Al  salt  Al|(SiO^)3.  The 
triclinic  felspars  are  generally  thought  to  consist 
of  mixtures  ranging  between  the  limits  marked 
by  albtte  AlNaSi30s,  and  anorthite  ALCa(SiOj2; 
if  these  formula  are  trebled  and  written  thus 

Anorthite. 
rO.Si:03=Ca,=0,:Si.O  I 
Al  \  O.SilOjIAl   Al:0,:Si.O  ■ 
iO.SilO.,!Al  AhOjiSi.oJ 

Albite. 
(  O.SijO.-Na, 
Al  O.Si30,;Al 
I  O.Si,0  :A1 


Al 


both     silicates    are  repre- 


sented by  strictly  comparable  formula;.  Clarke 
also  draws  attention  to  tlie  fact  that  the  four 
silicates  mjiscovite  6SiO.,.3AL03.K„O.H.,0,  garnet 
3Si02.Al.,03.3CaO,  orthoclase  AlKSi^O^,  and 
tourmaline  4Si02.Al.,03.2M.,03(or  GMOjB.O,,,  are 
very  frequently  associated  in  granite  veins.  By 
halving  the  formula  for  mnscovitc  and  writing 
it  Al.,KH,(Si04):j,  writing  the  formula  for  garnet 
Al.^Ca.,(Si"0j)3,  trebling  the  formula  for  orthoclase 
and  writing  it  Al3K3(Si30j,)3,  halving  the  formula 
for  tourmaline  and  writing  it  Allv(B02)(Si04)o, 
where  R  is  a  metal  or  group  equivalent  to  Al, 
very  suggestive  relationships  are  disclosed  be- 
tween the  four  silicates  ;  thus 


Garnet. 

O.SiSOj/^^^ 
O.SiiO  =A1 


Muscovite. 
(  O.SilOj-KH, 
Al  \  O.SilOjiAl  '  Al 
[  O.Si:03:Al 

Tonrinaline.  Orthoclase. 

fBrOj  fO.SiaOj-K, 

Al  \  O.Si:03;R  Al  O.Si.jOjIAl 

[  0.8ilO,-.U  I  O.SijO^iAl 

In  Am.  S.  for  November  1889  ([3]  38,  384), 
and  A.  C.  J.  May  1893,  Clarke  has  applied  the 
substitution  method,  as  sketched  above,  to  the 
7iiica  group  of  silicates,  and  in  the  same  journal 
for  March  1892  (Am.  S.  [3]  43,  190)  he  has  ap- 
plied the  same  method  to  the  chlorite  group. 

The  micas  all  fall  within  the  limits  of  com- 
position indicated  by  the  two  formulfe 
Al,Ri.,(SiO,)_3  and  AlR,i(Si30,)3.  The  first  for- 
mula is  derived  from  Al,(Si0,|)3  by  substituting 
Al  by  one  trivalent  or  three  monovalent  basic 
radicles  ;  the  second  formula  is  derived  from 
the  hypothetical  salt  Al|(Si309)3  by  substituting 
one,  two,  or  three  Al  atoms  by  equivalent  basic 
radicles.  When  F  is  present  it  is  regarded  as 
forming  part  of  one  or  other  of  the  monovalent 
groups  Mg.F  or  A1:F,.  If  the  ratio  of  0  to  Si  is 
greater  than  40:Si(SiO,|)  the  excess  of  0  is 
looked  on  as  combined  with  metal  to  form  a 
basic  group,  such  as  A1:0  ;  if  the  ratio  of  O  to  Si 
is  less  than  40:Si  the  group  SijO^  is  supposed  to 
be  present.  The  micas  are  all  capable  of  being 
represented  as  isomorphous  mixtures  of  various 
constituents,  the  compositions  of  which  fall 
within  the  limiting  formulae. 

The  chlorites  are  treated  by  Clarke  (I.e.) 
similarly  to  the  micas.  In  Am..  S.  [3]  43,  198 
he  gives  the  following  general  formalte  which 
summarise  the  composition  of  the  chief  micas 
and  chlorites  : — 
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Normal  orthosilieate  Al4(Si04)3. 

Micas. 
Muscovite  Al3(Si04)3R3. 
Normal  Biolite  Al2(SiO.|)3E6- 
Normal  Phlogopite  iAJ^^iO^Ji:^. 
Clintonite  R":0„:Al(Si04)R3. 

Normal  orthosilicate  Mg4(Si04);. 

Chlorites. 
A'phrosiderite  Mg3(Si04)2Ro. 
OrfliochloritM  I  Mg„(Si04).,R4. 

Amesite  0:Mg,(Si04)E2. 

Preparation  of  silicates. — Alkali  silicates 
are  formed  by  dissolving  moist  amorphous  SiO., 
in  boiling  solutions  of  alkalis  or  alkali  carbonates, 
also  by  fusing  SiOj  with.  alkaKs  or  with  alkali 
salts  of  acids  which  volatilise  by  heat.  Many 
other  silicates  are  obtainable  by  double  decom- 
positions between  alkali  silicates  (which  are  sol. 
water)  and  metallic  salt  solutions ;  also  by 
heating  various  metallic  oxides  or  carbonates 
with  SiOo. 

Some  naturally  occurring  silicates  have 
been  prepared  by  the  following  methods : — 1. 
Emerald  BcSiOj,  olivine  Mg.,SiO,,  and  enstatite 
MgSiOs,  by 'heating  SiO^  w'ith  BeO  or  MgO 
mixed  with  boric  acid  in  a  porcelain-oven, 
till  the  boric  acid  volatilised  (Ebelmen, 
A.  Ch.  [3]  22,  211).— 2.  Anorthite  Al2Ca(Si04)2, 
labradorite  3SiO,.Al„03.K.,0,  and  oligoclase 
9SiO„.2Al.,03-2K;,0,'  by  strongly  heating  SiO^ 
with  'K2CO3  in  boric  acid,  or  by  adding  CaO  to 
molten  boric  acid  and  SiO,  at  a  very  high  tem- 
perature (E.,  C.  B.  32,  7i0  ;  Fouquet  a.  L6vy, 
C.  B.  90,  (520).— 3.  Zirconite  ZrSiO^,  and  kyan- 
ite  (A10)2Si03,  by  heating  to  redness  ZrO,  in  ! 
vapour  of  HoSiF^,  or  SiO„  in  vapour  of  AlF, 
(Deville  a.  Caron,  A.  Ch.  [4]  5,  113  ;  Fremy  a. 
Fell,  C.  B.  85,  1032).— 4.  Enstatite  MgSiOs,  and 
leucite  ALK„(Si03)4,  by  heating  Mg,  or  Al  mixed 
with  KOH,  to  low  redness  in  H  and  SiCl4  vapour 
(St.  Meunier,  C.  B.  90,  349,  1009).— 5.  Ortho- 
clase  AlKSiaOg,  alhite  AlNaSijOg,  petalite 
AlLi(Si205)2,  by  fusing  a  mixture  of  AI2O3,  SiO,, 
and  tungstate  or  vanadate  of  K,  Na,  or  Li ;  with 
excess  of  AhO^  leucite  Al,K,(Si03)4  is  obtained 
(Hautefeuille',  C.  B.  90,  3"78,  541).— 6.  Ortho- 
clase  AlKSigOg,  by  heating  Al,03  and  SiO„,  in 
the  ratio  Al,03:6SiO„  with  KYO^  (Hautefeuille 
a.  Perrey,  'C.  B.  107,  786).— 7.  Phenacite 
Be,(SiOj)  mixed  with  a  lithia  felspar,  quarts, 
and  tridymite,  was  obtained  by  heating  for  fif- 
teen days  at  600°-700°  a  mixture  of  4-8  g.  SiO„, 
1-5  g.  BeO,  20  g.  LiVOj,  and  1-5  g.  Li,C03  (H. 
a.  P.,  C.  B.  106,  1800).— 8.  Crystals  of  emerald 
were  prepared  (H.  a.  P.,  C.  B.  106,  1800)  by 
heating  a  mixture  of  12-506  g.  SiO,,  3-58  g. 
AI2O3,  2-64  g.  BeO,  -6  g.  Cr203,  and  92  g.  acid 
Li  molybdate  (ratio  =  Li20:25Mo03) ;  the  mix- 
ture was  placed  in  a  Pt  crucible,  which  was 
heated  in  a  muffle  to  low  redness  for  twenty-four 
hours,  when  the  temperature  was  raised  to  800° 
and  kept  thereat  for  fourteen  days.  The  product 
was  washed  with  water. 

Properties  and  Beactions  of  Silicates. — All  j 
silicates  except  those  of  the  alkalis  are  insol. 
water ;  most  of  them  are  also  insol.  dil.  acids. 
For  the  action  of  water  on  certain  silicates  when 
the  mixtures  were  rapidly  rotated  in  cylindrical  | 


vessels  v.  Daubree  (C.  B.  64,  339).  Many  sili- 
cates are  decomposed  by  evaporation  with 
HClAq  or  HNO.Aq,  with  separation  of  SiOj.a-HoO,, 
which  is  changed  to  Si02  by  heating  somewhat 
above  100°.  Some  of  those  silicates  which  are 
not  thus  decomposed  are  acted  on,  with  separation 
of  SiOj.aHjO,  by  evaporating  with  8  parts  cone. 
H2SO4  and  3  parts  water.  Almost  all  silicates 
are  decomposed  by  heating  with  cone.  HClAq  or 
H,S04  and  a  little  water  in  sealed  tubes  to  c. 
200°.  Heating  with  cone.  HFAq,  or  in  HF  gas,  de- 
composes sihcates  with  formation  of  SiFj ;  when 
a  silicate  is  mixed  with  3  parts  AmF  or  5  parts 
powdered  CaF,,  and  the  mixture  well  moistened 
with  HjSOj,  and  heated  in  a  Pt  dish,  all  the  Si 
is  given  off  as  SiFj.  Fusion  of  a  finely-powdered 
silicate  with  4-6  parts  mixed  K2CO3  and  NaoCOj 
gives  K  and  Na  silicate  (which  is  sol.  water), 
while  the  metal  remains  as  oxide.  Silicates 
which  contain  F  generally  lose  HF  or  silioo- 
fluoride  when  strongly  heated ;  any  alkali  or 
alkaline  metal,  or  Fe  or  Al,  which  was  present 
in  the  silicate  in  combination  with  F  remains 
as  oxide  (Rammelsberg,  W.  7,  146).  Clarke  a. 
Schneider  {A7n.  S.  [3]  40,  303,  405,  452)  have 
studied  quantitatively  the  interactions  of  various 
natural  silicates  with  HCl  gas  and  also  with 
HClAq ;  their  results  make  it  probable  that  in 
the'  magnesian  silicates  gaseous  HCl  attacks 
only  the  Mg  which  is  present  as  the  basic  mono- 
valent radicle  Mg.OH. 

The  following  account  of  individual  silicates 
does  not  refer  to  silicates  which  occur  in  rocks, 
but  only  to  those  salts  which  have  been  pre- 
pared in  the  laboratory ;  the  chief  naturally 
occurring  silicates  that  have  been  prepared 
artificially  are  mentioned  under  the  heading 
Preparation  of  silicates  (supra). 

Barium  silicates.  The  normal  meta-  salt 
BaSi03.a;H20  is  formed  by  ppg.  dil.  Na„Si03Aq 
(v.  Sodimn  silicates,  infra)  by  dil.  BaCl,Aq  or 
Ba(N03)2Aq  ;  not  quite  insol.  hot  water,  easily 
sol.  dil.  HClAq;  retains  water  at  100°  (Ammon, 
J.  1862.  138).  Lefort  (J.  Ph.  [3]  39,  31)  says 
that  Ba0.3Si0„.  3aq  (?  BaH,Si308.  2aq)  is  formed 
by  ppg.  a  dil.  Ba  salt  solution  by  a  dil.  solution 
of  9SiO,.2Na,0. 

Calcium  silicates.  The  compounds 
SSiOj.CaO,  2Si02.CaO,  3SiO„.2CaO,  and 
SiO,.2CaO,  are  said  to  be  produced  by  very 
strongly  heating  mixtures  of  quartz  and  marble 
in  the  proper  proportions.  By  adding  CaCUAq 
to  solution  of  SSiOj.K^O,  a  gelatinous  pp.  is 
obtained  which  becomes  crystalline  after  a 
time ;  dried  at  100°,  the  solid  is  said  to  be 
3SiO,.CaO.  2aq  (?  CaH.SiaOg.  aq).  The  normal 
j  meta-  salt  CaSiOj  is  said  to  be  formed  by  ppg. 
'  Na2Si03Aq  by  dil.  CaCLAq  (v.  A.,  I.e. ;  L.,  I.e.). 
Calcium  silicates  form  the  bases  of  most 
hydraulic  cements  {v.  Cements  in  Dictionaey  of 

APPLIED  chemistry). 

Cerium  silicate.  The  normal  meta-  salt 
Ce(Si03)2  is  said  to  be  formed  by  fusing  Ce 
oxychloride  with  SiO,  and  CaCl,  or  NaCl 
(Didier,  C.  B.  101,  882)'. 

Cobalt  silicate.  The  normal  ortho-  salt 
00,8104  is  formed,  according  to  Bourgeois  (C.  B. 
108,  1177),  by  very  strongly  heating  CoO  with 
CoCl,  and  a  large  excess  of  SiOj. 

Nickel  silicate.  Normal  ortho-  salt  NiaSiO,, 
formed  like  the  Co  salt  (B.,  I.e.). 
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Magnesium  silicate.  The  gelatinous  pp. 
obtained  by  adding  MgCl.,Aq  to  solution  of 
3SiO,.K,0  is  said  to  be  2SiO.,.Mg0.2H20 
(?  MgH.,(SiO.,).,.  aq  acid  meta-  salt)  (Heldt,  J.pr. 
94,  129,  157).  The  normal  meta-  salt 
MgSi03.a;H.,0  is  obtained,  according  to  Ammon 
(^.c),  by  ppg.  Na.SiOaAq  by  dil.  JlgCL.Aq. 

Potassium  silicates.  The  normal  meta-  salt 
K_,SiO:,  is  prepared  by  fusing  1  part  SiO.^  with 
2j  parts  dry  K.,CO^.  If  this  product  is  dissolved 
in  a  little  water,  and  alcohol  is  added,  a  gela- 
tinous pi3.  is  formed,  which,  if  slightly  washed 
and  squeezed,  is  said  to  be  ■lSiO;;.KoO ;  but 
Fremy  (J.  185C.  353)  gives  the  composition 
9SiO.,.2K,0  aq  to  this  pp.,  and  this  is  confirmed 
by  Lefort  (J.  1861.  205). 

The  name  potash  water-glass  is  given  to 
the  mixture  of  K  silicates  obtained  by  fusing 
together  quartz  and  pearlash  in  a  proportion 
about  equal  to  4SiO..K20.  Water-glass  is  a 
clear  transparent  solid,  like  glass  ;  it  is  com- 
pletely sol.  hot  water ;  a  cone,  solution,  with 
c.  28  p.c.  silicate,  is  syrupy,  somewhat  turbid, 
and  has  S.G.  1-25.  The  solution  is  decomposed 
by  acids,  even  by  C0„,  with  separation  of 
SiO.,.KH.,0  ;  alkaline  carbonates  and  chlorides,  es- 
pecially AmCl,  ppt.  SiO.,.a-H,,0 ;  BaO,  SrO,  CaO, 
Al^Ov,  and  PbO  decompose  the  solution,  forming 
a  double  silicate  with  the  whole  of  the  silica  and 
a  portion  of  the  K.  The  solution  yields  pps. 
vdth  solutions  of  most  of  the  salts  of  earth  metals 
and  heavy  metals.  Water-glass  is  also  formed 
by  boiling  SiO.^  with  KOHAq  under  pressure. 

Sodium  silicates.  The  normal  meta-  salt 
Na^SiOj  is  prepared  by  fusing  1  part  SiO.,  with 
If  parts  dry  Na^CO.,.  The  salt  is  obtained 
with  SHoO,  in  monoclinic  crystals,  by  dissolving 
SiO._,  in  an  e<iuivalent  quantity  of  NaOH  in 
solution,  decanting,  evaporating,  as  much  as 
possible  out  of  contact  with  air,  till  NaoCOj 
begins  to  settle  out,  cooling  to  —  22°,  stirring 
till  the  whole  solidifies,  straining  from  mother- 
liquor,  dissolving  in  a  little  water,  and  allowing 
to  stand  (Ammon,  J.  1862.  138 ;  c/.  Ordway, 
Am.  S.  [2]  40,  186).  By  adding  freshly  ppd. 
A10.,H.,  to  a  boiling  solution  of  Na.iSiOj  and 
NaOH,  the  dmible  salt  Na,Si03.Alj(Si04)3  is  ob- 
tained ;  and  the  salt  NaoSi03.Al,,(Si0.j)3  is  ppd. 
by  adding  Na^SiOaAq  to  a  hot  solution  of  alum 
(A.,  I.e.).  Mixtures  of  Na  silicates  are  known  as 
soda  ivatcr-glass  (cf.  supra,  Potash  to ater- glass). 
For  effect  of  time  on  composition  of  solutions  of 
Na  silicates  v.  Kohlrausch  (Z.  P.  C.  12,  773). 

Strontium  silicate.  The  normal  meta-  salt 
SrSiO,,  is  said  to  be  formed  by  adding 
Na.SiO,,Aq  to  dil.  SrCl  ,Aq  (Ammon,  I.e.). 

Thorium  silicates.  The  normal  ortho-  salt 
ThSiO.,  and  the  normal  meta-  salt  Th(SiOj)o  are 
formed,  according  to  Troost  a.  Ouvrard  (C.  B. 
105,  225),  by  fusing  ThO,  with  SiO,  and  CaCL 
and  treating  with  dil.  HClAq.  ThSiO.,  is  not 
isomorphous  with  ZrSiO,,  (T.  a.  O.,  I.e.). 

Zinc  silicates.  The  normal  meta- salt  Zn^iO.^ 
is  obtained  in  rhombic  crystals  by  ppg.  ZnSO.,Aq 
by  Na,,Si03Aq,  ami  strongly  heating  the  dried  pp. 
with  boric  acid  for  several  days  (H.  Traube,  B. 
26,  2735). 

A  systematic  arrangement  of  the  naturally 
occurring  silicates  will  be  found  in  Groth's 
Tahell.  Uebersichte,  pp.  103-151  [3rd  ed.]. 

M.  M.  P.  M. 


SILICIC  ACIDS  V.  Silica,  hydeates  of, 
p.  447). 

SILICIDES.  Binary  compounds  of  Si  with 
metals.  These  compounds  are  formed  (1)  by 
heating  amorphous  Si  with  metallic  chlorides  in 
presence  of  such  a  reducer  as  Na  ;  (2)  by  heating 
K.>SiFgWith  metals  ;  (3)  by  electrolysing  a  mix- 
ture of  an  alkali  fluoride  with  a  metallic  oxide  ; 
(4)  by  heating  metals  with  Si  {v.  Aluminium, 
Cekidm,  Coppee,  Ieon,  Magnesium,  M.inganese, 
Nickel,  Platinum,  silichjes  op).  M.  M.  P.  M. 

SILICO-BORATES.  Certain  minerals  con- 
sist of  comjjounds  of  silicates  and  borates  ;  the 
name  silico-borate  is  sometimes  applied  to  such 
0:Si.O. 

compounds.     Datholite     6      );Ca.CaB„0j.  aq, 
0:Si.O/ 

and  hotryolitc,  the  same  formula  with  2aq, 
are  examples  of  borosilicates.  Tourmalines 
Al(BO.,)(SiOj),Kie  are  also  silico-borates  (R'  may 
be  replaced  by  its  equivalent  of  E"). 

M.  M.  p.  M. 
SILICO-BROMOFORM  SiHBr3.  (Silicon  hy- 
drogen hroni  ide.  Trihromo-silico-mcthane.) 
Obtained,  not  quite  pure,  by  Buff  and  Wiihler 
[A.  104,  99)  by  leading  HBr  gas  over  heated  Si, 
distilling  the  product,  shaking  with  Hg,  and 
distilling  again.  Gattermann  [B.  22,  193)  ob- 
i  tained  pure  SiHBr3  as  follows.  Crude  Mg 
'  silicide,  prepared  as  described  under  Silicon, 
Preparation,  No.  1  (p.  456),  is  freed  from  MgO 
by  powdering,  adding  little  by  little  to  HClAq 
(1:2),  shaking  with  this  acid  for  some  hours, 
washing  till  the  wash- water  is  neutral,  and 
drying  thoroughly.  The  Si  thus  obtained  is 
heated  in  a  tube  in  a  stream  of  HBr,  the  tube 
being  connected  with  a  well-cooled  receiver ;  the 
details  and  precautions  described  under  Silicon 
TETRACHLOBiuE,  Preparation,  No.  2  (p.  458) 
must  be  observed.  The  HBr  required  may  be 
made  by  the  action  of  H,SO,,Aq  on  KBr ;  G. 
used  a  cold  mixture  of  45  c.c.  cone.  H,SO,,  and 
15  c.c.  water,  and  let  this  dro^J  on  to  75  g. 
KBr ;  he  dried  the  gas  by  H.^SO.,.  The  liquid  is 
distilled,  and  then  fractionated  till  a  portion 
boils  at  115°-117°  ;  most  of  the  remainder  boils 
at  c.  153°  and  is  SiBr.,.  A  colourless  liquid, 
boiling  115°-117°;  S.G.  2-7  at  ordinary  tem- 
perature (G.,  I.e.).  Fumes  much  in  air,  and 
takes  fire,  probably  because  the  heat  produced 
in  the  decomposition  of  a  portion  by  the  mois- 
ture of  the  air  suffices  to  start  rapid  oxidation 
(G.,  I.e.).  Ice-cold  water  forms  silico-formic 
j  anhydride  {q.  v.,  p.  455).  Combines  with  PH3, 
when  compressed,  to  form  a  solid,  unstable 
compound  (Besson,  C.  B.  112,  530). 

M.  M.  P.  M. 
SILICO-CHLOROFORM     SiHCl,.  {Silicon 
hydrogen   chloride.  Trichloro-silico-metJiane.) 
Mol.  w.  135-41.    V.D.  67. 

Formation. — 1.  Dry  HCl  gas  is  passed  over 
Si  heated  below  redness ;  the  product  is  con- 
densed in  a  flask  in  a  freezing  mixture  and 
fractionated  (Friedel  a.  Ladenburg,  .1.  143,  118  ; 
cf.  Buff  a.  Wohler,  A.  104,  94).— 2.  Dry  HCl 
gas  is  passed  over  siliceous  pig-iron  containing 
15  p.c.  Si  (Warren,  C.  N.  60,  158). 

Preparation. — Si,  prepared  by  reducing  sand 
by  Mg  (•!;.  Silicon,  Preparation,  No.  1,  -p.  456) 
and  removing  MgO  as  described  under  Silico- 
EROMOFOBM  (supra),  is  carefully  heated  in  a 
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stream  of  dry  HCl  gas  in  a  tube  connected  with 
a  receiver  surrounded  by  a  very  good  freezing 
mixture.  The  directions  given  for  preparing 
SiCl^  must  be  carefully  followed  {v.  Silicon 
TETRAOHiiOEiDE,  Preparation,  No.  2).  [Gatter- 
mann  recommends  to  make  the  HCl  in  a  Kipp's 
generator,  using  cone.  H2SO4  and  fused  NH^CL] 
The  liquid  in  the  receiver  is  fractionated  from  a 
flask  with  a  side  tube  75  cms.  long  ;  if  this 
is  done,  no  condenser  is  required ;  the  flask 
must  be  warmed  by  water  at  90°,  if  a  naked 
flame  is  used  explosions  of  part  of  the  SiHClj 
may  result  (Gattermann,  B.  22,  190). 

Properties  and  Reactions. — A  colourless, 
mobile  liquid,  with  a  very  disagreeable  smell ; 
boils  at  35°-39°  (F.  a.  L.,  I.e.).  Non-conductor 
of  electricity. 

The  vapour  takes  fire  very  easily  in  air,  e.g. 
by  bringing  a  hot  glass  rod  to  the  mouth  of  a 
vessel  in  v/hich  a  little  SiHCl^  has  been  shaken. 
Mixture  of  the  vapour  with  air  is  explosive. 
Decomposed  to  Si  and  HCl  by  passing  through 
a  narrow  tube  heated  to  redness.  Water  at  0° 
forms  SijOgH.^  (v.  Silicofoeiiic  anhydeidb,  p. 
455)  and  HCl ;  at  the  ordinary  temperature 
SiO.jCrHjO,  HClAq,  and  H  are  produced.  Chlorine 
reacts  at  ordinary  temperatures,  forming  SiCl^ 
and  HCl ;  bromine  reacts  similarly  at  100°. 
Alcohol  produces  SiH(0Et)3  {v.  Silicon  tetka- 
HYDRiDE,  Preparation,  No.  1,  p.  4G0).  Combines 
with  phosphorus  hydride,  under  pressure,  to 
form  a  solid  unstable  body  (Besson,  C.  R.  112, 
530).  M.  M.  P.  M. 

SILICO-ETHANE,  PENTA-BROMO-  DERI- 
VATIVE OF,  SijHBr,.  {Disilicon  hydrogen 
pentahroviide.  Pentahromo-silico-ethane.)  In 
making  SiBr^  by  passing  SiH^  into  Br,  Malin 
[J.  Z.  5,  163)  obtained  a  solid  in  the  form  of 
white  needles,  melting  at  89°  and  boiling  (out 
of  contact  with  air)  at  230°,  and  giving  numbers 
on  analysis  agreeing  with  the  formula  Si^HBrj. 
Takes  fire  when  heated  in  air.    M.  M.  P."  M. 

SILICO-FLTJORHYDRIC  ACID  H.SiPgAq. 
{Hydrofluo silicic  acid.)  Known  only  in  aqueous 
solution. 

Preparation. — SiF^,  prepared  by  the  inter- 
action of  CaFo,  SiO,,  and  HoSO,  [v.  Silicon 
TETBAELUORiDE,  p.  459),  is  passed  into  water,  the 
exit  tube  dipping  beneath  a  little  Hg  in  the 
bottom  of  the  vessel  which  contains  the  water ; 
the  vessel  is  shaken  frequently  to  break  up  the 
gelatinous  silica  which  forms  in  the  water ; 
when  the  liquid  becomes  thickish  from  separated 
silica,  it  is  filtered  through  linen,  the  silica  is 
pressed,  and  more  SiF^  is  passed  into  the  fil- 
trate, as  before. 

(1)  SiF,  +  3H,0  +  Aq  =  SiO.,.H,0  +  4HFAq  ; 

(2)  4HFAq  +  2SiF„  =  2H,SiF,Aq.  The  solution 
of  HjSiFg  may  be  evaporated  in  a  Pt  vessel  tUI 
it  contains  c.  34  p.c.  of  the  acid. 

To  prepare  the  acid  solution  on  a  large  scale, 
Tessi6  du  Mothay  recommends  to  fuse  a  mixture 
of  fluorspar,  silica,  and  charcoal  in  an  oven, 
and  to  lead  the  gas  that  is  given  off  through 
condensers  containing  water ;  c.  68  p.c.  of  the 
F  in  the  fluorspar  is  thus  obtained  as  H2SiFg 
(C.  C.  1868.  432). 

Properties  and  Eeaciiows.— HjSiFgAq  is  a 
strongly -acid  liquid,  smelling  like  HClAq,  and 
burning  the  skin.  If  kept  in  glass  vessels  it 
gradually  withdraws    alkali,  lime,   and  iron 


oxide  (H.  Eose,  P.  80,  403).  Truchot  (C.  R.  98, 
821)  gives  H.F.  [SiFV^HFAq]  =  17,000  (c/. 
Sabatier,  A.  Ch.  [5]  22,  91).  Thomsen  gives 
[SiO-Aq,6HFAq]  =  32,800 ;  and  the  heat  of 
neutrahsation  as  [H-SiF''Aq,2NaOHAq]  =  26,600 
{Th.  1,  236).  The  following  table  is  given  by 
Stolba  (/.  pr.  90,  193) :— 


S.G. 

P.c. 

S.G. 

P.c. 

HaOlI'aA.q 

1"0040 

0-5 

1-1559 

18 

I'OOSO 

1 

1-1653 

19 

I'OIGI 

2 

1-1748 

20 

1"0242 

3 

1-1844 

21 

1"0324 

4 

1-1941 

22 

1*0407 

5 

1-2038 

23 

1  u4yi 

6 

1-2136 

24 

1-0576 

7 

1-2235 

25 

1-0661 

8 

1-2335 

26 

1-0747 

9 

1-2436 

27 

1-0834 

10 

1-2537 

28 

1-0922 

11 

1-2639 

29 

1-1011 

12 

1-2742 

30 

1-1100 

13 

1-2846 

31 

1-1190 

14 

1-2951 

32 

1-1281 

15 

1-3056 

83 

1-1373 

16 

1-3162 

34 

1-1466 

17 

The  S.G.  for  any  percentage  of  H^SiF^,  when 
9!.  =  number  of  half-per-cents.,  is  given  by  the 

formula  ;  S.G.  =  1  +  n-OOi  +  Vi^-^flt^. 
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By  passing  SiF^  into  fau-ly  cone.  HFAq  until 
the  liquid  is  saturated,  hard,  colourless,  very 
hygroscopic  crystals  of  the  hydrate  H,SiF„.2H20 
separate  ;  the  crystals  melt  at  19°,  and  decom- 
pose at  a  higher  temperature  (Kessler,  C.  R.  90, 
1285). 

H.jSiFgAq  acts  as  a  dibasic  acid  (the  heat  of 
neutrahsation  confirms  this),  giving  salts  M'.SiFi; 
and  M^'SiFe ;  with  excess  of  a  strongly  basic 
metallic  oxide  it  forms  metallic  fluoride  and 
SiO.,.H„0-thus 

H„SiF,Aq  +  SK^O  =  SiOj.Hp  -f  6KFAq. 

HjSiFgAq  is  decomposed  by  cone.  HjSOj, 
also  by  HCl  gas,  with  formation  of  SiF^  and 
withdrawal  of  water.  Boric  acid  separates 
Si02.a;H„0  and  ioxms  fluoboric  acid  {q.v.,  vol.  i. 
p.  530). "  M.  M.  P.  M. 

SILICO-FLTJORIDES.  (Hydrofluosilicates.) 
Salts  of  HjSiFg  (v.  preceding  article).  These 
salts  are  formed  by  dissolving  various  metals — 
e.g.  Fe  or  Zn — in  HoSiF^Aq,  or  by  neutrahsing 
the  acid  solution  by  the  proper  quantities  of 
basic  oxides  or  hydroxides  ;  if  excess  of  a 
strongly  basic  oxide  is  added  to  H2SiF^Aq, 
SiOo.HjO  is  separated  and  a  fluoride  is  formed. 
Most  of  the  silicofluorides  are  sol.  water ;  the 
salts  of  Ba,  K,  Na,  Ce,  and  a  few  elements 
allied  thereto,  are  only  slightly  sol.  water  and 
insol.  alcohol.  Aqueous  solutions  of  silico- 
fluorides have  an  acid  reaction  to  litmus.  Sihco- 
fluorides  are  generally  decomposed  by  heat, 
giving  of!  SiFj  and  leaving  fluorides ;  heated 
with  AmCl,  metallic  chlorides  remain  (Stolba, 
J.  pr.  101,  157).  Some  sUioofluorides  are  de- 
composed by  heating  strongly  with  Fe  or  K, 
forming  fluoride  and  Si.  Cone.  H2SO4  evolves 
H.,SiF„,  when  heated  HF  is  given  off ;  cone. 
HClAq  and  HNOjAq  react  similarly,  but  more 
slowly  and  less   completely  ;   but  H^SiF^Aq 
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partially  decomposes  most  chlorides  and  nitrates 
in  solution.  Truchot  (C.  B.  98,  821,  1330)  gives 
the  heats  of  formation  of  alkali  silicofluorides. 

M.  M.  P.  M. 

SILICO-FORMIC  ACID.  By  the  action  of 
■water  on  (?)  SiL,  Friedel  a.  Ladenburg  [A.  203, 
247)  obtained  a  white  solid  that  gave  ofE  H 
when  treated  with  KOHAq;  the  amount  of  H 
obtained  agreed  fairly  well  with  the  formula 
SiH^O„.  If  this  formula  is  correct,  the  com- 
pound is  probably  the  Si  analogue  of  formic 
acid.  M.  M.  P.  M. 

SILICO-PORMIC     ANHYDRIDE  H^SiA 

HSi:0 

=     0       This  body  represents  among  Si  com- 
HSi:0. 

pounds  the  hypothetical  formic  anhydride 
HC:0 

0  Prepared  by  slowly  distilling  SiHClj 
HC:0. 

into  water  kept  at  0°,  filtering  quickly  the  solid 
that  separates,  washing  with  ice-cold  water, 
drying  in  vacuo  over  H^S04  and  then  at  150°  ; 
the  SiHClj  is  distilled  from  a  small  flask  and 
the  distillation-tube  is  fused  on  to  an  in- 
verted funnel  which  dips  beneath  the  water ; 
2SiHCl3-f  3H„0  =  (5HCl-f  Si„H„0,,  (Friedel  a. 
Ladenburg,  A.  143,  118;  cf.  Buff  a.  Wohler, 
A.  104,  101 ;  also  Gattermann,  B.  12,  186).  A 
white,  amorphous,  light  powder  ;  floats  in  water, 
sinks  in  ether  ;  si.  sol.  water.  Does  not  decom- 
pose at  300°,  but  at  higher  temperatures  it 
glows  and  gives  off  H  which  takes  fire  ex- 
plosively ;  burns  when  heated  in  0,  emitting  a 
brilliant  light ;  burns  when  heated  in  a  covered 
crucible,  with  formation  of  some  amorphous  Si. 
Heated  in  tube,  SiH^  is  given  off  and  a  thin 
layer  of  amorphous  Si  remains.  Not  acted  on 
by  acids,  except  HFAq  which  dissolves  it  with 
rapid  evolution  of  H.  Alkali  and  alkali  car- 
bonate solutions,  including  NH^Aq,  dissolve  this 
compound,  giving  off  H,  and  forming  alkali 
sQicates.  A  freshly-prepared  aqueous  solution 
of  B[.,Si203  acts  as  an  energetic  reducer  ; 
AuCljAq  is  reduced  to  Au ;  Pd  salts  probably 
to  Pd  mixed  with  Pd  silicate  ;  SeO,,Aq,  SC^Aq, 
TeOjAq,  and  HgCkAq  are  reduced  to  Se,  S,  Te, 
and  HgCl.  CrO.,Aq,  indigo  solution,  and  salts 
of  Pt  and  Ir  are  not  reduced. 

The  substance  obtained  by  Wohler,  by  the 
action  of  light  and  water  on  the  body  he  named 
siZicowe('y.  Silicon,  compounds  of,  with  hydeogen 
AND  oxygen,  p.  459),  and  called  by  him  leukon 
{A.  127,  268),  and  also  the  substance  called  by 
Geuther  silicimn  oxide  (J.  pr.  95,  424),  are  pro- 
bably identical  with  SioHoO.,.      M.  M.  P.  M. 

SILICO-IODOFOEM*  SiHI^.  {Silicon  hy- 
drogen iodide.  Tri-iodo-silico-jnctliane.)  For- 
mula probably  molecular,  from  analogy  of  SiHClj. 
Obtained  in  small  quantities  by  the  interaction 
of  HI  and  crystalline  Si  at  red  heat  (Buff  a. 
Wohler,  A.  104,  ',)9) ;  better  p;:eparedby  diluting 
the  HI  vapour  with  H  ;  the  product,  which  is  a 
mixture  of  Sil,  and  SiHI^,  is  repeatedly  frac- 
tionated ;  Sil,  boils  at  290°,  SiHIj  at  c.  200°.  A 
mixture  of  Sil4  and  SiHI,  is  also  obtained  by 
heating  SiH,  with  I  (Mahn,  J.  1869.  248).  A 
colourless,  refractive  liquid  ;  S.G.  3"362  at  0°, 
3-314  at  20°  ;  boils  at  c.  200°.  Water  produces 
SisH^O,  (Friedel,  A.  149,  96)  (v.  Silico-formic 
AUHTiDEiDE,  supro).  M.  M.  P.  M. 


SILICO-MOLYBDATES.  Compounds  con- 
taining SiO^,  MoOj,  and  basic  radicles  ;  v.  Molte- 
DATES,  vol.  iii.  p.  427. 

SILICON.  Si.  (Silicimn.)  At.w.  28-3  ;  mol.  w. 
unknown.  H.F.  [Si,  0'']  =219,240  amorphous 
Si;  211,120  crystalline  Si  (Troost  a.  Haute- 
feuille,  C.  R.  70,  252).  C.E.  (linear  at  40°) 
•00000763  (Fizeau,  C.  B.  68,  1125).  For  other 
properties  v.  Properties,  p.  456. 

Historical. — The  existence  of  a  special  earth 
in  rooks  that  could  be  melted  to  glass-like  sub- 
stances was  indicated  by  Pott  in  1746.  Scheele 
{Opuscula,  2,  67)  and  Bergmann  (Opuscula, 
2,  26)  showed  that  this  earth  could  not  be 
changed  into  lime  or  alumina  ;  Smithson  in  1811 
found  that  the  earth  acted  like  an  acid ; 
Berzelius,  in  1823,  isolated  the  element  of  this 
earth,  and  in  1854  Deville  obtained  the  same 
element  in  crystalline  form.  The  new  element 
was  shown  to  resemble  carbon  by  the  researches 
of  Buff  and  Wohler  and  of  Friedel  and  Laden- 
burg. The  name  silicon  was  given  from  acidum 
silicum  or  silex. 

Occurrence. — Si  is  not  found  uncombined  ; 
compounds  of  Si  are  very  widely  distributed  in 
vast  quantities ;  next  to  oxygen.  Si  (in  com- 
bination) is  the  most  widely  distributed  element. 
Silicates  occur  in  very  many  rocks  and  soils  and 
in  plant-ashes ;  SiO.^  is  found  in  many  mineral 
springs  and  in  sea- water  (Forchhamnier,  Pr.  E. 

2,  303  ;  Bunsen,  A.  62,  7,  25),  and  in  small 
quantities  in  various  animal  organisms  (von 
Gorup-Besanez,  4.  61,  46;  Henneberg,  A.  61, 
261).  Si  is  found  in  pig-iron ;  it  is  generally 
supposed  to  exist  therein  as  crystallised  Si,  but 
the  experiments  of  Jordan  a.  Turner  (G.  J.  49, 
215)  make  it  probable  that  the  Si  is  combined 
with  Fe  as  a  silicide. 

Formatimi. — Amorphous  silicon. — 1.  By 
passing  the  vapour  of  SiCl^  over  heated  K,  re- 
moving excess  of  SiCl4  by  a  current  of  dry  air, 
and  washing  out  KCl  with  water  (Berzelius, 
Lehrh.  (1st  ed.)  3,  327).— 2.  By  passing  vapour 
of  HoSiFg  over  heated  K,  washing  with  water, 
heating  the  residue  in  a  covered  crucible  (to 
remove  H  and  C),  washing  with  HFAq  (to 
remove  SiO.,)  and  then  with  water  (B.,  I.e.). — 

3.  By  heating  a  mixture  of  KjSiFg  and  K,  and 
washing  with  water  (B.,  I.e.) ;  Wohler  (A.  104, 
107)  heats  a  mixture  of  NaoSiFe  with  NaCl  and 
Na.— 4.  By  heating  Mgin  SiF,  vapour  (Warren, 
C.  N.  58,  215).— 5.  By  reducing  SiO.^  by  heating 
with  Mg  (v.  Preparation,  No.  1).— 6.  By  elec- 
trolysing a  fused  silicate  in  a  carbon  crucible, 
with  Pt  as  the  positive,  and  gas-carbon  as  the 
negative,  electrode  (Hampe,  Glicm.  Zeitung,  12, 
841).  Crijstalline  silicon. — 7.  By  heating  a 
mixture  of  K.,SiFc,  Na,  and  Zn  (v.  Preparation, 
No.  2).— 8.  By  reducing  K-SiF^  or  a  silicate  by 
Al  {v.  Prepiaration,'tlo.  3).— 9.  Bypassing  H  and 
SiClj  vapour  over  Zn  heated  to  redness  in  a 
porcelain  tube  (Beketoff,  Bl.  1,  22).— 10.  By 
heating  a  mixture  of  SiOj,  K^CO^,  Iceland  spar, 
and  Na  (Deville,  A.  Ch.  [3]  49,  62).— 11.  By 
passing  vapour  of  SiFj  or  SiCl^  over  Si  heated  to 
redness  (Troost  a.  Hautefeuille,  C.  R.  73,  443).— 
12.  By  passing  vapour  of  SiCl,  over  heated  Na,  or 
Al,  and  heating  the  product  (Si  with  excess  of  Na 
or  Al)  in  a  carbon  crucible  (Deville,  A.  Gh.  [3] 
49,  62). — 13.  Apiece  of  siliceous  pig-iron  is  con- 
nected with  the  positive  pole  of  a  battery  and 
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immersed  in  dilute  H^SO^Aq,  in  whicli  a  Pt  plate 
connected  with  the  negative  pole  of  the  battery 
is  also  placed  ;  after  some  hours  the  iron  has 
dissolved  ;  the  mixture  of  graphite,  amorphous 
Si  and  SiO,  which  remains  is  heated  to  full 
redness  for  some  time  with  Zn  and  the  fused 
mass  is  treated  with  dilute  HClAq  (Warren, 
C.  N.  57,  54). 

Preparation.  —  Amorphous  silicon. — 
1.  An  intimate  mixture  of  10  g.  Mg  powder  and 
40  g.  thoroughly  dry  sand  is  placed  in  a  test- 
tube,  of  fairly  thick  glass,  c.  2-3  cms.  dia- 
meter and  c.  15  cms.  long;  the  tube  is 
heated  throughout  by  a  large  flame,  and  then 
the  lower  part  is  very  strongly  heated,  when 
reduction  quickly  occurs.  If  the  tube  is  gradu- 
ally moved  downwards  so  that  one  part  is 
strongly  heated  after  another,  the  whole  of  the 
SiOj  is  reduced  in  a  few  minutes.  The  contents 
of  the  tube  are  shaken  out,  pulverised,  and 
treated  with  HClAq  (1:2),  the  solid  being  added 
■to  the  acid  in  small  successive  quantities  (to 
prevent  explosion  from  evolution  of  SiHj) 
(Gattermann,  B.  22,  186).  Crystalline 
silicon. — 2.  A  mixture  of  15  parts  dry  KjSiFs, 
20  parts  dry  granulated  Zn,  and  4  parts  dry 
Na  in  small  pieces  is  placed  in  a  clay  crucible, 
which  is  covered  and  heated  to  redness  ;  when 
the  reduction  of  the  KoSiPu  is  effected  (there  is 
a  visible,  but  not  violent,  reaction)  the  tempera- 
ture is  raised  till  the  mass  melts,  care  being 
taken  not  to  heat  to  the  b.p.  of  zinc,  else  con- 
siderable loss  will  occur.  The  crucible  is  broken 
when  cold,  the  regulus  is  heated  to  the  m.p.  of 
zinc,  the  molten  zinc  is  poured  off,  and  SiO.,,  Zn, 
&o.,  are  removed  by  treatment,  in  succession, 
with  cone.  HClAq,  cone,  boiling  HNO^Aq,  and 
HFAq.  The  Si,  mixed  with  a  little  K.SiF,, 
thus  obtained  is  placed  in  a  crucible  and 
covered  with  a  layer  of  powdered  glass ;  the 
crucible  is  set  inside  another,  and  heated  to  the 
m.p.  of  pig-iron  (c.  1100°).  When  all  is  melted 
the  crucible  is  allowed  to  cool  to  dull  redness 
and  is  then  plunged  into  water  ;  the  regulus  is 
separated  from  the  slag,  and  is  treated  with 
HFAq  and  then  washed  with  water  (Caron, 
A.  Ch.  [3]  63,  26  ;  Deville  a.  C,  A.  Ch.  [3]  67, 
485).— 3.  A  mixture  of  1  part  Al  with  20-40 
parts  thoroughly  dry  K^SiF^  or  Na.,SiFe  is 
heated  to  c.  950°  in  a  Hessian  crucible,  and  the 
contents  are  kept  molten  for  o.  a  quarter  of  an 
hour ;  the  crucible  is  broken  when  cold,  the 
regulus  is  separated,  crushed,  heated  with  cone. 
HClAq  as  long  as  H  is  given  off,  then  with 
HFAq,  and  washed  with  water  and  dried 
(Wohler,  A.  97,  261).  Or,  a  mixture  of  10  parts 
powdered  cryolite  and  5  parts  K^SiOj  or  pow- 
dered glass  is  divided  into  two  equal  parts  ;  one 
part  is  placed  in  a  Hessian  crucible,  1  part  Al 
is  added,  the  rest  of  the  mixture  is  placed  over 
this,  and  the  whole  is  heated  to  redness  for  half 
an  hour.  The  regulus  is  treated  with  cone. 
HClAq,  HNOjAq,  &c.,  as  directed  above. 

Properties. — Si  exists  as  a  brown  amorphous 
powder,  and  also  as  greyish-black,  very  lustrous, 
octahedral  crystals. 

Amorphous  silicon  is  a  lustirous,  brown 
powder,  which  adheres  to  the  fingers  or  to  glass 
tenaciously.  The  S.G.  hasnot  been  determined, 
but  the  powder  is  heavier  than  oil  of  vitriol ;  it 
is  a  non-conductor  of  electricity ;  burns  when 


heated  in  air  or  0,  but  the  SiOo  formed  soon 
stops  the  process ;  dissolves  in  cold  HFAq, 
forming  SiF^  and  H  ;  also  dissolves  in  warm 
alkali  solutions  ;  is  oxidised  with  incandescence 
when  thrown  into  molten  nitre  ;  combines  with 
S  when  warmed  therewith.  After  being  strongly 
heated  in  a  covered  Pt  crucible,  and  the  SiOj 
formed  has  been  removed  by  HFAq,  amorphous 
Si  is  a  dark  chocolate-brown  powder,  which  is 
not  burnt  by  heating  in  air  or  0,  is  insol. 
HFAq  and  boiling  alkali  solutions,  does  not 
combine  with  S,  and  is  not  acted  on  by  molten 
KNO3  or  KCIO3. 

Crystalline  silicon  is  obtained  in  leaflets 
or  needles.  The  leaflets  are  opaque,  very 
lustrous,  metal-like,  greyish  black,  resembUng 
grapliite ;  they  consist  of  regular  octahedra. 
The  needles  are  also  octahedral.  Crystalline 
Si  has  S.G.  2-49  at  10°  (Wohler,  /.  9,  437)  ; 
2-194  to  2-197  (Winkler,  17,  208).  Scratches 
glass,  but  not  topaz.  According  to  Deville  (C.  R. 

,  39,  321)  crystalline  Si  '  conducts  electricity  like 
graphite.'  M.P.  between  those  of  pig-iron  and 
steel,  i.e.  between  c.  1100°  and  c.  1300°.  Crystal- 
line Si  is  not  changed  when  heated,  even  to 
whiteness,  in  O ;  it  is  unacted  on  by  HFAq ; 
dissolves  in  warm  alka,li  solutions  ;  combines 
with  S  vapour.  When  heated  in  the  electric  arc 
crystalline  Si  melts  and  then  boils,  and  the 
ends  of  the  electrodes  become  covered  with 
crystals  of  SiC  (Moissan,  C.  B.  117,  423). 

For  the  lines  in  the  emission  spectrum  of 
Si  V.  B.  A.  1884.  441. 

DevUle  (A.  Ch.  [3]  49,  70)  thought  that  a 
graphite-like  form  of  Si  existed  different  from 
the  ordinary  crystalline  (or  diamond-like)  form ; 

I  but  Miller  (P.  M.  [3]  31,  397)  showed  that 
both  the  leaflets  and  the  needles  consisted  of 
octahedra.  Kopp  (A.  Suppl.  5,  72)  found  dif- 
ferences between  the  specific  heats  of  crystalline 
Si  and  the  graphite-like  form  prepared  by  the 
interaction  of  K,SiF„  and  Al,  and  these  differ- 
ences were  confirmed  by  Winkler  [J.  pr.  91, 
198). 

Warren  (C.  N.  63,  46)  thought  he  had  ob- 
tained a  crystalline  form  of  Si  (oblique  octa- 
I  hedra)  different  from  the  ordinary  by  the  action 
of  impure  Al  on  K.,SiFg  at  a  very  high  tem- 
perature ;  he  described  the  crystals  as  very 
perfect,  and  sometimes  half-an-inch  across  the 
faces. 

Specific  heat  of  silicon.  Kopp,  Eegnault, 
and  others  obtained  values  for  the  S.H.  of  Si 
varying  from  -138  to  -173  at  c.  30°-100°.  In 
1875  Weber  (P.  M.  [4]  49,  161,  276)  showed 
that  S.H.  of  crystallised  Si  increased  rapidly 
from  —40°  to  c.  200°,  and  attained  an  almost 
constant  value  at  the  latter  temperature. 
Weber's  results  gave  the  following  values  for 
S.H.  of  crystallised  Si : — 

Temp.  S.H. 

-  40°  -136 

+  57  -1833 

128  -196 

184  -2011 

232  -2029 

The  atomic  weight  of  Si  has  been  determined 
(1)  by  finding  the  ratio  of  Si  to  SiOj  formed 
therefrom  (Berzelius,  P.  1,  226  [1824])  ;  (2)  by 
converting  BaSiF^  into  BaSO^  (B.,  P.  8,  20 
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[1828])  ;  (3)  by  ppg.  CI  in  SiCl,  by  Ag  (Pelouze, 
C.  H.  20,  1047  [1845]  ;  Dumas,  A.  Ch.  [3]  55, 
183  [1859])  ;  (4)  by  converting  SiCl,  into  AgCl 
{Schiel,  A.  120,  94  [1861]) ;  (5)  by  decomposing 
SiBr^  by  water  and  determining  SiO,  produced 
(Thorpe  a.  Young,  C.  J.  51,  576  [1887"])  ;  (6)  by 
finding  V.D.  of  SiH,,  SiCI,,  SiBr,,  SiF„  etc.  ; 
(7)  by  determining  S.H.  of  Si.  The  atom  of  Si 
is  tetravalent  in  the  gaseous  molecules  SiH4, 
SiClj,  SiBr^,  SiF^,  SiHClj,  &c.  The  molecular 
weight  of  Si  is  unknown. 

Si  is  closely  related  to  C,  and  less  closely  to 
Ti,  Ge,  Zr,  Sn,  Ce,  Pb,  and  Th  {v.  Carbon  geoup 

OF  ELEMENTS,  VOl.  1.  p.  682). 

Reactions  aiul  Combinations. — I.  Amor- 
phous silicon  which  has  not  been 
heated. — 1.  Heated  in  air  or  oxygen  burns  to 
SiO,,  which  coats  the  Si,  so  that  the  process 
soon  stops. — 2.  Heated  with  snlphiir  forms  SiS, 
(Berzelius). — 3.  In  molten  nitre  forms  potas- 
sium silicate,  with  incandescence. — 4.  Dissolves 
in  cold  solution  of  fluorhydric  acid  to  form 
SiF4  and  H. — 5.  Dissolves  in  cone,  alkali  solu- 
tions on  warming,  forming  H^SiOjAq  (or 
NaoSiOjAq)  and  H.  For  differences  between 
amorphous  silicon  before  and  after  heating, 
V.  Properties  of  amorphous  silicon,  p.  456. — 
n.  Crystalline  silicon. — 6.  Is  not  acted  on 
by  oxygen,  nor  by  fluorhydric  acid. — 7.  Heated 
m  dry  chlorine  forms  SiCl^ ;  in  bromine  vapour 
forms  SiBrj ;  in  a  mixture  of  iodine  vapour  and 
CO.,  forms  Sil, ;  takes  fire  in  fljiorine,  forming 
SiF',  (Moissan,  C.  B.  103,  256)."— 8.  Heated  with 
sulphur  vapour  forms  SiS,. — 9.  Strongly  heated 
in  nitrogen  forms  Si3N4. — 10.  Heated  to  c.  800° 
in  a  mixture  of  oxygen  and  chlorine,  Si.,OCl,.  is 
formed  (Troost  a.  Hautefeuille,  Bl.  [2]  35,  360). 
11.  Dissolves  slowly  in  warm  alkali  solutions  of 
medium  concentration,  giving  off  H. — 12.  Burns 
when  heated  with  alkali  carbonates,  separating 
C,  and  giving  off  CO. — 13.  SiS.,  is  produced 
(according  to  Sabatier,  Bl.  [2]  88,  153)  by  heat- 
ing to  bright  redness  in  hydrogen  sulphide. — 
14.  Schutzenberger  (C.  B.  114,  1089)  obtained 
a  mixture  of  SijN,  and  a  carbide  (to  which  he 
gives  the  formula  SiC)  by  heating  to  bright  red- 
ness, in  a  carbon  crucible  placed  inside  another 
crucible  packed  with  lamp-black,  a  mixture  of 
1  part  Si  and  2  parts  SiO.^. — The  following  re- 
actions apiply  generally  to  silicon. — 15.  Heated 
in  hydrogen  chloride  SiHCL,  is  formed ;  in 
hydrogen  iodide  mixed  with  H,  SiHI.,  is  pro- 
duced ;  and  SiHBr3  is  obtained  by  heating  in 
hydrogen  bromide. — 16.  Heated  with  silicon 
tetrachloride,  Si.^Clu  (and  ?SiCl2)  is  formed. — 
17.  Oxidised  by  hydrogen  iodide  solution  {v. 
Ditte,  Bl.  [2]  13,  322).— 18.  With  molten  caustic 
soda  or  potash,  H  is  given  off  and  a  silicate 
formed ;  similar  but  slower  reactions  occur  with 
baryta  and  lime  (v.  Berzelius,  A.  49,  247). — 
19.  Heated  with  several  metallic  oxides,  such  as 
PbO  or  Ag^O,  reduction  occurs,  generally  with 
formation  of  a  silicide.  If  a  mixture  of  pow- 
dered Si,  Al,  and  PbO  is  heated,  a  violent  ex- 
plosion occurs. — 20.  According  to  Colson  (Bl.  [2] 
38,  56),  Si.^C.jO  is  formed  by  heating  Si  in  carbon 
dioxide  ;  SiS,  SiSO,  and  Si^C^S  are  formed  by 
heating  Si  to  white  heat  in  carbon  disulphidc ; 
SiCO.,  is  formed  by  heating  with  benzene ;  and 
SijCjO,,  is  produced  when  Si  is  heated  to  ivhite- 
ness  in  a  carbon  crucible. 


Silicon,  amidonitride  of.  By  the  interaction 
of  NH.,  and  SiCl^  or  SiF^  Harris  (C.  C.  1889  [ii.] 
283)  obtained  a  snow-white  powder,  to  which  he 
gave  the  formula  Si.NHj.N. 

Silicon,  carbide  of.    According  to  Schutzen- 
berger [C.  B..  114,  1089),  a  compound  of  Si  and 
C,  having  the  composition  of  SiC,  is  formed 
along  with  a  little  Si^N.,,  by  placing  a  mixture 
!  of  1  part  crystallised  Si  and  2  jjarts  SiO.^  in  a 
j  covered  gas-carbon  crucible,  imbedding  this  in 
!  lamp-black  in  a  larger  crucible,  and  this  again 
!  in  more  lamp-black  in  another  larger  crucible, 
and  heating  to  bright  redness  for  some  hours  ; 
j  boiling  with  m.oderately  cone.  HFAq  dissolves 
i  SiO.,  and  SijN^,  and  leaves  the  SiC.    Heated  to 
low  redness  io  chlorine,  SiC  is  said  to  give  SiCl4 
and  C.  Moissan  {C.B.  117,  425)  obtained  colour- 
less crystals  of  SiC  by  fusing  C  and  Si  in  an  elec- 
tric furnace.    The  crystals  are  very  hard,  act 
strongly  on  polarised  light,  S.G.  3'12  ;  they  are 
not  acted  on  by  0  or  S  vapour  at  1000°  ;  CI  be- 
gins to  react  at  c.  600°  and  the  action  is  com- 
plete at  1200°  ;  the  crystals  are  not  acted  on  by 
boiling  HClAq,  HNO.,,  H.SO,,  aqua  regia,  or  a 
I  mixture  of  HNO^  and  HFAq,   nor  by  fused 
KNOj  or  KC10.J ;  molten  KOH  gradually  forms 
j  KoCO.;  and  K  silicate. 

I       Silicon,  bromides  of.     Two  bromides  of  Si 

I  are  known,  SioBrg  and  SiBr4. 

DisiLicoN  HEXABEOJiiDE  SijBrg.  (SiUcon  tri- 
bromide  SiBrj.)  Formula  probably  molecular 
from  analogy  of  SioClg.  A  colourless  liquid, 
boiling  at  c.  240°.  Formed  by  adding  the  proper 
quantity  of  Br  to  Si.Js  in  CS._,,  pouring  off  from 

;  I,  purifying  by  shaking  with  Hg,  filtering  in  dry 

'  air,  and  fractionating  (Friedel  a.  Ladenburg,  A. 

i  203,  254). 

j  Silicon  tetrabromide  SiBr4.  Mol.  w.  pro- 
!  bably  347-3. 

I       Preparation. — Amorphous  Si,  prepared  as 
described  under  Silicon,  Preparation,   No.  1 
(p.  456),  after  being  partially  purified  from  SiO._. 
by  HClAq,  washing,  and  drying,  is  heated  in  a 
[  glass  tube,  while  Br  vapour  is  passed  over  it ; 
j  the  tube  passes  into  a  small  flask,  vfhich  is  sur- 
!  rounded  by  cold  water.    A  mixture  of  SiBi-j  and 
i  Br  collects  in  the  flask ;   this  is  fractionated, 
!  and  the  last  traces  of  Br  are  removed  by  shaking 
]  with  Hg  and  distilling  (Gattermann,  B.  22,  186). 
SiBrj  may  also  be  prepared  by  heating  a  mix- 
ture of  SiOo  and  C  (c/.  Silicon  tetrachloride, 
p.  458)  in  Br,  shaking  with  Hg,  and  fraction- 
ating (Serullas,  P.  24,  341  ;  modified  by  Eey- 
nolds,  C.  J.  51,  590). 

Properties  and  Beactions.  —  A  colourless 
liquid,  having  a  disagreeable  odour,  and  fuming 
I  much  in  air.    S.G.  2-8128  at  0°.    B.p.  153-4°  at 
762-5  mm.  (Pierre,  A.  Ch.  [3]  20,  26 ;  Freyer  a. 
!  Meyer,  Zeit.  filr  anorqan.  Chcmie,  2,  1);  148°  to 
i  150°  (Serullas,  I.e.).  'Solidifies  at  c.-12°.  (F.  a. 

L.,  I.e.).  Decomposed  by  loater  to  HBrAq  and 
i  SiO.,;  shaken  with  cone,  sulphuric  acid,  slowly 
changes  to  Br  and  SiOo.  Heated  to  250°  with  lead 
oxide  gives  PbBr._,  and  Pb  silicate  (Friedel  a. 
Ladenburg,  A.  147,  362).  Ammonia  probably 
forms  SiBr4.NH3  (Persoz,  A.  Ch.  [2]  44,  315). 
Phosphorus  hydride  forms  a  white  amorphous 
comijound,  by  repeated  compression  with  SiBr4, 
the  pressure  being  maintained  for  some  hours 
(Besson,  0.  B.  110,  240). 

For  the  compounds  SiBr3H  and  SiiBr^H  v. 
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SlIilCOBEOMOFOEM,     and     SlMCO-ETHANE,  PENTA- 

BKOMo-  DEErvATiVE  OF,  pp.  453,  454. 

Silicon,  bromochlorides  of.  Three  compounds 
of  Si  with  Br  and  CI  have  been  isolated.  The 
V.D.  of  SiBrjCl,  and  also  that  of  SilirCla,  has 
been  determined ;  the  formulfe  of  all  are  pro- 
bably molecular. 

Silicon  bromo-tkichloeibe  SiBrCls.  Mol. 
■w.  214-16.  A  colourless  liquid,  boiling  at  c. 
80°,  fuming  in  air,  and  decomposed  by  water. 
Prepared  by  heating  Br  and  SiHCla  at 
100°;  SiHCl3  +  Br,,=  SiBrCl3  +  HBr  (Friedel  a. 
Ladenburg,  A.  145,  187).  Also  by  the  inter- 
action of  Br  and  SiClaSH  (?  SiCljSH  +  3Br 
=  SiBrCl3-i-SBr-fHBr)  (F.  a.  L.,  Z.c.  p.  179). 
V.D.  104-7  at  c.  130°  (F.  a.  L.,  I.e.).  Keacts 
■with  NH.,  to  form  an  amorphous  compound, 
2SiBrCl3.11NH3,  easily  decomposed  by  water 
(Besson,  C.  B.  112,  788). 

Silicon  dibeoiio-dichloeibe  SiBrjClj.  A 
colourless  hquid,  boiling  at  103°-105°,  and  not 
solidifying  at  —60°.  Prepared  by  heating 
SiHClj  and  Br  above  100°  (F.  a.  L.,  I.e.).  Also 
by  passing  the  vapour  of  HBr  and  SiCl^  through 
a  red-hot  porcelain  tube  (Besson,  I.e.).  Com- 
bines with  NH,  to  form  SiBi-jCL.SNHj,  decom- 
posed by  water. 

Silicon  teibeosio-chloeide  SiBrjCl.  Mol. 
w.  302-92.  A  colourless  liquid,  fuming  in  air, 
boiling  at  140°-141°,  not  solidifying  at  -40°; 
S.G.  2-432.  V.D.  150-5  at  c.  185°  (Keynolds, 
C.  J.  51,  590).  Obtained,  along  with  SBr^,  by 
passing  Br  vapour  over  a  mixture  of  SiO^  and 
C  heated  in  a  wind-furnace,  passing  dry  H 
through  the  warm  product,  shaking  with  Hg, 
and  fractionating  (E.,  Z.c).  Besson  (G.  B.  112, 
788)  seems  to  have  obtained  the  same  com- 
pound, along  with  SiBr.^Clj,  by  passing  the 
vapours  of  HBr  and  SiClj  through  a  red- 
hot  porcelain  tube.  B.  gives  the  b.p.  126°- 
128°,  and  m.p.  —39°;  he  says  a  compound 
SiBrgCLllNHa  is  formed  by  interaction  with 
NH3. 

Silicon,  bromo-iodides  of,  v.  Silicon  iodo- 

BKOMIDES,  p.  461. 

Silicon,  chlorides  of.  Two  chlorides  of  Si 
have  been  isolated  with  certainty,  SioClg  and 
SiClj ;  these  formulas  are  molecular.  There  are 
indications  of  the  existence  of  another  chloride, 
SiCL. 

Silicon  hexaciiloeide  SijClg.  (Silicon  tri- 
chlwide  SiClj.)    Mol.  w.  268-22. 

Preparation. — 1.  By  heating  HgClj  with 
Sijg,  fractionating,  and  distilling  the  portion 
boiling  at  146°-148°  from  HgCl.,  (Friedel  a. 
Ladenburg,  A.  203,  253).— 2.  Vapour  of  SiClj  is 
passed  over  Si  kept  molten  in  a  jjorcelain  tube 
(3SiCl4-)- Si  =  2Si,,Cls) ;  the  product  is  rapidly 
cooled,  and  fractionated  from  SiCl,,  Si  oxy- 
ehlorides  (and  ?  SiCL)  (Troost  a.  Hautefeuille, 
A.  Ch.  [5]  7,  459). 

Properties.  —  A  colourless,  mobile  liquid, 
boiling  at  146°-148°  ;  S.G.  1-58  at  0°  ;  solidifies 
at  —14°  to  large  leaflets,  which  melt  at  1°  (F.  a. 
L.,  l.e.).  V.D.  140  at  c.  240°  (T.  a.  H.,  I.e.). 
Fumes  in  air,  decomposed  by  water;  vapour 
takes  fire  when  SijCl^  is  heated  in  air. 

Reactions  and  Combinations. — 1.  Decom- 
posed to  SiCl,  and  Si  by  heat  in  a  closed  tube ; 
decomposition  is  extremely  slow  at  350°,  nearly 
complete  at  800°  ;  heated  rapidly  above  1000° 


the  dissociation-pressure  falls ;  the  compound 
is  stable  below  350°  and  above  1000°  (T.  a.  H., 
Z.c). — 2.  Decomposed  by  water.  At  ordinary 
temperatures  products  remain  in  solution,  and 
are  ppd.  by  NH3Aq  ;  at  0°  SijH^O^  is  formed  (v. 
SiLico-oxALic  ACT),  p.  463)  (F.  a.  L.,  Z.c). — 
3.  Caustic  potash  forms  SiO.,  and  gives  off  H 
(F.  a.  L.,  A.  203,  254). — 4.  Phosphorus  hydride 
is  changed  to  the  solid  hydride  at  — 10°  (Besson, 
C.  R.  110,  516). — 5.  Combines  with  ammonia 
to  form  Si2Cl6.5NH3  (B.,  I.e.). 

Silicon  tetkachloride  SiCl4.  Mol.  w. 
169-78.  Boils  at  57-57°  at  760  mm.  pressure 
(Thorpe,  C.  J.  37,  327).  S.G.  %  1-52408  (T., 
Z.c).  V.D.  85-5  at  100°  (Dumas,  A.  Ch.  [2]  33, 
368).  S.H.  of  SiCl,  vapour,  at  90°  to  234°, 
=  "1322,  at  constant  pressure,  referred  to  equal 
weight  of  water ;  -12,  at  constant  volume,  re- 
ferred to  equal  weight  of  water  (Regnault,  Aead^ 
26,  1).  Eegnault  (Z.c)  gives  the  vapour-pres- 
sures of  SiCl4  as  follows : — 

Temp.  Vapour-pressure. 
—  20°  .       .       .    26-49  mm.  mercury 


-10  . 

.  46-46 

0  . 

.  78-02 

-flO  . 

.  125-90 

20  . 

.  195-86 

30  . 

.  294-49 

40  . 

.  429-08 

50  . 

.  607-46 

60  . 

.  837-23 

H.F.  [Si.Cl^]  =  157,640  (Troost  a.  HautefeuiUe,. 
A.  Ch.  [5]  9,  70). 

Formation. — 1.  By  passing  dry  CI,  or  HCl 
gas,  over  a  mixture  of  SiO.,  and  C  at  full  red 
heat  (Oerstedt,  B.  J.  6,  119  ;'Deville,  A.  Ch.  [3] 
43,  23).  According  to  Weber  (P.  112,  649)  C  is 
not  necessary  if  the  temperature  is  high  enough. 
2.  By  heating  crystalline  Si,  or  Si  containing 
H,  in  CI  (Berzelius,  C.  J.  4,  91).  — 3.  Favre 
(C.  R.  107,  339)  heats  impure  Si,  and  passes 
HCl  and  vapour  of  naphthalene  over  it. — 4.  By 
heating  iron  containing  c.  15  p.c.  Si  in  CI 
(Warren,  C.  N.  60,  158). — 5.  By  passing  vapour 
of  BCI3  over  SiO,  heated  to  dull  redness 
(4BCI3  +  3Si02  =  3SiCl4  +  2BA ;  Troost  a.  Haute- 
feuille, A.  Ch.  [5]  7,  476). 

Preparation. — 1.  Amorphous  SiO,  is  mixed 
with  an  equal  weight  of  lampblack,  and  the 
mixture  is  made  into  a  paste  with  oil.  Small 
pellets  are  made  of  this  paste ;  these  are  im- 
bedded in  charcoal  powder,  and  strongly  heated, 
j  The  dry  pellets  are  placed  in  a  porcelain  tube, 
!  which  is  heated  to  very  bright  redness  in  a  fur- 
nace while  a  stream  of  CI  (dried  by  H2SO4  and 
then  by  CaCL)  is  passed  through.  The  exit 
end  of  the  porcelain  tube  is  connected  with  a 
U-tube,  from  the  bottom  of  the  bend  of  which 
a  short  tube  passes  down  into  a  small  flask ;  the 
U-tube  and  small  flask  are  surrounded  by  a 
freezing  mixture.  The  SiCl^  which  condenses 
in  the  flask  is  shaken  in  a  dry  flask  with  Hg 
and  a  few  pieces  of  K,  and  then  distilled  with 
sodium. 

L.  Meyer  (A.  270,  238)  recommends  the  use 
of  charcoal-powder  in  place  of  lampblack,  and 
starch-paste  rather  than  oil. — 2.  Gattermann 
{B.  22,  186)  places  impure  amorphous  Si  (con- 
taining some  Mg,  &c.),  prepared  as  described 
under  Silicon,  Preparation,  No.  1,  in  a  tube  c 
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2  cms.  wide,  leaving  a  space  of  c.  1  cm. 
above  the  Si  along  the  tube  ;  he  bends  this  tube 
at  right  angles,  and  connects  it  with  a  U-tube 
placed  in  a  freezing  mixture ;  he  then  jjasses 
dry  CI  through  the  apparatus,  while  he  heats 
the  tube,  laid  in  an  iron  trough  in  a  gas-furnace 
so  that  the  tips  of  the  flames  just  touch  the 
iron  trough.  The  temperature  must  not  get 
too  high,  else  the  Si  glows,  and  MgClj  and  0 
are  formed,  and  the  0  oxidises  the  Si  to  SiO,. 

Properties. — A  colourless,  very  clear,  and 
very  mobile  liquid,  with  a  disagreeable  odour 
resembling  that  of  cyanides  ;  reddens  litmus ; 
fumes  in  moist  air.  Does  not  become  viscid 
at  -75°  (Haase,  B.  26,  10.52). 

Reactions  and  Combinations. — 1.  Heated  to 
redness  with  hydrogen  a  little  SiHClj  is  formed 
(Friedel  a.  Ladenburg,  Bl.  [2]  12,  92).— 2.  Oxy- 
chlorides  are  produced  by  the  action  of  oxygen 
under  the  influence  of  induction  sparks  (Troost 
a.  Hautefeuille,  A.  Ch.  [5]  7,  465).— 3.  SiCl^  is 
decomposed  by  passing  the  vapour  with  dry  air 
through  a  white-hot  tube,  giving  Si^OCl^  and 
CI  (F.  a.  L.,  I.e.).  Berthelot  (A.  Ch.  [5]  15, 
185)  says  that  SiO^  is  also  produced. — 4.  Water 
produces  H.^SiO,  and  HClAq. — 5.  Hydrogen 
sulphide  forms  SiCl;,.SH,  when  SiCI^  and  H^S 
are  passed  through  a  red-hot  tube  (F.  a.  L.,  A. 
145,  179  ;  Pierre,  A.  Ch.  [3]  24,  300).— 6.  Many 
metals — e.g.  K,  Na,  Zn,  Ag — withdraw  all  CI 
from  SiCl^  when  heated  to  redness  in  vapour  of 
SiCl,  (F.  a.  L. ;  cf.  Eauter,  A.  270,  235).— 
7.  Most  metallic  oxides  form  SiO._,  and  metallic 
chlorides  when  heated  with  SiCl^  (R.,  I.e.) ;  CaO, 
MgO,  A1„0^,  and  BeO  form  silicates  and  ci'ystal- 
hne  SiO,;  (Daubree,  C.  B.  39,  135) ;  TiO.^  is  not 
changed'  (T.  a.  H.,  A.  Ch.  [5]  7,  476).— 8.  De- 
composed by  heating  with  alkali  carbonates, 
potassium  chlorate  or  nitrate,  and  various  oxid- 
ising salts  (R.,  I.e.). — 9.  SiO.^  and  HCl  are  pro- 
duced by  reaction  with  sulphuric  acid.  — 
10.  Ammonia  forms  SiCl4.6NH.,  (Persoz,  A.  Ch. 
[2]  44,  315)  ;  also,  according  to  Gattermann  (B. 
22,  194),  Si.NH,.N.— 11.  Phosphorctted  hydro- 
gen does  not  react  at  ordinary  temperatures  ; 
but  at  —40°  c.  40  vols,  of  PH.,  are  absorbed  by 
SiClj,  forming  a  solution  which  does  not  solidify 
at  -60°  (Besson,  C.  R.  110,  240).  A  colourless 
crystalline  compound  is  produced  by  compress- 
ing PH3  and  SiCl4  and  then  decreasing  pressure 
to  20  atmospheres  at  10°  (B.,  l.c.).—Vi.  Heated 
with  sodium  silicate,  NaCl  is  formed.  If  SiCl^ 
vapour  is  passed  through  a  tube  containing 
fragments  of  felspar,  at  a  white  heat,  KCl,  SiO^, 
and  SijOClg  are  formed  (F.  a.  L.,  I.e.). 

For  the  compound  SiHClj  v.  Silico-chloro- 
FOBM,  p.  453. 

?  Silicon  dichlokide  SiCl.,.  In  the  prepara- 
tion of  Si.,Cl,.  by  the  reaction  of  SiCl4  with  Si, 
Troost  a.'  Hautefeuille  (A.  Ch.  [5]  7,  463)  ob- 
tained a  liquid  which  took  fire  when  heated  in 
air,  and  reacted  with  ice-cold  water  to  form  a 
hydroxide  of  Si  having  reducing  properties. 

Silicon,  chlorobromides  of,  v.  Silicon  bromo- 

CHLORIDES,  p.  458. 

Silicon,  chlorohydrosulphide  of,  SiCl,.SH. 

(Trichloro-silico-mereaptan.)     Mol.  w.  167'39. 
This  compound  may  be  looked  on  as  a  deriva- 
tive  of    hypothetical     ortho-thio-silicic  acid 
Si{SH),„  obtained  by  replacing  3SH  by  301. 
Prepared  by  passing  dry  H^S  into  SiCl^  in  a 


retort,  and  then  passing  the  mixed  vapours  of 
HjS  and  SiCl,  through  a  red-hot  porcelain  tube 
connected  with  a  receiver  surrounded  by  a 
freezing  mixture,  and  fractionating  the  liquid 
that  condenses  (Friedel  a.  Ladenburg,  A.  145, 
179).  Colourless  liquid,  with  sharp,  disgusting 
smell ;  boils  at  96°  ;  S.G.  1-45.  V.D.  83-5  at  c. 
167°.  Decomposed  by  moist  air,  more  rapidly  by 
luater,  to  H,,S,  S,  HClAq,  and  SiO,..TH,0 ; 
bromine  produces  SiBrCl.,  and  HBr.  Alcohol  in 
excess  forms  Si(0Et)4,  H„S,  and  HCl ;  by  react- 
ing in  the  ratio  3EtOH  :  SiClj.SH,  F.  a.  L.  (I.e.) 
obtained  a  liquid  boiling  at  164°-167°,  probably 
Si(0Et)3.SH  ;  this  liquid  could  not  be  obtained 
pure,  as  it  changed  to  Si(OEt)j,  HCl,  and  HjS. 
Silicon,  chloro-iodides  of,  v.  Silicon  iodo- 

CHLORIDES,  p.  461. 

Silicon,  compounds  of,  with  carbon  and 
oxygen.  According  to  Colson  {Bl.  [2]  38,  56),  the 
compound  SiCOj  is  formed  by  heating  Si  with 
benzene  vapour,  the  compound  Si.CjO^  by  heat- 
ing Si  to  whiteness  in  a  carbon  crucible,  and 
the  compound  SijC.p  by  heating  Si  in  CO.,. 

Silicon,  compound  of,  with  carbon  and 
sulphur.  Colson  [Bl.  [2]  38,  56)  says  that  a 
compound,  to  which  he  gives  the  formula 
SijCjS,  is  produced  by  heating  Si  to  a  white  heat 
in  CS;  vapour. 

Silicon,  compounds  of,  with  hydrogen  and 
oxygen.  The  compounds  of  the  form  SiO.^..TH.O 
are  described  under  Silica,  hydrates  of  (p.  447)  ; 
the  compounds  Si.^H^O^  and  SijHoOj  are  de- 
scribed as  silico-formic  anhydride  and  silico- 
oxalic  acid  respectively  (pp.  455,  463).  Wohler 
(A.  127,  257)  obtained  a  substance,  by  the  de- 
composition of  impure  Ca  silicide  by  HCIAq,  to 
which  he  gave  the  name  silicone,  and  either  the 
composition  Si^H^O,  or  SisH.iO,.  On  account  of 
the  yellow  colour  of  this  body.  Miller  proposed 
to  call  it  chryseone.  Silicone  is  described  as 
orange-yellow  leaflets,  insol.  water,  alcohol,  CS_., 
SiClj,  or  PCI3 ;  when  heated  below  redness  it 
takes  fire,  burning  to  SiO.,  and  amorphous  Si ; 
heated  out  of  air,  H  is  given  off  and  SiO,_,  and 
amorphous  Si  remain ;  not  acted  on  by  CI, 
fuming  HNO-i,  or  cone.  H2SO4 ;  caustic  alkali 
solutions,  even  dilute  NHjAq,  produce  SiO.^  with 
rapid  evolution  of  H ;  acts  as  an  energetic 
reducer  towards  solutions  of  many  metallic 
salts. 

Silicon,  fluorides  of.  The  existence  of  any 
compound  of  Si  and  F  except  SiF,  is  doubtful. 
Troost  a.  Hautefeuille  {A.  Ch.  [5]  7,  464)  ob- 
tained a  fine  dust  by  passing  SiF^  over  molten 
Si  and  suddenly  cooling,  which  was  probably  a 
lower  fluoride  than  SiF^. 

Silicon  tetraeluoride  SiFj.    Mol.  w.  104'3. 

Formation.— 1.  By  passing  BF.,  vapour 
through  a  red-hot  porcelain  tube  (Troost  a. 
Hautefeuille  {A.  Ch.  [5]  7,  464).— 2.  By  the  ."n- 
teraction  of  HFAq  and  SiO,  or  silicates. 

Preparation. — A  fair-sized  flask  is  one-third 
filled  with  a  mixture  of  equal  parts  of  powdered 
CaF.,  and  quartz  or  white  sand ;  sufficient 
cone.  H.SO^  is  added  to  thoroughly  moisten 
the  mixture ;  the  flask  is  gently  warmed,  and 
the  gas  that  comes  off  is  collected  over  Hg 
(2CaF.,  -I-  2H.,S04  +  SiO.,  =  2CaS0.,  +  2H,0  +  SiF^). 

Properties. — A  colourless  gas,  with  a  dis- 
agreeable odour  and  sour  taste ;  reddens  dry 
litmus  paper  ;  fumes  strongly  in  air.   V.D.  51-9 
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(Dumas,  A.  Ch.  [2]  33,  368).  Condensed  to  a 
colourless  mobile  liquid  at  —  106'5°  and  9  atmos. 
pressure  (Faraday,  T.  1845.  155).  According  to 
Olszewski  {M.  5,  127)  SiP^  solidifies  at  - 102°. 
Acts  as  a  powerful  poison  {v.  Cameron,  Dublin 
J.  of  Med.  Sci.  Jan.  1887). 

Reactions. — 1.  Decomposed  by  electric  sparks 
with  separation  of  Si  (T.  a.  H.,  C.  R.  43,  443).— 
2.  Potassium  and  iron,  when  hot,  burn  in  SiF,, 
forming  fluorides  and  Si. — 3.  Moist  air  forms 
Si-AF-OH  (Landolt,  A.  Suppl.  4,  27,  and  v. 
DiJiETAsiLicic  FLUOKHYDRiN,  infra). — 4.  V/atcr 
absorbs  SiFj,  forming  SiOj.xHjO  and  H2SiF,.Aq 

{v.     SlIiICOFLDOKHYDBIC    ACID,    p.  454). — 5.  Am- 

7nonia  forms  SiFj.2NH3  (J.  Davy,  T.  1812.  352) ; 
also,  according  to  Harris  (C.  C.  1889  (ii.)  283), 
SiNHj.N  (v.  Silicon  amidonitbide,  p.  457). 

Combinations. — 1.  Combines  with  dry  phos- 
^horetted  hydrogen,  when  the  gases  are  strongly 
compressed  at  —  22°  and  50  atmospheres  in  the 
ratio  2PH3:3SiF4,  to  form  lustrous  crystals 
(Besson,  C  R.  110,  80).— 2.  Alcohol  absorbs 
SiF,  freely,  forming  an  acid  liquid  which  gives 
off  SiF^in  the  air  (Knop,  /.  1858.  146).— 3.  SiF, 
is  absorbed  by  many  metallic  oxides. 

Dimetasilicic  fluorhydrin  SijOj.OH.F. 
Landolt  (A,  Suppl.  4,  27)  obtained  this  com- 
pound as  a  white  crystalline  solid  {v.  also  Schiff, 
/.  1865.  196). 

Silicon,  haloid  compounds  of.  The  com- 
pounds of  Si  with  halogens  belong  to  the  forms 
SijXj  and  SiX, ;  the  compounds  SiX,,  where  X 
is  a  single  halogen,  have  been  gasified,  and  the 
compound  SijClg  has  also  been  gasified.  The 
formula;  are  probably  all  molecular.  There  are 
also  indications  of  the  existence  of  some  com- 
pounds of  the  type  SiXj.  Besides  the  com- 
pounds where  X  is  a  single  halogen,  there  exist 
the  compounds  SiXX'3,  SiX^X'o,  and  SiX'X3, 
where  X  and  X'  are  Br  and  CI,  I  and  CI,  and  I 
and  Br  respectively  ;  the  only  one  of  these  com- 
pounds that  has  been  gasified  is  SiBrgCl. 

Silicon,  hydrides  of.    The  compound  SiH, 
has  been  isolated  and  examined.    The  exist-  i 
ence  of  another  hydride,  probably  SioHj,  is  j 
likely. 

Silicon  tetbahydride  SiH,.  (Silicixiretted 
hydrogen.)  Mol.  w.  32-3.  Si  and  H  do  not 
combine  directly,  even  in  the  electric  arc 
(Friedel,  C.  R.  73,  497). 

Formation. — 1.  Al  containing  Si  is  made  the 
positive  pole  in  NaClAq  (Buff  a.  Wohler,  A.  103, 
218).— 2.  Crude  Mg  silicide  is  decomposed  by 
dilute  HClAq  (w.  Preparaiiow).  These  processes 
yield  mixtures  of  SiH,  and  H. — 3.  By  the 
reaction  of  Na  with  SiH(0Et)3  {v.  Prepara- 
tion). 

Preparation. — 1.  Small  pieces  of  Na  are  ^ 
dropped  into  SiH(0Et)3  {v.  infra),  and  the  liquid  j 
is  gently  warmed ;  the  escaping  gas  is  allowed  1 
to  drive  out  the  air  (if  the  Na  or  SiH(0Et)3  was  ; 
moist  H  comes  off,  and  the  gas  takes  fire),  and 
is  then  collected  over  Hg  (Friedel  a.  Ladenburg, 
143,  123).    The  SiH(0Et)3  is  prepared  by  adding 
dry  absolute  alcohol  to  pure  SiHClj,  in  a  long- 
necked  flask,  in  the  ratio  3EtOH  :  SiHClj,  dis- 
tilling after  some  time,  and  collecting  the  liquid 
that  boils  from  134°  to  137°.— 2.  Impure  SiH„ 
mixed  with  considerable  quantities  of  H,  is  pre- 
pared by  placing  coarsely-pulverised  crude  Mg 
silicide  (for  preparation,  v.  infra)  in  a  small 


tvfo-necked  flask,  fitted  with  a  funnel  tube  and 
a  short  wide  delivery  tube  ;  the  flask  and  de- 
livery tube  are  quite  filled  with  water  from 
which  all  air  has  been  driven  out  by  boiling,  the 
delivery  tube  is  made  to  dip  under  boiled  water, 
and  the  bell-jar  to  receive  the  gas  is  filled  with 
boiled  water ;  cone.  HClAq  is  added,  little  by 
little,  by  the  funnel  tube.  The  gas,  which 
comes  off  very  rapidly,  is  collected  in  a  bell-jar 
fitted  with  a  stop-cock  ;  this  jar  is  then  con- 
nected with  a  IJ-tube  containing  CaClj  and 
carrying  a  short,  narrow  piece  of  glass  tubing, 
which  is  made  to  dip  under  a  dry  vessel  full  of 
Hg.  By  depressing  the  bell-jar,  the  gas  is 
forced  out ;  it  burns  in  the  tubes  till  the  air  is 
exhausted,  when  it  passes  into  the  vessel  full  of 
Hg,  where  it  is  collected. 

Preparation  of  the  crude  Mg 
silicide.  A  mixture  of  1  part  finely-powdered, 
dry,  white  sand  and  1\  parts  Mg  powder  is 
!  heated  in  a  stout  glass  tube ;  reduction  takes 
place  with  production  of  much  light,  and  a  blue- 
grey,  semi-molten  mass  is  obtained  (Gattermann, 
B.  22,  186).  For  other  methods  of  preparing 
the  Mg  silicide  required,  v.  Wohler  (A.  137, 
369),  Warren  (0.  N.  58,  215),  and  Mermet  {Bl. 
[2]  47,  306). 

Properties. — A  colourless  gas  ;  insol.  water  ; 
liquefied  at  —11°  and  50  atmos.,  —7  and  70 
atmos.,  or  —  1°  and  100  atmos.  pressure  (Ogier, 
A.  Ch.  [5]  20,  5).  V.D.  15-9  (F.  a.  L.,  A.  143, 
123).  H.F.  [Si,H*]  =32,900  (0.,Z.c.).  Does  not 
react  with  N,  NO,  NH3,  H,SO,Aq,  or  HClAq. 

Reactions. — 1.  Decomposed  completely  to  Si 
and  H  by  heating  to  above  400°  (0.,  I.e.). — 2.  In- 
duction sparks  cause  increase  of  volume  from 
100  to  121-129 ;  H  is  produced,  and  yellow 
solid  separates,  probably  Si.H3  (v.  Disilicon  tei- 
HYDEiDE,  infra).  —  3.  SiHj  takes  fire  in  air 
when  slightly  heated,  or  when  the  pressure  is 
decreased ;  if  the  pure  gas  is  passed  into  a 
tube  filled  with  Hg,  the  pressure  is  lowered  to 
100-150  mm.,  and  air  is  admitted,  the  gas  takes 
fire  (F.  a.  L.,  I.e.).  The  gas  as  prepared  from 
Mg  silicide  is  mixed  with  H,  and  takes  fire 
in  air  at  ordinary  temperature  and  pressure. — 

4.  Burns  in  chlorine  with  violent  explosion. — 

5.  Cone,  potash  solution  forms  K„Si03  and  H ; 
the  volume  of  H  is  four  times  that  of  the  SiH, 
(SiH,  -f  2K0HAq  +  H^O  =  K.Si03  +  8H)  (F.  a.  L., 
I.e.). — 6.  Eeduces  solutions  of  many  metallic 
salts  ;  ppts.  Ag  and  Si  from  AgN03Aq,  Pd  from 
Pd  salts,  Cu  silicide  from  CuSO,Aq,  &c.  Does 
not  react  with  PtCl^Aq  or  Pb(C,H30,),Aq.— 
7.  The  action  of  electric  discharges  on  SiH, 
mixed  luith  nitrogen  produces  NH3,  and  (?)  Si2H3 
which  combines  with  some  of  the  N  (Ogier, 
A.  Ch.  [5]  20,  31). 

Disilicon  trihydkide  SijH,.  This  formula 
is  given  by  Ogier  (A.  Ch.  [5]  20,  31)  to  a  yellow 
solid  obtained  by  the  action  of  induction  sparks 
on  SiH,.  The  composition  of  the  substance  is 
somewhat  doubtful.  It  takes  fire  when  rubbed 
or  h(  at  I'd  in  air  ;  heated  in  H  or  N,  inflammable 
SiH,  is  produced,  or  at  higher  temperatures  Si 
and  H  are  formed. 

Silicon  hydrogen  bromides  v.  Silico-beomo- 
FOEM,  p.  453,  and  Silico-ethane,  pentabbomo- 
DERivATivE  OP  (SijHBr  J,  p.  454. 

Silicon  hydrogen  chloride  v.  Silico-chloeo- 
roBM,  p.  453. 
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Silicon  hydrogen  iodide  v.  Silico-iodoform, 
p.  45.5. 

Silicon,  hydroxides  of,  v.  Silica,  hydeates 
OF,  p.  447  ;  SiLico-FOKMic  ACID,  p.  455 ;  Silico- 

FOr.JIIC  ANHYDEIDE,  p.  455  ;     SiLICO-OXALIC  ACID, 

p.  463  ;  and  Silicone,  under  Silicon,  compounds 

OF,   WITH  HYDROGEN  AND  OXYGEN,  p.  459. 

Silicon,  iodides  of.  Two  compounds  have 
been  isolated,  Sil.,  and  Si.,!,;,  and  a  third,  wliich 
is  probably  Sil._„  seems  also  to  exist. 

Silicon  tetea-iodide  Sil,.  Mol.  w.  534-42. 
Melts  at  120-5°;  boils  at  290°.  V.D.  at  300° 
=  268-5.    H.F.  [Si,?-*]  =  58,000  (Berthelot). 

Preparation. — 1.  The  crude  product  obtained 
by  reducing  a  mixture  of  4  parts  fine  white  sand 
by  heating  with  1  part  Mg  powder  (v.  Silicon, 
Preparation  of,  No.  1,  p.  456)  is  strongly  heated 
in  a  mixture  of  dry  CO.,  and  I  vapour,  in  a  tube 
which  projects  c.  20  em.  from  the  furnace ;  Sil^ 
collects  in  the  cold  part  of  the  tube,  it  is  dis- 
solved in  CS2  (1  part  CS.^  dissolves  0.  2-2  parts 
Sil,),  shaken  with  Hg  till  colourless,  and  the 
CS.j  is  evaporated  by  passing  dry  CO..  through 
it  at  the  lowest  possible  temperature  (Gatter- 
mann,  B.  22,  190).— 2.  A  mixture  of  CO,  and  I 
vapour  is  passed  over  Si  strongly  heated  in  a 
porcelain  tube ;  the  Sil,,  that  collects  in  the 
cold  part  of  the  tube  is  purified  as  in  1  (Friedel, 
A.  149,  96). 

Properties  and  Reactions. — Colourless,  trans- 
parent, regular  octahedra ;  isomorphous  with 
CI4.  (For  M.P.,  &c.,  V.  supra.)  The  vajjour 
burns  when  heated  in  air,  with  separation  of  I. 
Water  produces  SiO„.a;H,0  and  HIAq.  Alcoliol 
forms  EtI,  HI,  and  SiO^'  Ether,  at  100°,  pro- 
duces Si(OEt)<  and  EtI  (F.,  I.e.). 

Silicon  hexa-iodide  Si.J,j.  Formula  pro- 
bably molecular,  from  analogy  of  Si.>Cl„.  Pre- 
pared by  heating  Sil4  with  finely-divided  Ag 
(formed  by  reducing  AgCl)  to  290°-300°  for 
some  hours,  removing  Silj  by  washing  with  a 
little  dry  CS,,  (1  part  CS.^  dissolves  c.  -20  parts 
SiJu  and  c.  2-2  parts  Sil,,),  dissolving  in  much 
hot  CS,^,  and  crystallising  (Friedel  a.  Ladenburg, 
A.  203,  254).  Colourless,  six-sided,  double  re- 
fractive plates.  Melts  at  250°  in  vacuo,  with 
partial  decomposition.  When  heated,  decom- 
poses to  Sil^,  and  a  substance  that  is  probably 
Sil.,.  Fumes  in  air ;  with  water  gives  H^Si.^Oj 
and  HIAq. 

Silicon  di-iodide.  The  yellow  solid  that  is 
formed  by  heating  Sil4  is  probably  Sil, ;  it  is 
insol.  in  the  ordinary  solvents;  with  water  becomes 
grey,  perhaps  forming  H,SiO.,  {v.  Silico-foeiiic 
acid,  p.  455)  (Friedel  a.  Ladenburg,  A.  203,  247). 

For  the  compound  SiHIj  v.  Silico-iodoform, 
p.  455. 

Silicon,  iodobromides  of.  Three  compounds, 
corresponding  with  the  three  bromochlorides  and 
the  three  iodochlorides,  are  formed  by  passing 
IBr  (alone  or  mixed  with  H)  over  crystalline  Si 
heated  to  dull  redness  ;  also  by  passing  the 
vapour  of  a  solution  of  I  in  SiBr.,  over  crystal- 
line Si  at  a  low  red  heat  (Besson,  G.  R.  112, 
1447).  The  compounds  are  solids  which  decom- 
pose in  air  with  separation  of  I ;  they  all 
combine  with  NH3  to  form  white  compounds 
that  are  decomposed  by  water. 

Silicon  iodoteibeomide  SilBi-j.  Melts  at 
14°  and  boils  at  192°.  Prepared  as  desciibed 
above,  also  (probably)  by  the  interaction  of  I  and 


'  SiHBr,  at  200°-250°,  also  by  passing  HI  over 
SiBr,,  heated  to  low  redness  (B.,  I.e.). 

Silicon  di-iododibeomide  SiljBr.,.  Melts  at 
c.  38°  and  boils  at  230°-231°. 

Silicon  tri-iodobeomide  SiI,Br.  Melts  at 
c.  55°  and  boils  at  c.  255°. 

Silicon,  iodochlorides  of.  Three  compounds 
have  been  isolated,  corresponding  with  the  three, 
bromochlorides,  and  the  three  iodobromides. 
The  V.D.  of  none  has  been  determined,  but  from 
the  analogy  with  the  bromochlorides  the  sim- 
plest formulas  are  probably  molecular. 

Silicon  iodotrichloride  SilCl.,.  Obtained  by 
passing  HI  mixed  with  SiCl^  vapour  through  a 
red-hot  tube,  also  by  the  interaction  of  HI  and 
SiHCL,  at  200°-250°,  also  by  distilling  ICl  over 
crystallised  Si  heated  to  redness  (Besson,  C.  R. 
112,  60,  1314).  A  colourless  liquid,  boiling  at 
113°-114°  ;  fumes  in  air  ;  decom^josed  by  water ; 
I  separates  on  standing,  especially  in  sun- 
light. With  NH.,  forms  white  amorphous 
2SiICl.,.llNH,. 

Silicon  di-iododichloeide  SiLCl.,.  Formed 
from  HI  and  SiCl„  also  from  ICl  and  Si ;  also  by 
I  heating  HI   with  SiI,,Cl  at  250°.  Colourless 
liquid,  boiling  at  172°.    With  NH.,  forms  amor- 
phous SiI,Cl,,.5NH,  (B.,  I.e.). 

Silicon  ti;i-iodochloeide  SiL,Cl.  A  solid 
obtained  in  preparation  of  the  two  former  com- 
pounds; melts  at  2°.  Fumes  in  air,  with  separa- 
tion of  I. 

Silicon,  nitrides  of.  Sohutzenberger  (C  R. 
114,  1089)  obtained  small  quantities  of  a  com- 
pound to  which  he  gave  the  formula  Si;,Nj, 
along  with  a  carbide  of  Si,  by  heating  1  pait 
Si  and  2  parts  SiO.,  in  a  covered  carbon  crucible, 
imbedded  in  lampblack  in  an  outer  crucible, 
to  bright  redness  for  some  hours.  By  passing 
NHj  through  a  porcelain  tube  kept  at  a  white 
heat,  Colson  (C.  R.  94,  1710)  found  a  black 
layer  in  the  hottest  part  of  the  tube,  which  was 
probably  a  mixture  of  Si  and  nitride  of  Si.  A 
compound  of  Si,  N,  and  H,  probably  Si.NH„.N, 
was  obtained  by  Harris  (C.  C.  1889  (ii.)  283)' by 
the  reaction  of  NH3  with  SiCl4  or  SiF^. 

j       Silicon,  oxide  of,  SiO., ;  v.  Silica,  p.  446. 

j  Silicon,  oxychlorides  of.  The  compound 
Sf^OCls  is  formed  by  heating  SiCl,  vapour  in  air 

I  or  O.  According  to  Troost  a.  Hautefeuille 
(Bl.  [2]  35,  300)  several  oxychlorides  are  formed 

!  by  passing  a  mixture  of  SiCl,  vapour  and  O 

I  through  a  red-hot  tube,  or,  better,  by  passing  a 
mixture  of  1  vol.  CI  and  J  to  i  vol.  0  over  crys- 
talline Si  heated  to  not  above  800°.    T.  a.  H, 
isolated  the  following  oxychlorides  : — 
Si^O.iCl,, ;  hquid,  b.p.  152°-154°. 
Si^O^Cl, ;  liquid,  b.p.  198°-202°. 
Si.,0.,Cl, ;  oily  liquid,  b.p.  above  400°. 
SijOjCL. ;  solid,  m.p.  above  400°. 
Silicon   oxychloeide  Si.,0Clp,.  (Perchloro- 
silico-methyl  ether  (SiCl.,),,0.')    Mol.  w.  284-78. 
Prepared  by  passing  vapour  of  SiCl,  through  a 
porcelain  tube  heated  in  a  wind  furnace  burning 
coke,   condensing  the  product,  repeating  the 
operation  with  the  portion  which  boils  above 
70°,  fractionating,  and   separating  the  liquid 
boiling  at  137°-138°  (Friedel  a.  Ladenburg,  A. 
147,  355).    A  colourless  liquid,  boiling  at  137°- 
138°.  V.D.  144  at  0.  200°.  Fumes  in  air,  decom- 

!  posed  by  water  to  HClAq  and  Si0.,.:rH.,0.  Mis- 

;  cible  in  all  proportions  with  CHCI3,  CCl^,  CS^, 
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SiCl^,  and  Et.O.  Alcohol  produces  SiA(Et), ; 
zinc-ethide  at  180°  forms  SiEt^  and'SijOEts 
(F.  a.  L.,  I.e.). 

The  compound   SiPoOjClj  is  described  as 

SiLICOPHOSPHORIC  OXYCHLOBIDB  (p.  461). 

Silicon,  oxysuIpMde  of.  According  to  Colson 
(Bl.  [2]  38,  56),  a  compound  SiOS  is  formed, 
along  with  SiS  and  Si^SC,,  by  heating  Si  to  white 
heat  in  CS,. 

Silicon,  sulphides  of.  The  only  compound 
of  Si  and  S  certainly  isolated  is  SiS,.  Colson 
{Bl.  [2]  38,  56)  says  that  silicon  inonosulphide, 
SiS,  is  produced,  along  with  SiOS  and  814864, 
by  heating  Si  to  white  heat  in  CS^ ;  he  de- 
scribes SiS  as  a  yellow  solid,  decomposed  by 
water  giving  ofi  H^S,  sol.  in  very  dilute  KOHAq 
with  evolution  of  H.  SiS  is  also  said  to  be 
formed,  along  with  SiS„  by  heating  Si  to  red- 
ness in  H,S  (Sabatier,  Bl.  [2]  38,  153). 

Silicon  disdlphide  SiS„.  Mol.  w.  not  de- 
termined. Sabatier  (Bl.  [2]' 38,  153)  gives  H.F. 
[Si, S^  =  19,900.  Atnorphotis  Si  and  S  combine 
when  strongly  heated  (BerzeUus).  Prepared  by 
heating  Si  to  redness  in  a  stream  of  dry  B...8 ; 
the  other  products  are  a  yellow  solid,  probably 
Sis,  and  a  brown  substance  that  is  likely  a  mix- 
ture of  SiS,  and  SiS,  or  of  SiS.,  and  Si  (S.,  I.e. ; 
V.  also  Fremy,  A.  Ch.  [3]  38,' 324).  Also  pre- 
pared by  strongly  heating  dried  pellets  of  oil 
and  SiOj  (separated  from  SiF,,)  in  a  slow  stream 
of  dry  CS2,  quickly  separating  the  white 
needles  that  form  on  the  cooler  part  of  the 
tube,  and  keeping  in  a  closed  tube  (Fremy,  I.e.). 
The  residue  that  remains  on  distilling  the  pro- 
ducts of  the  interaction  of  SiClj  and  H..,S 
{v.  Silicon  chlokohydhosulphide,  p.  459)  con- 
tains SiSj  and  S ;  S  may  be  removed  by  care- 
fully heating  in  a  stream  of  N  (Gay-Lussac  a. 
Th^nard,  A.  Ch.  [2]  69,  204).  Long,  lustrous, 
white  needles  ;  volatilised  at  very  high  tempera- 
tures (Fremy,  I.e.).  Unchanged  in  dry  air  at 
ordinary  temperatures ;  decomposed  by  moist 
air  to  HjS,  and  crystalline  SiO„  pseudomorphous 
with  SiS., ;  burns  to  SOj  and  SiOg  when  heated 
in  air.  Decomposed  rapidly  by  water  to 
Si02.a;H.^0  and  H.,S ;  also  decomposed  by  alcohol 
and  ether  (Fremy,  I.e.).  HNO3  oxidises  rapidly, 
producmg  H^SO^.  M.  M.  P.  M. 

Silicon,  sulphocyanide  of ;  v.  p.  463. 

SILICON,  ORGANIC  COMPOUNDS  OF. 

Silicic  ethers  are  described  elsewhere — v. 
Amyl,  Amtlphenyl,  Ethyl,  Methyl,  Phenyl, 
Thymyl,  Toltl,  and  Xylyl  silicates. 

Tetra-methyl-silicane  SiMe,,.  Mol.  w.  88. 
(31°).  V.D.  3-08  (calc.  3-04).  Formed  by  heat- 
ing SiCl^  with  ZnMe„  at  120°  (Friedel  a.  Crafts, 
A.  136,  203).  Light  oil,  burning  with  bright 
flame  emitting  SiO.,.  Not  attacked  by  potash  or 
HNO3  (S.G.  1-4). 

Tetra-ethyl-silicane  SiEt4.  Mol.  w.  144. 
(153°).  V.D.  6-13  (calc.  4-99).  S.G.  2  -834. 
Prepared  by  heating  SiCl4  with  ZnEtj  at  160°. 
Formed  also  by  the  action  of  ZnEt.^  and  Na  on 
ethyl  silicate  (Friedel  a.  Crafts,  Bl.  1863,  468  ; 
1865,  358;  A.  127,  31;  138,  19).  Oil,  insol. 
H„S04.  Chlorine  forms  hquid  Et3SiC.,H4Cl 
(185°),  converted  by  alcoholic  KOAc  at  180°  into 
Et3SiC,H40Ac  (208°-214°),  whence  alcoholic 
potash  at  120°  forms  oily  Et3SiC2H40H  (190°). 

Hexa-ethyl  di-silicane  SijEt^.  (252°). 
S.G.  g  -851 ;  50  -840.     V.D.  8-6  (calc.  7-96). 


Formed  by  distilhng  Sijj  with  ZnEt.,  (Friedel 
a.  Ladenburg,  A.  203,  251).  Oil,  burning  with 
bright  flame. 

'  Silicopropionic  acid  '  EtSiO.OH.  Got  by 
heating  its  ortho-  ether  with  HIAq  (Ladenburg, 
A.  159,  271 ;  164,  305).  Amorphous  powder, 
insol.  water  and  Na.,C03Aq,  sol.  cone.  KOHAq. 

Methyl  ortho'-  ether 'EtSi(OMe),.  (126°). 
S.G.  2  -9747.  Formed  from  Si(0Me)4,  sodium, 
and  ZnEt,  (Ladenburg,  B.  5,  1081).  Oil. 

Ethyl  ortho-  ether  EtSi(0Et)3.  (159°). 
S.G.  -  -927.  Formed  by  the  action  of  Na  and 
ZnEt,  on  ClSi(0Et)3  or  Si(0Et)4.  Oil.  Con- 
verted by  BzCl  into  EtOBz  and  EtSiClj  (100°), 
which  fumes  in  the  air  and  is  converted  by 
water  into  silicopropionic  ether. 

'  Silicodiethyl  ether'  Et.,Si(0Et)2.  (156°). 
S.G.  2  .875.  V.D.  (H  =  l)  87  (calc.  88). 
Formed  from  Na,  ZnEt.,,  and  silicic  ether.  Oil, 
sol.  alcohol  and  ether."  AcCl  (1  mol.)  at  200° 
forms  EtOAc  and  Et^SiC^OEt)  (147°).  A  larger 
quantity  (2  mols.)  of  AcCl  at  250"  forms 
EtjSiClj  (129°),  which  is  decomposed  by  water, 
forming  syrupy  SiEt„0  (above  360°),  which  may 
also  be  got  by  boiling  SiEt2(0Et)2  with  HIAq. 

'  Silicoheptyl  ether  '  SiEtj.OEt.  Mol.  w. 
160.  (153°).  S.G.  i  -840.  V.D.  (H  =  l)  80-8 
(calc.  80).  Formed  from  SiEt,(OEt)o,  Na,  and 
ZnEt^.  Oil,  sol.  alcohol  and  ether.  Sol.  cone. 
H„S04.  AcCl  at  180°  forms  SiEt^Cl  (144°),  S.G. 
2  -925,  a  fuming  liquid  converted  by  NHjAq  into 
SiEt^OH. 

Tri-ethyl-silicol  SiEt^OH.  Mol. w.  132.  (154°). 
S.G.  2  -871.  Formed  by  dropping  SiEtj.OEt  into 
NHjAq,  or  by  heating  it  with  Ac^O  at  250°  and 
decomposing  the  resulting  SiEt^.OAc  with 
NajCOaAq.  Thick  liquid,  smelling  like  camphor. 
Insol.  water,  miscible  with  alcohol  and  ether. 
Burns  with  bright  flame.  Sodium  forms 
SiEtj.ONa,  which,  in  ethereal  solution,  combines 
with  CO.^,  forming  SiEtj.CO^Na,  an  amorphous 
deliquescent  solid,  decomposed  at  a  red  heat 
into  Si.,EtjO  and  Na.,C03.  AcCl  forms  HOAc  and 
SiEt,Ci.  HIAq  at  200°  forms  ethane  and  SiEt.,0. 
Oxidising  agents  have  no  action.  Fuming 
H.SO4  forms  EtSiO.,H,  ethane,  H,  and  SO4. 

Acetyl  derivative  SiEt30Ac.  (168°). 
S.G.  2  -903.  Formed  by  heating  SiEt3.0Et  with 
Ac.,0  at  260°.    Liquid  with  ethereal  odour. 

Silicoheptyl  oxide  '  (SiEt3)oO.  Mol.  w.  246. 
(231°).  S.G.  2  -859.  Formed  as  above,  and  also 
by  the  action  of  PjO^  on  tri-ethyl-silicol.  Got 
also  from  SiEtjCl  and  KOHAq.  Colourless 
syrup,  sol.  H.,S04  and  separated  unchanged  on 
dilution,  if  heating  be  avoided. 

Tri-ethyl-silicane  SiEtjH.  (107°).  S.G- 
2  -751.  V.D.  (H  =  1)  69  (calc.  58).  Formed, 
together  with  SiEt4,  by  the  action  of  excess  of 
ZnEtj  and  Na  on  Et|Si04.  Liquid,  insol.  water 
and  H.,SO,,  sol.  alcohol  and  ether.  Fuming 
H.,S04  converts  it  into  (SiEt3).,0.  HNO3  attacks 
it  vigorously.  Bromine  added  slowly  to  the 
cooled  liquid  forms  SiEt^Br  (161°),  which  is 
converted  by  NaOHAq  into  (SiEt3)20,  and  by 
NHjAq  into  SiEtj-OH. 

Silicoformic  acid.  Ethyl  ortho-  ether 
SiH(0Et)3.  (134°).  Formed  from  SiHCla  and 
absolute  alcohol  (Friedel  a.  Ladenburg,  A.  143, 
123 ;  Bl.  [2]  7,  322 ;  Gattermann,  B.  22,  190). 
Hygroscopic  liquid,  decomposed  by  alkalis  with 
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evolution  of  H.  Sodium  decomposes  it  into 
SiH,  and  Et,SiO,,. 

Chloro-silicoformic  ether  v.  Ethyl  silicate. 

'  Silicoacetic  acid.'  Ethyl  ortho-  ether 
CH3.Si(OEt)3.  (146°-151°).  S.G.  ^! -928.  Formed 
by  heating  silicic  ether  with  ZuMe^.  Oil,  sol. 
alcohol.  Converted  by  HIAq  into  amorphous 
silico-acetic  acid  CHj.SiO.^H,  which  is  insol. 
water  and  ether  (Ladenburg,  B.  6,  1029). 

The  term  silicoacetic  acid  is  also  sometimes 
used  to  denote  H,Sij04,  which  is  got  by  decom- 
posing Siolg  by  water  at  0°  (Friedel  a.  Ladenburg, 
A.  203,  249 ;  v.  Silico-oxalic  acid,  infra).  A 
compound  Si-.C^Oo  is  formed,  as  a  bottle-green 
powder,  by  heating  silicon  to  whiteness  in  a 
crucible  lined  with  lampblack.  It  is  insol. 
KOHAq  and  HFAq  (Colson,  C.  B.  94,  1316). 

Tetra-propyl-silicane  Si(C3H,)j.  (213°). 
S.G.  2  -7979;  \'  -7883.  V.D.  997  (obs.). 
Formed,  together  with  SiHPrj,  by  heating  ZnPr., 
(2  pts.)  with  SiHClj  (1  pt.)  at  150°  (Pape,  B.  U, 
1872  ;  A.  222,  370).  Colourless  oil,  sol.  alcohol 
and  ether,  insol.  H^SOj.  Br  has  no  action  in 
the  cold,  but  on  warming  it  forms  oily 
SiC,2H.>jBr,  converted  by  alcoholic  potash  into 
oily  SiC,,.H„s  (206°-210°). 

Tri-propyl-silicane  SiHPrj.  (170°).  S.G. 
2  -7723;  V  '7621.  V.D.  82  (obs.).  Formed 
as  above.  Oil,  v.  sol.  alcohol  and  ether,  insol. 
cone.  H„SO,.  Burns  with  bright  flame,  forming 
SiO,.  Br  acts  violently,  forming  SiPrjBr  (213°), 
a  fuming  liquid,  which  is  slowly  converted  by 
water  into  SiPr.,.OH. 

Tri-propyl-silicol  SiPrj.OH.  (205°-208°). 
Formed  by  the  action  of  NHjAq  on  SiPr^Br,  or 
of  NaXOjAq  on  SiPi-j.OAc  (Pape).  Oil. 

Acetyl  derivative  SiPr^-OAc.  (212°- 
216°).    Formed  from  SiPr^Br  and  AgOAc.  Oil. 

Hexa-propyl-di-silicyl  oxide  (SiPr3)„0. 
(280°-290").  Formed  by  warming  SiKPr,  with 
H„S04  and,  together  with  SiPrj.OH,  by  boiling 
Si'HPrj  with  Na^CO^Aq  (Pape,  A.  222,  869). 
Liquid,  sol.  alcohol,  ether,  and  H^SO^. 

Silicon  sulphocyanide  Si(CNS)j.  [142°]. 
(c.  300°).  Formed  by  distilling  lead  sulpho- 
cyanide with  SiClj  (Miguel,  A.  Ch.  [5]  11,  343). 
Colourless  prisms,  insol.  ether  and  CS,,  soluble 
in  a  solution  of  HCNS  in  benzene.  Burns  with 
violet  flame.  Dyes  the  skin  red.  Decomposed 
by  water  into  HONS  and  SiOj. 

Tetra-phenyl-silicane  SiPh^.  [233°].  (above 
360°).  S.G.  f§  1-0780.  Formed  from  chloro- 
benzene,  SiClj,  and  Na  in  presence  of  a  little 
EtOAc  (Polls,  B.  18,  1540 ;  19,  1012  ;  20,  3331). 
Dimetric  crystals  ;  a:o  =  1:  -440,  sol.  hot  benzene, 
si.  sol.  alcohol  and  ether.  May  be  sublimed. 
Sulphonated  by  fuming  H.^SO^.  HNO3  forms 
Si(C,;H,,.N0,)4  [105°],  a  yellow  powder,  v.  sol. 
benzene.  Converted  by  PCI5  into  liquid  SiPh  .Cl., 
(234°  at  90  mm.)  and  SiPh,Cl  [89°],  from  whieli 
waterproducestri-phenyl-silicolSiPh.,.OH[141°], 
which  separates  from  ether  in  colourless  crystals. 

Phenyl-tri-cMoro-silicane  SiPhCl^.  (197°). 
Formed  by  heating  SiClj  with  HgPhi,,  at  300° 
(Ladenburg,  B.  6,  379).  Oil.  Decomposed  by 
hot  water,  or  by  NH.|Aq,  yielding  '  silicobenzoic 
acid  '  SiPh(0H)3  [92°].  Absolute  alcohol  forms 
'  silicobenzoic '  ethyl  ortho-  ether  SiPh(0Et)3 
(237°).  S.G.  2  1-013;  1-006.  Silicobenzoic 
acid  is  converted  at  100°  into  amorjihous 
'  silicobenzoic  anhydride  '  (SiPhO)-jO. 


1  Phenyltrietliyl-silicane  SiPhEt,.  (230°). 
j  S.G.  2  -904.  Formed,  together  with  SiEt^  and 
SiPh,Et,  (0. 310°),  by  heating  SiPhCla  with  ZnEt., 
at  150°.  Oil,  smelling  like  cloves.  Yields  a 
bromo-  derivative  (270°-280°).  CI  forms 
SiCijH^Cl  (260°-265°),  S.G.  2  1-0185. 

Tetra-wi-tolyl-silicane  Si(C,H,)4.  [151°]. 
(above  550°).  S.G.  22  i-ny.  Formed  from 
•wi-bromo-toluene,  SiCl,,,  and  Na  (Polis,  B.  19, 
1021).  Pale-yellow  needles  (from  ether),  v.  sol. 
benzene  and  chloroform,  insol.  alcohol. 

Tetra-p-tolyl-silicane  Si(C;H,)i.  [228°]. 
(above  360°).  S.G.  S2  i-079.  Formed  from 
jp-bromo-toluene,  SiCl^,  and  Na  (Polis,  B.  18, 
1542).    Colourless  crystals,  sol.  benzene. 

^-Tolyl-tri-chloro-silicane  C-H^SiCls.  (219°). 
Formed  from  Hg(C;H,)2  and  SiCl^  at  310° 
t  (Ladenburg,  A.  173,  165).  Fuming  liquid, 
decomposed  by  water.  Converted  by  NH^Acj  into 
viscid  C,H,SiO.>H,  which  is  converted  at  200"  into 
the  solid  anhydride  (C,H,SiO)20,  which  is  not 
melted  at  200°. 

Tetra-benzyl-silicane  v.  vol.  i.  p.  502. 
Silicon  tetra-phenyl-tetra-amide  Si(NHPh)j. 
[138°].  Formed  from  SiBr^  and  excess  of  aniline 
diluted  witli  benzene,  the  product  being  distilled 
in  a  current  of  H  at  105°  (Reynolds,  C.  J.  55, 
477).    Colourless  monoclinic   crystals ;  a:b:c 
=  •985:1:1-043;  3  =  110°  20'.    V.  sol.  benzene, 
sol.  CS,_„  insol.  ligroin.    Decomposed  by  water 
and  alcohol.    Not  decomposed  by  heating  at 
210°.    HCl  forms  SiCl^  and  aniline. 
I      Silicon  di-chloro-di-phenyl-di-amide 
I  SiCL(NHPh),.    Formed  from  SiCI,  and  aniline 
(Harden,  G.  J.  51,  40).    Amorphous  solid.  De- 
composed by  water  into  aniline  hydrochloride 
and  silica. 

Silicon  tetra-o-tolyl-tetra-amide 
Si(NHC,H,),.  Formed  from  SiCl^,  o-toluidine, 
and  benzene  (Reynolds).  Prisms,  v.  sol.  benz- 
ene and  CS,.  The  compound  SiCl,,(NHC,H,),, 
which  is  also  formed  from  SiCl.,  and  o-toluid- 
ine, is  a  white  granular  powder  (Harden). 

Silicon  tetra-jj-tolyl-tetra-amide 
Si(NHC,H,)_,.    [132°].    Formed  from  SiCl^  and 
^-toluidine  in  iDenzene  (Reynolds).  Botryoidal 
aggregate  of  needles,  v.  sol.  benzene  and  ether, 
decomposed  by  water  and  alcohol. 

Silicon  tetra-naphthyl-tetra-amide 
Si(NHC,„H,)4.      Formed    from  (/3)-naphthyl- 
amine  and  SiCl^  (R.).    Nodules,  decomposed  by 
water.    SI.  sol.  ligroin,  sol.  benzene. 

SILICO-NITBATES.  SiO,,  seems  to  form 
some  compounds  with  NoOj  and  basic  oxides ; 
the  salt  3SiO..N205.7Ag,0"  ( =  3Ag,SiO,.2AgN03) 
was  obtained,  in  ruby-coloured  prisms,  by 
Rousseau  a.  Tite  (0.  B.  114,  294),  by  heating 
AgNOa  with  a  little  water  and  fragments  of 
j  marble  in  a  sealed  tube  at  180°-300°  for  several 
hours ;  heated  to  dull  redness,  it  gave  off  N 
i  oxides,  and  Ag  and  Ag-.SiO,  remained. 

M.  M.  P.  M. 

SILICO-OXALIC  ACID  H,Si A  =  Q-'si  OH" 
This  compound  is  obtained,  as  a  white  amor- 
phous powder,  by  the  interaction  of  water  and 
Si.Clj  or  Si ols  at  0° ;  the  gelatinous  pp.  is 
I  washed  with  ice-cold  water,  dried  in  vacuo  and 
then  at  100°  (Friedel  a.  Ladenburg,  A.  203,  118). 
I  It  is  also  produced  by  the  interaction  of  Si  Jo  with 
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absolute  alcohol.  The  compound  is  decom- 
posed even  by  weak  bases,  with  evolution  of  H. 

M.  M.  P.  M. 

SILICO-PHOSPHORIC  OXIDES.  {Silico- 
'phos])lioric  acids.)  SiC.P^Oj  and 
SiO,.2P,05.4H20.  The"  compound  SiOo.PjO,, 
=  SiP,0,  is  formed  by  dropping  SiO,,  prepared 
by  decomposing  SiF^  by  water  and  drying  the 
pp.,  into  molten  HPO3,  and  washing  with  water 
(Hautefeuille  a.  Margottet,  C.  B.  96,  1052  ;  v. 
also  Skey,  C.  N.  16,  187).  Large,  hard,  trans- 
parent crystals ;  S.G.  3-1  at  14° ;  melts  when 
strongly  heated  to  a  glass-like  mass.  The 
crystals  are  polymorijhous  ;  they  are  hexagonal 
under  300°;  at  c.  300°  they  form  leaflets  re- 
sembling tridymite,  between  700°  and  800°  they 
are  regular  octahedra,  and  between  800°  and 
1000°  they  assume  the  form  of  clinorhombic 
prisms.  Water  attacks  the  hexagonal,  but  not 
the  octahedral  or  prismatic,  crystals.  Molten 
AgNOs  forms  AgjPOj  and  SiO„  with  all  the  forms 
(H.  a.  M.,  C.  B.  99,  789). 

The  compound  SiOj.SPoO^.dHoO  was  obtained 
(H.  a.  M.,  C.  B.  104,  56)  by  one'-fourth  satura- 
ting H3P04Aq  with  SiOj.xHjO,  heating  the  solu- 
tion in  a  Pt  dish  to  125°  for  7-8  hours,  and 
drying  the  solid  which  separated.  The  com- 
pound is  a  crystalline  powder ;  decomposed  by 
moist  air  ;  sol.  water  at  0°,  but  decomposed  by 
water  at  the  ordinary  temperature  to  H.,P04Aq 
and  gelatinous  SiO.,.a;H„0.        M.  M.  P.  M. 

SILICOPHOSPHOKIC  OXYCHLOKIDE 
SiPjOgCl.^.  (SilicopyropJiosphoryl  chloride.)  Pre- 
pared by  heating  SiClj.OEt,  or  Si(0Et)4,  with 
excess  of  POCI3  to  180°  for  2  hours,  distilling 
off  EtCl,  and  SiCl,  if  prepared  from  SiClj.OEt, 
and  heating  the  solid  that  remains  to  150°-200° 
in  a  stream  of  dry  air  to  remove  adhering  POCI3. 
A  white,  loose,  very  hygroscopic,  amorphous 
powder.  Very  sol.  water,  but  with  separation 
of  Si02.a;H.,0 ;  easily  sol.  alcohol,  insol.  ether. 
Decomposed  very  slowly  below  200°,  more 
rapidly  above  200°,  giving  off  POCI3 ;  at  a  red 
heat  P2O5  comes  off,  and  a  glassy  mass  remains, 
probably  consisting  of  SiO._,  and  SiC^PoOj. 
Addition  of  excess  AgNOjAq  to  solution  in 
water  (with  a  Uttle  alcohol  to  prevent  separa- 
tion of  silica),  followed  by  HNOjAq,  ppts.  AgCl, 
and  on  filtering  this  off  and  adding  NHjAq 
drop  by  drop  Ag^P^O,  is  ppd.  mixed  with  some 
Ag,P04.  Heated  to  100°  with  PCI5  the  equation 
SiP„0,Cl2  +  4PClj=SiCl4-f-6POCL,  is  reahsed. 
The  constitution  of  the  compound  is  probably 

O.PO.Cl 

either  Si<^Q\pQ'Q|  or  0:Si       O  (Stokes, 
^O.PO.Cl 

Bzilletin  U.S.  Geolog.  Survey,  No.  90  [1892]  47  ; 
also  in  B.  24,  933).  M.  M.  P.  M. 

SILICOTITANATES.  Compounds  of  sili- 
cates and  titanates  are  found  in  certain  minerals ; 
sphene,  for  instance  (Ca0.3SiOo.2CaTi03),  may 
be  called  a  silicotitanate.  "M.  M.  P.  M. 

SILICOTUNGSTATES.  Compounds  con- 
taining   SiO.,,  WO3,  and  basic   radicles ;  v. 

TUNGSTO-SILICATES. 

SILICOVANADATES  v.  Vanado-silicates. 
SILK  V.  Peoteids. 

SILVER.  Ag.  At.  w.  107-66.  Mol.  w.  not 
known  (v.  infra,  Proixrties).    Melts  at  c.  950° ; 


Person  {A.  Ch.  [3]  27,  250)  gave  1000°,  Daniel! 
(T.  1830.  237)  1024°,  Violle  (C.  B.  85,543)  954°, 
Becquerel  {J.  1863.)  916°,  Deville  {B.  12,  791) 
916°.  B.p.  not  known  ;  Meyer  {B.  12,  1428) 
says  that  Ag  does  not  appreciably  evaporate  at 
c.  1570°.  S.G.  c.  10-5 ;  Playfair  a.  Joule 
(C.  S.  Mem.  3,  66)  gave  10-53,  and  9-13  to  9-28 
for  molten  Ag,  Dumas  (C.  N.  37,  82)  gave  10-512 
for  Ag  heated  in  vacuo,  Eoberts-Austen  gave 
10-57,  and  9-46  to  9-5  for  liquid  Ag  [Br.  23, 
495)  ;  for  further  data  v.  Clarke's  Table  of 
Specific  Gravities  [new  ed.]  14.  S.H.  0°-100° 
=  -0557  (Dulong  a.  Petit,  A.  Ch.  [2]  7,  113); 
-0559  (Bunsen,  P.  141,  1) ;  -05722  (Louguinine,. 
A.  Ch.  [5]  27,  398).  C.E.  -00002  between  0°  and 
100°  {v.  Matthiessen,  P.  130,  50 ;  Fizeau,  C.  B. 
68,  1125);  -00003721  from  0°  to  the  m.p. 
(Eoberts-Austen,  Pr.  23,  495).  T.C.  100  (that 
of  copper  =  73-6,  and  of  Au  =  53-2,  Wiedermann 
a.  Franz,  A.  88,  191)  ;  heat  sufiScient  to  raise 
109-6  mgm.  water  from  0°  to  1°  passes  in 
1  second  through  each  sq.  mm.  of  a  plate  of  Ag 
1  mm.  thick,  the  two  sides  of  which  differ  in 
temperature  by  1°  (Weber,  B.  B.  1880.  467). 
E.C.  (Hg  at  0°  =  1)  57-226  for  soft  Ag,  63-845 
for  hard  Ag  (Siemens,  P.  110, 1) ;  62-12  (Benoit, 
G.  B.  76,  382).  H.C.  [Ag-,0]  =  5.900  (T/i.  3, 
381).  Heat  of  fusion  (for  108  g.)  2-275  (Person,, 
A.  Ch.  [3]  24,  275) ;  2-67  (Pionchon,  A.  Ch.  [6] 
11,  100).  S.V.S.  c.  10-3.  Emission  spectrum 
gives  a  line  5464  in  the  yellow,  5209-9  in  the 
green,  and  many  lines  in  the  orange,  green,  blue 
and  violet  {v.  B.  A.  1884.  442) ;  for  absorption- 
spectrum  of  Ag  vapour  v.  Lockyer  a.  Koberts- 
Austen    (Pr.    23,    344).      Eefraction  equiv. 


d  ■ 


At.  w.  =  12-62  (Kanonnikoff,  J.  B.  1884. 


[1]  119) ;  13-2  (Gladstone,  Pr.  18,  49). 

Occurreiice. — Found  native,  generally  alloyed 
with  Au,  Cu,  &c.  The  chief  compounds  found 
in  ores  are  AgjS  (frequently  in  combination  with 
Cu.S,  FcjSs,  SbjSs,  As,S3,  Bi,S3,  PbS,  Ac),  AgCI, 
AgBr,  Agl,  compounds  of  Ag  with  Se,  Te,  As,  Sb,. 
Bi,  etc.  Ag  is  also  found  in  small  quantities 
in  most  lead  ores.  According  to  Malaguti  {J.pr. 
42,  422;  cf  Field,  D.  P.  /.  143,  397),  traces  of 
salts  of  Ag  (c.  1  mgm.  Ag  in  100  litres)  are 
found  in  sea-water.  Small  quantities  of  Ag, 
probably  as  AgCl,  have  been  found  in  volcanic 
dust  (Mallet,  Pr.  47,  277).  Silver  has  been 
known  and  used  from  the  earliest  times  (for  a 
full  historical  account  of  silver,  including  the 
derivation  of  the  name,  v.  Silber  in  Ladenburg's 
Handivorterbuch  der  Chemie,  10,  635). 

Formation. — 1.  By  heating  Ag.,S  with  PbO 
or  PbSOj,  SO.,  and  a  compound  or  alloy  of  Ag 
and  Pb  are  formed ;  the  Pb  may  be  separated 
from  this  alloy  by  cupellation. — 2.  By  shaking 
AgCl  with  Hg  and  water,  HgCl  and  an  amalgam 
of  Ag  and  Hg  are  formed  ;  Ag  remains  when  the 
Hg  is  removed  from  this  amalgam  by  heating. — 
3.  Ag  is  ppd.  from  solutions  of  its  salts  by  Zn, 
Cu,  Fe,  &G. — 4.  AgCl  is  reduced  to  Ag  by  treat- 
ment with  many  reducing  agents,  such  as  Zn 
and  HjSOjAq,  also  by  fusion  with  NaoCOj  and 
C. — 5.  Most  easily-oxidised  metals  ppt.  Ag  from 
solutions  of  its  salts.  For  an  account  of  the 
extraction  of  Ag  from  its  ores  v.  Dictionab-j  op 
Applied  CnEmsTBY,  vol.  iii.  p.  386. 

Preparation. —  Silver  coins  are  dissolved  in 
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pure  dilute  boiling  HNOjAq,  the  solution  is 
evaporated  to  dryness,  the  residue  is  heated  till 
it  melts,  after  cooling  it  is  dissolved  in  NH.,Aq, 
after  standing  forty-eight  hours  the  liquid  is 
passed  through  a  filter  made  of  specially  good 
paper,  and  the  filtrate  is  diluted  till  it  contains 
not  more  than  2  p.c.  of  Ag.  This  ammoniacal 
solution  contains  AgNOj  and  Cu(N03)., ;  the 
whole  of  the  Ag  is  ppd.  by  ammoniacal  solution 
of  (NH,,),SO.,  at  eO-^.  A  solution  of  (NH,),SO., 
is  prepared  by  saturating  pure  NH.,Aq  with  SO,, 
(made  by  heating  pure  Cu  with  pure  H.SOj 
diluted  with  ^  to  |  its  volume  of  water)  ;  a 
measured  quantity  of  this  solution  is  mixed 
with  excess  of  pure  NH.,Aq,  heated  to  boiling, 
and  the  ammoniacal  solution  containing  AgNO^ 
and  Cu(N03)„  is  run  from  a  burette  into  the 
boiling  liquid  until  there  is  the  faintest  trace  of 
blue  colour  in  the  liquid  above  the  ppd.  Ag. 
Cuprous  sulphite  is  formed,  and  this  reduces 
the  AgiStOa  in  the  ammoniacal  liquid  ;  when  all 
the  AgNOj  is  reduced,  the  blue  colour  of  the 
ammoniacal  copper  nitrate  appears.  The  whole 
of  the  ammoniacal  solution  of  AgNO^  and 
Cu(N03),,  is  now  mixed  with  the  proper  quan- 
tity of  ammoniacal  (NHJ^SO-jAq  required  for 
complete  reduction  of  the  AgNO,,  the  mixed 
liquids  are  set  aside  in  a  closed  vessel  for  forty- 
eight  hours,  when  c.  ^  of  the  Ag  is  ppd. ;  the 
blue  liquid  is  decanted  oft  and  heated  on  a 
water-bath  to  60°-70°,  whereby  the  whole  of 
the  Ag  in  solution  is  ppd.  The  two  quantities 
of  ppd.  Ag  are  washed  with  ammoniacal  water, 
by  decantation,  until  the  washings  show  no 
trace  of  blue  colour  on  standing  (or  until 
BaCLAq  gives  no  trace  of  pp.),  the  Ag  is  kept 
in  contact  with  cone.  NHjAq  for  some  days, 
and  is  then  washed  with  water  until  every 
trace  of  NH3  is  removed.  If  it  is  desired  to 
have  the  Ag  in  bars,  the  finely-divided  metal 
obtained  by  ppn.  is  mixed  with  5  p.c.  of  its 
weight  of  pure  borax  which  has  been  strongly 
heated,  and  '5  p.c.  pure  NaNO,,  fused  in  a  por- 
celain crucible  and  poured  into  kaolin  moulds 
lined  with  a  paste  made  of  a  mixture  of  kaolin 
that  has  been  strongly  heated  and  unignited 
kaolin ;  when  cold  the  bars  are  cleaned  with  fine 
sand,  then  strongly  heated  with  pure  KOHAq  (to 
remove  traces  of  kaolin)  and  washed  with  water. 
The  bars  may  be  cut  with  a  chisel  of  very  hard 
steel ;  if  this  is  done  the  pieces  must  be  warmed 
for  some  time  with  pure  cone.  HClAq,  washed 
with  NHjAq,  and  then  with  water  (Stas.  Bech, 
38  et  seq.).  The  Ag  may  be  freed  from  traces 
of  absorbed  gases  by  distilling  it ;  this  is  done 
by  placing  the  Ag  in  a  hole  in  a  block  of 
strongly-heated  marble ;  this  hole  communi- 
cates, by  a  slit  in  the  marble,  with  another  hole 
from  which  an  opening  passes  upwards  to  the 
surface  of  the  marble  ;  another  opening  admits 
the  nozzle  of  an  0-H  blowpipe,  so  that  the 
flame  plays  on  the  surface  of  the  Ag.  (For 
details  v.  Stas,  I.e.)  Dumas  {A.  Ch.  [5]  15, 
289)  found  that  1  kilo,  of  Ag  considered  pure 
gave  from  59  to  174  c.c.  O  when  heated  in  a 
Sprengel  vacuum ;  it  was  supposed  by  some 
chemists  {v.  Mallet,  T.  1880.  1003 ;  Clarke,  Re- 
calculations of  the  Atomic  Weights,  2G2)  that  this 
result  proved  that  Ag  made  by  Stas'  process 
was  not  quite  pure ;  but  Brauner  has  proved 
experimentally  (C.  J.  55,  399)  that  Ag  prepared 
Vol.  IV. 


[  by  Stas's  method  described  above,  and  distilled 
by  the  0-H  fiame  in  a  block  of  burnt  marble, 
gives  off  no  0  when  heated  in  vacuo  {v.  also 

j  Stas,  Bull.  Acad.  roy.  Bclg.  [3]  18,  23  ;  abstract 
in  C.  J.  58,  .561). 

Properties. — A  white,  very  lustrous  metal. 
Crystalhses  in  forms  in  the  regular  system, 
chiefly  cubes,  octahedra,  and  rhombododeca- 
hedra ;  these  crystals  are  obtained  by  slowly 
cooling  molten  Ag,  or  by  the  electrolytic  deposi- 
tion of  the  metal ;  they  are  also  sometimes 
found  native.  Finely  divided  Ag — as  obtained, 
for  instance,  by  reduction  of  AgCl — is  a  grey 
powder,  which  becomes  white  and  lustrous  when 
compressed  with  a  flat  iron.    A  thin  deposit  of 

j  Ag  on  glass  transmits  bluish  light. 

Ag  is  harder  than  Au  and  softer  than  Cu. 

I  Ag  reflects  light  and  heat  strongly  ;  its  absorp- 
tive power  is  very  small.  It  is  very  malleable  ; 
Ag  foil  has  been  obtained  -003  mm.  thick.  Ag 
is  very  ductile  ;  '06  gram  may  be  drawn  to  a 
wire  130  metres  long ;  it  is  so  tenacious  that  a 
cold-drawn  wire  of  2  mm.  diameter  does  not 
break  till  it  is  loaded  with  80-85  kilos  (Baudri- 
mont,  A.  Ch.  [3]  30,  304).  Ag  is  slightly  vola- 
tile at  a  low-red  heat  in  vacuo,  but  not  at  the 

j  ordinary  pressure  at  this  temperature,  nor  in 
vacuo  at  440°-450^  (Stas,  Bull.  Acad.  rou.  Belg. 

!  [3]  18,  23).  It  may  be  distilled,  by  heating,  by 
the  O-H  flame,  Ag  placed  in  a  block  of  burnt 

]  marble.  Stas  distilled  50  g.  Ag  in  c.  15  mins. ;  part 
of  the  Ag  appeared  as  a  blue  vapour  during  the 

\  distillation.    When  an  alloy  of  Ag  with  a  more 

I  volatile  metal,  such  as  Hg,  Pb,  or  Sn,  is  heated, 

I  part  of  the  Ag  volatilises  with  the  other  metal. 
Molten  pure  Ag  absorbs  c.  20  times  its  volume 
of  0  from  the  air  {v.  Lucas,  A.  Ch.  [2]  12,  402  ; 
Gay-Lussac,  A.  Ch.  [2]  45,  221 ;  Graham,  P.  M. 
[4]  32,  503  ;  Neumann,  M.  13,  40  ;  Levol,  J.  pr. 
57,  192) ;  as  the  Ag  cools  it  '  spits  '  and  gives  off 
the  0  it  has  absorbed ;  Dumas'  experiments 
(A.  Ch.  [5]  15,  289)  show  that  a  Httle  O  is  re- 
tained, but  Brauner  (C.  J.  55,  399)  has  proved 
that  no  0  remains  if  the  Ag  is  distilled  in  a 

I  block  of  burnt  marble.     (For  the  chemical 

I  action  of  O  on  Ag  v.  Reactions,  No.  1.)  Pure 
Ag  suffers  no  change  when  heated  in  air,  H,  or 

j  CO  (van  der  Plaats,  Mandblad  voor  Natuur- 

I  wetenschajjpen,  18S0.  No.  2).  Molten  Ag  ab- 
sorbs P,  but  the  whole  of  the  P,  except  c.  -002 
p.c,  separates  on  coohng  (Warren,  G.  N.  56, 
113). 

The  at.  wt.  of  Ag  has  been  determined  (1) 
by  finding  the  ratio  of  Ag  to  CI  in  AgCl  (Berze- 
Uus,  P.  8,  17  [1826]  ;  Turner,  T.  1829.  297 
[1829] ;  Marignao,  A.  44,  23  [1842]  ;  ibid.  Bill. 
\  wiiv.  Gendvc,  40,  354  [1843]  ;  Maumene,  A.  Ch. 

[3]  18,  41  [1846] ;  Dumas,  A.  Ch.  [3]  55,  134 
!  [1859] ;  Stas,  Stas.  Rech.  38  et  seq.  [1860] )  ; 
I  (2)  by  finding  the  ratio  of  Ag  to  Br  in  AgBr, 
]  and  of  Ag  to  I  in  Agl  (Marignac,  I.e.  46,  360 
t  [1843]  ;  Stas.  Stas.  Nouv.  R.  158  et  seq.  [1865] )  ; 
(3)  by  determining  the  ratio  of  Ag  to  Ag.,S 
formed  therefrom  (Dumas,  A.  Ch.  [3]  55,  147 
[1859],  Stas,  Stas.  Rcch.  53  [I860]);  (4)  by  re- 
ducing Ag2S04  to  Ag  (Struve,  A.  80,  203  [1851]  ; 
Stas,  Stas.  Rech.  125  [1860] )  ;  (5)  by  convert- 
ing AgoSeOg  into  Ag  (Pettersson  a.  Ekman,  Bl. 
[2]  27,  205  [1876]  );  (6)  by  converting  Ag  into 
AgNOg  (Marignac,  A.  59,  289  [1843] ;  Stas,  Stas. 
Bech.  50  et  seg.  [I860]);  (7)  by  determining 
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S.H.  of  Ag;  (&)  by  finding  V.D.  of  AgCl  at 
white  heat  (Biltz  a.  Meyer,  B.  22,  725).  The 
classical  work  of  Stas  has  placed  the  value  for 
the  at.  wt.  on  a  very  sure  foundation. 

Eamsay  (G.  J.  65,  521)  measured  the  depres- 
sion of  the  vapour-jpressure  of  Hg  by  dissolving 
Ag  therein  ;  assuming  that  the  mol.  w.  of  liquid 
Hg  is  200,  and  that  equal  volumes  of  dilute 
solutions  of  metals  in  Hg  contain  equal  num- 
bers of  molecules,  the  results  led  to  the  conclu- 
sion that  the  mol.  w.  of  Ag  is  the  same  as  the 
at.  wt. 

AgCl  is  the  only  compound  of  Ag  the  vapour- 
density  of  which  has  been  determined ;  the  value 
found  shows  that  the  atom  of  Ag  is  monovalent 
in  the  gaseous  molecule  AgCl. 

Ag  is  fairly  closely  related  chemically  to  Cu 
and  Au  {v.  Copper  gbodp  of  elements,  vol.  ii. 
p.  250). 

Allotropic  forms  of  silver.  According  to 
Schneider  (B.  25,  1281,  1440),  an  aqueous  solu- 
tion of  Ag,  containing  c.  20  g.  Ag  per  litre,  is  ob- 
tained by  mixing  150  g.  FeSO^.  7aq  in  500  c.c. 
water  and  280  g.  Na  citrate  in  700  c.c.  water, 
pouring  the  mixture  into  500  c.c.  of  10  p.c. 
AgNO^Aq  (it  is  best  to  divide  the  mixture  into 
five  parts,  as  small  quantities  are  more  easily 
dealt  with),  removing  liquid  from  ppd.  Ag  after 
half  an  hour  (by  a  pipette),  filtering  through  a 
good  filter  under  decreased  pressure,  and  dis- 
solving the  ppd.  Ag  in  as  little  water  as  pos- 
sible ;  by  adding  absolute  alcohol,  and  filtering, 
after  some  days,  with  help  of  a  good  water- 
pump,  colloidal  Ag  containing  from  "3  to  "5  p.c. 
of  Fe  salts  is  obtained.  A  very  little  HClAq 
ppts.  Ag  with  a  little  AgCl  and  Ag.^Cl  (?)  from 
solution  of  colloidal  Ag.  Carey  Lea  has  carried 
out  a  series  of  researches  on  the  properties  of 
Ag  ppd.  from  solutions  of  its  salts  by  ferrous 
citrate,  ferrous  tartrate,  and  dextrin  in  presence 
of  alkali  (Am.  S.  [3]  37,  476  ;  38,  47,  129,  237  ; 
41,  179,  259  ;  P.  M.  [5]  31,  238,  320,  497  ;  32, 
337).  The  pps.  of  Ag  show  almost  every  shade  of 
colour,  such  as  blue,  red,  green,  purple,  golden ; 
some  of  the  pps.  are  soluble  in  water,  and  some 
are  not ;  most  of  the  pps.  are  very  sensitive  to 
light,  but  they  vary  much  in  this  respect ;  some 
of  the  pps.  yield  ordinary  Ag  when  heated ; 
ordinary  Ag  is  also  ppd.  from  solutions  of 
soluble  colloidal  Ag  by  a  little  very  dilute  HClAq. 
In  no  case  does  any  so  called  allotropic  Ag  seem 
to  have  been  obtained  quite  free  from  organic 
compounds ;  the  percentage  of  Ag  in  the  pps. 
varied  from  c.  90  to  c.  98.  For  accounts  of  the 
properties  of  the  various  coloured  pps.  the 
memoirs  of  Carey  Lea  must  be  consulted  ;  v. 
also  Schneider,  B.  24,  3370  ;  Barus  a.  Schneider, 
Z.  P.  C.  8,  278  ;  Prange,  B.  T.  C.  9,  121  ;  Muth- 
mann,  P.  20,  983.  B.  a.  S.  determined  many 
of  the  physical  properties  of  a  solution  of  col- 
loidal Ag,  and  concluded  that  the  colloidal 
variety  consists  of  extremely  minute  particles 
of  ordinary  Ag  that  remain  suspended  in  the 
liquid  for  a  considerable  time. 

Reactions  and  Combinations. — 1.  According 
to  Debray  (0.  R.  66,  735),  Ag  is  partiaUy 
oxidised  by  very  strongly  heating  in  the  0-H 
flame,  using  excess  of  oxygen.  According  to 
Le  Chatelier  {Bl.  [2]  48,  342)  pure  ppd.  Ag  is 
oxidised  by  heating  in  oxygen  at  300°  under 
15  atmos.  pressure ;  after  60  p.c.  of  the  Ag  was 


oxidised  the  change  stopped. — 2.  Ozonised 
oxygen  acts  on  moist,  finely-divided  Ag  at  the 
ordinary  temperature,  forming  a  peroxide  (v. 
I  Silver  PEROXIDE,  p.  471).— 3.  Ag  combines  easily 
j  with  chlorine,  bromine,  iodine,  and  stdphur  (v. 
1  Silver  chloride  &c.)  ;  also,  by  heating,  with 
I  selenion,  arsenic,  and  phosphorus  (v.  Silver 
j  SELBNiDE  &c.). — 4.  Finely-divided  Ag  is  said  to 
j  dissolve,  with  oxidation,  in  ammonia  solution  in 
I  presence  of  air  (Carey  Lea,  Zeit.  fur  anorg. 
j  Chem.  3,  180). — 6.  Ag  reacts  with  steam  at  a 
I  white  heat,  absorbing  0  while  H  is  given  off. — 

6.  Finely-divided  Ag  is  oxidised  by  hydrogen 
{peroxide  (Berthelot,  A.  Ch.   [5]   21,  164).— 

7.  Finely-divided  Ag  is  said  to  be  oxidised  by 
Jieaiing  with  oxides  and  salts  that  readily  give 
up  oxygen — e.g.  MnO.^,  PbjOj,  Pb(N03).2,  &c. — 

8.  Hydrogen  sulphide  forms  Ag,S.  Alkali  sul- 
phides also  produce  AgjS. — 9.  Molten  sodium 
chloride  forms  AgCl,  some  Na  vapour  being 
given  off ;  solution  of  sodium  chloride,  as  also 

;  of  potassium  or  ammonium  chloride,  dissolves 
i  some  Ag  as  AgCl. — 10.  Potassium  iodide  solu- 
i  Hon,  in  air,  forms  soluble  Agl.KL — 11.  Hot 
I  solution  of  potassium  cyanide  dissolves  Ag, 
forming  AgK(CN)2  {v.  Christomanos,  Fr.  7, 
301).— 12.  Fusion  with  silicates,  such  as  glass, 
forms  Ag20,  which  dissolves  in  the  molten  sili- 
cate.— 13.  Ag  dissolves  in  solution  of  ferric 
sulphate  on  warming  ;  as  the  solution  cools  the 
Ag2S04  is  again  decomposed,  with  formation  of 
Fe2(SOj)3  and  ppn.  of  finely-divided  Ag. — 14.  A 
compound  of  Ag  and  Si  is  said  to  be  formed 
by  strongly  heating  Ag  with  potassium  silico- 
fluoride  and  potassium  (Warren,  C.  N.  60,  5). — 
15.  Ag  dissolves  in  moderately  dilute  nitric  acid, 
forming  AgNO^,  and  giving  off  N  oxides ;  the 
I  gaseous  products  are  N.,0  and  NO,  according  to 
i  Montemartini  {G.  22,  384,  397,  426).— 16.  Cone. 
hydrobromic  and  hydriodic  acids  dissolve  Ag 
on  warming,  with  evolution  of  H  ;  the  dissolved 
AgBr  or  Agl  is  ppd.  on  dilution. — 17.  Hot  cone. 
sulphuric  acid  dissolves  Ag,  giving  off  SO., ;  if  a 
little  Fe2(SO.,)3  solution  is  added  the  Ag  goes 
into  solution  without  heating.  Very  finely- 
divided  Ag,  obtained  by  reduction  of  Ag  salts 
by  milk-sugar  and  alkali,  is  dissolved  by  very 
dilute  H,.SOjAq  (Carey  Lea,  Zeit.  fur  anorg. 
Chem.  3,"  180).  Friedheim  (B.  19,  2554;  20, 
307)  says  that  Ag  dissolves  in  dilute  H^SO^Aq 
containing  KMnOjAq. — 18.  Chromic  acid  (i.e. 
solution  of  CrO^  in  water)  produces  red 
Ag,,CrO,;  HNO^Aq,  S.G.  1-2,  in  which  K^CrO, 
is  dissolved,  gives  a  red  deposit  on  the  surface 
of  Ag ;  this  test  is  used  to  distinguish  Ag  from 
other  white  metals,  such  as  Sn. — 19.  Ag  in 
pieces  is  scarcely  acted  on  by  hydrochloric 
acid,  even  when  hot  and  cone. ;  very  finely- 
divided  Ag  is  said  to  form  a  little  AgCl,  with 
evolution  of  H.  Hydrofluoric  acid  is  without 
reaction. — 20.  Ag  is  not  acted  on  by  molten 
alkalis  or  alkaline  carbonates ;  hence  KOH, 
cSic,  may  be  fused  in  dishes  of  Ag. — 21.  Ag 
alloys  with  many  metals  (v.  Silver,  alloys  of). 

Silver,  alloys  of.  Ag  forms  alloys  with 
many  metals.  They  are  generally  formed  by 
heating  the  metals  together ;  in  a  few  cases — 
e.g.  alloy  with  Ba  or  Mn — they  are  formed  by 
heating  Ag  with  metallic  oxides  and  C. 

With  alimiinium.  An  alloy  of  100  parts 
Al  with  5  parts  Ag  is  harder  and  more  easily 
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polished  than  Al,  but  otherwise  has  most  of  [ 
the  properties  of  Al ;  it  is  used  for  making  the 
pans,  &c.,  of  balances.  Hirzel  {J.  1858.  137) 
obtained  alloys  corresponding  in  composition 
with  the  formulse  Ag,Al,  Ag.,Al,  and  AgAl  {v. 
also  Tissier,  C.  B.  43,  885 ;  '52,  931 ;  Debray, 
C.  B.  43,  925). 

With  antimony,  and  with  arsenic  ;  v.  Silver 
ANTiMONrDE  and  Arsenide,  infra. 

With  copper.  Ag  becomes  harder,  more 
elastic,  more  capable  of  being  polished,  and 
more  slowly  worn  away  when  alloyed  with  Cu 
without  losing  much  in  malleability  and  duc- 
tility. Alloys  with  less  than  50  p.c.  Cu  are 
white,  with  more  than  50  p.c.  Cu  the  colour  be- 
comes reddish.  The  S.G.  of  a  Ag-Cu  alloy  is 
rather  smaller  than  the  mean  of  those  of  the 
constituent  elements  {v.  Karmarsch,  D.  P.  J. 
108,  278).  The  composition  of  these  alloys  is 
rarely  identical  throughout  a  mass  (v.  Levol, 
A.  Gh.  [3]  36,  193).  Alloys  of  Ag  and  Cu  are 
used  for  making  silver  vessels  and  ornaments, 
and  for  coinage ;  the  standard  silver  coinage 
alloy  of  the  United  Kingdom  contains  925  parts 
Ag  and  75  parts  Cu  per  1,000.  , 

With  mercury.  The  amalgams  of  Ag  are  i 
formed  (1)  by  the  action  of  Hg  on  AgNO.,Aq,  (2) 
by  the  action  of  finely-divided  Ag  on  HgCLAq, 
(3)  by  dissolving  Ag  in  Hg.  The  compositions 
of  many  of  these  amalgams  can  be  represented 
by  formula",  but  it  is  very  doubtful  whether  any 
of  them  are  definite  compounds.  For  accounts 
of  these  amalgams  v.  Campani,  J.  1870.  373  ; 
Joule,  G.  J.  [2]  1,  378;  Crookewitt,  J.  1847-48. 
393  ;  Malaguti  a.  Durocher,  Ann.  M.  17,  336  ; 
Gay-Lussac,  A.  Ch.  58,  218. 

Alloys  of  Ag  with  the  following  metals  have 
been  described  Ba  (Clarke,  G.  A.  62,  373  ; 
Lampadius,  S.  15,  146)  ;  Cd  (Wood,  C.  N.  6, 
135)  ;  Au  (G.  Eose,  P.  23,  181 ;  Levol,  A.  Ch.  : 
[3]  15,  55  ;  27,  310) ;  Ir  ;  Fe  ;  Pb  (Levol,  A.  Ch.  i 
[3]  39,  173)  ;  Mg ;  Mo  ;  Ni ;  Pd  (Graham,  J. 
1868.  144);  Pt;  K;  Eh;  Na ;  Sn ;  Zn  (v. 
Wright  a.  Thompson,  Pr.  48,  25). 

Silver,  antimonide  of.  The  mineral  dys- 
krasite  has  approximately  tlie  composition 
AggSb  ;  when  heated  to  dull  redness  in  H,  the 
compound  Ag3Sb  is  said  to  remain  (von  Bons- 
dorfl',  S.  34,  225).  The  compound  Ag.Sb  is  also 
obtained  by  ppg.  AgNOjAq  by  Sb  hydride  ;  using 
cone.  AgNOjAq  the  compound  Ag-jSb.SAgNOa 
was  formed  (Poleck  a.  Thiimmel,  B.  16, 
2435). 

Silver,  arsenide  of.  No  definite  compound 
of  Ag  and  As  has  been  obtained.  By  heating 
Ag  powder  with  As  about  16  p.c.  of  As  is  ab- 
sorbed by  the  Ag  to  form  a  grey,  brittle  solid 
(Gehlen).  By  passing  As  hydride  into  cone. 
AgNO,,Aq  the  compound  Ag3As.3AgN03  was  ob- 
tained (P.  a.  T.,  I.e.). 

Silver,  bromide  of,  AgBr.  {Argentic  bromide.) 
Formula  probably  molecular,  from  analogy  of 
AgCl.    Occurs  native  in  Chili  and  Mexico. 

Preparation.  —  HBrAq  or  alkali  bromide 
solution  is  added  to  AgNOjAq  till  ppn.  is  com- 
plete ;  the  pp.  is  washed  with  water  in  the  dark 
and  dried. 

Properties. — A  pale-yellow  solid ;  melts  at 
c.  434°  (Carnelley,  C.  J.  29,  489).  S.G.  6-245  at 
0°,  5-595  at  m.p.  (Eodwell,  Pr.  31,  291).  S.H. 
.(15°  to  98°)  -07391  (Eegnault,  A.  Ch.  [3]  1,  129). 


For  effects  of  heat  on  AgBr  v.  Eodwell  (Pr.  25, 
280).  Obtained  in  octahedra  by  crystallisin.L; 
from  HBrAq.  Solubility  of  AgBr  dried  at  100" 
in  NH,Aq  S.G.  -986,  =-051  (Pohl,  J.  pr.  82,  52). 
Granular  AgBr  is  slightly  sol.  water  above  60°  ; 
flocculent  AgBr  is  slightly  sol.  water  above  33° 
(Stas,  A.  Ch.  [5]  3,  289).  Sol.  hot  Hg(NO.,),Aq ; 
AgBr  crystallises  out  on  cooling  (Debray,  C.  B. 
70,  995).  Sol.  solutions  of  alkali  bromides. 
H.F.  [Ag,Br]=  22,700  {Th.  3,  381).  According 
to  Berthelot  {Bl.  [2]  39,  19),  the  reaction  [Ag,Br] 
has  the  value  23,700  when  crystalline  AgBr  is 
formed,  and  the  value  20,000  when  the  AgBr  is 
amorphous  (in  both  cases  using  liquid  Br).  B. 
also  says  that  in  the  formation  of  AgBr  by  add- 
ing KBrAq  to  AgNOjAq  20,700  cals.  are  pro- 
duced, and  that  when  AgNOjAq  is  added  to 
KBrAq  only  17,600  cals.  are  produced  at  first, 
but  that  temperature  then  rises  until  20,600 
cals.  are  evolved ;  B.  thinks  that  two  forms  of 
AgBr  are  formed,  one  more  stable  tlian  the 
other.  Vogel  {B.  16,' 1160)  distinguishes  two 
modifications  of  AgBr,  one  ppd.  from  aqueous 
solutions  and  very  sensitive  to  blue  rays,  the 
other  ppd.  from  solutions  in  absolute  alcohol 
and  sensitive  to  the  violet  rays.  Stas  (-4.  Ch. 
[5]  3,  289)  distinguishes  six  forms  of  AgBr; — (1) 
flocculent,  white,  by  adding  dilute  alkah  bromide 
solution  to  excess  of  cold  AgNO;,Aq  ;  (2)  floccu- 
lent, yellow,  by  using  excess  of  bromide  as  pptant. ; 
(3)  powdery,  white,  by  shaking  (1)  or  (2)  with 
water  ;  (4)  intense  yellow,  by  heating  (4)  ;  (5) 
granular,  white-yellow,  by  pouring  the  flocculent 
or  powdery  variety,  shaken  with  water,  into 
boiling  water,  also  by  adding  very  dilute 
NH,BrAq  to  boiling  AgNO^Aq  (1:1000)  ;  (6)  pure 
yellow,  crystalline  variety. 

Beactions  and  Combinations.  —  1.  AgBr 
darkens  rapidly  when  exposed  to  sunlight. 
Carey  Lea  says  that  the  dark  product  of  the 
action  of  light  on  AgBr  reacts  with  HNO^Aq  to 
re-form  AgBr,  and  Ag  which  dissolves  in  the 
acid  (Am.  S.  [3]  15,  189).  The  action  of  light 
on  the  Ag  haloids  is  treated  more  fully  under 
Silver  chloride  (q.  v.). — 2.  Heated  in  chlorine, 
AgCl  and  Br  are  produced.  —  3.  Dissolves 
slowly  in  hot  silver  nitrate  solution  ;  the  salt 
AgBr.AgNO^  separates  on  cooling  (Eisse,  A 
111,  43;  Eiche,  A.  Ill,  39).— 4.  Combines  with 
silver  chloride  and  iodide  to  form  compounds 
Ag„Br,,I^Cl,j  (v.  Silver  iodobromochloeides, 
p.  470). 

AgBr  resembles  AgCl  in  most  of  its  reac- 
tions ;  NH3  is  not  absorbed  by  dry  AgBr  (Eam- 
melsberg,  P.  55,  248). 

Silver,   bromo-iodochlorides   of,  v.  Silver 

lODOBROMOCHLORIDES   (p.  470). 

Silver,  carbides  of.  Gay-Lussac  noticed 
that  Ag  absorbed  c.  3  p.c.  C  when  heated  with 
lampblack  (A.  Ch.  [2]  58,  222) ;  _Ag,C  requires 
2-7  p.c.  C.  A  yellow  powder,  approximately  agree- 
ing with  the  composition  Ag,C,  was  obtained  by 
j  Gerhardt  and  Cahours  (A.  'Ch.  [3]  1,  76)  by 
!  heating  Ag  cuminate  ;  the  same  compound  was 
probably  produced  by  Liebig  by  heating  AgCN 
(A.  38,  21).  By  heating  an  aqueous  solution  of 
Ag  pyrotartrate,  filtering  from  the  brown  pp. 
produced,  and  boiling  the  pp.,  Berzelius  obtained 
a  dark-brown,  metal-like  pp.,  probably  AgC  (P. 
36,  28  ;  of.  Eegnault,  A.  19,  153). 

H  H  2 
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Silver,  chlorides  of.  The  isolation  of  a  chloride 
of  Ag  containing  less  CI  than  AgCl  is  not  yet  cer- 
tain. CI  is  given  off  when  AgCl  darkens  in 
sunlight,  but  whether  the  darkened  product  is 
a  chloride  or  an  oxychloride  is  not  finally  de- 
termined {v.  Action  of  light  on  silver  chloride, 
infra). 

Silver  subchloeide  ?Ag,Cl.  (Argentous 
chloride.)  According  to  Giintz  [G.  R.  112,  861), 
AgoCl  is  formed  by  passing  dry  HCl  over  Ag,F 
{v.  SiLVEK  SDBFLDOKiDE,  p.  469)  as  long  as 
darkening  occurs  and  the  solid  continues  to 
gain  in  weight.  The  compound  is  also  said  to  be 
formed  by  passing  vapour  of  CCl,,  SiCl,,  or  PCI3 
over  dry  Ag„F.  A  subchloride  is  formed,  accord- 
ing to  von  Bibra  (J.pr.  [2]  12,  55),  by  digesting 
with  cone.  HClAq  the  product  of  the  reduction  of 
Ag  citrate  by  H  at  100°;  after  drying,  the  black 
solid  is  said  to  have  the  composition  Ag,Cl3,  and 
with  NH3AC1  to  give  Ag  and  AgC1.3NH,.  New- 
bury (Am.  8,  196)  failed  to  obtain  any  subchlor- 
ide by  this  method  ;  he  also  found  that  the  re- 
duction of  Ag  citrate  by  H  at  100°  does  not 
yield  any  definite  compound,  but  probably  a 
mixture  of  unchanged  citrate  and  Ag. 

Silver  chloride  AgCl.  [Argentic  chloride.) 
Mol.  w.  143-03.  V.D.  80  at  c.  1700°  (Biltz  a. 
Meyer,  B.  22,  725).  Melts  at  c.  457°  (Carnelley, 
C.  J.  29,  489).  S.G.  at  0°  =  5-505;  at  m.p. 
=  4-919  (Kodwell.  Pr.  31,  291).  S.H.  (13°  to 
98°)  -09109  (Kegnault,  A.  Ch.  [3]  1,  129).  For 
expansion  of  AgCl  by  heat  v.  Eodwell  (Pr.  25, 
280).  H.F.  [Ag.Cl]  =  22,700  (Th.  3,  381) ; 
29,200  (Berthelot,  Bl.  [2]  39,  19).  For  solubili- 
ties in  various  liquids  v.  Proj)erties. 

Occurrence.  —  Native,  as  hornsilver,  in 
Siberia,  Mexico,  Peru,  the  Harz,  Alsace,  &c. 

Preparation. — 1.  By  adding  dilute  HClAq, 
or  solution  of  a  chloride,  to  solution  of  any  salt 
of  Ag  except  AgnS^Oj,  washing  the  white  curdy 
pp.,  drying,  and  heating  to  incipient  fusion. 
Obtained  in  octahedral  crystals  by  dissolving  in 
large  quantity  of  cone.  HClAq  and  evaporating. — 
2.  By  heating  Ag  to  redness  in  a  stream  of  CI  or 
HCl  gas. — 3.  By  fusing  NaCl  with  finely- divided 
Ag,  washing,  and  drying. — 4.  Very  slowly  by  the 
action  of  HClAq  on  Ag  in  the  presence  of  air. 

Properties. — A  white  solid.  According  to 
Cooke  (Am.  S.  [3]  21,  220)  AgCl  is  very  slightly 
Bol.  cold  water,  and  very  distinctly  sol.  boiling 
■water;  he  found  that  1-4.561  g.  AgCl  washed  with 
CO  litres  boiling  water  lost  -2241  g.  =  15-39  p.c. ; 
tiie  solvent  action  was  entirely  prevented  by  the 
addition  of  -05  g.  AgNOj  per  litre  of  water. 
Stas  (C.  B.  73,  998)  distinguished  four  forms  of 
AgCl:  (1)  gelatinous;  (2)  curdy,  flocculent; 
(3)  powdery  ;  (4)  granular,  crystalline,  or  fused. 
The  curdy,  flocculent  form  is  the  most  sol.  in 
water ;  it  is  formed  by  ppg.  cold  dilute 
AgNO^Aq  by  a  chloride  solution ;  on  shaking  it 
changes  to  the  less  sol.  powdery  variety.  The 
granular,  crystalline,  or  fused  form  is  insol. 
cold  water  (10  million  parts  cold  water  dissolve 
1  part)  but  it  begins  to  dissolve  at  30°  (cf. 
Berthelot,  A.  Ch.  [5]  29,  241,  for  the  heats  of 
solution  in  KCNAq  of  different  preparations  of 
AgCl).  AgCl  is  sol.  cone.  HClAq  and  in  satu- 
rated solutions  of  various  metallic  chlorides; 
Vogel  (C.  C.  5,  578)  gives  the  foUowing 
table : — 


100  c.c.    cold  HClAq  S.G.  1-165  dissolve  -293     g.  AgCl 


„      boiling     „               „  „ 

•560  „ 

„   cone.  HClAq  diluted  with 

1  pt.  H„0 

•056  „ 

„   cone.  HClAq  diluted  with 

2  pts.  H^O 

•018  „ 

„    couo.  HClAq  diluted  with 

3  pts.  H,0 

•0089  „ 

„   cone.  HClAq  diluted  with 

5  pts.  H,0 

•0035  „ 

,,   saturated  BaCljAq  „ 

•0143  „ 

„         „  SrCljAq 

-0884  „ 

„         „  CaCUAq 

-0930  , 

MgCUAq 

•171  , 

„  NaClAq 

•095  , 

„          „  KClAq 

•0472  , 

NH.ClAq 

•1575  , 

One  part  AgCl  dissolves  in  50,000  parts  boiling- 
cone.  HNOjAq  (Thorpe,  C.  N.  25,  198).  NH.Aq 
dissolves  AgCl ;  1  litre  NH3Aq  S.G.  -924  dissolves 
69-5  g.  freshly  ppd.  AgCl,  according  to  Millon 
and  Comaille  (C.  R.  56,  309).  AgCl  crystalhses 
from  solutions  in  NHjAq,  on  evaporation ;  ex- 
plosive silver  is  obtained  from  boiling  solutions 
(v.  Silver  nitrides,  p.  470).  According  to  Terrell 
(Bl.  [2]  51,  598),  crystals  of  AgC1.2NH3  separate 
from  a  hot  solution  of  AgCl  in  NH^Aq ;  these 
crystals  lose  NH,  in  the  air.  AgCl  dissolves 
easily  in  Na^S^OjAq,  forming  Ag.,Na4(S203)3Aq  ; 
AgCl  also  dissolves  readily  in  KCNAq  forming 
AgK(CN).2,  and  in  NH^HSOaAq  forming  double 
Ag-NH^  sulphites  (v.  Svensson,  B.  4,  714).  A 
hot  solution  of  AgNOjAq  dissolves  AgCl ;  Kisse 
says  that  a  double  compound  of  AgNOj  and 
AgCl  separates  on  cooling  (A.  Ill,  39),  but 
Debray  asserts  that  simple  solution  occurs 
(C.  B.  70,  995).  Hg(N03).,Aq  also  dissolves 
AgCl;  Waekenroder  (A.  91,  317)  and  Field 
(/.  1857. 255)  say  that  AgCl  separates  on  cooling 
a  hot  saturated  solution ;  Stas  (A.  Ch.  [5]  3,- 
180)  found  that  a  little  AgNOj  is  formed. 

Reactions. — 1.  AgCl  is  reduced  to  Ag  by 
many  metals,  e.g.  Zn  or  Fe,  in  presence  of 
dilute  acid ;  Cu  reduces  AgCl  in  presence  of 
NHjAq,  with  formation  of  Ag  and  CuO.HjO. — 
2.  Heated  in  hydrogen,  or  with  carbon,  or  with 
several  organic  compounds,  AgCl  is  reduced  to 
Ag. — 3.  Solution  of  hydriodic  acid  forms  Agl 
and  HClAq. — 4.  Caustic  alkali  solutions  pro- 
duce Ag,,0. 

Action  of  light  on  silver  chloride.  AgCl 
darkens  when  exposed  to  sunlight  in  ordinary 
air.  During  the  darkening  CI  is  given  off 
(Scheele  ;  von  Bibra,  pr.  122,  39  ;  Hitchcock, 
Am.  11,  474  ;  BSchamp,  Bl.  [3]  6,  836  ;  Richard- 
son, C.  J.  59,  536 ;  Baker,  C.  J.  61,  728).  Only 
a  small  portion  of  the  AgCl  is  changed  to  the 
dark  compound  (v.  B.,  I.e. ;  B.,  I.e.,  got  -09  g.  of 
the  dark  body  from  51  g.  AgCl).  AgCl  does  not 
darken  in  thoroughly  dried  oxygen  (B.,  I.e. ;  nor 
in  dried  air  according  to  Carey  Lea,  Zeit.  filr 
anorg.  Chem.  3,  184).  AgCl  does  not  darken 
in  vacuo,  when  thoroughly  dry  (Abney  ;  B.,  I.e.). 
Carey  Lea  (l.c.)  found  that  AgCl  darkened  under 
dry  petroleum ;  Baker  noticed  darkening  under 
benzene  in  absence  of  air,  and  he  showed  that  the 
dark  substance  was  Ag.  B.  (l.c.)  noticed  darken- 
ing, with  formation  of  Ag,  under  CCl^,  but  he 
proved  that  if  the  CClj  contained  no  trace  of 
free  01  darkening  did  not  occur.  For  the 
influence  of  HCl  and  chlorides  in  water  upon 
the  rate  of  darkening  of  AgCl  in  the  water  v. 
Eichardson  (I.e.).  The  dark  substance  was  sup- 
posed by  some  to  be  a  subchloride,  but  Baker 
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las  shown  that  it  contains  0  (Hodgkinson  had 
iormerly  arrived  at  this  conclusion  ;  v.  Meldola's 
Chemistrij  of  Pliotographij  [1889],  p.  856).  B. 
kept  pure  AgCl,  dried  at  150°,  in  sunshine,  in  a 
current  of  air  freed  from  CO.,  and  dried  by 
HoSOj,  until  it  darkened ;  he  measured  the  O 
obtained  from  the  darkened  product,  by  decom- 
posing by  CI,  and  also  determined  the  Ag  and 
CI ;  the  results  agreed  approximately  with  the 
formula  Ag.jOCl ;  the  atomic  ratio  of  Ag  to  01 
found  in  various  experiments  was  almost  exactly 
2:1,  and  of  Ag  to  0  was  nearly  5:2  ;  the  darkened 
product  dissolved  in  cone.  KClAq,  on  dilution 
AgCl  was  ppd.  and  the  solution  had  a  slightly 
alkaline  reaction,  as  would  be  expected  if  an  oxy- 
chloride  were  present  in  the  dark-coloured  sub- 
stance. B.  also  found  that  a  little  H,_,0  was 
obtained  by  heating  the  dark  substance  in  dry 
H ;  Eichardson  (0.  J.  50,  536)  failed  to  obtain 
any  water  by  treating  darkened  AgCl  in  this  way; 
E.  also  failed  to  get  O  from  the  darkened  AgCl 
by  heating  it  to  the  m.p.  in  connection  with  a 
Sprengel  pump.  B.  (I.e.)  found  that  the  dark- 
coloured  x>roduct  became  white  when  left  in  the 
dark  for  some  days,  and  that  a  small  quantity  of 
0  was  absorbed  during  this  change ;  he,  there- 
fore, concludes  that  two  oxychlorides  of  Ag  are 
formed,  one  of  which  is  dark-coloured  and 
absorbs  a  little  O  to  form  another,  white,  oxy- 
chloride.  Carey  Lea  (Am.  S.  [3]  38,  356)  thinks 
that  the  darkening  action  of  light  on  AgCl  is 
preceded  by  the  formation  of  what  he  calls  a 
photochloride.  The  photochloride  is  supposed  to 
contain  less  CI  than  the  normal  chloride,  and 
probably  to  be  a  compound  of  AgCl  with  a  sub- 
chloride  or  oxychloride ;  it  is  extremely  sensi- 
tive to  the  action  of  light,  and  undergoes  many 
changes  of  colour  when  exposed  to  light  (Am.  S. 
[3]  33,  3i9,  480,  489  ;  34,  33  ;  and  full  abstract 
in  C.  J.  54,  1).  For  the  application  of  the  effects 
of  light  on  AgCl  to  photography  v.  PnoTOGRiPHic 
Chemistry,  this  vol.  p.  154  ;  and  Photography, 
in  DicTiONAEY  OP  Applied  Chemistry,  vol.  iii. 

Combinations. — 1.  With  several  metallic 
chlorides,  especially  the  alkaline  chlorides ; 
generally  forming  compounds  of  th3  type 
AgCi.MCl.  WeUs  and  Wheeler  (Am.  S.  [3]  44, 
155)  obtained  the  compound  AgC1.2CsCl. — 
2.  With  ammonia  gas.  According  to  H.  Eose 
(P.  20,  157),  2AgC1.3NH3  is  formed.  Isambert 
(C.  B.  64,  1259  ;  v.  also  Horstmann,  B.  9,  749) 
studied  the  vapour-pressures  of  the  NHj  given 
off,  and  concluded  that  two  compounds  are 
formed  when  NH,,  is  absorbed  by  AgCl — viz. 
2AgC1.3NH.j  and  AgCI.SNHj  (v.  curves  given  in 
DissocuTioN,  vol.  ii.  p.  397).  Bodlander  (Z.P.C. 
9,  730)  measured  the  reduction  of  the  freezing- 
point  of  water  produced  by  the  compound 
2AgC1.3NH3 ;  as  this  reduction  was  much  larger 
than  the  normal,  he  concluded  that  the  com- 
pound is  dissociated  in  aqueous  solution ;  a 
similar  conclusion  was  come  to  by  measuring 
the  electrical  conductivities  of  aqueous  solu- 
tions. The  dissociation  cannot  have  been  into 
NH.j  and  AgCl,  says  B.,  else  AgCl  would  have 
separated  out ;  hence  the  dissociation  must  be 
electrolytic,  and  the  solution  must  contain  Ag 
and  CI  as  free  ions.  This  conclusion  was  con- 
firmed by  finding  that  PbAcAq  ppd.  PbCl,,  from 
2AgC1.3NH,  in  NH.Aq,  KIAq  ppd.  Agl,  and 
{NH,,)jSAq  ppd.  AgjS ;  conlivmatory  evidence 


was  also  found  in  the  fact  that  addition  of  NH,C1 
or  AgNO,  reduced  the  solubility  in  water  of 
2AgC1.3NH3,  in  keeping  with  the  law  regarding 
the  effect  on  the  solubility  of  an  electrolyte  of 
the  presence  of  one  of  its  ions.  B.  concludes 
that  2AgC1.3NH3  is  a  definite  compound,  which, 
is  electrolytically  dissociated  in  aqueous  solu- 
tion. —3.  With  silver  iodide  and  bromide ;  v. 
Silver  iodobromochloribes,  p.  470. 

Silver,  chloro-iodobromides  of;  v.  Silver 

lODOBROMOCHLOKIDES,  p.  470. 

Silver,  cyanide  of ;  v.  vol.  ii.  p.  346. 

Silver,  ferricyanide  of ;  v.  vol.  ii.  p.  340. 

Silver,  ferrocyanide  of;  v.  vol.  ii.  p.  337. 

Silver,  fluorides  of.  Two  fluorides  of  Ag 
probably  exist,  AgjP  and  AgF,  although  there  is 
still  some  doubt  as  to  the  isolation  of  the  first 
of  these. 

Silver  subfldokide  (?Ag2F).  (Argentons 
fluoride.)  By  electrolysing  saturated  AgFAq, 
using  Ag  electrodes,  and  a  current  so  strong  that 
the  liquid  became  hot,  Giintz  (C.  R.  110,  1337) 
noticed  the  separation  of  brass-coloured  crystal- 
line plates  at  the  negative  pole  (if  a  weaker 
current  was  used,  Ag  was  deposited).  Treatment 
of  these  crystals  with  water  gave  AgFAq  and 
Ag,  the  ratio  of  Ag  separating  to  Ag  going  into 
solution  being  practically  unity ;  hence  G. 
gives  the  formula  Ag.^F  to  the  yellow  crystals. 

G.  says  that  the  same  compound  is  obtained  by 
heating  finely-divided  Ag  with  AgFAq  in  a  sealed 
tube  to  nearly  90°.  Ag„F  does  not  change  in  dry 
air ;  it  decomposes  slowly  in  moist  air,  and 
rapidly  in  water.  Heated  in  dry  HCl,  CCl,, 
PC1„  &c.,  Ag„Cl  is  said  to  be  formed  (G.,  C.  B. 
112,861). 

Silver  fldorldb  AgF.  (Argentic  fluoride.) 
Formula  probably  molecular,  from  analogy  of 
AgCl.  Prepared  by  dissolving  Ag.COj  that  has 
been  freshly  ppd.  and  well  washed,  in  HFAq, 
evaporating  to  dryness  in  a  Pt  dish,  with  con- 
stant stirring,  dissolving  the  black  residue  in 
water,  filtering,  and  evaporating  in  vacuo  over 

H.  ,SO^,  in  the  dark  (Moissan,  Bl.  [3]  5,  456 ;  cf. 
Giintz,  A.  Ch.  [6]  3,  42).  A  yellow,  transparent, 
elastic  solid ;  sol.  water ;  melts  at  c.  435°  (M., 

I.  e.).  S.G.  5-852  at  15-5°  (Gore,  Pr.  18,  157). 
Fremy  (A.  Ch.  [3]  47,  39)  obtained  large  colour- 
less prisms,  to  which  he   gave  the  formula 

\  AgF.  2aq,  by  evaporating  a  solution  of  AgjCOj  or 
Ag„0  in  HFAq  ;  these  crystals  lost  2aq  in  vacuo, 
but  some  oxyfluoride  was  always  formed  (cf. 
Marignac,  Ann.  M.  [5]  15,  270).  Heated  in  air, 
AgF  is  decomposed,  by  the  moisture  present,  to 
Ag,  0,  and  HF,  according  to  Gore  (I.e.).  AgF 
interacts  violently  with  P0C1„  PC1„  SiCl^,  and 
BClj,  giving  AgCl  and  fluoride  of  P,  Si,  or 
B  (Moissan,  I.e.).  Molten  AgF  attacks  vessels 
of  Ag  or  Pt.  The  dry  salt  is  said  to  absorb 
c.  800  times  its  volume  of  NH,  (Gore,  I.e.). 
Heating  with  I  produces  Agl  and  LFj  (Gore,  Pr. 
30,  70  ;  where  a  few  other  reactions  of  com- 
pounds with  AgF  are  given). 

Silver,  fulminating ;  v.  Silver  nitrides, 
p.  470;  Silver  fulminate  (q.  v.,  vol.  ii.  p.  317) 
is  sometimes  called  fulminating  silver. 

Silver,  hydroxides  of ;  v.  Silver  oxides  and 

HYDRATED  OXIDES,  p.  470. 

Silver,  iodides  of.  The  isolation  of  an  iodide 
other  than  Agl  is  very  doubtful. 
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Silver  subiodide  (?Ag2l).  Giintz  (C.  B. 
112,  861)  states  that  this  compound  is  formed 
by  the  interaction  of  HI  and  AgjF  ;  but  no 
analyses  are  given. 

Silver  iodide  Agl.  {Argentic  iodide.) 
Formula  probably  molecular,  from  analogy  of 
AgCl.  Melts  at  c.  530°  (Carnelley,  C.  J.  29, 
489)  ;  at  527°  (Kodwell,  Pr.  25,  280).  S.G.  at 
0°  =  5-675,  at  527"  =  5-522  ;  maximum  density  at 
142°  (E.,  I.e.).  V.D.  said  to  be  214  (Dewa'r  a. 
Scott,  B.  A.  1881.  597).  S.H.  (15°  to  98°) 
■06159  (Eegnault,  A.  Ch.  [3]  1,  129  ;  v.  also 
Bellati  a.  Eomanese,  Pr.  34,  104).  H.F.  [Ag,I] 
=  13,800  {Th.  3,  381);  14,800  for  crystalline 
Agl  (Berthelot,  Bl.  [2]  39,  18). 

Occurrence. — As  iodite  in  Peru,  Mexico,  the 
Harz,  Spain,  Ac. ;  forms  hexagonal  tablets ; 
also  in  combination  with  AgBr  as  iodobromitc 
in  small  quantities  in  Nassau.  1 

PreiMration. — 1.  By  adding  HIAq,  or  solu-  j 
tion  of  an  iodide,  to  AgN03Aq,  washing,  and  ! 
drying. — 2.  By  the  interaction  of  finely-divided  | 
Ag  with  HIAg,  H  is  evolved  at  ordinary  tempera- 
tures and  Agl  formed ;  a  solution  saturated  by 
heating  HIAq  with  Ag  deposits  crystals  of 
AgL-THI  on  cooling  (v.  infra,  Combinations, 
No.  2) ,  and  the  liquid  decanted  from  these  deposits 
hexagonal  crystals  of  Agl  on  standing  in  air. — 
3.  Crystals  of  Agl  are  also  obtained  by  boiling 
saturated  AgNO.,Aq  with  Hgl,„  and  allowing  to 
cool  (Field,  /.  1857.  255). —4.  The  interaction 
of  a  mixture  of  HClAq  and  HIAq  with  Ag  pro- 
duces only  Agl,  according  to  Deville  (A.  101, 
197). 

Properties. — As  obtained  by  adding  alkali 
iodide  to  excess  of  AgNOjAq,  Agl  is  a  curdy  pp., 
yellow,  with  a  slight  orange  tint ;  by  adding 
AgNOjAq  to  excess  of  alkali  iodide,  a  pure  yel- 
low, powdery  pp.  of  Agl  is  formed ;  the  former 
pp.  is  sensitive  to  light,  the  latter,  after  washing 
in  the  dark,  is  not  discoloured  by  light.  Agl 
melts  to  a  yellow  liquid,  which  becomes  red  and 
then  dark-red  as  temperature  rises  ;  the  liquid 
solidifies  to  a  yellow,  horny,  crystalline  mass. 
Eodwell  (Pr.  25,  280)  found  that  Agl  contracted 
considerably  at  the  moment  of  solidification; 
regular  contraction  then  took  place  to  142°, 
whereat  there  was  sudden  and  considerable  ex- 
pansion accompanied  by  change  from  the 
amorphous  to  the  crystalline  form ;  this  was 
followed,  as  temperature  fell,  by  slight  expan- 
sion (for  measurements  v.  E.,  Z.c).  Agl  exists 
in  two  forms  :  above  142°  up  to  the  m.p.  it  is 
yellow,  ti-ansparent,  and  flexible  ;  below  142° 
it  is  pale  green,  crystalline,  opaque,  and  brittle 
(E.,  Z.c).  Agl  is  nearly  insol.  NHjAq  ;  accord- 
ing to  Martini  (S.  56,  153)  1  part  Agl  requires 
2560  parts  NH3Aq,  S.G.  -96,  for  solution.  Agl 
dissolves  in  Na^SjOjAq,  in  KCNAq,  and  in 
NaClAq  ;  it  dissolves  readily  in  hot  Hg(N03)._Aq, 
and  crystallises  therefrom  on  cooling  {v.  also 
Combinations). 

Reactions. — 1.  Heated  in  chlorine,  AgCl  is 
formed. — 2.  Eeduced  by  contact  with  metals, 
such  as  Zn  or  Fe,  in  presence  of  acids.  Most  of 
the  reactions  of  Agl  closely  resemble  those  of 
AgCl. 

CofinbinaMons. — 1.  DryAglabsorbsawmowM ; 
Eammelsberg  (P.  48,  170)  says  that  2AgI.NH3  is 
formed  (for  dissociation-pressures  of  this  com- 
pound V.  Isambert,  C.  R.  64,  1259).    By  heating 


Agl  with  excess  of  NH3Aq  in  a  sealed  tube  at 
100°,  Terreil  obtained  crystals  of  AgI.2NH3  (Bl. 
[2]  41,  598). — 2.  Agl  dissolves  in  hot  cone. 
hijdriodic  acid  solution ;  the  liquid  deposits 
large,  colourless,  unstable  crystals  of  Agl. HI  (?) 
(Deville,  C.  R.  42,  895) ;  Berthelot  obtained 
transparent  crystals  of  3AgI.HI.7H2O  {A.  Ch. 
[5]  23,  89).— 3.  According  to  Preuss  (A.  29,  328) 
a  solution  of  Agl  in  a  hot  solution  of  mercuric 
yiitrate  deposits  crystals  of  4AgI.2Hg(N03).,.  aq 
on  cooling. — 4.  Agl  dissolves  in  silver  nitrate 
solution  containing  more  than  3  p.c.  AgNO, 
(Vogel)  ;  water  re-ppts.  Agl.  For  accounts  of 
different  compounds  obtained  v.  Kremers  (/.  pr. 
71,  54),  Stiirenberg  (Ar.  Ph.  [2]  143,  112),. 
Weltzien  (A.  95,  127),  Eiche  (A.  Ill,  39),  Eisse 
[A.  Ill,  43).  Agl  also  combines  with  silver 
nitrate  and  lead  nitrate,  and  with  antimonide, 
arsenide,  phosphide,  and  sulphide  of  silver  [v^ 
Poleck  a.  Thiimmel,  Ar.Ph.  [3J  22,  1).— 5.  With 
alkali  iodides  and  alkaline  earth  iodides  (t>. 
Boullay,  A.  Ch.  [2]  34,  377 ;  Berthelot,  Bl.  [2] 
39,  24  ;  Johnson,  C.  N.  37, 110  ;  MaxweU  Simp- 
son, Pr.  27,  120). 

Silver,  iodobromochlorides  of.  Eodwell  (Pr. 
25,  292)  prepared  various  compounds  of  Agl, 
AgBr,  and  AgCl  by  melting  the  constituents  to- 
gether. E.  studied  especially  the  effects  of  heat 
on  the  S.G.,  change  of  volume,  and  m.p.  of  these 
bodies.  The  formula  aiAgl.T/AgBr.sAgCl  ex- 
presses the  composition  of  the  compounds  ex- 
amined ;  X  varied  from  1  to  4,  y  was  always  1, 
and  2  varied  from  1  to  2. 

Silver,  nitrides  of.  Easchig  (A.  233,  93) 
has  shown  that  the  explosive  substance  first, 
prepared  by  BerthoUet,  by  the  action  of  cone, 
cold  NHjAq  on  Ag.^O,  and  supposed  by  B.  to 
be  a  compound  of  Ag.^O  and  NH3,  is  a  nitride 
of  Ag,  Ag.,N,  mixed  with  finely-divided  Ag. 
AgjN  is  best  prepared  by  allowing  a  cone,  solu- 
tion of  Ag.jO  in  NHjAq  to  stand  in  air,  or  by 
adding  alcohol.  AgjN  dissolves  in  KCNAq, 
forming  AgCN,  KHOAq,  and  NH3. 

The  Ag  salt  of  HN3  may  be  called  silver 
nitride ;  v.  Hydrazoic  acid,  vol.  iii.  p.  559. 

Silver,  nitroprusside  of,  v.  vol.  ii.  p.  341. 

Silver,  oxides  and  hydrated  oxides  of.  Only 
one  oxide  of  Ag  has  been  certainly  isolated ;  the 
existence  of  any  hydrated  oxide  is  doubtful. 

Silver  oxide  Ag.,0.  (Argentic  oxide.)  Mol. 
w.  not  known. 

Formation. — 1.  By  heating  Ag  much  above 
the  temperature  of  volatilisation  in  the  0-H  flame, 
using  excess  of  0  (Debray,  C.  R.  66,  735). — 
2.  By  passing  an  electric  current  through 
KNOjAq,  using  a  plate  of  Ag  as  positive  electrode 
(Wohler,  A.  146,  264).— 3.  By  boiling  freshly- 
ppd.  AgCl  with  KOHAq,  S.G.  1-25  to  1-3  (Mohr, 
A.  66,  65). 

Preparation. — KOHAq  is  added  in  slight  ex- 
cess to  AgNOjAq,  the  pp.  is  thoroughly  washed 
with  hot  water,  best  in  air  freed  from  CO2,  and 
dried  at  c.  80°. 

Properties. — A  black  powder  (brownish  when 
ppd.),  with  an  unpleasant,  metallic  taste.  S.G. 
7-52  (Schroder,  B.  9,  1888) ;  7-15  (Playfair  a. 
Joule,  C.  S.  Mem.  3,  84) :  7-25  {Boullay,  A.  Ch. 
[2]  43,  266).  H.F.  [Ag-,0]  =  5,900  (Th.  3,  381). 
Slightly  sol.  water ;  1  part  dissolves  in  3,000 
parts  water  according  to  Bineau  (C.  R.  41,  509), 
but  according  to  Abl  in  96  parts  water  at  18-5° 
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(Oester.  Zeit.  f.  Pharin.  8,  201  [1884]).  Sol. 
NH,Aq  (for  so-called  explosive  silver,  formed  by 
dissolving  in  cone.  NH.,Aq,  v.  Silveb  nitrides, 
p.  470).    Also  sol.  aqueous  solutions  of  alkali 
thiosulphates,  chlorides,  and   cyanides.  Sol. 
aqueous  MeNH.,  and  EtNH.,  (Wurtz,  A.  Ch.  [3] 
30,  453).    Moist  Ag,0  absorbs  CO.,  from  the  air,  i 
forming  Ag.^CO:,,  and  reacts  with  many  salts  like  ' 
the  alkalis  (v.  Reactions).    Ag.^O  is  decomposed  \ 
to  Ag  and  0  by  heat  (u.  Reactions).  ! 

Reactions  and   Combinations.  —  1.  Decom-  j 
posed  to  Ag  and  0  by  Iwat ;  Carnelley  and  Walker  j 
(C.  /.  .53,  79)  say  that  0  begins  to  come  off 
at  c.  100°,  rapid  deoomposition  occurs  at  c.  270°,  ! 
and  reduction  is  complete  at  300°-340°  (y.  also  ■ 
H.  Rose,  P.  85,  317  ;  Joulin,  Bl.  [2]  19,  349 ; 
cf.  Hydbated  silver  oxide,  infra). —  2.  Anti- 
mony sulphide,  arsenic  stilphide,  finely-powdered  | 
sulphur  and  salenion,  amorphous  phosphorus, 
and  some  organic  compounds,  are  ignited  by  ' 
rubbing  with  Ag^O  (Bottger,       1863.  284).— 
3.  Eeduced  to  Ag  by  heating  to  100°  in  hydrogen  ' 
(Wohler,  A.  30,  4).— 4.  Finely-divided  Ag.,0  i 
under  water  is  reduced   to  Ag   by  cadmium, 
copper,  tin,  and  zinc  (not  reduced  by  Fe  or  Hg) 
(Fischer,  P.  10,  605).— 5.  Agl   and  HIO^  are 
formed  by  the  reaction  of  iodine  with  Ag^O  sus-  ' 
pended  in  water  (Naquet,  Bl.  1860.  123) ;  with  j 
chlorine  the  products  are  AgCl,  HClOAq,  AgClO,  j 
and  AgClO.,  (Stas).— 6.  Moist  Ag._,0  decomposes  ! 
many  metallic  salts  in  solution,  ppg.  metallic 
hydroxides,  e.g.  salts  of  Bi,  Cr,  Co,  Cu,  Fe,  Hg  \ 
(v.  H.  Eose,  P.  B.  1857.  245).— 7.  The  moist 
oxide  removes  halogens  from  many  halogen- 
containing  organic  compoiinds,  replacing  the 
halogen    by     OH     (e.g.     2NMe,I-f  Ag.,O.H.,0 
=  2NMejOH-h2AgI).— 8.  Ag,,0  reacts  with  acids 
as  a  decidedly  basic  oxide,  forming  salts  Ag.,X, 
where  X  =  SO^,  2NO3,  &c.— 9.  A  little  AgNO.^  is 
said  to  be  formed  when  nitric  oxide  is  passed 
into  water  with  Ag.O  suspended  therein  (Sabatier  j 
a.  Sendereus,  C.  R.  114,  1476).— 10.  Ag,,0  com- 
bines with  lead  monoxide;  by  allowing  a  mix- 
ture of  Pb0.a:'H,0  and  freshly  ppd.  Ag.^O  to  ! 
stand  in  contact  with  NaOHAq,  a  compound 
was  obtained,  probably  2Ag..O.PbO  (E.  Aston, 
C.  J.  59, 1093). 

Hydbated  silvee  oxide  (?  AgOH).  Accord- 
ing to  H.  Eose  (P.  85,  904),  no  compound  of 
Ag.O  and  H,0  exists.  By  ppg.  an  alcoholic 
solution  of  AgNOj  by  KOHAq  at  -40°,  Bruce 
obtained  a  white  flocculent  pp.  which  he  sup-  j 
posed  to  be  a  hydroxide  of  Ag  (no  analyses  are 
given) ;  the  pp.  darkened  on  heating,  forming 
Ag.,0  and  H.,0  according  to  B.  (C.  N.  50,  208). 
Carey  Lea  (Am.  S.  1892.  249)  found  that  ppd. 
Ag.^0  retained  some  water  after  drying  at  100° 
for  40  hours,  and  that  all  water  was  removed  at 
160°- 105°,  but  some  0  went  off  also.  Carnelley 
and  Walker  (C.  J.  53,  79)  say  that  the  product 
of  drying  ppd.  silver  oxide  in  air  for  6  months 
had  the  composition  AgOH,  and  that  this  was 
scarcely  decomposed  at  100°,  but  that  above  this 
temperature  it  gave  off  water  and  a  little  0,  and 
was  gradually  changed  to  Ag.,0  mixed  with  a 
little  Ag.  Some  reactions  of  moist  Ag,_,0  point 
to  the  existence  of  such  a  compound  as  AgOH 
(v.  Silveb  oxide.  Reactions,  Nos.  6  and  7). 

Oxide  op  silver  with  less  oxygen  than 
Ag20.  (Silver  suboxide.)  Many  experiments 
are  recorded  on  the  interactions  of  reducing 


agents  and  Ag  salts  whereby  salts  of  a  lower 
oxide  than  Ag^O  were  supposed  to  be  formed, 
and  the  corresponding  oxide  was  supposed  to  be 
pi^d.  from  these  salts  by  alkali.  Wohler 
(A.  30,  1)  reduced  Ag  citrate  by  heating  in  H  ; 
W.  a.  Eautenberg  reduced  ammoniacal  solutions 
of  ohromate,  molybdate,  and  tungstate  of  Ag  (A. 
114,  119) ;  W.  reduced  arsenate  and  phosphate 
of  Ag  by  FeSO^  (A.  146,  263);  H.  Eose  reduced 
AgNOj  in  NH.,Aq  by  ferrous  and  manganous 
salts  (P.  101,  264,  .321,  497  ;  v.  also  Weltzien, 
A.  142,  105).  More  recent  experiments  have 
shown  that  the  products  of  such  reductions  in 
presence  of  alkali  are  mixtures  containing  Ag 
(v.  Pilhtz,  Fr.  27,  496 ;  Newbury,  Am.  8,  196  ; 
Muthmann,  B.  20,  983 ;  Bailey  a.  Fowler,  C.  J. 
51,  416). 

Faraday  (Q.  J.  S.  4,  268)  supposed  that  a 
suboxide  of  Ag  was  formed  by  the  action  of  air 
on  an  ammoniacal  solution  of  Ag._,0  ;  but  Bailey 
and  Fowler  (I.e.)  have  shown  that  the  substance 
is  a  mixture  of  Ag.O  with  a  Uttle  explosive 
silver. 

The  result  of  a  long  series  of  experiments  by 
O.  v.  d.  Pfordten  (P.  18,  1407 ;  20,  1458 ;  21 
2288,  3375)  on  reducing  AgNO^Aq  by  H.POjAq, 
alkali  bisulphites,  and  tartaric  acid,  is  that  the 
black  pp.  thus  obtained  is  not  a  suboxide  of  Ag 
(for  some  time  it  was  asserted  to  be  Ag^O) ;  the 
accuracy  of  this  result  has  been  strengthened  by 
the  critical  experimental  work  of  Bailey  (C.  N. 
55,  263;  C.  J.  51,  466),  and  especially  of 
Friedheim  (P.  20,  2554  ;  21,  307).  F.  regards 
the  supposed  Ag,0  as  a  mixture  of  finely-divided 
Ag  with  more  or  less  Ag„0,  or  with  some  organic 
compounds.  V.  d.  P.  (P.  21,  2288,  3375)  thinks 
his  latest  work  points  to  the  black  substance 
being  a  compound  of  Ag,  H,  and  0  in  the  ratio 
4Ag:2H:0 ;  he  gives  it  the  formula  Ag^.H.,0,  or 
AgpOH.H,  and  calls  it  silver  hydrate.  According 
to  Giintz  (C  R.  112,  861)  Ag^O  is  produced  by 
the  action  of  steam  on  Ag.,F  at  160°. 

The  question  of  the  existence  and  isolation  of 
a  compound  with  less  0  than  Ag.,0  cannot  be 
regarded  as  settled. 

Oxides  of  silver  with  mobe  oxygen  than 
Ag.,0.  By  electrolysing  cone.  AgNOjAq,  using 
Pt  as  positive  and  Ag  as  negative  electrode, 
Eitter  obtained  a  black  deposit  on  the  Pt ;  to 
this  black  substance  E.  gave  the  formula  Ag.^O.,, 
and  described  it  as  crystallising  in  octahedra, 
S.G.  5'474,  giving  up  half  its  0  when  carefully 
heated,  with  NH,,Aq evolving  N,  and  with  HoO.Aq 
producing  Ag,  H^,  and  0.  A  similar  production 
of  what  seemed  to  be  a  peroxide  of  Ag  was 
noticed  by  Fischer  (.J.pr.  33,237)  and  by  Wohler 
(A.  146,  264).  Bottger  (P.  6,  1398)  noticed  that 
the  peroxide  produced  by  electrolysis  formed 
explosive  Ag  and  rapidly  evolved  N,  with  NH;,Aq. 
Ag  peroxide  is  formed  by  the  action  of  ozone  on 
Ag,  according  to  Schonbein  (J.  pr.  41,  321) ;  and 
of  ozone  on  Ag.,0  according  to  Schiel  (J.  1864. 
118).  Ag  peroxide  is  an  energetic  oxidiser  ;  it 
sets  fire  to  H^S,  and  Au  sulphide  when  rubbed 
therewith  (v.  Bottger,  I.e.). 

The  analyses  made  by  Fischer  (/.  pr.  33,  237), 
Mahla  (A.  82,  289),  and  Gmelin  (J.  6, 105)  of  the 
peroxide  showed  the  presence  of  H.,0  and  AgNOj ; 
their  preparations  were  probably  impure.  The 
analyses  of  Wallquist  (J.pr.  31,  179)  agreed  well 
with  the  formula  AgO  (or  Ag.^Oj). 
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The  supposed  peroxide  of  Ag,  prepared  by 
electrolysing  AgNOjAq,  is  regarded  by  Berthelot 
{Bl.  [2]  34,  138)  as  a  compound  of  AgNOs  with 
an  oxide  to  which  he  gives  the  formula  Ag^Oj. 
By  the  interaction  of  H,0,,Aq  with  Ag.O, 
Berthelot  (I.e.)  obtained  black  flocks,  which  were 
separated  from  Ag  by  washing  ;  to  this  substance  ' 
B.  gives  the  formula  Ag^Oj  as  the  result  of  a  not 
very  complete  analysis ;  he  looks  on  it  as  pro- 
bably identical  with  the  product  of  the  interaction 
of  moist  ozone  and  Ag  or  Ag^O.  This  substance 
loses  0  when  dried  over  H.^SOj ;  with  acids  it 
gives  salts  of  Ag.O  and  evolves  0. 

Silver,  oxychlorides  of.    The  action  of  light 
on  AgCl  probably  produces  tv? o  oxychlorides  of 
Ag ;  V.  Silver  chloride,  Action  of  light  on,  j 
p.  468. 

Silver,  oxyfluoride  of.  To  the  yellow  crystals 
obtained  by  evaporating  an  aqueous  solution  of 
AgF,  Pfaundler  gives  the  composition  AgF.AgOH 
B.  46  [2]  259). 

Silver,  phosphides  of.  Molten  Ag  absorbs 
P;  according  to  Pelletier  {A.  Ch.  13,  101),  some 
of  the  P  remains  in  combination  on  cooling,  but 
Warren  (C.  N.  56,  113)  says  that  all  except  c. 
■002  p.c.  separates  as  the  Ag  cools.  According 
to  Emmerling  (B.  12,  152),  a  compound  AgP  is 
formed  by  heating  Ag  and  P  in  a  sealed  tube  to 
a  dark-red  heat ;  on  heating  the  compound  P  is 
given  off  and  Ag  remains  {v.  also  Landgrebe,  S. 
60,  128).  By  heating  powdered  Ag  in  vapour  of 
P,  Schrotter  obtained  a  grey  solid,  S.G.  4-63,  to 
which  he  gave  the  composition  AgjPj  {J.  1869. 
247). 

Fresenius  and  Neubauer  {Fr.  1,  340)  obtained 
a  pp.  said  to  contain  Ag  phosphide  and  Ag,  by 
leading  PH3,  or  CO2  laden  with  vapour  of  P, 
into  AgNOjAq ;  using  PH3  diluted  with  CO2, 
Poleck  and  Thiimmel  {B.  16,  2435)  obtained  a 
compound,  probably  Ag3P.3AgN03. 

Silver,  photosalts  of.  Carey  Lea  {Am.  S. 
[3]  33,  349,  480,  489  ;  34,  33  ;  abstract  in  C.  J. 
54,  1)  gives  the  name  of  photosalts  to  variously- 
coloured  compounds  of  Ag  with  the  halogens 
which  are  very  sensitive  to  light.  These  bodies 
are  regarded  by  C.  L.  as  identical  with  the  sub- 
stances that  form  the  latent  images  on  exposed 
photographic  plates.  The  photosalts  are  ob- 
tained by  the  action  of  reducers,  such  as 
FeSO  |Aq  or  FeCLAq,  on  the  normal  Ag  haloids, 
by  reducing  Ag  salts  by  such  bodies  as  dextrose 
or  tannin  in  presence  of  alkali  and  treating  the 
products  with  HClAq,  or  by  treating  finely- 
divided  Ag  with  the  haloid  salts  of  Cu  or  Fe 
and  certain  other  halogenating  reagents.  The 
photosalts  are  regarded  by  C.  L.  as  compounds 
of  the  normal  haloids  with  sub-haloids ;  from 
the  methods  of  preparation  it  seems  fairly  cer- 
tain that  the  coloured  bodies  called  photosalts  ! 
contained  various  substances  besides  Ag  and  j 
halogen. 

Silver,  platinocyanide  of,  v.  vol.  ii.  p.  344. 
Silver,  platinosulphocyanide  of,  v.  vol.  ii. 
p.  351. 

Silver,  salts  of.  Compounds  derived  from 
acids  by  replacing  H  by  Ag.  These  salts  belong 
to  the  type  AgX,  where  X  =  N03,  ^SOj,  iCOj, 
^POj,  &c.  Subsalts  of  the  type  AgjX  possibly 
exist,  where  X  is  a  halogen.  The  principal  1 
silver  salts  of  oxyacids  are :  arsenate  and  j 
arsenite,  borate,  bromate,  carbonates,  chlorate,  \ 


chlorite,  perchJorate  and  hypochlorite,  chromate 
a.nAdichromatc,iodate  &-adiperiodates,molybdates, 
nitrate,  nitrite  and  hyponitrite,  phosphates, 
sclcnate  and  selenite,  sulphates,  sulphite  and 
thionates,  tellurates  and  tellurite.  Several  salts 
derived  from  sulphur-containing  acids  also 
exist,  the  chief  of  which  are :  thio-antimonates 
and  antimonites,  thio-arsenates  and  arsenites, 
thio-carbonate,  thio-molybdates,  thio-phosphates 
&ni  phosphites,  and  thio-tellurite. 

Silver,  selenide  of,  AgjSe.  Occurs  native, 
also  in  combination  with  selenides  of  Cu  and 
Pb.  Obtained  by  heating  Ag  with  Se,  SeOj,  or 
H,Se;  also  by  passing  H^Se  into  solution  of  a 
Ag  salt ;  and  by  heating  AgNOjAq  with  Se 
(Senderens,  G.  R.  104,  175).  A  grey  solid, 
melting  at  red  heat  to  silver-white  regulus.  A 
little  Se  is  lost  by  roasting  in  air  ;  sol.  cone,  hot 
HNOjAq,  crystals  of  Ag.SeO^  separating  as  liquid 
cools. 

Silver,  selenocyanide  of,  v.  vol.  ii.  p.  348. 

Silver,  silicides  of.  Berzelius  found  that 
Ag  after  fusion  with  SiO.,  and  C  gave  a  residue 
of  SiOj  when  dissolved  in  HNOjAq.  Percy 
{Silver  and  Oold,  1,  131)  failed  to  obtain  any 
compound  of  Ag  and  Si.  Warren  (C.  N.  60,  5) 
obtained  compounds  or  alloys  of  Ag  and  Si  by 
heating  Ag  with  K,,SiF„  and  Na. 

Silver,  silico-fluoride  of,  Ag.SiF„.2HjO. 
White,  deliquescent  crystals,  melting  below 
100° ;  when  strongly  heated  gives  a  residue  of 
Ag  with  some  SiOj.  Obtained  by  evaporating  a 
solution  of  Ag.>0  in  H^SiFoAq  (Marignac,  Ann. 
M.  [5]  15,  270)'. 

Silver,  sulphides  of.  The  isolation  of  any 
sulphide  other  than  AgjS  is  very  doubtful. 

Silver  sulphide  Ag2S.  {Argentic  sulphide.) 
Mol.  w.  not  known.  Occurs  native  as  argentite 
or  silver  glance.  Prepared  by  heating  Ag  in 
vapour  of  S,  or  in  H.,S,  or  by  the  action  of  H.,S 
on  red-hot  AgCl  (Durocher,  C.  B.  32,  823). 
H2S  quite  free  from  admixed  0  is  said  not  to  react 
with  Ag.  Also  prepared  by  passing  HjS  into  a 
solution  of  a  salt  of  Ag ;  by  boUing  Ag^SOjAq 
or  AgNOaAq  with  S  (Filhol  a.  Senderens,  G.  R. 
104,  175)  ;  and  by  the  contact  of  HjSAq  with 
moist  Ag,0.  Spring  formed  Ag.,S  by  subjecting 
a  mixture  of  Ag  powder  and  amorphous  S  to  a 
pressure  of  several  thousand  atmospheres,  pow- 
dering, and  compressing  again,  and  repeating 
this  treatment  seven  or  eight  times  {Bl.  [2]  39, 
641  ;  41,  488,  492  ;  cf.  Friedel,  Bl.  [2]  40,  526). 
Thomsen  {Th.  3,  381)  gives  [Ag-,S]  =  5,340. 
Winssinger  {Bl.  [2]  49,  452)  obtained  a  dilute 
aqueous  solution  of  colloidal  AgjS  by  ppg.  from 
a  very  dilute  solution  of  a  Ag  salt,  by  H^S,  and 
dialysing  ;  the  solution  was  reddish  brown,  and 
did  not  change  after  keeping  for  more  than  two 
months. 

Ag.^S  obtained  by  ppn.  is  a  black  solid ; 
when  melted,  out  of  air,  it  solidifies  to  a  grey- 
black,  lustrous,  malleable  mass,  that  can  be 
cut  with  a  knife  ;  S.G.  6'85  (Karsten,  S.  65, 
394).  S.G.  of  argentite  7-27  to  7-32  (Dauber,  /. 
13,  748).  Heated  in  air  slowly  goes  to  Ag, 
giving  oft  SOj.  With  cone,  boiling  HClAq  gives 
AgCl  and  H^S ;  hot  HNOjAq  forms  AgNOjAq 
and  H„S ;  cone.  H.,S04  produces  Ag,,S04  and 
SO,,.  Heated  in  Cl,*AgCl  and  SoCl.^  are  formed. 
Kedueed  to  Ag  by  action  of  metals  and  dilute 
acid ;  also  reduced  by  heating  with  PbO,  CuO, 
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Pe  powder,  or  Hg  (c/.  Eammelsberg,  C.  J.  39,  j 
374). 

Many  compounds  of  Ag.,S  with  metallic 
sulphides  occur  in  minerals,  e.g.  with  Cu^S, 
Sb.,S3,  AsoS.,,  BijSs,  &c.  Schneider  (/.  pr.  41, 
414)  obtained  a  compound  of  Ag.^S  and  Bi.^S, 
by  fusing  the  two  sulphides  together  in  a 
covered  crucible.  Poleck  and  Thiimmel  {Ar.  Ph. 
[8]  22,  1)  obtained  AgoS.AgNOj  by  passing  H,S 
into  cone.  AgN03Aq  so  long  as  it  was  completely 
absorbed,  washing  the  greenish  pp.  with 
HNOaAq,  and  drying  ;  a  black  amorphous  pow- 
der, decomposed  by  water  to  AgjS  and 
AgNO.Aq. 

SiLVEK  suBsuLPHiDE.  Acoordiug  to  Giintz 
(C.  B.  112,  861),  Ag.S  is  obtained  by  the  action 
of  H,S  on  Ag.,Cl. 

Silver,  sulphocyanide  of,  v.  vol.  ii.  p.  352. 

Silver,  telluride  of,  Ag.Te.    Occurs  native 
as  hessitc.  Prepared  by  melting  together  Ag  and  ; 
Te,  by  passing  vapour  of  Te  diluted  with  much  j 
N  over  red-hot  Ag  (Margottet,  C.  R.  85,  1142),  I 
and  by  heating  AgNOjAq  with  Te  in  a  sealed 
tube  (Senderens,  C.  R.  104, 175).  Grey,  lustrous 
solid ;  obtained  in  needles  (octahedral)  by  the  I 
second  method  given  above.       M.  M.  P.  M.  ! 

SINALBIN  C.,„H„N,S,0,5.  A  glucoside  oc- 
curring  in  the  seed  of  white  mustard  (Will,  Z. 
[2]  7,  89 ;  A.  199,  150).  Prepared  by  washing 
the  seeds  with  CS..  and  extracting  the  residue 
■with  alcohol.  Concentric  groups  of  pale-yellow 
needles  (from  alcohol),  v.  sol.  water,  insol.  CS., 
and  ether.  Reduces  Fehling's  solution,  with 
formation  of  Cu^S.  Split  up  by  the  ferment 
myrosin  into  glucose,  sinapine  sulphate 
C,„H2.,N0,H,S0j,  and  C,H,OCNS,  a  pungent 
oil.  Aqueous  AgNO,  produces  a  similar  decom- 
position, forming  a  pp.  whence  H,S  removes  Ag, 
leaving  in  solution  sulphate  of  sinapine  and 
CgHjNO  [69°].  Coloured  yellow  by  alkalis,  and 
yields  Na.^SO^  and  sodium  sulphocyanide  on 
boiling  with  NaOHAq.    HgCL,  gives  a  white  pp. 

SINAMINE  V.  Allyl  ctanamlde. 

SINAPIC  ACID  C„H,,05.  [192°  cor.]. 
Pormed,  together  with  neurine,  by  laoiling  sina- 
pine sulphocyanide  with  alkalis  (Von  Babo  a. 
Hirschbriinn,  A.  84,  19  ;  Eemsen  a.  Coale,  Am. 
'6,  50).  Small  yellow  prisms  (from  alcohol),  si. 
sol.  cold  water,  insol.  ether.  The  ammoniacal 
solution  turns  brown  in  air.  Salt. — BaA" 
(dried  at  110°).  Pp. 

Acetyl  derivative  C,,H,,Ac05.  [281°]. 
'Got  by  boiling  the  acid  with  Ac„0.  White 
crystals,  sol.  hot  water. 

SINAPINE  C,„H„,NO,.  Occurs  as  sulpho- 
cyanide in  seeds  of  white  mustard  (0.  Henry  a. 
Garot,  J.  Ph.  17,  1;  20,  G3 ;  Pelouze,  A.  Ch. 
[2]  44,  214 ;  Ph.  17,  271  ;  Boutron  a. 
Eobiquet,  J.  Ph.  17,  279  ;  0.  Henry  a.  Plisson, 
A.  Gh.  [2]  46,  198  ;  Winckler,  Rep.  Pharm.  41, 
169;  67,  257;  Simon,  P.  43,  651;  44,  593; 
Boutron  a.  Fremy,  J.  Ph.  26,  50  ;  Von  Babo  a. 
Hirschbriinn,  A.  84,  10  ;  Remsen  a.  Coale,  Am. 
6,  50).  Formed  also  by  the  action  of  myrosin 
on  sinalbine  (Will  a.  Laubenheimer,  A.  199, 
162).  The  free  base  is  known  only  in  solution, 
and  is  decomposed  on  evaporation,  leaving  a 
resin.  Boiling  baryta-water  splits  it  up  into 
neurine  C-Hj^NO.^  and  sinapic  acid. 

Salts. — B'HjS0.,2aq:  rectangular  plates,  v. 


sol.  water  and  hot  alcohol,  nearly  insol.  ether. — 
B'HHgCl,  :  thin  prisms.— B'HCNS.  [176°]. 
SINAiPOLINE  V.  Di-ALLYL  ueea. 
SINCALINE  V.  Neukine. 
SINISTRIN  V.  Indlin. 

SIPERINE.    An  amorphous,  resinous,  alka- 
loid occurring,  together  with  bebirine,  in  the 
greenheart  tree  (Nectandra  Rodicei  or  Bebceru 
Sipceri).    It  is  v.  si.  sol.  water,  m.  sol.  alcohol, 
insol.  ether  (Maclagan,  A.  48,  106). 
SKATOLE  V.  Methyl-indole. 
SKELETINS  v.  Proteids,  Appendix  C. 
SKIMMIN  Ci^HigOf,.     [210°].    A  glucoside 
extracted  by  alcohol  from  Skimmia  japonica 
(Eijkman,  R.  T.  C.  3,  204).    White  needles,  si. 
sol.  cold  water.   Its  alkaline  solutions  show  blue 
fluorescence.    It  is  not  poisonous,  and  does  not 
reduce  Fehling's  solution. 

Skimmetin  C,,H,0,.  [223°].  Formed,  to- 
gether with  glucose,  by  boiling  skimmin  with 
dilute  mineral  acids.  Colourless  crystals,  sol. 
alcohol  and  ether.  Its  solutions  exhibit  blue 
fluorescence.  Does  not  reduce  Fehling's  solu- 
tion. FeClj  gives  a  blue  colour.  Gold  chloride 
gives  a  rose  colour,  turning  blue  and  violet. 

SMILACIN  C.gHjoOJ?).  Occurs  in  sarsa- 
parilla  root  (Smilax  Sarsaparilla)  (Beinsch, 
Rep.  Pharm.  82,  145  ;  Thubeuf,  A.  5,  204  ;  14, 
76;  Batka,  A.  11,  305;  Poggiale,  A.  13,  84; 
Henry,  A.  14,  77 ;  Petersen,  A.  15,  74 ;  17, 
166  ;  Wright  a.  Eennie,  C.  J.  39,  237).  Nodular 
groups  of  leaflets,  m.  sol.  hot  water  and  alcohol, 
sol.  alkalis. 

Reference. — Pamllin. 
SNAKE  POISON  v.  Pkoteids. 
SOAP  V.  Dictionary  of  Applied  Chemistry. 
SOBREROL  C,(,H,A-  [150°].  [a]c=±150°. 
A  product  of  atmospheric  oxidation  of  turpen- 
tine in  sunlight  (Armstrong  a.  Pope,  C.  J.  59, 
316).     Long  tables  (from  alcohol)  or  mono- 
I  clinic  prisms  (from  water);  a:&;c  =  2-411:1: -853  ; 
j8  =  83° 38'.  Tastes  bitter.   Converted  by  boiling 
dilute  H2S04  into  an  oily  isomeride  of  cam- 
phor.    By  crystallising  a   solution  of  equal 
quantities  of  dextro-  and  Iffivorotatory  sobrerol 
there  is  obtained  an  inactive  sobrerol  [131°] 
crystallising  from  alcohol  in  trimetric  tables ; 
a:&:c  =  2-424:1:  -827. 
SOCALOIN  V.  Aloin. 
SODA ;  V.  Sodium  hydroxide,  p.  479. 
SODIUM  Na.    At.  w.  22  995.    Mol.  w.  very 
probably  same  as  at.  w.  (v.  infra).    Melts  at 
95-6°  (Bunsen,  A.  125,  367),  97-6°  (Hagen,  W. 
19,  436)  ;  solidifies  at  97-6°  (Eegnault,  J.  1856. 
i  43).    Boils  between  860°  and  950°,  according  to 
Carnelley  and  Williams  (C.  /.  35,  565) ;  at  742° 
(Perman,  C.  J.  55,  326).    S.G.  -985  %  (Schroder, 
P.  106,  226)  ;  -9743  at  10°  (Baumhauer,  B.  6, 
655) ;  c.  -74  at  b.p.  (Ramsay,  C.  J.  39,  49).  V.D. 
12-7  at  1200°-1500°  (Scott,  Pr.  E.  14,  410 ;  v. 
infra).    S.H. -2734  from  -28°  to  6°  (Eegnault, 
A.  Ch.  [3]  46,  257) ;  -21  when  hquid  (Joannis, 
A.  Ch.  [6]  12,  358).    C.E.  (0°  to  50°)  -00007105 
(Hagen,  W.  19,  436).    E.G.  (Hg  at  0°  =  1)  18-3 
sohd  at  0°,  8-3  hquid  at  120°  (Matthiessen,  P.  M. 
[4]  12,  199;    13,  81).     T.C.  (Ag  =  100)  =  36-5 
(Calvert  a.  Johnson,  P.  M.  [4]  16,  381).  H.C. 
[Na-,0]  =  99,760  {Th.  [3]  232).  Refraction-equi- 
valent       X  at.  w.  =  4-4  (Gladstone,  Pr.  18,  49) ; 
d 
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4-03  (Kanonnikoff,  J.  R.  1884  [i.]  119).  Emis- 
sion spectrum  characterised  by  a  double  line  D, 
the  components  of  which  have  the  wave-lengths 
5895  and  5889  (for  detailed  measurements  of 
lines  V.  B.,  A.  1884.  443).  For  absorption  spec- 
trum V.  Eoscoe  a.  Schuster  (Pr.  22,  362).  S.V.S. 
solid  23-3  ;  at  b.p.  31  (Eamsay,  C.  J.  39,  49). 

Occurrence. — Compounds  of  Na  occur  widely 
distributed  in  large  quantities.  NaCl  is  found 
abundantly  as  rock-salt,  also  in  sea-water  and 
many  mineral  springs.  Large  quantities  of 
NaNOj  or  Chili  saltpetre  occur  in  S.  America. 
Carbonate,  sulphate,  and  borate  of  Na  are  found, 
in  comparatively  small  quantities,  in  rocks,  and 
in  lake  and  spring  waters.  Cryolite  is  a  double 
fluoride  of  Na  and  Al.  Many  silicates  contain 
Na  silicate — e.g.  natrolite,  albite,  lahradorite, 
&c.  The  ashes  of  many  plants  contain  Na  salts, 
especially  NaCl,  Nal,  and  Na.^S04 ;  some  plant 
ashes  are  free  from  Na  salts,  even  when  the 
plants  grow  near  the  sea ;  the  ashes  of  alga; 
and  some  other  sea  plants  are  richer  in  salts  of 
K  than  in  those  of  Na.  NaCl,  Na.,C03,  Na^HPOj, 
and  some  other  compounds  of  Na,  are  found  in 
animal  organisms. 

Historical.  —  Caustic  soda  was  decomposed 
by  Davy  in  1807  {T.  1808. 1)  by  electrolysis ;  Gay- 
Lussac  a.  Th^nard  heated  NaOH  with  Fe  filings 
and  obtained  Na  (A.  Ch.  65,  325  [1808]). 
Brunner  (8.  71,  201)  reduced  NaaCOg  by  heat- 
ing with  charcoal ;  this  process  was  made  ap- 
plicable on  the  large  scale  by  Deville  {A.  Ch.  [3] 
43,  5  [1855] ). 

The  word  neter  is  used  by  the  older  Hebrew 
writers  to  denote  a  substance  employed  for 
washing  clothes ;  the  same,  or  a  similar,  sub- 
stance seems  to  have  been  known  as  viTpov  or 
nitruni,  and  by  the  fifteenth  century  this  name 
was  given  to  saltpetre ;  when  the  existence  of 
two  similar  but  distinct  substances  having 
detergent  properties  was  recognised,  the  name 
nitrum  was  given  to  one,  and  the  other  was 
called  natrum  or  natron.  The  metal  obtained 
from  natron  was  called  natritim ;  this  name  is 
retained  in  German,  but  in  English  and  French 
the  metal  is  named  from  soda,  a  word  applied 
in  the  Middle  Ages  to  designate  alkaline  sub- 
stances, and  used  as  synonymous  with  nitrum 
and  natron.  The  symbol  Na  is  universally  em- 
ployed for  the  metal. 

Formation. — 1.  By  electrolysing  NaOH  (c/. 
Potassium,  Formation,  No.  1,  p.  298). — 2.  By 
reducing  Na-iCO,  by  heating  it  with  charcoal, 
or  with  charcoal  and  very  finely-divided  iron 
(Castner,  C.  N.  54,  218).— 3.  By  electrolysing 
fused  NaCl,  or  cone.  NaClAq,  using  Hg  as  the 
negative  electrode. 

Preparation. — 1.  An  intimate  mixture  of 
30  parts  calcined  Na^COj,  13  parts  coal,  and 
5  parts  chalk  is  heated  in  an  iron  bottle  with  a 
short  exit  tube,  in  a  furnace,  until  vapours  of  Na 
appear  at  the  mouth  of  the  tube,  when  a  small 
flat  receiver,  made  of  sheet  iron,  is  adapted  to  the 
tube ;  when  the  receiver  is  full  of  Na  it  is  removed, 
and  the  metal  is  taken  out  under  mineral  oil  (c/. 
Potassium,  Preparation,  p.  298).  As  Na  does  not 
combine  with  CO,  the  difficulty  which  attends 
the  preparation  of  K  because  of  the  formation 
of  KCO,  does  not  occur  with  Na. — 2.  A  mixture 
of  NaOH,  C,  and  Fe  is  heated  in  egg-shaped 
iron  retorts,  connected  with  cast-iron  condensers 


about  3  ft.  long  and  5  in.  diameter,  and  having^ 
small  openings  near  the  nozzles  through  which 
the  molten  Na  runs  into  pots  placed  beneath. 
The  mixture  of  C  and  Fe  is  made  by  heating  a 
mixture  of  very  finely  divided  iron  and  pitch ; 
this  is  heated  with  NaOH  in  approximately  the 
proportion  6NaOH:2C:4Fe.  (For  details  v. 
DicTioNAEY  or  Applied  Chemistky,  vol.  iii^ 
p.  422.) 

The  metal  is  purified  by  pressing  through' 
linen  under  rock  oil  kept  at  c.  100"^ ;  it  must  be 
kept  under  oil  free  from  O.  Eosenfeld  (B.  24^ 
1658)  recommends  to  soak  the  metal  in  a  mixture 
of  1  part  amyl  alcohol  and  3  parts  petroleum, 
and  to  rub  it  with  a  rag  soaked  in  the  same 
mixture,  tUl  the  surface  is  bright ;  then  to  let  it 
remain  under  petroleum  with  5  p.c.  amyl 
alcohol ;  to  wash  it  with  pure  petroleum,  and  to 
keep  it  under  petroleum  containing  from  ^  to 
1  p.c.  amyl  alcohol.  The  film  of  sodium-amyl 
oxide  which  forms  is  easily  rubbed  off  with  filter 
paper. 

Properties. — A  silver-white,  lustrous  metal  ^ 
usually  described  as  whiter  than  K,  but  according 
to  Long  (C  /.  13,  122)  a  clean  surface  has  a 
pale  rose  colour.  By  melting  Na  in  a  glass  tube, 
narrowed  at  one  place,  and  filled  with  coal-gas 
or  H,  and  allowing  the  semi-solidified  metal  to 
flow  slowly  through  the  narrowed  part  of  the 
tube,  Na  is  obtained  in  lustrous,  white,  quadratic 
octahedra,  with  a  rosy  sheen  (Long,  I.e. ;  cf. 
Bottger,  B.  7,  1536).  According  to  Linnemann 
{J.pr.  75,  128),  the  surface  of  a  freshly-cut  piece 
of  Na  shows  green  phosphorescence  that  soon 
disappears,  but  returns  again  at  60°-70°  (cf. 
Baumhauer,  J.pr.  102,  123,  361).  A  subhmate, 
in  a  very  thin  film  on  glass,  shows  a  greenish 
blue  colour  in  transmitted  light  (Dudley,  C.  N. 
66,  163;  Newth,  N.  47,  55).  The  vapour  ob- 
tained by  boiling  Na  in  an  atmosphere  of  H  is 
colourless  in  thin  layers,  and  violet  to  purple 
when  seen  in  thick  layers  (Eoscoe  a.  Schuster, 
Pr.  22,  362  ;  Carnelley  a.  Williams,  C.  J.  35, 
565).  At  the  ordinary  temperature  Na  is  as  soft 
as  wax  ;  it  is  ductile  at  0°,  and  fairly  hard  at 
—  20°  ;  at  c.  50°  it  is  pasty  ;  it  melts  at  c.  96°,  and 
boils  ate.  750°  (v.  beginning  of  this  article).  Na 
dissolves  in  hquid  NH3,  forming  a  blue  liquid 
[v.  SoDiuM-AMMONiDM,  p.  475).  A  freshly-cut 
surface  of  Na  exposed  to  air  becomes  rapidly 
covered  with  a  film  of  oxide  ;  Na  is  said  to  be 
unchanged  at  the  ordinary  temperature  in  per- 
fectly dry  air.  It  decomposes  cold  water  rapidly, 
but  the  H  evolved  does  not  generally  take  fire. 
Na  must  be  kept  under  a  liquid  free  from  0,such 
as  mineral  oil  or  naphtha  [v.  Preparation, 
supra). 

The  atomic  weight  of  Nahas  been  determined 
(1)  by  converting  NaCl  into  AgCl  (Berzelius,. 
P.  8,  189  [1826]  ;  Pelouze,  C.  R.  20, 1047  [1845J ; 
Dumas,  A.  Ch.  [3]  55,  182  [1859] ;  Stas,  Stas.. 
Rech.  78);  (2)  by  reducing  NaClOj  to  NaCl 
(Penny,  T.  129  [1]  25  [1839]) ;  (3)  by  converting 
NaCl  into  NaNO^,  (Stas,  Nouv.  R.  248  [1865])  ;. 
(4)  by  determining  S.H.  of  Na. 

The  molecular  lueight  of  Na  is  not  known  with 
certainty.  Dewar  a.  Dittmar  (G.  N.  27, 121)  and 
D.  a.  Scott  (Pr.  29,  206  [1879])  obtained  numbers 
that  indicated  a  mol.  w.  of  23 ;  but  the  values 
varied  considerably.  D.  a.  S.  used  a  vessel  of 
wrought  iron.    Scott  (Pr.  E.  14,  410  [1888])  ob- 
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tained  fairly  concordant  results,  giving  values  for 
V.D.  varying  from  11-8  to  15,  using  a  Pt  vessel 
heated  above  the  m.p.  of  cast  iron ;  but  V.  Meyer  s 
experiments  {B.  I'd,  of)l  [1880])  seemed  to  in- 
dicate tliat  Na  vapour  attacks  vessels  of  Ag  orPt. 
Mitscherlioh  {A.  12,  173  [1834])  found  that 
vessels  of  hard  glass  were  also  attacked ;  and 
Eieth(5.  4,  807  [1871])  got  no  constant  results 
by  using  a  vessel  of  Cu.  The  values  obtained 
by  Scott  were  so  constant  that  there  is  a  large 
probability  in  favour  of  the  monatomicity  of 
the  molecule  of  gaseous  Na.  Piamsay  (C  J.  55, 
521)  dissolved  Na  in  Hg  and  measured  the 
decrease  of  vapour-pressure  of  the  Hg  thereby 
produced  ;  assuming  the  mol.  w.  of  liquid  Hg  to 
be  200,  and  assuming  that  equal  vols,  of  dilute 
solutions  in  Hg  contain  equal  numbers  of  mole- 
cules, the  results  gave  values  for  mol.  w.  of  Na 
varying  from  15  to  21 -5. 

The  V.D.  of  no  compound  of  Na  has  been 
determined  ;  from  the  analogy  of  K,  Kb,  Cs,  and 
Ag,  the  atom  of  Na  is  probably  monovalent  in 
gaseous  molecules. 

Sodium  is  a  strongly  positive  element ;  it 
comes  after  Kb,  Cs,  and  K  in  order  of  decreasing 
electropositiveness  (Bunsen).  In  all  its  com- 
pounds Na  reacts  as  a  metal ;  it  does  not  enter 
into  the  composition  of  any  negative  radicles. 
Na  forms  few  basic  salts  and  no  oxyhaloid  com- 
pounds ;  its  haloid  compounds  are  very  stable 
towards  heat.  Na  is  slosely  related  to  Li,  K, 
Cs,  and  Kb  (v.  Alkalis,  metals  op  the,  vol.  i. 
p.  114),  and  less  closely  to  Cu,  Ag,  and  Au 
{v.  Copper  group  of  elements,  vol.  ii.  p.  250). 

Reactions  and  Gmnbinations. — 1.  Heated  in 
air  or  oxygen,  Na^O  and  Na^O.,  are  formed 
{v.  Oxides,  p.  482).  According  to  von  Bonsdorff 
(P.  41,  296),  Na  is  unchanged  in  quite  dry  air 
at  the  ordinary  temperature. — 2.  Na  absorbs 
hydrogen  at  c.  300°,  probably  forming  a  com- 
pound (V.  Hydride,  p.  479). — 3.  Combines  with 
chlorine,  bromine,  and  iodine  when  heated  with 
these  elements  (v.  Chloride,  brojnide,  and  iodide). 
— 4.  Forms  sulphides,  by  reacting  with  sul- 
phur at  the  ordinary  temperature  ;  combines, 
when  heated,  with  sclenion  and  tellurium,  also 
with  arsenic  and  phosphorus  {v.  Sulphide,  p. 
483,  Selenide,  p.  482,  Telluride,  p.  483,  Arsenide, 
p.  476,  and  Phosphide,  p.  482). —  5.  Alloys  with 
several  metals  {v.  Alloys,  infra). — 6.  Na  decom- 
poses water  at  the  ordinary  temperature,  forming 
NaOHAq  and  H ;  much  heat  is  produced,  but 
the  H  does  not  generally  take  fire  unless  the 
reaction  is  slackened,  and  friction  is  increased, 
by  thickening  the  water  by  gum  cfcc,  or  placing 
the  Na  on  moist  filter  paper  (v.  Ducatel,  Am.  S. 
25,  90  ;  Seruilas,  A.  Ch.  [3]  40,  329).  If  Na  is 
allowed  to  react  with  water  in  a  cylinder  standing 
over  water,  the  H  collecting  in  the  cylinder,  a 
violent  explosion  sometimes  occurs,  probably  due 
to  formation  of  a  peroxide  that  is  then  decom- 
posed with  evolution  of  0,  which  mixes  with  the 
H  (Bottger,  /.  pr.  85,  397  ;  Griffin,  J.  1856. 
320). — 7.  Na  reduces  many  oxides  at  high  tem- 
peratures, e.g.  CO,  N.,0,  Bfi^,  P„0.,  As-.O^,  HgO, 
CuO,  Ag fi,  PbO,  ZiiO,  FeA^  Ac— 8.  Many 
carbonates,  sulphates,  nitrates,  jphosphates,  and 
silicates  are  reduced  when  strongly  heated  with 
Na. — 9.  Many  metallic  chlorides  are  reduced  by 
heating  with  Na,  e.g.  UgC\^,  AICI3  c&c— 10.  By 
heating  with  solid  caustic  potash  to  c.  170°,  an 


alloy  of  Na  and  K  is  formed  {v.  Williams,  C.  N. 
3,  21  ;  Wanklyn,  C.  N.  3,  66).— 11.  Heated  in 
ammonia  gas,  NaNH,  is  formed  (v.  Amide, 
infra),  and  when  this  is  more  strongly  heated 
Na.N  is  formed  {v.  Nitride, i:>. 4:82). — 12.  Na  reacts 
with  aqueous  solutions  of  acids  to  form  salts 
NaX,  where  X  is  a  monovalent  acidic  radicle. 

Sodium,  alloys  of.  Na  forms  alloys  with 
many  metals  ;  these  alloys  are  generally  formed 
by  directly  melting  the  metals  together,  or  by 
reducing  the  chlorides  by  Na.  By  the  action  of 
sodammonium  (c.  infra)  on  Sb,  Bi,  Pb,  Joannis 
(C.  R.  114,  585)  says  that  alloysof  Na  with  these 
metals  are  obtained  agreeing  in  composition 
with  the  formula  NajSb,  Na^Bi,  and  NaPb. 
Schumann  (W.  43,  101)  obtained  a  definite  alloy 
of  Na  and  Hg  corresponding  with  the  formula 
NaHg^,  (v.  also  Sodammonium,  infra). 

Sodium,  aluminates  of,  v.  vol.  i.  p.  141. 

Sodium,  amide  of,  NaNH„.  (Sodamide.) 
Mol.  w.  not  determined.  First  prepared  by 
Gay-Lussac  and  Thenard  {Rccherches  physico- 
chimiqtie,  1,  354)  by  heating  Na  in  NHj ;  the 
Na  absorbed  142  to  163  vols.  NH3  and  100  vols. 
H  were  jsroduced.  Prepared  by  Beilstein  and 
Geuther  {A.  108,  88)  by  driving  out  the  air  from 
several  flasks,  connected  by  tubes,  by  a  stream 
of  dry  H,  then  placing  a  few  grams  Na  in  each 
flask,  replacing  the  H  by  dry  NHj,  free  from 
CO,  (Drechsel,  pir.  [2]  16,  203),  and  heating 
the  flasks  on  sand-trays ;  the  Na  melts  and 
swims  on  the  blue-green  liquid  that  forms. 
When  the  Na  has  all  disappeared  the  liquid  is 
allowed  to  cool ;  the  solid  that  forms  is  at  first 
brown,  but  when  quite  cold  it  forms  a  crystalhne, 
olive-green  mass.  Also  obtained  by  the  gradual 
decomj)osition  at  the  ordinary  temperature 
(hastened  by  light)  of  sodammonium  ;  as  the 
liquid  decomposes,  crystals  of  NaNH.,,  1  mm. 
long,  are  formed ;  these  crystals  are  said  to  be 
white  (Joannis,  C.  R.  112,  392). 

Heating  in  CO  produces  NaCN  and  H.,0, 
along  with  NaOH  and  NH,.  When  heated  in 
CO..  much  NE'3  is  given  off,  and  the  final  pro- 
ducts are  H.O  and  CN.NNaj  (disodium  salt  of 
cyanamide ;  v.  vol.  ii.  pp.  313,  314)  ;  B.  a.  G. 
{I.e.) ;  Drechsel  (I.e.).  CS.>  reacts  to  form 
NaSCN  and  H^S,  then  NHJ  is  given  off,  and 
NaSH  remains."  Dilute  HClAq  reacts  violently, 
producing  NaCl  and  NH.Cl.  EtCl  forms  NaCl, 
NH3,  and  C.,H„  but  no  EtNH...  Heated  with  C 
the  product's  are  NaCN  and  H  (Drechsel,  J.  pr. 
[2]  21,  91).  When  strongly  heated  NaNH.^  gives 
off  NH3  and  leaves  NaNj  {v.  Sodium  nitride, 
p.  482). 

Sodium-ammonium  or  Sodammonium.  Weyl 
(P.  121,  611 ;  123,  350)  obtained  a  blue  liquid, 
by  the  action  of  liquid  NH3  on  Na,  which  he 
regarded  as  a  compound  or  alloy  of  Na  and  NH^. 
As  Na  remained  when  the  NH,  was  allowed  to 
evaporate,  Seeley  (C.  N.  23,  169)  looked  on  the 
blue  liquid  as  a  solution  of  Na  in  liquid  NH3. 
Joannis  (C.  R.  109,  900,  965 ;  110,  238)  found 
that  the  vapour-i^ressure  of  a  solution  of  Na 
in  liquid  NH™  decreased  to  a  limit  whereat  it 
became  constant  if  temperature  remained  un- 
changed ;  that  on  then  removing  more  NH,  a 
copper-red  solid  separated,  and  that  NH,,  was 
then  given  off'  at  constant  pressure  till  only  Na 
remained.  When  the  last  part  of  the  change 
commenced,  the  copiJer-red  substance  contained 
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Na  and  NH,  in  the  ratio  NaiNHj ;  the  evolution 
of  NH3  at  constant  pressure  was  regarded  by  J. 
as  due  to  the  dissociation  of  a  compound 
NaNHj.  The  heat  of  formation  of  NH3Na  from 
gaseous  NH3  and  solid  Na  was  determined  by  J. 
to  be  5,200,  and  from  liquid  NH3  and  solid  Na 
to  be  800,  cals.  J.  determined  the  lowering  in 
the  freezing-point  of  liquid  NH,  by  solution  in 
it  of  NaNH,,  and  so  calculated  the  mol.  formula 
of  this  body  to  be  Na,N„H,  (C.  R.  115,  820). 
The  solution  of  Na2N2He  in  liquid  NH,  is  de- 
composed by  Sb,  Pb,  and  Hg,  but  not  by  Al,  Cu, 
Ag,  or  Zn  ;  the  final  product  of  the  action  of 
Pb  is  Pb.,Na.2NH3 ;  by  dropping  the  liquid  on 
to  Hg,  and  washing  the  product  with  liquid 
NH3,  the  crystalline  amalgam  NaHgg  was  ob- 
tained (J.,  C.  R.  113,  795).  According  to  J. 
(0.  R.  112,  392),  NaoN.Bs  decomposes  slowly  at 
the  ordinary  temperature  to  NaNHj  and  H. 
With  excess  of  NaCl  the  blue  liquid  becomes 
colourless  and  NaNHj  separates  ;  the  compound 
NH.NajCl  is  first  formed,  and  is  then  decom-  [ 
posed  by  the  liquid  NH3  to  NaNH,  and  NaCl.  1 
By  passing  dry  0  into  Na^N^H,,  in  liquid  NH3  at 
-50°,  J.  (C.  R.  116, 1370)  obtained  NH„Na.,OH;  | 
by  the  prolonged  action  of  0  he  obtained  ' 
NajOj. 

Sodium,  arsenates  of,  v.  vol.  i.  p.  309. 

Sodium,  arsenide  of.  Gay-Lussac  and 
Thtoard  found  that  Na  combined  directly  with 
As.  According  to  Landolt  (A.  89,  210)  Na3As  is 
formed,  as  a  silver-white  sohd,  by  heating  the 
elements  in  the  ratio  3Na:As.  A  compound  of 
Na  and  As  is  also  formed  when  Na  is  heated  in 
AsHj.    Decomposed  by  water,  giving  off  AsHj. 

Sodium,  arsenites  of,  v.  vol.  i.  p.  307. 

Sodium,  aurobromate  of,  NaAuBr^.  Orange- 
red  prisms,  by  dissolving  NaBr  in  AuBr3Aq  (cf. 
vol.  ii.  p.  649). 

Sodium,  anrocMorate  of,  NaAuClj.  By  dis- 
solving NaCl  in  AuCljAq  {cf.  vol.  ii.  p.  650). 

Sodium,  borates  of,  v.  vol.  i.  p.  529. 

Sodium,  boride  of.  The  product  of  the  re- 
duction of  B2O3  by  Na  may  contain  a  compound 
of  B  and  Na. 

Sodium  borofluoride  v.  vol.  i.  p.  526. 

Sodium,  bromide  of,  NaBr.  Mol.  w.  not 
certainly  known,  but  probably  102-745  ( =  NaBr). 
Melts  at  708°  (CarneUey,  C.  J.  33,  279) ;  at  727° 
(v.  Meyer  a.  Eiddle,  B.  26,  2443).  S.G.  3-079 
at  17-5°  (Kremers,  P.  99,  443) ;  3-198  at  17-3° 
(Favre  a.  Valson,  C.  R.  77,  579) ;  2-448  when 
molten  (Quincke,  P.  138, 141).  Kremers  (P.  99, 
443)  gives  solubilities  as  follows  : — 


of  NaBrAq  given  by  Kremers  a.  Gerlach  {Fr.  8, 
279)  at  15°  as  follows  :  — 


NaBrAq 

P.O.  NaBr 

S.G.  NaBrAq 

P.O.  NaBr 

1-04 

5 

1-281 

30 

1-08 

10 

1-344 

35 

1-125 

15 

1-410 

40 

1-174 

20 

1-483 

45 

1-226 

25 

1-565 

50 

Temp. 
0° 
20 
40 


s. 

77-5 
88-4 
104-2 


Temp. 

60° 
80 
100 


s. 

111-  1 

112-  5 
114-9 


Coppet  (A.  Ch.  [4]  25,  506 ;  [5]  30,  411)  gives 
the  following : — 


Temp. 

s. 

Temp. 

s. 

44-1° 

115-6 

86° 

118-8 

51-5 

116-2 

90-5 

119-7 

55-1 

116-8 

100-3 

120-6 

60-3 

117 

110-6 

122-7 

64-5 

117-3 

114-3 

124 

74-5 

118-4 

C.  represents  S.  of  NaBr  as  110-34 +  -1075i  when 
i  varies  from  44°  to  114°.  S.  in  alcohol  90  p.c. 
•=6.    B.P.  of  saturated  NaBrAq  =  121°.  S.G. 


H.F.  [Na,Br]  =  85,770 ;  [Na,Br,Aq]  =85,580  (Th. 
3,  232). 

Formation. — 1.  By  passing  Br  vapour  over 
Na.  According  to  Merz  and  Weith  (B.  6,  1518), 
Na  remains  unchanged  for  months  in  liquid  Br 
at  the  ordinary  temperature,  and  even  at  100° 
or  200°  the  formation  of  NaBr  proceeds  very 
slowly. — 2.  By  treating  BrAq  with  iron  fihngs, 
boiling  the  solution  of  PeBrjAq  with  NaOHAq, 
filtering,  and  evaporating  (Henry,  J.  Ph.  15, 
54). — 3.  By  neutralising  HBrAq  by  NaOHAq  or 
NaoCOgAq,  and  evaporating. — 4.  By  decomposing 
CaBr^Aq  by  NajSOj,  filtering  after  some  time, 
adding  NaoCOj  as  long  as  turbidity  is  produced, 
filtering,  and  evaporating  (Klein,  A.  128,  237). — 
5.  By  decomposing  pure  NH^Br  by  NaOHAq  or 
Na.,C03Aq,  and  evaporating  (Castelhaz,  C.  R. 
70,"  1050). 

Preparation. — Br  is  added,  little  by  little,  to 
moderately  cone,  pure  NaOHAq  {v.  Sodium 
HYDROXIDE,  p.  479)  till  the  liquid  is  slightly 
yellow ;  the  liquid  is  evaporated  to  dryness ; 
the  residue  of  NaBr03  and  NaBr  is  strongly 
heated,  in  a  porcelain  dish,  till  traces  of  Br  are 
given  off,  the  residue  is  dissolved  in  water, 
evaporated,  and  allowed  to  crystallise  at  a 
temperature  not  under  30°  (NaBr.  2aq  separates 
below  30°). 

Properties. — Lustrous,  white  cubes  ;  strong 
alkaline  taste ;  reaction  in  water  is  neutral. 
Dissolves  easily  in  water,  with  slight  fall  of 
temperature  [NaBr,Aq]  =  - 190  {Th.  3,  232); 
NaBr  separates  from  this  solution  at  c.  30", 
but  at  the  ordinary  temperature  crystals  of 
NaBr.  2aq  are  formed. 

Reactions. — 1.  Chlorine  reacts  wth  NaBrAq 
to  give  NaClAq  and  Br. — 2.  Heated  with  potas- 
sium chromate  and  sulphuric  acid,  Br  is  given 
off ;  NaCl  under  similar  conditions  gives 
Cr02Cl2. — 3.  Cone,  sulphuric  acid  forms  HBr, 
Br,  and  SO2  ;  by  using  dilute  H2S0jAq  (c.  30 
p.c.)  a  mere  trace  of  Br  is  obtained  {v.  Addyman, 
C.  J.  61,  94). — 4.  Potassium  permatiganate  does 
not  react  with  NaBrAq  even  when  boiled,  but 
addition  of  a  little  H,S0^Aq  causes  evolution  of 
Br  (Hempel,  A.  107,  160). 

Combinations. —  1.  With  water  to  form 
NaBr.2H20.  This  hydrate  separates  from  solu- 
tions of  NaBr  saturated  when  hot  and  cooled  to 
under  30°  ;  it  crystallises  in  monoclinic  prisms, 
which  melt  at  50°,  leaving  NaBr. — 2.  With 
many  bromides  of  less  positive  metals,  e.g.  with 
PbBr2  to  form  PbBr2.2NaBr,  and  CdBr2  to  form 
CdBrj.SNaBr.  5aq  {v.  the  various  metallio 
bromides). — 3.  With  arsenious  oxide  to  form 
NaBr.As,0,  (Eiidorff,  B.  21,  3051). 

Sodium,  chloride  of,  NaCl.  {Common  salt.) 
Mol.  weight  not  known  with  certainty,  but  pro- 
bably 58-365  ( =  NaCl).  Melts  at  772°  (Carnelley, 
C.  J.  33,  280)  ;  at  851°  (Meyer  a.  Eiddle, 
B.  26,  2443).  S.G.  2-16  at  0°  (Quincke,  P. 
138,  141)  ;  2-157  at  4°  (Schroder,  P.  106,  22G) ; 
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(?)  1-612  at  m.p.  (Braun,  B.  7,  958) ;  2-04  after 
fusion  (Quincke,  P.  135,  642) ;  for  other  values 
V.  Clarke's  Table  of  Specific  Oravities  [2nd  ed.] 
20.  S.H.  15°  to  98°  -21401  (Regnault,  A.  Ch. 
[3]  1,  129  ;  V.  also  Kopp,  T.  155  [i.]  71).  Vol. 
at  40°  =  vol.  at  0°  (1  + -00012117  x  40)  (Fizeau, 
C.B.  64,  314).  H.F.  [Na,Cl]  =97,690  {Th.  3, 
232).  Poggiale  {A.  Ch.  [3]  8,  469)  gives  follow- 
ing data  for  solubility  in  water  : — 


Temp. 

s. 

Temp. 

s. 

-15° 

32-73 

40° 

36-64 

-10 

33-49 

50 

36-98 

-  5 

34-22 

60 

37-25 

0 

35-52 

70 

37-88 

+  5 

35-63 

80 

38-22 

9 

35-74 

90 

38-87 

14 

35-87 

100 

39-61 

25 

36-13 

109-7 

40-35 

Coppet  {A.  Ch.  [5]  30,  411)  gives  S.  above  20° 
to  109°  =  34-359  +  -0527i.  Gerlach  {Fr.  8,  281) 
gives  the  following  data  : — 


S.G.  NaClAq  at  15° 


1  p.e. 

1-00725 

10  p.c. 

1-14315 

2  „ 

1-01450 

11  V 

1-15107 

3  „ 

1-02174 

12  „ 

1-15931 

4  „ 

1-02899 

13  „ 

1-16755 

5  „ 

1-03624 

14  „ 

1-17580 

6 

1-04366 

15  „ 

1-18404 

7  „ 

1-05108 

16  „ 

1-19228 

8  „ 

1-05851 

17  „ 

1-20098 

9  „ 

1-06593 

18  „ 

1-20433 

1000  e.c.  of  NaClAq  saturated  at  15°  contain 
318-479  g.  NaCl  and  888-669  g.  water  (Michel  a. 
Kraft,  J.  1854.  296).  NaClAq  containing  29-4 
to  29-5  p.c.  NaCl  boils  at  109-25°  (at  760  mm. 
pressure)  and  freezes  at  —21-3°  (Karsten, 
Salinenkunde  [BerUn,  1847]  2,38).  The  follow- 
ing freezing-points  are  given  by  Karsten  (I.e.) 
for  NaClAq  {of.  Eiidorff,  P.  114,  63  ;  and  de 
Coppet,  A.  Ch.  [4]  25,  509) :— 


P.O.  NaCl 

F.P. 

P.O.  NaCl 

F.P. 

2 

-1-32° 

16 

-11-69 

4 

-3-024 

20 

-14-44 

6 

-4-52 

22 

-15-78 

8 

-5-99 

24 

-17-11 

10 

-7-44 

26 

- 18-42 

12 

-8-88 

For  freezing-points  of  dilute  NaClAq,  con- 
taining from  c.  -006  to  c.  2-6  p.c.  NaCl,  v.  Jones 
(Z.  P.  C.  11,  210). 

Solution  of  NaCl  in  water  is  accompanied 
by  lowering  of  temperature  and  contraction ; 
36  parts  NaCl  in  dissolving  in  100  parts  water 
at  12-6°  lower  the  temperature  to  10-1°  (Eiidorff, 
B.  2,  68) ;  Thomsen  gives  [NaCl.Aq]  =  -  1180 
{Th.  3,  232).  By  mixing  36  parts  NaCl  with 
100  parts  snow,  temperature  falls  to— 21-3° 
(Eiidorff,  P.  114,  79  ;  122,  337). 

NaCl  is  in  sol.  absolute  alcohol  ;  Girardin 
(A.  Ch.  [4]  5,  146)  gives  the  following  data  for 
S.  in  aqueous  alcohol  S.G.  -9282  ;  10-9  at  4°, 
11-1  at  10°,  11-43  at  13°,  11-9  at  23°,  12-3  at 
82°,  13-1  at  44°,  13-8  at  51°,  14-1  at  60°.  Schiff 
{A.  118,  365)  gives  S.  in  alcohol  at  15°  as  fol- 
lows ;  28-33  in  10  p.c.  alcohol,  13-25  in  40  p.c, 
5-93  in  60  p.c,  1-22  in  80  p.c.  NaCl  crystallises 
in  the  regular  system,  generally  in  cubes,  some- 
times in  octahedra. 

Occurrence. — As  rock  salt,  or  halite,  in  very 


large  quantities  very  widely  distributed  ;  in  sea- 
water,  many  salt  lakes,  brine  springs,  and  most 
mineral  springs. 

Formation. — 1.  By  burning  Na  in  moist  CI. 
According  to  Wanklyn  [C.  N.  20,  271),  dry  CI 
does  not  combine  with  Na  even  at  the  M.P. 
of  the  metal;  Donny  a.  Mareska  (C.  B.  20, 
817)  state  that  Na  is  unacted  on  by  liquid  CI 
at  —80°.— 2.  By  neutralising  NaOHAq  or 
Na.,CO,,Aq  by  HClAq,  and  evaporating.— 3.  By 
the  reaction  of  excess  of  cone.  HClAq  with 
several  salts  of  Na,  e.g.  Na,S04. — 4.  By  strongly 
heating  NaoSO,  with  excess  of  NH^Cl ;  also  by 
decomposing  Na.SOjAq  by  several  chlorides, 
e.g.  MgCL  or  CaCL. — 5.  As  a  by-product  in 
making  KNO,,  by  the  reaction  of  KCl  with  NaNOj. 
6.  By  the  reduction  of  many  chlorides  by  Na. 

Preparation. — Pure  NaHCO,  is  prepared  by 
washing  a  large  quantity  of  the  ordinary  '  pure  ' 
salt,  in  fine  powder,  with  cold  water  till  the 
washings  cease  to  be  clouded  on  addition  of  a 
salt  of  Ag  or  Ba;  after  boiling  with  slight  excess 
of  HNOjAq,  the  residue  is  dried  and  heated 
to  dull  redness  in  a  Pt  dish ;  a  boiling  saturated 
solution  of  the  Na.,C03  thus  obtained  is  prepared, 
filtered,  and  shaken  while  crystallising  to  insure 
the  formation  of  small  crystals  ;  the  crystals  are 
dried  by  suction  by  a  water-pump,  they  are  then 
twice  moistened  with  cold  water  to  remove  all 
mother-liquor,  and  crystallised  three  times  from 
water.  The  pure  Na2C03  is  dissolved,  and  NaCl 
is  formed  by  passing  in  a  stream  of  pure  HCl 
gas  (obtained  by  heating  pure  cone  HClAq) ;  a 
little  pure  NH^Cl  is  added  to  the  solution  (for 
^preparation  of  pure  NH^Cl  v.  vol.  i.  p.  197, 
under  Ammonia,  Preparation,  No.  3),  which  is 
then  evaporated  to  dryness  in  a  Pt  retort ;  the 
residue  is  very  strongly  heated,  and  then  dis- 
solved in  water ;  after  standing  for  24  hours  the 
solution  is  poured  oif  (from  any  Al.Oj.a-HjO 
and  SiO._,  that  settle),  a  little  pure  NH^Cl  is 
added,  the  solution  is  evaporated  to  dryness  in 
a  Pt  retort,  the  residue  is  strongly  heated  for 
some  time,  and  after  partial  cooling  the  still 
liquid  NaCl  is  poured  off  (from  Pt,  SiO.,,  and 
ALOj)  into  a  Pt  dish ;  when  cold,  the  NaCl  is 
dissolved  in  water,  the  solution  is  poured  off 
after  2  days  and  evaporated  to  dryness  in  a  Pt 
retort,  and  the  residue  is  fused  in  a  Pt  vessel 
(Stas,  Chem.  Proport.  275). 

For  preparation  of  NaCl  from  rock  salt,  brine, 
and  sea-water,  v.  Diction.\ry  of  Applied  Chemis- 
try, vol.  iii.  p.  429. 

Properties. — A  pure,  white,  lustrous  solid ; 
crystallises  in  the  regular  system,  generally  in 
cubes.  Decrepitates  when  heated.  NaCl  is 
diathermanous.  Solution  in  water  is  neutral 
to  indicators,  and  has  a  bitter  taste.  Pure  NaCl 
is  very  slightly  hygroscopic,  taking  up  c.  \  p.c 
water  from  moist  air  (Stas,  Karsten).  Melts  at 
c.  772° ;  vapourises  markedly  at  white  heat  in  a 
stream  of  N  {v.  Stas,  I.e.).  NaCl  is  almost  wholly 
ppd.  from  an  aqueous  solution  by  leading  in  HGl 
(Margueritte,  C.  R.  43,  50)  ;  also  ppd.  from  a 
cone,  solution  by  cold  cone.  NaOHAq  (Berthelot, 
C  R.  76,  111) ;  also  by  warming  a  cone,  solu- 
tion with  excess  of  NaBr  or  NaT  and  cooling 
(von  Hauer,  J.  pr.  98,  137).  Saturated  NaClAq 
deposits  the  hydrate  NaCl.  2aq  at  -7°  toe.  —22°, 
and  at  c.  —  23°  NaCl.  lOaq  separates  [v.  Hydrates 
under  Combinations,  p.  478). 
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Reactions. — 1.  According  to  de  Sanderval 
(C.  R.  116, 641),  when  NaCl  is  vapozorised  around 
a  porous  tube  CI  collects  in  the  inside  of  the 
tube. — 2.  Electrolysis  of  NaClAq  produces  CI 
and  NaOHAq,  but  NaClOAq  and  NaClOj  are 
soon  formed  by  secondary  reactions ;  if  a  dia- 
phragm of  asbestos  is  used,  the  cathode  being 
on  one  side  and  the  anode  on  the  other,  and 
CO.,  is  passed  into  the  NaClAq,  CI  is  given  oli 
and"  Na,C03  is  formed  (y.  Hempel,  B.  22,  2475).— 

3.  Fusion  with  potassium  produces  KCl  and  Na. 

4.  Fusion  with  sulphur  is  said  to  form  NajS 
and  SjClj,  but  this  is  denied  by  Karsten  ;  NaCl 
is  not  decomposed  by  hydrogen,  or  oxygen,  at  a 
red  heat. — 5.  Superheated  steam  has  no  reaction, 
according  to  Kunheim  [J.  1861.  149) ;  there  is  a 
slight  reaction,  according  to  Lunge  {Soda-indus- 
trie,  2,  288). — 6.  Sulphuric  anhydride  vapour 
is  absorbed,  without  heating,  giving  S..O„NaCl 
{Na  salt  of  S0.,(C1).0.S0.,.0H)  ;  according  to 
Schultz-Sellack  {B.  4,  112)  more  SO3  is  then 
absorbed,  and  a  compound  approximately 
NaC1.4S03  is  formed ;  on  heating  Na^SO^,  SO^ 
and  CI  are  produced.  By  heating  with  liquid 
sidphuric  ajihydride  S.^OjCl,  is  formed  (Kosen- 
stiehl,  C.  R.  53,  658). — 7.  Decomposed  by  heat- 
ing to  c.  500°  in  a  mixture  of  air,  sulphur 
dioxide,  and  water  vapour,  giving  NaoSO,  and 
HCl  (Hargreaves  and  Robinson's  process  for 
making  Na.,SOj ;  v.  Dictionary  of  Applied 
Chemistry,  vol.  iii.  p.  444). — 8.  NaCl  is  decom- 
posed, with  formation  of  oxychlorides  or  chlor- 
ides, by  heating  with  phosphoric,  chromic,  or 
molybdic  anhydride,  or  with  antimonic  oxide  ; 
decomposition  occurs  with  silica,  boric  oxide, 
alumina,  and  tungstic  oxide  only  in  presence  of 
air  or  water  vapour,  forming  silicate,  borate, 
aluminate,  or  tungstate  of  Na,  and  HCl ;  in 
presence  of  water  vapour  CI  is  evolved  in  some 
of  these  reactions  {v.  Schulze,  J.  pr.  [2]  21, 
407 ;  Delalande  a.  Prudhomme,  Bl.  20,  74 ; 
Gorgeu,  A.  Ch.  [5]  10,  145).  Lead  oxide  de- 
composes NaClAq,  forming  PbCl,  and  NaOHAq 
(Scheele)  ;  but  molten  NaCl  is  said  not  to  inter- 
act with  PbO.  Moist  NaCl  mixed  with  caustic 
lime  and  exposed  to  air  becomes  covered  with 
an  efflorescence  of  Na^COs  crystals.  Magnesia 
interacts  with  NaClAq,  in  presence  of  C0„,  to 
form  NaHCOa  and  MgCU  (Weldon ;  Wagner,  J. 
1873.  256). — 9.  Sulphuretted  hydrogen  partially 
•decomposes  hot  NaCl  to  Na^S,  more  completely 
in  presence  of  steam  (Kingzett,  C.  J.  [2]  11, 
456). — 10.  Many  metallic  sulphides,  e.g.  CujS, 
produce  Na^SOj  and  metallic  chlorides  (some- 
times CI  is  set  free)  when  roasted  in  air  with 
NaCl. — 11.  Several  metallic  sulphates  when 
fused  with  NaCl  produce  Na2S04  and  metallic 
chlorides— e.g.  PbS04,  ZnSO„  CuSO^ ;  some  of 
these  sulphates  react  also  wdth  NaClAq.  Some 
sulphates  form  Na,S04,  and  give  oS  CI  when 
heated  with  NaCl,  e.g.  FeS04  {v.  Barreswil, 
J.  Ph.  [3]  12,  456). — 12.  Fusion  -mih  potassium 
chlorate  only  decomposes  a  trace  of  NaCl 
(Schulze,  J.  pr.  [2]  21,  407).— 13.  Ammonium 
oxalate  heated  with  NaCl  forms  NaoCOj  and  dis- 
tinct quantities  of  NaCN  (Fresenius) ;  addition 
of  (NH4)2C204  to  hot  saturated  NaClAq  ppts. 
NajC.O,. — 14.  Potassium  carbonate  le&cts  with 
NaClAq  to  form  Na^COjAq  and  KClAq ;  if  COj 
is  passed  in  NaHCO^  ppts. — 15.  Ammonium 
■bicarbonate  and  NaClAq  produce  NaHCOa  and 


NH4ClAq.  Passage  of  CO.,  into  NaClAq  satu- 
rated with  NH3  ppts.  NaHCOj  (v.  Ammonia-soda 
process,  in  Dictionary  of  Applied  Chehistky, 
vol.  iii.  p.  494). — 16.  Sw^p/iMric  acid  decomposes 
NaCl,  forming  HCl,  and  NaHS04  or  Na,S04  ac- 
cording to  the  temperature.  The  Leblanc 
process  for  making  sodium  carbonate  takes  ad- 
;  vantage  of  this  reaction  {v.  Dictionary  of 
Applied  Chemistry,  vol.  iii.  p.  459).— 17.  Eva- 
poration with  excess  of  nitric  acid  produces 
NaNOj  and  HCL— 18.  NaCl  is  readily  decom- 
posed by  hydrofluoric  acid,  also  by  hydrofiuo- 
silicic  acid. — 19.  Carbonic  acid  is  said  to  set 
free  some  HCl  from  NaClAq  {v.  H.  MiUler,  B.  3, 
40  ;  Funk,  Chem.  Zeitung,  1879.  660).— 20.  Re- 
peated evaporation  with  excess  of  oxalic  acid 
completely  decomposes  NaCl  to  Na2C204. 

Combinations.— 1.  With  water  to  form 
hydrates.  The  dihydrate  NaCi.2aq  separates 
from  saturated  NaClAq  cooled  to  —7°  to  —22°, 
in  large  clear  monoclinic  crystals  (v.  Hankel, 
P.  53,  623;  Mitscherhch,  J.  pr.  83,  485). 
The  crystals  effloresce  at  — 10°,  and  deUquesce 
at  0°.  Ehrenberg  (P.  36,  240)  and  Frankenheim 
(P.  37,  638)  obtained  this  hydrate  by  evaporating 
dilute  NaClAq  at  a  moderate  temperature.  The 
crystals  that  separate  from  hot  NaClAq  contain- 
ing HCl  are  hydrated,  according  toBevan  (C.  N. 
35,  17),  and  contain  5"48  p.c.  water,  but  after  a 
time  they  change  to  the  ordinary  crystals  of 
1  NaCl.  According  to  Naumann  {Thermochemie, 
106),  crystals  of  the  decahydrate,  NaCl.lOaq, 
separate  from  NaClAq  at  -23°.— 2.  NaCl 
absorbs  considerable  quantities  of  ammonia, 
under  pressure.  Joannis  dissolved  NaCl  in 
liquid  NH3  at  — 10° ;  on  cooling  to  —  30°  and 
letting  NH3  escape  at  the  ordinary  pressure,  he 
obtained  slender  white  needles,  probably 
NaC1.5NH3  (C.  R.  112,  337).— 3.  Sulphuric 
anhydride  is  absorbed  by  NaCl,  forming 
NaC1.2S03,  and  then  perhaps  NaC1.4S03 
(v.  Reactions,  No.  6). — 4.  Compounds  with 
sodium  iodate  are  formed,  by  adding  excess  of 
NaCl  to  NalOjAq,  and  by  boiling  NalOg  with 
HClAq;  the  compound  NaCl.NaI0.,.4aq  was 
obtained  by  Ditte,  and  3NaC1.2NaIO,.  18aq 
by  Rammelsberg  (P.  44,  548;  115,  584).— 5. 
With  many  chlorides  of  less  positive  metals,  e.g. 
AICI3,  CdCL,  CrClj,  PbCL,  MgCl^  (v.  Chlorides 
of  various  metals). 

Sodium  subchloride.  H.  Eose  (P.  120,  15) 
noticed  that  a  grey-blue  solid  was  produced  by 
fusing  NaCl  with  Na  in  H;  he  thought  this 
might  be  a  subchloride  of  Na.  Bunsen  and 
lurchhoff  (P.  113, 339)  noticed  the  formation  of  a 
deep-blue  substance  during  the  electrolysis  of 
molten  EbCl ;  this  substance  dissolved  in  water, 
giving  off  H  and  producing  a  colourless,  strongly 
alkaline  solution  ;  a  similar  reaction  was  obtained 
on  electrolysing  KCl ;  these  blue  substances 
were  regarded  by  B.  a.  K.  as  probably  sub- 
chlorides,  but  no  analyses  or  proofs  of  compo- 
sition were  given. 

Sodium,  ehromisulphocyanide  of,  v.  vol.  ii. 
p.  349. 

Sodium,  cyanide  of,  v.  vol.  ii.  p.  347. 
Sodium,  ferrate  of,  v.  vol.  ii.  p.  547. 
Sodium,  ferricyanide  of,  v.  vol.  ii.  p.  340. 
Sodium,  ferrite  of,  r.  vol.  ii.  p.  547. 
Sodium,  ferrocyanide  of,  v.  vol.  ii.  p.  337. 
Sodium,  fiuoboride  of,  v.  vol.  i.  p.  526. 
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Sodium,  fluoride  of,  NaF.  Mol.  \v.  not 
tnown  with  certainty,  but  the  formula  NaF  is 
probably  molecular. 

Formation. — 1.  By  neutralising  HFAq  by 
NaOHAq  and  evaporating. — 2.  Formed  along 
•with  NaHSOj  by  the  reaction  of  HFAq  with 
Na,SO,,  (Weldon,  D.  P.  J.  162,  228).— 3.  By 
fusing  together  CaF.,,  Na,,S04,  and  charcoal,  and 
extracting  with  water  (Jean,  C.  B.  66,  801, 
918). — 4.  By  boiling  powdered  cryolite  with 
NaOHAq  of  at  least  1-.35  S.G.  till  a  little  taken 
out  is  entirely  sol.  boiling  water,  decanting  the 
alkaline  liquid  from  NaF,  pressing  the  NaF, 
dissolving  in  boiling  water,  separating  any 
AI2O3  in  solution  by  NaoSiOjAq,  removing  silica 
by  CO,,,  filtering,  evaporating,  and  recrystallising 
the  NaF  that  separates  (Schuch,  A.  126,  108).— 
5.  Berzelius  (Lehrbiich  [5th  ed.]  3,  216)  pre- 
pared NaF  by  adding  to  100  parts  NajSiFs  and 
112  parts  Na:,CO.,  water  enough  to  make  the 
■whole  pasty,  boiling  as  long  as  C0„  was  given 
off,  extracting  the  solid  thus  formed  with  boiling 
water,  evaporating  the  solution  to  dryness, 
heating  the  residue  gently,  again  extracting 
with  hot  water,  filtering  from  SiO^,  and  crystal- 
lising. 

Preparation. — Pure  NajCO.,  (for  preparation 
V.  SoDiDM  CHLORIDE,  Preparation,  p.  477)  is  dis- 
solved in  pure  HFAq,  till  the  acid  is  just  saturated, 
in  a  Pt  dish,  the  solution  is  evaporated  to  dry- 
ness, the  residue  is  heated  strongly  for  some  time, 
and  allowed  to  cool. 

Properties. — Clear,  lustrous  cubes ;  in 
presence  of  NaoCO,  crystallises  in  octahedra. 
SI.  sol.  water;  S.  at  16°  =  4-78  (Berzelius),  at 
15°  =  4  (Fremy,  A.  Ch.  [3]  47,  32).  Scarcely 
more  sol.  hot  than  cold  water.  lusol.  alcohol. 
Giintz  {A.  Ch.  [6]  3,  5)  gives  [NaF,AqJ=  -600. 
Decrepitates  on  heating,  and  melts  at  a  high 
temperature  without  decomposition  (Berze- 
lius). 

Reactions.  —  1.  Partially  decomposed  by 
heating  to  redness  in  water  vapour,  with  forma- 
tion of  NaOH  and  HF  (Weldon).— 2.  Excess  of 
caustic  potash  forms  NaOHAq. — 3.  Boiling  with 
magnesia  partially  decomposes  NaF  to  NaOHAq 
and  forms  a  double  Na-Mg  fluoride  (MgF,,.2NaF) 
(Tissier,  C.  R.  56,  848). — 4.  Completely  decom- 
posed to  NaCl  by  heating  strongly  in  hydrochloric 
acid  gas  (Deville,  C.  B.  43,  970).— 6.  Partially 
decomposed  to  NaCl  by  heating  with  ammonium 
chloride  (Eose.P.  74,  579).  Fusion  withmagne- 
siiim  c/iZomZe  produces  NaCl  and  MgFj  (Geuther, 
J.  Z.  2,  208). 

Combinations. — 1.  With  several  fluorides  of 
less  positive  metals ;  3NaF.AlF3  occurs  native 
as  cryolite  (v.  Aidminium  pldoride,  vol.  i.  p. 
145). — 2.  '^ith.  silicon  fluoridcio  form  NajSiF^ 
{v.  Sodium  silicofluokide,  p.  483). — 3.  With 
sodium  borate  to  form  6NaF.Naj3.jO4  {v.  Flito- 
borates,  vol.  i.  p.  530). — 4.  With  sodium  phos- 
phate to  form  NaF.2Na3P04.  19aq  and  22aq,  and 
NaF.Na,PO,,.  24aq  {v.  Baumgarten,  J.  1865.  219  ; 
Brieglieb,  A.  117,  95). — 5.  With  sodium  sulphate 
to  form  NaF.Na-SOj  (v.  Marignac,  Ann.  M.  [5] 
12,  18). 

SoniuM-HTDEOGEN  PLtroRiDE  NaHF;  or 
NaF.HF.  This  compound  is  formed,  according 
to  Berzelius  {Lchrbuch  [5th  ed.]  3,  217),  by  the 
spontaneous  evaporation  of  a  solution  of  NaF  in 
HFAq.     Forms  small  rhombohedral  crystals. 


with  a  sharp,  acid  taste.  SI.  sol.  cold  water, 
more  sol.  hot  water.  Decomposed  by  heat  to 
NaF  and  HF  (Marignac,  J.  1857.  128).  Giintz 
{A.  Ch.  [6]  3,  5)  gives  [NaF,HF]  =  17,100 
(to  form  NaF.HF). 

Sodium,  hydride  of,  Na.^H.  Gay-Lussac 
and  Th6nard  (.4.  Ch.  74,  203)  observed  that  Na 
absorbed  H  when  heated  therein.  The  process 
was  more  accurately  studied  by  Troost  and 
Hautefeuille  {A.  Ch.  [5]  2,  273).  They  found 
that  absorption  of  11  by  Na  began  at  c.  300^  and 
ceased  at  c.  421°,  when  the  gas  was  at  the  atmo- 
spheric pressure.  The  product  gave,  in  a 
Sprengel pump,  237  vols.  H.  for  1  vol.Na  ;  the  for- 
mula Na.,H  requires  238  vols.  H.  Na^H  is  a  soft, 
silver-white  solid ;  it  can  be  melted  without 
decomposition  in  H ;  S.G.  "959.  Traces  of  H 
are  given  oH  at  760  mm.  pressure ;  heated  in 
vacuo  a  regular  dissociation  takes  place  from 
[  330°  to  430°  (for  vapour-pressures  of  H  given  off 
!  V.  Dissociation,  vol.  ii.  p.  398).  Moutier  (C.  R. 
79,  1242)  gives  the  thermal  value  [Na^,H] 
=  13,000  at  c.  330°. 

Sodium,  hydrosulphide  of,  NaSH.  {Sodium 
siilphydrate.)  Sabatier  [A.  Ch.  [5]  22,  5)  ob- 
j  tained  this  compound  by  treating  Na.,S.  9aq  with 
H,S  in  absence  of  air,  and  then  evaporating  the 
liquid  so  formed  in  an  atmosphere  of  H.,S.  A 
white,  very  hygroscopic  solid.  Passage  of  C0._, 
into  NaSHAq  drives  out  H„S  and  converts  all 
the  Na  into  Na^COj.  NaSHAq  contains  H,S 
and  NaOH,  according  to  Gernez  (C.  B.  64,  86). 
NaSHAq  dissolves  S  with  evolution  of  H._,S ;  it 
ppts.  PbS,  or  MnS,  from  a  neutral  solution  of  a 
Pb  or  Mu  salt,  giving  off  H,S  ;  Na.SAq  does  not 
give  off  H„S  while  dissolving  S  or  ppg.  PbS  or 
MnS. 

Sabatier  (I.e.)  obtained  the  hydrate 
NaSH.2H,,0  by  passing  H^S  oveT  Na.S.  9aq,  and 
I  then  evaporating  in  H„S  till  half  the  water  was 
j  removed ;  very  hygroscopic  needles,  becoming 
j  yellow  in  air. 

Sodium,  hydroxide  of,  NaOH.  {Caustic  soda. 
Sodium,  or  sodic,  hydrate.)  Mol.  w.  not  deter- 
mined. Melts  at  1098°  {v.  Meyer  a.  Eiddle,  B. 
26,  2443).  S.G.  2-13  (Filhol,  A.  Ch.  [3]  21,  415) ; 
1-723  (Smith,  Am.  J.  Pharm.  53,  145).  S.  (cold 
water)  c.  212  (Bineau,  C.  R.  41,  509).  H.F. 
[Na,0,H]  =  101,870  ;  [Na,0,H,Aq]  =  111,810  ; 
[Na-0,H-0]  =35,620  {Th.  3,  232). 
!  Formation.— 1.  By  the  interaction  of  Na,  or 
I  NajO,  with  HjO.— 2.  By  decomposing  NaX03Aq 
I  with  Ca0.,H,  {v.  Preparation,  No.  1).— 3.  By 
the  action  of  CaO-.H.,  with  NaFAq  (Tissier, 
J.  pr.  90,  50). — 4.  By' decomposing  Na.SO^Aq 
by  BaO  or  CaO  under  pressure. — 5.  From 
NaClAq  by  interaction  with  PbO  (Knab,  B. 
11,  1458).--6.  By  heating  NaNO.,  with  char- 
coal, or  with  Cu  (Wohler,  A.  87,  373),  or  Fe 
(Polacci,  C.  N.  26,  288).— 7.  By  decomposing 
NajSAq  by  CuO,  Fe.p.,,  PbO,  ZnO,  &c.  (Kopp, 
I  D.P.J.  142,  341;  Stromeyer,  A.  107,  333).— 
8.  By  the  interaction  of  NaF  and  steam 
(Weldon). — 9.  By  heating  soda  felspar  with  lime. 

Preparation. — 1.  By  causticising  soda  crys- 
tals by  lime.  A  solution  of  pure  NajCOj  crystals 
in  4-5  parts  water  is  boiled,  in  a  dish  of  silver 
or  polished  iron,  with  milk  of  lime  till  a  little 
of  the  filtered  liquid  gives  oft  no  CO,  when 
i  acidified  ;  the  weight  of  CaO  required  is  c.  ^ 
I  the  wt.  of  soda  crystals  used,  it  should  be 
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suspended  in  about  as  mucli  water  as  the  wt. 
of  soda  crystals  used  ;  as  the  boilmg  proceeds 
a  little  water  should  be  added  from  time  to  time, 
otherwise  the  NaOHAq  will  decompose  some  of 
the  CaCOs  formed  to  CaO  and  Na^COaAq.  The 
CaCOj  formed  is  allowed  to  settle,  the  vessel 
being  closed,  the  NaOHAq  is  drawn  ofi  by  a 
siphon  and  evaporated  to  dryness  in  a  silver 
dish,  and  the  residue  is  heated  till  volatilisation 
begins,  and  allowed  to  cool  in  an  exsiccator. 
By  dissolving  in  absolute  alcohol,  allowing  to 
settle,  drawing  off  the  liquid,  evaporating  it  to 
dryness  on  a  water-bath  in  a  silver  dish,  re- 
moving resinous  matter  from  the  warm  semi- 
solid mass  by  a  silver  spatula,  heating  to  bright 
redness,  and  pouring  the  molten  mass  on  to  a 
plate  of  polished  iron — or,  better,  of  silver — 
NaOH  containing  only  traces  of  impurities, 
chiefly  NaCl  and  Na.jCOj,  is  obtained. — 2.  A 
large  silver  dish  is  surrounded  by  cold  water ; 
2  or  3  drops  of  water  are  placed  in  the  dish,  and 
then  a  small  piece  of  clean  Na,  1  or  2  cms. 
long ;  the  dish  is  constantly  shaken,  so  that  the 
Na  flows  over  a  large  cold  surface  (explosions 
are  thus  avoided) ;  when  the  reaction  is  finished 
2  or  3  more  drops  of  water  are  added,  and  then 
another  piece  of  Na,  while  the  dish  is  shaken, 
and  so  on.  The  semi-solid  mass  is  heated  till  the 
water  is  all  driven  off  and  the  NaOH  melts,  and 
the  molten  substance  is  poured  on  to  a  plate  of 
polished  iron  or  silver. 

To  obtain  NaOH  free  from  nitrites  and 
nitrates  Ilosva  (Bl.  [3]  2,  357)  recommends  to 
place  Na  in  water  with  a  layer  of  petroleum  on 
the  surface,  the  petroleum  having  been  washed 
with  water  till  free  from  nitrites  and  nitrates. 
He  also  says  that  if  2-4  p.c.  ordinary  NaOHAq 
is  kept  for  some  weeks  in  contact  with  granu- 
lated Zn  all  nitrites  and  nitrates  are  destroyed. 

For  prei^aration  of  ordinary  caustic  soda  v. 
Dictionary  of  Applied  Chemistry,  vol.  iii. 
p.  480. 

Properties. — NaOH  is  a  white,  hard,  brittle 
solid.  Melts  below  red  heat ;  volatilises  at  very 
bright  red  heat,  higher  than  temperature  of 
volatilisation  of  KOH.  Very  deliquescent ;  dis- 
solves in  c.  •47  parts  water.  During  solution  in 
water  much  heat  is  produced,  [NaOH,Aq]  =  9,940 
(Th.  3,  232) ;  the  maximum  amount  of  heat  is 
produced  when  H,0  is  added  to  NaOH  in  the 
ratio  NaOH  :  2OH2O,  addition  of  water  to  this 
solution  is  attended  with  a  slight  disappearance 
of  heat  {Th.  3,  84).  (For  hydrates  v.  p.  480, 
Combmations.)  Easily  sol.  alcohol.  NaOHAq 
with  36-86  p.c.  NaOH  boils  at  130°,  with  70  p.c. 
boils  180°,  with  77-5  p.c.  boils  238°,  with 
78-7  p.c.  boils  243°,  and  with  82-6  p.c.  boils  260° 
(Lunge,  Soda-industrie,  2,  543). 

NaOHAq  acts  as  a  strong  alkali ;  its  affinity 
is  c.  equal  to  that  of  KOHAq  and  LiOHAq  and 
c.  50  tunes  greater  than  NH^Aq  (Ostwald).  The 
properties  of  NaOHAq  closely  resemble  those  of 
potassium  hydroxide  solution  (q.v.  p.  302). 

The  table  in  the  next  column,  given  by  Lunge, 
shows  the  composition  of  NaOHAq  of  different 
S.G.  at  15°. 

Eegarding  the  freezing-points  of  NaOHAq 
of  different  concentrations  v.  Eiidorff  (P.  116, 
55) ;  de  Coppet  (A.  Ch.  [4]  24, 551) ;  and  Pickering 
(who  gives  very  complete  data)  C.  J.  63, 
890). 


S.G. 

NaOHAq 

a 

Twaddell 

100  pts. 

contc 
NajO 

by  wt. 

liu 
NaOH 

cout 
kil 
NaaO 

ains 

OS. 

NaOH 


1-007 

1 

1-4 

0-47 

0-61 



4 

6 

1-014 

2 

2-8 

0-93 

1-20 

9 

12 

1-022 

3 

4-4 

1-55 

2-00 

16 

21 

1-029 

4 

5-8 

2-10 

2-71 

22 

28 

1-036 

5 

7.9 

2-60 

3-35 

27 

35 

1-045 

6 

u  0 

3-10 

4-00 

32 

42 

1-052 

7 

1  0-4- 

3-60 

4-64 

38 

49 

1-060 

8 

l'2-O 

4-10 

5-29 

43 

56 

1-067 

9 

13-4 

4-55 

5-87 

49 

63 

1-075 

10 

15"0 

5-08 

6-55 

55 

70 

1-083 

11 

16-6 

5-67 

7-31 

61 

79 

1-091 

12 

18-2 

6-20 

8-00 

68 

87 

1-100 

13 

200 

6-73 

8-68 

74 

95 

1-108 

14 

21-6 

7-30 

9-42 

81 

104 

1-116 

15 

23-2 

7-80 

10-06 

87 

112 

1-125 

16 

25-0 

8-50 

10-97 

96 

123 

1-134 

17 

26'8 

9-18 

11-84 

104 

134 

1-142 

18 

28-4 

9-80 

12-64 

112 

144 

1-152 

19 

30-4 

10-50 

13-55 

121 

156 

1-162 

20 

32-4 

11-14 

14-37 

129 

167 

1-171 

21 

34-5 

11-73 

15-13 

137 

177 

1-180 

22 

36-0 

12-33 

15-91 

146 

188 

1-190 

23 

38-0 

13-00 

16-77 

155 

200 

1-200 

24 

40-0 

13-70 

17-67 

164 

212 

1-210 

25 

42'0 

14-40 

18-58 

174 

225 
239 

1-220 

26 

44-0 

15-18 

19-58 

185 

1-231 

27 

46-2 

15-96 

20-59 

196 

253 

1-241 

28 

16-76 

21-42 

208 

266 

1-252 

29 

50'4 

17-55 

22-64 

220 

283 

1-263 

30 

18-35 

23-67 

232 

299 

1-274 

31 

54-8 

19-23 

24-81 

245 

316 

1-285 

82 

0 1  \j 

20-00 

25-80 

257 

332 

1-297 

33 

20-80 

26-83 

270 

348 

1-308 

34 

fil  -fi 

21-65 

27-80 

282 

364 

1-320 

35 

V'x  u 

22-35 

28-83 

295 

381 

1-332 

36 

ou  ^ 

23-20 

29-93 

309 

399 

1-345 

37 

Dj  yj 

24-20 

31-22 

326 

420 

1-357 

38 

71-4 

25-17 

32-47 

342 

441 

1-370 

39 

74-0 

26-12 

33-69 

359 

462 

1-383 

40 

<  u  u 

27-10 

34-96 

375 

483 

1-397 

41 

79-4 

28-10 

36-25 

392 

506 

1-410 

42 

82-0 

2905 

37-47 

410 

528 

1-424 

43 

84-8 

30-08 

38-80 

428 

653 

1-438 

44 

87-6 

3100 

39-99 

446 

575 

1-453 

45 

90-6 

32-10 

41-41 

466 

602 

1-468 

46 

93-6 

33-20 

42-83 

487 

629 

1  1-483 

47 

96-6 

34-40 

44-38 

510 

658 

1-498 

48 

99-6 

35-79 

46-15 

535 

691 

1-514 

49 

102-8 

36-90 

47-60 

559 

721 

1-530 

50 

106-0 

38-00 

49-02 

581 

750 

Reactions. — 1.  According  to  Deville  (C  iJ.. 
45,  857),  NaOH  is  decomposed  to  Na,  0,  and  H 
by  heating  to  white  heat  in  an  iron  bottle. — 

2.  Strongly  heated  with  non-volatile  acidic 
anhydrides,  water  and  salts  of  Na  are  formed. — 

3.  When  molten  NaOH  is  exposed  for  a  con- 
siderable time  to  air  or  oxygen,  some  NajOj  is 
formed  (Gay-Lussac;  Th6nard).— 4.  Moist  or 
molten  NaOH  is  decomposed  by  electrolysis,  with 
production  of  Na  (Davy,  T.  1802,  1).— 5.  Heat- 
ing with  sulphur  produces  polysulphides,  sul- 
phite, and  sulphate;  S  heated  with  NaOHAq 
forms  polysulphides  and  sulphite.  Similar  re- 
actions occur  by  heating  with  sclenion  or  tellu- 
rium.— 6.  Chlorine  interacts  with  NaOHAq  to- 
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form  NaClOAq  and  NaClAq  ;  on  heating 
NaC10.,Aq  is  formed.  Bromine  reacts  similarly. 
If  CI  is  led  into  NaOHAq  containing  ioduic  in  sus- 
pension, NalOj  is  produced. — 7.  When  NaOHAq 
is  warmed  with  phospliorus,  H  and  inflammable 
P  hydride  are  given  oS. — 8.  Heated  with  sodium, 
NajO  and  H  are  formed. — 9.  Moist  NaOH  with- 
draws carbon  dioxide  from  the  air,  forming 
NaHCOj. — 10.  Eeacts  with  acids  to  form  Na 
salts. — 11.  NaOHAq  ppts.  metallic  hydroxides, 
or  oxides,  from  solutions  of  many  metallic  salts ; 
in  some  cases  the  hydroxide  dissolves  in  excess 
of  NaOHAq— e.gr.  AlOsHj,  ZnOJI,.— 12.  Molten 
NaOH  acts  generally  as  an  oxidiser ;  e.g. 
As,  Sb,  Fe,  Pt,  &c.  form  arsenate,  antimonate, 
ferrate,  and  platinate  of  Na.  Salts  are  generally 
decomposed  by  molten  NaOH,  giving  Na  salts, 
and  setting  free  the  bases. — 13.  According  to 
Schone  (A.  193,  241),  addition  of  hydrogen x^cr- 
oxide  to  NaOHAq  produces  NajOo.SHjO  (v. 
Sodium  dioxide,  p.  482). 

Pickering  {priv.  comm.)  gives  the  following 
data : — 


S.G. 

S.G. 

.w 

KaClAq 
at  15° 

.tl 

NaClAq 
at  15° 

.B 

NaCIAq 
at  15'^ 

n.  cd 
'^'^ 

(water  at  4° 
=  1) 

(water  at  4° 
=1) 

(water  at  i" 
=  1) 

0 

0-999180 

17 

1-88707 

34 

1-373453 

1 

1-010611 

18 

1-199783 

35 

1-383815 

2 

1-021920 

19 

1-210861 

36 

1-394092 

3 

1-033109 

20 

1-221933 

37 

1-404279 

4 

1-044317 

21 

1-233062 

38 

1-414363 

5 

1-055463 

22 

1-244119 

39 

1-424353 

6 

1-066602 

23 

1-255134 

40 

1-434299 

7 

1-077733 

24 

1-266092 

41 

1-444161 

8 

1-088856 

25 

1-277063 

42 

1-45.3929 

9 

1-099969 

26 

1-287990 

43 

1-463623 

10 

1-111069 

27 

1-298877 

44 

1-473249 

11 

1-122165 

28 

1-309708 

45 

1-482850 

12 

1-133250 

29 

1-320496 

46 

1-492406 

13 

1-144353 

30 

1-331213 

47 

1-501927 

14 

1-155450 

31 

1-341879 

48 

1-511412 

15 

1-666538 

32 

1-352472 

49 

1-520868 

16 

1-177619 

33 

1-362991 

60 

1-530282 

Combinations. — 1.  With  loater  to  form 
hydrates.  The  hydrate  2NaOH.7H,0  was 
obtained  by  Hermes  (B.  3,  122)  by  exposing 
NaOHAq  S.G.  1*365  to  the  cold  of  a  severe 
winter  ;  monoclinic  crystals,  S.G.  1-405,  melting 
at  6°  ;  in  vacuo  gave  off  3H2O.  Gottig  (B. 
20,  543)  obtained  a  dihydrate,  NaOH.2H,0,  by 
heating  NaOH  in  96-8  p.c.  alcohol  very  gradually 
to  100°.  By  cooHng  NaOHAq,  Pickering 
{C.  J.  63,  890)  obtained  the  following  hydrates, 
with  the  freezing-points  noted  :— 

Hydrate  Freezing-point 
NaOH.H^O  64-3° 
NaOH.2H,0  12-5 
NaOH.3-liH,0  {sic)  2-73 
NaOH.3-.5H26  15-55 
aNaOH.4H„0  7-57 
/3Na0H.4H'0  -  1-7 

NaOH.5Hp  -12-22 
NaOH.7H,0  -23-51 

2.  With  carbon  dioxide  to  form  NaHCOj. 

Sodium,  iodide  of,  Nal.  Mol.  w.  not  known 
Vv'ith  certainty,  but  formula  Nal  is  probably 

Vol.  IV. 


molecular.  Melts  at  628°  (Carnelley,  G.  J.  33, 
278)  ;  at  650°  (V.  Meyer  a.  Kiddle,  B.  26,  2443). 
S.G.  3-45  (Filhol,  A.  Ch.  [3]  21,  415)  ;  3-054  at 
18-2  (Favre  a.  Valson,  C.  R.  77,  579).  S.H. 
(26°  to  50°)  -0881  (Schuler,  P.  136,  70) ;  (16°  to 
99°)  -08684  (Eegnault,  A.  Ch.  [3]  1,  129). 
Kremers  (P.  108,  120)  gives  the  following  data 
for  solubility  in  water  : — 


Temp. 

s. 

Temp. 

s. 

0° 

158-7 

80° 

303 

20 

178-6 

100 

312-5 

40 

208-4 

120 

322-5 

60 

256-4 

140 

333-3 

S.  =  264-19  +  -3978*,  when  t  varies  from  64'7° 
to  138-1°  (de  Coppet,  A.  Ch.  [5]  30,  411). 
Gerlach  {Fr.  8,  285)  gives  following  :— 


S.G.  NalAq 

P.C.  Nal 

S.G.  NalAq 

P.C.  Nal 

1-04 

5 

1-36 

35 

1-082 

10 

1-432 

40 

1 128 

12 

1-51 

45 

1-179 

20 

1-6 

50 

1-234 

25 

1-7 

55 

1-294 

30 

1-81 

60 

Saturated  NalAq  boils  at 
=  69,080;  [Na,I,Aq]  =  70,300 


Easily  sol.  alcohol. 
141-1°.  H.F.  [Na,Il : 
(Th.  3,  232). 

Formation. — 1.  When  Na  and  I  are  fused 
together  only  very  small  quantities  combine 
(Merz  a.  Weith,  B.  6, 1518).— 2.  By  decomposing 
BaljAq,  or  Cal.Aq,  by  NaoCO^  or  Na,SOj,  filtering, 
and  evaporating. — 3.  By  neutralising  HIAq  by 
Na.,C03,  a^nd  evaporating. — 4.  I  is  added  to 
water  and  iron  filings  till  the  iron  is  almost  all 
dissolved,  the  solution  is  filtered,  and  NajCOj  is 
added  so  long  as  FeCO,  ppts. ;  the  liquid  is 
filtered  (if  alkaline  it  is  neutralised  by  HIAq) 
and  evaporated,  any  Fe„03  which  separates  being 
filtered  off  (Baup,     Ph.  9,  37,  122). 

Prepa^-ation. — 1.  Iodine  is  added  to  mode- 
rately cone.  NaOHAq  till  a  yellow  colour  is  pro- 
duced ;  finely-powdered  charcoal,  equal  to  c. 
of  the  weight  of  I  used,  is  added  ;  the  liquid  is 
evaporated  to  dryness  and  the  residue  is  heated 
in  a  covered  crucible  to  dull  redness  for  some 
time  ;  when  cold,  the  residue  is  dissolved  in 
water,  the  liquid  is  filtered  (neutralised  by  HIAq 
if  alkaline)  and  crystallised  at  40°-50°.  (For 
more  details  v.  Potassium  iodide.  Preparation, 
p.  304.) — 2.  A  quantity  of  NaOHAq  is  divided 
into  two  equal  portions  ;  I  is  added  to  one  part 
till  a  yellow  colour  remains,  an  equal  quantity 
of  I  is  then  added,  and  then  the  other  portion 
of  NaOHAq  is  saturated  with  SOo  and  added, 
and  the  whole  is  evaporated  till  Nal  crystallises 
out ;  the  salt  is  purified  by  recrystallisation 
from  water  at  40°-50°  (Stephani,  J.  Ph.  [3]  26, 
450). 

Properties. — Crystallises  from  aqueous  solu- 
tions at  40°  to  50°  in  cubes  (Mitscherlich,  P. 
17,  385) ;  the  hydrate  Nal.  2aq  separates  at 
ordinary  tempei'atures.  Melts  at  628°  ;  volatilises 
less  readily  than  KI,  but  at  a  lower  temperature 
than  NaCl  (Mohr,  A.  21,  66).  Dehquesces  in 
moist  air,  becoming  rose-coloured  with  separa- 
tion of  some  I  and  formation  of  some  Na..CO.j 
(Girault,  J.  Ph.  27,  390). 

Reactions  and  Combinations. — 1.  Heated  in 
air  some  I  is  separated  and  O  absorbed,  and  the 
reaction  becomes  alkaline  (Berzelius,  Lchrbuch 
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[5th  ed.]  3,  215). — 2.  Heated  with  charcoal  in 
contact  with  air  much  Na„C03  is  formed  (Girault, 
I.e.).  Most  of  the  reactions  of  Nal  are  similar 
to  those  of  KI  (v.  Potassidm  iodide,  Reactions, 
p.  304). 

Combines  with  most  iodides  of  less  positive 
metals.  Forms  a  compound  with  arsenious 
oxide  Nal.ASjO^  (Eiidorff,  B.  21,  3051).  The 
dihydratc  NaI.2H„0  crystallises  at  the  ordinary 
temperature  from  NalAq  in  large  monoclinic 
prisms  ;  S.G.  2-448  ;  melting  at  c.  65°  and  giving 
Nal ;  effloresces  in  dry  air,  and  deliquesces  in 
moist  air. 

Sodium,  mauganicyanide  of,  v.  vol.  ii.  p. 
342. 

Sodium,  manganocyanide  of,  v.  vol.  ii.  p. 
342. 

Sodium,  nitride  of,  NajN.  A  dark-grey 
solid ;  formed  by  heating  NaNH^  {v.  Sodium 
AMIDE,  p.  475)  to  redness  in  absence  of  0.  Ee- 
sembles  potassium  nitride  {q.  v.,  p.  304)  (Gay- 
Lussac  a.  Thenard,  A.  Ch.  65,  325). 

Sodium,  nitroprusside  of,  v.  vol.  ii.  p.  841. 

Sodium,  oxides  of.  Two  oxides  have  been 
isolated,  Na,0  and  NaoO,. 

SoDiDM  OXIDE  NajO.  {Sodium  monoxide.) 
It  is  doubtful  whether  this  compound  has  been 
obtained  pure.  Davy  (T.  1808.  24)  said  that 
when  Na  is  fused  with  dry  soda  there  is  '  a  divi- 
sion of  the  oxygen  between  the  alkali  and  the 
sodium.'  Na  does  not  combine  with  O  when 
exposed  to  quite  dry  air  at  the  ordinary  tem- 
perature (von  Bonsdorff,  P.  41,  296).  According 
to  Beketoff  {v.  B.  12,  856  ;  16,  1854),  NaOH  and 
Na  do  not  react  at  a  red  heat.  Beketoff  (J.  B. 
1883.  [i.]  277  [v.  B.  16,  1854])  allowed  Na  to 
drop  into  a  red-hot  copper  cylinder,  then  passed 
in  a  mixture  of  1  vol.  0  and  4  vols,  air,  and 
heated  by  a  blowpipe  ;  in  this  way  he  obtained 
Na„0,  but  always  mixed  with  some  Cu  and 
traces  of  Na ;  considering  the  conditions  under 
which  Na.p,  is  obtained  {v.  infra,  Sodium  dioxide) 
it  is  likely  that  B.'s  Na„0  contained  Na^Oj. 

Na.>0  is  described  as  a  greyish  solid ; 
Beketoff's  preparation  was  rose-coloured,  but  it 
contained  Cu.  NajO  dissolves  in  water  to  form 
NaOHAq;  B.  gives  [Na20,Aq]  =  55,500 ;  and 
from  this  and  other  data  Thomsen  {Th.  3,  232) 
calculates  [N a-, 0]  =  99,760.  According  to  B. 
(I.e.),  hot  Na.,0  reacts  with  H  to  form  NaOH 
and  Na ;  heated  to  o.  300°  in  CO  it  gives  Na„C03 
and  Na  (B.,  I.e.).  Combination  with  CO.,,  to 
form  Na^COj,  occurs  at  c.  400°.  By  heating 
Na  amalgam  with  HgO,  B.  (I.e.)  obtained  the 
compound  Na.JIgOj  =  Na.O.HgO.  Comey  and 
Jackson  {B.  21,  1589;  Am.  11,  145)  describe 
various  compounds  of  'Ma.fi  with  ZnO  and  SJ). 

Sodium  dioxide  NajO^.  {Sodium  peroxide.) 
The  formation  of  an  oxide  with  more  0  than 
Na.,0,  by  heating  Na  in  air,  was  noticed  by  Gay- 
Lussac  a.  Thenard  {A.  Ch.  65,  325).  Pure 
Na^Oj  was  obtained  by  Vernon  Harcourt  (C.  J. 
14,  267)  by  heating  Na,  in  a  flask  of  hard  glass 
filled  with  N,  till  the  Na  melted,  then  sending 
in  a  slow  stream  of  dry  air,  and  heating  till  the 
metal  was  changed  to  a  yellowish-white  solid, 
and  heating  this  for  some  time  in  dry  O.  Na202 
is  a  white  solid,  becoming  yellowish  on  heating. 
It  deliquesces  gradually  in  air,  and  then  is  gradu- 
ally changed  into  solid  NajCOa.    Soluble  water, 


with  production  of  much  heat ;  on  heating  0  is 
evolved ;  NajOjAq  deposits  crystals  of  the  hydrate 
Na202.8H20  on  standing  over  HjSO^  {v.  infra, 
Hydrates).  Na^O,  acts  as  an  energetic  oxidiser 
when  heated  ;  C,  I,  P,  S,  Sn  are  oxidised,  more 
or  less  rapidly ;  heated  with  CO,  NajCOj  is 
formed ;  with  NjO  the  products  are  NaNOj  and 
N  {v.  Harcourt,  I.e.). 

Hydrates    of   sodium  dioxide.  The 
octohijdrate,  Na202.8HoO,  was  obtained  by  Har- 
court {I.e.)  by  evaporating  a  solution  of  Na.,0., 
in  water  over  H„SO^.    Fairley  (C.  J.  [2]  16, 125) 
obtained  the  same  hydrate  by  adding  H^OjAq  to 
NaOHAq  and  ppg.  by  alcohol.    Schone  [A.  193, 
;  241)  also  obtained  the  octohydrate  by  the  action 
i  of  HjOjAq  on  NaOHAq,  evaporating  in  vacuo, 
drying  on  a  porous  tile,  washing  with  90  p.c. 
I  alcohol,  and  drymg  between  filter  paper.  By 
j  using  a  considerable  excess  of  H^O^Aq,  Schone 
i  {I.e.)  obtained  crystals  to  which  he  gave  the 
j  composition  Na2H^06.4H20  =  Na.,02.2H202.4H20 ; 
I  on  drying  over  HjSOj,  Na.,02.2'H202  remained. 

The  dihydrate  Na,02.2H20  is  obtained  by  drying 
I  the  octohydrate  for  some  time  over  H,S04. 
!       Sodium,  phosphide  of.    A  compound  of  Na 
and  P  was  su^jposed  by  Gay-Lussac  a.  Thenard, 
;  and  also  by  Davy,  to  be  formed  by  heating  the 
i  elements  together  in  N.    Vigier  {Bl.  [2]  3,  7) 
recommends  to  place  a  piece  of  Na  in  rock  oil, 
boiling  at  c.  120°,  in  a  retort,  to  add  P  little  by 
little  (much  heat  is  produced  and  some  oil 
distils)  till  there  is  an  excess  and  some  crystal- 
I  lises  on  the  cold  parts  of  the  retort,  to  distil  off 
the  oil  from  the  black  phosphide  formed,  to 
I  wash  with  CSj,  and  dry  in  a  stream  of  CO2. 
i       The  phosphide  may  be  kept  in  dry  air  ;  in 
j  moist  au',  water,  or  acids  it  gives  oif  inflam- 
!  mable  P  hydride  (v.  also  Liipke,  C.  C.  1890.  [ii.] 
i  642). 

Bunsen  {A.  138,  292)  obtained  a  phosphide 
of  Na  by  strongly  heating  a  mixture  of  Na.,HP04 
and  Na  in  a  narrow  glass  tube. 

Sodium,  platinocyanide  of,  v.  vol.  ii.  p.  344. 

Sodium,  platinosulphoeyanide  of,  v.  vol.  ii. 
p.  351. 

Sodium,  salts  of.  Compounds  formed  by 
replacing  H  of  acids  by  Na.  These  com- 
pounds belong  to  the  type  NaX  where  X  is  a 
monovalent  acidic  radicle.  The  chief  salts  of 
Na  derived  from  oxyacids  are  antimonate, 
arsenate,  bromate  and  hypobromite,  carbonates, 
chlorate,  perchlorate,  chlorite  and  hypochlorite, 
chromate  and  dichromate,  iodate  and  periodates, 
manganate  and  permanganate,  molybdates,  ni- 
trate and  nitrite,  phosphates,  phosphites  and 
hypophosphite,  selenates  and  selenites,  silicates, 
sulpliates,  sulphites,  thiosulphate  and  thionaies, 
tellurates  and  tellurites  («.Caebonates,  Nitbates, 
Sulphates,  &c.). 

Sodium,  selenides  of.  Two  selenides  have 
been  isolated,  Na2Se  and  Na^Se,,  corresponding 
with  two  of  the  sulphides  and  with  the  two 
oxides. 

Sodium  monoselenide  NajSe.  Obtained  by 
mixing  well-cleaned  Na  rubbed  to  powder  with  the 
proper  proportion  of  Se  (Eosenfeld,  iS.  24, 1658). 
Uelsmann  {A.  116,  127)  says  NajSe  is  obtained, 
in  large  colourless  crystals,  by  saturating 
NaOHAq  with  HjSe,  then  heating  in  a  stream 
of  H  and  allowing  to  cool ;  it  seems  probable 
that  these  crystals  were  a  hydrate  of  NajSe  (v. 
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infra).  Fabre  (C.  R.  102,  613)  obtained  Na.Se 
by  heating  2Na^Se.yH^0  {v.  infra,  Hydrates)  in 
a  current  of  N  to  not  above  400° ;  F.  describes 
Na.,Se  as  a  hard,  white,  crystalline,  deliquescent 
sohd,  becoming  reddish-brown  when  fused ; 
•owing  to  its  action  on  glass,  F.  did  not  get  NajSe 
free  from  silica  and  alumina. 

Hydrates  of  sodium  monoselenide. 
By  passing  a  rapid  stream  of  H^Se  into 
NaOHAq  (1  part  NaOH  in  4  water)  Fabre  {I.e.) 
obtained  NajSe.lGH.O,  melting  at  40°,  giving 
Na.^CO;,,  a  little  NaoSeOj,  and  Se  on  exposure  to 
air.  By  using  more  cone.  NaOHAq  (3:1),  and 
keeping  the  temperature  down,  F.  obtained 
Na2Se.9H.O  ;  and  when  very  cone.  NaOHAq  was 
used,  he  obtained  2Na„Se.9H,0. 

For  data  regarding  heats  of  formation  of 
Na,,Se  and  hydrates,  v.  Fabre,  C.  B.  102,  703. 

Sodium  diselenide  NaoSe.,.  Wohler  and 
Dean  (^4.  97,  1)  obtained  a  selenide  of  K  by 
heating  K„SeO,  with  charcoal ;  Eathke  {A.  152, 
211)  showed  that  the  selenide  was  KoSe^,  and 
Jackson  (B.  7,  1277)  using  Na^SeO^  and  char- 
coal obtained  the  corresponding  selenide  of 
sodium. 

Sodium,  seleno-antimonate  of,  v.  vol.  i. 
p.  286. 

Sodium,  selenocyanide  of,  v.  vol.  ii.  p.  348. 

Sodium,  silicofluoride  of,  Na.^SiF^.  Prepared 
by  adding  H._,SiF^Aq  to  cone.  NaClAq,  washing, 
and  drying.  Gelatinous  when  ppd.,  but  becomes 
crystalline  on  drying.  S.G.  2-7547  at  17-5° 
(Stolba,  Fr.  11,  199).  S.  -65  at  17-5°;  2-46  at 
100°  (S.,  I.e.).  Insol.  alcohol.  Melts  at  red 
heat,  giving  off  SiF^  (Berzelius). 

Sodium,  sulphides  of.  Several  compounds 
of  Na  and  S  exist,  but  there  is  considerable 
doubt  as  to  the  compositions  of  some  of  the 
substances  that  are  described  as  definite  sul- 
phides of  Na. 

SiiDiuM  MONOSDLPHiDE  Na„S.  Obtained  by 
IDassing  H^S  over  dry  NaOH,  the  heat  produced 
suffices  to  remove  H„0  formed  (Kircher,  A.  31, 
339).  Kosenfeld  (B.  24,  1658)  says  that  Na.,S  is 
formed  when  1  part  thoroughly  clean  Na  is 
rubbed  to  powder  and  mixed  with  3  parts  NaCl 
and  -7  part  S  ;  the  combination  is  sudden,  and 
light  is  produced ;  pressure  must  be  avoided  in 
mixing  the  substances.  By  heating  100  to  105 
parts  Na._,S04  with  20  parts  charcoal,  a  llesh- 
eoloured  mass  of  Na,S  with  some  C  is  obtained; 
the  reduction  may  also  be  effected  in  H.  By 
dissolving  the  product  of  reduction  in  water  and 
crystallising,  the  hydrate  NaoS.9Ho0  is  ob- 
tained; by  dissolving  the  crystals  again,  heat- 
ing with  Cu  (to  decompose  polysulphides),  and 
evaporating  to  dryness  in  a  stream  of  H,  Na^S 
remains  (Priwoznik,  A.  164,  69). 

Na„S  is  also  obtained,  fairly  pure,  by  gently 
heating  NaoS.9H.,0  in  a  stream  of  H  (Weyl,  P. 
123,  362 ;  cf  Sabatier,  A.  Ch.  [5]  22,  5). 

NaoS  is  an  amorphous,  flesh-coloured,  de- 
liquescent solid,  with  a  strongly  alkaline  re- 
action ;  easily  sol.  water,  solution  being  colourless 
if  polysulphides  are  quite  absent.  According  to 
Weldon  (v.  Lunge's  Soda-indnstrie,  2,  311), 
Na^S  is  not  fusible  if  it  be  quite  free  from  poly- 
sulphides, thiosulphate,  and  NaOH. 

Na,,SAq  becomes  yellow  in  moist  air  from 
formation  of  polysulphides  (Kolb,  A.  Ch.  [4]  10, 
100) ;  when  air  is  blown  into  Na^SAq,  NaOH 


and  Na^SjOs  are  formed,  and  then  Na^SO^ 
(Lunge,  I.e.,  p.  631).  NajS  is  decomposed  hy 
acids,  even  by  CO,,  with  evolution  of  H„S  {v. 
Stromeyer,  A.  107,  372).  Heating  Na,SAq'with 
NaHCOj  or  NHj.H.COj  produces  complete  de- 
composition to  NaXOj  (Lunge,  I.e.  p.  300). 
Boiling  with  AIO3H3,  or  heating  Na,.S  with 
Al,,03,  forms  Na  aluminate  {v.  W.  J.  1863.  713; 
1865.  332).  CaO  is  said  not  to  decompose 
NajSAq  {v.  Kolb,  A.  Ch.  [4]  10,  106).  Several 
metallic  oxides  decompose  Na^SAq,  forming 
NaOHAq,  sometimes  (e.g.  with  CuO)  Na,_,S„03Aqis 
also  formed.  Na,S  combines  with  various  metallic 
j  sulphides  {v.  Schneider,  P.  138,  302 ;  151,  446 ; 
Volcker,  A.  59,  35  ;  Berthier,  A.  Ch.  [2]  22,  245). 

Hydrates  of  sodium  monosiUphidc. 
The  hydrates  Na2S.9H„0,  Na,,S.10H,,O,  and 
Na„S.5H„0  have  been  formed.  The  hydrate  with 
9Hn0  is  most  easily  obtained  by  saturating  one 
half  of  a  solution  of  NaOH  with  H.S,  adding 
the  other  half,  and  evaporating,  when  large 
colourless  crystals  separate  (Eammelsberg,  P. 
128,  172);  S.G.  2-471  (Filhol,  A.  Ch.  [4]  28, 
529).  The  pentahydrate  is  formed  similarly 
to  the  hydrate  with  gHjO,  but  using  alcoholic 
in  place  of  aqueous  NaOH  (Bottger,  .4.  223,  335  ; 
V.  also  Finger,  P.  128,  635;  Lemoine,  C.  R. 
98,  45).  For  the  preparation  of  Na„S.10H„O 
V.  Damoiseau  (0.  C.  1885.  36).  G/ittig  {J.pr.  [2] 
34,  229)  by  partially  saturating  NaOH  in  alcohol 
with  H„S  got  hydrates  with  5,  5  't,  and  6  H.^0. 

Sodium  disulphide  Na.S^..  This  compound 
is  supposed  by  Sabatier  (A.Ch.  [5]  22, 5)  to  exist  in 
the  solution  obtained  by  heating  Na^.SAq  with 
solution  of  polysulphides  formed  by  digesting 
Na,SAq  with  S.  BOttger  {A.  223,  335)  obtained 
the  hydrate  Na,S;.5H„0  by  dissolving  S  in  an 
alcoholic  solution  of  Na„S. 

Sodium  trisulphide  Na.^S^  is  formed,  ac- 
cording to  Sehone  (/.  1867.  190),  mixed  witli 
Na.jSOj,  by  strongly  heating  NaoCO,  with  excess 
of  S  (cf.  Sabatier,  Z.c).  For  the  hydrate 
Na2S3.3H,0  V.  Bottger  [I.e.). 

Sodium  tetrasulphide  Na^S.,  is  said  to  be 
obtained  by  heating  Na^Sj  (Chapman  Jones, 
C/.  37,  461;  cf.  Sabatier,  I.e.).  For  hydrates 
■V.  Schone  (P.  131,  380)  and  Bottger  (Z.c). 

The  existence  of  a  pcntasulphide  is  doubtful 
{v.  Schone,  I.e. ;  Sabatier,  I.e. ;  Geuther,  A.  226, 
232  ;  Chapman  Jones,  I.e.). 

Soda  liver  of  sulphur.  This  name  is  given 
to  the  brown  solid  obtained  by  heating  S  with 
Na„CO;,  in  a  closed  vessel ;  it  contains  various 
sulphides  of  Na,  along  with  Na^S^Os,  Na^SOj, 
and  generally  some  Na,_,C03. 

Sodium,  sulphocyanide  of,  v.  vol.  ii.  p.  352. 

Sodium,  sulphydrate  of,  v.  Sodium  hydeo- 
SULPHIDE,  p.  479. 

Sodium,  telluride  of.  According  to  Eosen- 
feld  (B.  24,  1658),  well-cleaned  Na  in  powder 
readily  combines  with  Te. 

Sodium,  thio-arsenates  and  thio-arsenites 
of,  V.  vol.  i.  pp.  316,  317. 

Sodium,  thio-carboiiate  of,  v.  vol.  i.  p.  703. 

M.  M.  P.  M. 

SODIUM  ETHIDE  NaC^H,.  This  compound 
is  not  known  in  the  free  state.  Sodium  dis- 
solves in  cold  ZnEt.,,  separating  zinc.  The 
solution,  cooled  to  0°,  deposits  ZnEt„NaEt  in 
trimetric  tables  [27°],  sol.  benzene,  and  decom- 
posed  by  water.     CO.,  acting  on  ZnEt.,NaEt 
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forms  sodium  propionate  (Wanklyn,  A.  107, 
125  ;  108,  (37).  EtI  attacks  ZnEt„NaEt,  form- 
ing ethane  and  C^S.^  (Franiland,  A.  110,  107). 
Sodium  methide  may  be  obtained  in  like  manner 
(Wanklyn,  A.  Ill,  234). 

SOJA  OIL.  The  oil  from  Sqja  hispida  con- 
tains tripalmitin  and  tristearin  (Meisel  a.  Bocker, 
M.  4,  365). 

SOLANINE  C.2H<„NO,9  (?)  (Firbas,  M.  10, 
541);  C,^.,NO,,;  C,,H„,N0,5  (Hilger,  A.  195, 
317)  ;  CjiHjjNO,  (Kletzinsky,  Z.  [2]  2,  127). 
[244°].  Occurs  in  the  berries  of  the  deadly 
nightshade  {Solanum  nigrum)  (Desfosses, /.  P7i. 
6,  374),  in  berries  of  S.verbascifolium  (Payen  a. 
Chevallier,  /.  Chim.  Mid.  1,  517),  in  small 
quantity  in  the  tubers  and  green  parts  of  the 
potato  [S.  tuberosum),  in  the  shoots  of  sprouting 
potatoes  (Baup,  A.  Ch.  [2]  31,  109  ;  Otto,  A.  7, 
150;  26,  232),  to  the  extent  of  -03  p.c.  in 
diseased  potatoes  (Kassner,  Ar.  Ph.  [3]  25,  402), 
in  the  flowers,  stalks,  and  berries  of  the  woody 
nightshade  (S.  Dulcamara),  and  in  the  root  of 
Scopolia  japonica  (Martin,  Ar.  Ph.  [3]  13,  336). 

Preparation. — 1.  The  berries  are  pressed, 
the  juice  ppd.  by  ammonia,  and  the  pp.  re- 
crystallised  from  alcohol. — 2.  Fresh  potato 
sprouts  (200  kilos.)  are  digested  with  2  p.c. 
acetic  acid ;  the  filtrate  is  ppd.  by  ammonia ; 
and  the  pp.  extracted  with  boiling  85  p.c.  al- 
cohol. To  the  hot  alcoholic  filtrate  NHjAq  is 
added  until  turbidity  appears.  On  cooling,  a 
mixture  (125  g.)  of  solanine  and  solanein  is  de- 
posited. These  bases  are  separated  by  fractional 
crystallisation  from  hotspirit  (Firbas;  c/.Eeuling, 

A.  30,  225  ;  Zwenger  a.  Kind,  A.  109,  244  ;  118, 
129  ;  Kromayer,4r.  Ph.  [2]  116, 114  ;  Missaghi, 

B.  9,  83  ;  Gmelin,  A.  110,  167). 

Properties. — Colourless  needles,  v.  sol.  hot 
85  p.c.  alcohol,  insol.  CHCI3  and  ligroin,  sol. 
HCLA.q,  almost  insol.  water  and  ether.  The 
crystals  are  C52H„3NOi8  4iaq  (Firbas).  Poison- 
ous. Not  affected  by  alcoholic  potash.  Sub- 
limes at  190°  (Blyth).  Gives  an  orange  colour 
with  I  and  H.SOi.  On  heating  with  2  p.c. 
HClAq  it  yields  solanidine  and  a  dextro- 
rotatory sugar  that  reduces  Fehling's  solution, 
[a]D  =  28-6°,  yields  with  phenyl  hydrazine  an 
osazone  [199°],  and  is  oxidised  by  HNO3  to 
mucic  and  saccharic  acids;  liBvulose  is  not 
present.  Solanine  colours  a  mixture  of  alcohol 
and  HoSO,  rose  red.  With  ammonium  selenite 
(1  g.)  in  cone.  H2SO4  (20  c.c.)  it  gives  a  canary- 
yellow  colour  turning  to  brown  and,  after  three 
hours,  to  violet-red  (Ferreira  da  Silva,  Bl.  [3]  6, 
87  ;  C.  R.  112, 1267).  A  solution  of  ammonium 
vanadate  in  H„S04  is  coloured  brown  by  dry 
solanine,  the  colour  becoming  red,  and  finally 
disappearing  on  dilution  (Maudelin). 

Salts.— C,,3H„N0„HC1.  Got  by  adding 
ether  to  an  alcoholic  solution  of  the  base  and 
HCl.  Gelatinous  pp.  which  dries  up  to  a 
gummy  mass. — B'J^PtClg :  yellow  flocculent 
pp. — B'HoSO^:  amorphous,  v.  sol.  water. — 
B'^HoCoO,,  7aq  ;  crystalline  crusts. 

Acetyl  derivative  Ci.^^^kQ^Oiy  Needles 
(from  ether),  insol.  water  (Hilger). 

Solanein  C.^HssNOis  4aq.  [208°].  Obtained 
as  above  (Firbas).  Amorphous.  More  sol. 
85  p.c.  alcohol  than  solanine.  Decomposed  by 
HClAq  into  the  same  products  as  solanine. 
Colours  Mandelin's  reagent  red. 


ETHIDE. 

Solanidine  C^Hj.NO,.  [191°].  Formed  as 
above.  Colourless  needles  (from  ether).  Affects 
Mandelin's  reagent  in  the  same  way  as  solanin. 
AcjO  at  140°  gives  a  diacetyl  derivative  (Firbas). 
Converted  by  fuming  HClAq  in  the  cold  into 
amorphous  yellow  solanicine  CjgHjgNO  (?), 
which  yields  B'HCl  and  B'.B.J>tCls  (Zwenger, 
4.123,341). 

Salts. — B'3(HCl)4aq:  crystalline  powder. — 
B'34H2S04  8aq:  colourless  plates  [247°]. 

SOLUTIONS.  Inasmuch  as  many  of  the 
questions  connected  with  the  state  of  bodies  in 
solution  are  not  yet  fully  elucidated,  and  inas- 
much as  two  very  different  conceptions  are  put 
forward  regarding  the  compositions  of  bodies 
present  in  aqueous  solutions  of  salts,  the  editor 
of  that  portion  of  the  Dictionary  to  which  the 
subject  of  solutions  belongs  thought  it  advisable 
to  ask  the  originator  of  the  electrolytic  dissocia- 
tion hypothesis  of  saline  solutions  to  write  a 
short  article  on  solutions  in  general,  and  to  in- 
vite one  of  the  leading  upholders  of  the  hydrate 
hypothesis  of  saline  solutions  to  summarise  the 
arguments  in  support  of  that  hypothesis. 

SOLUTIONS  I.  A  solutionis  a  homogeneous 
mixture  of  two  or  more  bodies  in  the  liquid 
state.  A  distinction  is  made  between  the  dis- 
solved substance  and  the  solvent ;  the  substance 
present  in  greater  quantity  is  generally  spoken 
of  as  the  solvent.  In  some  cases  the  solvent  is 
taken  to  be  the  substance  with  the  lower  tem- 
perature of  solidification.  In  the  cases  of  sub- 
stances miscible  in  all  proportions — a  mixture, 
for  instance,  of  equal  parts  of  alcohol  and  water 
— there  is  no  way  of  determining  which  should  be 
regarded  as  the  solvent  and  which  as  the  dissolved 
substance.  There  are  many  instances  of  two 
bodies  that  cannot  be  mixed  in  all  and  any  pro- 
portions ;  the  solubility  of  such  bodies  is  said 
to  be  limited.  If  the  '  dissolved  body  '  in  such  a 
case  is  present  in  excess,  either  as  gas,  liquid,  or 
solid,  a  condition  of  equilibrium  is  finally  attained 
wherein  the  solution  can  take  up  no  more  of  the 
dissolved  body  as  long  as  the  external  conditions 
(temperature  and  pressure)  remain  unchanged  ; 
such  a  solution  is  said  to  be  saturated.  The 
attainment  of  saturation  is  hastened  by  shaking. 

Saturated  solutions  of  gases.  When  a  gas  is 
placed  over  a  liquid,  such  as  water  or  alcohol,  a, 
portion  of  the  gas  dissolves  in  the  liquid.  There 
is  a  constant  relation  at  constant  temperature 
between  the  quantity  of  gas  remaining  per  unit 
volume  and  the  quantity  dissolved  by  the  liquid 
per  unit  volume  (Henry's  law).  Inasmuch  as 
the  quantity  of  the  gas,  per  unit  volume,  is  pro- 
portional to  the  partial  pressure  of  the  gas, 
the  law  may  be  stated  by  saying  that  the  quan- 
tity of  the  gas  dissolved  in  the  hquid  is  propor- 
tional to  the  partial  pressure  of  the  gas  above 
the  liquid.  As  all  the  gases  that  have  been  ex- 
amined dissolve  with  production  of  considerable 
quantities  of  heat,  the  solubilities  of  these  gases 
decrease  as  temperature  increases,  in  accordance 
with  the  second  law  of  thermodynamics.  The 
measurements  madeby  Bunsen  (Oasom.  Methoden 
[Braunschweig,  1877])  show  that  the  solubilities 
of  some  gases  are  independent  of  temperature — 
for  instance,  the  solubility  of  H  in  water  and  of 
0  and  CO  in  alcohol.  Henry's  law  holds  good, 
as  indicated  by  theory,  only  so  long  as  the  quan- 
tity of  the  gas  per  unit  volume,  both  undissolved 
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and  in  solution,  is  small,  and  the  molecules  of 
tbe  dissolved  and  the  undissolved  gas  are  of 
equal  magnitude.  Van't  Hoff  has  made  use  of 
tbe  law  of  Henry  to  prove  the  equality  of  the 
molecules  of  the  same  gas  in  the  gaseous  state 
and  in  dilute  solution  (Z.  P.  C.  1,  489  [1877]). 
When  NHj,  HCl,  and  SO,  ara  dissolved  in  water 
in  large  quantities  these  gases  do  not  follow  the 


temperature,  ■which  corresponds  to  the  critical 
temperature  for  the  liquids,  is  passed,  the  two 
liquids  dissolve  in  all  proportions.  This  be- 
haviour has  been  more  fully  examined  byAlexe- 
jeff  (W.28,  305  [1886])  and  has  been  represented 
by  him  in  curves,  some  of  which  are  reproduced 
here  (fig.  1).  The  curve  a  represents  the 
behaviour  of  water  and  phenol,  b  that  of  water 


law  of  Henry ;  neither  does  the  law  hold  good 
for  solutions  of  acetic  acid  in  benzene  or  ether 
in  water,  because  the  molecular  magnitudes  of 
these  compounds  are  not  the  same  in  the  gaseous 
state  and  in  solution,  as  is  proved  by  determina- 
tions of  the  boiling-points  of  the  compounds  in 
question  (Nernst,  Z.P.  C.  7,  97  [1891]). 

Mutual  solutions  of  liquids.  When  two 
liquids  that  are  not  miscible  in  all  proportions, 


and  salicylic  acid,  c  that  of  water  and  benzoic 
acid,  d  that  of  water  and  aniline  phenolate,  and 
e  that  of  water  and  aniline.  The  abscissae  re- 
present temperature,  and  the  ordinates  percent- 
ages of  the  dissolved  substances  in  the  solutions. 
To  each  temperature  correspond  two  points  in 
the  curve  showing  the  percentage  composition 
of  the  solution  of  the  substance  in  water,  and 
that  of  the  solution  of  water  in  the  molten  sub- 


such  as  ether  and  water,  are  shaken  together, 
two  layers  are  formed,  one  floating  on  the  other  ; 
one  of  these  contains  much  water  and  little  ether, 
while  the  other  contains  much  ether  and  little 
water.  The  compositions  of  the  two  layers 
change  with  change  of  temperature.  Generally 
speaking,  the  compositions  become  more  alike 
as  temperature  rises,  until  a  temperature  is 
reached  whereat  they  are  identical ;  when  this 


stance ;  thus,  for  phenol  and  water  (curve  a),  at 
20°,  the  solutions  are  composed  of  92-5  p.c. 
water  and  7'5  p.c.  phenol,  and  28  p.c.  water  and 
72  p.c.  phenol  respectively.  The  two  liquids  are 
miscible  in  all  proportions  above  69°. 

It  happens  sometimes  that  two  liquids  are 
miscible  in  all  proportions  below  a  certain 
temperature,  but  form  two  layers  above  this 
temperature  ;  in  such  cases — for  example,  in  the 
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solution  of  di-ethylamine  in  water — the  convexity 
of  the  curve  is  turned  to  the  left. 

Saturated  solutions  of  solids.  Most  of  the 
measurements  that  have  been  made  deal  with 
solutions  of  salts  in  water.  The  example  of 
Gay-Lussac  has  generally  been  followed,  and 
the  solubility  of  the  salt  has  been  taken 
as  the  weight  thereof  dissolved  by  100  parts 
by  weight  of  the  solvent.  Etard  and  Engel 
have  given  solubility-curves  for  very  large  varia- 
tions of  temperature  (C.  B.  98,  993,  1276, 
1432;  104,  1614;  106, 206, 740  [1884-88]).  Some 
of  these  results  are  shown  in  fig.  2,  p.  485  ;  the 
abscissae  represent  temperature  and  the  ordinates 
parts  by  weight  of  the  salts  in  100  parts  of  the 
solution  (not  in  100  parts  of  the  solvent).  The 
change  of  solubility  with  change  of  temperature 
depends  on  whether  the  process  of  solution  is 
accompanied  by  disappearance  or  production  of 
heat ;  in  the  former  case  solubility  increases,  in 
the  latter  case  it  decreases,  as  temperature  rises. 
Inasmuch  as  different  hydi-ates  of  the  same  salt 
are  dissolved  with  the  production  of  different 
quantities  of  heat,  these  hydrates  give  different 
solubility-curves.  Sodium  sulphate  is  the  salt 
that  has  been  most  carefully  examined  in  this 
respect.  The  hydrate  NaoSOi.lOHjO,  that  exists 
up  to  33°,  dissolves  in  water  with  disappearance 
of  heat ;  hence  the  solubility  of  this  hydrate  in- 
creases as  temperature  increases.  On  the  other 
hand,  Na.,SOj,  stable  above  33°,  dissolves  with  pro- 
duction of  heat,  and  its  solubility  decreases  with 
increasing  temperature.  The  so-called  curve  of  the 
solubility  of  sodium  suljjhate  consists,  therefore,  of 
two  parts,  one  rising  till  the  temperature  reaches 
33°,  and  one  falling  above  that  temperature. 
Looked  at  accurately,  the  first  part  of  the  solu- 
bility-curve holds  good  only  for  NaoSOj.lOHoO, 
and  the  second  part  only  for  NaoSOj.  For  the 
solubility  of  a  chemical  compound  is  determined 
only  when  the  composition  of  the  solid  com- 
pound that  is  in  contact  with  the  solution  is 
definitely  stated.  The  compound  CaSO,,  is  con- 
siderably more  soluble  than  the  crystalline  hy- 
drate CaS04.2H.,0.  The  measurements  made  by 
Etard  show  that  many  other  sulphates — MnS04 
and  CdSOj,  for  instance — behave  similarly  to 
Na^SO^  (see  fig.  2). 

The  solubilities  of  most  salts  increase  as 
temperature  rises  ;  the  solubility  of  NaCl  varies 
very  little  with  temperature.  The  solubilities  of 
many  compounds  of  calcium  decrease  with  in- 
creasing temperature,  e.g.  hydroxide,  acetate, 
isovalerate,  isobutyrate,  succinate,  and  iso- 
succinate  of  calcium.  Barium  succinate  and 
SrSO.,  behave  similarly,  but  not  the  other  corre- 
sponding salts  of  Ba  and  Sr.  Some  calcium 
salts  show  maximum  solubilities  at  certain  tem- 
peratures—e.gr.  CaSOj.2H20  at  35°  ;  others  show 
minimum  solubilities— e.t;.  propionate  at  c.  55°, 
isobutyrate  at  65°,  also  normal  butyrate,  valerate, 
iso-octoate,  citrate,  and  benzoate  (Allen,  C.  N. 
57,  236  [1888]).  Attempts  have  been  made  to 
express  the  connection  between  the  solubilities  of 
salts  and  temperature  by  a  formula.  The  follow- 
ing expression  holds  good  in  many  cases : 
8  =  a+bt  (^  =  temperature,  and  a  and  b  are  con- 
stants) ;  i.e.  solubility  changes  hnearly  with  tem- 
perature—for instance,  for  KCl,  BaCl.,,  NaNOj, 
and  several  sulphates,  especially  at  high  tempera- 
tures (Etard).    In  other  cases  it  is  necessary  to 


add  a  third  or  a  fourth  term,  and  to  adopt  the- 
formula  8  =  a  +  bt  +  ct- -i- dt'^  (c  and  d  are  con- 
stants as  well  as  a  and  b).  The  formula 
log.  B  =  a  +  bt  +  .  .  + .  .  .  often  gives  a  better  re- 
presentation with  a  smaller  number  of  co- 
efficients. 

Supersaturated  solutions.  When  a  salt 
whose  solubility  increases  with  temperature  is 
dissolved  at  a  high  temperature  in  water  (or  other 
solvent),  and  the  solution  is  cooled,  a  tempera- 
ture is  reached  whereat  the  solution  is  saturated 
with  reference  to  a  definite  hydrate  of  the  solid 
salt ;  but  if  the  solution  is  further  cooled  salt 
does  not  separate,  provided  there  is  no  crystal  of 
the  hydrate  in  question  in  contact  with  the 
solution.  Such  a  solution  is  said  to  be  super- 
saturated. A  solution  may  be  supersaturated 
with  reference  to  one  hydrate,  but  not  super^ 
saturated  with  reference  to  another  hydrate. 
Eor  example,  Na2S04.7H20  is  more  soluble  in 
water  than  Na^.SO^.lOH.^O,  and  so  a  solution 
may  be  obtained,  by  dissolving  Na^SOj,  that  is 
supersaturated  as  regards  the  decahydrate  but 
not  as  regards  the  heptahydrate  ;  that  is  to  say, 
if  a  crystal  of  Na.^SO4.10H2O  is  brought  into  the 
solution,  at  a  certain  temperature,  the  deca- 
hydrate crystallises  out,  but  at  the  same  time 
the  solution  is  able  to  dissolve  the  hydrate  with 
711,0.  If  temperature  falls  again  the  solution,, 
of  course,  becomes  supersaturated  with  reference 
:  to  both  the  hydrates. 

At  one  time  the  supposition  was  often  held 
that  the  dissolved  substances  were  present  in 
supersaturated  solutions  in  a  state  different  from 
i  that  in  which  they  existed  in  ordinary  solutions., 
j  More  accurate  investigations  of  the  physical 
!  properties  on  both  sides  of  the  point  of  satura- 
[  tion  have  shown  that  there  is  no  essential  differ- 
j  ence  between  the   solution  before  and  after 
!  saturation,  but  that  the  relation  of  a  super- 
saturated to  a  saturated  solution  is  exactly  the 
same  as  that  of  a  saturated  solution  to  the  solu- 
tion before  saturation. 

Colloidal  solutions.  Certain  substances, 
such  as  gelatin,  absorb  unlimited  quantities  of 
water  and  become  swollen  thereby  ;  when  much 
water  has  been  taken  up,  liquids  are  formed 
which  do  not  part  with  the  dissolved  body  on 
cooling,  as  ordinary  solutions  do,  but  set  to  jelly- 
like substances.  All  compounds  that  form 
colloidal  solutions  have  very  large  molecular 
weights  ;  such  compounds  are  acids  of  Mo,  Si, 
Sn,  Ti,  and  W ;  oxides  of  Sb,  Fe,  and  Mn  ; 
sulphides  of  Sb,  As,  Bi,  Cd,  Co,  Au,  Fe,  Pb, 
Hg,  Ni,  Pd,  Pt,  Ag,  Tl,  and  W ;  many  organic 
substances,  such  as  caramel,  dextrin,  egg- 
albumen,  tannin,  Ac. ;  and  also  some  elements, 
such  as  Se  and  Ag.  Some  of  these  solutions  are 
characterised  by  the  fact  that  the  addition  of 
small  quantities  of  foreign  substances — as  salts, 
acids,  and  bases — causes  coagulation,  whereupon 
the  bodies  in  the  colloidal  solutions  become  in- 
soluble. For  that  reason  it  is  generally  supposed 
that  colloidal  solutions  are  intermediate  between 
emulsions  and  true  solutions.  Emulsions— e.g. 
a  fine  deposit  of  alumina — possess  the  special 
property  that  the  emulsionised  bodies  are  thrown 
down  much  more  quickly  in  presence  of  electro- 
lytes, and  also  of  other  foreign  substances,  than 
in  absence  of  these  (Barus  a.  Schneider,  Z.  P. 
8,  291  [1891].)     Colloidal  substances  having 
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molecular  weights  UTider  30,000 — gelatin  or  gum, 
for  instance — are  characterised  by  the  fact  that 
if  their  solutions  are  solidified  by  cooling  they 
again  become  liquid  and  transparent  when 
heated.  Colloids  having  molecular  weights 
greater  than  30,000  do  not  share  in  this  pro- 
perty, but  behave,  in  this  respect,  like  very 
supersaturated  solutions  (Sabanejeff,  J.  B.  1891. 
[1]  80;  Z.  P.  C.  9,  89  [1892]).  When  colloids 
take  up  water,  and  swell  but  do  not  dissolve, 
heat  is  produced ;  when  they  dissolve  heat  dis- 
appears (Wiedemann  a.  Liideking,  W.  25,  14.5 
[1885]). 

Reasons  for  asswning  the  existence,  of 
hydrates  in  solutio7is.  When  a  dissolved  sub- 
stance is  isolated,  by  various  methods,  from  its 
solvent  the  solid  generally  separates  in  com- 
bination with  water  of  crystallisation.  It  has, 
therefore,  been  generally  supposed  that  a  pre- 
ponderating quantity  of  this  hydrate  must  be 
present  in  the  solution.  This  conclusion  is  not, 
however,  tenable ;  for  if  only  a  minimum  quantity 
of  the  compound  that  separates  out  were  present 
in  the  solution  this  might  suffice  to  cause  the 
separation.  The  following  consideration  has 
been  brought  forward  as  an  argument  in  favour 
of  the  existence  of  hydrates  in  solutions.  A 
solution  of  57  parts  by  weight  HI  and  43  parts 
water  boils  at  127°,  and  the  distillate  has  the 
same  composition  as  the  residue ;  this  lends 
some  countenance  to  the  view  that  this  mixture 
behaves  like  a  definite  chemical  compound.  On 
adding  water  to  this  solution  and  distilling  a 
more  dilute  acid  at  first  passes  over,  and  at  last 
the  acid  with  57  p.c.  HI  distils  off.  If  the  solu- 
tion contains  more  than  57  p.c.  HI  to  begin  with, 
the  distillate  at  first  contains  a  more  cone,  acid, 
and,  later,  acid  of  57  p.c.  This  behaviour  is 
simply  explained  in  the  following  way.  A  solu- 
tion of  57  p.c.  HI  possesses  a  minimum  vapour- 
pressure,  so  that  both  less  dilute  and  more  dilute 
solutions  at  the  same  temperature  have  larger 
vapour-pressures.  Speaking  generally,  the 
vapour  from  a  solution  does  not  contain  both 
components  in  the  same  proportion  as  the 
solution  itself.  In  the  case  under  consideration 
the  vapours  from  the  more  dilute  solutions  con- 
tain more  water  (in  proportion  to  HI)  than  the 
solutions,  and  the  vapours  from  the  less  dilute 
solutions  contain,  relatively,  more  HI.  The  dilute 
solutions  increase  in  concentration  as  distilla- 
tion proceeds,  the  boiling-point  rises,  and  there  is 
at  last  produced  the  57  p.c.  solution  which 
possesses  the  lowest  vapour-pressure  at  an  equal 
temperature — i.e.  the  highest  b.p.  (127°)  at  an 
equal  pressure.  If,  on  the  other  hand,  distilla- 
tion is  commenced  with  a  more  concentrated 
solution  proportionally  more  HI  passes  over, 
and  an  approach  is  gradually  made,  from  the 
other  side,  to  the  solution  with  highest  b.p. 
There  is,  therefore,  no  binding  reason  for  re- 
garding this  solution  as  a  definite  chemical 
compound.  For,  indeed,  the  composition  of  the 
solution  changes  according  to  the  pressure  under 
which  the  distillation  is  conducted ;  and  this 
could  not  well  be  the  case  were  the  solution 
really  a  definite  chemical  compound. 

In  investigating  the  freezing  -  points  and 
vapour-pressures  of  solutions  it  was  found  that 
in  many  cases  the  deviation  from  the  freezing- 
point  and  vapour-pressure  of  the  pure  solvent 


v?as  proportional  to  the  quantity  of  substance 
(salt)  in  solution.  But  in  other  cases  this  jsro- 
portionality  seemed  not  to  be  maintained  unless 
the  supposition  were  made  that  a  portion  of  the 
water  had  combined  with  the  dissolved  sub- 
stance (Wiillner,  P.  103,  529;  105,  85;  110, 
564  [1858,  I860];  de  Coppet,  A.  Ch.  [4]  23, 
366;  25,  502  ;  26,  98  [1871-2] ;  Eiidorff,  P.  114, 
63  ;  116,  59  [1861-2]  ;  145,  599  [1870]).  It  was, 
therefore,  supposed  that  such  compounds  as  HI, 
HCl,  BaCL,  CaCL,  NaBr,  &c.,  were  combined  in 
aqueous  solutions  with  definite  quantities  of 
water  of  crystallisation.  But  the  recently- 
discovered  laws  which  express  these  phenomena 
lead  to  very  different  methods  of  explanation, 
so  that  the  conclusion  that  these  compounds 
exist  as  hydrates  in  solutions  seems,  in  this 
respect,  to  be  entirely  without  foundation. 

Mendel6eff  not  long  ago  examined  the 
changes  in  the  S.G.,  accompanying  changes 
in  the  composition,  of  aqueous  solutions  of 
alcohol  and  of  sulphuric  acid  (Z.  P.  C.  1,  273 
[1887]);  he  thought  he  had  found  abrupt  irregu- 
larities in  the  changes  of  S.G.  He  supposed, 
without  any  theoretical  foundation,  that  at  the 
concentrations  whereat  these  occurred  the  solu- 
tions corresponded  to  perfectly  definite  hydrates. 
Pickering  {Z.  P.  C.  6,  10  [1890])  showed,  as  the 
result  of  more  accurate  investigations,  that 
Mendeli^eff's  conclusions  rested  on  inaccurate 
observations.  Pickering,  however,  accepted 
Mendeleeff's  idea,  and  supposed  that  the  higher 
derivatives  of  the  S.G.  in  reference  to  percentage 
composition  showed  similar  irregularities.  He 
treated  the  freezing-points  and  the  electrical 
conductivities  of  solutions  in  the  same  way,  and 
he  supposed  that  in  all  these  cases  he  had  dis- 
covered such  irregularities  as  indicated  the 
existence  of  definite  hydrates.  It  is  absolutely 
impossible  to  reconcile  the  numbers  for  the 
electrical  conductivities  of  dilute  solutions  of 
acids  and  bases  (e.g.  for  acetic  acid)  with 
Pickering's  views  ;  nor  do  the  most  recent  in- 
vestigations on  the  freezing-points  of  very  dilute 
saline  solutions  (Jones,  Z.  P.  C.  11,  534  ;  12, 
623  [1893])  in  any  way  agree  with  these  views. 
Moreover,  the  method  used  by  Pickering  is  not 
free  from  objection  under  any  conditions. 

From  an  extended  and  systematic  investiga- 
tion recently  made  into  the  constitution  of 
ammoniacal  metallic  compounds,  and  com- 
pounds analogous  therewith,  Werner  {Zeit.  f. 
anorg.  Chem.  3,  267  [1893])  concluded  that  in 
electrolytically  conducting  salt  solutions  the 
metallic  atoms  of  the  salts  might  be  expected 
to  be  generally  accompanied  by  six  molecules  of 
water,  and  that  those  salts  which  readily  com- 
bine with  water  of  crystallisation  would  be  the 
best  conductors.  This  statement  is  not,  how- 
ever, in  any  way  in  keeping  with  the  experi- 
mental results.  The  salts  of  ammonium,  K, 
Kb,  and  Cs  conduct  better  than  any  others  that 
have  been  examined  ;  after  these  come  the  salts 
of  Na,  Li,  and  the  metals  of  the  earths ;  and 
then,  much  behind  these,  come  the  salts  of  the 
heavy  metals ;  but  water  of  crystallisation  com- 
bines most  readily  with  the  salts  last  mentioned, 
and  least  readily  with  those  mentioned  first. 

Conclusions  regarding  the  existence  of  hy- 
drates of  substances  in  solution  have  also  been 
drawn  from  the  results  of  investigations  of  other 
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physical  properties,  such  as  contraction  of 
volume,  or  production  of  heat,  during  solution, 
or  viscosity,  &c. 

In  general,  it  has  been  supposed  that  where 
these  properties  exhibited  a  maximum  or  mini- 
mum, or  other  purely  mathematical  character- 
istic, there  existed  a  definite  hydrate  of  corre- 
sponding composition.  Attention  may,  however, 
be  called  to  the  fact  that  these  points  generally 
shift  with  changes  of  temperature,  so  that  the 
hypothetical  hydrate  must  have  a  different,  and 
constantly  changing,  composition  at  different 
temperatures — a  conclusion  which  is  not  in  keep- 
ing with  the  representation  of  the  hydrate  as  a 
definite  chemical  compound. 

It  is,  indeed,  in  the  highest  degree  likely  that 
when  definite  hydrates  separate  from  a  solution 
the  same  hydrates  were  previously  present  in  the 
solution,  perhaps  only  in  small  quantity ;  but 
we  have  as  yet  no  accurate  knowledge  as  to  the 
magnitude  of  the  quantity.  The  methods  that 
have  been  used  in  investigating  this  most 
interesting  question  have  scarcely  brought  to 
light  a  single  new  result,  although  many  and 
renowned  investigators  have  carried  out  a  very 
large  amount  of  work  in  this  direction. 

The  solubility  of  a  salt,  at  constant  tempera- 
ture, is  to  a  small  extent  dependent  on  pressure. 
Sorby  was  the  first  to  carry  out  detailed  investi- 
gations on  this  subject  (Pr.  12,  538  [1863]).  The 
following  statement  may  be  demonstrated  by 
the  use  of  the  dynamical  theory  of  heat.  When 
the  total  volume  of  salt  and  solution  isdiminished 
(or  increased)  by  the  taking  up  of  salt  into  the 
solution,  then  the  solubility  increases  (or  dimi- 
nishes) with  increased  pressure.  The  researches 
of  Braun  [W.  30,  272  [1887])  have  confirmed  the 
theoretical  conclusions. 

Dilate  solutions.  Osmotic  pressure. — If  a 
quantity  of  the  pure  solvent  is  floated  on  a  solu- 
tion, a  movement  of  the  dissolved  substance 
takes  place  and  the  substance  strives  to  distri- 
bute itself  throughout  the  whole  of  the  solvent. 
This  occurrence  is  completely  analogous  with 
another ;  if  a  cylinder  is  filled  with  COj  and  the 
mouth  is  covered  with  a  membrane,  another 
cylinder  is  filled  with  H  and  placed  mouth- 
downwards  on  the  first,  and  the  membrane  is 
withdrawn,  the  two  gases  begin  to  diffuse  into 
each  other  (notwithstanding  the  action  of  gravi- 
tation). The  H  is  driven  downwards  by  its  par- 
tial pressure,  and  the  COj  is  driven  upwards. 
The  velocity  of  diffusion  is  proportional  to  this 
propelling  force,  otherwise  it  is  dependent  only 
on  the  freedom  of  motion  of  the  molecules  among 
each  other.  The  inverse  value  of  this  freedom 
of  motion  is  called  molecular  friction.  The  fol- 
lowing statement  expresses  the  results  of  experi- 
ment :  the  velocity  of  diffusion  is  proportional 
to  the  difference  between  the  partial  pressure 
of  one  of  the  two  gases  in  the  upper  and  lower 
parts,  and  is  inversely  proportional  to  the  friction 
of  the  molecules.  Solutions  behave  in  a  similar 
way.  The  substance  in  solution  in  the  under 
layer  strives  to  distribute  itself  into  the  upper 
layer  ;  this  striving  corresponds  to  the  pressure 
of  a  gas,  and,  as  will  be  shown  immediately,  it 
is  equal  to  the  so-called  osmotic  pressure.  The 
solvent  is  driven  downwards  by  the  same  force. 
In  this  case  also  the  velocity  of  diffusion  is  pro- 
portional to  the  osmotic  pressure,  and  is  inversely 


proportional  to  the  friction  of  the  molecules  of 
the  dissolved  substance  against  the  solvent.  The 
only  difference  between  this  case  and  that  of 
gases  is  that  molecular  friction  is  very  much 
larger  in  liquids,  a  fact  that  is  explained  by  the 
great  number  of  molecules  against  which  a  mole- 
cule of  the  dissolved  substance  collides  during 
its  movements. 

The  amount  of  molecular  friction  is  known  in 
certain  cases,  viz.  for  electrolytes.  Let  a  cubical 
trough  (sides  1  cm.)  be  filled  with  the  solution  of 
an  electrolyte  {e.g.  NaCl),and  let  an  electric  cur- 
rent be  passed  through  the  trough  by  the  help  of 
two  electrodes  A  and  B.  The  positive  electricity 
is  carried  by  the  metallic  parts  (Na)  of  the  electro- 
lyte in  the  direction  of  the  current  (towards  B)  ; 
the  negative  electricity  travels  with  the  nega- 
tive radicle  (Cl)  of  the  electrolyte  towards  A.  If 
the  Na  and  Cl  atoms — or  ions,  as  they  are  called 
in  this  case— are  impelled  by  unit  electrical 
force,  the  Na  ions  will  move  with  a  velocity 
and  the  Cl  ions  with  the  velocity  v.,.  These 
velocities  can  be  determined,  partly  indirectly 
from  the  conductivity  and  the  migration  num- 
bers of  Hittorff,  partly  directly  by  chemical 
analysis.    Putting  the  corresponding  frictions 

as  r,  and  r„,  then  V,  =  i  and    =        The  frie- 

tions  of  a  large  number  of  ions  have  been  deter- 
mined in  this  way.  If  we  now  have  a  layer  of 
pure  water  floated  on  a  solution  of  NaCl,  in  a 
vessel,  then  the  velocity  of  difi'usion,  D,  is  equal 
to  the  quotient  of  osmotic  pressure,  0,  and  the 
frictions  r,  +  of  the  salt.  We  have,  there- 
fore, D  =  ^r^.  Nernst  {Z.  P.  C.  2,  613  [1888]) 

has  completely  established  the  accuracy  of  this 
formula. 

Osmotic  pressure  can  be  measured  directly. 
Let  us  suppose  that  in  the  foregoing  example 
we  had  a  division  separating  the  solution  of 
NaCl  from  the  water,  and  that  the  division 
allowed  water,  but  not  NaClAq,  to  pass  through 
it  (a  so-called  semipermeable  membrane)  ;  v. 
fig.  3.    Such  a  membrane  is  obtained  by  impreg- 


NaCi  +  H,  0  V — 


Fig.  3. 

nating  a  plate  of  porous  burnt  clay  with  ppd, 
Cu.2Fe(CN)o.  The  water  will  then  be  driven 
downwards,  and  will  be  compressed  in  the  lower 
part  of  the  apparatus  ;  the  pressure  in  this  divi- 
sion will  increase;  this  may  be  confirmed  by 
using  a  manometer  (M,  fig.  3).  Equilibrium  is 
attained  after  a  time,  and  the  manometer  then 
indicates  a  certain  pressure,  which  is  called  the 
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osmotic  pressure  of  the  solution.  When  no  more 
water  is  driven  downwards,  then,  in  the  case  in 
point,  the  partial  pressures  of  the  water  in  the 
upper  and  lower  parts  of  the  apparatus  are 
■equal.  The  excess  of  pressure  in  the  lower  part — 
that  is,  the  osmotic  pressure  —is  then  equal  to 
the  partial  pressure  of  the  NaCl  molecules. 
Measurements  of  this  kind  have  been  made  by 
Pfelfer,  Tammann,  and  Adie  {Osmotische  Un- 
tersuchungen,  Leipzig,  1877  ;  W.  34, 229  [1888] ; 
C.J.  59,  341  [1891]). 

Semipermeable  membranes  are  found  in  the 
lining  of  living  cells  which  incloses  the  con- 
tents of  the  cell.  De  Vries  made  observations 
with  cells  of  Tradescantia  discolor  and  Begonia 
manicata  ;  Bonders  and  Hamburger  used  blood- 
cells.  If  a  cell  is  immersed  in  v/ater  the  cell 
swells  because  of  the  entrance  of  water ;  if  a 
soluble  substance  is  added  to  the  water,  in  con- 
stantly increasing  quantity,  the  water  will  at 
last  be  driven  equally  inwards  and  outwards  ;  if 
this  Umit  is  overpassed,  the  water  passes  out  of 
the  cell  and  the  protoplasmic  contents  of  the  cell 
shrink  together.  The  whole  process  may  be 
followed  by  the  help  of  the  microscope.  The 
.limit  reached  immediately  before  shrinkage  be- 
gins is  characterised  by  the  attainment  of  equality 
between  the  osmotic  pressure  of  the  cell-contents 
and  that  of  the  surrounding  solution.  By  bring- 
ing similar  cells  into  solutions  of  different  sub- 
stances it  is  possible,  in  this  way,  to  determine 
the  concentration  that  must  be  attained  by  two 
solutions  in  order  that  they  may  possess  equal 
osmotic  pressures.  Using  the  results  of  Pfeffer 
and  de  Vries,  van't  Hoff  made  an  examination 
of  the  magnitude  of  osmotic  pressures.  He  found 
that  the  osmotic  pressures  exerted  in  their  solu- 
tions by  non-conductors  of  electricity — such  as 
cane  sugar,  urea,  glycerin,  &c. — were  exactly  the 
same  as  the  pressures  which  these  substances 
would  exert,  in  accordance  with  Avogadro's  law, 
were  they  jDresent  as  gases  in  the  same  volume 
as  the  volume  occupied  by  the  solutions.  The 
osmotic  pressure  is  therefore  proportional  to  the 
concentration  and  the  absolute  temperature 
(law  of  Boyle  and  Gay-Lussac)  ;  this  was  con- 
firmed by  Pfeffer's  investigations  (van't  Hoif, 
Handinqar  der  Stockh.  Ak.  21  [1886]  ;  Ar.  N. 
-20  [1885]  ;  Z.  P.  C.  1,181  [1887]). 

An  explanation  of  gaseous  pressure  is  found 
in  representing  it  as  the  result  of  the  bombard- 
ment of  the  walls  of  the  vessel  by  the  gaseous 
molecules.  Similarly,  osmotic  pressure  is  though  t 
of  as  resulting  from  the  knocking  of  the  mole- 
cules of  the  dissolved  substance  against  the 
walls  of  the  containing  vessel.  The  gaseous 
laws  hold  good  in  all  respects  for  osmotic 
pressure. 

Vapour -pressures  of  solutions.  Let  there  be 
a  solution,  say  of  cane  sugar,  in  a  trough,  sepa- 
rated by  a  vertical  semipermeable  membrane 
from  pure  water,  and  let  the  membrane  extend 
above  the  solution ;  the  air  above  the  liquid 
behaves  exactly  like  the  semipermeable  mem- 
brane, inasmuch  as  it  allows  the  water  to  pass 
through  (as  water-vapour),  but  it  does  not  allow 
the  cane  sugar  to  pass  through  (because  of  the 
non-volatility  of  the  sugar).  The  water  has, 
therefore,  a  tendency  to  pass  across  through  the 
air  as  well  as  through  the  semipermeable  mem- 
brane from  the  water  in  the  solution.  This  cir- 


cumstance may  be  expressed  by  saying  that  the 
pressure  of  the  water-vapour  is  greater  over  the 
water  than  over  the  solution.  In  like  manner  it 
follows  that  solutions  which  have  equal  osmotic 
pressures  have  also  equal  vapour-pressures.  By 
making  use  of  the  second  law  of  thermodynamics 
it  can  be  shown  (van't  Hoff,  I.e.)  that  a  solu- 
tion containing  n  molecules  of  dissolved  sub- 
stance to  N  molecules  of  solvent  has  a  vapour- 
pressure,  P,  which  is  given  by  the  formula 

where  p  =  the  vapour-pressure  of  the  pure  sol- 
vent. (The  molecular  weight  of  the  solvent 
must  be  taken  as  that  of  the  substance  in  the 
gaseous  state  at  the  same  temperature.)  This 
formula  was  originally  experimentally  esta- 
blished by  Eaoult ;  it  agrees  well  with  expe- 
rience (C.  R.  103,  1125  [1886]). 

Boiling-points  of  solutions.  According  as 
the  vapour-pressure  of  a  solution  is  less  than 
that  of  the  solvent  (assuming  that  the  dissolved 
substance  possesses  no  marked  vapour-pressure), 
so  the  solution  begins  to  boil,  under  a  definite 
external  pressure,  at  a  higher  temperature  than 
the  pure  solvent.  The  following  formula  may 
be  deduced  from  the  dynamical  theory  of  heat : 


where  E  is  the  increase  in  the  boiling-point  of 
the  solvent  brought  about  by  dissolving  n  mole- 
cules of  the  substance  in  100  grms.  thereof,  t  is  the 
absolute  boiling  temperature,  andL  is  the  latent 
heat  of  vapourisation  of  1  grm.  of  the  solvent. 
Beckmann  has  contrived  an  apparatus  for  deter- 
mining E,  and  therefore  for  finding  ?i— that  is, 
for  determining  the  molecular  weight  of  the  dis- 
solved substance  when  the  quantity  thereof  in 
100  grms.  of  solvent  is  known.  He  has  shown 
that  the  formula  gives  results  which  agree  closely 
with  experience  (Z.  P.  C.  5,  76  [1890]). 

Freezing-points  of  solutions.  When  a  solu- 
tion is  caused  to  freeze,  in  most  cases  only  the 
pure  solvent  separates  as  a  solid.  The  solid 
substance  is  in  equilibrium  with  the  solution  at 
the  freezing-jioint ;  hence,  the  vapour-pressures 
of  the  solvent  over  the  solid  and  over  the  solu- 
tion must  be  equal,  as  otherwise  distillation 
would  take  place  from  the  one  to  the  other,  and 
equilibrium  would  not  be  attained.  For  the 
sake  of  simplicity  let  us  take  water  as  the  sol- 
vent. Ice  and  water  have,  therefore,  the  same 
vapour  pressure  at  the  freezing-point  of  the 
latter  (0°)  ;  but  an  aqueous  solution  has  a 
smaller  vapour  pressure  at  0°  ;  hence  at  0°  ice 
cannot  have  the  same  vapour  pressure  as  an 
aqueous  solution,  but  this  equality  occurs  only 
at  a  lower  temperature.  In  other  words,  the 
freezing-point  of  a  solution  is  lower  than  that  of 
the  solvent.  Van't  Hoff  (I.e.)  has  deduced  the 
following  expression  from  the  dynamical  theory 
•02 

of  heat,  E  =  -        .  n,  where  E  is  the  difference 
W 

between  the  freezing-points  of  the  pure  solvent 
and  a  solution  therein,  which  solution  contains 
n  gram-molecules  of  the  dissolved  substance  in 
100  grms.  of  the  solvent,  t  is  the  absolute  tem- 
perature, and  W  is  the  latent  heat  of  fusion  of 
1  grm.  of  the  solvent.  This  formula  is  of  much 
importance,  for  the  molecular  weights  of  very 
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many  substances  have  been  determined  by  its 
help.  It  is  immaterial  in  this  case  whether  the 
dissolved  substance  exei-ts  a  considerable  vapour- 
pressure  or  not,  for  only  the  pure  solvent  freezes 
out.  The  following  table  gives  some  values  cal- 
culated by  the  formula  placed  side  by  side  with 
the  values  obtained  by  experiment,  for  the  case 
where  n  =  l: 

B  observed   E  calculated 

Water.  .  .  18-9  18-9 
Acetic  acid  .       .  38-6  38-8 

Formic  acid       ,  27-7  28-4 

Benzene     .       .  50-0  53-0 

Nitrobenzene     .  70-7  69-5 

Electrolytic  dissociation.  When  determina- 
tions of  molecular  weights  are  made,  by  the  fore- 
going methods,  based  on  osmotic  pressures  (de 
Vries),  freezing-points  (van't  Hoff,  Eaoult),  de- 
pressions of  vapour-pressures  (Eaoult),  or  incre- 
ments of  boiling-points  (Beckmann),  the  values 
obtained  for  all  those  substances  whose  solutions 
conduct  electricity  are  much  smaller  than  would 
be  expected.  For  instance,  the  results  obtained  by 
working  with  a  half -normal  solution  of  NaCl  lead 
to  the  value  31'6  for  the  molecular  weight  of  the 
salt,  a  number  which  is  1'85  times  smaller  than 
the  calculated  value,  58-5  (NaCl).  From  this  and 
many  other  considerations  Arrhenius  drew  the 
conclusion  that  the  molecules  of  electrolytes  are 
largely  dissociated  in  aqueous  solutions ;  about 
85  p.c.  of  the  NaCl,  for  instance,  in  an  aqueous 
solution  of  this  salt  is  regarded  as  dissociated 
into  Na  and  CI.  This  conclusion  is  completely 
analogous  with  those  which  are  drawn  regarding 
the  dissociation  of  the  molecules  of  ammonium 
salts  and  other  substances,  in  the  gaseous  state, 
from  observations  of  the  abnormal  vapour  den- 
sities of  these  substances.  The  development  of 
the  theory  of  electrolytic  dissociation,  based  on 
these  considerations,  and  confirmed  in  the  fullest 
way  by  experience,  has  lent  much  su^Dport  to  the 
theory  of  solutions  which  has  already  been 
sketched.  This  part  of  the  subject  is  treated  by 
Ostwald  in  the  article  Eleotkigal  irEiHODs,  to 
which  reference  should  be  made  (this  vol.,  pp. 
187-221). 

Some  of  the  deductions  regarding  diffusion, 
solubility,  and  affinity  must,  however,  be  men- 
tioned here. 

Diffusion  of  mixtures.  When  a  solution  of 
HCl  is  placed  in  contact  with  pure  water,  the 
HCl  gradually  diffuses  into  the  water.  Inasmuch 
as  most  (almost  all)  of  the  HCl  molecules  are 
dissociated,  one  would  expect  the  diffusion  to 
result  in  a  separation  of  the  H  and  CI  from  each 
other,  just  as  the  alums  and  the  double  salts  of 
the  sulphates  of  the  alkalis  and  the  magnesium 
metals,  which  are  partially  decomposed  in 
aqueous  solution,  can  be  separated  into  their 
constituent  salts  in  this  way  (Graham,  T.  1850. 
1,  805;  Marignac,  A.  Ch.  [5]  2,  546  [1874]).  But 
this  separation  does  not  occur.  The  H  moves 
into  the  water  more  quickly  than  the  CI,  and, 
because  of  the  positive  electrical  charge  of  the 
H  ions,  the  water  becomes  positively  and  the 
solution  negatively  charged.  If  this  charging  is 
not  carried  off  by  metallically  connected  un- 
polarisable  electrodes  jjlaced  in  the  solution  and 
in  the  water  {v.  this  vol.  p.  212),  it  prevents  the 
separate  diffusion  of  the  H  and  the  CI.  But 
there  is  another  way  whereby  the  restrain- 


ing force  of  the  electrical  charge  on  the  dif- 
fusion of  the  H  may  be  diminished — namely, 
by  addition  of  chlorides.  For  instance,  the 
velocity  of  diffusion  of  HCl  (properly  speaking, 
of  H)  is  increased  in  the  ratio  of  1 :  2'24  by 
adding  25  times  the  quantity  of  NH^Cl  (Arrhenius, 
Z.  P.  C.  10,  51  [1892]).  Similar,  although  not 
so  strongly  marked,  characteristic  phenomena, 
which  find  an  explanation  in  the  dissociation 
theory,  have  been  observed  by  Graham  and 
Marignac. 

Decrease  of  soluhility  by  addition  of  foreign 
salts.  Nernst  {Z.  P.  C.  4,  372  [1889])  was  the 
first  to  draw  attention  to  the  conclusion  from 
the  theory  that  a  slightly  soluble  salt,  e.g.  silver 
acetate,  must  be  more  soluble  in  pure  water  than 
in  a  solution  that  contains  other  silver  ions  {e.g. 
AgN03)  or  acetate  ions  (e.g.  NaCJIjO^).  Similar 
relations  are  shown  by  gases  which  partially  de- 
compose {e.g.  NHjSH) ;  these  exhibit  smaller 
vapour-pressures  when  one  of  the  two  com- 
ponents (NH3  or  H.^S)  is  added.  This  lowering 
of  solubility  can  be  calculated  from  the  laws  of 
mass-action,  with  results  which  agree  well  with 
experience  (Noyes,  Z.  P.  C.  9,  603  [1892]). 

Division  of  a  dissolved  substance  between  two 
solvents.  Berthelot  and  Junglieisch  examined, 
the  distribution  of  succinic  acid  between  ether 
and  water,  and  found  that  the  concentrations  of 
the  acid  in  the  aqueous  and  in  the  ethereal  solu- 
tion were  in  a  constant  proportion,  which  ap- 
peared to  be  independent  of  the  absolute  concen- 
tration. Many  other  substances  were  found  to- 
behave  in  the  same  way  {A.  Ch.  [4]  26,  396,. 
408  [1872]).  This  result  corresponds  completely 
with  Henry's  law  for  gases.  It  is  readily  deduced 
from  the  theory ;  but  in  doing  this  it  is  assumed, 
that  the  dissolved  substance  has  the  same  mole- 
cular weight  in  both  solutions.  If  this  is  not 
the  case — as,  for  example,  in  the  distribution  of 
benzoic  acid  between  benzene  and  water — alto- 
gether different  laws  express  the  phenomena, 
(these  laws,  also,  are  in  keeping  with  experi- 
mental results  ;  Nernst,  Z.  P.  C.  8,  110  [1891])- 

Reaction  velocities.  There  are  many  so- 
caUed  catalytic  processes  that  are  brought  about 
by  the  H  ions  of  acids — for  instance,  the  inver- 
sion of  cane-sugar,  saponification  of  esters,  &c.- 
According  to  the  theory,  the  velocity  with  which 
these  reactions  take  place  must  depend  only  on 
the  number  of  H  ions  that  are  present,  and  not 
on  the  nature  of  the  reacting  acid.  This  con- 
clusion is  confirmed  by  experience  (Arrhenius, 
Z.  P.  C.  4,  226  [1889] ;  cf.  Afmnitt,  vol.  i.,. 
especially  pp.  77-81). 

Division  of  a  base  betiueen  two  acids  present 
in  equivalent  quantities.  Thomsen  made  in- 
vestigations regarding  the  quantity  of  a  base 
(NaOH)  that  reacts  to  form  salts  with  two  acids 
{e.g.  HCl  and  HF)  added  in  equivalent  quantities. 
He  found  that,  in  the  case  quoted,  95  p.c.  NaCl 
and  only  5  p.c.  NaF  were  formed  in  dilute 
aqueous  solution.  It  may  be  deduced  from  the 
theory  that  the  quantities  of  NaOH  combining 
with  the  two  acids  (HCl  and  HF)  are  in  the 
same  ratio  as  the  extents  of  dissociation  of  the 
acids  at  the  same  dilution.  The  observations  of 
Thomsen  and  of  Ostwald  agree  extremely  well 
with  this  deduction  from  the  theory  (Arrhenius,. 
Z.  P.  C.  5,  14  [1890]  ;  cf.  Affinity,  vol.  i. 
p.  81). 
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Influence  of  temperature  on  rata  of  solution. 
If  a  liuely  and  equally  powdered  substance  is 
shaken  with  a  solvent  at  two  different  tempera- 
tures, for  a  very  short  time,  the  rapidity  of  solu- 
tion is  found  to  increase  rapidly  with  the  tem- 
perature. For  instance,  the  rates  of  solubility 
in  water  of  cream  of  tartar  and  benzoic  acid 
increase  between  0°  and  17°  in  the  ratios  1 :  3-8 
and  1:3-1. 

So-called  solid  solutions.  Palladium  is  able 
to  take  up  much  H,  but  the  mixture  retains  the 
solid  form.  There  is,  therefore,  here  no  proper 
solution  ;  nevertheless,  van't  Hoff  has  shown 
that  the  laws  which  hold  good  for  solutions  are 
valid  for  this  phenomenon  also  {Z.  P.  C.  5,  322 
[1890]).  There  is  formed  at  first  an  alloy, 
Pd,H,  which  possesses  a  definite  dissociation 
pressure.  If  the  pressure  of  the  H  is  increased 
more  H  is  absorbed,  and  the  quantity  absorbed 
is  in  direct  proportion  to  the  excess  of  pressure 
of  the  H.  Henry's  law,  therefore,  holds  good. 
On  this  ground  van't  Hoff  called  mixtures 
similar  to  this  '  solid  solutions.'  Solid  solutions 
of  thiophene  and  benzene  have  been  examined 
by  van  Bijlert  (Z.  P.  C.  8,  343  [1891]). 

Beats  of  solution.  A  considerable  quantity 
of  heat  is  generally  produced  during  the  solu- 
tion of  a  substance  in  a  solvent.  The  heat  of 
solution  of  a  substance  is  defined  to  be  the 
quantity  of  heat  that  appears  during  the  solu- 
tion of  a  gram-molecule  of  the  body  in  much 
water.  The  following  table  gives  the  heats  of 
solution  of  some  of  the  commoner  substances. 
Most  of  the  numbers  are  taken  from  Thomsen 


(Th.  3,  195). 

Gases. 

Chlorine  CL,    .       .       .  .  4870 

Carbon  dioxide  C0._,        .  .  5882 

Ammonia  NH^        .       .  .  8430 

Hydrogen  fluoride  HP     .  .  11800 

chloride  HOI  .  .  17310 

„       bromide  HBr  .  .  19940 

„       iodide  HI        .  .  19210 

sulphide  H„S  .  .  45G0 

Sulphur  dioxide  SO,  '    .  .  7700 

Liquids. 

Methyl  alcohol  CH,.OH  .  .  2000 

Ethyl        „      C..H5.OH  .  .  2540 

Propyl       „      C3H,.0H  .  .  3050 

Ether  (C„H,).,0        .       .  .  5940 

Acetic  acid  C.HjO.OH     .  .  420 

Sulphuric  acid  H^SO,      .  .  17850 

Solids. 

Caustic  potash  KOH     ....  12500 
„     hydrate  K0H.2H.,0       .  -30 
Lithium  chloride  LiCl  .       .     "  .       .  8440 
Sodium       „       NaCl  ....  -1180 
Potassium   „       KGl    ....  -4440 
Sodium  bromide  NaBr  ....    — 190 
hydrate  NaBr.2H,0    .  -4710 
Potassium  sulphate  K2SO4    .       .       .  —6380 
Mercuric  chloride  HgCLj       .       .       .  -3300 
Sodium  acetate  NaCH^O..      .       .       .  4200 
Sodium  benzoate  NaC,H-C).  ...  800 
Benzoic  acid  C,H.. CO. JI    '  .       .       .  -6700 
Silver  chloride  AgCl  '  .       .       .  .-15800 
„     bromide  AgBr     .       .       .       .  -  20200 

„     iodide  Agl  -26600 

Cane  sugar  C,..H„.,0„     .       .       .       .    -  800 


Volume  changes  accomimnying  sohition.  In. 
most  cases  the  solution  of  a  substance  in  water 
is  accompanied  by  a  considerable  amount  of 
contraction.  For  instance,  a  mixture  of  100  c.c. 
alcohol  with  100  c. c.  water  measures  only  192-8  c.c. 
at  18°.  The  contraction  may  be  so  great  that 
the  volume  of  the  solution  is  less  than  the 
volume  of  the  water  used  as  solvent :  for  in- 
stance, when  NaoCO;,,  NaOH,  or  LiOH  is  dis- 
solved in  much  water.  The  following  table 
shows  the  volume  change,  in  c.c,  that  takes  place 
when  one  gram-equivalent  of  some  of  the  most 
important  compounds  is  dissolved  in  much 
water — e.g.  in  10  litres  : — 


n 

Na 

K 

OH 

.  18 

-  5-8 

3-6 

CI  . 

.  18-3 

16-6 

26-9 

37-4 

NO,, 

.  29-0 

28-0 

38-5 

48-2 

JrSO^ 

.  16-2 

6-4 

15-7 

2i-2 

A  mixture  of  40  grms.  NaOH  with  10  litres- 
water  occupies,  therefore,  a  volume  of  9994-2  c.c. 
only. 

When  the  solvent  is  other  than  water  an 
increase  of  volume  sometimes  takes  place  ;  for 
instance,  a  mixture  of  100  c.c.  alcohol  with 
100  c.c.  CS.j  occupies  about  202  c.c. 

Specific  heats  of  solutions.  The  water  value 
of  a  solution  of  a  salt  in  water  is  not  equal  to, 
but  is  generally  less  than,  the  sum  of  the  water 
values  of  the  water  and  the  salt.  In  a  few  cases 
this  decrease  is  so  great  that  the  water  value  of 
the  solution  becomes  less  than  that  of  tlie  water 
used  as  solvent.  The  following  data  show  the 
water  values  of  one  gram-equivalent  of  the  chief 
salts  in  extremely  dilute  solutions  (according  to- 
the  determinations  of  Thomsen) : — 


H 

Na 

K 

NH, 

OH 

18 

-27 

-38 

CI 

-28 

-16-3 

-30 

-13 

NO., 

-10-7 

-  8-7 

-16 

7 

iSO^ 

9 

-25 

-36 

-16 

The  water  value  of  a  solution  of  40  grms.  NaOH 
in  10  litres  water,  for  instance,  is  not  only  not 
greater  than  that  of  the  water  alone  (10,000), 
but  is  distinctly  smaller  (9,973). 

Deviations  shown  by  cojicentrated  solutions^ 
The  laws  that  have  been  stated  for  the  osmotic 
pressure,  the  lowering  of  freezing-point,  the 
raising  of  boiling-point,  and  the  lowering  of 
vapour-pressure,  brought  about  by  substances  in 
solution,  are  valid,  strictly  speaking,  only  for 
very  dilute  solutions.  Deviations  from  these 
laws  occur  when  the  solutions  are  more  concen- 
trated. Sometimes  the  observed  values  are 
smaller  than  those  theoretically  deduced.  In 
such  cases  it  is  supposed  that  molecular  aggre- 
gates are  formed.  This  occurs,  for  instance, 
with  solutions  in  benzene  of  osims,  alcohols, 
phenols,  and  fatty  acids,  and  also  with  fairly 
concentrated  aqueous  solutions  of  the  sulphates 
of  Mg,  Cu,  Zn,  and  Cd,  and  Cdl,  (Beckmann, 
Z.  P.  C.  2,  737  [1888] ;  Arrhenius,  Z.  P.  C.  2, 
496  [1888]).  On  the  other  hand,  most  concen- 
trated aqueous  solutions  give  values  greater  than 
the  calculated  values  ;  this  is  made  especially 
evident  by  Tammann's  investigations  into  the 
;  vapour-pressures  of  salt  solutions  at  100°  (Mim. 
de  VAcad.  de  St.  Pitersbourg  [7]  1,  35  [No.  9, 
1887]).  An  explanation  of  this  behaviour  has 
been  sought  for  in  the  attraction  between  the 
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solvent  and  the  dissolved  substance  (Arrhenius, 
Z.  P.  C.  10,  40  [1892]).  S.  A. 

SOLUTIONS  II.  The  view  that  hydrates  exist 
in  aqueous  solutions,  and  analogous  compounds 
in  non-aqueous  solutions,  is  one  which  has  long 
been  held  by  many  chemists ;  it  is  only  in  the 
last  few  years,  however,  that  the  hydrate  or 
association  theory  has  assumed  a  precise  form, 
and  that  definite  experimental  evidence  in 
support  of  it  has  been  accumulated.  In  giving 
some  account  of  the  present  position  of  this 
theory  it  will  be  convenient  to  collect  the  evidence 
on  which  it  depends  under  the  headings  '  general ' 
and  '  special,'  and  to  discuss  separately  the  bear- 
ing which  recent  work  on  dilute  solutions  has 
upon  it.  Aqueous  solutions  have  naturally  been 
more  studied  than  solutions  in  other  solvents, 
but  these  other  solutions  have  been  investigated 
sufficiently  to  show  that  they  are  similar  to 
aqueous  solutions  in  every  respect,  except  as  re- 
gards electric  conductivity.  Although,  therefore, 
to  simplify  matters  in  the  present  article,  in  most 
instances  aqueous  solutions  alone  are  mentioned, 
it  must  not  be  understood  that  the  arguments  do 
not  apply  equally  to  other  cases. 

General.  The  changes  accompanying  dis- 
solution seem  to  be  in  every  respect  similar  to 
the  recognised  accompaniments  of  chemical 
■combination :  evolution  of  heat,  a  more  or  less 
profound  alteration  in  the  nature  of  the  reagents, 
and  an  irregular  variation  in  the  properties  of 
the  resulting  solution  with  regular  variations  in 
the  proportions  of  dissolved  substance  and  sol- 
vent. For  reasons  which  will  be  mentioned 
below,  these  irregularities  may  often  not  be  very 
pronounced,  but  it  may  safely  be  stated  that 
every  attempt  which  has  been  made  to  express 
the  properties  of  any  series  of  solutions  by  a 
simple  expression  agreeing,  within  the  limits  of 
experimental  error,  with  the  observed  values 
throughout  a  wide  range  of  concentration  has 
been  unsuccessful. 

The  affinity  which  a  large  number  of  sub- 
stances possess  for  water,  as  evidenced  by  the 
many  solid  compounds  which  they  form  with  it, 
and  by  the  heat  evolved  in  their  formation, 
renders  it  pri?nd  facie  extremely  improbable 
that  these  substances  should  exist  in  presence 
of  excess  of  water  without  combining  with  it. 
It  is,  moreover,  those  very  substances  which  ex- 
hibit the  greatest  tendency  to  form  solid  hy- 
drates which  are  generally  most  soluble.  A 
more  careful  study  of  the  thermal  phenomena  of 
solutions  places  this  argument  beyond  the  range 
of  mere  speculation.  From  the  known  heat  of 
lusion  of  water  and  of  a  few  anhydrous  salts  we 
can  obtain  a  very  close  estimate  of  what  the  heat 
of  fusion  of  any  hydrated  salt  would  be,  if  no 
change  beyond  the  mere  passage  from  the  solid 
to  the  liquid  condition  occurred ;  with  hexa- 
hydrated  calcium  chloride,  for  instance,  the  heat 
of  fusion  under  such  circumstances  would  be 
11,000  to  12,000  cal.,  and  on  the  most  exaggerated 
estimate  could  not  exceed  14,000  cal.,  vfhereas  if 
•decomposition  as  well  as  mere  liquefaction  oc- 
curred the  heat  absorbed  would  be  at  least  25,000 
■cal.,  since  the  heat  of  fusion  of  the  OHjO  alone 
is  9,500  cal.,  and  the  heat  of  combination  of 
CaCl^  with  m,0  (both  solid)  is  14,500  cal.  The 
observed  heat  of  fusion,  however,  is  only  11,417 
<eal.,  a  value  which  disproves  that  any  consider- 


able change  beyond  mere  liquefaction  has  oc- 
curred during  the  fusion — i.e.  the  combination 
which  existed  in  the  solid  must  exist  also  in  the 
liquid.  The  data  in  the  case  of  sulphuric  acid 
aiford  more  striking  evidence  of  a  similar 
character.  The  heat  of  combination  of  solid 
water  with  the  solid  acid  to  form  the  solid  mono- 
hydrate  is  6,550  cal.,  and  if,  when  the  reagents 
are  mixed  in  the  liquid  condition,  they  do  not 
combine  chemically,  far  less  than  this  amount 
of  heat  would  be  evolved ;  whereas  the  heat 
actually  evolved  is  found  to  be  almost  identical 
with  the  above,  namely  6,667  cal. 

The  separation  of  a  crystalline  hydrate  from 
a  solution  is  an  argument  to  which  due  weight 
has  hardly  yet  been  attributed  in  favour  of  the 
existence  of  that  hydrate  in  the  solution,  al- 
though not  necessarily  in  large  quantity.  If 
there  are  no  molecules  of  the  hydrate  existing  as 
such  in  the  liquid,  these  must  have  been  de- 
posited in  the  sohd  form  at  the  moment  of  their 
formation,  whereas  we  know  that  whenever  de- 
position occurs  simultaneously  with  formation, 
as  in  the  precipitation  of  an  insoluble  salt,  the 
substance  is  deposited  in  the  amorphous  and 
not  in  the  crystalline  condition. 

If,  as  would  appear  to  be  the  case,  it  is  neces- 
sary to  admit  the  existence  of  hydrates  in  con- 
centrated solutions,  it  is  necessary  to  admit 
their  existence  in  dilute  solutions  also.  The  mass 
action  of  an  excess  of  one  or  other  of  the  con- 
stituents of  any  composite  fluid  is  well  known, 
and  is  universally  accepted :  it  must  operate  with 
hydrates  as  much  as  with  other  substances,  and 
must  do  one  of  three  things :  either  (1)  it  must 
increase  the  stability  or  amount  of  the  particular 
hydrate  present,  or  (2)  it  must  combine  with  it 
to  form  a  higher  hydrate  (if  it  is  the  water  of 
which  excess  is  added),  or  (3)  it  may  decompose 
the  hydrate  by  reacting  with  the  non-aqueous 
constituent  of  it  to  form  new  compounds,  as 
when  free  alkali  and  acid  are  produced  (a  de- 
composition, however,  which  can  be  proved  in 
many  cases  to  occur  to  but  a  negligible  extent), 
but  in  no  case  could  excess  of  water  decompose  the 
hydrate  taken  so  as  to  liberate  the  dissolved  sub- 
stance in  the  anhydrous  condition.  The  thermal 
phenomena  of  solution  afford  important  evidence 
in  this  case  also ;  to  interpret  them  properly, 
however,  it  must  be  remembered  that  the  disso- 
lution of  a  substance  in  excess  of  solvent  entails 
the  separation  of  the  particles  of  that  substance 
from  each  other  to  the  same  extent  as  if  it  were 
vapourised,  and  that  to  effect  this  separation  the 
same  amount  of  heat  must  be  absorbed  in  either 
case.  The  heat  evolved  due  to  the  reaction  of  a 
liquid  with  excess  of  solvent  is,  therefore,  the 
observed  heat  of  dissolution  minus  the  heat 
absorbed  in  vapourisation,  and,  in  the  case  of  a 
solid,  the  heat  of  fusion  as  well  as  that  of 
vapourisation  will  have  to  be  subtracted.  Making 
allowance  for  these  so-called  physical  changes, 
we  find  that  the  formation  of  every  concentrated 
solution — that  is,  a  solution  which  contains 
hydrates — is  accompanied  by  the  evolution  of 
heat,  and  inasmuch  as,  with  the  same  allowance, 
dilution  is  always  accompanied  by  a  further 
evolution  of  heat,  the  action  of  the  diluent 
cannot  be  regarded  as  a  reversal  of  the  initial 
reaction,  but  rather  as  an  extension  and  com- 
pletion of  it,  the  hydrates  present  in  the  con- 
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centrated  solutions  being  increased  in  amount 
or  in  complexity  thereby.  When  matters  are 
simplified  by  dissolving  a  gas,  instead  of  a 
liquid  or  solid,  and  adjusting  the  pressure  of 
the  gas  or  the  quantity  of  solvent  so  that  the 
former  occupies  the  same  volume  after  as  before 
dissolution,  we  still  find  that  a  very  consider- 
able evolution  of  heat  occurs  ;  with  the  haloid 
acids  this  is  as  much  as  17,000  cal.,  and  though 
this  may  be  glossed  over  by  some  of  the  advo- 
cates of  the  physical  theory  by  stating  that  the 
decomposition  of  the  acids  into  their  ions,  which 
they  consider  occurs,  evolves  a  very  large  amount 
of  heat,  no  such  explanation  can  be  offered  in 
cases  where  no  such  decomposition  is  imagined, 
and  it  has  been  proved  that  the  dissolution  of 
gaseous  non-electrolytes  both  in  water  and  in 
other  solvents  is  accompanied  by  the  evolution 
of  as  much  as  5,000  to  14,000  cal.  In  the  face  of 
such  a  considerable  loss  of  potential  energy,  it  is 
impossible  to  maintain  that  the  substances 
losing  it  remain  unchanged,  and  that  the  dis- 
solved substance  can,  in  any  true  sense,  be  still 
gaseous  and  uncombined  with  the  solvent.  It  is 
important  to  note  that  van  der  Waals,  through 
a  different  line  of  reasoning,  has  arrived  at  the 
same  conclusion  as  to  the  necessity  of  recog- 
nising some  action  evolving  heat  between  the 
substance  and  solvent,  even  when  the  former  is 
in  the  so-called  dissociated  condition. 

Amongst  the  general  considerations  favour- 
ing the  view  that  dissolution  consists  in  the 
formation  of  liquid  compounds,  not  the  least  im- 
portant is  that  this  gives  us  some  intelligible 
reason  for  dissolution  occurring  at  all,  whereas 
if  the  solvent  is  regarded  as  being  inert  and 
only  playing  the  part  of  so  much  empty  space 
(as  some  of  the  advocates  of  the  physical  theory 
have  maintained),  we  have  no  explanation  of 
why  dissolutions  occur ;  the  presentation  of 
empty  space  to  a  stable  solid  does  not  make  the 
latter  fill  the  empty  space,  and  even  attributing 
dissolution  to  the  possession  of  a  certain  '  solu- 
tion pressure  '  by  the  dissolving  substance  would 
appear  to  amount  to  no  more  than  stating  that 
a  substance  dissolves  because  it  does  do  so. 

Special.  Berthelot  determined  the  heats  of 
dissolution  of  various  series  of  solutions  of  dif- 
ferent concentrations,  and  concluded  that  his 
results  when  plotted  out  showed  the  presence  of 
changes  of  curvature  or  inflections  at  certain 
points,  indicative  of  the  existence  of  hydrates  in 
the  solutions.  In  many  cases  he  adduced  various 
special  considerations  in  support  of  the  existence 
of  the  hydrates  thus  indicated,  but  his  determina- 
tions wete  not  sufficiently  numerous  or  accurate, 
nor  were  his  methods  of  examining  them  suffi- 
ciently precise,  to  lead  to  more  than  vague  con- 
clusions. Thomsen's  investigations  on  the  same 
subject  were  equally  unsatisfactory ;  he  sought 
to  disprove  the  existence  of  any  such  changes 
of  curvature  by  finding  empirical  equations  to 
represent  each  series  of  results,  but  in  the  four 
cases  which  he  thus  investigated  the  equations 
deduced  express  but  a  small  portion  of  the  whole  | 
series,  leaving  in  the  remainder  errors  ten  and  a 
hundred  times  greater  than  the  experimental 
error.  MendeldeS  next  took  up  the  question 
from  a  dilferent  point  of  view.  Theoretical  con- 
siderations led  him  to  conclude  that  solutions 
consisted  of  different  hydrates  according  to  the 


amount  of  water  present,  and  that,  if  not  more 
than  two  hydrates  were  ever  present  together  in 
the  same  solution,  there  would  be  definite  changes 
of  curvature  in  the  figures  representing  the  pro- 
perties of  the  solutions  at  the  concentrations  cor- 
responding to  these  hydrates ;  that  is,  that  the  rate 
of  change  in  the  property  with  change  of  concen- 
tration would  be  different  when  the  solutions  con- 
sisted of  the  hydrates  A  and  B  from  what  it  would 
be  when  they  consisted  of  B  and  C,  so  that  there 
would  be  a  change  at  a  concentration  corres^Dond- 
ing  to  the  composition  of  B,  and  further,  he  con- 
cluded that  these  rates  of  change  (first  differen- 
tial co-efficients)  in  the  case  of  the  densities 
would  be  rectilinear  functions  of  the  percentage 
composition  between  the  points  A  and  B,  B  and 
C,  &c.  (It  should  be  noticed  in  passing  that 
the  idea  which  lies  at  the  root  of  Mendel6efl' s 
conception — and,  to  a  certain  extent,  of  Ber- 
thelot's  also— is  that  the  water  in  any  solution  is 
nearly  entirely  combined  with  the  dissolved 
substance,  and  not  merely  that  the  solution  con- 
sists of  a  simple  hydrate  mixed  with  excess  of  free 
water.)  That  the  concentration-rate  of  change 
of  the  densities  is  representable  within  experi- 
mental error  by  a  series  of  straight  lines  is  pro- 
bably true  in  many  cases,  but  in  the  two  cases 
on  which  Mendel6eff  chiefly  relied  for  proof 
these  first  differences  are  conspicuously  curvi- 
linear throughout.  The  reason  of  this,  doubt- 
less, is  that  solutions  of  a  given  concentration 
generally  contain  more  than  the  two  hydrates 
which  he  postulated.  Eoozeboom's  work  on 
ferric  chloride,  and  Pickering's  on  sodium  hy- 
droxide, render  it  probable  that  five  or  six 
hydrates  may  co-exist  in  the  same  solution  ;  at 
any  rate,  as  many  as  four  have  actually  been 
obtained  from  certain  solutions.  Pickering  next 
attacked  the  subject  from  a  purely  experimental 
point  of  view.  The  distinctive  feature  of  his 
work  is  the  search  for  changes  of  curvature 
(breaks)  by  the  application  of  a  flexible  lath  to 
his  plotted  results.  A  lath  bent  by  the  applica- 
tion of  two  couples  near  its  extremities  forms, 
for  all  practical  purposes,  a  curve  of  a  very  simple 
nature ;  and  it  has  been  proved  that  the  use  of 
such  a  lath  is  tantamount  to,  and  leads  to  pre- 
cisely the  same  conclusions  as,  the  application  of 
ordinary  parabolas  with  three  or  four  constants 
deduced  mathematically  from  the  experimental 
values  ;  and  in  several  respects,  besides  expedi- 
tiousness  of  application,  this  method  is  superior 
to  the  mathematical  method.  The  mere  fact  that 
a  certain  figure  may  be  represented  accurately 
by  a  series  of  parabolas  is  by  itself  no  proof  that 
it  really  consists  of  these  independent  curves,  any 
more  than  the  existence  of  breaks  can  be  dis- 
proved by  finding  an  artificial  equation  which 
will  bridge  them  over;  the  correctness  of  any 
particular  form  of  representation  can  be  measured 
only  by  the  results  to  which  it  leads,  and  in  this 
respect  the  discontinuous  expressions  would  ap- 
pear to  be  highly  satisfactory.  The  positions  of 
the  breaks  are  not  dependent  on  the  taste  of 
the  draughtsman  :  the  figures  examined  seem 
to  s)"-!it  up  naturally  into  certain  sections  only> 
and  when  drawn  in  these  sections  it  was  found, 
in  some  dozens  of  series  of  experiments,  that  the 
apparent  error  of  the  points  agreed  within  5  or 
10  per  cent,  with  the  known  experimental  error 
(though  in  a  great  number  of  the  cases  the  true 
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magnitude  of  the  latter  was  not  ascertained  till 
after  the  drawings  were  made),  whereas  drawings 
of  a  similar  character,  but  placing  the  breaks  at 
other  points,  or  drawings  obUterating  the  breaks 
altogether,  represented  the  error  of  the  points  to 
be  far  larger,  often  10  or  100  times  larger,  than 
the  known  experimental  error.  It  must  be  re- 
marked that,  once  the  magnitude  of  the  experi- 
mental error  is  known  with  certainty,  no  draw- 
ing can  be  accepted  unless  it  agrees  closely  with 
it,  and  Pickering  has  devised  a  method  by  which 
the  experimental  error  can  be  accurately  deter- 
mined independently  of  any  considerations  other 
than  the  examination  of  the  final  results  them- 
selves ;  he  has  also  devised  a  means  of  obtaining 
a  numerical  estimate  of  the  acceptability  of  any 
drawing,  by  combining  together  the  various 
factors  which  are  usually  taken  as  affording  a 
criterion  of  acceptability.  Again,  when  sections 
of  increasing  lengths  are  taken,  and  these  are 
represented  by  single  parabolas,  or  bent-lath 
curves,  there  is  little  or  no  increase  in  the  ap- 
parent error  of  the  points  till  the  sections  extend 
beyond  a  point  where  one  of  the  supposed  breaks 
exists,  but  as  soon  as  they  do  so  there  is  a  large 
and  sudden  increase,  indicating  that  some  real 
change  at  the  point  in  question  exists.  Moreover, 
it  has  been  shown  that  in  a  case  where  two  para- 
bolas will  represent  a  series  of  results  perfectly,  a 
single  parabola  will  not  do  so,  even  if  it  contain 
as  many  constants  as  the  two  parabolas  together 
contain.  The  strongest  argument,  however,  in 
favour  of  the  reality  of  these  breaks  is  that  the 
various  properties  of  any  series  of  solutions,  al- 
though they  form  figures  differing  from  each  other 
widely  in  general  form,  are  yet  all  thoroughly 
concordant  as  to  the  positions  at  which  the 
breaks  occur.  The  properties  of  sulphuric  acid 
which  were  investigated  were  the  densities  at 
four  temperatures  and  the  contraction  on  mixing 
deduced  from  them,  the  heat  of  dissolution,  the 
thermal  expansion,  the  electric  conductivity 
(Kohlrausch's  values),  and  the  thermal  capacity; 
subsequently  also  the  freezing-points  and  van 
der  Willigen's  values  for  the  refractive  indices 
were  investigated.  Perkin  also  found  indications 
of  two  of  the  breaks  in  his  determinations  of  the 
magnetic  rotations,  and  still  more  recently  F6ry 
has  recognised  some  other  of  the  breaks  in  his 
own  measurements  of  refractive  indices.  Three 
different  properties  were  also  examined  by  Picker- 
ing in  the  case  of  calcium  chloride  and  nitrate, 
and  were  found  to  show  a  similar  concordance. 

That  the  breaks  are  really  due  to,  and  indi- 
cate the  presence  of,  compounds  in  solution  is 
shown  by  the  fact  that,  not  only  in  the  cases 
above  mentioned,  but  also  in  many  others  where 
other  solvents  besides  water  were  used,  they 
always  occur  at  points  which  correspond  within 
small  limits  with  definite  molecular  proportions 
— wherever,  that  is  to  say,  the  proportion  of  sub- 
stance to  solvent  is  sufficiently  simple  to  permit 
of  any  conclusions  at  all  being  drawn  in  the 
matter.  Further  evidence  on  this  point  was  also 
afforded  from  a  study  of  the  freezing-points  of 
fourteen  of  the  alkyl  amines,  where,  with  one  ex- 
ception, hydrates  of  the  very  compositions  indi- 
cated by  breaks  in  the  ease  of  some  of  the  amines 
were  isolated  in  the  crystalline  condition  in  the 
case  of  the  others.  Finally,  as  a  more  striking, 
■though  perhaps  not  more  cogent,  argument,  we 


have  the  isolation  in  the  crystalline  condition  of 
no  less  than  six  new  hydrates,  the  existence  of 
which  had  been  foreshadowed  in  the  properties 
(chiefly  densities)  of  the  solutions — namely, 
H.,S0,.4H.,0,  HBr.3H.,0,  HBr.lIL.O,  HC1.3H.,0, 
HNO,.H26,and  HN0,.3H,0— thelastthree  being 
especially  conspicuous  examples,  for  the  only 
marked  breaks  which  the  densities  showed 
coincided  with  the  only  hydrates  which  were 
subsequently  isolated. 

Two  important  features  of  the  conclusions 
drawn  from  the  above-mentioned  work  on  sul- 
phuric acid  should  be  mentioned:  firstly,  the 
large  number  (18-20)  of  hydrates  of  which  in- 
dications were  obtained  ;  secondly,  the  complex 
nature  of  hydrates  in  very  dilute  solutions.  Any 
improbability  which  might  be  considered  to 
attach  to  the  former  conclusion  (though,  in 
reality,  no  data  exist  on  which  to  found  any 
estimate  of  the  probabilities  in  such  a  case)  is 
removed  by  the  fact  that  a  still  larger  number  of 
hydrates  (when  equal  ranges  of  concentration  are 
compared)  have  been  isolated  in  the  crystalline 
condition  from  solutions  of  sodium  hydroxide. 
The  complexity  of  the  hydrates  indicated  ex- 
tends up  to  compounds  with  hundreds  and  even 
thousands  of  molecules  of  the  solvent,  but,  with 
the  explanation  to  be  mentioned  below  as  to 
their  possible  constitution,  these  hydrates  can 
scarcely  be  branded  as  improbable ;  at  any  rate, 
the  breaks  which  indicate  their  existence  appear 
to  be  precisely  similar  in  nature  to  those  which 
indicate  the  presence  of  the  simpler  hydrates. 
Pickering  has  investigated  the  freezing-points  of 
many  dilute  solutions  besides  those  of  sulphuric 
acid,  and  has  found  that  nearly  all  of  them  show 
indications  of  similar  changes,  and  those  recog- 
nised in  the  cases  of  sodium  chloride  and  sulphuric 
acid  have  received  further  confirmation  from  a 
series  of  results  made  by  H.  Jones  ;  a  confirma- 
tion of  special  importance,  since  Jones's  deter- 
minations were  made  with  the  view  of  disproving 
the  existence  of  breaks.'  Complex  hydrates, 
though  of  a  comparatively  small  degree  of  com- 
plexity, would  appear  to  exist  in  regions  other 
than  those  of  very  dilute  solutions ;  two  such 
were  indicated  in  the  neighbourhood  of  the 
monohydrate  of  sulphuric  acid,  and  a  similar 
one,  perhaps  another  also,  has  been  isolated  in 
the  case  of  soda.  These  are  probably  compounds 
of  two  different  hydrates. 

It  is  important  to  note  that  the  changes  of 
curvature  here  described  need  not  necessarily 
be  absolutely  abrupt.  On  the  strength  of  ex- 
perimental evidence  only,  where  experimental 
error  necessarily  exists,  it  is  obviously  impossible 
to  prove  or  disprove  the  abruptness  of  any  change, 
and  no  satisfactory  mathematical  theory  has  yet 
been  formulated  to  lead  to  any  views  on  the 
subject.  It  is  sufficient  for  the  purpose  that  com- 
jmratively  abrupt  changes  exist.  Nor  should  it 
be  expected  that  these  changes  would  necessarily 
be  of  a  very  marked  character,  for  a  large  pro- 
portion of  the  factors  determining  the  properties 
of  solutions  must  be  of  a  purely  physical  or  even 
mechanical  character  ;  the  densities  of  sulphuric 
acid  solutions,  for  instance,  must  rise  more  or 
less  gradually  from  1  to  1'85,  and  it  is  only  in 

'  It  should  be  noted  that  Jones  himself  asserts  that  his 
results  entirely  disprove  Pickering's  '  breaks  '  (v.  B.  26, 547, 
1633).— M.  M.  P.  M. 
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the  variations  from  the  '  more '  to  the  '  less  ' 
that  we  can  expect  to  find  evidence  of  inter- 
mediate compounds. 

Application  of  the  hydrate  theory  to  explain 
the  properties  of  dilute  solutions.  Diversity  and 
irregularity  are  some  of  the  most  marked  features 
of  the  properties  of  concentrated  solutions,  and 
though  in  dilute  solutions  these  irregularities 
are  much  less  conspicuous  (as,  indeed,  we  should 
expect  them  to  be  when  the  hydrates  present 
become  excessively  complex  and,  consequently, 
excessively  unstable),  they  are  still  recognisable,  ! 
and  it  is  only  in  the  most  extreme  dilution,  ' 
where  the  experimental  error  amounts  to  a  large 
fraction  of  the  total  quantities  measured,  that 
the  results  can  be  expressed  within  the  limits  of 
this  error  as  an  apparently  regular  function  of 
the  concentration.  It  may  safely  be  stated  that 
any  purely  physical  theory  which  confines  itself 
to  regions  of  extreme  dilution,  and  which  ignores 
some  of  the  most  marked  features  of  dissolution, 
as  well  as  the  mass  of  direct  evidence  showing 
the  existence  of  compounds  in  solution,  cannot 
be  accepted  as  a  complete  theory  ;  nor,  on  the 
other  hand,  can  the  hydrate  theory  of  solutions 
be  accepted  as  satisfactory  unless  it  can  be 
shown  to  be  consistent  with  the  two  main 
characteristics  of  weak  solutions — the  apparent 
quasi-gaseous  independence  of  the  dissolved 
substance  in  dilute  solutions,  and  the  approxi- 
mately accurate  results  which  are  obtained  when 
calculations  are  based  on  the  assumption  that 
electrolytes  in  dilute  solutions  are  dissociated 
into  their  ions.  However  important  the  ser-  I 
vice  rendered  to  science  by  the  gaseous  and 
dissociation  theories  of  solution,  there  are  many 
fundamental  objections  which  militate  against 
their  universal  acceptation.  They  ofi'er  no  satis- 
factory explanation  of  why  substances  dissolve 
at  all,  and  still  less  v/hy  water  alone,  of  all 
ordinary  solvents,  should  resolve  salts,  &c.  into 
their  ions.  These  ions  are  represented  to  be 
atoms  charged  with  enormous  electric  charges, 
but  no  explanation  is  given  of  the  origin  of  these 
charges,  or  of  the  peculiarities  which  they  are 
supposed  to  exhibit ;  two  atoms  oppositely  elec- 
trified are  represented  as  being  less  combined 
than  when  not  charged  at  all ;  the  charged 
atoms  are  represented  as  svrimming  about  in  the 
water  without  decomposing  it,  and  without 
giving  up  their  charges  to  their  oppositely  electri- 
fied companions,  although  they  can  part  readily 
with  them  to  an  electrode ;  and  to  explain  the 
thermal  phenomena  of  solution,  it  has  to  be 
boldly  assumed  that  the  decomposition  of  mole- 
cules (elementary  or  composite)  into  charged 
atoms  often  evolves  a  considerable  amount  of 
heat,  and  consequently  that  the  charging  of  an 
ordinary  atom  must  be  a  process  which  evolves 
heat  also.  The  only  crucial  experiment  which 
has  so  far  not  been  susceptible  of  an  opposite 
interpretation  seems  to  disprove  any  real  dis- 
sociation of  electrolytes.  The  lowering  of  the 
freezing-point  of  a  solvent  is  accepted  as  afford- 
ing a  measure  of  the  number  of  acting  units  j 
(molecules  or  ions)  in  any  substance  added  to 
it,  and  when,  for  instance,  to  some  acetic  acid 
a  weak  solution  of  sulphuric  acid  is  added,  the 
depression  produced  proves  that  the  latter  con- 
tains fewer  acting  units  than  the  water  and  sul- 
phuric acid  do  separately,  instead  of  more,  as 


would  be  the  case  if  the  sulphuric  acid  molecules 
had  to  be  split  up  into  independent  ions. 

In  a  paper  in  the  Berichte,  Pickering  has 
offered  an  explanation  of  the  behaviour  of  dilute 
solutions  based  on  the  hydrate  theory  and  on 
the  views  held  by  him  as  to  residual  affinity. 
The  explanation  may  be  rendered  more  in- 
telligible by  representing  chemical  attraction,  as 
we  represent  electrical  attraction,  to  be  due  to 
'charges'  on  the  surfaces  of  the  attracting 
matter,  but  inalienable  from  the  matter,  owing 
to  a  repulsive  force  between  the  atoms  similar 
to  that  which  produces  elasticity  jireventing  the 
atoms  ever  coming  close  enough  together  to 
allow  of  the  charges  combining.  The  charges 
are  represented  as  being  always  self -attracting. 
Each  atom  possesses  one  or  more  unit  affinity- 
charge  according  as  it  is  a  monad  or  a  polyad : 
with  a  free  atom  the  charge  would  be  uniformly 
distributed  over  its  surface,  whereas  when  two 
atoms  are  combined  the  greater  part  of  the 
charges  would  be  drawn  to  those  sides  of  the 
atoms  facing  each  other ;  but,  as  in  the  case  of 
electric  charges,  a  certain  amount  would  still  be 
left  on  the  further  sides  capable  of  acting  on,  and 
being  acted  on  by,  other  atoms  or  molecules  in 
like  condition,  this  residue,  or  unbound  charge, 
forming  what  appears  as  residual  affinity.  As 
in  the  case  of  electrical  charges,  the  nature  of 
the  matter  composing  different  atoms  will  cause 
different  degrees  of  mobility  in  the  charges  on 
their  surfaces,  and  hence  difl'ereut  pairs  of  atoms 
will  be  held  together  with  different  degrees  of 
firmness,  and  different  molecules  will  exhibit 
different  amounts  of  residual  affinity.  When  a 
molecule  A  B,  possessing  a  certain  amount  of 
residual  affinity,  is  surrounded  by  a  number  of 
other  molecules  CD  possessing  residual  affinity 
also,  the  two  residual  charges  will  react  on  each 
other  and  increase  the  amount  of  the  charges  on 
the  external  portions  of  the  molecules,  leaving  a 
smaller  amount  of  charge  on  the  jjortions  of  A 
and  B  which  face  each  other  ;  in  the  same  way 
the  charge  on  C  will  be  partially  withdrawn 
from  the  surface  facing  D,  and  will  be  able  to 
retain  a  smaller  amount  of  D's  charge  on  the 
l^ortion  of  D  which  is  next  to  it,  so  that  D  will 
exhibit  more  residual  affinity  than  formerly, 
and  will  be  able  to  react  in  a  similar  manner 
on  its  neighbours,  C  D'.  Thus,  by  a  process  pre- 
cisely analogous  to  electric  induction,  the 
number  of  molecules  of  C  D  which  are  acted  on 
by,  and  are  more  or  less  combined  with,  A  B 
may  be  very  large,  and  far  greater  than  the 
number  which  are  capable  of  coming  into  its 
immediate  vicinity.  The  existence  of  the  very 
complex  hydrates  which  have  been  recognised  in 
dilute  solutions  is  thus  easily  explicable.  It  is 
evident  that  a  molecule  when  thus  surrounded 
by,  and  combined  with,  a  large  number  of 
solvent  molecules  will  be  attracted  equally  in 
every  direction,  and  as  the  magnitude  of  the 
force  exerted  on  it  by  each  individual  solvent 
molecule  must  be  very  small,  it  will  be  able  to 
move  easily  in  any  direction,  especially  as  any 
of  the  solvent  molecules  from  which  it  parts 
during  the  process  will  have  their  places 
supplied  at  once  by  other  similar  molecules,  of 
which,  owing  to  continuous  dissociation  and  re- 
combination, there  is  an  abundant  supply  in  the 
liquid.    Thus,  into  whatever  new  position  the 
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central  molecule  moves,  the  status  quo  ante  is 
immediately  reproduced,  and,  consequently,  the 
molecule  will  move  almost  unfettered  by  the 
presence  of  the  solvent,  and  will  act  almost  as 
if  it  were  in  the  gaseous  state.  We  thus  obtain 
at  once  an  explanation  of  why  the  application  of 
the  ordinary  gaseous  laws  to  dilute  solutions 
yields  very  nearly  true  results  ;  we  should, 
indeed,  expect  that  they  would  not  be  absolutely 
true,  for  certain  definite  numbers  of  solvent 
molecules  would  be  capable  of  a  more  symmetri- 
cal arrangement  about  the  central  molecule  than 
others,  and  such  arrangements  (definite  hydrates) 
would  be  more  stable  than  others,  and  the  ten- 
dency to  form  them  might  have  an  appreciable 
effect  on  the  regularity  of  the  results  :  small 
irregularities  of  this  sort  are  exactly  what  we 
find  in  the  case  of  those  dilute  solutions  which 
have  been  fully  examined. 

It  is  obvious  that  as  the  quasi-gaseous  free- 
dom of  the  molecule  is  dependent  on  its  being 
combined  with  the  solvent,  this  freedom  obtains 
only  so  long  as  the  molecule  remains  within 
the  solvent,  and  would  not  admit  of  the  possi- 
bility of  its  leaving  the  liquid,  or  of  exerting 
an  external  gaseous  pressure ;  for  the  same 
reason  it  would  be  impossible  for  it  to  pass 
through  any  crevice  so  small  as  not  to  allow  it 
to  retain  as  many  solvent  molecules  as  it  was 
combined  with  in  the  solution.  This  gives  us 
an  explanation  of  the  action  of  semipermeable 
diaphragms  and  all  the  phenomena  of  osmotic 
pressure ;  it,  moreover,  removes  a  difficulty  which 
must  be  experienced  in  accepting  the  explana- 
tion given  by  the  supporters  of  the  physical 
theory  of  the  action  of  these  diaphragms — why 
it  is  that  the  water  molecules  (which  are  ad- 
mittedly combined  in  great  part  into  complex 
aggregates)  can  so  easily  pass  through  interstices 
which  are  impervious  to  what  are  held  to  be  the 
single  free  molecules  and  ions  of  the  dissolved 
substance.  Direct  experiment  would  seem  to 
decide  conclusively  in  favour  of  the  explanation 
of  osmotic  pressure  given  above,  for,  when  a 
suitable  solution  in  a  porous  pot  is  immersed  in 
either  of  the  substances  which  compose  the 
solution,  osmosis  through  the  pot  towards  the 
solution  occurs  in  both  eases,  showing  that 
osmotic  pressure  is  not  due  to  the  impermeability 
of  the  pot  to  either  of  the  constituents  of  the 
solution,  but  to  its  impermeability  to  the  solution 
as  a  whole. 

In  a  case  where  the  atoms  of  the  dissolved 
molecule  possessed  a  considerable  amount  of 
residual  affinity,  the  action  and  reaction  between 
them  and  the  solvent  molecules  would,  in  every 
respect,  be  proportionally  great,  and,  con- 
sequently, those  portions  of  the  whole  charges 
which  are  utilised  in  uniting  the  component 
atoms  of  the  dissolved  substance  would  be  re- 
duced, and,  in  extreme  cases,  might  be  reduced 
to  the  lowest  possible  limits — that  is,  till  the 
amount  of  affinity  utilised  in  holding  them 
together  was  equal  to  that  utilised  in  attaching 
them  to  the  solvent  molecules,  in  which  case 
there  would  be  an  equal  distribution  of  the 
affinity  charges  over  the  atoms.  The  atoms 
composing  a  molecule  in  such  a  condition  would 
have  a  great  amount  of  freedom  of  motion  within 
the  molecule ;  being  attracted  equally  in  all 
directions,  they  would  be  at  liberty  to  start  to 


move  in  any  direction,  and  their  movements 
might  attain  considerable  amplitude  under 
suitable  conditions  as  to  the  rate  at  which  the 
forces  between  them  varied  with  the  distance  ; 
for  to  explain  the  apjjarent  independence  of  the 
atoms,  and  therefore  the  abnormal  osmotic 
pressure  of  a  salt  molecule,  '  it  only  requires, 
according  to  Fitzgerald,  '  the  space  within  which 
[the  atoms]  are  bombarding  about  to  be  small 
compared  with  the  space  rate  of  variation  of 
the  force  between  [them].'  The  atoms  of  the 
two  molecules  in  such  a  condition  would  ob- 
viously change  partners  very  readily  during 
collision,  and  this  gives  us  an  explanation  of 
why  such  an  interchange  does  take  place  when 
two  different  salts,  Ac,  are  mixed.  This  ready 
exchange,  moreover,  would  take  place  con- 
tinuously, and  in  a  definite  direction,  under  the 
influence  of  any  external  force,  such  as  a  charged 
electrode,  a  Grothiiss'  chain  being  formed,  and 
we  should  consequently  expect  to  find  that  sub- 
stances in  this  condition — i.e.  those  which  give 
abnormally  large  osmotic  pressures — were  elec- 
trolytes ;  this  is  so :  and  since,  moreover,  the 
amount  of  electrolysis  occurring  in  a  given  time 
under  a  given  force  would  be  proportional  to 
the  number  of  molecules  in  the  condition  postu- 
lated, it  follows  that  this  number — and,  there- 
fore, the  osmotic  pressure — could  be  calculated, 
at  any  rate  approximately,  from  the  conductivity. 
In  short,  whatever  calculations  hold  good  on  the 
assumption  that  the  atoms  in  the  molecules  are 
absolutely  independent  will  also  hold  good  if 
they  are  assumed  to  be  in  the  peculiar  condition 
of  combination  here  described — a  condition  which 
is  brought  about  by  their  great  tendency  to 
combine  with  the  solvent,  and  not  by  a  tendency 
to  part  company  for  no  assignable  reason.  On 
the  present  view  also  it  is  possible  to  understand 
why  it  is  that  salts  and  acids  are  generally 
electrolytes,  and  why  water  is  the  solvent  which 
makes  them  electrolytes,  for  both  salts  and  water 
are  composed  of  elements  which  have  a  strong 
attraction  for  elements  of  an  opposite  character, 
and  in  such  a  case  the  residual  affinity  of  both 
the  elements  (basylous  and  chlorous)  constitu- 
ting the  salt  would  be  acted  on  by  that  of  the 
two  opposite  elements  constituting  the  water, 
and  we  would  get  an  amount  of  mutual  reaction 
which  would  be  impossible  in  the  case  of  other 
substances. 
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SONNENSCHEIN'S  EEAGENT.  Prepared 
by  adding  phosphoric  acid  to  a  warm  solution 
of  ammonium  molybdate  in  nitric  acid,  boiling 
the  pp.  with  aqua  regia  to  destroy  NH^,  evapo- 
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rating  to  dryness,  and  dissolving  in  10  p.c.  nitric 
acid  {A.  104,  45).  This  reagent  gives  yellow 
pps.  with  alkaloids. 

SOPHORIN.  S.  -009  in  the  cold ;  -5  at  100°. 
S.  (alcohol)  -3  in  the  cold ;  7  at  78°.  Obtained 
from  Chinese  yellow  berries,  the  undeveloped 
flower  buds  of  Sophora  japonica  (Stein,  J.pir.  58, 
399  ;  85,  351 ;  88,  280  ;  Spiess  a.  Sostmann,  /. 
18(35,  587  ;  Forster,  B.  15,  216).  Decomposed 
by  boiling  dilute  ILSO^  into  isodulcite  and 
yellow  sophoretin,  which  resembles  quercetin. 

SOPHORINE.  An  alkaloid  obtained  from 
the  pods  of  Sopliora  speciosa  (Wood,  Ph.  [3]  8, 
1047).  Liquid,  forming  a  crystalline  hydro- 
chloride, which  gives  a  deep-red  colour  with 
FeCl.|.  Poisonous.  A  poisonous  alkaloid  may 
also  be  obtained  from  the  seeds  of  Sophora  to- 
mentosa  (Greshotf,  B.  23,  3539). 

SOKBIC  ACID  C,H,0.,  i.e. 
CH,.CH:CH.CH:CH.CO,H.  Mol.  w.  112. 
[134-5°].  (228°).  H.C.  730,000  (Ossipoff,  J.  R. 
20,  050).  Heat  of  neutralisation  :  Gal  a.  Werner, 
Bl.  [2]  46,  802).  Occurs  in  the  juice  of  unripe 
mountain-ash  berries  (Hofmann,  C.  J.  12,  43  ; 
A.  110,  129).  The  juice  is  partially  neutral- 
ised with  milk  of  lime,  decanted  from  acid  cal- 
cium malate,  and  distilled  after  addition  of 
HoSO^.  Needles  (from  dilute  alcohol),  v.  sol. 
alcohol  and  ether,  m.  sol.  hot  water,  volatile 
with  steam.  Partially  decomposed  on  distilla- 
tion (Barringer  a.  Fittig,  A.  161,  307).  Has  no 
odour.  Br  in  CS._.  forms  tetra-bromo-hexoic 
acid  [179°]  and  di-bromo-hexenoic  acid  [90°-95°]. 
Fuming  HBr  forms  di-bromo-hexoic  acid  [68°] 
(Stahl,  B.  9,  120).  Very  dilute  alkaline  KMnO^ 
at  4°  gives  aldehyde,  racemic  acid,  oxalic  acid, 
and  CO.,  (Doebner,  B.  23,  2376).  Sodium-amal- 
gam forms  hydrosorbic  acid. 

Salts.— BaA'o.  —  CaA',:  silvery  scales. — 
AgA' :  white  crystalline  pp. 

Ethyl  ether  F,tA'.    (195-5°).  Liquid. 

Chloride  C„H,0C1.  Converted  by  NH.,  and 
aniline  into  crystalline  C,;H-O.NH„  and 
C.H-O.NHPh  respectively. 

Hydrosorbic  acid  v.  Hesenoic  acid. 

Isosorbic  acid  v.  Hesinoic  acid. 

Reference. — Oxt-sorbic  acid. 

SORBINOSE  C,H,.,0,  i.e. 
CH,,(0H).(CH.0H),.C0.CH..0H  (?).  S.G.  1^  1-654. 
[a  !j  =  -  47°  at  7°.  S.  200.  An  unfermentable 
sugar  obtained  from  the  fermented  juice  of 
mountain-ash  berries  (Pelouze,  A.  Ch.  [3]  35, 
292  ;  Byschl,  J.  1854,  664  ;  Delffs,  C.  N.  24,  75). 
The  juice  is  left  to  stand  for  a  year,  and  then 
filtered  and  evajoorated.  Trimetric  crystals,  as 
sweet  as  cane  sugar.  Lasvorotatory.  V.  e.  sol. 
water,  si.  sol.  hot  alcohol.  Forms  with  NaCl  a 
compound  crystallising  in  cubes.  Its  aqueous 
solution  dissolves  CaO,  PbO,  and  Cu(OH),,.  Not 
attacked  by  Br.  Yields  tri-oxy-glutaric  acid  on 
oxidation  by  HNO,  (Kiliani  a.  Scheibler,  B.  21, 
3276),  but  no  mucic  or  saccharic  acid  (Tollens, 
.4.249,222).  HIAq  and  P  yield  hexyl  iodide. 
Reduced  by  sodium -amalgam  to  sorbite  (Vincent 
a.  Delachanal,  C.  B.  Ill,  52).  Not  turned 
brown  by  hot  alkalis.  Keduces  Fehling's  solu- 
tion. Bromine  water  yields  glycollic  acid 
(Hlasiwetz  a.  Habermann,  A.  155,  120).  On 
heating  sorbinose  (1  pt.)  on  the  water-bath  with 
a  solution  of  phenyl-hydrazine  hydrochloride 
(2  pts.)  and  NaOAc  (3  pts.)  in  water  (10  pts.)  it 
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yields  the  osazone  C|„H„,N^04  [164°],  which 
crystallises  in  yellow  needles,  si.  sol.  hot  water, 
v.  sol.  alcohol,  V.  si.  sol.  ether  (Fischer,  B.  17, 
582  ;  20,  827). 

SORBITANNIC  ACID.  Obtained  from  the 
berries  of  Sorbus  aucuparia  (Vincent  a.  Dela- 
chanal, Bl.  [2]  47,  492).  Gives  a  yellow  colour 
with  alkalis  ;  reduces  silver  salts  in  the  cold ;  is 
not  ppd.  by  alum  or  gelatin.  Potash-fusion 
forms  protocatechuie  acid  and  phloroglucin. 

SORBITE  C^HnOf,.  Mol.  w.  182.  [111°]. 
[a]j,=  — 1-73°.  Occurs  in  mountain-ash  berries 
(Boussingault,  A.  Ch.  [4]  26,  376) ;  in  plums, 
cherries,  and  the  fruits  of  nearly  all  the  Rosacetz 
(Vincent  a.  Delachanal,  C.  R.  108,  147  ;  109, 
078 ;  111,  52).  Formed  on  reduction  of  sorbin 
and  of  Z-gulose  (Fischer  a.  Stahel,  B.  24,  2144). 
Formed  also,  as  well  as  mannite,  by  reducing 
1  glucose  (dextrose)  with  sodium-amalgam  in  the 
;  cold  (E.  Fischer,  B.  23,  3684 ;  Meunier,  0.  R. 
Ill,  49).  Pearly  crystals  (containing  ^aq). 
Melts  at  75°  when  hydrated.  V.  sol.  water" and 
hot  alcohol.  Neither  ferments  with  yeast  nor 
reduces  Fehling's  solution.  Lsvorotatory, 
becomes  dextrorotatory  on  addition  of  sodium 
borate  (Vincent  a.  Delachanal,  C.  R.  108,  354). 
HIAq  yields  (/3) -hexyl  iodide  (Hitzemanu  a. 
Tollens,  B.  22,  1048).  Boihng  with  Ac.,0  and 
some  ZnCl.  forms  a  hexa-acetyl  derivative. 
Benzoic  aldehyde  and  a  little  hydrogen  chloride 
give  C5H,305(C,H50),  crystallising  in  rectangular 
prisms  [c.  175°]  ;  if  more  acid  is  present  the 
insoluble  compound  C^H,.,Oj(G;H,0).,  [162°]  is 
formed  (Meunier,  C.  E.  108,  148  ;  "llO,  577  ; 
A.  Ch.  [6]  22,  423).  In  like  manner  valeric 
aldehyde  and  HClAq  form,  on  shaking, 
C^H|20j(C5H,,0)2,  crystallising  in  prisms,  sol. 
alcohol  and  ether.  Sorbite  may  be  oxidised  to 
glucose  by  heating  in  sealed  tubes  with  bromine- 
water  at  60°  and  treating  the  product  with  Pb 
and  PbO  (Vincent  a.  Delachanal,  C.  B.  Ill,  53). 

SORDIDIN  CisHijO,.  [180°].  A  neutral 
crystallisable  substance  occurring  in  the  lichen 
Zeora  sordida  (Paterno,  /.  1875,  863).  Insol. 
water,  v.  sol.  alcohol  and  ether. 

SPARTEINE  CijH^N,,.  Mol.  w.  234.  (311° 
at  723  mm.)  (Bamberger,  A.  235,  368).  [a]D 
=  - 14-6°  at  26°  (Bernheimer,  G.  13,  451). 
Occurs  in  the  common  broom,  Spartium  seopa- 
riiim  (Stenhouse,  A.  78,  1 ;  Mills,  C.  J.  15,  1). 
Prepared  by  extracting  the  plant  vritli  water 
acidulated  with  HoSO,,  evaporating,  and  distil- 
ling with  NaOHAq.  The  distillate  is  acidified 
by  HCl ;  evaporated  to  dryness  ;  and  the  residue 
distilled  with  solid  KOH.  The  base  is  finally 
rectified  over  sodium.  Heavy  oil,  with  peculiar 
odour  and  bitter  taste,  sol.  alcohol  and  ether, 
insol.  benzene  and  ligroin  (Houde,  Fr.  25,  568). 
Lfevorotatory.  Turns  brown  in  air.  Alkaline 
in  reaction.    Narcotic  poison. 

Reactions. — 1.  Yields  (7)-methyl-pyridine  on 
distillation  luith  lime  (Ahrens,  B.  21,  826). — 2. 
HIAq  at  200°  yields  Mel  and  C,^H„,N,  (276°), 
which  forms  a  platinochloride  [230°],  an  auro- 
chloride  [157°],  and  a  nitrosamine. — 3.  On  pass- 
ing the  vapour  through  a  red-hot  tube  it  gives 
p.yridine,  (7)-methyl-pyridine,  C._,Hj,  propylene, 
NH3,  HCy,  and  other  bodies. — 4.  HjOj  forms  a 
base  C,5H26N,,0,,- 

Salts.— The  hydrochloride  is  amor- 
phous.—B"H2PtCl62aq.  Decomposed  by  boiling 

KE 


498 


SPAETEINE. 


water  (Oechsner  De  Coninck,  Bl.  [2]  45,  131).— 
B"2HAuCl4.  Decomposed  by  boiling  water. — 
B"HI :  tables,  m.  sol.  cold  water.— B"H;Znl4.— 
B"l3 :  green  needles  (from  alcohol),  insol.  cold 
water.— B"HjS04  =  prisms.— B"2C,H3N30,. 

Me thylo-iodide  B"MeI.  Trimetric  plates  ; 
.a:fc:c  =  -899:l:l-601. 

Ethylo-iodide  B"EtI.  Prisms  (from 
water),  v.  e.  sol.  water  and  alcohol,  insol. 
NaOHAq.— B"EtIHI.  Got  by  heating  sparteine 
with  EtI  and  alcohol  at  100°.  Prisms  (from 
cold  alcohol).  Not  coloured  by  alcoholic  potash 
(De  Coninck,  C.  B.  104,  613).  Yields 
B"EtClHClPtCl4. 

Dihydride  Ci^HjsNj.  (283°).  Got  by  re- 
ducing sparteine  with  tin  and  HCl  (Ahrens,  B. 
20,  2219).  Colourless  oil.— B"HC1 :  very  deli- 
quescent needles. — B"H2PtCl6.  Blackens  at 
239°.— B"HAuCl,.  Blackens  at  130°.— Picrate. 
[125°].  Needles,  decomposing  at  215°.— B"HgCl,. 

Oxysparteine  Ci^H.^NjO.  [84°].  Formed  by 
oxidising  sparteine,  and  extracting  the  solution 
with  chloroform  (Ahrens,  B.24, 1095  ;  25,3607). 
White  hygroscopic  needles,  v.  sol.  water,  alcohol, 
and  ether.  Its  solution  is  strongly  alkaline. 
Eeduces  hot  Fehling's  solution. — B"H„Cl.,4aq. 
Needles.v.sol.water.— B'HGlaq.— B"2H2PtCl,4aq. 
Decomposed  at  209°.— B"H,PtCl6  aq.  Needles  : 
decomposed  at  223°. — B"HAuCl4.  —  Mercury 
double  chloride  [58°].  —  B'HBr  2iaq. — 
B'HBr  3iaq.— B'HI  aq.— B'HNOj  aq.—  Picrate 
[178°]. 

Methyl-iodide  of  oxysparteine 
B'Mel.  [193°].— B'MeCl.— B'MeClHClPtClj  aq. 
[229°].  POCI3  at  150°  converts  oxysparteine  into  an 
oily  base  CisHjjNj  which  yields  C,5H2.2N22HAuCl4 
[161°]. 

Di-oxy-sparteine  Cy^o^^jd^.  [129°].  Formed 
by  dissolving  sparteine  in  aqueous  H2O2  (Ahrens, 
B.  20,  2220  ;  25,  3609).  Prisms,  v.  e.  sol.  water 
and  alcohol,  si.  sol.  benzene,  insol.  ether.  Alka- 
line in  reaction. — B"H2Pt01|..  Blackens  about 
235°.— B'-HAuCl^.  [c.  146°].  Needles.— B"HL 
[137°].— B'HBr.    [147°].— B'H.HgGl^.  [193°]. 

Tri-oxy-sparteine  CisH^jN^Oa.  Formed  by 
action  of  HjOj  on  oxy-sparteine.  Crystalline, 
V.  sol.  water  and  alcohol. — B'jHJtClj  3^aq. — 
B'HAuCl^.  [137°]. 

SPECIFIC  GRAVITY  v.  Densities,  relative, 
vol.  ii.  p.  370. 

SPECIFIC  VOLUMES.  The  molecular 
weights  of  substances  when  divided  by  their 
respective  specific  gravities,  taken  under  com- 
parable conditions,  furnish  values  which  have 
been  termed  atomic,  molecular,  or  specific 
volumes.  The  specific  volume  is,  therefore,  the 
space  occupied  by  aggregates  of  atoms,  inclu- 
ding the  interstitial  spaces,  whose  weights  are 
proportional  to  the  molecular  weights  of  the 
substances. 

Objection  has  been  raised  against  the  term 
'  specific  volume  '  on  the  ground  that,  as  specific 
gravity  is  the  weight  of  unit  volume,  specific 
volume  should  by  analogy  be  the  volume  of  unit- 
weight  ;  hence  of  late  years  the  term  '  molecular 
volume '  has  been  preferred.  The  term  '  specific 
volume  '  has,  however,  acquired  by  definition  and 
use  a  distinctive  meaning.  The  adoption  of  the 
term  '  molecular  volume  '  is  almost  certain  to  be 
attended  with  confusion,  owing  to  the  dilferent 
sense  in  which  it  is  frequently  employed  by 


physicists  and  chemists.  The  specific  gravity 
of  solids  and  liquids,  referred  to  water  at  4°,  is 
the  weight  in  grams  of  the  unit  volume.  If,  then, 
the  molecular  weight  be  expressed  in  grams,  we 
may  define  the  specific  volume  of  a  solid  or 
liquid  substance  as  the  number  of  cubic  centi- 
metres occupied  by  this  mass. 

The  specific  gravity  of  a  gas  is  usually  re- 
ferred to  hydrogen  as  unity.  It  follows,  then, 
from  the  law  of  Avogadro  that  all  gases  should 
have  the  same  specific  volume.  There  are  a 
few  exceptions  to  the  universal  truth  of  this 
statement  arising  from  so-called  abnormal  vapour 
densities,  but  the  specific  volumes  of  the  excep- 
tional substances  stand  in  the  same  simple  rela- 
tion to  the  normal  value  that  their  molecular 
weights  stand  to  what  analogy  would  indicate 
as  the  normal  molecular  weight. 

Inasmuch  as  the  specific  gravity  of  a  sub- 
stance is  affected  to  a  greater  or  less  extent  by 
!  heat,  it  is  obviously  necessary  to  determine  this 
j  constant  under  comparable  conditions  of  tem- 
perature— that  is,  at  temperatures  at  which  heat 
may  be  supposed  to  exercise  the  same  effect  on 
the  substance.    In  the  case  of  liquids  Schroder 
suggested  that  temperatures  at  which  the  vapour 
I  pressures  of  the  various  liquids  are  the  same— as, 
for  example,  their  boiling-points  under  a  standard 
atmosphere—  should  be  regarded  as  comparable. 

In  the  case  of  solids  the  effect  of  temperature 
is  of  course  much  less  marked,  and  hence  the 
specific  gravity  of  these  substances  is  usually 
taken  at  the  ordinary  temperature  of  the  air. 

Specific  volumes  of  solids. 

The  first  attempt  to  trace  relationships  be- 
tween the  chemical  nature  of  substances  and 
their  equivalent  volumes  appears  to  have  been 
made  by  Le  Eoyer  and  Dumas  in  1821  (J. 
Ph.  92,  408).  They  sought  to  determine  the 
equivalent  volumes  of  the  elements  by  dividing 
their  atomic  weights  by  their  respective  specific 
gravities,  the  values  so  obtained  being  termed  by 
them  atomic  volumes.  They  were  led  to  infer 
that  these  volumes  formed  an  arithmetical  series — 
a  supposition  which  was  hardly  warranted  by  the 
facts  then  known,  and  which  has  since  been  com- 
pletely disproved  by  more  accurate  observations. 
This  idea  of  combination  among  solids  in  definite 
volumetric  proportion  was  further  developed  in 
1824  by  W.  Herapath  (P.  M.,  Nov.  1824),  who 
sought  to  prove  that  the  volume  of  the  oxygen 
in  a  metalUe  oxide  bears  a  simple  ratio  to  that 
of  the  metal  with  which  it  is  combined.  Almost 
simultaneously  the  same  problem  was  attacked  by 
Karsten  [S.  65,  391),  and  subsequently,  in  1830, 
by  Boullay,  but  with  no  definite  general  result. 

Ammermiiller,  however,  in  1840,  concluded 
(P.  49,  341 ;  50,  406)  that  the  specific  volumes 
of  compounds  containing  the  same  elements  in 
different  proportions  are  either  identical  or  stand 
to  one  another  in  rational  proportions.  Persoz 
in  his  '  Introduction  to  the  Study  of  Molecular 
Chemistry,'  recognised  that  equivalent  amounts 
of  many  bodies  of  analogous  composition  occupy 
the  same  volume,  and  he  inferred  that  the 
specific  volumes  of  all  substances  are  multiples 
j  of  one  and  the  same  number,  a  conclusion  also 
drawn  by  Le  Eoyer  and  Dumas,  but  which  is 
not  supported  by  facts. 

Kopp  (P.  47,  133),  in  1839,  first  attempted  to 
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deduce  general  formulEe  from  which  he  was  able 
to  calculate  the  specific  gravities  of  certain  oxides 
and  haloid  salts,  with  results  which  showed,  in 
general,  a  fair  agreement  with  the  observed 
values.  In  the  same  manner  he  calculated  for- 
mula: for  other  anhydrous  salts — such  as  sul- 
phates, carbonates,  and  nitrates — on  the  suppo- 
sition that  such  salts  consist  of  combinations  of 
oxides  and  acids,  or  that  they  are  made  up  of  a 
radicle,  acid  2^^us  oxygen.  By  means  of  these 
formulas  he  inferred  that  it  is  possible  to  draw 
conclusions  concerning  the  specific  gravity  of 
metals  for  which  this  constant  is  unknown. 
Kopp,  in  this  memoir,  used  the  term  specific 
volume  for  the  first  time,  and  he  defined  it  as  the 
molecular  weight  {Misclmngsgewicht)  of  a  sub- 
stance divided  by  its  specific  gravity.  He  found 
that  the  specific  volumes  of  similarly  reactive 
elements— as,  for  example,  chlorine,  bromine, 
and  iodine  ;  tungsten,  molybdenum,  chromium, 
iron,  manganese,  nickel,  cobalt,  &c. — are  equal 
or  nearly  equal.  In  other  cases  — as  silver 
and  gold,  potassium  and  sodium — the  specific 
volumes  stand  to  each  other  in  simple  relations. 
Elements  which,  like  barium  and  strontium, 
form  isomorphous  compounds  have  the  same 
specific  volume.  Strictly  speaking,  this  law  can 
hold  only  for  those  substances  which  are  jaer- 
perfeotly  isomorphous.  The  more  nearly  the 
crystalline  forms  of  isomorphous  substances  are 
identical,  the  more  nearly  will  their  specific 
volumes  be  the  same.  This  is  made  evident  by 
a  comparison  of  the  axial  ratios  of  witherite, 
strontia>iite,arragonUc,  and  cerussite ;  and  also  of 
the  carbonates  of  zinc  and  magnesium  (mesitene), 
the  carbonates  of  iron  and  manganese,  and  dolo- 
mite and  calc-spar.  It  is  seen  that  there  is  a 
direct  comparison  in  the  case  of  the  latter  com- 
pounds between  the  length  of  the  principal  axis 
a  and  the  specific  volume  V,  such  that  a*"i^^ 

=  0-0127671V,  from  which  it  is  possible,  of 
course,  to  deduce  the  specific  gravity  of  the  sub- 
stance from  its  crystalline  form.  It  also  follows 
that  an  increase  of  specific  volume  is  occasioned 
by  an  increase  in  the  length  of  the  axis  a.  If 
we  heat  one  of  these  crystals  the  density  de- 
creases ;  the  axis  a  must  therefore  increase  in 
length,  while  the  angle  K  becomes  less  obtuse. 
This  fact,  indeed,  was  discovered  by  Mitscher- 
lich,  who  found  that  the  specific  gravity  of  calc- 
spar  decreased  in  the  ratio  of  1  to  — —  when 
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calc-spar  was  heated  through  100°.  The  specific 
gravity  of  calc-spar  is  2'7220,  when  a  -  0'8544  and 
R  =  105°  5'.  By  heating  calc-spar  through  100°, 
the  specific  gravity  becomes  2-7167,  or  the  specific 
volume  changes  from  36-73  to  36-80.  If  we  de- 
termine the  length  of  the  axis  a  by  means  of 
the  above  formula,  we  find  it  to  be  0-85672,  corre- 
sponding to  an  angle  R  of  104°  57',  or  a  dif- 
ference of  8',  which  closely  agrees  with  that  ac- 
tually observed  by  Mitscherlich  (P.  M.  [3]  18, 
255).  Schroder  (P.  1840.  553),  starting  from  the 
observation  of  Ammermiiller,  that  equal  volumes 
of  the  two  oxides  of  copper  contain  the  same 
amounts  of  copper  and  multiple  amounts  of 
oxygen,  assumed  that  the  volume  of  the  copper, 
as  of  the  oxygen,  is  equal  in  the  two  substances, 
but  that  the  amount  of  the  oxygen  in  the  cuprous 
oxide  stands  to  that  in  the  cupric  oxide  as  1  to  2. 


Hence  Schroder  drew  the  general  conclusion 
that  the  same  element  can  have  different  specific 
volumes  in  different  compounds,  but  that  the 
several  values  for  the  specific  volumes  stand  in 
simple  relations  to  each  other.  He  saw  in  this 
hypothesis  not  only  an  explanation  of  the  con- 
densation which  accompanies  chemical  union, 
but  also  a  rational  basis  for  the  belief  that  tlie 
specific  volume  of  a  compound  is  equal  to  the 
sum  of  the  specific  volumes  of  its  components. 

Schroder  found  that  if  in  a  series  of  analogous 
bodies,  AO,  BO,  CO,  the  specific  volumes  of  whicii 
are  known,  we  subtract  from  these  values  the 
primitive  atomic  volumes  of  A,  B,  and  C  respec- 
tively, we  obtain  a  constant  remainder.  This  he 
found  to  be  the  case  with  the  oxides  of  lead, 
cadmium,  and  zinc,  and  hence  he  inferred  that 
the  metal  in  these  oxides  retains  its  primitive 
atomic  volume.  Kopp  assumed  that  this  is  equally 
true  of  the  salts  of  the  heavy  metals,  but  with 
the  salts  of  the  metals  of  the  alkalis  and  alkaline 
earths  this  is  impossible,  as  the  specific  volumes 
of  the  salts  are,  as  a  rule,  smaller  than  the 
primitive  atomic  volumes  of  the  component 
metals.  He  had  consequently  to  assume  for 
these  metals  a  special  atomic  volume,  which 
however,  remains  the  same  in  all  the  salts.  He 
determined  these  values  as  follows :  Suppose 
M  -)-  R  to  be  a  compound  of  a  heavy  metal,  and 
m-t-R  the  analogous  compound  of  alight  one; 
suppose  A  to  be  the  known  specific  volume  of 
M  -t-  R,  and  a  that  of  ■)»  +  R,  B  the  primitive 
atomic  volume  of  M,  and  b  that  of  in. 

Then,  M-i-R  =  A, 
and        M  =  B. 
Therefore  the  atomic  volume  with  which  R  is 
contained  in  the  compound  is  A  — B,  say  x. 

It  is  assumed  that  R  retains  its  value  in 
m-t-R, 

and  since  m  +  R  =  a, 
and        R  =  .x  ; 
therefore  b,  i.e.  the  atomic  volume  of  m  =a  —  x. 

Kopp  also  showed  that  the  densities  of  the 
hydrated  oxides,  and  of  a  number  of  hydrated 
salts,  may  be  calculated  with  considerable  ac- 
curacy by  assuming  certain  definite  values  for 
water  in  a  state  of  combination.  It  ought  to  be 
stated,  however,  in  this  connexion,  that  subse- 
quent researches  have  indicated  that  Kopp's 
conclusions  respecting  the  specific  volume  of 
water  of  crystallisation  must  be  slightly  modified. 
Schiff,  many  years  ago,  showed  that  the  mem- 
bers of  certain  classes  of  hydrated  salts  have 
practically  the  same  specific  volume.  Thus,  all 
the  alums  have  a  specific  volume  of  about  277 ; 
double  sulphates  of  the  form  M,M"(S0j),.6H,,0 
have  a  common  volume  of  207 ;  and  all  the 
vitriols — that  is,  salts  of  the  form  M"SOj.7H20 — 
whether  isomorphous  or  not,  have  the  specific 
volume  146. 

Thorpe  a.  Watts  (C.  J.  37,  102,  [1880])  have 
shown  that  the  volumes  occupied  by  the  several 
molecules  of  water  vary  with  the  degree  of  hy- 
dration of  the  salt.  In  the  case  of  the  so-called 
magnesian  sulphates,  the  first  molecule  of  water, 
the  constitutional  water,  or  'water  of  halhydra- 
tion  '  of  Graham,  occupies  considerably  less  bulk 
than  the  remaining  molecules  ;  its  mean  relative 
value  is  10-7.  Each  additional  molecule  ap- 
pears to  occupy  a  gradually  increasing  volume. 
The  difference  between  the  specific  volumes  of 
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the  inonohydrate  and  dihydrate  is  13-3  ;  between 
the  volumes  of  the  dihydrate  and  trihydrate 
the  difference  is  14-5 ;  between  the  trihydrate 
and  the  tetrahydrate  it  is  15-4  ;  and  between 
the  hexhydrate  and  heptahydrate  it  is  16-2. 
These  observations  are  so  far  in  harmony  with 
Kopp's  general  conclusions  that  in  the  com- 
pounds containing  only  a  small  number  of 
water  molecules  (1  to  3)  the  specific  volume  of 
the  water  is  12-4  ;  in  others  containing  a  larger 
number  of  molecules  of  water  (2  to  7)  it  is  13-4  ; 
whereas,  in  a  third  class,  containing  the  largest 
number  of  molecules  of  water  (from  3  to  10),  its 
mean  value  is  15'3. 

Specific  volumes  of  liquids. 

Methods.  The  specific  gravity  of  the  liquid 
at  its  boiling-point  may  be  determined  either 
directly  or  indirectly.  Eamsay  (C.  J.  35,  463 
[1879])  devised  a  simple  method  by  which  the 
weight  of  a  known  volume  of  liquid  at  its 
boiling-point  may  be  directly  ascertained  with 
approximate  accuracy.  The  vessel  containing 
the  liquid  consists  of  a  thin  glass  lemon-shaped 
bulb  of  about  10  c.c.  capacity.  At  the  upper  end 
of  the  bulb  is  a  capillary  tube,  bent  into  the 
form  of  a  hook  ;  the  lower  end  is  provided  with 
a  similar  hook  of  solid  glass.  The  capacity  of 
the  bulb  is  ascertained  by  weighing  it  full  of 
water  at  a  known  temperature.  The  bulb  is 
filled  with  the  liquid  to  be  examined,  in  the 
usual  way,  by  warming  and  dipping  the  capillary 
neck  of  the  bulb  beneath  the  surface  of  the  liquid. 
It  is  not  necessary  to  fill  the  bulb  completely ; 
two  or  three  c.c.  of  the  same  liquid  are  then  in- 
troduced into  the  wide  tube,  and  the  bulb  is  sus- 
pended within  it  by  thin  platinum  wire  attached 
to  a  piece  of  glass  rod  passing  through  a  hole  in 
the  cork.  The  wide  tube  is  then  heated  until  the 
liquid  within  it  boils  violently,  and  it  is  kept  in 
ebullition  so  long  as  liquid  drops  from  the  end 
of  the  capillary  neck  of  the  bulb.  The  lamp  is 
now  removed,  and  the  whole  allowed  to  cool. 
When  cold  the  bulb  is  dried  and  weighed.  The 
specific  gravity  of  the  liquid  is  given  by  the 
formula 

«  _ 

cp-gi- -  1+ (0-00015  xTW) 

in  which  W  is  the  weight  of  the  liquid ;  W, 
that  of  the  water  filling  the  bulb  at  0°  ;  and  T  the 
temperature  at  which  the  liquid  boils  ;  0'00015 
is  an  empirically-determined  co-eflicient  re- 
quired in  order  to  make  the  volume  correspond 
with  the  real  volume  at  T. 

A  somewhat  similar  method  of  determining 
the  specific  gravity  of  a  liquid  at  its  boiling- 
point  is  described  by  E.  Schiff  {A.  220, 78).  The 
liquid  is  introduced  into  a  flask  of  about  7  or  8 
c.c.  capacity,  provided  with  a  long  narrow 
neck  on  which  is  a  graduated  scale.  The 
capacity  of  the  flask  up  to  the  zero  point  is 
accurately  determined  by  weighing  with  mer- 
cury, and  the  value  of  the  scale  divisions  in 
fractions  of  a  c.c.  is  also  carefully  estimated. 
The  flask  is  then  suspended  in  the  boiling  tube ; 
a  few  c.c.  of  the  liquid  under  investigation  are 
placed  in  this  tube  and  heated  to  boiling.  After 
a  few  minutes  the  position  of  the  liquid  in  the 
graduated  neck  is  noted,  and  the  flask  is  with- 
drawu,  wiped,  and  weighed.  The  specific  gravity 
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[  at  the  boiling-point  compared  with  water  at  4:"' 
I  is  given  by  the  equation 

 P 

^5-V,[l  +  K(^-4)] 
!  in  which  P  =  corrected  weight  of  the  liquid  in^ 
i  the  flask, 

and        V(  =  the  apparent  volume  of  the  liquid 
at  t°, 

K  =  the  co-efficient  of  expansion  of 
the  glass. 

It  will  be  noticed  that  Schiff  assumes  that 
the  liquid  in  the  flask  actually  acquires  the 
temperature  of  the  vapour  by  which  the  flask  is 
surrounded.  Lothar  Meyer  {v.  Neubeck,  Z.  P.  G. 
1,  652)  has  slightly  modified  Kamsay's  apparatus. 
The  bulb  is  best  made  of  Jena  glass,  and  has  the 
capacity  of  about  2-5  c.c,  and  its  weight,  capacity, 
I  and  thermal  expansion  are  accurately  known. 
It  is  filled  with  the  liquid,  and  is  suspended  by 
means  of  a  bent  platinised-nickel  wire  within  the 
flask,  the  neck  of  which  can  be  closed  by  a  cork^ 
The  flask  contains  a  few  c.c.  of  the  liquid  under 
investigation,  which,  when  heated,  may  if  neces- 
sary be  caused  to  boil  at  any  desired  tempera- 
ture below  the  ordinary  boiling-point  by  con- 
necting a  side  tube  with  a  condenser,  pressure- 
regulator,  and  fall-pump.  As  soon  as  the  liquid 
within  the  bulb  has  acquired  the  temperature 
of  the  boiling  liquid,  and  no  further  expansion 
occurs,  the  source  of  heat  is  removed  and  the 
bulb  is  weighed  when  cold. 

The  specific  gravity  of  a  liquid  at  its  boiling- 
point  is,  however,  most  accurately  ascertained 
indirectly,  although  this  method  demands  far 
more  time  and  appai'atus,  and  a  greater  number 
of  experimental  operations,  than  the  direct 
method.  The  method  consists  in  accurately 
determining  (1)  the  boiling-point  of  the  liquid ; 
(2)  the  specific  gravity  of  the  liquid  at  some 
convenient  temperature — best  at  0° ;  and  (3)  the- 
rate  of  thermal  expansion  of  the  liquid  from  0'^ 
up  to  the  neighbourhood  of  its  boiling-point.- 
From  these  data  the  specific  gravity  of  the  liquid 
at  the  boiling-point  can  be  readily  calculated. 

1.  Determination  of  the  boiling-point.  This 
is  best  made  in  an  apparatus  so  arranged 
that  the  inner  tube,  containing  the  thermo- 
meter, is  surrounded  by  a  jacket  of  vapour  from 
the  boiling  liquid.  The  boiling  liquid  should 
contain  a  few  scraps  of  platinum  foil  or  a  sjjiral 
of  platinum  wire  ;  or,  what  is  even  better,  a  few 
short  lengths  of  fine  capillary  tubing.  If  the 
amount  of  the  liquid  is  very  small  the  bulb  of 
the  thermometer  should  be  surrounded  with  a 
little  fibrous  asbestos,  as  suggested  by  Eamsay 
a.  Young  (C  J.  47,  42).  The  thermometer  read- 
ing must,  if  necessary,  be  corrected  for  the 
emergent  column,  either  by  the  tables  of  Eim- 
bach  (B.  22, 3072)  or  by  that  of  Thorpe  (C.  J.  37,. 
159),  and  should  be  reduced  to  normal  pressure 
by  the  method  of  Crafts  (B.  20,  709).  The 
correction  to  standard  atmosphere  may,  how- 
ever, be  ascertained  with  approximate  accuracy 
by  the  formula 

273  +  t  273  +  t 

e  =  (i>-  760)  ^20o''°'^^  =  (^'-'^^^)ioooo' 

in  which  d  is  the  correction,  t  the  observed 
boiling-point,  and  p  the  barometric  pressure 
reduced  and  corrected. 

The  first  correction  is  applicable  to  the 
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greater  number  of  liquids,  the  second  to  water 
and  the  lower  alcohols  (Eamsay  a.  Young,  P.  M. 
1885.  51o). 

2.  Determination  of  specific  gravity.  This  is 
most  accurately  effected,  at  least  for  substances 
which  are  liquid  at  ordinary  temperatures, 
by  Parkin's  modification  of  the  Sprengel  appa- 
ratus. For  liquids  which  are  alterable  on  ex- 
25osure  to  air  a  bottle  with  a  graduated  stem  is 
most  convenient.  The  bottle  should  be  previously 
filled  with  dry  nitrogen,  and  a  special  apparatus, 
analogous  to  that  used  by  Thorpe  {I.e.}  must  be 
employed  to  transfer  the  liquid  to  the  bottle.  A 
form  of  bottle  for  very  viscid  liquids  has  been 
described  by  Briihl. 

3.  DctcrniinatioJi  of  thermal  exjpansion.  Of 
the  various  modes  of  ascertaining  the  thermal 
expansion  of  a  liquid  the  so-called  dilatometrical 
method  is,  on  the  whole,  the  most  convenient. 
It  consists  in  inclosing  the  liquid  in  a  vessel  of 
known  capacity,  shaped  like  a  thermometer,  and 
provided  with  a  graduated  and  accurately  cali- 
brated stem.  The  instrument  is  placed  in  a  bath 
of  suitable  liquid,  the  temperature  of  which  can 
be  raised  to  the  desired  point,  as  ascertained  by 
a  thermometer  ;  and  the  height  of  the  liquid  in 
the  stem  of  the  dilatometer,  and  hence  its  ap- 
parent volume  at  the  temperature  of  observation 
is  noted.  A  series  of  such  observations  at  various 
temperatures  up  to  the  neighbourhood  of  the 
boiling-point  is  thus  made,  from  which  an  ex- 
pression, say  of  the  form  Ni  =  a  +  ht  +  at'-  +  dt^ .. ., 
may  be  calculated.  This  expression  must  now  be 
corrected  for  the  expansion  of  the  glass  of  the 
dilatometer  (obtained  by  observations  with  mer- 
cury in  the  usual  manner),  and  from  the  corrected 
expression  the  volume,  and  hence  the  specific 
gravity,  at  the  boiling-point  of  the  liquid  may  be 
deduced. 

For  details  of  the  mode  of  carrying  out  these  j 
observations  v.  Kopp  {A.  96,  1  ct  seq.) ;  Thorpe 
(C.  J.  37,  141). 

Thorpe  (C.  J.  63,  262  [1893])  has  devised 
a  modification  of  the  ordinary  dilatometrical 
method,  which  permits  the  thermal  expansion 
of  a  liquid  to  be  determined  with  much  greater 
ease  and  rapidity  than  has  hitherto  been  pos- 
sible. It  obviates  the  use  of  large  baths,  and, 
by  reducing  the  size  of  the  dilatometers  to  the 
smallest  limit  consistent  with  the  proper  degree 
of  accuracy,  as  determined  by  the  error  of  a 
thermometer  reading,  it  avoids  the  necessity  for 
long  stems  and  the  consequent  correction  for 
the  cooled  '  emergent  columns.' 

Resu Its. — The  first  accurate  determinations 
•of  the  various  physical  constants  needed  to  ascer- 
tain the  specific  volumes  of  liquid  substances  were 
published  by  Kopp  in  18.55  {A.  96  [1865]  1-36, 
153-185,  303-335  ;  A.  100  [1856]  19-38  ;  v.  also 
P.  72  [1847]  1-62,  176,  223-293).  Kopp  con- 
cluded, from  the  results  of  a  long  series  of  ob- 
servations, that : — 

(1)  The  selection  of  the  temperature  of  equal 
vapour-pressures  as  a  basis  of  comparison  seemed 
to  be  warranted  by  the  fact  that  regularities  are 
■thereby  made  evident  which  otherwise  are  not 
apparent. 

(2)  Differences  of  specific  volume  are  pro- 
portional to  differences  in  chemical  composition. 

(3)  Isomeric  liquids  of  the  same  chemical 
type  have  equal  specific  volumes. 


(4)  The  substitution  of  hydrogen  for  an  equi- 
valent amount  of  oxygen  only  slightly  affects  the 
specific  volume. 

(5)  One  atom  of  carbon  can  replace  two 
atoms  of  hydrogen  without  altering  the  specific 
volume  of  the  compounds. 

Kopp  further  found  that  the  specific  volume 
of  a  liquid  compound  was  conditioned,  not  only 
by  the  composition,  but  also  by  the  constitution 
of  the  compound.  Thus  the  relative  position  of 
;  an  oxygen  atom  in  a  molecule  affects  its  specific 
volume ;  carbonylic  oxygen  and  hydrosylic  oxy- 
'  gen  have  two  very  different  values.  Sulphur,  in 
like  manner,  would  appear  to  have  two  specific 
volumes,  depending  on  its  position  or  mode  of 
combination  in  a  molecule. 

Definite  values  for  the  specific  volumes  of 
carbon,  hydrogen,  and  oxygen  were  obtained 
from  the  following  considerations.  An  incre- 
ment of  CR,  corresponds  to  an  increase  of  spe- 
cific volume  of  22.  Since  C  and  H.,  occupy  the 
j  same  volume,  we  have  C  =  11  and  H  =  5-5.  The 
I  replacement  of  H.,  by  carbonylic  0  is  attended  by 
a  slight  increase  in  the  specific  volume.  Kopp 
found  that  the  most  probable  value  tor  0  in  this 
form  of  combination  was  12-2.  For  hydroxylic 
oxygen  it  is  7'8 ;  obtained  by  subtracting  the  value 
j  for  H.J  (11)  from  the  specific  volume  of  water, 
18'8.  Hence  the  specific  volume  of  a  com- 
pound C„H(,0,0',(,  where  0  is  carbonylic  oxygen 
and  0'  is  hydroxyUo  oxygen,  may  be  expressed 
by  the  formula 

V  =  11-Oa  +  5-5b  -f  12-2C  +  ISd. 
Determinate  values  for  the  specific  volumes  of 
the  halogens — and,  with  less  precision,  for 
phosphorus,  arsenic,  and  antimony,  for  silicon, 
titanium,  and  tin — were  also  obtained  by  Kopp. 
As  regards  nitrogen  it  was  found  that  in  tlie 
amines  N  =  2-3.  The  group  ON  =  28 ;  the  group 
NO.j  =  33.  If,  then,  carbon  and  oxygen  preserved 
their  ordinary  values  in  these  radicles  N  must 
possess  at  least  three  different  values  depend- 
ing on  the  mode  of  combination.  There  is, 
however,  no  evidence  to  disprove  the  sup- 
position that  the  values  for  the  carbon  and 
oxygen  atoms  are  not  equally  affected  in  these 
groups.  This,  indeed,  suggests  the  possibility 
that  compound  radicles  like  CO,  HO,  NO,,  CN, 
(fee.  may  possess  definite  specific  volumes  which 
are  not  necessarily  the  sum  of  the  specific 
volumes  of  the  component  atoms  as  ordinarily 
ascertained. 

H.  L.  Buff  {A.  Suppl.  4,  129)  sought  to  show 
that  the  specific  volume  of  carbon,  like  that  of 
oxygen  and  sulphur,  is  affected  by  its  mode  of 
combination — or,  in  other  words,  that  carbon  in 
unsaturated  compounds  has  a  greater  specific 
volume  than  in  saturated  bodies — from  which  he 
surmised  that  the  specific  volume  of  an  element 
is  in  general  determined  by  its  particular  atomic 
value.  Thorpe  (C  J.  37,  392)  found  that  iso- 
meric liquids  have  not  invariably  the  same 
specific  volumes.  There  is  a  well-marked  dif- 
ference, for  example,  between  ethylene  and 
ethidene  chlorides  ;  indeed,  ethylene  compounds 
in  general  appear  to  have  smaller  volumes  than 
those  calculated  by  Kopp's  values.  Stiidel  has 
shown  that  in  the  series  of  chlorinated  and 
brominated  ethanes  and  ethylenes,  the  isomeride 
of  higher  boiling-point,  i.e.  the  ethylene  deriva- 
tive, has  invariably  the  lower  specific  volume. 
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Since  these  compounds  are  all  saturated,  and  the 
©nly  variable  constituent  is  a  monovalent  element 
(CI  or  Br),  it  would  appear  probable  that  the 
specific  volume  of  the  halogen  is  also  variable. 
Isomeric  hydrocarbons  manifest  similar  dif- 
ferences, whence  it  is  obvious  that  either  one  or 
both  of  the  elements  must  have  a  slightly  vari- 
able volume,  depending  on  grouping  or  mode  of 
combination ;  it  may  be  that  the  iso-  group,  like 
the  groups  carbonyl,  hydroxyl,  nitryl,  &c.,  has  a 
special  volume,  which  is  not  necessarily  the  sum 
of  the  volumes  of  the  component  atoms  as  de- 
duced from  Kopp's  values.  Kopp  himself  found 
that  the  volumes  of  isomerides  were  in  a  number 
6i  cases  only  approximately  equal,  and  in  others 
quite  unequal.  The  term  '  chemical  type,'  used 
in  the  sense  in  which  Gerhardt  employed  it,  is  not 
sufficiently  distinctive  to  denote  the  differences, 
say,  between  the  normal  and  iso-  compounds,  or 
between  aniline  and  the  picolines,  and  it  is 
questionable  whether  Kopp  would  have  con- 
sidered such  cases  as  coming  within  his  rule. 

The  observed  specific  volumes  of  the  aro- 
matic compounds  are  frequently  lower  than  the  i 
calculated  values.  Indeed,  our  views  as  to  the 
constitution  of  the  aromatic  compounds  would 
lead  us  to  expect  that  the  specific  volume  of 
benzene,  and  the  volumes  of  the  derivatives  which 
contain  the  benzene  grouping,  would  probably  be 
different  from  the  values  deduced  from  observa- 
tions made  for  the  most  part  on  compounds  of 
totally  different  constitution.  Kopp  {A.  Suppl. 
5,  308  [1867])  showed  from  Louguinine's  observa- 
tions that  while  benzene  has  an  abnormally  low 
specific  volume,  its  homologues  show  the  con- 
stant increase  of  22  for  an  increment  of  CH^, 
which  is  what  might  be  anticipated,  since  these 
homologues  are  produced  by  the  addition  (substi- 
tution) of  methyl,  ethyl,  &c.,  to  the  benzene  groujJ. 
Jungfleisch's  observations  on  the  specific  volumes  ! 
of  the  chlorine  substitution  products  of  benzene 
also  seem  to  show  that  the  positions  of  the 
chlorine  atoms  affect,  in  a  very  marked  manner, 
the  specific  volume  of  the  product  (C.  B.  64, 
911). 

Further  observation  has  shown  that  Kopp's 
conclusion  that  liquid  elements  and  radicles  have 
the  same  volume  in  combination  as  in  the  free 
state  is  well  founded.  Thus  the  observed  volume 
of  NO,  =  32'0,  calculated  =  31'5 ;  observed  volume 
of  Br  =  53'6,  calculated  =  53'4 ;  observed  volume  of 
CN  =  28-9, calculated  =  28-9.  The observedspecific 
volume  of  CI  from  Knietsch's  determinations  of 
the  specific  gravity  of  liquid  chlorine  is  22-8 ; 
the  mean  calculated  value  is  22-7.  Kopp  sur- 
mised that  members  of  the  same  chemical 
family  would  be  found  to  have  the  same  specific 
volume;  observation  shows,  however,  that  the 
specific  volumes  gradually  increase  with  the  in- 
crease of  atomic  mass  (Thorpe,  I.e.). 

Schiff  {A.  220,  71  [1883])  has  concluded  that 
while  it  is  generally  true  that  isomeric  com- 
pounds have  slightly  different  specific  volumes, 
it  is  almost  invariably  the  case  that  the  substance 
possessing  the  higher  boiling-point  has  also  the 
higher  specific  volume  (compare  Stiidel).  In 
the  case  of  the  metameric  esters  of  the  fatty 
acids,  it  is  found  that,  as  a  rule,  the  specific 
volumes  increase  with  the  diminution  of  the 
number  of  carbon  atoms  in  the  acidic  radicle  and 
with  the  increase  of  the  carbon  atoms  in  the 
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alcoholic  radicle.  At  the  same  time,  it  would  ap- 
pear that  the  differences  between  the  observed  and 
calculated  values  are  mainly  due  to  the  alcoholic 
radicle,  the  acidic  radicle  apparently  having  but 
slight  influence.  This  is  in  conformity  with 
Lossen's  observations,  that  while  the  ethers  and 
acids  give  experimental  values  which  are  almost 
in  exact  accordance  with  Kopp's  values,  the  alde- 
hydes and  alcohols  show  wider  variations,  methyl 
alcohol  giving  too  great  an  observed  value,  while 
the  others  give  smaller  and  smaller  values  as 
the  amount  of  carbon  increases.  It  is,  how- 
ever, noteworthy  that  the  differences  between 
the  aldehydes  and  derived  alcohols  remain 
almost  constant,  which  is  not  the  case  with 
the  aldehydes  and  acids,  where  the  difference 
appears  to  increase  with  the  molecular  weight. 
Hence  the  differences  between  the  homologous 
aldehydes  are  very  nearly  equal  to  those  between 
the  corresponding  homologous  alcohols  (Lossen). 
The  mode  in  which  carbon  is  combined  in  an 
organic  compound  has,  according  to  Schiff,  a 
distinct  influence  on  its  speciflc  volume ;  like 
Buff,  he  finds  that  a  doubly  linked  carbon  atom 
occupies  a  smaller  volume  than  when  singly 
linked.  It  is,  however,  very  doubtful  whether  the 
facts  at  present  known  are  sufficient  to  estabUsh 
this  conclusion. 

There  is,  however,  good  reason  to  believe  that 
what  we  call  '  specific  volume  '  is  not  a  purely 
additive  property.  The  speciflc  volumes  of  sub- 
stances are,  in  all  probabihty,  affected  by  many 
more  conditions  than  those  we  have  hitherto  taken 
cognisance  of.  The  value  CH,  =  22  has  no  other 
significance  than  as  expressing  the  average  in- 
crement in  volume  in  successive  members  of  a. 
homologous  series.  Indeed,  as  the  physical  data 
increase  it  becomes  doubtful  whether  even  this 
mean  value  is  correct.  It  would  seem  that  the 
value  augments  as  the  series  is  ascended.  The 
relation  C  =  2H  no  longer  applies  to  carbon  com- 
pounds in  general.  What  is  true  of  carbon  andi 
hydrogen  is  equally  true  of  oxygen,  whether  as 
carbonylic  or  as  hydroxylic  oxygen.  No  definite 
or  uniform  values  can  be  assigned  to  oxygen 
such  that  the  specific  volume  of  a  liquid  com- 
pound containing  this  element  can  be  accurately 
calculated.  The  values  given  by  Kopp  and  others 
are  simply  mean  values,  but  the  actual  volumes 
are  affected  by  conditions  of  which,  as  yet,  we 
have  no  very  precise  knowledge  and  which  we 
have  no  certain  means  of  measuring.  The  values 
for  the  other  elements  are,  of  course,  affected  by 
these  considerations.  Thus  the  specific  volume 
of  chlorine  is  obtained  on  the  assumption  that  the 
values  for  carbon  and  hydrogen  are  constant. 

Lossen  [A.  254,  42)  has  devised  formulre 
which  take  note,  or  express  the  measure,  of  the 
influences  which  affect  the  uniformity  in  the 
values  of  speciflc  volumes  of  organic  compounds. 
These  formulte  can  only  be  considered  as  first 
approximations,  but  their  value  will  be  evident 
from  the  fact  that  they  serve  to  reproduce  the 
observed  values  with  a  greater  approach  to- 
accuracy  than  has  hitherto  been  possible.  Out 
of  the  407  compounds  which  furnished  the  ex- 
perimental material  on  which  these  formulse  are 
based,  the  observed  molecular  volumes  of  352 
differ  by  less  than  2  p.c.  from  the  calculated 
volumes.  Comparatively  few  of  these  differences 
are  to  be  ascribed  to  experimental  errors.  Im 
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the  main  they  are  caused  by  influences  of  struc- 
ture and  composition  which  as  yet  we  have  no 
certain  means  of  measuring,  such  as  the  eifect 
of  substituted  clilorine,  or  the  special  effect  of 
iso-  grouping,  or  of  the  ortho-,  meta-,  or  para- 
position,  &c. 

According  to  Lossen,  the  specific  volumes  of 
the  greater  number  of  compounds  containing 
carbon,  hydrogen,  and  oxygen  which  have 
hitherto  been  determined,  may  be  calculated  by 
the  formula 

Sp.  vol.  C„H„,Op(M)  =  (10-24  ± xO-5)(7i+p} 
+     (5-12  ±  x0-2rym) 
±    i(w-2)- ± 
In  this  equation  x  denotes  a  number  between 
0  and  1,  which  varies  with  different  homologous 
series  but  which  is  constant  for  the  members 
of  the  same  series.    The  sign  /x  represents  the 
number  of  hydrogen  atoms  required  to  con- 
vert the  formula  into  that  of  a  saturated  com- 
pound.    The  term  j{n  —  2y  is  introduced  to 
compensate  for  the  increase  in  the  value  corre- 
sponding to  CH„  as  the  molecular  weight  in- 
creases.   Gartenmeister  {A,  233,  304)  having 
shown  that  in  the  case  of  the  fatty  esters  the 
mean  increase  corresponding  to  CH^  is  0'5, 

Lossen  adds  the  term     + 1  +  f  +  ...  '~^^< 

which  he  erroneously  states  is  equal  to  2)-, 
a  number  always  subsequently  employed,  but 
which,  as  comparison  shows,  serves  to  give 
good  agreement  with  observed  values. 

For  the  majority  of  fatty  compounds  the 
formula 

CnHmOp =10-i5(n+p)+5-225m  +  i(,n-2y+l-5fi 
gives  results  agreeing  with  the  observed  values. 
For  the  alcohols,  however,  the  expression  be- 
comes 

C„H:mOp=10'l(n+p)  +  5-05m+K»!-2)°+l"35fi. 

If  it  be  supposed,  as  seems  highly  probable,  that 
for  all  the  members  of  a  series  of  similarly  con- 
stituted compounds  the  same  influences  are 
existent,  whereby  the  specific  volumes  exhibit 
variations  from  the  "additive  quantities  assumed 
by  Kopp,  then  we  may  regard  the  variable  a;  as  a 
term  which  takes  account,  and  may  be  regarded 
as  the  measure,  of  these  disturbing  influences, 
and  which,  though  constant  for  the  members  of 
the  same  series,  should,  as  before  stated,  vary  for 
other  homologous  series  of  compounds  (Thorpe 
a.  Jones,  C.  J.  63,  289). 

Schroder  regards  the  specific  volume  of  an 
element  in  combination  as  variable  within  limits 
determined  by  the  nature  of  the  chemical  com- 
pound. In  any  one  compound,  however,  all  the 
elementary  atoms  are  regarded  as  occupjdng  either 
equal  or  multiple  volumes.  Hence  every  specific 
volume  is  a  multiple  of  a  certain  space-unit  or 
stere,  the  value  of  which  may  vary  between  6'7  and 
7'4,  depending  on  the  number,  nature,  and  mode 
of  union  of  the  atoms.  Schroder  thus  obtains 
his  determinate  values.  The  specific  volumes  of 
formic,  acetic,  and  propionic  acids  increase  about 
22  units  for  each  increment  of  CHj ;  in  the  case 
of  alcohols  the  increase  is  about  20  units.  The 
volume  of  formic  acid  is  41-8,  i.e.  2  x  20'9  ;  that 
of  methyl  alcohol  is  42-8  or  2  x  21-4.  Hence  in 
formic  acid,  CH._,02,  the  occupies  the  same 
volume  as  CH^ ;  and  in  methyl  alcohol,  CHoO, 
the  H,0  has  the  same  volume  as  CHj.    In  hke 
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manner  ethyl  alcohol,  CH^O,  has  the  volume 
G2-1,  i.e.  3  X  20-7.  Since  2  x  CH.  =  2  x  20-7,  then 
H.,0  =  20"7.  Acetic  acid  has  the  volume  63-6,  i.e. 
3  X  21-2  ;  2CH,  is  2  x  21-2  and  0.,  =  21-2.  The 
volume  of  acetaldehyde  is  56-9,  i.e.  about  6-6 
smaller  than  that  of  acetic  acid ;  this  would 
indicate  that  the  substitution  of  OH  by  H  lowers 
the  volume  by  6-6.  Since  HjO  =  21-4,  it  follows 
that  the  hydrogen  and  oxygen  in  hydroxyl  each 
occupy  one  space-unit  or  stere.  As  CH,  =  21, 
we  find  that  carbon  also  occupies  one  stere  or 
space-unit.  Now,  from  the  volume  of  formic 
acid  which  contains  6  steres,  it  is  found  on  sub- 
tracting 3  steres  for  CHj  and  1  stere  for  hydroxyhc 
oxygen,  that  the  carbonyUe  oxygen  must  occupy 
2  steres. 

We  obtain,  then,  the  following  rule :  The 

number  of  space-units  or  steres  of  the  saturated 
co^npounds  of  carbon,  hydrogen,  and  oxygen  cor- 
responds to  tJis  number  of  the  atoms  increased 
by  as  many  units  as  there  are  atoms  of  carbonylic 
oxygen  presejit. 

If  we  calculate  by  means  of  this  rule  the 
steres  of  the  saturated  compounds,  we  find  that 
they  vary  within  narrow  limits,  and  for  the  most 
part  increase  with  increasing  molecular  weight.  In 
the  greater  number  of  cases  the  values  range 
between  6'9  and7'2.  Ostwald  has  determined  the 
value  of  the  stere  for  a  large  number  of  saturated 
fatty  compounds,  with  the  following  results  ; — 

Hydrocarbons     6-89,  6-99,  6-82,  7-11,  7-23. 
Alcohols        .    7-12,  6-91,  6-77,  6-88,  6-78,  6-78, 

6-81,  6-74,  7-09 
Acids    .       .    6-97,  7-06,  7-11,  7-19,  7-24,  7-24, 

6-  85. 

Esters   .       .    7-04,  7-08,  7-05,  7-14,  7-26,  7-43, 

7-  45,  7-47. 

Aldehydes     .   7-11,  7-05,  7-18,  7-01,  7-18,  6-93, 
7-27. 

In  the  series  of  the  hydrocarbons,  the  acids, 
and  the  esters,  the  steres  in  the  cases  of  the  normal 
compounds  increase  regularly  with  increasing 
^  molecular  weight ;  in  the  series  of  the  alcohols  the 
steres  decrease  up  to  the  third  member  and  then 
increase.  The  secondary  and  tertiary  compounds 
have,  as  a  rule,  smaller  steres  than  the  normal 
compounds.  Kopp  concluded  from  the  approxi- 
mately equal  volumes  of  the  alcohols  and  cor- 
responding acids  thatH,  and  O  are  volumetrically 
equivalent ;  and  from  the  equivalence  of  the 
volumes  of  benzyl  and  amyl  compounds  he  in- 
ferred that  C.2  and  Hj  are  mutually  replaceable 
without  alteration  of  volume.  Hence  he  assumed 
that  the  hydrogen  atom  occupies  only  half  the 
volume  of  the  oxygen  or  carbon  atom.  Schroder 
established  the  volume  equivalence  of  CHo.HOH, 
and  O'O,  and  he  inferred  from  the  difference 
in  volume  between  alcohol  and  aldehyde  that 
hydroxyhc  oxygen  has  the  same  volume  as  hydro- 
gen and  carbon,  while  carbonylic  oxygen  has 
twice  the  volume.  While,  then,  Kopp  assumes 
approximately  H,  =  C  =  0,  Schroder  makes 
H  =  C  =  0  (Ostwald,  Lehrbuch,  [2nd  ed.]  vol.  i. 
p.  388). 

In  the  case  of  unsaturated  and  aromatic 
compounds,  Schroder  assumes  that  each  double 
linkage  is  attended  with  an  increase  of  volume 
amounting  to  one  stere;  hence  the  above  rule 
has  to  be  modified  in  this  sense  when  applied  to 
compounds  of  this  class.    The  value  of  the  stere 
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in  a  number  of  unsaturated  compounds  is  found 
to  be : — 

Hydrocarbons        .    6-87,  7-09,  6-93,  6-99. 
Alcolwls        .       .  6-72. 
Esters  and  ethers    .    7-14,  7-13. 

These  values  vary,  practically,  within  the 
same  limits  as  in  the  saturated  compounds. 

As  regards  aromatic  compounds,  it  would 
seem  to  foUow  from  the  identity  in  the  volumes 
of  benzoyl  and  amyl  compounds,  as  indicated  by 
Kopp,  as  well  as  from  the  corresponding  rela- 
tion between  the  isobutyl  and  phenyl  compounds, 
that  comprises  the  same  number  of  stores 
as  CjHg — that  is,  13.  Of  these,  5  are  occupied  by 
hydrogen ;  so  that  the  carbon  group  C5  occupies 
8  steres. 

The  values  of  the  stere  in  a  number  of  aro- 
matic compounds  are  as  follows : 
Hydrocarbons     6-85,  6-94,  6-98, 7-00, 6-95,  7-04, 

7-04,  7-04,  7-06,  6-84 
Other  compounds  6-91,  6-87,  7-05, 6-97, 7-16,  7-26, 

7-50,  7-28,  7-14,  6-96,  7-07. 
The  value  of  the  stere  here  also  varies  within  the 
usual  limits  ;  it  is  comparatively  small  for  the 
hydrocarbons  (6'8-7'0),  larger  in  the  case  of  the 
alcohols,  and  still  larger  in  that  of  the  esters 
(7-2-7-5)  (Ostwald,  I.e.). 

There  is  one  consideration  which  is  vital  to 
the  whole  question,  and  to  which,  therefore,  a 
brief  reference  must  be  made.  It  relates  to  the 
choice  of  conditions  under  which  the  values  we 
term  specific  volumes  are  really  comparable. 
Although  Horstmann  and  Lossen  have  advanced 
reasons  against  the  practice,  contending  that 
at  any  other  temperature,  say  0°,  relations  simi- 
lar to  those  now  estabhshed  are  made  mani- 
fest, it  has  been  the  custom,  in  accordance  with 
Kopp's  direction,  to  compare  the  specific  volumes 
of  liquids  at  the  temperatures  of  their  respective 
boiling-points  under  a  standard  atmosphere. 
Whether,  however,  the  temperature  of  the  boil- 
ing-point, under  these  circumstances,  is  a  truly 
comparable  condition  is  open  to  question.  It 
has  been  urged  by  Horstmann  that,  since  what 
we  call  atomic  volume  is  the  space  not  merely 
filled  by  an  atom  but  also  that  in  which  it  moves, 
it  is  not  a  priori  probable  that  at  temperatures 
which  differ,  say  by  300° — as,  for  example,  in  the 
case  of  CjH,,,  (boiling-point  1°)  and  CigHjg  (boil- 
ing-point 317°) — these  volumes  wiU  be  the  same. 
Moreover,  as  pointed  out  by  Bartoli,  the  boiling- 
point  cannot  in  the  nature  of  things  be  a  strictly 
comparable  condition,  since  it  is  affected  by 
pressure  to  a  different  extent  in  the  case  of  dif- 
ferent Liquids.  Objections  of  even  greater  weight 
may  be  urged  against  the  suggestions  of  Tscher- 
mak  and  Krafft  to  take  the  melting-point  as  a 
comparable  state. 

No  doubt,  theoretically  speaking,  a  valid 
condition  should  be  when  pressure,  volume,  and 
temperature  are  expressed  in  terms  of  their 
critical  values.  But  that  certain  regularities  in 
the  molecular  volumes  at  the  boiling-points 
have,  in  spite  of  this,  been  discovered  may  be 
explained,  as  Guldberg  has  shown,  when  we 
compare  the  values  of  T,,  the  absolute  boiling- 
point,  with  those  of  T,  the  absolute  critical  tem- 
perature ;  in  those  oases  in  which  these  two 

T 

constants  are  known,  the  ratio  —  approximates 
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to  -  .    Hence  it  follows  that  qualities  like  mole- 

culat  volumes,  which  alter  only  slowly  with 
temperature,  are  comparable  at  the  ordinary 
boiling-points  {Z.  P  C.  5,  874). 

It  ought,  perhaps,  to  be  stated  that  subse- 
quent observations  show  that  the  so-called  '  cor- 
responding temperatures '  deduced  from  Van  der 
Waal's  generalisations  have  not  that  degree  of 
validity  as  temperatures  of  comparison  which 
they  were  originally  assumed  to  possess.  In- 
deed, the  present  condition  of  knowledge  war- 
rants the  statement  that  Kopp's  original  method 
of  comparison  is  as  valuable  as  any  yet  indicated 
(Thorpe,  C.  J.  68,  775  [1893]).  T.  E.  T. 

SPECTROSCOPIC  ANALYSIS  v.  Physicai 
METHODS,  section  Optical  methods,  subsection 
Spectroscopic  methods,  this  vol.  p.  239. 

SPELTER.    A  commercial  name  for  zinc. 

SPERGULIN  (CsHjOj)^.  Occurs  in  the  seed- 
coverings  of  Spergula  vulgaris  and  S.  maxima 
(Harz,  G.  C.  1879,  24).  Amorphous.  Its  alco- 
holic solution  exhibits  dark-blue  fluorescence, 
which  is  destroyed  by  sunshine.  A  small 
quantity  of  potash  or  NaoC03  added  to  the  al- 
coholic solution  causes  it  to  fluoresce  green. 
Cone.  H.^SOj  forms  a  dark-blue  liquid. 

SPERMINE  C.oHjsN,  (Poehl,  B.  24,  859); 
C4H,„Nj  (S.).  Occurs  as  phosphate  in  the  sper- 
matic fluid,  in  calves'  liver  and  heart,  and  in 
some  pathologic  preparations  that  have  been 
kept  under  alcohol  (Schreiner,  A.  194,  68).  It 
is  not  identical  with  pyrazine  hexahydride 
(Majert  a.  Schmidt,  B.  24,  241 ;  cf.  Ladenburg, 

B.  20,  442  ;  21,  758 ;  Poehl,  C.  B.  115,  515  ; 
Duolaux,  C.  R.  115,  165,  549).  Crystals  (from 
alcohol),  v.  sol.  water,  v.  si.  sol.  alcohol.  Alka- 
line in  reaction.  Absorbs  CO,  from  the  air. 
Its  aqueous  solution  is  ppd.  by  phospho- 
molybdic  acid  and  by  potassium  bismuth 
iodide.  —  C|oH2eH44HCl :  prisms,  v.  e.  sol. 
water.— C,„B^sN42HJ>tCl6.—C,„HajN44HAuCl4.— 

C,  „H26N4(H3P04)2  6aq:  [170°];  rosettes  of  pyra- 
mids, si.  sol.  hot  water. 

SPIKE  OIL.  S.G.  above  -900.  Slightly 
dextrorotatory  (Schimmel,  Ph.  [3]  22,  329). 
[a]i,  =  l°  24'(Voiry  a.  Bouchardat,  G.  B.  106, 
551)  or  liEvorotatory  (Bruylants,  J.  Ph.  [4]  30, 
139).  An  essential  oil  obtained  from  the 
blossoms  of  Lavandula  aspica  latifolia  (Lalle- 
mand,  A.  114,  197  ;  Sauer  a.  Griinling,  A.  208, 
75).  Smells  like  lavender.  Contains  a  terpene 
(175°)  or  (158°),  which  yields  crystalline 
C,oH,|.HCl,  camphor,  borneol,  and  a  resin. 
According  to  Voiry  and  Bouchardat,  oil  of  spike 
contains  inactive  spikol  C,„H,80  [0°]  and  C,„H,5 
(155°-160°)  Mb  =  24°,  which  yields  a  hydro- 
chloride [129°]  [a]B=  -2°. 

SPIROGRAPHIN  v.  Pboteids,  Appendix  0. 

SPONGIN  V.  Proteids,  Appendix  C. 

STACHYDRIN  CH.^NOj.  [210°].  Occurs 
with  glutamine,  tyrosine,  and  stachyose  in  the 
tubers  of  Stachys  tuberifera  (Von  Planta  a. 
Schulze,  B.  26,  939).  Colourless,  deliquescent 
crystals  (from  water).  Behaves  like  betaine 
with  regard  to  alkaloidal  reagents. — B'HCl. 
Prisms,  v.  sol.  water,  sol.  cold  water  (difference 
from  betaine). — B'jHjPtClg  2aq.  Trimetric  crys- 
tals ;  a:6:c  =  -608:1: -828.— B'HAuClj.  Small 
yellow  prisms  (from  water). 
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STACHYOSE    C,«H,,0,„  3aq.       [a]n  =  148°.  ! 
Occurs  in  the  roots  of  Stachi/s  tuberifera  (Planta  j 
a.  Schulze,  B.  23,  1692;  24,  2705).  Tablets, 
with  sweetish  taste,  v.  sol.  water.  Dextrorota- 
tory.   Has  no  action  on  Fehling's  solution  until 
after  boiling  with  mineral  acids,  by  which  it  is 
converted  into    galactose  and    an  isomeride 
^?  glucose).    HNO3  forms  mucic  acid,  galactose, 
glucose,  and  cane-sugar.    Gives  a  red  colour  on  ' 
heating  with  resorcin  and  HClAq.    Gives  no  pp.  j 
with  lead  acetate  until  NH.jAq  is  added.  1 

STANNATES,  and  salts  related  thereto ;  v.  1 
under  Tin.  j 

STAPHISAGRINE  v.  Delphinine. 

STARCH.  Amylutn.  wC,„H„„0|„.  The  value 
of  11  has  not  been  definitely  settled ;  it  is  un- 
doubtedly high.  Brown  and  Morris  (C.  J.  55, 
462),  employing  Eaoult's  method  for  determining 
molecular  weights,  show  n  for  soluble  starch 
(see  below)  =100,  i.e.  molecular  weight  =32,400. 
The  molecular  weight  of  starch  cannot  be  less 
than  this.  From  O'Sullivan's  work  (C  J.  35, 
783)  it  would  seem  that  11  is  not  less  than  36. 
Pfeifer  a.  ToUens  {B.  C.  1882,  775  ;  A.  210,  295),  j 
from  the  composition  of  some  sodium  and  po-  ] 
tassium  compounds  prepared  from  starch,  arrive 
at  the  value  w  =  2 ;  the  substances  are  probably 
compounds,  not  of  starch,  but  of  some  decom- 
position products  thereof.  Sachsse  (C  C.  [3] 
8,  732)  and  Nageli  {A.  173,  218)  proposed 
60^11,1,05  -f  H^O  as  the  formula.  Other  observers 
^Mylius,  B.  20,  694;  Salomon,  J.  pr.  [2]  28, 
82)  have  suggested  different  formulfe,  but  the 
evidence  is  not  satisfactory  ;  we  may  take  it, 
however,  that  the  molecule  of  starch  is  not  less 
than  n  =  100. 

Occurrence. — Starch  is  present  at  some  time 
or  the  other  in  all  green  plants.  It  is  said  to  be 
found  in  almost  all  parts  of  the  plant,  but  it  is 
specially  stored  up  in  seeds,  the  pith  of  stems, 
in  bulbs,  tubers,  rhizomes,  and  roots— generally 
those  parts  of  the  plant  which  serve  as  a  store 
for  reserve  material.  It  is,  however,  a  question 
whether  the  granules  recognised  as  starch  in 
leaves,  sap,  &c.,  outside  the  reserve  organs,  are 
chemically  identical  with  the  starch  of  these 
organs.  The  evidence,  one  way  or  the  other,  is 
unsatisfactory.  Starch  is  not  known  to  be  an 
animal  product.  It  is  present  in  some  fungi 
(Bourquelot,  J.Ph.  [5]  24,197). 

Formation. — Starch  has  not  been  prepared 
artificially.  It  is  produced  in  the  chlorophyll 
cells  of  plants,  light,  carbon  dioxide,  and  water 
being  necessary ;  oxygen  is  eliminated  at  the 
same  time.  No  doubt,  intermediate  products  — 
amylan-like  bodies,  sugars,  <&c. — are  at  first  pro- 
duced, but  the  granules  are  the  first  visible  pro- 
ducts of  the  assimilation  found  in  the  leaves. 
The  starch  thus  formed  is  transferred  to  the  re- 
serve oi'gans  as  such,  or,  more  probably,  as  some 
sugar  or  other  transformation  product  or  pro- 
ducts, as  leaves  are  known  to  contain  transform- 
ing agents  (Baranetzky,  Die  starkeumbildenden 
Fermente  in  den  Pflanzen,  Leipzig,  1878  ;  Brasse, 
C.  B.  99,  878). 

Preparation. — Starch  of  commerce  is  pre- 
pared from  various  sources — viz.,  amongst  others, 
wheat,  rice,  maize,  potatoes,  Maranta  indica 
(American  starch),  Maranta  arundinacea  (arrow- 
root), the  roots  of  Jatropha  Manihot  or  Mani- 
Jwt  utilissima  (tapioca),  the  stems  of  several 


species  of  Sagus  or  Cycas  (sago).  For  manu- 
facturing methods  see  Thorpe's  Dictionaky,  art. 
'  Starch.'  In  the  laboratory,  starch  can  be  pre- 
pared from  any  starch-containing  material  as 
follows : — 

From  materials  that  can  be  ground,  sucli  as 
the  cereals,  &c.,  wheat,  barley,  maize,  rice,  &o. 
The  material  is  ground  in  a  coffee-mill,  and  the 
meal  steeped  in  a  0'6  to  1  p.c.  sol.  KHO  or  NaHO. 
After  standing  24-36  hours  the  coarser  portions 
are  separated  by  straining,  with  rubbing,  and  a 
slight  flow  of  water  through  a  wire  sieve  of  about 
20  wires  to  the  inch.  The  strained  milky  liquid 
is  allowed  to  stand  for  a  short  time,  when  a 
layer  of  crude  starch  settles  at  the  bottom  of  the 
vessel.  The  liquid,  with  the  matter  in  suspen- 
sion, is  transferred  to  another  vessel,  and  again 
allowed  to  stand,  when  a  second  deposit  of  crude 
starch  takes  place.  The  process  may  be  repeated 
a  third  and  a  fourth  time.  The  whole  of  the 
suspended  matter  is  thus  allowed  ki  settle,  when 
the  fairly  clear  supernatant  liquid  is  decanted  off 
and  rejected.  The  deposit  is  then  rubbed  through 
a  fine  hair  sieve,  with  a  slight  flow  of  water,  and 
allowed  to  deposit  a  layer  of  starch  as  before. 
This  is  repeated  as  long  as  a  starch  layer 
separates.  The  whole  of  the  starch  layers  are 
then  collected,  again  suspended  in  water,  and 
allowed  to  settle.  At  times  a  layer  contaminated 
with  much  brovi'n  matter  falls  out  first ;  from 
this  the  supernatant  liquid  with  the  starch  in 
suspension  is  decanted  off  and  allowed  to  stand, 
when  a  fairly  pure  deposit  of  starch  is  obtained. 
Further  crops  can  be  got  from  the  residue,  but 
it  is  difficult  to  free  them  from  fibre,  &c. 

From  materials  that  cannot  be  ground,  such 
as  potatoes,  bulbs,  rhizomes,  other  roots,  and 
pith.  The  well-washed  material  is  rubbed  down 
with  a  grater  into  water,  to  which  afterwards 
the  alkali  is  added.  The  first  deposit  in  these 
cases  contains,  as  a  rule,  earthy  matter,  but  it  is 
easily  separated  by  allowing  it  to  settle,  which 
it  does  in  a  short  time,  and  then  decanting  oft' 
the  starchy  liquid.  Two  or  three  depositions 
and  strainings  through  a  fine  hair  sieve  give  a 
clean  starch. 

In  dealing  with  the  cereals  the  starch  can  be 
also  separated  by  what  is  known  as  the  acid 
process.  The  meal  is  steeped  in  water  and 
kept  at  a  temperature  of  from  25°  to  27°  until 
acid  is  developed.  On  then  stirring  up  with 
water  the  light  flocculent  cell  walls  and  undis- 
solved albuminoids  separate  and  allow  the 
starch  to  deposit  on  standing.  I>y  repeated  sus- 
pensions, stirrings,  and  depositions,  clean  crops 
of  starch  are  obtained. 

These  products,  like  the  starches  of  com- 
merce, are  not  pure,  but,  as  a  rule,  contain  ash, 
oil  or  fat,  albuminoids,  &c.  Some  of  them  are 
slightly  alkaline,  some  acid,  from  the  condition 
j  of  the  water  used  in  the  last  washing.  Purifica- 
j  tion  is  effected  by  treatment  with  dilute  KHO 
solution  (0'5  p.c),  then  dilute  HCl  (up  to  1  p.c), 
then  with  strong  alcohol,  and  finally  with  water. 
They  then  can  be  dried  by  exposure  to  the  air 
on  layers  of  filter-paper. 

Structure. — The  starch  thus  obtained  varies 
much  in  appearance,  from  the  glistening  silky 
white  of  potato  starch  to  the  dead  chalky  white 
of  rice  or  maize  starch.  It  consists  of  micro- 
scopic granules,  varying  in  size  from  about  0-2 
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mm.  to  0'002  mm.  The  same  plant  always 
yields  granules  of  specifically  the  same  size  and 
shape,  with  as  little  variation  as  the  size  and 
shape  of  the  leaf,  hence,  from  the  microscopic 
appearance  of  the  granules,  it  is  always  possible 
to  tell  the  source  of  a  sample  of  starch.  If  it 
is  wished  to  determine  the  source  of  any  sample 
of  starch,  the  following  classification  of  the 
starches  will  be  of  some  use.  If,  under  the 
microscope,  the  granules  are 

(a)  large,  rounded,  and  more  or  less  marked 
with  rings :  the  starch  may  be  potato,  tapioca, 
sago,  &c. 

(6)  rounded,  very  slightly  ring  -  marked  : 
barley,  rye,  wheat,  &c. 

(c)  reniform  :  beans,  peas,  &c. 

(d)  intermediate  in  size,  rounded,  and  ir- 
regular :  crocus,  tulip,  and  other  bulbs. 

(e)  irregular  in  figure,  bounded  by  surfaces 
more  or  less  plain  :  maize,  oats,  rice,  &o. 

(f)  small  granules,  rounded  or  irregular : 
fern,  chestnut,  parsnip,  &c. 

It  will  be  observed  that  some  of  these  are 
round,  oval,  or  reniform,  while  others  are  ir- 
regular figures  bounded  by  surfaces  more  or 
less  plain.  The  microscopic  appearance  does 
not  always  give  the  true  form  of  the  granule, 
but  a  form  which  is  the  result  of  the  pressure  of 
the  cover  glass ;  for  example,  the  well-marked  star 
with  central  spot  in  rye  starch  and  the  split  and 
striated  appearance  of  maize  starch  are  produced 
by  the  pressure  of  the  cover  glass  on  the  granules. 
The  granules  of  some  starches  are  marked  with 
well-defined  more  or  less  concentric  rings,  well 
shown  in  potato  starch  ;  in  others  there  are  no 
markings,  the  granules  appearing  as  a  clear, 
transparent  cell.  It  is  not  absolutely  agreed 
upon  whether  the  starch  granule  consist  of  a 
single  body  or  is  made  up  of  two  or  more.  Some 
hold  that  the  properly  purified  granule  is  a 
single  substance,  the  coating  or  layers  of  which 
differ  from  the  contents  simply  in  containing 
less  water  and  being  thus  more  dense.  Accord- 
ing to  Nageli  (Die  Starkekorner)  and  others,  the 
dense  portions  consist  of  starch  cellulose,  while 
the  less  dense,  transparent  plasma  is  granulose. 
The  stratified  structure  is  the  result  of  the  mode 
of  growth  of  the  starch  granule,  the  additions 
being  made  by  intussusception,  i.e.  from  within 
outwards.  It  is  said  that  when  the  granule  is 
ruptured  the  granulose  dissolves  in  cold  water, 
leaving  the  starch  cellulose ;  the  former  gives  the 
well-known  blue  reaction  of  starch  with  iodine, 
while  the  latter  is  only  coloured  yellowish 
(Jessen,  P.  106,  497  ;  J.  pr.  105,  65  ;  Brown  a. 
Heron,  C.  J.  35,  610;  Brukner,  M.  4,  889). 
On  heating  the  insoluble  portion  with  water 
it  also  gives  the  characteristic  blue  reaction 
with  iodine.  Granulose  may  be  separated  from 
starch  cellulose  (a)  by  digesting  the  granules 
for  several  days  with  a  saturated  solution  of 
KaCl  containing  1  p.c.  HCl — the  cellulose  re- 
mains undissolved  (F.  Schulze,  Henneberg'sJour. 
Landwirth.,  new  ser.,  7,  214)  ;  (b)  by  digesting 
starch  with  saliva  at  45°-55°,  this  dissolves  the 
granulose  (Nageli,  Die  Starkekorner,  110;  (c)  by 
the  action  of  certain  schizomycetes,  which  de- 
compose the  granulose  of  starch-paste  and  leave 
the  cellulose  untouched  (Fitz,  B.  10,  282) ;  and 
(d)  by  the  action  of  malt-extract  on  starch  paste 
in  the  cold,  the  cellulose  is  left  undissolved. 


A.  Mayer  (C.  C.  1887,  6 ;  Bot.  Zeit.  1886,  693) 
considers  that  the  starch  granule  is  a  homo- 
geneous substance,  and  that  the  terms '  granulose ' 
and  '  starch  cellulose '  must  be  abandoned,  for  he 
points  out  that  the  delicate  transparent  skeletons 
left  when  the  gelatinised  granules  are  acted 
on  by  saliva,  dilute  acids,  Ac,  are  produced  by 
the  action  of  the  reagent  on  the  starch,  and  are 
identical  with  amylodextrin.  I  am  inclined  to 
the  view  that  starch  granulose  differs  from  starch 
cellulose  in  being  less  dense  in  consequence  of 
containing  less  water  of  hydration.  Starch 
granules  act  on  polarised  light,  and  when  ex- 
amined with  the  microscope  between  two  Nicols, 
produce  very  pretty  effects  ;  v.  Bailey  (P.  M.  [5] 
2,  123). 

Properties. — Air-dried  starch  sometimes  con- 
tains over  20  p.c.  HjO ;  this  it  loses,  slowly 
towards  the  end,  in  a  vacuum  over  sulphuric 
acid ;  by  gradually  raising  the  temperature  to 
100°,  under  these  conditions,  it  soon  becomes 
absolutely  free  from  H^O.  The  specific  gravity 
of  air-dried  starch  varies  very  considerably,  the 
variation  being  due  in  the  main  to  the  quantity 
of  moisture.  Dry  starches,  however,  would  appear 
not  to  be  absolutely  alike  in  specific  gravity ;. 
that  of  anhydrous  potato  starch  is  1'650,  whilst 
anhydrous  arrowroot  starch  is  1-5648  (Fliickiger,. 
Fr.  5,  305  ;  Saare,  J.  1884,  1654).  Dry  starch 
takes  up  water,  with  the  evolution  of  much  heat. 
It  does  not  dissolve  in  H,0,  and  has  neither 
taste  nor  smell. 

(a)  Action  of  heat.  Dry  starch  is  not  coloured 
at  100°,  and,  indeed,  the  temperature  can  be  in- 
creased considerably  beyond  that  point  without 
being  changed.  Starch  containing  water  is,  how- 
ever, coloured  by  a  moderately  low  temperature, 
and  if  the  heat  be  increased  to  160°  a  soluble 
product  is  obtained  which  is  known  as  dextrin 
or  British  gum.  It  is  a  mixture  of  undescribed 
composition.  The  action  of  heat  on  dry  starch 
has  not  yet  been  accurately  recorded.  When 
the  heat  is  increased  beyond  160°,  and  destruc- 
tive distillation  begins,  carbon  dioxide,  gaseous 
hydrocarbons,  water,  acetic  acid,  and  an  em- 
pyreumatic  oil  are  evolved,  and  finally  a  car- 
bonaceous porous  cinder  is  left. 

(b)  Action  of  water.  As  long  as  the  granules 
are  uninjured,  starch  is  insoluble  in  cold  water; 
when,  however,  the  water  is  heated,  the  granules 
swell  up,  and  a  gelatinous,  more  or  less  trans- 
parent mass,  known  as  starch-piaste,  is  produced. 
This  varies  in  transparency  with  the  starch  em- 
ployed, as  does  the  temperature  at  which  the 
gelatinisation  takes  place.  E.  Lippmann  (C.  C. 
1861, 869  ;  J.pr.  83,  51)  gives  the  following  table 
on  this  point : 

o,   ,„  Commencement  Perfect 

Source         ^"^femn"^  gelatiuisa- 

P'       gelatinisation  tion 
Eye  45°  50°  55° 

Maize  50°  55°-  62-5° 

Barley  37-5°  57-5°  62-5° 

Potato  46°  59°  62-5° 

Eice  54°  59°  63° 

Wheat  60°  65°  67-5° 

If  the  paste  is  sufiiciently  dilute  it  can  be 
filtered,  but  it  is  doubtful  if  the  filtrate  is  a  true 
solution  (Picton  a.  Linder,  C.  J.  61,  156).  The 
consistency  or  stiffness  of  starch-pastes,  contain- 
ing the  same  amount  of  dry  starch,  seems  to 
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vary  with  the  variety  of  starch  employed,  and, 
indeed,  with  the  method  of  preparation,  even 
with  the  same  starch  ;  but  I  feel  inclined  to 
think  that  if  closer  attention  were  given  to  the 
amount  of  dry  starch  and  its  purity  much  of 
this  apparent  difference  would  disappear.  On 
the  relative  stiii'ness  of  flour  or  starch  pastes,  and 
the  mode  of  estimating  it,  see  Thomson  (S.  C.  I. 
1886, 143).  If  the  paste  be  heated  under  pres- 
sure to  temperatures  above  the  boihng-point, 
maltose  and  dextrin  are  said  to  be  produced,  but 
the  change  has  not  been  accurately  studied. 

(c)  Actio7i  of  glycerol.  Starch  heated  with 
glycerol  to  190°  is  dissolved;  alcohol  ppts.  soluble 
starch  from  the  solution.  If  the  heating  be  con- 
tinued at  200°,  dextrins  are  formed  (Zulkowski, 
B.  13,  1395;  23,  3295;  G.  C.  1888,  1060). 

{d)  Action  of  acids.  Moderately  strong  HCl 
in  the  cold  converts  starch,  in  a  few  days,  with- 
out changing  materially  its  microscopic  appear- 
ance, into  a  modification  perfectly  soluble  in 
water.  This  body  is  identical  with  soluble  starch 
prepared  by  the  limited  action  of  malt  extract  on 
starch  paste  (C.  Lintner,  J.  pr.  34,  378  ;  Brown 
a.  Morris,  C.  J.  55,  450).  Prolonged  action  of 
12  p.c.  HCl  in  the  cold  produces  amylo-dextria 
(Niigeli,  Beitrage  z.  Kenntiiiss  d.  Stdrkcgruppe; 
Brown  a.  Morris,  C.  J.  55,  450).  Boiling  dilute 
acids  convert  starch,  first  into  soluble  starch, 
then  into  dextrin  and  maltose,  intermediate  pro- 
ducts, amylo'ins,  are  said  to  be  formed  (Brown, 
Morris  a.  Moritz,  E.  P.  No.  1809  of  1889),  and 
finally  dextrose.  The  complete  conversion  takes 
place  the  more  quickly  and  perfectly  the  higher 
the  temperature  and  the  longer  the  period  of  the 
reaction  (AUihn,  J.pr.  22,  46  ;  D.  P.  J.  250,  534). 
This  is  only  accomplished  by  employing  diluted 
acid.  Carbonic  acid,  oxalic  acid,  Ac,  act  like 
HCl  and  H..SO4,  but  less  energetically.  For  the 
manufacture  of  dextrose  (glucose)  from  starch, 
vide  Thorpe's  Dictionaky.  The  action  of  acids 
has  been  studied  chiefly  by  Kirchhoft,  Gu6rin- 
Varry,  Payen  (see  Gm.  K.),  Musculus  (A.  Ch. 
[3]  60,  203 ;  pr.  [2]  28,  496  ;  Bl.  30,  4)  ; 
O'SuUivan  {C.  J.  25,  581)  ;  Musculus  a. 
Gruber  (C.  B.  86,  1459;  Bl.  [2]  30,  54)  ;  Bondon- 
neau  (C.  B.  81,  972) ;  Salomon  (/.  pr.  [2]  25, 
348  ;  26,  .342;  28,  82  a.  122) ;  Sachsse  (C.  C.  [3] 
8,  732) ;  Schulze  (/.  pr.  [2]  28,  311) ;  Sostegue 
(G.  15,  376);  Seyberlich  a.  Trampedach  (C.  C. 
1887,  376) ;  Niigeli  {Stdrkcgruppe,  Leipzig,  1874, 
33,  99).  As  a  summary  of  this  work  it  may  be 
stated  that  dextrose  is  the  final  product,  but  that 
acids  act  on  this,  to  some  extent  yielding  products 
still  imperfectly  investigated  ;  that  intermediate 
substances,  dextrin  and  maltose  and  compounds 
thereof,  are  first  produced ;  that  the  rapidity  of 
the  change  varies  with  the  strength  of  the  acid, 
with  the  temperature,  and  with  the  pressure  at 
which  the  change  is  effected,  the  most  complete 
and  perfect  production  of  dextrose  resulting 
when  the  conversion  is  hastened  under  pressure 
in  presence  of  a  small  percentage  of  acid,  1\  to 
2  p.c.  or  less,  and  the  proportion  of  dry  starch 
to  dilute  acid  does  not  exceed  1  to  3.  Gallasin 
(C.  Schmitt  a.  Cobenzl,  B.  17,  1000  ;  Eosenbek, 
B.  17,  2456),  a  gummy  body,  is  found  in  com- 
mercial glucose.  This  is  identical  with  iso- 
maltose  obtained  by  Fischer  {B.  23,  3687)  by  the 
action  of  strong  HCl  on  dextrose  (Scheibler  a. 
Mittelmeier,  B.  24,  301). 


[  Action  of  diastase  (malt  extract).  Diastase 
does  not  act  on  ungelatinised  starch  in  the  cold 
(O'SuUivan,  C.  J.  30,  133  ;  Brown  a.  Heron, 
C.  J.  35,  596),  but  Kjeldahl  has  shown  that 
this  is  not  true  of  all  starches.  This  is  probably 
due  to  some  condition  of  the  starch  connected 
with  the  state  of  ripeness  of  the  material  whence 

1  it  was  obtained.    The  action,  and  the  products 

i  thereof,  of  diastase  on  starch  paste  has  been  the 
subject  of  much  study,  but  as  yet  only  the 
broad  facts  are  agreed  upon.  When  starch 
paste  is  heated  to  60°  or  thereabouts,  and  a 
little  prepared  diastase  solution  or  cold  water 
extract  of  malt  added,  the  pastiness  begins  imme- 
diately to  disappear,  the  solution  rapidly  loses 

1  the  power  of  giving  a  blue  colour  with  iodine, 

i  and  acquires,  for  a  short  time,  the  property  of 
giving  with  that  reagent  a  deep  reddish-brown 
colour.  This,  too,  it  rapidly  loses  if  the  diastase 
is  in  sufficient  quantity.  The  solution  is  then 
perfectly  clear  when  some  starches  are  employed, 
witli  others  there  is  more  or  less  llocculent  sus- 
jjended  matter  in  a  clear  solution.  In  the  cold 
this  dissolution  takes  place  slowly.  So  far  the 
reaction  can  be  followed  with  Uttle  trouble,  but 
when  it  comes  to  a  question  of  the  products  of 
the  action,  the  subject  becomes  more  difficult. 
Musculus  {A.  Ch.  [3]  55,  203)  states  that  when 
diastase  dissolves  starch  paste  at  70°-75°,  the 
products  consist  of  1  mol.  sugar  and  2  mols. 

i  dextrin,  and  that  no  further  action  takes  jjlace. 
Payen  (A.  Ch.  [4]  4,  286)  asserts  that  more  than 
50  p.c.  of  the  solid  matter  dissolved  by  the  re- 
action is  sugar,  and  says  {A.  Ch.  [4]  7,  382)  that 
four  samples  taken  from  an  operation  in  the 
space  of  Ih  hours  contained  17-9,  20-9,  25-8,  and 
26'03  p.c.  sugar  on  the  total  solids  dissolved, 
Schwarzer  (J.  pr.  [2]  1,  212)  agrees  with  Mus- 
culus in  finding  equivalent  quantities  of  dextrin 
and  sugar  in  solution,  but  differs  from  him  in 
supposing  that  dextrin  is  formed  first,  then 
sugar,  and  that  the  action  ceases  when  definite 
equivalent  proportions  are  produced.  He  says 
less  sugar  is  produced  at  65°  than  at  lower  tem- 
peratures ;  above  65°-70°  the  proportion  of  sugar 
to  dextrin  is  as  1  eq.:  3  eqs. ;  below  60°,  when 
the  principal  phase  of  the  reaction  is  finished, 
the  dextrin  and  sugar  are  in  the  proportion  of  1 

!  to  1.  The  change  was  considered  complete 
when  the  solution  no  longer  gave  a  colour  with 
iodine.  These  investigators  took  the  sugar  as 
dextrose  and  estimated  the  dextrin  by  difference. 
O'SuUivan  {C.  J.  25,  581  ;  30,  137)  showed 
that  the  sugar  produced  was  not  dextrose  but 
maltose,  and  that  the  method  of  estimating  the 
dextrin  was  wrong.  He  also  demonstrated  that 
dextrin  and  maltose  were  the  invariable  products 
of  the  transformation,  and  that  by  continuing 
the  action  the  whole  of  the  dextrin  could  be 
converted  into  maltose.  It  was,  however,  indi- 
cated in  this  work  that  another  body — from 
which  it  was  impossible  to  eliminate  the  cupric 
reducing  power,  and  which  seemed  to  be  a  mix- 
ture of  maltose  and  dextrin — was  amongst  the 
products.  Although  this  work  laid  the  founda- 
tion of  all  that  has  since  been  done  in  the  trans- 
formation products  of  starch,  it  received  for  a 
time  no  attention  from  the  Continental  chemists. 
Musculus  (BL  22,  32)  states  that  the  saccharifi- 
cation  of  starch  paste  with  diastase  ceases  when 
half  the  matter  in  solution  is  sugar.    He  attii- 
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butes  his  original  impression  that  only  one-third 
was  converted  into  sugar  to  the  varying  structure 
of  the  starch  granules,  the  coating  of  one  variety 
offering  a  greater  resistance  to  the  action  of  the 
■diastase  than  that  of  another.  He  still  holds 
that  the  action  is  a  molecular  splitting-up  of  the 
starch  molecule,  attended  -with  hydration,  into 
dextrin  and  sugar.  Bondonneau  (C.  B.  81, 1212) 
concludes  that  the  action  is  not  a  splitting-up, 
but  that  the  starch  molecule  must  pass  through 
four  isomeric  modifications,  viz.,  amylogen  [aju 
=  -(•216°,  a-dextrin=  h- 186°,  ;8-dextrin  =  176°, 
and  7-dextrin=  -t-164°,  before  it  arrives  at  the 
end-product,  glucose.  These  bodies  increase  in 
cupric-reducing  power  as  they  descend  to  the 
final  product.  Petit  (Bl.  24,  519)  mentions,  as  a 
constituent  of  the  transformation  products,  a 
sugar  soluble  in  alcohol,  fermentable,  and  with- 
out action  on  alkaline  copper  solution.  This 
is,  undoubtedly,  to  be  traced  to  the  fact  that 
maltose  does  not  reduce  as  much  copper  oxide 
as  dextrose.  O'Sullivan  (C.  J.  30,  125 ;  35, 
770)  showed  conclusively  when  working  under 
clearly-defined  conditions  that  maltose  and 
dextrin  were  the  only  products  of  the  action, 
although,  as  stated,  he  pointed  out  the  presence 
of  a  body  which  gave  a  reduction  with  copper 
oxide  equal  to  9-10  p.c.  dextrose.  The  opticity  of 
this  body  ([a]j  =  204°-206°)  was  such  as  to  in- 
dicate a  mixture  of  12-3-15'3  p.c.  maltose  from 
the  reduction,  and  the  remainder  dextrin.  He 
concluded  that  if  the  amount  of  reduction  of  the 
products  be  calculated  as  maltose,  and  the 
opticity  due  to  this  be  subtracted  from  the  total 
opticity  observed  for  them,  the  remainder  will 
agree  with  the  activity  of  an  amount  of  dextrin 
obtained  by  subtracting  the  determined  maltose 
from  the  total  products.  He  further  showed  that : 
(a)  malt  extract  begins  to  dissolve  starch  at  the 
temperature  of  gelatinisation,  or  a  few  degrees 
lower  ;  (fe)  perfectly  gelatinised  starch  is  almost 
completely  dissolved  in  the  cold  (10°-20°) ; 
{c)  at  63°  the  action  takes  place  according  to 
the  equation 

A.  C,3H3„0„  +  OH,  =  C,,H,,0„  +  C,H,„0, ; 

Starch  Maltose  Dextrin 

{d)  at  64°-70°  to 

g_  C„H3„0,a  ^  0H,=  C,A,0„  +  4C,H,A ; 

Starch  Maltose  Dextrin 

(e)  at  70°-71°  (C.  J.  1879)  to 

B'.  C,„H,,„0,,,  -t-  3OH2  =  3C,j,H320„  +  6C,H,„0, ; 
(/)  and  71°-75°  to 

C.  C,Ji,,„0„„  +  OH,  =  C,  A,0„  +  10C,H,„O„  ; 

{g)  and  he  stated  that  although  the  proportions 
of  maltose  and  dextrin  indicated  by  these  equa- 
tions are  easily  obtainable  when  the  strict  con- 
ditions are  adhered  to,  it  was  only  necessary  to 
vary  the  proportions  of  malt  extract  and  starch, 
and  time  and  temperature,  to  obtain  with  ease 
products  containing  from  16  to  92  p.c.  maltose. 
It  is  further  pointed  out  that  the  final  product, 
maltose,  was  very  slowly  converted  into  dextrose 
by  some  samples,  at  least,  of  malt  extract.  O'Sul- 
livan (C.  J.  35,  770)  showed  that  soluble  starch 
was  the  first  product  of  the  action,  and  that 
the  changes  afterwards  brought  about  may  be 
expressed : 

starch  Maltose  a-Dextrin 

C.C„H,,Ao  +  OH,  =  C.AA,  +  C,„H,„Ao 


3-Dextrm-I 

B.  C„H,,„Oe„-f  20H,  =  2C,,H,,0„  +  C„H,<,0,„ 

p-Dextrin-II 

B'.  C„H,,„0,„  +  30H,  =  3C,,H,,0„  +  C,,B.,^0,, 

;8-Dextrin-III 

A.  C„H„„0,„  +  40H,  =  4C„H,,0„  -f  C,,H,<,0,, 
and  finally  : 

a,H,„0,„  -I-  20H,  =  2C,,H,^0„. 

From  the  action  of  malt  extract  on  these  products 
he  concluded  that  it  is  possible  that  only  one 
;8-dextrin  exists.  The  theory  of  splitting  up  and 
breaking  down  of  the  starch  molecules,  as  repre- 
sented by  the  equations,  does  not  account  for 
all  the  facts  eliminated.  A  theory  which  arranges 
all  the  molecules  in  solution  in  groups,  depen- 
dent one  on  the  other — and  capable,  therefore, 
of  undergoing  a  simultaneous  change,  or  of  being 
I  moved  at  the  same  time — and  the  re-arrange- 
ment of  these  groups  attendant  upon  the  hy- 
dration of  a  definite  proportion  of  the  mole- 
I  cules  in  each  of  them,  is  more  in  accord  with 
i  the  eliminated  facts.  Marker  (L.  V.  22,  69) 
states  that  at  60°  four  molecules  starch  yield 
[  three  of  maltose  and  one  of  dextrin,  at  65° 
there  is  less  maltose,  and  at  a  higher  tem- 
perature two  molecules  starch  yield  one  of 
maltose  and  one  of  dextrin.  Musculusand  Gruber 
(Bl.  30,  54)  look  upon  starch  as  a  polysaccharide 
containing  at  least  five  times  the  group  Cj^HajOio. 
When  this  is  acted  upon  by  diastase,  or  dilute 
acids,  it  is  broken  down  with  hydration  into 
maltose  and  a  dextrin  containing  a  C|.,H2„0,j 
group  less  than  starch ;  that  this  dextrin  is 
broken  down  in  the  same  way,  maltose  and  a  des- 
:  trin  containing  a  C,„H.,(|0,„  group  less  thanthefirst 
one,  and  so  on  through  the  series  by  successive 
I  stages,  until  finally  the  solution  contains  only 
]  maltose.  They  point  to  the  existence  of  three 
j  dextrins  giving  no  reaction  with  iodine,  and  call 
them  a,  |8,  and  7  achroo-dextrins.  From  the 
I  optical  activity  and  K  they  attribute  to  these 
bodies,  they  do  not  agree  with  O'Sullivan  ;  these 
factors  do  not  agree  with  those  of  a  mixture  of 
maltose  and  dextrin.  Brown  and  Heron  (C.  J. 
35,  596)  have  eliminated  out  of  the  possible 
varying  proportions  of  maltose  and  dextrin  in- 
dicated by  O'Sullivan  eleven  distinct  transfor- 
mations :  viz.  soluble  starch,  erythro-dextrin 
a  and  ;8,  achroo-dextrins  a  to  -q,  and  maltose. 
They  agree  with  O'Sullivan  that  the  dextrins 
are  without  action  on  alkaline  copper  solution, 
and  that  the  dextrins  and  maltose  are  the  only 
products  of  the  reaction.  They  do  not  mention 
the  body  from  which  O'Sullivan  could  not 
eliminate  the  reducing  power,  and  they  did 
not  observe  dextrose  amongst  the  final  products 
with  malt  extract.  They  agree  with  him  that 
the  higher  the  temperature  at  which  the  trans- 
formation takes  place  the  less  maltose  is  found 
amongst  the  products.  They  represent  the  nor- 
mal reaction  taking  place  between  10°  and  60° 
by  the  equation 
10G,2H,„O,„  -1-  m„0  =  SCi^H^oO,,  +  4C,H,„05. 

starch  Maltose  Dextrin 

They  consider  the  starch  molecule  to  be  at  least 
lOCjoHojOjo,  and  that  the  hydrolysis  of  it  begins 
by  the  formation  of  maltose  and  erythro-dextrin  a, 
containing  gCi^HoyO,,, ;  that  this,  in  its  turn, 
yields  maltose  and  erythro-dextrin  )3, 8C„H,„0,o, 
and  so  on  to  the  end — product,  maltose.  They 
thus  agree  with  Musculus  and  Gruber  as  to  the 
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character  of  the  action,  but  disagree  with  them 
as  to  its  quantitative  nature. 

Herzfeld  {B.  12,  2120;  13,  3469)  agrees 
with  O'Sullivan  and  others  that  erythro-  and 
achroo-  dextrins  are  without  reducing  power  on 
copper  solution,  but  he  points  to  the  presence  of 
a  substance  amongst  the  transformation  pro- 
ducts which  seems  to  hold  a  position  between 
dextrin  and  maltose  ;  he  names  it  malto-dex- 
trin.  K  =  about  i  maltose,  [a]j  =  +  171-6°  ;  thus 
K  corresponds  to  33-3  p.c.  maltose.  A  mixture 
consisting  of  one-third  maltose  and  two-thirds 
dextrin  would  have  an  opticity  [a]j  = -i- 199°; 
hence  this  contradicts  the  statement  of  O'Sul- 
livan, confirmed  by  Brown  and  Heron,  that, 
taking  the  reducing  power  as  maltose,  the 
opticity  of  the  remainder  of  the  transformation 
products  corresponds  to  dextrin.  Herzfeld  con- 
siders that  Bondonneau's  7-dextrin  is  malto- 
dextrin. 

Brown  a.  Morris  (C.  J.  47,  527)  confirm 
the  presence  of  malto-dextrin,  but  they  show 
that  Herzfeld  was  dealing  with  an  impure  body, 
and  that  when  its  true  K  and  [a]j,  viz.  K  =  21-l 
and  [a]j  =  193-1°,  are  examined  it  is  found  that 
they  correspond  with  a  mixture  of  maltose  and 
dextrin.  It  is  completely  converted  into  maltose 
by  malt  extract  at  50°  to  60°.  They  do  not  agree 
with  Herzfeld  that  it  is  a  hydration  product  of 
dextrin,  but  hold  that  it  is  produced  from  starch 
and  the  polymeric  dextrins  by  the  fixation  of  a 
molecule  of  water  upon  the  ternary  group 

(CijHjoOio)^,  thus  I  |^c'^"^o' ^ )  •  They  have  dis- 
carded the  series  of  equations,  and  consider 
that  equilibrium  is  attained  when  a  condition  of 
things  represented  by  the  equation 

10C,JI,„0,o  -I-  8H,0  =  8C,„H.,,0„  +  2C,„H,„0,o 
Starch  Maltose  Dextrin 

is  arrived  at.  This  is  always  the  result  when  the 
change  takes  place  at  50°  to  60°,  or  when  a  higher 
transformation-product  is  degraded  at  that  tem- 
perature. This  degradation  is  due  to  the  hydro- 
lysis of  the  more  complex  polymeric  dextrins  and 
malto-dextrin.  Bourquelot  (C.  R.  104,  576) 
looks  upon  the  action  of  diastase  on  starch  as  a 
successive  fixation  of  a  water  molecule  with  the 
production  of  maltose  and  a  lower  dextrin  until 
the  reduction  of  the  degraded  products  is 
K  =  51-52  (about  82-5  p.c.  maltose),  but  he  does 
not  describe  his  dextrin  or  dextrins,  and  he  con- 
cludes, as  has  already  been  clearly  proved,  that 
heat  alters,  not  alone  the  quantity  of  diastase,  but 
the  quality. 

Bro\vn  and  Morris  (C.  J.  55,  462),  from 
determination  of  the  molecular  weights  of  some 
of  the  transformation  products,  conclude,  as 
suggested  by  O'Sullivan  in  1879,  that  the  dex- 
trins are  metameric,  and  not  polymeric,  as  they 
hitherto  considered  them.  They  therefore 
abandon  their  former  theory  of  the  hydrolysis 
of  starch  by  diastase,  and,  as  far  as  I  can  see, 
come  to  a  broad  agreement  with  the  theory 
enunciated  by  O'Sullivan.  They  mention  another 
product,  amylo-dextrin,  [a]j  =  +  206°,  K  =  9-0. 
Like  malto-dextrin,  it  appears  to  be  a  compound 

of  maltose  and  dextrin,  ■[  Hj.-^"^'  \  •    Its  op- 

L  ('-'l2llj()U,„)6 

ticity  and  K  agree  with  the  body  described  by 
O'Sullivan  in  1872,  and  mentioned  above. 

A  new  phase  has  been  given  to  the  trans- 


formation by  C.  J.  Lintner  {Zcit.  ang.  Ch.  1892, 
263).  He  says  he  has  isolated  a  body,  which  he 
calls  isoinaltosc,  from  amongst  the  products.  It 
is  less  fermentable  and  less  soluble  in  alcohol 
than  maltose,  with  [a]^  =  +  139  and  K  =  52,  the 
opticity  being  nearly  that  of  maltose  and  the 
reducing  power  about  84  p.c.  thereof.  Diastase 
converts  it  into  maltose  completely. 

Since  the  publication  of  the  above  Morris 
a.  Wells  {Transactions  of  tlie  Institute  of  Brew- 
ing, 5,  133),  and  Moritz   {ibid.  4,  141)  point 

j  to  the  presence  of  a  whole  series  of  amyloins  or 
malto-dextrins  amongst  what  they  call  restricted 

'  starch-conversions,  and  they  assert  that  iso- 
maltose  is  a  low  amyloin — i.e.  one  in  which 
the  maltose  constituent  largely  predominates. 
These  amyloins  begin  with  a  high  proportion  of 
the  dextrin  residue,  and  end  with  a  high  propor- 
tion of  maltose.    Their  optical  activity  and  re- 

I  ducing  power  are  such  as  would  be  yielded  by 
mixtures  of  maltose  and  dextrin. 

Schifferer  (In.  Dissertation,  Basel)  denies  in 
toto  the  existence  of  the  amyloins,  and  asserts 
that  nothing  is  to  be  found  amongst  the  pro- 
ducts of  the  action  of  diastase  on  starch  but 
achroo-dextrin,  isomaltose,  and  maltose.  His 

!  dextrin,  however,  is  a  reducing  dextrin ;  even 

I  otherwise,  the  work  will  not  bear  criticism. 

I  Action  of  other  enzymes.  Ptyalin  (ptyalase). 
This  enzyme  of  saliva  liquefies  starch  paste 
(Niigeli,  Die  Starkekorner,  p.  113;  Lefberg  a. 
Georgieski,  Bl.  [2]  25,  393 ;  Dobroslavine,  Bl. 
[2]  26,  452  ;  Maercker,  L.  V.  22,  69  ;  Watson,. 
C.  J.  1879,  539  ;  Musculus  a.  De  Mering,  Bl.  [2] 
31,  105  ;  Lea,  J.  Physiol.  11,  226).  The  products 
are  maltose,  a  reducing,  unfermentable  dextrin, 
and  a  little  dextrose.  Ungelatinised  starch  is 
not  acted  upon  by  ptyalase ;  at  a  temperature 
slightly  below  the  gelatinising  point  the  starch 
is  dissolved,  and  the  action  is  most  rapid  when 
the  ferment  acts  at  60°  on  previously-boiled 
starch  paste  (Bourquelot.  C.  R.  104,  71  a.  177). 

Enzymes  capable  of  dissolving  starch  have 
been  observed  in  the  p)ancreatic  juice  (Brown 
a.  Heron,  Pr.  1880,  394),  in  the  small  in- 
testine (Hoppe-Seyler,  Phys.  Ch.  275 ;  Brown 
a.  Heron,  I.e.),  in  the  liver' (Wittich,  Pf.  7,  28; 

;  Bernard,  C.  R.  85,  519  ;  Abele,  Th.  J.  6,  271), 

!  and  in  many  other  animal  tissues  (Ellenberger 

I  a.  Hofmeister,  Th.  J.  12,  501  ;  Paschutin,  Th. 

j  J".  1,304).  The  stomach,  pancreas,  and  peritoneal 
lymph  of  fishes  contain  an  enzyme  capable  of 

I  dissolving  starch   (Kichet,   Th.  J.   14,   359 ; 

I  Kruckenberg,  Unter.  Phys.  Inst.  Heidelberg,  1,, 
2).  Blood  contains  a  diastatic  enzyme,  for 
starch  injected  into  the  blood  yielded  maltose 
and  dextrin  (Bimmerman,  Pf.  20,  201 ;  Ploz  a. 

:  Tiegel,  Pf.  6,  249). 

j       Starch-dissolving  enzymes  exist  in  the  leaves 
!  and  other  parts  of  most  plants  (Baranetzky,  Die 
I  starkeuvihildcndcn  Fermentc  in  den  Pjiaiizen, 
Leipzig,  1878;  Vines,  Ann.  Bot.  1891,  409). 

Certain  organisms,  bacteria,  moulds,  &c.,are 
capable  of  secreting  an  enzyme  or  enzymes 
I  having  the  power  of  dissolving  starch.  The 
nature  of  the  dissolution  products  has,  as  yet, 
been  very  imperfectly  studied ;  we  have  simply 
the  general  statement  that  they  are  sugar  or 
sugars  and  dextrin  (Wortman,  Z.  P.  C.  6, 
287 ;  Fitz,  B.  10,  282 ;  Marcona,  C.  R.  95, 
I  345  a.  856  ;  Gayon  a.  Dubourg,  C.  B.  103,  885  ; 
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Atkinson,  Pr.  32,  299;  Takamine,  E.  P. 
6700  a.  17374,  1891).  Bacillus  amylobader 
yields  dextrin  and  a  small  quantity  of  a  crys- 
talline body  (Villiers,  C.  R.  112,  435  a.  113, 
144  a.  536).  Under  the  influence  of  Bacillus 
suaveolens,  dextrin,  glucose,  alcohol,  aldehyde, 
formic,  acetic,  and  butyric  acids  are  produced. 
Amylic  alcohol  is  the  result  of  the  action  of 
Bacillus  amylozymicus,  no  doubt  intermediate 
bodies  ;  dextrin  and  sugar  are  at  first  produced. 
Atkinson  states  that  the  moulds  grown  on  | 
steamed  rice  in  the  manufacture  of  sake,  in 
Japan,  secrete  an  enzyme,  which  first  converts 
starch  into  dextrin  and  maltose,  and  further 
acts  on  the  maltose  and  dextrin,  with  the  pro- 
duction of  dextrose. 

Some  gums  of  the  arabin  group  contain  a 
starch -dissolving  enzyme  (O'SulUvan,  C.  J.  1891, 
1061). 

Maize,  malted  and  raw,  and  other  grains  con- 
tain an  enzyme  capable  of  dissolving  starch  and 
yielding  as  a  final  product  dextrose  (Cuisinier, 
C.  C.  1886,  614).    Its  action  on  starch  is  not  i 
very  vigorous,  but  it  acts  more  rapidly  on  dex-  | 
trin  and  converts  maltose  very  rapidly  into  i 
dextrose   (Geduld,  Wochenschrift  f.  Brauerei,  \ 
8,  620  ;  Jjininex,  Zeit.  f.ges.Brau.  1892,  123).  It  j 
■would  be  interesting  to  determine  in  what  re- 
spect this  enzyme  differs  from  that  of  the 
moulds,  and  to  establish  their  separate  existence. 

Action  of  the  halogens.  Chlorine  does  not 
stain  starch.  Bromine  colours  it  yellow.  Iodine 
gives  with  it  an  intense  blue.  This  reaction  is 
a  distinctive  test  for  starch.  The  colour  is  de- 
stroyed by  heating,  but  returns  on  cooling  ;  but  if 
the  solution  be  boiled  for  some  time,  the  colour 
does  not  reappear.  The  blue  colour  is  also 
discharged  by  arsenious  and  sulphurous  acids, 
by  alkalis  and  carbonates  thereof,  and,  indeed, 
alcohol  can  remove  the  iodine.  A  solution  of 
iodine  in  strong  alcohol  does  not  colour  dry 
starch.  Some  observers  consider  that  the  pro- 
duction of  this  blue  colour  is  not  due  to  a  defi- 
nite chemical  combination  of  iodine  with  starch 
(Vogel,  N.  Bep.  Pharm.  22,  349  ;  25,  565  ;  Pellet, 
M.  [3]  7,  988  ;  Tomlinson,  P.  M.  [5]  20,  168  ; 
Duclaux,  A.  Ch.  [4]  25,  264),  while  others  at- 
tribute a  definite  formula  to  the  combination. 
According  to  Bondonneau  (C.  B.  85,  671),  it  is 
(C,H,„0,)5l ;  Mylius  {B.  20,  688)  considers  it  to 
contain  HI,  and  gives  the  formula  (0,jHjo02oI)jIH 
as  probable.  He  finds  that  the  HI  can  be  dis- 
placed by  metallic  iodides.  Stocks  {C.  N.  56, 
212 ;  57,  183)  and  Seyfert  {Zeit.  ang.  Ch.  1,  15) 
contradict  this.  Eouvier  (C  B.  114,  128  a. 
1366)  attributes  the  formula  (CeHijOs)^  to  the 
compound.  Starch  is  oxidised  by  chlorine  and 
by  bromine  to  gluconic  acid  (Habermann,  A. 
172,  11 ;  Herzfeld,^.  220,  364). 

Action  of  alkalis.  Weak  solutions  of  the 
alkalis  do  not  act  on  starch  in  the  cold,  but 
solutions  containing  over  3  p.c.  real  alkali  cause 
the  granules  to  swell  up  with  the  formation  of  a 
thick  transparent  paste,  and,  finally,  a  clear 
solution,  a  compound  of  starch  with  the  alkali 
being  formed  (Schmidt,  A.  51,  31;  Ventzke, 
J.  pr.  25,  65)  which,  according  to  the  latter, 
is  optically  inactive,  but  this,  no  doubt,  is  in- 
correct, for  B6champ  (C  B.  39,  653)  gives  the 
opticity  [a]j  =  -f  211°  for  the  starch  dissolved, 
and  Thomsen  (B.  13,  2168)  shows  that  the  ac- 


tivity of  dilute  soda  solutions'  is  [a]D=+168. 
On  neutralisation  this  becomes  much  higher, 
corresponding,  in  fact,  with  B6champ's  number. 
The  product  does  not  reduce  alkaline  copper 
solution  (Brown  a.  Heron,  C.  J.  35,  617).  The 
potassium  compound  is  obtained  by  ppg.  the 
solution  in  dilute  KHO  with  alcohol,  pressing 
the  pp.,  dissolving  in  H,0,  and  re-ppg.  with 
alcohol.  This  process  repeated  three  or  four 
times  is  said  to  yield  a  pure  compound  of  the 
composition  CjjHjgO^oK  (Pfeiffer  a.  ToUens,  A. 
210,  288).  A  sodium  compound  C2jH3gOo(,Na 
has  been  obtained  in  the  same  way  (Eeichardt, 
Z.  1870,  404).  These  formulas  are,  however, 
very  improbable.  Alcoholic  soda  does  not  act 
on  starch  (Dragendorf ,  J.  f.  Landwirthscliaft,  7, 
206). 

Starch  heated  with  ammonia  yields  brown, 
amorphous,  nitrogenous  bodies  (Thtoard,  C.  B. 
62,  444). 

Fused  with  KHO,  starch,  like  other  carbo- 
hydrates, yields  oxalic  acid,  acetic  acid,  and 
other  products. 

Action  of  alkaline  earths.  Barium,  stron- 
tium, and  calcium  compounds  similar  to  the 
sodium  and  potassium  bodies  have  also  been  pre- 
pared. When  solutions  of  soluble  starch  are  ppd. 
with  solutions  of  lime  in  sugar  syrup,  pps.  are 
produced  which  are  not  very  definite  in  compo- 
sition, the  percentage  of  lime  showing  a  varia- 
tion between  CgHjoO^CaO  and  (CsH,|,05),CaO. 
Similar  baryta  compounds  have  been  examined. 
When  a  solution  of  soluble  starch  is  saturated 
with  strontia  and  alcohol  added,  a  strontium 
compound  is  ppd.  (Lintner,  Zeit.  f.  ang.  Ch. 
1888,  232).  On  distilling  starch  with  lime 
acetone,  mesityl  oxide,  isophorone,  and  ketones 
are  produced  (Harvat,  C.  C.  1887,  38). 

On  digesting  starch  with  acetic  anhydride,  a 
triacetate  is  said  to  be  formed  C|;Hj02(C,,H30,)3 
(Schiitzenberger  a.  Naudin,  Bl.  [2]  12",  ilO ; 
I  A.  Ch.  [4]  21,  235 ;  Michael,  Am.  5,  359).  This 
I  substance  is  amorphous  ;  it  is  stained  blue  by 
I  iodine,  and  is  decomposed  by  alkalis,  with  the 
I  reproduction  of  starch. 

i       Qualitative  determination.    The  presence  of 
I  starch  is  indicated  by  the  granular  appearance 
j  under  the  microscope,  and  starch  granules  are 
!  distinguished  from  all  others  by  being  stained 
I  blue  by  iodine  solution  and  yellow  by  bromine, 
j  If  the  plasma  in  which  the  granules  are  contained 
is  alkaline,  it  must  be  rendered  slightly  acid, 
or  sufficient  iodine  solution  must  be  employed 
to  destroy  the  alkalinity.    A  solution  of  iodine 
in  potassium  iodide  is  usually  employed,  but  an 
alcoholic  solution  answers  the  purpose.  When 
the  test  is  applied  for  starch  in  solution,  the 
solutions  must  be  cold  and  slightly  acid  and  the 
reagent  must  be  added  in  small  quantities  at  a 
time.    It  is  sometimes  necessary  to  test  a  solu- 
tion for  soluble  starch  in  presence  of  a-dextrin — 
j  i.e.  the  dextrin  giving  a  reddish-brown  colour 
I  with  iodine.    If  this  is  in  excess  the  reddish- 
brown  colour  covers  the  blue ;  ammonia  added 
;  cautiously,  drop  by  drop,  discharges  the  reddish- 
brown,  and  if  soluble  starch  be  present  the  blue 
becomes  definite  and  distinct.    Care  must  be 
taken  to  avoid  excess  of  ammonia  (O'Sullivan). 
Small  quantities  of  starch,  which  would  other- 
wise not  be  observable,  may  be  detected  in  the 
'  last  runnings  '  of  malt  wort  by  adding  a  little 
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•tannin  and  iheit  alcohol  to  the  solution.  The 
starch  is  ppd.  in  this  way,  and  on  washing  the 
pp.  with  water  will  yield  the  characteristic  re- 
action with  iodine  (Burckhardt,  Chcm.  Zeit.lSn, 
1158).  Starch,  when  moistened  with  an  alco- 
holic solution  of  a-naphthol  and  a  few  drops  of 
warm  concentrated  sulphuric  acid  added,  ac- 
quires a  deep  violet-red  colour  (Ihl,  Chem.  Zeit. 
11,  19). 

Quantitative  determination.  There  are  very 
few  materials  containing  starch  of  which  a  suffi- 
ciently accurate  average  sample  can  be  obtained 
to  render  a  definite  estimation  of  the  starch 
therein  of  much  value. 

In  some  cases  separation  of  the  starch,  by 
one  of  the  methods  given  for  its  preparation, 
gives  results  of  sufficient  accuracy  to  satisfy  the 
requirements. 

In  the  case  of  potatoes,  the  percentage  of 
starch  is  deduced  from  the  specific  gravity,  a 
set  of  specially-constructed  tables  being  used  ; 
but  this  method,  on  the  face  of  it,  cannot  yield 
more  than  an  approximation.  The  specific 
gravity  of  the  washed  potatoes  is  taken  in  the 
usual  way,  a  balance  constructed  to  meet  the 
requirements  of  the  case  being  employed.  About 
5  kilos,  of  the  potatoes  are  weighed  in  a  strong 
wire  basket  in  air,  and  then  in  water ;  thence, 
weight  in  air 

specific  gravity  =  — •  .  ,  •  ■■ — ■  ■  ,  ,  ■  -. — 

f        o       J    weight  in  air  —  weight  in  water. 

According  to  the  tables  of  Behrend,  Marker,  and 
Morgan,  we  have  from 


Sp.gT. 

1-080 
1-090 
1-100 
1-110 


Per  cent,  of 
starch 

13-9 
160 
18-2 
20-3 


Sp.  gr. 
1-120 
1-130 
1-140 


Per  cent,  of 

starch 

22-5 
24-6 
26-7 


In  cases  in  which  fair  average  samples  of  the 
material  can  be  obtained,  several  methods  have 
been  proposed,  all  depending  on  the  conversion 
of  the  starch,  or  the  starch  transformation  pro- 
ducts, into  dextrose  by  digestion  with  dilute 
HCl  or  H^SOj,  the  dextrose  being  estimated 
with  Fehling's  solution,  volumetrically  or  gravi- 
metrically,  and  the  starch  calculated  therefrom 
according  to  the  equation  C,.H,(,05  +  H„0  =  CuH|.,Os 
[v.  Sachsse,  C.  C.  [3]  8,  732  ;  Marker,  Han'db. 
der  Spiritusfabrication,  4  Auf.,  Berlin,  1886, 
93 ;  Soxhlet,  Zeit.  f.  gcs.  Brau.  1881,  177 ; 
Faulenbach,  Zeit.  f.  phys.  Chem.  7,  510 ;  Zip- 
perer,  Rep.  An.  Chcm.  6,  699).  Dubrunfaut 
dissolved  the  starch  by  rubbing  the  material 
with  concentrated  HCl,  diluting  the  solution 
with  water  to  a  certain  volume,  and  deter- 
mining the  opticity.  The  starch  was  calculated 
from  [a]j  =  192-4°. 

_  Effront  (Bl.  [2]  47,  5)  dissolves  the  starch 
with  malt  extract,  determines  the  optical  activity 
of  the  solution,  then  heats  it  with  ammonia, 
after  which  he  treats  it  with  sodium  hypo- 
chlorite and  with  HCl,  and  again  determines 
the  opticity;  but  this  method  is  open  to  many 
objections. 

These  methods  are  unsatisfactory,  inasmuch 
as  it  is  difficult,  if  not  impossible,  to  completely 
convert  starch  or  starch  products  into  dextrose, 
there  being  a  probable  error  at  one  time  from  over- 
conversion,  at  another  from  under-couversion  ; 
and,  indeed,  both  may  occur  at  the  same  time, 


the  amount  of  reduction  of  Fehling's  solution 
taken  as  dextrose  never  being  a  correct  measure 
of  the  starch  transformed.  Another  objection 
to  the  method  is  due  to  the  fact  that  dilute  acids 
convert  other  substances  besides  starch  into 
bodies  capable  of  reducing  copper  oxide. 

Girard  {C.  B.  104,  1629)  titrates  starch  with 
iodine  solution,  1  grm.  of  starch  taking  up  0-157 
grms.  iodine. 

Asboth  (Chem.  Zeit.  11,  785)  proposes  to  add 
an  excess  of  baryta  water  to  the  gelatinised 
starch  and  then  alcohol.  The  dried  pp.  con- 
tains 19-8  p.c.  BaO,  the  remainder  is  starch.  This 
method,  too,  cannot  be  of  any  use. 

O'Sullivan  (C.  J.  45,  2)  described  a  method 
by  which  starch  in  most  materials  can  be  esti- 
mated with  accuracy.  If  a  fair  average  sample 
of  the  material  cannot  be  obtained  by  grinding 
and  powdering  alone,  it  is  first  dried  in  warm, 
dry  air  and  then  powdered.  The  following  is 
the  method  as  applied  to  the  cereals,  but  it  is 
also  applicable  to  all  materials  when  treated  as 
just  described. 

Five  grams,  or  thereabouts,  accurately  weighed 
— more  if  the  material  contains  less  than  40  p.c. 
starch — of  the  finely-ground  material  are  intro- 
duced into  a  wide-necked  flask  of  100  to  120  c.c. 
capacity.  To  this  sufficient  alcohol  of  sp.  gr. 
0-82  is  added  to  saturate  it,  and  after  a  time 
20  to  25  c.c.  ether  are  introduced.  The  clear, 
ethereal  solution  is  decanted  off  after  standing 
for  a  few  hours,  and  the  residue  again  treated 
two  or  three  times  with  ether.  It  is  then  ex- 
tracted with  aloohol,  sp.  gr.  -90,  at  35°  to  38°,  and 
treated  with  a  large  bulk  of  water,  with  which  it 
is  left  in  contact  for  at  least  24  hours.  If  any 
sign  of  fermentation  shows  itself,  a  little  salicylic 
acid  solution  may  be  used  with  the  water.  The 
residue,  after  being  completely  extracted  mth 
water,  together  with  the  filter,  through  which  all 
the  extracts  should  have  been  passed,  is  trans- 
fei  red  to  a  beaker  of  about  100  c.c.  capacity,  and 
made  up  with  water  to  about  40  to  45  c.c.  This 
is  heated  to  boiling  for  a  few  minutes  in  a  water 
bath,  care  being  taken,  by  continual  stirring, 
to  insure  a  homogeneous  paste ;  then  cooled  to 
62°  to  63°,  and  0-025  to  0-035  gram  prepared 
diastase  or  its  equivalent  of  malt  extract  added, 
the  digestion  being  then  continued  at  the  tem- 
perature stated  for  a  few  hours.  At  the  end  of 
that  time  the  contents  of  the  beaker  are  boiled 
for  a  few  minutes,  thrown  on  to  a  filter,  and  the 
filtrate  received  in  a  100  c.c.  measuring  flask. 
The  residue  is  carefully  washed  with  small 
quantities  of  boiling  water  at  a  time,  and  the 
filtrate  made  up  at  15-5°  to  100  c.c.  A  deter- 
mination of  the  reducing  power  calculated  as 
maltose,  and  of  the  remainder  of  the  optical 
activity  as  dextrin,  gives  the  data  for  calculating 
the  quantity  of  starch.  This  holds  good  even 
though  the  amyloin  theory  of  the  breaking  down 
of  starch  be  proved  to  be  accurate. 

Example. — 5  grms.  barley-flour  treated  as 
described,  0-03  grm.  prepared  diastase  being 
employed,'  gave  100  c.c.  solution  of  sp.gr.  1-01003 
=  2-539  grms.  solid  matter.  9-178  grms.  this 
sol.  reduced  0-241   grm.  CuO.    Opt.  act.  in 

'  If  cold-water  malt  extract  be  used,  a  portion  of  it 
must  be  heated  for  the  same  time  and  at  the  same  tem- 
perature as  the  assay;  then  boiled,  and  the  opticity  ami 
1  educing  power  determined;  these  factors  calciilated 
on  the  quantity  employed  must  be  allowed  for. 
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200  mm.  tube  =  +  21-1  divs.  (Soleil-Ventzke-  ] 
Scheibler  saccharimeter).  Hence 

0-241  +  0-72,56  (K  of  maltose  =  62-5) 
=  0-1748  gmi.  maltose  ; 
9-178  grms.  ;  101-003  (the  wt.  of  100  c.c.  sol.) 
::  0-1748  :  x; 
X  =  maltose  in  the  100  c.c.  sol.  =  1-923  ; 
Opt.  act.  maltose  [a]j  =  +  154°  and  of  dextrin  [o]j 
=  +  222°. 

Hence  1  grm.  maltose  in  100  c.c.  sol.  in  200  mm. 
tube  =  8-52  divs.  of  instrument  mentioned,  and 
1  grm.  dextrin  under  like  circumstances  =  11-56 
divs.  Then  1-923  x  8-02  =  15-422  divs.  opt.  activity 
of  the  maltose,  21-1-15-422  =  5-678  divs.  opt. 
activity  of  the  dextrin,  and  5-678 -f- 11-56  =  0-491 
grm.  dextrin  in  the  100  c.c.  sol.  Dextrin  is  derived 
from  starch  without  any  increase  of  weight : 
100  grms.  starch  yield  105-5  maltose  ;  hence 
1-055  :  1-923 : :  1  ;  a;  starch  =  maltose ; 
x  =  1-822  grms.  starch. 

1-822  +  0-491  (as  dextrin)  =  2-313  starch  ;  in 
the  5  grms.  taken  =  46  26  p.c. 

It  is  clearly  shown  in  the  paper  quoted  that 
if  starch  is  not  estimated  in  the  way  indicated 
no  reliance  can  be  placed  on  the  results.  It 
happens  when  dealing  with  some  varieties  of 
material  that  the  aqueous  extract  contains 
soluble  starch  (blue  colour  with  iodine).  This  i 
cannot  be  looked  upon  as  starch ;  it  must  be 
estimated  in  the  solution  as  the  soluble  modifi- 
cation. ' 

Soluble  starch  may  be  prepared  (a)  by  tritu- 
rating starch  with  sharp  sand  or  powdered  glass 
so  as  to  disintegrate  the  granules  and  extracting  j 
with  cold  water ;  (6)  by  the  limited  action  of 
malt-extract  or  of  acid. 

Delffs  (P.  109,  648)  prepared  soluble  starch 
by  triturating  starch  with  sand  and  water ;  the  i 
solution  gave  a  dark  -  blue  colouration  with 
iodine.    Fliickiger   {Z.    1861,   104)  prepared 
a   similar  solution  by  acting  on  starch  with  | 
a  concentrated  solution  of  calcium  chloride  | 
and  treating  the  resulting  gummy  mass  with  ! 
water,  when,  on  filtration,  a  solution  is  obtained  I 
which  exhibits  all  the  characteristics  of  soluble  1 
starch.    Musculus  {Bl.  [2]  22,  26 ;  A.  Ch.  [5]  2,  \ 
385)  does  not  consider  this  a  true  solution ; 
he  prepares  the  body  by  boiling  starch  with 
very  dilute  sulphuric  acid,  saturating  the  solu- 
tion with  chalk,  and  evaporating  to  a  syrup. 
This  deposits  small  granules  which  gradually 
increase  in  size,  are  soluble  in  hot  water,  and 
may  be  purified  by  precipitation  with  alcohol. 
It  possesses  no  reducing  power  ;  its  rotatory 
power  is  four  times  that  of  glucose.  Bon- 
donneau  (C  B.  80,  671)  has  prepared  soluble  I 
starch  by  this  method,  but  does  not  find  it 
altogether  soluble  under  all  conditions.  Soluble 
starch  is  undialysable.    Fuming  nitric  acid  con- 
verts it  into  a  mononitro-  derivative,  C5Hj(NO,)05 ; 
dilute  nitric  acid  oxidises  it  to  carbonic  and  oxalic 
acids  ;  bromine  and  silver  oxide  to  gluconic  acid 
(Keichardt,  B.  8,  1020  ;  7,  424). 

Nageli  (Beitrdge  s.  naheren  Kenntniss  der 
Starkegruppe,  Leipzig,  1874,  p.  33,  99 ;  A.  Ch. 
173,  218)  gives  the  following  method :  1  kilo, 
potato  starch  is  allowed  to  '  stand  6  -8  weeks 
with  6  Htres  hydrochloric  acid,  S.G.  1-06 ;  this  is 
then  purified  by  solution  in  hot  water ;  it  crystal- 
lises in  spharo-crystals  (Jaquelain,  A.  Ch.  [2] 
73,  173).    According  to  Brown  a.  Morris,  this  is 


not  soluble  starch  {v.  above).  ZuIkowski(B.  13, 
1395)  prepares  soluble  starch  by  heating  dry 
potato  starch  with  glycerol  at  180°-190°  for  half 
an  hour.  The  solution  is  cooled,  precipitated 
by  alcohol,  and  the  precipitate  purified  by  solu- 
tion in  water  and  reprecipitation  by  alcohol. 

Salomon  {J.  pr.  [2]  28,  82)  finds  that  soluble 
starch  is  the  first  product  of  the  action  of  dilute 
acids  on  starch  ;  it  does  not  reduce  Fehling's 
solution,  and  has  an  optical  activity  [a\o  —  211-5°. 
O'SuUivan  (C.  J.  1879,  772)  prepares  soluble 
starch  by  dissolving  starch  paste  at  73°-74° 
with  the  least  possible  quantity  of  cold  water 
extract  of  malt,  boiling  the  solution  as  soon  as 
it  becomes  clear,  filtering,  and  concentrating. 
The  soluble  starch  falls  out  on  cooling  as  a 
white  precipitate,  which  is  purified  by  dissolving 
in  hot  water  and  allowing  to  cool  when  it  sepa- 
rates out  again.  It  has  a  reducing  power, 
3-5-0-78,  and  an  optical  activity  [a]j  =  219-5- 
222-0,  the  reducing  power  being  probably  due  to 
a  small  quantity  of  maltose  ;  v.  also  Action  of 
acids  on  starch,  above.  C.  O'S. 

STEARIC  ACID  C,,H3,0.,.  Mol.  w.  284. 
[69°].  (232°  cor.  at  15  mm.)  (Krafft,  B.  17, 
1629);  (359°-383°)  (Carnelley  a.  Williams,  B. 
12,  1360).  H.F.  126,000  (Von  Kechenberg).  S.G. 
(Hquid)  ^  -845  ;  (solid)  2  1-01;  ^  1-00.  S.V.S. 
332-6  (K.  Schiff,  A.  223,  264).  S.  (alcohol)  2-5 
in  the  cold.  S.  (benzene)  22  at  23°.  S.  (CS.,) 
30  (Vogel,  J.  1866,  892).  Occurs  as  glyceryl 
stearate  in  very  many  fixed  animal  and  vegetable 
fats  and  oils  (Chevreul,  A.  Ch.  88,  225  ;  [2]  2, 
354  ;  23, 1?  ;  Braconnot,  A.  Ch.  93, 250  ;  Kedten- 
bacher,  A.  35,  46  ;  Bromeis,  A.  35,  86  ;  37,  303  ; 
Stenhouse,  A.  36,  57  ;  Erdmann,  J.  p)r.  25,  497  ; 
Francis,  A.  42,  256;  Gottlieb,  A.  57,  35; 
Laurent  a.  Gerhardt,  A.  72,  272 ;  Hardwick, 
C.  J.  2,  232  ;  Crowder,  P.  M.  [4]  4,  21 ;  Berthe- 
lot,  A.  Ch.  [3]  41,  216,  432;  47,  297  ;  Pebal,  A. 
91,138;  Heintz,  A.  92,  295;  Johnston,  C.  J. 
29,  8). 

Formation. — 1.  By  saponification  of  cetyl- 
acetoacetic  ether,  obtained  from  cetyl  iodide  and 
sodium  acetoacetic  ether  (Guthzeit,  A.  206, 351). 
2.  By  heating  cetyl-malonic  acid  at  150°. — 3. 
From  ricinoleic  acid  by  treatment  with  water,  P, 
and  I,  followed  by  zinc  and  HClAq  (Glaus,  B.  9, 
1916). — 4.  By  heating  oleic  acid  with  iodine 
(1  p.c.)  for  several  hours  at  275°/and  distilling 
the  product  in  a  current  of  superheated  steam 
(De  Wilde  a.  Eeychler,  Bl.  [3]  1,  295). 

Preparation. — Suet  or  cacao  fat  is  saponified 
by  NaOHAq,  the  acids  ppd.  by  H.^SO^  and  crystal- 
lised from  alcohol.  An  alcoholic  solution  of  the 
impure  stearic  acid  (4  pts.)  saturated  at  0°  is 
heated  to  60°  and  mixed  with  a  boiling  alcoholic 
solution  of  Mg(OAc)o  (1  pt.).  The  ppd.  magne- 
sium stearate  is  boiled  with  HClAq  and  the 
stearic  acid  reerystallised  from  alcohol  (Heintz). 
Stearic  acid  can  also  be  readily  obtained  from 
shea-butter  which  contains  no  other  solid  fatty 
acid  (Buff  a.  Oudemans,  J.pr.  89,  215). 

Properties. — Pearly  plates,  insol.  water,  sol. 
alcohol  and  ether.  Tasteless  and  inodorous. 
May  be  distilled  in  vacuo  and,  in  small  quantity, 
under  atmospheric  pressure,  but  in  this  case  it 
is  partly  decomposed  with  formation  of  hydro- 
carbons, stearone,  water,  CO^,  acetic  acid,  and 
butyric  acid.  Fusion  with  PoO^  forms  C,8H3,0 
[54°-60°].    Nitric  acid  forms  sebacic,  glutaric, 
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succinic,  and  other  acids.  Br  and  water  at  140° 
form  bromo-  and  dibrorao-stearic  acids  (Oude- 
mans,  J.  pr.  89,  193).  Distillation  in  vacuo 
with  NaOMe  yields  C,;H,s  (Mai,  B.  22,  2133). 

Salts. — KA'.  Hygroscopic  crystals.  S.  4 
in  hot  water.  Partially  decomposed  by  a  large 
quantity  of  water  into  an  insoluble  acid  salt  and 
free  potash. — KHA'.,.  Silvery  scales  (from 
alcohol).  S.  (alcohol)  -36  in  the  cold  ;  27  at  78°. 
Boiling  water  converts  it  into  a  more  acid  salt. 
NaA'. — NaHA'o :  insol.  water. — BaA'.^ :  minute 
laminfB,  insol.  water. — CaA'.,.  — SrA'.,. — MgA', ; 
minute  laminte  (from  alcohol). — CuA',_, :  light- 
blue  amorphous  powder. — PbA'„ :  amorphous 
powder,  insol.  ether. — PbnOA'j. — AgA':  white  pp. 

Methyl  ether  Me\'.  [38°].  Crystalline, 
insol.  water  (Hanhart,  C.  R.  47,  230). 

Ethijlethermk'.  [33°].  (224°).  Formed 
by  heating  the  acid  with  alcohol  at  200°  (Las- 
saigne,  A.  13,  168;  Berthelot,  A.  88,  312)  by 
passing  HCl  into  an  alcoholic  solution  of  stearic 
acid  (Redtenbacher,  A.  35,  .51)  and  by  heating 
stearin  with  a  little  NaOEt  (Duffy,  C.  J.  5, 197  ; 
Bouis,  C.  R.  45,  35).  Crystalline  mass,  partially 
decomposed  by  distillation.    V.  sol.  alcohol. 

Ethylene  ether  C.H^A',,.  [76°].  From 
AgA'  and  C,,HjBr,  (Wurtz,  A.  Ch.  [3]  55,  436J. 

Isoamyl  other  C,H||A'.  [25°]. 

Octyl  ether  C,H,.A'.  [4-5°]. 

Cetyl  ether  C„H„A'.  [55°-60°].  Laminae 
(from  ether)  (Berthelot,  A.  Ch.  [3]  56,  70). 

Glyceryl  ethers  v.  vol.  ii.  p.  622.  A 
mixture  of  stearic  acid  and  glycerin  saturated 
with  HCl  at  100°  forms  C3H,C1(0H)(0C„H,,0) 
[28°]. 

Phenyl  ether  PhA'.  [52°].  (267°  at  15 
mm.)  (Krafft  a.  Bmger,  B.  17,  1380). 

p-Tolyl  ether  C,RA'.  [54°].  (276°  at 
15  mm.). 

Chloride  C|,H„0C1.  [23°].  (21.5°  at  15 
mm.).    Crystalline  mass. 

Aviide  C„H,,O.NH,.  [109°].  Formed  by 
distilling  ammonium  s'tearate  at  230°  under 
pressure;  the  yield  being  50  p.c.  (Hofmann,  B. 
15,  984  ;  cf.  Carlet,  BI.  1859,  i.  76).  Formed 
also  by  the  action  of  NH,  on  the  ether  or  on  the 
chloride.  Converted  by  the  action  of  Br  and 
NaOHAq  into  stearyl-heptadecyl-urea  (Turpin, 
B.  21,  2486). 

A7iilidc  Ci.Hj.ONHPh.  [94°].  Formed 
by  distilling  aniline  over  stearic  acid  at  230° 
(Pebal,  A.  91,  152).    White  needles. 

Phenyl  hydrazide  C|,H.,5.C0.N,H,,Ph. 
[107°].  Formed  by  heating  stearic  acid  with 
phenyl-hydrazine.  White  unctuous  plates  (from 
alcohol),  si.  sol.  cold  alcohol,  benzene,  and  ether 
(Strache  a.  Iritzer,  M.  14,  37). 

Nitrite  G„'a,^m.  [42°].  (275°  at  100 
mm.).  S.G.  f  -815  ;  i2£  -779.  Formed  by  dis- 
tilling stearamide  with  P.,0-,  (Krafft  a.  Stauifer,  B. 
15,  516,  1730)  or  by  heating  cyanostearic  acid  at 
250°  (Hell  a.  Sadomsky,  B.  24,  2779). 

References.  —  Bromo-,  Di  -  bromo  -  iodo-, 
Chloro-,  Iodo-,  Nitro-,  and  Oxy-steasic  acid. 

Isostearic  acid  (C,H,,),CH.CO.,H.  [38-5°]. 
(273°  at  101  mm.).  Formed  from  di-octyl- 
acetoacetic  ether  or  di-octyl-malonic  acid  (Conrad 
a.  Guthzeit,  A.  204, 11, 165).  Colourless  leaflets 
(from  alcohol). — NaA':  needles  (from  alcohol). 
— AgA'  :  thick  white  pp. 

Ethyl  ether  mk!.  (275°-280°  at  100  mm.). 
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STEAEIC  ALDEHYDE  C^H^^O,,.  [64°]. 
(213°  uncor.  at  22  mm.).  Formed  by  distilling 
calcium  stearate  with  calcium  formate  (Krafft, 
B.  13,  1417).  Plates  with  bluish  glitter.'sl.  sol. 
ether. 

STEARIN  V.  Stearyl  derivative  of  Gltcebin. 

STEAROLIC  ACID  C^Hj.O,,.  Mol.  w.  280. 
[48°].  (260°).  Formed  by  heating  bromo-oleic 
acid  or  the  dibromide  of  oleic  acid  with  alcoholic 
potash  at  100°  (Overbeck,  J.pr.  97,  159  ;  A.  140, 
49).  Needles  (from  alcohol),  insol.  water.  Br 
forms  C„H,.J3r.,0.,  and  C„H,,.,Br,0.,  [70°].  I  and 
FeLin  CS./form"C„H;,,I.,0.,"  [51°]  (Liebermann 
a.  Sachsse,  B.  24,  4116).  Potash-fusion  yields 
myristic  acid  CnH„„0..  and  an  acid  C|sH„,0„ 
[21°]  (Marasse,  Z.  [2]  5",  571 ;  B.  2,  359).  Alka- 
line KMnO,  oxidises  it  to  suberic  and  stearoxylic 
acids  (Hazuraa.  Griissner,  lf.9,952).  HNOjyields 
azelaic,  stearoxylic,  pelargonic,  and  uitroso- 
pelargonic  acids  (Limpach,  ^.  190, 294).  Phenyl- 
hydrazine  at  140°  gives  C„H3,C0.N„H.,Ph  [82°] 
(Holt,  B.  25,  2670).— BaA'2.—CaA'.,aq.— AgA'. 

STEARONE  {C,.B..y^.S:,0.  Di-heptadeciil 
ketone.  [88°].  S.G.  (liquid)  f  -7979  (Krafft,  k 
15, 1715).  Formed  by  heating  stearic  acid  (9'5g.) 
with  P.,05  (5g.)  at  210°  (Kipping,  G.  J.  57,bS7  ;  cf. 
Bussy,  A.  9,  269;  Redtenbacher,  A.  35,  57; 
Varrentrapp,  A.  35,  80;  Rowney,  C.  6,  97 ; 
Heintz,  P.  94,  272 ;  96,  65).  Got  also  by  dis- 
tilling the  stearyl  derivative  of  heptadecyl-urea 
with  lime  (Turpin,  B.  21,  2486).  Plates,  si.  sol. 
hot  alcohol.    Br  forms  C,.H,,Br,0  [72°]. 

Oa;ii«(C,,H3„),C:NOH.  [63°]."  White  powder, 
m.  sol.  hot  benzene  and  alcohol,  insol.  water 
and  alkalis  (Spiegler,  B.  17, 1575  ;  Kipping,  C.  J. 
57,  540). 

STEAROXYLIC  ACID  C,,H,,0,.  Mol.  w. 
312.  [86°].  Formed  by  the  oxidation  of  stearolie 
acid  (Overbeck,  A.  140,  63  ;  Hazura  a.  Griissner, 
M.  9,  952).  Plates  or  needles,  si.  sol.  cold  al- 
cohol. -  BaA',.. — AgA' :  crystalline  powder. 

STEA3YL-GLYCERIN  v.  Glycerin. 

STEEL  V.  Iron,  vol.  iii.  p.  53,  and  Dictionary 
OF  Applied  Chemistry,  vol.  ii.  p.  360. 

STIBINE.  Synonjrm  of  antimony  hydride,v. 
vol.  i.  p.  288. 

STILBENE  V.  Di-phenyl-ethylene. 

STILBENE  ALCOHOL  v.  Hydrobenzoin. 

STILBENE  DIBROMI DE  v.  Di-brouo-phenyl- 

ETHANE. 

STILBENE    DICARBOXYLIC    ACID  v.  Di- 

PHENYL-MALEIC  ACID. 

STILBENE    DICHLORIDE    v.  Di-chloeo- 

PHENYL-ETHANE. 

STOICHIOMETRY.  The  laws  of  chemical 
combination,  and  their  application  to  chemical 
calculations;  v.  Combination,  cHEincAL,  Laws  of, 
vol.  ii.  p.  235. 

STORAX.  A  balsam  produced  by  Styrax 
officinalis,  a  shrub  growing  in  the  Levant.  It 
occurs  in  two  varieties,  liquid  storax  and  reed 
storax,  the  latter  containing  a  large  quantity  of 
bark.  Liquid  storax  is  a  brownish-yellow  sticky 
mass  containing  styrene,  styracin,  ciunamic  acid, 
phenylpropyl  cinnamate,  a  little  ethyl  cinnam- 
ate,  a  substance  [65°]  smelling  like  vanilla  (pos- 
sibly ethyl-vanillin),  and  (a)  and  (iS)-storesinol 
(W.  von  Miller,  N.  R.  P.  24,  1  ;  B.  9,  21  i  ;  A. 
188,  184  ;  189,  338). 

(a)-Storesinol  C,„H„03  i.e.  C3,H„(OH)3. 
[160°-108°].    Amorphous,  v.  sol.  dilute  KOHAq, 
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but  cone.  KOHAq  ppts.  C„,H-,OjK.  Yields  a 
mono-  and  tri-acetyl  derivative. 

(/3)-Storesinol.  [140°-145°].  Amorphous. 
Forms  amorphous  C3sH^g04K,  which  is  more  sol. 
water  than  its  (a)-  isomeride. 

STKONTIA.  Oxide  of  strontium  (q.v.  p.  516). 

STKONTIUM.  Sr.  At.  w.  87-3.  Mol.  w.  not 
known.  Very  little  known  about  properties. 
Doubtful  if  approximately  pure  Sr  has  yet  been 
isolated.  S.G.  c.  2-4  to  2-58  (Franz,  J.pr.  107, 
253;  Matthiessen,  J.  8,  324).  For  emission- 
spectrum  V.  B.  A.  1884.  444.  H.C.  [Sr,0]  = 
128,  440  (Th.  3,  258). 

OccMjrence.— Compounds  of  Sr  are  widely 
distributed,  but  not  in  very  large  quantities,  i 
SrCOj  occurs  in  small  quantities  in  all  specimens  ' 
of  arragonite ;  very  small  quantities  are  found 
in  many  calc-spars,  marbles,  and  dolomites. 
SrSOj  is  an  ingredient  of  many  heavy  spars. 
SrCOj  is  found  as  strontianite,  and  SrSOi  as 
celestine  in  a  few  localities;  brewsterite  contains 
Sr  silicate,  with  silicates  of  Ba  or  Ca.  Traces  of 
SrSO^  and  SrCl,_,  are  found  in  many  mineral 
springs,  in  some  hard  river-waters,  in  sea-water, 
and  in  the  ashes  of  certain  plants,  especially 
Fucus  vesicidosus. 

Historical. — A  mineral  found  at  Strontian,  a 
village  in  Ai'gyleshire,  in  1787,  and  supposed  to 
be  barium  carbonate,  was  observed  to  colour 
flame  reddish  by  Crawford  and  Cruikshank  in 
1790  [Mem.  Manchester  Soc).  The  supposition 
made  by  C.  a.  C.  that  the  mineral  contained  a 
new  element  was  confirmed  by  Hope  {T.  JS.  4,  3), 
Klaproth  {Crell's  Ann.  1793  [ii.]  189  ;  1794  (i.) 
99),  and  Ku-wan-Higgins  [CrelVs  Ann.  1795  (ii.) 
119,  205).  The  metal  was  isolated  by  Davy  in 
1808  (T.  1808.  345). 

Formation. — 1.  By  electrolysing  moist  SrO^H, 
or  SrClj  in  contact  with  Hg  and  a  little  naphtha, 
and  heating  the  amalgam  so  formed  (Davy,  T. 
1808.  345).— 2.  By  heating  saturated  SrCIAq 
with  Na  amalgam  to  90°,  quickly  washing  the 
Sr  amalgam  so  formed,  drying  it  by  filter  paper, 
and  distilling  off  the  Hg  in  a  stream  of  H  (Franz, 
J.pr.  107,  253).— 3.  By  heating  SrO  or  SrO.H^ 
intimately  mixed  with  Mg  powder,  a  mixture  of 
Sr  with  MgO  is  obtained  (Winkler,  B.  23,  125, 
2647). 

Preparation. — A  porous  clay  cylinder  is 
placed  in  a  crucible,  and  SrCL,  mixed  with  a  little 
NHjCl,  is  placed  in  the  crucible  and  in  the  cell,  so 
that  when  the  mixture  is  fused  the  surface  of  it  is 
at  a  higher  level  in  the  cell  than  in  the  crucible.  A 
cylinder  of  sheet  u'on  surrounding  the  cell  serves 
as  the  positive  electrode,  and  an  iron  wire  pass- 
ing through  a  tobacco  pipe,  the  bowl  of  which 
dips  under  the  molten  mixture  in  the  cell,  serves 
as  the  negative  electrode.  The  crucible  is  heated 
till  the  mixture  of  SrClj  and  NHjCl  melts,  tem- 
perature being  kept  so  that  there  is  always  a 
solid  crust  on  the  surface  of  the  mixture  in  the 
porous  cell.  A  current  from  5  or  6  Bunsen  cells 
is  passed  through  the  molten  mass ;  Sr  is  sepa- 
rated and  runs  into  small  pieces,  which  are  pro- 
tected from  the  air  by  the  solid  crust  of  SrCl^ 
and  NH^Cl ;  the  pieces  of  Sr  are  removed  by 
an  iron  spoon  and  kept  under  petroleum. 

For  the  preparation  of  pure  Sr  salts  from 
strontianite  v.  Barthe  a.  Falieres  {Bl.  [3]  7, 104). 

Properties. — A  yellowish-white  metal,  some- 
what harder  than  Ca  or  Pb  ;  can  be  beaten  into 


thin  leaves  ;  melts  at  full  red  heat.  According 
to  Mallet  (A.  190,  62),  Sr  is  slightly  volatilised  at 
a  very  high  temperature.  Easily  oxidised  by 
exposure  to  air  ;  decomposes  cold  water  rapidly ; 
dissolves  in  dilute  acids,  not  in  HNOaAq,  giving 
salts  and  H.  Combines  du-ectly  with  S  and  the 
halogens.  Sr  is  a  strongly  positive  metal,  less 
positive  than  the  alkali  metals  and  Ca,  but  more 
positive  than  Mg  ;  it  is  closely  related  to  Ca  and 
Ba,  less  closely  to  Mg;  it  also  shows  resemblances 
to  Zn,  Cd,  and  Hg  (v.  Aikaline  eabths,  metals 
OP  THE,  vol.  i.  p.  112  ;  and  Magnesium  gkodp  of 
ELEMENTS,  vol.  iii.  p.  163).  The  atomic  weight 
of  Sr  has  been  determined  (1)  by  determining 
CO..  in  SrCOj  (Stromeyer,  S.  19,  228  [1816]; 
Salv6tat,  C.  B.  17,  318  [1843]) ;  (2)  by  ppg.  CI 
from  SrCUby  Ag  (Kose,  S.  19,  228  [1816]; 
Pelouze,  C.  R.  20,  1047  [1845] ;  Marignac,  A. 
106,  168  [1858] ;  Dumas,  A.  Ch.  [3]  55,  191 
[1859]) ;  (3)  by  determining  water  in  SrCl2.6H20 
(Marignac,  A.  106,  168  [1858]) ;  (4)  by  trans- 
forming SrCl.,.6H,>0  into  SrSO^  (Marignac,  I.e.). 
The  S.H.  of  Srhas  not  been  determined  directly. 
The  V.D.  of  no  compound  of  Sr  has  been  deter- 
mined. 

Reactions  and  Combinations  {v.  Bunsen, 
A.  94,  111). — 1.  Exposed  to  air  or  oxygen  rapidly 
forms  SrO,  or  SrO.,H^  if  moisture  is  present. — 

2.  Burns  brilliantly  when  heated  in  oxygen, 
sulphur  vapour,  chlorine,  bromine,  or  iodine 
vapour  ;  also  in  dry  carbon  dioxide. — 3.  Decom- 
poses cold  water  rapidly,  giving  off  H  and  form- 
ing SrO.jHj.  —  4.  Dissolves  rapidly  in  dilute 
hydrochloric  or  sulphuric  acid ;  reacts  slowly 
with  cone,  sulphuric  acid ;  scarcely  acted  on  by 
nitric  acid,  even  when  hot  and  cone. — 5.  Beduces 
silica  and  silicates  when  heated  therewith  to  full 
redness. 

Strontium,  antimonate  of ;  v.  vol.  i.  p.  286. 

Strontium,  arsenates  of;  v.  vol.  i.  p.  309. 

Strontium,  arsenite  of ;  v.  vol.  i.  p.  307. 

Strontium,  borates  of ;  v.  vol.  i.  p.  530. 

Strontium,  bromide  of,  SrBr„.  Mol.  w.  not 
determined.  By  heating  Sr  in  Br.  By  dissolv- 
ing SrCOj  in  HBrAq  and  evaporating,  long  white 
needles  of  the  hydrate  SrBr„.  6aq  are  obtained 
(Lowig,  Mag.  Pharm.  33,  7) ;  S.G.  2-358  (Favre  a. 
Valson,  C.  R.  77,  579) ;  these  crystals  do  not 
effloresce  over  HjSO^  (Kammelsberg,  P.  55,  238), 
but  on  heating  give  off  their  water,  leaving  SrBr., 
as  a  white  solid,  S.G.  3-985  (F.  a.  V.,  I.e.),  that 
melts  at  red  heat  without  decomposition  (E.,  I.e.). 
[Sr,Br-]  =  157,700  {Th.  3,  258).  Carnelley  (C.  J. 
33,  279)  gives  melting-point  as  e.  630°.  Com- 
bines with  ammonia  to  form  2SrBr.,.NH3  (Kam- 
melsberg, P.  55,  238). 

Strontium,  chloride  of,  SrClj.  Mol.  w.  not 
determined. 

Formation. — 1.  By  burning  Sr  in  CI. — 2.  By 
passing  01  over  hot  SrO  (Weber,  P.  112,  619).— 

3.  By  heating  SrO  in  a  stream  of  HCl  (Chevreul, 
A.  Ch.  84,  285).— 4.  By  decomposing  SrCO,,  by 
cone.  CaCljAq  or  MgCL  by  heating  together, 
then  dissolving  out   SrClj  and  crystallising 

(SrCOa  +  MgCl^Aq  =  SrCLAq  +  MgO  +  COj ; 
Wackenrodcr' s  Patent ;  v.  B.  19,  Ref.  633). — 5. 
By  heating  a  mixture  of  SrSOj,  CaCl.,,  and  char- 
coal with  a  little  chalk,  lixiviating,  and  crystal- 
lising (SrSO,  H-  CaCl;,  +  40  =  SrCl^  +  CaS  +  4C0  ; 
Mactear,  D.  P.  J.  262,  288). 
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Preparation. — Strontianite  (SrCO,)  is  dis- 
i3olved  in  HClAq,  the  solution  is  digested  in 
absence  of  air  with  more  SrCO.,  (to  remove  iron, 
ifcc),  poured  off  and  evaporated  to  the  crystal- 
lising point;  the  crystals  of  SrCL,.  Gaq  that  sepa- 
rate are  purified  byre-crystallisation,  then  dried 
and  heated  to  100°  until  they  cease  to  lose 
weight. 

Properties. — A  white,  crystalline  powder,  with 
a  sharp,  bitter  taste.  Melts  at  825°  (Carnelley, 
C.  J.  33,  280)  to  a  glass-like  mass  with  an 
alkaline  reaction.  S.G.  2-96  at  0° ;  2-77  at 
m.p.  (Quincke,  P.  138,  141).  S.  44-2  at  0°, 
48-3  at  10°,  53-9  at  20°,  60  at  30°,  66-7  at  40°, 
74-4  at  50°,  83-1  at  G0°,  87-6  at  65°,  88-8  at 
66-5°,  89-6  at  70°,  92-4  at  80°,  96-2  at  90°,  101-9 
at  100°,  109-1  at  110°,  116-4  at  118-8°;  satu- 
rated SrCl,,Aq  boils  at  118-8°  (Mulder).  Gerlach 
(Ft.  8,  245)  gives  the  following  data:— 

S.G.  SrCl^Aq  P.c.  SrCl^  S.G.  Si-Cl,Aq  P.c.  SrClj 

1-0453           5  1-2580  25 

1-0929         10  1-3220  30 

1-1439         15  1-3633  33 
1-1989  20 

SrCl,  is  insol.  absolute  alcohol ;  it  dissolves 
in  aqueous  alcohol  in  proportion  to  the  amount 
of  water  present  (Gerardin,  A.  Ch.  [4]  5,  156). 
[Sr,Cl-]  =  184,550  ;  [Sr,Cr-,Aq]  =  195,690  (Th.  3, 
258).  For  connection  between  solubility  in  water 
of  SrCl,  and  temperature  v.  Etard  (C.  B.  113, 
854). 

Reactions  and  Combinations. — 1.  Heated  to 
redness  in  water  vapour,  HCl  is  given  olf  and 
SrO  remains  (Kraus,  P.  43,  138 ;  Kahnheim,  J. 
1861.  149).— 2.  Heated  with  bromine  to  200='  is 
partially  decomposed  to  SrEr^  (Potilitzin,  B.  7, 
733 ;  8,  766) ;  the  amount  of  decomposition 
varies  with  temperature  and  the  relative  masses 
of  SrCl,  and  Br. — 3.  Combines  with  water.  So- 
lution of  SrCOj  in  HClAq  evaporated  yields  long, 
six-sided,  hexagonal  needles  of  the  hexa- 
7i2/fZra<e  SrClo.6H20;  S.G.  1-933  at  17°.  By 
keeping  these  crystals  over  HoSO.,  in  vacuo  for 
some  months  the  dihydratc  SrGl„.2H,^0  is 
formed. — 4.  Combines  with  ammonia  to  form 
SrCL.SNHj  (H.  Rose,  P.  20,  155). 

Strontium,  cyanide  of;  v.  vol.  ii.  p.  347. 

Strontium,  ferrocyanide  of;  v.  vol.  ii.  p.  337. 

Strontium,  fluoride  of,  SrF..  A  white,  crys- 
talline powder ;  scarcely  sol.  water  or  HFAq. 
Prepared  by  the  action  of  HFAq  on  SrO  or 
SrCOj  (BerzeUus,  P.  1,  20) ;  also  by  fusing 
2  parts  SrCl._,  with  1  part  NaF  and  1  part  NaCl, 
and  lixiviating  the  product  (Roder,  Dissertation 
[Gottingen,  1863]  14;  Feldmann,  B.  21,  Ref. 
866  [Patent]).  Poulenc  (C.  R.  116,  987)  ob- 
tained SrFj,  as  an  amorphous  powder,  by  the 
reaction  of  HFAq  and  SrCL.Aq  ;  S.G.  2-44  ; 
partly  decomposed  to  SrO  by  heating  in  air  to 
c.  1000°.  By  fusing  with  alkali  chlorides,  or 
with  KHF„,  P.  obtained  SrF,  in  regular  octa- 
hedral crystals. 

Strontium,  hydride  of.  By  heating  to  red- 
ness a  mixture  of  103  parts  SrO  (made  from 
SrOOa)  with  24  parts  Mg  powder,  in  an  iron 
tube,  in  an  atmosphere  of  H,  Winkler  (B.  24, 
1975)  obtf^ned  a  greyish-bi-own  powder  that 
quickly  oxidised  in  air  to  SrO.flo  with  evolution 
of  H,  and  was  decomposed  very  rapidly  by  water 
or  HClAq  with  violent  evolution  of  H.  Analyses 


'  indicated  that  the  substance  might  be  a  mixture 
i  of  c.  66  p.c.  SrH  with  c.  29  p.c.  MgO,  c.  4  p.c.  SrO, 
and  a  very  little  Mg. 

Strontium,  hydrosulphide  of,  SrS„H,.3'H30. 
By  saturating  SrOAq  with  H^S  and  evaporating 
in  vacuo  over  HoSOj ;  or  by  dissolving  SrS  in 
water,  evaporating,  frltel-ing  from  SrO._,H.,,  and 
evaporating  over  HoSOj  in  vacuo.  Large, 
white  crystals ;  melts  when  heated  in  water  of 
crystallisation,  and  then  gives  SrS.  Aqueous 
solution  boiled  gives  off  all  H.,S  and  forms 
SrOoHj  {v.  Eose,  P.  55,  430;  Berzelius,  P.  6, 
442). 

Strontium,  hydroxide  of,  SrO..,H2.    Mol.  w. 
not  determined.     Prepared  by  the  action  of 
'  water  on  SrO.  Also  by  heating  ceJestine  (SrSO.,) 
I  with  charcoal,  dissolving  SrS  so  formed  in  water, 
j  heating  with  CuO  or  ZnO,  filtering  from  CuS  or 
ZnS,  evaporating  to  dryness,  and  heating  to 
redness  {cf.  Baeium  hydroxide,  vol.  i.  p.  442). 

A  white  solid;  S.G.  3-625  (Filhol,  A.  Ch. 
[3]  21,  415).  Sol.  water,  forming  a  markedly 
alkaline  solution  reacting  similarly  to  BaO„H.,Aq 
and  CaO.,H,Aq.  Scheibler  (C.  C.  [3]  13,  33) 
gives  the  following  data,  showing  solubility  in 
water,  expressed  in  terms  of  SrO,  and  the  hydrate 
SrO^Hj.SHjO,  dissolved  :— 

s.  s. 


Temp. 

Temp. 

SrO 

SrOjH,.KH,0 

SrO 

SrO,H..sH.,0 

0° 

■35 

-90  " 

55° 

2-54 

6-52 

5 

•41 

1-05 

60 

3-03 

7-77 

10 

•48 

1-23 

65 

3-62 

9-29 

15 

•57 

1-46 

70 

4-35 

11-16 

20 

•68 

1-74 

75 

5-30 

13-60 

25 

•82 

2-10 

80 

6-56 

16-83 

30 

1-00 

2-57 

85 

9-00 

23-09 

35 

1-22 

3-13 

90 

12-00 

30-78 

40 

1-48 

3-80 

95 

15-15 

38-86 

45 

1-78 

4-57 

100 

18-60 

47-71 

50 

2-13 

5-46 

101-2 

19-40 

49-75 

Dry  SrOoH,,  takes  up  only  traces  of  CO.,  from 
the  air  (Heyer,  B.  19,2684);  but  the  hydrate 
SrO„H„.H.,0  absorbs  CO.,  till  it  is  changed  to 
SrCOa  "(H.',  I.e.)  ;  according  to  Finkener  (B.  19, 
2958)  a  basic  carbonate  is  formed. 

The  octohydrate,  Sr02H2.8H^O,  crystallises 
in  tetragonal  crystals  (a  :  c  =  1 : -6407)  from 
SrOAq  ;  S.G.  1-396  at  16°  ;  in  air  falls  to  powder, 
giving  the  monohydrate  SrO.,H„.H.,0,  which  loses 
H„0  at  100°  {v.  Finkener,  I  'c.  ■  Mtiller-Erzbach, 
B'.  19,  2874  ;  20,  1628).  Weisberg  (P.  11,  511) 
says  that  CI  reacts  with  the  hydrates  of  SrCH^ 
to  give  SrCl,  and  Sr(C103).,. 

Strontium,  iodide  of,  Sri...  A  white  solid ; 
by  dissolving  SrCO.,  in  HIAq,  evaporating,  and 
heating  the  hexahijdrate,  SrL.6H.^0,  which 
crystallises  out.  S.G.  4-415  ;  melts  at  red  heat ; 
strongly  heated  in  air  gives  SrO  and  I  (Croft, 
J.  pi'''-  68,  420).  Thomsen  gives  [Sr,r,Aq] 
=  143,460  {Th.  3,  258). 

Strontium,  manganocyanide  of;  v.  vol.  ii. 
p.  342. 

Strontium,  nitride  of.  By  heating  Sr  amal- 
gam containing  from  20  to  25  p.c.  Sr  (prepared 
by  electrolysis  and  heating  the  product  in  vacuo) 
in  a  stream  of  N,  Maquenne  {Bl.  [3]  7,  366)  ob- 
tained a  dark-coloured  compound  of  Sr  and  N 
to  which  he  gave  the  formula  Si-jN^. 

Strontium,  oxides  of.  Two  oxides  have.been 
isolated,  SrO  and  SrO.„ 
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Strontium  oxide  SrO.  {Strontium  mon- 
oxide. Strontia.)  Mol.  \v.  not  known.  Prepared 
by  strongly  heating  SrOjHj,  Sr{N03)2,  SrCO^ 
(Briigelmann,  Fr.  29, 127  ;  Heyer,  B.  19,  2684) ; 
also  by  strongly  heating  Srl^in  air  (Croft,  J.  pr.  68, 
420).  Best  prepared  similarly  to  BaO  (v.  Babium 
MONOXIDE,  vol.  i.  p.  443)«  A  grey-white,  porous, 
infusible  solid;  prepared  by  heating  SrCOj  or 
SrOjHj  forms  a  mass  of  regular  cubes  with 
S.G.  4"75  referred  to  water  at  4°  (Briigelmann, 
I.C.).  According  to  Moissan  (C  R.  115,  1034), 
SrO  melts  to  a  transparent  liquid  at  c.  3000°, 
and  this  solidifies  to  a  crystalline  mass.  Thom- 
sen  gives  [Sr,0]  =  128,440  (Th.  3, 258).  Dissolves 
in  water  (for  data  v.  Strontium  hydroxide) ; 
from  this  solution  the  ootohydrated  hydroxide 
SrO„H,.8H20  separates  on  evaporation.  Bypass- 
ing moist  air  over  SrO  the  monohydrated  hy- 
droxide, SrO,,a,.H20,  is  formed  (Heyer,  B.  19, 
2684).  SrO  is  a  strongly  basic  oxide,  reacting 
\vith  acids  to  form  salts  SrX,  where  X  =  S04, 
2NO3,  fPOj,  &c. 

Strontium  dioxide  SrOj.  (Strontium  per- 
oxide.) Mol.  w.  not  known.  Addition  of  HjO^Aq 
to  SrOAq  ppts.  the  octohydrate  SrO.,.8H„0 
(Thteard,  A.  Ch.  [2]  8,  312;  Schone,' B.  6, 
1172  ;  of.  Conroy,  C.  J.  [2]  11,  812).  By  drying 
this  pp.  at  100°  SrOo  is  obtained  as  a  white 
powder,  having  similar  properties  to  those  of 
barium  dioxide  {q.v.  vol.  i.  p.  443).  SrO,  is  not  ob- 
tained by  methods  similar  to  those  generally  used 
for  making  BaO,. 

Strontium,  oxychloride  of.  According  to 
Andre  (..4.  Ch.[G]  3,  66)  crystals  of  the  compound 
SrCl2.Sr0.9H„0(  =  Sr,OGl,.9H20)  are  deposited 
from  a  mixture  of  saturated  SrCUAq  and  satu- 
rated SrOAq  ;  the  crystals  are  very  unstable  in 
air. 

Strontium,  oxysulphide  of.  Schone  (P.  117, 
69)  obtained  SrS^.SrO.  12aq(Sr,OS4. 12aq)  by 
slow  oxidation  of  SrS.Aq. 

Strontium,  platiaocyanide  of;  v.  vol.  ii.  p. 
344. 

Strontium,  salts  of.  Compounds  obtained 
by  replacing  H  of  acids  by  strontium.  These 
compounds  belong  to  the  type  SrX,  where  X  is 
SOj,  CO3,  2NO3,  fPO^  &c.  The  Sr  salts  are  very 
definite  compounds ;  not  many  basic  salts  ai'e 
known.  The  chief  salts  of  oxyacids  are  the  fol- 
lowing :  bromate  and  hypobromite,  carbonate, 
chlorate,  chlorite  and  perchlorate,  chromate  and 
dichroniate,  iodate  and  periodates,  molybdate, 
nitrate,  nitrite,  and  hyponitrite,  selenate  and 
sclenites,  sulphate,  sulphite,  thiosulphate,  and 
tliionates  {v.  Cabbonates,  nitrates,  &o.). 

Strontium,  selenide  of.  Obtained  as  a  white 
solid,  rapidly  decomposing  in  air  with  separation 
of  Se,  by  heating  a  small  quantity  of  SrSe04  in 
H  to  dull  redness  ;  [Sr,Se]  =  87,160  (Fabre,  C.  B. 
102,  1469). 

Strontium,   silicofiuoride  of,  SrSiFg.2H20. 

Four-sided  prisms ;  S.G.  2-999  ;  loses 
when  gently  warmed ;  prepared  by  dissolving 
SrCO,  in  H^SiF^Aq  and  evaporating  (Berzelius, 
Lehrbuch  [5th  edit.],  3,  385].  Fresenius  {Fr. 
29,  143)  gives  S.  3-2  at  15°  ;  S.  in  alcohol  (50  p.c. 
by  vol.)  -06  at  15°. 

Strontium,  sulphides  of.  Three  sulphides 
have  been  isolated  :  SrS,  SrSj,  and  SrSj. 

Strontium  monosulphide  SrS.  Formed  by 
heating  together  Sr  and  S  in  the  ratio  87:32  ; 


also  by  reducing  SrSO^  by  charcoal;  also  hy 
passing  CS,  vapour  mixed  with  H,  H,S,  or  CO.^ 
over  red-hot  SrCO,  {cf.  Barium  monosulphide, 
vol.  i.  p.  444).  A  white  powder,  which  slowly  be- 
comes yellowish  when  exposed  to  air.  Does  not 
phosphoresce  (Schone,  P.  117,  59).  For  phos- 
phorescence of  SrS  mixed  with  small  quantities 
of  other  salts  v.  Becquerel  {C.  B.  107,  892). 
Sabatier  {A.  Ch.  [5]  22,  5)  gives  [Sr,S]  =  49,600. 
SrS  does  not  combine  with  S  when  heated  there- 
with, but  polysulphides  are  formed  by  boiling 
an  aqueous  solution  of  SrS  with  S  (Schone,  P. 
117,  59).  SrS  dissolves  in  water ;  on  crystal- 
lising SrOjH,  separates  and  SrSjHj  remains  in 
solution  (H.  Rose,  P.  55,  430). 

Strontium  tetrasulphide  SrS4.a;H20.  The 
hexahydratc,  SrSj.6H._,0,  is  obtained,  as  a  red- 
dish crystalline  solid,  by  boiling  100  parts  SrS  in 
water,  and  evaporating  the  solution  in  vctcuo  at 
a  temperature  not  higher  than  16°.  From  a 
solution  at  20°-25°  the  dihydrate  SrS4.2H20 
separates.  An  aqueous  solution  of  SrS4  oxidises 
in  air  to  the  oxysulphide  SrO.SrS4. 12aq,  and 
then  to  SrSjOj,  while  S  separates  and  some  SrCOa^ 
is  formed  (Schone,  P.  117,  59). 

Strontium  pentasulphide  SrS^.xHjO.  An 
amorphous,  yellowish,  hygroscopic  solid ;  formed 
by  evaporating  a  solution  of  SrSj  saturated  with 
S  in  the  cold.  After  drying  at  100°,  OS.,  dis- 
solves out  ith  of  the  S,  leaving  SrS4  (Schone, 
Z.c). 

Strontium,  snlphydrate  of;    v.  Strontium 

HYDEOSULPHIDE,  p.  515. 

Strontium,  sulphocyanide  of;  v.  vol.  ii.  p. 
352.  M.  M.  P.  M. 

STROPHANTHIN  C^.HjsO,,  (A.)  ;  a„H340,„ 
(F.).  [o]i,  =  30°.  Extracted  by  alcohol  at  70° 
from  the  seeds  of  Strophanthus  hispidus  (Gal- 
lois,  C.  B.  84,  261 ;  Fraser,  Ar.  Ph.  [3]  3,  229 ; 
Pr.  E.  124,  370 ;  Ph.  [3]  18,  69  ;  Elborne,  Ph. 
[3]  17,  743  ;  18,  219  ;  Gerrard,  Ph.  [3]  17,  923  ; 
Arnaud,  C.  B.  107,  179 ;  Gley,  C.  B.  107,  348). 
White  micaceous  crystals,  sol.  water,  v.  sol. 
alcohol,  insol.  ether.  Dextrorotatory.  Bitter. 
Eesembles  ouabain  in  toxic  effects.  Decomposed 
by  boiling  dilute  acids  (even  H^S)  into  glucose 
and  crystalline  strophanthidin,  which  yields  a 
resin  on  further  boiling  with  dilute  H2SO4  (F.). 
H.2SO4  and  a  trace  of  FeClj  gives  a  reddish- 
brown  pp.,  changing  to  emerald-green  (Helbing, 
Ph.  [.3]  17,  924). 

STRTJTHIIN  V.  Saponin. 

STRYCHNIC  ACID  C„„H„2NO(NH).C02H. 
Formed  from  strychnine,  alcohol,  and  Na  at 
50°-55°  (Tafel,  A.  264,  50).  When  heated  in  a 
current  of  H  at  190°  it  changes  to  strychnine. 
K2Cr20j  and  H.,S04  give  a  brown-red  colour  or 
pp. 

Nitrosamine  C.,„H„,N0(N.N0).C0oH.  Ge- 
latinous pp.    Exhibits  Liebermann's  reaction. 

Methylo-iodide 
C2„H.,2N(MeI)0(NH).CO,H.  Formed  from 
methyl-strychnine  and  HI  (Tafel,  A.  264,  55). 
Colourless  needles  (containing  aq),  v.  si.  sol. 
cold  alcohol  and  cold  water. — NaA'  aq  :  v.  e.  sol. 
water,  m.  sol.  alcohol.  Converted  by  Mel  into 
crystalline  C^oH^^N (Mel) (NMe) .CO.,Me. 

Methyl-stryciinic  acid.  Methylo-iodide. 
C2„H,.,N(MeI)0(NMe).C0„H.  Formed  from  di- 
methyl-strychnine and  HI  (Tafel,  A.  264,  58). 
Needles,  m.  sol.  boiling  water  and  hot  alcohol. 
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Deoxystrychnic  acid  C,,„H„,;N(NH).CO.H  aq. 
Formed  by  heating  deoxystrychnine  with  alco- 
holic NaOEt  at  180°  (Tafel,  A.  268,  253). 
Needles  (containing  aq)  (from  dilute  ILSOj)  or 
anhydrous  prisms  (from  alcohol),  si.  sol.  hot  water. 
Quickly  converted  by  acids  into  deoxystrychnine. 
Yields  a  nitrosamine. 

Isostrychnic  acid  C2„H,.N0(NH).C0,H. 
Formed  from  strychnine,  Na,  and  alcohol  at  70°. 
Got  also  by  heating  strychnine  with  baryta- 
water  at  140°  in  absence  of  air.  Minute 
needles.  ILCrjO,  and  dilute  H2SO4  form  a 
brown  liquid  on  heating,  and  a  brown  pp.  with 
excess  of  KjCr.^O,. — HA'HI  aq  :  prisms,  m.  sol. 
■cold  water  and  alcohol,  insol.  ether. 

Nitroso-  derivative 
N0.C,,„H,,,iSI0(NH).CO,,H  aq.     Sol.  alkalis,  but 
ppd.  by  CO.^.    Yields  a  nitrosamine,  which  gives 
Liebermanu's  reaction  with  phenol  and  H2SO4. 
— HA'HCl :  needles,  insol.  water. 

Mc thy lo -iodide 
C.„H,„N(MeI)0(NH).CO,a.    Crystalline,  m.  sol. 
hot  water. — NaA'  :  minute  needles.  Converted 
by  methyl  iodide    at   100°    into  crystalline 
C,(,H,„,N(MeI)0(NMe).CO,Me  2aq. 

Methyl-isostrychnic  acid 
C.,„H„„NO(NMe).CO.,H.  From  isostrychnic  acid 
hydroiodide  and  Mel  at  100°  (Tafel,  A.  268,  240). 
Small  colourless  prisms  (containing  2Jaq).  Its 
alkaline  solution  is  not  coloured  by  air  (difference 
from  isostrychnic  acid). 

Mcthylo-iodide 
C„„H,,,N(MeI)0(NMe).CO„H  aq  [271°-275°]. 
Formed  from  methyl-strychnine  methylo-iodide 
and  HI  (Tafel,  A.  264,  77).    Needles,  m.  sol.  hot 
water  and  hot  alcohol,  insol.  ether. 

Nitroso-mctliyl-isostrychnic  acid 
N0.C,„H2,0N(NMe).C0,H.  Formed  from  the 
preceding  acid,  alcohol,  HCl,  and  amyl  nitrite. 
Green  needles  (from  benzene).  When  heated 
with  benzoic  aldehyde  and  ZnCl,  it  gives  a 
green  mass,  which  dyes  like  malachite  green. 
Diazo-benzene  chloride  forms  a  brownish-orange 
'dye. 

STRYCHNINE  C.|H,„N,Oo.  Mol.  w.  334. 
[221°]  (Blyth) ;  [284°J  (CTaus  a.  Glassner,  B.  14, 
773) ;  [2G8°]  (Loebisch  a.  Schoop,  21.  6,  858) ; 
^269°]  (Stoehr).  (270°  at  5  mm.).  S.G.  «  1-3.59 
(Clarke,  Am.  2,  174).  S.  -015  in  the  cold;  -04 
at  100°.  S.  -014  in  the  cold  (Dragendorff,  J. 
1865,  739) ;  -025  at  14-5°  (Crespi,  G.  13,  175). 
S.  (alcohol)  -3  at  8°;  1-8  at  78°.  S.  (95  p.c. 
alcohol)  -936.  S.  (ether)  -68.  S.  (benzene)  -607. 
S.  (isoamyl  alcohol)  -53  at  12°;  4-3  at  99°.  Oc- 
curs in  nux  vomica,  in  St.  Ignatius  beans,  in 
the  wood  of  Strijchnos  Goluhrina,  in  Stryclmos 
Ticute,  and  in  other  species  of  Stryclmos  (Pelle- 
tier  a.  Caventou,  A.  Ch.  [2]  10,  142;  26,  44; 
Pelletier  a.  Dumas,  .4.  C7i.  [2]  24,  176;  Liebig, 
A.  47,  171 ;  49,  244  ;  Eegnault,  A.  Ch.  [2]  68, 
113  ;  Gerhardt,  Rev.  Scient.  10,  192  ;  Nicholson 
a.  Abel,  C.  J.  2,  241 ;  Henry,  Ph.  8,  401 ;  Corriol, 
Ph.  11,  492;  Kobiquet,  Ph.  11,  580;  Henry, 
jun.,  J.  Ph.  16,  752 ;  Berlekom,  Z.  [2]  2,  443  ; 
Shenstone,  Ph.  [3]  8,  445).  Occurs  also  in  the 
bark  of  ErytlirojiJdcciLm  gninccnse,  from  which 
the  pigmies  of  Central  Africa  prepare  their 
arrow-poison  (Holmes,  Ph.  [3]  21,  921). 

Preparation.—  1.  The  nuts  (1  kilo)  are  softened 
by  steam,  dried,  powdered,  and  digested  with 
alcohol  (5  kilos  of  S.G.  '856)  acidulated  with 


H.SOj  (45  g.).  Lime  is  added  to  the  filtrate; 
and,  after  standing,  the  decanted  liquid  evapo- 
rated ;  the  residue  dissolved  in  dilute  acid  ;  and 
the  filtrate  ppd.  by  ammonia.  The  strychnine 
is  separated  from  brucine  by  crystallisation  from 
alcohol  (Henry). — 2.  The  dilute  alcoholic  extract 
of  nux  vomica  is  evaporated  to  a  small  bulk 
and  ppd.  by  lead  acetate.  The  filtrate  is  mixed 
with  magnesia  and  left  for  a  few  days.  The  pp. 
is  dissolved  in  alcohol  of  83  p.c.  and  evaporated 
to  crystallisation.  Strychnine  is  first  deposited, 
and  afterwards  brucine.  The  bases  are  further 
purified  by  crystallisation  of  their  nitrates,  the 
nitrate  of  strychnine  separating  first. 

Properties. — Trimetric  prisms,  permanent  in 
the  air  and  not  altered  by  hght.  LsBvorotatory, 
the  rotation  varying  greatly  with  the  nature  of 
the  solvent  (Hoorweg,  A.  166,  76  ;  Tykociner, 
R.  T.  C.  1,  146).  The  dispersive  power  is  con- 
stant (Grimbert,  Ph.  [5]  16,  295).  At  169°  it 
forms  a  sublimate  of  minute  needles  (Blyth). 
Very  bitter.  AlkaUne  in  reaction.  Strychnine 
is  a  violent  poison,  acting  on  the  spinal  cord  and 
producing  convulsions  (Lovett,  J.  Physiol.  9, 
99).  "03  g.  may  be  fatal.  Strychnine  dissolves 
with  difficulty  in  acids,  the  solubility  being 
greater  the  more  dilute  the  acid  ;  when  a  cone, 
solution  of  a  strychnine  salt  is  slightly  acidified 
a  pp.  is  formed  which  dissolves  in  excess  of 
I  acid,  forming  a  solution  which  yields  a  pp.  on 
I  dilution.  Thus  H^.SO^  added  to  a  cone,  solution 
j  of  strychnine  sulphate  ppts.  the  acid  sulphate 
B'H^SO.,,  the  mother-liquor  retaining  -113  p.c. 
of  salts.  HCl  added  to  a  solution  of  strychnine 
hydrochloride  ppts.  B'HClllaq  in  needles,  the 
mother-liquor  retaining  '413  p.c.  of  salt  (Han- 
riot  a.  Blarez,  C.  R.  96,  1504).  Strychnine 
is  readily  soluble  in  dilute  hypophosphorous 
acid  (.Jones,  Ph.  [3]  20,  256).  KCy  added  to  a 
solution  of  a  salt  of  strychnine  ppts.  the  pure 
base  (Fliickiger,  N.  J.  P.  38,  138  ;  Weith,  B.  4, 
627).  A  solution  of  ICl  gives  a  yellow  pp.  v.  sol. 
HClAq,  from  which  it  crystallises  on  cooling 
(Dittmar,  B.  18,  1612). 
I  Reactions. — 1.  Dry  distillation  yields  carb- 
'  azole,  H,  C.^H„  and  CH^  (Loebisch  a.  Schoop,  M.  7, 
614).— 2.  Distillation  with  Zwyic  yields  (0)-methyl- 
pyridine,  methyl-indole  (scatole),  CH,,  NEtH.,, 
and  NH3  (Stoehr,  B.  20,  810,  llOS,  2729  ;  J.  pr. 
[2]  42,  405).— 3.  Distillation  with  soda-lime 
gives  carbazole,  scatole,  and  (/3)-methyl-pyridine 
(Loebisch  a.  Malfatti,  M.  9,  628).— 4.  Distillation 
with  KOH  gives  indole  (Goldschmidt,  B.  15, 
1977)  and  butyric  acid  (Loebisch  a.  Schoop,  M. 
7,  93). — 5.  Distillation  with  zinc-dust  at  400°  in 
\  vacuo  yields  solid  CoiH^^N^.O,  which  dissolves  in 
1  alcohol  with  blue  fluorescence,  and  gives  no 
'  colour  with  K^Cr.,0,  and  H,_,S04.  Zinc-dust  at  a 
red  heat  gives  H,  CoH.,,  C.^H..,  NH.„  and  carbazole 
(Loebisch  a.  Schoop,  ilf.  7,  609),  and  (7)-lutidine 
]  (Scichilone  a.  Magnanini,  G.  12,  444).  — 6.  Alka- 
line KMnOj  yields  oxahc  acid,  CO.,  NH,,  and  a 
crystalline  acid  [195°]  (Hoogewerff  a.  Van  Dorp, 
R.  T.  C.  2,  181).  Half  the  nitrogen  is  given  off 
!  as  ammonia  (Wanklyn  a.  Chapman,  C.  J.  21, 
161). — 7.  KMnOj  in  dilute  acid  solutions  yields 
an  amorphous  acid  C|,H,,NO.|  aq  (?)  (Plugge, 
B.  T.  C.  2,  270),  which  yields  amorphous 
C„H,„AgN03aq  (Hanriot,  C.  R.  96,  1671).— 8.  By 
treatment  with  CrOj  and  H_.SO,,  it  jaelds  the 
same  oxidation  product  Cii^Hj^N.^O^  as  that  ob- 
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tained  from  brucine  under  the  same  treatment 
(Hanssen,  B.  18,  1917).— 9.  PCI,  (1  pt.)  acting 
on  strychnine  hydrochloride  (8pts.)  under  boiling 
chloroform  yields  a  compound  crystallising  from 
benzene  in  needles  [224'^],  possibly  penta-ehloro- 
strychnine  (Stoehr,  J.pr.  [2]  42,  414).— 10.  Boil- 
ing HNO3  forms  cacostrychnine  and  picric  acid 
(Shenstone,  C.  J.  47, 142) ;  nitric  acid  forms  20 
p.c.  of  di-nitro-di-oxy-quinoline  carboxylic  acid 
C,oH5N30g,  which  yields  KA',  is  reduced  by 
SnClj  to  CjoHgNjOj  (a  body  having  acid  and 
basic  properties),  and  when  heated  with  water 
is  split  up  into  CO,  and  di-nitro-di-oxy-quinol- 
ine (Tafel,  B.  26,  353).— 11.  Baryta  water  in 
sealed  tubes  at  140°  forms  two  bases,  Cj.HosN^O^ 
and  C„^H.,sN„05,  both  crystallising  from  water 
(Gal  a".  Etard,  C.  R.  87,  362).— 12.  Alloxan 
added  to  a  solution  of  strychnine  in  a  saturated 
solution  of  SO2  forms  small  colourless  prisms  of 
E'C^H^NjO^H^SOjaq  (Pelhzzari,  A.  248,  150).— 

13.  Iodoform  (5  g.)  and  strychnine  (12  g.)  dis- 
solved in  hot  alcohol  (500  c.c.)  deposit  on 
cooling  crystals  of  B'gCHIj,  sol.  ether  and  chloro- 
form, but  decomposed  by  light,  hot  water,  and 
dilute    acids    (Lextreit,    C.    B.  92,  1057).— 

14.  Chloro-acetic  acid  at  180°  forms  C^jHo^N^Oj, 
a  base  which  crystallises  m  silky  needles,  v.  sol. 
hot  water  and  alcohol,  insol.  ether  (Roemer,  Z. 
1871,  435).     It  yields   (C„3H,jN20j).,PtCls.  — 

15.  AcCl  forms  B'AcCl,  which  gives  (B'AcCl),PtCl4 
(Konrad,  J.  1874,  876).— 16.  Chloro-acetone  at 
135°  yields  B'CH^CIO,  S.  6-5  at  15°,  which  yields 
(B'C3H5C10)2PtCl4  2aq  and  B'CjH^OSO^H  liaq 
(Konrad). — 17.  Aqueous  SO,  and  alloxan  give 
colourless  prisms  of  B'S03HC4H3N20j  aq  (Pelliz- 
zari,  G.  18,  329). 

Detection.— 1.  K,S04  forms  a  colourless  solu- 
tion which  with  K.^CrjO,  gives  a  blue  colour, 
changing  through  violet  and  red  to  yellow  (Otto, 

A.  60,  273).  A  drop  of  nitric  acid  and  PbO,  or 
MnO.,  may  be  used  instead  of  Kfii^O^  (Marcliand, 

B.  J".'24,  400 ;  Davy,  A.  88,  402).  KMnO^  and 
Ag.,0  act  in  like  manner  (Lyman,  Fr.  12,  126). 
The  colour  with  H2SO4  and  K2Cr20,  is  not  shown 
in  presence  of  brucine  (Hanriot,  C.  B.  97,  267), 
and  is  interfered  with  by  quinine,  morphine,  and 
sugar  (Brieger,  J.  1850,  617  ;  Vogel,  /.  1853, 
686  ;  ,Fluckiger,  Fr.  28,  102).— 2.  A  minute 
quantity  of  KCIO3  added  to  a  warm  solution  in 
dilute  HNO3  gives  a  scarlet  colour,  changed  by 
ammonia  to  brown,  and  then,  on  evaporation  to 
dryness,  becoming  green  (C.  L.  Bloxam,  C.  N. 
55,  155). — 3.  Ammonium  vanadate  in  HjSOj 
gives  a  blue  colour,  turned  red  by  potash 
(Mandelin,  Fr.  23,  240). — 4.  Chlorine  water  gives 
a  pp. — 5.  Strychnine  can  be  extracted  from  beer 
containing  the  poison  by  shaking  with  animal 
charcoal,  the  charcoal  being  subsequently  ex- 
tracted with  alcohol  (Graham  a.  Hofmann,  A. 
83,  39  ;  cf.  Wagner,  Fr.  6,  387).— 6.  Obtained 
from  acid  liquids  by  adding  ammonia  and  im- 
mediately shaking  with  chloroform  (Cloetta,  Fr. 
5,  265;  Gray,  Fr.  12,  125). -7.  A  liquid  con- 
taining strychnine  sulphate  may  be  shaken  with 
benzene  without  loss  of  strychnine,  but  if  the 
liquid  be  neutralised  by  magnesia  the  free 
strychnine  can  be  extracted  by  benzene  (Dragen- 
dorii',  Z.  [2]  2,  27).— 8.  A  1  p.c.  solution  of 
strychnine  strongly  acidified  by  HCl  is  ppd.  by 
KjFeCy^  while  brucine  remains  in  solution  (Hoist 
a.  Beckiirts).    This  may  be  used  as  a  volumetric 


j  method.    Strychnine  and  brucine  may  also  be 
t  separated  by  crystallisation  of  their  picrates 
(Gerock,  Ar.  Ph.  [3]  27,  158). 

Salts.— B'HCUiaq  (Kegnault,  A.  26,  17). 
Trimetric  crystals;  a:&:c  = -484:1: -466  (Stoehr, 
J.  2pr.  [2]  42,  399).  Neutral  in  reaction.  S.  2 
at  22°.  Lsevorotatory.  [a]r  =  -  28°.— B'HAuCl^. 
Orange  crystals  (from  alcohol)  (Nicholson  a.  Abel, 
C.  J.  2,  241 ;  A.  71,  84).  Decomposed  by  boiling^ 
water  (O.De  Coninck,  Bl.[2]  45, 131).— B'oHjPtCls: 
golden  scales  (from  alcohol).    S.G.  1-779 

(Clarke,  Am.  2,  175).— B'^H^PtCl^aq  (Schmidt, 
A.  180,  295).— B'„H.,ZnCl4  aq  :  prisms  (Grafing- 
hofi,  Bl.  [2]  4,  391).— B'„H..CdCl4  (Galletly, 
iV.  eiZ.  P.  J".  4,  94).— B'HHgCV  Crystals  (from 
alcohol). — B'HgCl, :  insol.  alcohol,  water,  and 
ether.  —  B'„H,,S0;2HgCl,.— B'^H.PdCl^ :  dark- 
brown  needles  (from  alcohol). — B'HC12HgCy, : 
tables  (Brandis,  A.  66,  268).— B'HgCy, :  small 
prisms,  si.  sol.  water  and  alcohol,  insol.  ether. 
— B'HBraq:  needles,  sol.  water  and  alcohol. — 
B'HI  aq :  plates  or  needles,  almost  insol.  cold 
water.— B'HIj.  S.  -007  at  15°.  Eeddish-brown 
pp.  got  by  adding  a  solution  of  I  in  HIAq  to  a 
salt  of  strychnine.  CrystalUses  from  alcohol  in 
dark-brown  needles  with  bluish  metallic  lustre. 
Dichroie  (brown  and  yellow)  in  polarised  light. 
M.  sol.  hot  alcohol,  si.  sol.  chloroform,  nearly 
insol.  CS,  (Tilden,  C.  J.  18,  99  ;  Herapath,  Pr. 
8,  149 ;  Bauer,  Ar.  Ph.  [3]  5,  289 ;  Jorgensen, 

A.  Ch.  [4]  9,  115).— B'HHgl3 :  yellow  tables 
!  (from  alcohol)  (Groves,  C.  J.  2,  97).— B'H^F,  2aq: 

prisms  (Elderhorst,  A.  74,  77).— B'HNOsi 
needles.  —  B'HCIO^,  aq :  prisms,  si.  sol.  cold 
water  (Boedeker,  A.  71,  62).— B'HoSO^  2aq  i 
needles.— B'jHoSOj.  Four-sided  prisms.  Ljevo- 
rotatory  [a]r  = -26°.— B'jHjSO^  5aq :  long  thin 
prisms.  Got  by  crystallisation  between  109°  and 
95°. — B'jH.SO^  6aq.  Obtained  by  cooling  a  cone, 
solution  to  95°-50°  (Lextreit,  J.  Ph.  [5]  6,  259 ;. 
Eammelsberg,  B.  14,  1231 ;  cf.  Baumhauer, 
C.  J.  44,485).— B'jHjCrO^:  lemon-yellow  needles, 
si.  sol.  water  and  alcohol. — B'„H,S„03  4aq.  S. 
•9  in  the  cold.  Formed  by  atmospheric  oxida- 
tion of  a  mixture  of  strychnine,  alcohol,  and 
ammonium  sulphide  (How,  C.  N.  18,  232). — 
B'jH^Sg.  Formed  from  strychnine  and  alcohohc 
ammonium  polysulphide  (Hofmann,  B.  1,  81  ; 
10,  1087)  and  by  atmospheric  oxidation  of  a 
solution  of  strychnine  in  alcoholic  H,S  (Schmidt, 

B.  5,  1267;  10,  1288;  A.  180,  28"8).  Orange 
needles,  insol.  water,  alcohol,  and  ether. — 
B'H3P04  2aq.  S.  19.  Needles  (Anderson,  A. 
66,  56). — B'oHjPOj  9aq:  rectangular  tables. — 
B'HjAsOi  -jaq.  S.  7  in  the  cold  ;  20  in  hot  water. 
— B'HAsOj :  efflorescent  cubes.  S.  3  in  the  cold  ; 
10  atl00°.— B'4H4FeCy6  4aq.  Crystalline  powder 
(Hoist  a.  Beckiirts,  Ar.  Ph.  [3]  25,  313;  cf. 
I3randis,  A.  66,  257).  By  atmospheric  oxida- 
tion in  presence  of  water  it  is  converted  into 
strychnine  and  the  ferricyanide  (Beckiirts,  B. 
18,  1235).— B'H^FeCys :  white  powder,  sol.  hot- 
water.  Acid  in  reaction. — B'3H3PeCy„  6aq :  golden 
prisms.  —  B'3(H3CoCy„)  4aq.  —  B'^H^NiCyJj  8aq 
(Lee,  B.  4,  789).— B'^H^PtCy^  2aq :  needles  (from 
alcohol). — Oxalate  B'oHjCjO,:  flat  needles. — 
B'MfiiOi  4iaq.  —  B'H„a04.  —  B'HSCy  :  long 
silky  needles.— B'HSCyCr(SCy)32NH3.  Bed  pp., 
V.  si.  sol.  hot  water  (Christensen,  J.  pr.  [2] 
45,  367).— B'.,2H„Pt(SCy)6.    Bed  crystals  (Clarke 
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and  Owens,  Am.  3,  351).  —  Cyanu rates: 
B'^H^OjCaNj  aq.  [287°].  Prisms,  si.  sol.  water, 
m.'so'l.  alcohol.— B'H^O.iCjNaaq.  [29-5°].  Needles 
(Claus,  J.pr.  [2]  38,  228).— Nitroprusside.  S. 
•12  (Davy,  Ph.  [-3]  11,  756).  Succinate 
B'.,CjH,0,6iaq  (Crespi,  G.  13,  176).— Tar- 
trates: B'oCjHeO,.— B',,CjHA  4aq  ;  white 
efflorescent  needles  (Arppe,  J.  pr.  53,  331). — • 
B'..C4H«0,7aq  (Pasteur,  A.  Ch.  [3]  38,  437).— 
B'C,HA3aq.— B'C^H,(SbO)06.  Needles  (Sten- 
house,yl.l29,  25).— Malate  B'.,C^H,,0,  3,iaq.— 
Pyrotartrate  B'^^HgO,  3Aaq.  —  Mucate 
B'„C„H||)Os.  Long  needles  (Kuhemann  a.  Dufton, 
C.'J.  59,  7.54). 

Di-hydrate  B'2aq.  Strychnol.  Formed 
by  warming  strychnine  with  alcoholic  NaOEt, 
adding  water,  and  evaporating.  The  brown  oily 
layer  that  forms  is  allowed  to  solidify,  dissolved 
in  water,  and  ppd.  by  CO.,.  The  pp.  is  dissolved 
in  NHjAq  and  re-ppd.  by  expelling  NH^  by  air 
(Loebisch  a.  Schoop,  M.  7,  83).  The  same  body 
is  got  by  heating  strychnine  (15  g.)  with  BaO^Hj 
(30  g.)  for  12  hours  at  140°  (Tafel,  B.  23,  2737). 
Minute  wedge-shaped  needles,  si.  sol.  cold  water, 
insol.  alcohol  and  ether.  Darkens  at  150^.  Sol. 
dilute  alcohol  and  solutions  of  ammonium  salts ; 
sol.  acids.  Converted  into  strychnine  on  warm- 
ing with  dilute  acids.  Dilute  HNO3  and  a  little 
NaNO.,  give  a  crimson  colour.  Bromine  water 
gives  a  pale-jjurple  colour.  Does  not  give  the 
strychnine  reaction  with  H.,S04  and  K.Cr.,0,. 
On  heating  at  100°  with  NaOMe  and  Mel  it  is 
converted  into  C2,H2.jN202Me5l  2aq,  crystallising 
in  needles. 

Tri-liydrate  v.  Reaction  10. 

Pentahydrate  B'Saq.  [215°].  Got  by 
heating  strychnine  with  alcoholic  NaOEt  (Tafel). 
Needles,  more  soluble  than  the  dihydrate.  Be- 
comes very  hygroscopic  when  dried  in  vamo. 

Benzoyl  derivative  C2,H2,BzN,,0.,.  V.  si. 
sol.  water  (Sohiitzenberger,  A.  108,  353 ;  C.  B. 
47,  233). 

MeiJiylo-iodide  B'Mel.  S.  "5  in  the  cold 
(Stahlschmidt,  P.  108,  513).  Poisonous  (Crum 
IJrown  a.  Eraser,  Tr.  E.  25).  Formed  by  heat- 
ing with  Mel  in  sealed  tubes.  Pearly  plates. 
Yields  B'Mel,  (Jorgensen,  J.  pr.  [2]  3,  157) 
and  the  salts  B'MeBr,  B'MeCl  2aq,  B^McPtCl^, 
B'MeAuCl,,,  B'.,Me„SO,,  5aq,  B"'MeHSO„ 
r.'MeH„P0j2aq,  B'MeC12iHgClo,  B'MeNO^,  and 
B',,Me,FeCyj. 

Methylo-hydroxide        B'MeOH  or 

C,„H2.,0(NH)<^^q'^\.0.    Formed  from  B'Mel 

by  successive  treatment  with  AgoSO^  and  baryta 
(Tafel,  B.  23,  2733  ;  A.  264,  62).  Colourless 
crystals  (containing  4aq),  v.  sol.  alcohol,  but  a 
product  containing  less  water  soon  separates. 
Poisonous.  Gives  the  same  colour-reactions  as 
strychnic  acid.  Alcohol  and  Na  yield  a  com- 
pound [158°].  Mel  forms  B'MelMeOH  crystal- 
lising in  plates,  decomposed  at  280°. 

Isomeride  of  the  methyl  o-hydr  oxide 
C.,._,H,,„N„0.|  7aq.  Formed  from  the  methylo- 
iodide  of  isostrychnic  acid,  Ag,  and  Ag.,0  at  40° 
(Tafel,  .4.  2G4,  81).  Colourless  needle's  ;  v.  e. 
sol.  hot  water  and  alcohol,  insol.  ether. 

Methyl -  strychnine  methylo-  hydrox- 
ide C.2,3H28N203  i.e.  C2„H2,0(NMe)<^^Q®>0. 
Formed  from  B'MelMeOH  by  successive  treat- 


!  ment  with  Ag.SO,,  and  baryta.  Got  also  by  the 
action  of  Ag,.6  on  the  methylo-iodide  of  methyl- 

!  strychnic  acid  (Tafel,  B.  23,  2735 ;  A.  264,  66). 
Prisms  (containing  6aq),  v.  sol.  hot  water  and 
alcohol,  nearly  insol.  ether.  Gives  a  blood-red 
colour  with  HNO3,  Cr0.j,  or  FeCl.,.  Forms  with 
acids  salts  which  differ  from  those  prepared 
by  the  action  of  silver  salts  on  B'MelMeOH. 
Forms  a  crystalline  nitroso-  derivative,  v.  sol. 
water  and  warm  alcohol,  forming  a  yellow  solu- 
tion changed  by  NaOH  to  brownish-red  and 
olive-green.  HI  yields  the  methylo-iodide  of 
methyl-strychnic  acid.  Diazobenzene  sul  phonic 
acid  gives  a  brownish-red  dye. — Hydroiodide. 
S.  7.  Plates.— Me  thy loiodide  C^^H^NJOj. 
S.  1.  Needles. 

[       Isomeride      of  methyl-strychnine 

t  methylo-hydroxide  C.^H.^sNoO^ 3aq.  Formed 
from  the  methylo-hydroxide  of  methyl-iso- 
strychnic  ether  CTafel,  A.  264,  82).  Crystals,  v. 
sol.  hot  water  and  alcohol,  insol.  ether.  Yields 
a  dye  with  diazo-benzene  sulphonic  acid. 

Etliylo-iodideB'Etl.  S.  -6  at  15°  ;  2  at 
100°.  Formed  by  heating  strychnine  with  alco- 
hol and  EtI  at  100°  (How,  .4.  92,  338).  Four- 
sided  prisms.  Not  attacked  by  KOHAq.  Gives 
the  strychnine  reaction  with  K.^CroO,  and  HoSO^. 
Converted  by  moist  silver  oxide  into  the  base 
B'EtOH2aq,  which  yields  tlie  salts  B'EtNOs, 
B'.,Et„PtCls,  B'EtHCO^,  B'EtHCrO.aq,  B'EtCy 
[105°]'  (Claus  a.  Merck,  B.  16,  2748),  and  B'Etl, 
(Jorgensen,  A.  Ch.  [4]  11,  115). 

I  soamylo- chloride  B'C-,H||C1  T^aq. 

Formed  by  heating  strychnine  with  isoamyl 
chloride  (How,  Tr.  E.  21,  1,  27).  Prisms. 
Yields  B'C,H,,OH,  B'C.,H,,I.„  B'C,H,,I„  crystal- 
lising in  black  prisms  (Jorgensen,  J.  pr.  [2]  8, 
145),  and  B'EtHCrO^. 

B  romo-  et  liylo  -  bromide  B'C,H4Br2. 
Formed  by  heating  strychnine  with  ethylene 
bromide  and  alcohol  (Menetries,  J.pr.  85,  230). 
White  crystals,  si.  sol.  cold  water  and  alcohol. 
Converted  by  AgNO,,  into  B'C.HjBr.NO,  and  by 
Ag-.SO^  into  B'CHjBr.SOjH,  whence  baryta  pro- 
duces alkaline  B'C,H,,Br.OH.— (B'C.,H,Br)„PtCl6. 
— B'CHjBrI, :  shining  brown  laminse. — Moist 
Ag.,0  converts  B'C,H,Br.,  into  B'C.SfiB.,  which 
is  alkaline  and  is  converted  in  aqueous  solution 
by  chlorine  into  CjH.iClsNoO,,.— B'C.JSaCrO.H. 
— (B'C,H,Cl),,PtCI,. 

C h'loro-etliylo-liy d rox ide  B'CIG.H^.OH. 
Got  by  heating  strychnine  with  glycolic  chlor- 
hydrin  at  150°  (Messel,^.  157,  7).  Silky  needles 
(containing  aq).  Yields  (B'C,H,0H)2S0, 2aq, 
which  is  converted  by  baryta  into  crystalline 
(B'C.JI,0H)0H2iaq.— (B'C.;H,OH).,PtCl„. 

Brmylo-chlorideB'C~'H..C\.  [263°].  Prisms 
(containing  aq).    Yields  (B'C,H.Cl)„PtCl4  [216°], 

1  B'C-H,N03    [c.    264°],    (B'C,H,).,Cr20.,  and 

1  B'CiH,SCy  [237°]  (GarzaroUi,  M.  10,  1). 

[  Benzylo-hydro  xide  B'C,H,OH.  Plates. 
Chlorostrychnine  C,,H,,C1N.,02.  [a]^  =  -105°. 
Formed,  together  with  di-  and  tri-chloro- 
strychnine,  by  passing  CI  into  a  solution  of 
strychnine  hydrochloride  (Laurent,  A.  Ch.  [3] 
24,  312;  A.  69,  14;  Kichet  a.  Bouchardat, 
C.  B.  91,  990).  Crystalline,  v.  sol.  alcohol,  ether, 
and  chloroform.  Chlorostrychnine  forms  a  hy- 
drate C2,H;,C1N„02  3aq  on  heating  with  alcoholic 
potash. — B'jHoSOj  7aq. 
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Dichloro-strychnine  CjiHaoCljNjOa.  Needles 
(from  alcohol). 

(a)-Tri-chloro-strychnine  CjiHigCljNoOj- 
Formed  by  saturating  a  solution  of  strychnine 
hydrochloride  with  CI.  Minute  crystals  (from 
alcohol).  Yields  a  trihydrate  which  is  not  very 
poisonous. 

(/8)-Tri-chloro-stryclinine  CjiHigCljNjOj. 
Formed  by  heating  strychnine  hydrochloride 
with  PCI5  and  chloroform  (Stoehr,  /.  ^jr.  [2]  42, 
412;  B.  20,  813).  Microcrystalline  powder 
(from  alcohol).  Gives  the  strychnine  reaction 
with  KfiT.fi,  and  H^SO^.— B'HCl :  plates  (from 
dilute  alcohol). — B'HjSO^.  Plates,  m.  sol.  water. 

Bromo-stryclinine  C2,H2,BrNj02-  [222°]. 
Formed  by  adding  Br  (2  at.)  to  a  solution  of 
strychnine  hydrochloride  (1  mol.),  ppg.  by  alkali, 
and  recrystalUsing  from  alcohol  (Shenstone, 
C.  J.  47,  139  ;  Beckiirts,  B.  18,  1236;  Loebisch 
a.  Schoop,  M.  6,  855).  Trimetric  crystals; 
a:6:c  =  1-459: 1:1-195  (Miers,  C.  J.  47,  144).— 
B'HCl.— B'HBr.— B'HNO,.— B'.,H,SOJaq. 

Methylo -iodide  B'Mel.  Pearly  plates, 
sol.  alcohol.  Converted  by  moist  Ag^O  into 
B'MeOH4aq. 

Dibromide  CjiHjiBr-jNjO,.  Got  by  adding 
Br  to  a  solution  of  strychnine  at  40".  Bright 
yellow  crystalline  powder. 

Di-bromo-strychnine  C^iHjiBr.N^Oj.  Got  by 
adding  Br  to  strychnine  in  chloroform.  Tri- 
metric crystals,  v.  sol.  chloroform  and  dilute 
alcohol. — B'HCl :  needles. 

Nitro-strychnine  C2iH.,,(N02)N.,02.  [225°]. 
Formed  by  adding  strychnine  nitrate  to  H.jSO^ 
(Loebisch  a.  Schoop,  M.  6,  845  ;  7,  59).  Golden 
plates  (from  alcohol).  Gives  no  colour  with 
H„SOj  and  K^CrjO,.  Dissolves  in  acids  and 
alkalis.  On  heating  with  alcoholic  potash  it 
is  converted  into  xanthostrychnol  C.2,H^,|N,,0„ 
which  forms  ruby-red  crystals  (containing  2aq) 
and  gives  salts  with  acids  and  bases. — B'HCl. — 
B',H2PtCl,.— B'2K0H:  red  deliquescent  needles. 
— ^B'.JJaOoHj  2aq.— AgjC^iHigNjO^:  unstable  pp. 

(o)-Di-nitro-strychnine  C.,,H2„(N02)2N202. 
[226°].  Formed  by  passing  nitrous  acid  gas 
into  an  alcoholic  solution  of  strychnine  nitrate 
(Claus  a.  Glassner,  B.  14,  774).  Orange-yellow 
plates.  Converted  by  dilute  HNO^  into  caco- 
strychnine. — B'HNOj :  yellow  nodules  (from 
acetone),  v.  si.  sol.  hot  water. 

(;8)-I)i-nitro-strychnine.  Formed  by  dis- 
solving strychnine  (60  g.)  in  fuming  HNO.,  (300  g.) 
at  -10°  (Hanriot,  0.  B.  96,  585).  Transparent 
amber -yellow  prisms  (from  chloroform-alcohol), 
sol.  hot  water  and  alcohol,  v.  sol.  chloroform. 
Decomposes  at  about  202°.— B'HCl. — Nitrate: 
plates  (from  hot  water). 

Amido-strychnine  v.  vol.  i.  p.  184. 

Di-amido-stryclinine,  ibid. 

Cacostrycliiiine  v.  vol.  i.  p.  654. 

Deoxystrychnine  C21H2SN2O  i.e.  C^„ILr,g^<^QQ. 

[172°].  Formed  by  boiling  strychnine  with  HI 
and  P  (Tafel,  A.  268,  245).  Crystalline  mass 
(containing  3aq),  almost  insol.  water,  si.  sol.  ether 
and  benzene,  v.  sol.  alcohol.  Melts,  when  hy- 
drated,  at  75°.  Poisons  like  strychnine.  Very 
bitter.  Very  little  produces  vomiting.  Lsevo- 
rotatory,  a  10  p.c.  solution  rotating  1-6°  in  a 
100  mm.  tube.  Its  solution  in  HjSO^  is  coloured 
bluish-violet  by  K2Cr20„  quickly  becoming  brown. 


Its  salts  are  more  soluble  than  those  of  strych- 
nine.—B'HI  aq.  Groups  of  prisms.  —B',H2Cr.,0j. 
Thin  yellow  needles.— B'JIjPtCls. 

Methylo-iodide  B'Mel.  Crystals.  S.  c.  10 
at  100°. 

Strychnine  sulphonic  acid  C2,H2,(S03H)N202. 
Formed  by  dissolving  dry  strychnine  sulphate 
in  fuming  HjSO,  (containing  30  p.c.  anhydride 
extra)  in  the  cold  and  allowing  to  stand  a  fort- 
night (Loebisch  a.  Schoop,  M.  6,  857).  Deli- 
quescent mass.  Does  not  give  the  strychnine 
reaction  with  Kfirfi.,  and  H^SO^. 

Strychnine  sttlphonic  acid.  Formed  by 
heating  strychnine  with  H.SOj  (2  pts.)  at  100° 
(Stoehr,  B.  18,  3429;  Guareschi,  G.  17,  109). 
Amorphous  powder,  v.  si.  sol.  water  and  alcohol, 
sol.  dilute  acids  and  alkalis.  Does  not  give  a 
colour  with  Kfiifi,  and  H.^SO^.  Not  poisonous. 
— NHjA':  v.  sol.  water,  insol.  alcohol. — KA' : 
m.  sol.  water. — BaA'2 :  amorphous  pp. 

Strychnine  disulphonio  acid 
C2,H2„(S03H)2N202.  Got  by  heating  strychnine 
with  H2SO4  and  SO3  at  150°.  Amorijhous, 
V.  sol.  water,  v.  si.  sol.  benzene,  insol.  alcohol 
and  ether. — Na2A"6aq. — BaA"  :  plates,  sol. 
water. — BaA"7aq.— Ba(HA"),, :  yellow  powder. 

STKYPHNIC  ACID  C^H^N^O..  Got  by  adding 
HOAc  to  a  mixture  of  uric  acid  and  KNOo  and 
evaporating  (Gibbs,  B.  2,  341).  Small  pale- 
yellow  crystals,  sol.  hot  water.  Sodium-amalgam 
forms  crimson  crystals.  —  KA'  l^aq :  yellow 
needles.  —  MgA'.,  6aq. — CaA'2  2aq. — SrA'2  6aq. — 
BaA'2  2aq.— PbA"'2.-Pb2A'20  3aq. 

STYCERIC  ACID  v.  Phbnyl-gltcekio  acid. 

STYCERIN  CHPh(0H).CH(0H).CH20H. 
Formed  by  heating  CHPhBr.CH.Br.CHjOH  {v. 

Dl-BROMO-PHENYL-PROPYL  ALCOHOL)   with    30  ptS. 

water  and  some  AgOAc  at  150°-165°  (Grimaux, 
J.  1873,  404).  Yellow  gummy  mass  with  bitter 
taste.  V.  sol.  Aq  and  alcohol,  nearly  insol.  ether. 

STYPHNIC  ACID  v.  Tbi-nitro-resokcin. 

STYRACIN  V.  Cinnamyl  ether  of  Cinnamic 

ACID. 

STYRENE  CgHs  i.e.  C^B.,.GR:CK,.  Styrol. 
Styrolene.  Cinnamene.  Phenyl-ethylene. 
Mol.  w.  104.  (144°)  (Schiff,  A.  220,  93).  S.G. 
?f  -9074.  =  1-541  (Madan,  C.  J.  Proc.  1, 107). 
S.V.  131  (Schiff).  Rod  58-1  (Nasini  a.  Bern- 
heimer,  G.  1,  93).  Occurs  in  liquid  storax 
(Bonastre,  Ph.  17,  338 ;  Simon,  A.  31,  265 ; 
Blyth  a.  Hofmann,  A.  53,  293,  325)  and  in  coal 
tar  (Berthelot,  A.  Suppl.  3,  368 ;  Kramer  a. 
Spilker,  B.  23,  3282). 

Formation. — 1.  By  distilling  cinnamic  acid 
aloneor  with  lime  or  baryta  (Gerhardt  a.  Cahours, 

A.  Ch.  [3]  1,  96  ;  Kopp,  C.  R.  53,  634  ;  Howard, 
G.  J.  13,  135 ;  Kraemer,  Spilker,  a.  Eberhardt, 

B.  23,  3269). — 2.  By  distilling  cupric  cinnamate 
(Hempel,  A.  59,  316).— 3.  By  distilling  balsam 
of  Peru  with  pumice  (Scharling,  A.  117,  184). — 
4.  By  distilling  dragon's  blood  alone  or  with 
zinc-dust  (GMnard  a.  Bondault,  A.  53,  325 ; 
Botsch,  M.  1,  610). — 5.  By  heating  acetylene  at 
a  dull-red  heat  (Berthelot,  C.  B.  62,  905,  947  ; 
A.  141,  181). — 6.  By  passing  ethylene  alone  or 
mixed  with  benzene  or  diphenyl  through  a  red- 
hot  tube  (Berthelot,  Z.  [2]  4,  384 ;  A.  142,  257  ; 
Barbier,  C.  R.  79,  660  ;  Ferko,  B.  20,  660).— 7. 
By  passing  ethyl-benzene  through  a  red-hot 
tube  (Berthelot,  Z.  [2]  4,  589).— 8.  By  heating 
CsHs.CHj.CILBr  alone  or  with  alcoholic  potash 
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at  180°  {B.;  Thorpe,  Z.  1871,  130).— 9.  By 
heating  C,H..CHBr.CH,  with  alcoholic  KCy 
(Kadziszewski,  B.  7,  140).— 10.  By  distilling 
C,H..CH(0Ac).CH3  (R.).  —  11.  By  heating 
C„H-.CH(0H).CH3  (derived  from  acetophenone) 
with'  ZnCU  (Emmerling  a.  Engler,  B.  4,  147).— 
12.  By  the  action  of  acetylene  on  benzene  in 
presence  of  Aid,  (Varet  a.  Vienne,  Bl.  [2J  47, 
918  ;  C.  R.  104,  1375).— 13.  From  phenyl-acetyl- 
€ne,  zinc,  and  HOAc  (Aronstein  a.  Hollemann, 
B.  22,  1184). 

Properties. — Oil,  with  aromatic  odour.  In- 
active to  light  (Van't  Hoff,  Bl.  [2]  25,  175). 
Misciblewith  alcohol  and  ether.  Changes  on  keep- 
ing, or  on  heating  in  a  sealed  tube  at  300°,  to  solid 
metastyrene.  Combines  with  Cl„  and  Br,.  HBr 
forms  C,H,.CHBr.CH3.  HCl  forms  PhCHCl.CH, 
only  (Schramm,  B.  26,  1709).  Potash  has 
no  action.  Fuming  HNO3  forms  nitro-styrene. 
■Chromic  acid  mixture  forms  benzoic  acid.  Cone. 
HoSOj  changes  it  to  metastyrene.  On  heating 
with  aqueous  NaHSOg  at  120°  styrene  forms  the  ' 
compound  C,H,NaHS03  [306°]  (W.  von  Miller, 
N.  R.  P.  24,  31).  Condenses,  in  presence  of 
H.SOj,  with  toluene  and  xylene,  forming  di- 
phenyl-propane  and  phenyl-tolyl-propane  re- 
spectively (Kraemer  a.  Spilker,  B.'23,  3169). 

Metastyrene  (C,Hh),.  S.G.  1-054.  /i„ 
1-593  (Madan,  C.  J.  Proc.  1,  107).  Occurs  in 
liquid  storax  (Kovalevsky,  A.  120,  66).  Formed 
from  styrene  on  keeping  or  on  heating  in  a 
sealed  tube  at  200°.  Formed  also  by  heating 
styi-ene  with  aqueous  NaHSO.,  at  110°  (Miller, 
A.  189,  341).  Transparent  solid  without  taste 
or  smell,  becomes  sticky  when  warmed.  Highly 
refractive.  Insol.  water  and  alcohol,  si.  sol. 
€ther.  Inactive  to  light  (Van't  Hoif,  B.  9, 1339 ; 
cf.  Berthelot,  C -R.  85, 11 91).  Changes  to  styrene 
on  distillation.  CI  and  Br  act  slowly,  forming 
the  same  compounds  as  with  styrene. 

Di-styrene  C,„H„i.e.  Ph.CH:CH.OHMe.Ph(?). 
{c.  315°  i.V.).  S.G.  2  1-027;  1-016.  V.D. 
7-07  (calc.  7-2).  Got  by  boiling  cinnamic  acid 
with  HjSOj  (1  vol.)  and  water  {Ih  vols.)  (Erlen- 
meyer,  A.  135,  122;  Fittig  a.  Erd'mann,  A.  216, 
187).  Liquid,  with  blue  fluorescence,  which 
slowly  disappears.  Inactive  to  light.  If  kept 
boiling  for  a  long  time  it  decomposes,  forming 
toluene,  styrene,  high  boiling  products,  and 
probably  iso-propyl-benzene. 

Reactions. — 1.  Chromic  mixture  gives  benzoic 
acid. — 2.  Bromine  gives  the  di-bromide  C|uH|„Br,, 
[102°],  crystallising  from  ether  in  needles.  V.  e. 
sol.  CS,,  ether  or  benzene,  v.  sol.  hot  alcohol.  ' 

Solid  distyrene  C,„H,„.  [119°].  A  product  j 
of  the  distillation  of  cinnamic  acid  or  of  its  Ca 
salt  (Engler  a.  Leist,  B.  6,  256  ;  Miller,  A.  189, 
-340).  Formed  also  by  passing  CjHj.CoHjBr.j 
•over  red-hot  lime  (Kadziszewski,  B.  6,  494). 
Tables.  Yields  a  dibromide  C^H.^Br.,  [238°], 
crystallising  from  benzene  in  needles  (Lieber- 
mann,  B.  22,  2256). 

References. — Amido-,  Bbomo-,  Bromo-amido-, 
BnoMo-NiTRO-,  Chloro-,  Chloro-niiro-,  N1TR0-, 
and  NiTRO-AMiDO-  Styrene. 

STYRENE  DIBROMIDE  v.  Di-broho-etuyl- 

BENZENE. 

STYRENE  DICARBOXYLIC  ACID  C,(,H„0, 
i.e.  [1:2]C0,H.C„H.,.CH:CH.C0,H.  o-Carbo.iy- 
cimiamicacid.  [175°].  Formed  by  heating  the  salts 
of  oxy-carboxy-phenyl-propionic  acid  (Gabriel 


a.  Michael,  B.  10,  1558,  2200).  Slender  needles 
(from  water).  Changed  on  fusion  into  the  lactone 
of  oxy-carboxy-phenyl-propionic  acid. — PbA". — 
Ag.A" :  sticky  pp. 

Isomeride  u.p-CABBoxY-ci.\NA3iic  acid,  vol.  ii. 
p.  190. 

STYRENE  DICHLORIDE  v.  a.a-Di-CHLORo- 

DI-ETHYL-BENZENE. 

STYRENE  DI-IODIDE    v.  Di-iodo-ethyl- 

BENZENE. 

STYRENE  DISULPHOCYANIDE  C,Hs(SCN).,. 
[102°].  Formed  by  heating  C,H,CHBr.CH,Br 
with  potassium  sulphocyanide  in  alcohol  (Nagel, 
A.  216,  323).  Pale-yellow  needles,  v.  sol.  ether, 
hot  benzene,  and  toluene.  Crystallises  from 
benzene  as  C,„H,S,N,,C,,H,i  [62°].  Alcoholic  am- 
monium sulphide  at  lOO"  forms  (CsHs),S  [151°]. 
Cold  fuming  HNO.,  gives  rise  to  the  compound 
[1:4]  C„H,(NO,).CH(SCy)CH,(SCy)  [112°]  crystal- 
lising from  alcohol  in  needles. 

DI-STYRENIC  ACID  C„H,  0,,  i.e. 
Ph.CH:CH.CPhH.CH„.CO.,H  or  " 
Ph.CH:CH.CH(CO,H).CH:Ph.  Formed  by  boil- 
ing cinnamic  acid  with  H.,SO,  (1  vol.)  diluted 
with  water  (1  vol.)  (Fittig  a.  Erdmann,  A.  216, 
182).  White  amorphous  powder.  V.  si.  sol. 
water,  v.  e.  sol.  ether,  alcohol,  or  glacial  acetic 
acid.  It  melts  below  50°.  May  be  distilled 
almost  undecomposed. 

Reactions. ~1.  Sodium  amalgam  has  no 
action. — 2.  Br  in  CS,  forms  no  bromide.— 
3.  Boiling  H.^SO^  (1  vol.)  mixed  with  water 
(li  vols.)  does  not  affect  it. — 4.  Chromic  mixture 
gives  only  benzoic  acid. 

Salt  s.— Ca(C„H„0„),.— BaA',.— AgA'. 

Ether.—'EtM.  Liquid. 

STYROGALLOL  Cn,H„0,  i.e. 

C,H,<^^>C,H(OH) 

Qjj  QQ  __>0  (?).      Formed  from 

cinnamic  acid,  gallic  acid,  and  cone.  H2SO4  at 
50°  (Jacobsen  a.  Julius,  B.  20,  2588  ;  von  Kos- 
tanecki,  B.  20,  3137).  Yellow  needles,  which 
may  be  sublimed ;  si.  sol.  hot  alcohol.  Not 
melted  at  350°.  With  mordants  it  dyes  like 
nitro-alizarin. 

STYROLENE  ALCOHOL  v.  Di-oxy-ethyl- 

BENZEXE. 

STYRONE  V.  ClNNAlIYL  ALCOHOL. 

STYRONE     DIBROMIDE    v.  {di)-Buo^o- 

PHENYL-PROPYL  ALCOHOL. 

STYRYL-ACRYLIC  ACID  v.  Phenyl-pen- 

TINOIC  ACID. 

STYRYL  AMYL    KETONE  CARBOXYLIC 

ETHERC,,H,,0,.i-c-C,H,.CH:CH.CO.CEt,,.CO,Et. 
[102°].  Formed  from  di-ethyl-acetoacetic  ether, 
Ijenzoic  aldehyde,  and  HCl  in  the  cold  (Claisen 
a.  Matthews,  A.  218,  184).  Triclinic  prisms 
(from  ligroin).  Yields  C,,H,,Br,03  [55°]  crys- 
tallising in  small  prisms. 

STYRYL-ANGELIC  ACID  CjjH.A  i.e. 
C„H,CH:CH.CH:CEt.CO„H.  [127°].    Formed  by 
heating  cinnamic  aldehyde  with  butyric  anhy- 
dride and  sodium  butyrate  at  165°  (Perkiu,  C.  J. 
31,  413).    Crystals,  v.  sol.  alcohol.— AgA'. 

STYRYL  BUTENYL  KETONE  C,3H,.0  i.e. 
C,H,.CH:CH.CO.CH:CMe,.  (179  '  at  14  mm.). 
Formed  by  passing  HCl  into  a  mixture  of  ben- 
zoic aldehyde  and  mesityl  oxide  (Claisen  a. 
Claparede,  B.  14,  351).  Yellowish  liquid,  smell- 
ing like  strawberries.    Yields  C,3H,^Brj0  [180°]. 
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STYKYL-CROTONIO  ACID. 


STYKYL-CKOTONIC  ACID  C^Mtfi.,.  [158°]. 
Formed  by  heating  ciunamic  aldehyde  with 
propionic  anhydride  and  sodium  propionate 
(Perkin,  C.  J.  31,  413).  Prisms  (from  ligroin). 
— AgA' :  white  pp.,  sh  sol.  cold  water. 

STYRYL  ETHYL  KETONE  CARBOXYLIC 
ACID  C,H5.CH:CH.CO.CH2.CBL,.CO,H.  Cinna- 
moyl-propio7vic  acid.  Bemylidene-levulic  acid. 
[120°].  Formed  from  )3-aeetyl-propionic  acid, 
benzoic  aldehyde,  and  dilute  KOHAq  (Brdmann, 
A.  258,  130).  Leaflets  (from  water).  May  be  re- 
duced to  C,H5.CH„.CH„.CO.CIL.CH,.C02H  [88°]. 

Oajiw  C,„H,3N0,.  '[149°].' 

STYRYL  'ethyl  OXIDE  C,„H,„0  i.e. 
C,H,.CH:CH.0.C,H5.  (217°).  S.G.2'981.  Formed 
from  «-chloro-styrene  and  NaOEt  at  180°  (Er- 
lenmeyer,  B.  14,  1868).  Aromatic  liquid.  Con- 
verted by  heating  with  water  into  alcohol  and 
phenyl-acetic  aldehyde. 

STYEYL-ETHYL-PYRIDINE  Ci^H.jN 

i.e.  C,H,.CH:CH.C^^,2;^]^^CEt.  Ethyl-stil- 

bazole.  [58°].  (356°  cor.).  Formed  by  heating 
methyl-ethyl-pyridine  with  benzoic  aldehyde 
and  ZnClj  at  220°  (Plath,  B.  21,  3087).  Needles 
or  plates,  insol.  water,  v.  sol.  alcohol  and  ether, 
si.  sol.  ligroin.  Bromine  yields  the  dibromide 
C„H,.CHBr.CHBr.C,H3EtN.  [128°].  —  B'HCl. 
[193°].  —  B'jH^PtCi^  2aq.  [188°].  Needles.— 
B'HAuCl^.  [168°].— B'HSnClj  3aq.  [246°].— 
B'HHgCl3.  [196°].— B'C.HsNgd,.  [203°]. 

STYRYL-GLYOXAL.  Oxim  C,„HgNO.,  i.e. 
C^HjCHiCH.CO.CHiN.OH.  [144°].  Formed  from 
nitroso-acetone,  benzoic  aldehyde,  and  alcoholic 
NaOEt  (Claisen  a.  Manasse,  B.  22,  529).  Crystals 
(from  water  or  benzene).  Gradually  decom- 
poses, with  evolution  of  HCy. 

STYEYL-GLYOXYLIC  acid  C.oHjO,  i.e. 
C„H5.CH:CH.C0.C0,,H.  Formed  by  saponifica- 
tion of  its  amide  by  cone.  HClAq,  and  also  by 
saturating  a  mixture  of  benzoic  aldehyde  and 
pyruvic  acid  with  HCl  (Claisen,  B.  13,  2124  ; 
14,  2472).  Gummy  mass,  sol.  water.  Split  up 
by  alkalis,  even  in  the  cold,  into  benzoic 
aldehvde  and  pyruvic  acid. — AgA' :  pp. 

Amide  CKPh-.CU.CO.GO.^iB.,.  [130°].  Pre- 
pared by  the  action  of  cone.  HCIAq  and  HOAc 
on  the  nitrile  of  cinnamic  acid.  Flat  prisms  or 
plates.    Sol.  ether  and  hot  water. 

Reference. — Nitro-stykyl-gltosyIiIG  acid. 

styeyl-hydantoic   acid  C„H,„N.,03. 

[185°].  Formed  by  boiling  styryl-hydantoin 
with  baryta  water  (Pinner  a.  Spilker,  B.  22,  692). 
White  plates,  sol.  alcohol  and  hot  water.  Boiling 
HClAq  converts  it  into  styryl-hydantoin. — AgA'. 
STYRYL-HYDANTOIN  v.  Di-oxy-stybyl-hi- 

PYRA.ZOLE. 

STYEYLIDENE-THIO-GLYCOLLIC  ACID  V. 

ClNNAMYLIBENE-THIO-GLYGOLLIC  ACID. 

DI-STYRYL-KETONE    v.  Di-benzylidenb- 
ACETONB  and  Niteo-  and  Oxy-  di-styryl-ketone. 
STYEYL-DI-METHYL-GLYOXALINE 

C,3H,,N.,       C,H3CH:CH.C^^^-^JJ®.  [202°]. 

Formed  from  di-methyl  di-ketone,  cinnamic 
aldehyde,  and  aloohohc  ammonia  at  100° 
(Wadsworth,  C.  J.  57,  11).  Crystals,  v.  sol. 
alcohol.— B'„H.,PtCl8 :  minute  yellow  needles. 

STYRYL'mETHYL  ketone  ?;.BENZYLrDENE- 
acetone  and  Nitro-  and  Oxy-  stybyl  methyl 


STYRYL  METHYL  KETONE  CARBOXYLIC 
ETHER  V.  Beiczylidene-acetoaceixc  ethee, 
vol.  i.  p.  24. 

STYEYL-METHYL-OXAZOLE  DIHYDEIDE 


CACH:CH.C<g;gg^^^ 


[81°].  Formed  from 


;8-bromo-propylamine  hydrobromide,  cinnamoyl 
chloride,  and  alcoholic  potash  (Elfeldt,  B.  24, 
3226).  Transparent  crystals.  —  B'„H.^PtCl5. 
[198°].— B'C,H3N30,.    [183°].  Needles". 

STYEYL-METHYL-PYRIDINE  ChHjjN 
i.e.  C,H5.CH:CH.C5H,MeN.  Meihyl-stilbazole. 
(c.  323°).  S.G.  f  1-0717.  Formed  by  heating 
benzoic  aldehyde  with  (a7)-di-methyl-pyridine 
and  ZnClj  at  215°  (Bacher,  B.  21,  3072).  Oil, 
V.  sol.  alcohol  and  ether.  Gives  C^H^Bi-jN. 
[140°].  May  be  reduced  to  Ci^HijN  (c.'293°) 
and  C„H„,N  (c.  288°).— Hy droiodide.  [211°]. 
B'JI„PtCr6aq.  [183°].— B'HAuCl,.  [142°].— 
B'HHgCl,.— B'C.HjNjO,.  [193°].  Yellow  needles. 

STYRYL-DI-METHYL-PYRIDINE  DICAEB- 
OXYIIC  ACID  Ci-Hi^NOj 
i.e.  CA.CH:CH.C<C(CO^):CMe^^_ 

Formed  from  its  ether,  which  is  got  by  the 
action  of  nitrous  acid  gas  on  an  alcoholic 
solution  of  the  dihydride  C^H^jNO^  [149°],  ob- 
tained from  cinnamic  aldehyde,  acetoacetie 
ether,  and  alcoholic  NH3  (Epstein,  A.  231,  1). 
Minute  colourless  tablets  (containing  2aq),  si. 
sol.  water,  sol.  alcohol.  Melts  at  219°  when 
hydrated.  Converted  by  hypochlorous  acid  into 
C,,Hi3NO,2aq  (Messinger.B.  19,196).— K,A"3aq. 
— (H„A")„H2PtCls.— H.A"HC1.  Decomposed  by 
water. 

Ethyl  ether  Et.,A".  [39°].  Yields  the  salt 
(Et,A")oH.PtCl,  [195°]. 

STYRYL-METHYL-THIO-GLYCOLLIC  ACID 

V.  ClNNAMYL-THIO-GLYCOLLIC  ACID. 

STYRYL-(o)-NAPHTHOQUmOLINE 

r  TT  N        P  „  /CH:CH.C.CH:CH 
u.„ti,3iN  %.e.  <^,u.,<^  ^  ^  :C.CH:CHPh. 


[104°].    Formed  by  distilling  the  carboxylic  acid 

  —  'CH 

C.CHiCHPh  [256°],  which  is 


got  by  the  action  of  (a)-naphthylamine  on  cin- 
namic aldehyde  and  pyruvic  acid  (Dobner  a. 
Peters,  B.  23,  1233).  Concentric  groups  of  yel- 
lowish needles,  si.  sol.  alcohol. — B'2K;PtCls2aq: 
orange-yellow  pp.  —  B'.,H,,Cr..O,.  —  B'CsHjNjO.. 
[230°].  Golden  needles. 

Carboxylic  acid  C.^i^NOj.  [256°]. 
Yields  BaA'.,2aq,  CuA'.,  aq,  and  AgA'. 

Styryl-(;8)-naplithoquinoline 

^A'\CH:CH.C.  N  :'c.CH:CHPh-  [175°]. 
Formed  in  like  manner  from  (/3)-naphthylamine. 
White  silky  needles  or  pearly  plates. — Salts: 
B'jHjPtCl^  2aq.  —  B'.,H,Cr.,0,.  —  B'C.HjNjO,. 
[254°].    Golden  needles,  si.  sol.  ether. 

Carboxylic  acid  CjjHi.NOj.  [305°]. 
Lemon-yellow  needles,  si.  sol.  hot  alcohol. 

STYRYL-OXAZOLE  DIHYDEIDE  C,iH„NO 

i.e.  C,-B.fi'R:CE..G^^.  [53°].  Formed  from 

CH2Br.CH2.NH.CO.CH:CHPh  and  alcoholic 
potash  (Elfeldt,  B.  24,  3225).— B'^H.PtCls. 
[194°].  Orange-yellow  powder.— B'C"sH3N30j. 
[189°].    Yellow  needles. 
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STYRYL-PENTOXAZOLE  DIHYDRIDE 

C.H^CHiCH.C^^-^^-^CH.,.  [50°].  Formed 

by  the  action  of  alcoholic  potash  on  the  7-bromo- 
propyl-amide  of  cinnamic  acid  (Elfeldt,  B.  24, 
o'227).  Needles.— B'jH.PtCls.  Decomposes  at 
l'J3°.— E'C^HiNjO,.  [196°]. 

STYRYL-PHENOL  v.  Oxy-Di-PHEN-SL-ETHYL- 

ENE. 

(a)-STYRYL-PYRIDINE  C,3H„N  i.e. 

C,,H,CH:CH.C<^^j^-^^^CH.  Stilhazole.  [91°]. 

(325°  cor.).  Formed  by  heating  benzoic  alde- 
hyde with  methyl-pyridine  and  ZnCl,  at  220° 
(Baurath,  B.  20,  2719;  21,  818).  Crystals,  m. 
sol.  alcohol. 

Reactions.— I.  Br  forms  C|3H„Br.,N  [167°]. 
2.  HIAq  reduces  it  to  C^^n^  [-3°].— 3.  Na 
and  HOEt  reduce  it  to  C,3H,gN  (288°  cor.). 

Salt  s.— B'HCl  4aq  :  needles.  Melts  at  177° 
when  anhydrous.— B'„H..PtCl,  2aq.  [188°].  Bed 
needles.— B'HAuClj.  [185°].  —  B'HHgCL,  aq. 
[183°].— B'HIj.  [159°].  Prisms,  with  blue  retiex. 

Reference. — OxY-sTYRYL-PYRiriixE. 

{Py.  3)-STYRYL-QUIN0LINE  C,,H,3N  i.e. 

C«H<^^:g5H:CHPh'  [100°]-  Formed  by 
distilling  its  carboxylic  acid  (Doebner  a.  Peters, 

B.  22,  3008).  Got  also  by  heating  {Py.  3)- 
methyl-quinoline  with  benzoic  aldehyde  and 
ZnCl^  (Wallach,  B.  10,  2008;  Jacobsen  a. 
Keimer,    B.    16,    2606).      Crystals.  Yields 

C,  ,H„Br.,N  [174°].— Salts:  B'..H„PtCl,  2aq.— 
B'H„CrA2*aq. 

References. — Niteo-  and  Oxy-  Stykyl-qdin- 

OLINE. 

STYRYL-QUINOLINE  CARBOXYLIC  ACID 

C.H<g(CO^)=g^jj^CHPh-  f295°].  Formed 
from  cinnamic  aldehyde,  pyruvic  acid,  and  aniline 
in  alcohol  (Doebner  a.  Peters,  B.  22,  3000). 
Yellow  needles,  insol.  water,  si.  sol.  ether. — 
MgA'., :  concentric  groups  of  needles. 

STYRYL-QUINOLINE  SULPHONIC  ACID 
C„H,(S03H)N.CH:CHPh.  Formed  by  heating 
(Py.  l)-methyl-quinoline  {B.  2)-sulphonic  acid 
with  benzoic  aldehyde  and  ZnCl,  for  six  hours 
at  170°  (Busch  a.  Koenigs,  B.  23, 2682).  Crystals 
(containing  2aq).    V.  sol.  50  p.c.  acetic  acid. 

STYRYL  THIENYL  KETONE  C,3H,„S0  i.e. 
C,-,H-,CH:CH.C0.C^H3S.  [80°].  Formed  by  pass- 
ing HCl  into  a  mixture  of  thienyl  methyl  ketone 
and  benzoic  aldehyde  (Brunswig,  B.  19,  2895). 
Needles.  Yields  a  dibromide  C,3H,„Br,,S0  [157°]  { 
crystallising  from  alcohol  in  plates. 

DI-STYRYL-DI-VINYL    KETONE    v.  Di- 

rniCN'YL-DI-BUTINYL  KETONE. 

STYRYL-VINYL    METHYL     KETONE  v. 

PhENYX-BDTINYL  methyl  KETONE. 

SUBERCOLIC  ACID  C,jHg(C02H)„.  Formed 
in  small  quantity  by  the  action  of  alcoholic 
potash  on  di-bromo-suberic  acid  (Hell  a.  Kempell, 
B.  18,  820).  White  powder,  yielding  at  225°- 
230°  a  sublimate  of  slender  white  needles.— 
BaA".— CaA".— MgA"  2aq.— Ag,A"  :  white  pp. 

STJBERCONIC  ACID.  [165°-'l70°].  A  crys- 
talline jjroduct  of  the  action  of  alcoholic  potash 
on  bromo  suberic  acid  (Ganttner  a.  Hell,  B.  15, 
149). 

SU3ERENE  CARBOXYLIC  ACID  C,H|,0.. 
[54'"J.    Formed  by  boiling  chloro-suberonic  acid 


C,H„C10.,  with  NaOHAq  (Spiegel,  A.  211,  119). 
Pearly  plates,  volatile  with  steam.  Keduced  by 
sodium-amalgam  to  suberane  carboxylic  acid 
C„H„0„. 

SUBERIC  ACID  C«H,jO,.  Mol.  w.  174. 
[140°].  (c.  300°).  (279°  at  100  mm.)  (Krafft, 
B.  22,  816).  S.  -142  at  15°.  S.  (ether)  -8  at  15°. 
H.C.p.  992,409  (Louguinine,  C.  R.  107,  597) ; 
985,000  (Stohmann,  J.  pr.  [2]  40,  215).  H.F. 
249,400  (S.). 

Formation. — 1.  By  the  action  of  nitric  acid 
upon  cork  (Brugnatelli,  Crell.  Ann.  1787,  i.  145  ; 
Bouillon-Lagrange,  A.  Ch.  23,  2  ;  /.  Ph.  8,  107  ; 
Chevreul,  A.  Ch.  02,  323  ;  90,  182  ;  Brandes,  S. 
32,  393;  33,  83;  36,  203;  A.  9,  295;  Bussy, 
/.  Ph.  8,  107  ;  19,  425  ;  Boussingault,  /.  pr.  7, 
211 ;  Harli',  N.  Br.  Arch.  5,  303).— 2.  By  the 
action  of  nitric  acid  upon  oleic  and  stearic  acids 
(Laurent,  A.  Ch.  [2]  06,  157 ;  Bromeis,  A.  35, 
89),  upon  castor  oil  (Tilley,  A.  39,  106  ;  Dale,  A. 
132,  244;  199,  145;  Grote,  A.  130,  208),  upon 
linseed  oil  (Saco,  A.  51,  222),  upon  cocoa-nut  oil 
(Wirtz,  A.  104,  201),  upon  almond  oil,  upon 
spermaceti  (Arppe,  A.  120,  292  ;  124,  89),  upon 
palmitolic  acid  (Schroder,  A.  143,  33),  upon 
paraffin  (Pouchet,  C.  B.  79,  320),  upon  palm  oil 
(Ganttner  a.  Hell,  B.  13,  1105  ;  14,  1549),  and 
upon  myristic  acid  (Noerdlinger,  B.  19,  1890). — 
3.  Occurs  among  the  products  of  the  distillation 
of  crude  fatty  acids  in  superheated  steam 
(Cahours,  C.  B.  94,  010). — 4.  From  di-oxy-stearic 
acid  and  alkaline  KMnO,,  (Spiridonoff,  J",  pr.  [2] 
40,  250). — 5.  Suberic  ether  is  formed  by  the 
electrolysis  of  CO.,Et.CH,.CH„.CH,,.CO.,K,  the 
yield  being  28  p.c.  of  the  theoretical  amount 
(Crum  Brown  a.  Walker,  A.  261,  120). 

Properties. — Long  needles  (from  water)  or 
tables.  May  be  sublimed  in  needles.  Not  vola- 
tile with  steam. 

Reactions. — 1.  Yields  hexane  when  distilled 
with  baryta.— -2.  Forms  suberone  on  distilling 
with  lime. — 3.  Bromine  at  100°  forms  bromo- 
and  di-bromo-suberic  acids,  which  when  boiled 
with  potash  yield  oxy-  and  di-oxy-  suberic  acids 
(Gal  a.  Gay-Lussac,  C.  R.  70,  1175). 

Salts.— K,A".  S.  85  at  14°.— Na.A"  iaq. 
S.  (of  Na^A")  50  at  14°.— NaHA".— (NHJ„A". 
S.  38  at  25°. — BaA" :  crystalline  powder,  less 
sol.  hot  water  than  cold.  S.  2-2  at  7-5° ;  1-8  at 
100°.— SrA".  S.  2-9 at  14°;  1-9  at  100°.-CaA"aq. 
S.  -02  at  14° ;  -42  at  100°.— MgA"  2aq.  S.  13-5  at 
20°.— ZnA".  S.  -041  at  14°.— CuA"  aq  :  blue  pp. 
— CuA"2aq.  S.  (of  CuA")  -024  at  10°.— 
CdA"  aq.  S.  (of  CdA")  -08  at  17°.— HgA".  S. 
•012  at  7-5°.- A1,0A".,.  S.  -0094  at  6-5°.- PbA". 
S.  -008  at  16°.— Pb3A"0.,.— MnA"  3aq.  S.  1-08 
at  13°.— Fe^A"50.  S.  'OOIS  at  9°.— CoA"  4aq.— 
CoA"  2aq.  S.  (of  CoA")  1-16  at  14° ;  -85  at  100°. 
— NiA"  4aq.  S.  (of  NiA")  -79  at  7-5°.— Ag.,A". 
S.  -0075  at  8°. 

Methyl  ether  Me,.A".    S.G.  1-014. 

Ethyl  ether  Et.,A".  (282°).  S.G.  -jf 
•9852  ;  |4  ^9783  (Perkin,  C.  J.  45,  517).  M.M. 
12^461  at  14°. 

Amide  CaHjjNoO,.  Crystalline. 

Ami c  acid  C„H,,(CONH,).CO,,H.  [c.  170°]. 
Formed  by  distilling  ammonium  suberate.  Crys- 
talline, V.  sol.  hot  water. 

Anilide  C„H,,(CO.NHPh),.  [183°].  Formed 
by  heating  suberic  acid  (1  pt.)  with  aniline 
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(1  pt.)  (Gerhardt  a.  Laurent,  A.  Ch.  [3]  24,  185). 
Pearly  plates  (from  alcohol),  v.  sol.  ether. 

Fhenylamic  acid  C,H,2(CO.NHPh).C02H. 
Formed  at  the  same  time  as  the  anilide.  Minute 
lamiuie,  si.  sol.  hot  water. — AgA' :  white  pp. 

References. — Beomo-,    Chloro-,    and  Osr- 

SDBEBIC  ACID. 

Isosuberic  acid  is  Di-ethyl-succinic  acid 
(Hell,  B.  22,  67). 

SUBERIC  ALDEHYDE  C„H„0,.  (202°).  A 
product  of  the  action  of  fuming  HNO3  on  pal- 
mitolic  acid  (Schroder,  A.  143,  34).  Oil,  par- 
tially decomposed  by  distillation.  Oxidised  by 
bromine  water  to  suberic  acid. 

SUBEROCAKBOXYLIC    ACID    v.  Hexane 

IBICAKBOXYLIC  ACID. 

SUBEROMALIC  ACID  v.  Oxy-sdbeeic  acid. 

SUBERONE  C;H,„0.  Mol.  w.  112.  (180° 
i.V.).  V.D.  3-73  (calc.  3-89).  Formed,  together 
with  hexane,  by  distilling  suberic  acid  with  lime 
(Boussingault,  4.19,  308;  Tilley,  A.  39,  167; 
Dale  a.  Schoiiemmer,  C.  J.  27,  935;  A.  199, 
147;  Wislicenus,  A.  275,  356).  Colourless 
liquid,  smelling  like  peppermint.  Oxidised 
by  HNO3  (S.G.  1-4)  to  w-pimelic  acid  [102°]. 
Does  not  reduce  AgNO^  or  Fehling's  solu- 
tion. Combines  with  bromine,  forming  a  pro- 
duct which,  when  distilled  over  KOH,  gives 
CjH,.,0  (Ladenburg,  B.  14,  2406).  Combines 
with  HCy  yielding  C,Hi2(0H)CN,  which  is  con- 
verted by  HCl  into  suberyl-glycollic  acid 
C,H,2(OH).C02H  [80°],  from  which  conc.HClAq 
at  130°  produces  chloro-suberane  carboxylic  acid 
C.H,,,C1.C02H,  a  thick  oil,  converted  by  KOH 
into  suberene  carboxylic  acid  C;H|,.CO,H  [54°], 
which  may  be  reduced  by  sodium-amalgam  to 
suberane  carboxylic  acid  C,H,3.C0oH,  and  this 
may  be  oxidised  by  HNO3  to  a  dibasic  acid 
C8H,404  or  CsH|,Oj  (Dale  a.  Schorlemmer,  C.  J. 
39,  539;  Spiegel,  A.  211,  117).  Suberone  is 
reduced  in  alcoholic  solution  by  sodium  to 
C-Hj^O,  a  colourless  liquid,  with  mouldy  smell 
(185°),  S.G.  Yi  "9595,  which  unites  with  phenyl 
cyanate  forming  C,H,30.C0.NHPh  [85°],  and 
also  with  HI  forming  a  compound  which  is  con- 
verted by  alcoholic  potash  into  suberonylene 
C;H,,,  [114'5°]  and  a  little  C,H,30Et.  The  com- 
pound C,H„0  is  reduced  by  cone.  HIAq  at 
250°  to  C,H|j.  Suberonylene  combines  with 
bromine  (Markownikoff,  C.  B.  110,  466). 

Oxim  CjH,.,:NOH.  Liquid,  smeUing  like 
peppermint,  sol.  alcohol,  ether,  alkalis,  and 
acids  (Nageli,  B.  16,  497).  Eeduced  by  sodium- 
amalgam  to  C,H,,,.NH„. 

SUBERO-TARTARiC  ACID  v.  Di-oxy-subehic 
acid. 

SUBERYL-GIYCOLIC  ACID  v.  Oxy-sdberanic 
acid. 

SUBLIMATION.  The  passage  of  a  solid 
body,  when  heated,  to  the  state  of  vapour  with- 
out melting.  The  temperature  of  sublimation 
is  definite  for  every  solid,  and  is  dependent  on 
the  pressure.  There  is  a  definite  pressure  for 
each  definite  solid  below  which  the  substance 
cannot  exist  as  a  stable  liquid,  so  that  if  heated 
below  this  pressure  it  passes  from  the  solid 
directly  to  the  gaseous  state  ;  but  if  heated  under 
pressures  greater  than  this  pressure  the  substance 
first  liquefies  and  then  vaporises.  As  the  definite 
pressure  is  considerably  below  that  of  the  atmo- 
sphere for  most  substances,  but  few  bodies 


undergo  subhmation,  properly  so  called,  when 
heated  under  ordinary  conditions.  Sublimation  is 
treated  fairly  fully  in  Thorpe's  Dictionary  of  Ap- 
plied Chemistry  (vol.  iii.  p.  609),  and  instances 
are  given  where  the  process  is  made  use  of  in 
manufacturing  operations.         M.  M.  P.  M. 

SUBSTITUTION.  The  replacement  of  one 
element  in  a  compound  by  another  element  is 
the  primary  meaning  given  to  the  term  '  substi- 
tution.' As  our  ways  of  looking  at  composition, 
and  changes  of  composition,  are  saturated  with 
the  conceptions  of  the  molecular  and  atomic 
theory,  substitution  is  better  described  as  the 
replacement  of  an  atom  in  a  molecule  by  another 
atom.  But  the  term  must  be  widened  to  include 
cases  wherein  an  atom  is  replaced  by  a  group  of 
atoms,  which  group  is  regarded  in  that  reaction 
as  if  it  were  a  single  atom.  The  moment  atten- 
tion is  paid  to  the  number  of  atoms  that  can  be 
substituted  for  some  specified  atom  in  a  molecule 
the  conception  of  chemical  equivalency  is  found 
necessary  to  give  a  common  foundation  to  the 
facts  that  are  observed  {v.  Equivalency,  vol.  ii., 
especially  pp.  449-451).  The  properties  of  a 
molecule  are  changed  by  the  substitution  of  an 
atom  or  atomic  group  in  the  place  of  one,  or 
j  more,  of  the  atoms  in  the  original  molecule ;  the 
prosecution  of  the  inquiry  into  the  connections 
between  the  properties  of  molecules  derived,  by 
substitution,  from  some  parent  molecule  leads 
to  the  hypothesis  of  types,  which  is  afterwards 
merged  in  the  wider  subject  of  chemical  classifi- 
cation (v.  Classification,  Chemical,  vol.  ii.  p. 
196  ;  Equivalency,  vol.  ii.  pp.  450-451 ;  Types, 
in  this  vol.). 

Experiments  show  that  the  substitution  of  a 
more  positive  by  a  less  positive  atom,  or  atomic 
group,  is  accompanied  by  a  change  of  properties 
in  the  direction  that  the  substitution-product  is 
more  acidic  than  the  parent  substance.  This 
field  of  inquiry  has  been  cultivated  systemati- 
cally in  recent  years,  and  measurements  have 
been  made  of  the  effects  of  substitution-changes 
of  the  kind  indicated  on  the  affinities  of  many 
acids.  The  results  obtained  have  led,  and  are 
leading,  to  new  conceptions  of  the  nature  of 
affinity,  and  of  the  constitutions  of  molecules 
{v.  Physical  methods,  section  Electrical 
methods,  pp.  197-207  in  this  vol.). 

M.  M.  P.  M. 

SUCCINAMIDINE  C.B.^N^  i.e. 

CH^  C(NH  l'^^'^'  by         action  of 

ammonia  on  succinic-di-imido-di-ethyl  ether 
C.,H,(C(OEt):NH),  (Pinner,  B.  16,  362,  924, 1643, 
1655).  The  salt  B"2HC1  forms  minute  needles, 
dissolving  in  water  with  formation  of  NH^Cl  and 
succinimidine  C.H,(NH)3. 

SUCCINAMlbOXIM  C,H,(C(NH,,):NOH),. 
Snccineiie  diamidoxim.  [188°].  Formed  by 
adding  hydroxylamine  hydrochloride  and 
Na2C03Aq  to  an  alcoholic  solution  of  the  nitrile 
of  succinic  acid  (Sembritzki,  B.  22,  2958). 
Crystals,  sol.  hot  water,  si.  sol.  hot  alcohol, 
insol.  ether.  Coloured  reddish-brown  by  FeCl,. 
Fehling's  solution  gives  a  dirty  green  pp.  AcO 
forms  C2Hj(C(NH.,):NOAc)2  [168°].  NaOEt  and 
EtI  form  C2H,(C(NH,,):NOEt)2  [119°].  BzCl 
and  NaOH  produce  the  benzoyl  derivative 
C.>Hj(C(NH„):N0Bz)2  [192°],  crystalhsing  in 
needles,  converted  by  heating  with  water  at 
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159°  into  C2H^(C<^^-^^CPli)2  [159°].  Aque- 
ous potassium  cyanate  and  HCl  form 
C,H^(C(NOH).NH.CO.NH,,),,  [164°]. 

Succinimidoxim  qjj'  qI^JoH)-^''^'^' 
by  heating  the  nitrile  of  succinic  acid  with 
hydroxylamine  at  65°  (Sembritzki,  B.  22,  2964). 
Prisms  (containing  2aq).  Sol.  hot  water,  insol. 
alcohol.  Alcoholic  NaOH  forms  a  blue  solution 
turning  green.  FeCl.j  gives  a  dark-violet  colour. — 
Ag-.C^H^NjO, :  pearly  plates. 

Di-acetyl  derivative  C4H5Ac2N302. 
[171°].    Crystalline  powder,  sol.  water. 

Di  -  benzoyl  derivative  C4H^Bz„N302. 
[189°].    Crystals,  insol.  water,  sol.  hot  alcohol. 

SUCCINIC  ACID  C^HgOj  i.e. 
CO„H.CH,.CH,.CO„H.  Mol.  w.  118.  [182°] 
(Krafft  a.  Noe'rdlinger,  B.  22,  816  ;  Reissert,  B. 
23,  2245)  ;  [185°]  (Davidoff,  B.  19,  406).  (261°). 
S.G.  1-55.  S.  2-88  at  0°  ;  5-14  at  14-5°  ;  121  at 
100°  (Bourgoin,  Bl.  [2]  21,  110  ;  29,  243 ; 
Miczynski,  M.  7,  263).  S.  (alcohol)  7-5  at  15°. 
S.  (ether)  1-25  at  15°.  H.C.v.  357,100.  H.C.p. 
356,800.  H.F.  226,200  (Stohmann,  J.  pr.  [2]  40, 
207) ;  229,000  (von  Reohenberg).  S.H.  -290  (from 
0°-50°) ;  -365  (0°-150°)  (Hess,  A.Ch.  [2]  35,410). 
Heat  of  Neutralisation :  Gal  a.  Werner,  C.  R. 
103,  871. 

Occurrence. — In  amber  (Agricola  ;  Berzelius, 

A.  Ch.  94,  187  ;  Lecanu  a.  Serbat,  Ph.  8,  541 ; 
9,  89  ;  Liebig  a.  W5hler,  P.  18,  162  ;  D'Arcet,  P. 
36,  80),  in  turpentine  from  several  species  of 
pine,  in  Chclidonium  majus  (Walz,  N.  J.  P.  15, 
22;  Zwenger,  A.  114,  350),  in  lettuce  (Kohnke, 

B.  J.  25,  443),  in  Pa.paver  somniferum,  in  unripe 
grapes  (Brunner  a.  Brandenburg,  B.  9,  982),  in 
exudations  from  the  bark  of  mulberry  trees 
(Goldschmiedt,  M.  3,  136),  in  beet  juice  (von 
Liiopmann,J5.24,3299),and  in  rhubarb  (Brunner, 
B.  19,  595).  Occurs  also  in  the  thymus  gland 
of  the  calf,  the  spleen  of  the  ox  (Gorup-Besanez, 
A.  98,  28),  in  certain  pathological  exudations 
(Heintz,  A.  76,  369  ;  Brieger,  H.  5,  368),  in  the 
urine  of  rabbits  fed  on  carrots  (Meissner  a.  Jolly, 
J.  1865,  675  ;  cf.  Salkowski,  Pf.  4,  91),  and  in 
human  urine  after  eating  asparagus  (Hilger,  A. 
171,  208). 

Formation. — 1.  By  the  action  of  HNO,  on 
many  organic  substances,  including  fats,  fatty 
acids  from  butyric  acid  upwards,  wax,  spermaceti, 
sebacic  acid,  and  azelaio  acid  (Bromeis,  A.  35, 
90  ;  37,  292  ;  Sthamer,  A.  43,  346  ;  Ronalds,  A. 
43,  356  ;  Radclifl",  A.  43,  351 ;  Arppe,  A.  95,  242  ; 
Dessaignes,  A.  70,  102  ;  74,  361 ;  Erlenmeyer,  B. 
7,  696  ;  Noerdlinger,  B.  19,  1895).— 2.  In  the  al- 
coholic fermentation  of  sugar  (Pasteur,  Bl.  1852, 
52;  A.  105,  264).— 3.  In  the  fermentation  of 
asparagine  (Piria,  A.  68,  343),  of  calcium  malate 
(Dessaignes;  Liebig,  A.  104,  363),  of  ammonium 
tartrate  (Konig,  B.  14,  211),  and  of  flesh  (Sal- 
kowski, B.  12,  649). — 4.  By  reducing  fumaric 
and  maleic  acids  with  sodium-amalgam  (Kekule, 
A.  Snppl.  1,  133). — 5.  By  reducing  malic  and 
tartaric  acids  with  HI  (R.  Schmitt,  A.  114,  106 ; 
Dessaignes,  A.  115,  120  ;  117, 134).— 6.  By  heat- 
ing its  nitrile  (ethylene  cyanide)  with  alcoholic 
potash  at  100°  (Maxwell  Simpson,  A.  118,  373), 
or  by  treating  it  with  dilute  nitric  acid  (Jung- 
fleisch,  Bl.  [2]  19,  197).— 7.  From  bromo-acetic 
acid  and  reduced  silver  at  130°  (Steiner,  B.  6, 


184).  —  8.  From  ;3-chloro-propionic  ether  by 
successive  treatment  with  KCy  and  potash 
(Wichelhaus,  Z.  [2]  3,  247).— 9.  From  sodium 
acetoacetic  ether  by  treatment  with  chloro- 
acetic  ether  and  saponification  of  the  product 
(Wipperniann,  B.  3,  337  ;  Noeddecke,  A.  149, 
224). — 10.  By  heating  ethane  tricarboxylic  acid 
at  160°  (Bischoff,  B.  13,  2162).— 11.  By  potash- 
fusion  from  gum  arable,  milk  sugar,  and  car- 
minic  acid  (Hlasiwetz,  A.  138,  76  ;  141,  340).— 
12.  By  reducing  acetylene  dicarboxylic  acid  with 
zinc  and  HOAe  at  60°  (Aronstein  a.  HoUemann, 
B.  22,  1183).— 13.  Its  ether  is  formed  by  electro- 
lysis of  CO„Et.CH,.CO„K  in  aqueous  solution  ; 
the  yield  being  60  p.c.  of  the  theoretical  (Crum 
Brown  a.  Walker,  A.  261,  115). 

Preparation. — 1.  By  distilling  amber,  heat- 
ing the  watery  distillate,  filtering,  and  allowing 
to  crystallise.  The  product  is  freed  from  oils 
by  treatment  with  nitric  acid. — 2.  By  neutral- 
ising tartaric  acid  (2  kilos)  with  NH.,Aq,  adding 
to  the  aqueous  solution  (40  litres)  K.HPO^  (20  g.), 
MgSOj  (10  g.)  and  a  little  CaCOa.  Fermentation 
is  started  by  diluting  a  little  (5  c.c.)  of  the  solu- 
tion with  water  (25  c.c.)  and  exposing  it  to  the 
air  for  a  few  days.  When  fermentation  has  set  in, 
the  liquid  is  returned  to  the  main  quantity,  and 
the  whole  ke|)t  at  25°-30°  for  seven  weeks.  The 
liquid  is  evaporated  somewhat,  clarified  by  white 
of  egg,  and  boiled  with  lime.  After  cooling,  the 
calcium  succinate  is  collect-ed  and  decomposed 
by  H.SO^.    The  yield  is  good  (500  g.)  (Koenig, 

B.  15',  172). 

Properties. — Monoclinie  prisms,  permanent 
in  air,  acid  in  taste.  V.  sol.  water,  m.  sol.  al- 
cohol, si.  sol.  ether.  Resolved  on  boiling  into 
water  and  anhydride  ;  the  lactone  C-HjO,,  being 
also  formed.  BaCl,  completely  ppts.  hot  neutral 
solutions  (Schmitt  a.  Hiepe,  Fr.  21,  536).  BaOLi 
followed  by  NHjAq  and  alcohol  ppts.  succinic 
(but  not  benzoic)  acid.  Fed.,  gives  in  neutral 
solutions  a  reddish-brown  pp.  PbACj  gives  a 
jjp.  sol.  excess. 

Reactions. — 1.  Not  attacked  by  HNO.,,  CrOj, 
or  chlorine  water.  MnO,  and  H.,SOj  yield  acetic 
acid.  KMnO^  in  neutral  solution  oxidises  it  to 
oxalic  acid  and  COj ;  and,  in  acid  solution,  to 
CO,  (Berthelot,  Bl.  [2]  8,  390  ;  Sorokin,  J.  R. 
11,  383). — 2.  Yields  ethylene  and  CO,  when  de- 
composed in  alkaline  solution  by  an  electric  cur- 
rent (Kekule,  A.  131,  79  ;  Bourgoin,  A.  Ch.  [5] 
20,  SO;  cf.  Kolbe,  A.  113,  244).  In  perfectly 
neutral  solution  only  CO,,  CO,  and  0  are  given 
off  at  the  positive  pole. — 3.  Potash-fusion  yields, 
oxalic  acid. — 4.  PCI,,  forms  successively :  suc- 
cinic anhydride  C,Hj(CO),0,  sucoinyl  chloride 

C,  H4(C0C1)„,    fumaryl    chloride  C'H„(C0C1)„, 

chloro  -  fum'aryl    chloride    C.HCljICbCl),,  di- 

chloro-maleyl  chloride  C.^CL(C0C1;2,  two  tetra- 

chlorinated    di-chloro-maleyl    chlorides,  viz. : 

C,Cl.,(CCl3)(C0Cl)andC.,Cl,(CCL),0(y.Di-CHL0RO- 

MALEic   acid),   and    finally  per-chloro-ethane> 

2C,C1,  (Kander,  J.  pr.  [2]  31,  1).— 5.  On  long 

boiling  it  yields  the  dilactone  of  diethyl  ketone 

T  1       r        -A  CO  .0  ^O.CO  r^con 

s-di-£u-carboxyhc  acid        CH,  CCH  CH  ^  ^ 

(c.  203°  at  15  mm.),  crystallising  from  alcohol  in 
plates,  converted  by  HClAq  into  hydrochelidonic 
acid  C0(CH,.CH2.C0.,H).,  [143°],  which  yields  an 
oxim  [129°]  (Volhard,  A.  253,  206).— 6.  Conver- 
ted into  succinic  anhydride  by  treatment  with 


626 


SUCCINIC  ACID. 


AcCI,  BzCl,  Ac„0,  or  succinyl  chloride 
(Anschiitz,  B.  10,  325, 1881).— 7.  A  solution  con- 
taining 5  p.c.  succinic  acid  and  1  p.c.  uranium 
succinate  when  exposed  to  sunlight  turns  green 
and  gradually  gives  off  CO,,  leaving  propionic 
acid  in  solution  (Seekamp,  A.  133,  253).  Barium 
succinate  (1  mol.)  heated  with  NaOMe  (1  mol.) 
for  3  hours  at  300°  yields  propionic  acid  (Mai, 

B.  22,  2133). — 8.  Heated  with  a  large  excess 
of  lime  it  yields  ethane  as  chief  product  (Han- 
riot,  Bl.  [2]  45,  79).— 9.  The  salts  on  distillation 
yield  a  liquid  product  (160°-260°)  which  yields 
benzene  when  distilled  over  zinc-dust  (Von 
Eicher,  J.^Jr.  [2]  20,  206 ;  cf.  Fumaro,  G.  11, 273). 
Hydroquinoneis  also  a  product  of  the  distillation 
of  succinates. — 10.  The  sodium  salt  heated  with 
P0S5  yields  thiophene  (Volhard  a.  Erdmann,  B. 
18,  454).— 11.  The  Na  salt  heated  with  aldehydes 
and  NaOAc  forms  oxyacids  of  the  form 
E.CH(0H).CH(C0,,H).CH,.C02H  (Fittig,  B.  18, 
2523). — 12.  By  heating  with  phthalic  anhydride 
and  NaOAc  at  250°,  exhausting  the  product 
with  water  and  alcohol,  and  boiling  the  residue 
with  aniline,  there  is  got '  diphthalsuccinanilide  ' 

C,  „H,_,N„Oj  [267°]  converted  by  boiling  with 
HOAc  and  HCl  into  '  diphthalsuccindehydranil- 
ide  '  C-idHjoNjOo,  crystallising  from  HOAc  in 
small  yellow  prisms,  not  liquid  at  280°  (Eoser,  B. 
18,  3122).— 13.  By  heating  with  glycerin  at  200° 
it  yields  '  succinin '  C3H5(OH)  A",  a  gummy  mass, 
insol.  cold  water,  alcohol,  and  ether  (Fumaro  a. 
Danesl,  G.  10,  58).  Alkalis  and  acids  split  it  up 
into  glycerin  and  succinic  acid. — 14.  a-Chloro- 
propionic  ether  and  alcoholic  potash  give 
C.,Hj(CO.O.CHMe.CO.,Et)„  (c.  302°  at  730  mm.) 
(Wurtz  a.  Friedel,  A.  Ch.  [3]  63, 101 ;  Wislicenus, 
A.  133,  262). 

Salts. — (NHj).,A".  Hexagonal  prisms,  v. 
sol.  water  and  alcohol.  Yields  succinamide  when 
heated. — (NHJHA".  Triclinic  crystals,  v.  sol. 
water  and  alcohol  (Brooke,  Ann.  Phil.  22,  286). 
Formed  by  evaporating  a  solution  of  the  neutral 
salt. — K„A"  2aq.  Deliquescent  crystals,  sol.  alco- 
hol, insol.  ether.— KjA"  3aq.  Trimetric  crystals 
(Salzer,  B.  16,  3025).— KHA"  2aq.  Efflorescent 
six-sided  prisms. — KHjA''^. — Na.A."  6aq :  mono- 
clinic  prisms. — NaHA".  Triclinic  prisms. — 
NaHA"  3aq  :  monoclinic  crystals.— BaA".  SI. 
sol.  water,  insol.  NH,Aq  and  alcohol.  S.  '42  at 
3°;  -43  at  12°;  -28  at  67°  (Miczynski).— 
CaA"  3aq  :  small  needles,  deposited  gradually  on 
mixing  cold  cone,  solutions  of  sodium  succinate 
and  CaClj.  On  mixing  the  hot  solutions  CaA"  aq 
is  ppd.  S.  1-1  at  0°  ;  1-3  at  24°  ;  -8  at  68° 
(Miczynski,  M.  7,  266).— CaHoA",2aq.— SrA" : 
monoclinic  prisms.— BeA"  2aq  (Atterberg,  Bl.  [2] 
21, 162).— Be.,(OH).,A"  2aq.— MgA"  6aq.  Prisms 
(Fehling,  A.  49,  154).— MgE^A".,.- Mg,A"„0.,  aq. 
— CrA"  aq  :  scarlet  pp.— CuA"  (dried  at  20"0°).— 
CuA"2NH3.— CuA"4NH3  (Schiff,  A.  123,  45).— 
Fe(OH)A"  :  brownish-red  pp.  — ■  NiA"  4aq.  — 
MnA"  4aq.  Triclinic  prisms  (Handl,  Sitz.  W. 
32,  254).— PbA"  (dried  at  100°).  White  powder, 
si.  sol.  water,  v.  sol.  KOHAq  and  HNO3. — 
Pb^OA''^ :  sticky  pp.,  got  by  adding  lead  sub- 
acetate  to  sodium  succinate. — Pb^CA",,  (dried  at 
200°) :  white  powder.— ZnA"  (dried  at  200°). 
Crystalline  powder.— ZnA"3NH3  (Lutschak,  B. 
5, 30).— CdA".— (UrO),,A"  aq.— K(UrO)A"  iaq.— 
Na(UrO)A"  ^aq.— Ag,A".  White  amorphous  pp. 
—Quinine  salt  (C2„H,jN„Oj)2H^A"  aq.  Prisms. 


S. -11  at  10°  (Hesse,  4. 135,  331).— Cinchoni  ne 
salt  (C.,„H,,N.,0),H„A"  aq.  Thick  crystals 
(Hesse,  A.  122,  226).— Cinchonidine  salt 
(C,.„H.jN.,0),H„A"  6aq.  Silky  prisms.  S.  -4  at 
10°  (Hesse,  A.  135,  342).— Urea  salt 
(C0N2Hj).,H2A".  Six-sided  monoclinic  prisms ; 
a:6:c=l-483:l:l-365 ;  ;S  =  83°  28'  (Lischmidt, 
Site. TF. 52, ii. 238).— Ethylene-diamine  salt 
C„H^(NH,),H,A".  [182°].  Thick  white  prisms, 
v.  sol.  water,  insol.  ether  (Mason,  C.  J.  55,  10). — 
Benzylamine  salts  (C;H,NH,),H.,A".  [145°]. 
Thin  plates,  sol.  alcohol  (Werner,  'C.'j.  55,  628). 
— (C;H,NH,)H2A".  [117°].  Eectangular  prisms 
(containing  aq),  v.  sol.  water. 

Methyl  ether  Me.A".  [19°].  (195°  cor.). 
S.G.  f  1-1209  (Emery 22,  3185)  ;  ii  1-1261 ; 
^  1-0383  (Perkin,  C.  J.  45,  516).  M.M.  6-232 
at  18-2°.  S.V.  159-7  (Lessen,  A.  254,  64).  H.C. 
(solid)  703,600.  H.C.  (Hquid)  708,500.  H.F. 
I  (solid)  205,400  (Stohmann,  J.  pr.  [2]  40,  353). 
'  Formed  from  succinic  acid,  MeOH,  and  gaseous 
HCl  (Fehling,  A.  49,  195).  Formed  also  from 
succinyl  chloride  and  NaOMe  in  ether,  and  from 
Ag„A"  and  Mel.    Crystalline,  sol.  alcohol. 

'Methyl  ethyl  ether  MeEtA".  (208°  cor.). 
C.G.  2  1-093.  S.V.  184-6.  Formed  by  the  action 
of  EtAgA"  on  Mel  (Kohler,  A.  221,  88).  On 
saponification  by  baryta  it  yields  H.,A",  HMeA", 
and  HEtA"  (Lessen  a.  Kohler,  A.  262,  200). 
I  Mono-ethyl  ether  ELEtA".  Formed  by 
j  boiling  succinic  anhydride  with  alcohol  (Heintz, 
I  J.  1859,  280).  Syrup,  misciblewith  water,  alco- 
!  hoi  and  ether. — AgEtA" :  amorphous,  si.  sol. 
water. — The  salt  NaEtA"  is  converted  by  POCI3 
into  CO,Et.C,H,.COCl  (144°  at  90  mm.),  which  is 
split  up  by  distillation  into  EtCl  and  succinic 
anhydride,  and  is  converted  by  phenyl  hydrazine 
into  COsEt.C^Hj.CO.NH.NHPh  [107°],  crystal- 
lising in  white  needles,  itself  converted  into 
0(CO.C.,Hj.CO.N.,H,Ph)j  [137°]  by  successive 
treatment  with  HOH  and  HCl  (Michaelis  a. 
Hermans,  B.  25,  2748).  The  salt  NaEtA"  is 
converted  by  a-chloro-propionic  ether  into 
CO,Et.C,Hj.CO.CHMe.CO,Et  (280°)  S.G.  2  1-119, 
which  is  split  up  by  boiling  with  baryta  water 
into  succinic  and  lactic  acids  (Wurtz  a.  Friedel, 
J.  1861,  378). 

Ethyl  ether  EtA".  (216-5°  cor.).  S.G  \l 
1-0465  ;  II  1-0383.  M.M.  8-380  at  17-8°  (Perkin). 
S.V.  209-4.  Formed  by  boiling  succinic  acid 
(20  pts.)  with  alcohol  (8  pts.)  and  H.SO^  (1  pt.) 
(Eghis,  B.  6,  1178;  cf.  D'Arcet,  A.  Ch.  [-2] 
58,  291).  It  is  also  produced  by  heating  C.^HjEr., 
in  alcohol  with  potassium  succinate  in  sealed 
tubes  (Davidoff,  Bl.  [2]  46,  818  ;  19,  406).  Oil. 
Converted  by  Na  into  the  dihydride  of  dioxy- 
terephthalic  ether.  Not  attacked  by  hydroxyl- 
amine  (Jeaurenaud,  B.  22, 1273).  Succinic  ether 
(40  g.)  treated  with  cyanamide  (20  g.)  and  an  alco- 
holic solution  of  K  (18  g.)  for  5  hours  with  in- 
verted condenser  yields  C.,Hj(C0.NKCy)2  and 
C2Hj(C0„K)(C0.NKCy).  These  bodies  may  be 
converted  by  AgNOj  into  Ag  salts,  which  may 
be  separated  by  HNO3,  in  which  silver  '  succin- 
cyanamate '  dissolves,  while  silver  '  succinyl- 
di-cyan-di-amide  '  is  insoluble.  The  Ag  salts 
may  then  be  suspended  in  alcohol  and  decom- 
posed by  H.,S  (Moller,  J.  pr.  [2]  22,  214).  Suc- 
cinyl-di-cyan-di-amide  C.2H,(C0.NHCy)„  [105°] 
crystallises  in  monoclinic  pyramids  (containing 
2aq),  decomposed  by  warm  water  into  succinic 
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acid  and  eyanamide.  It  may  also  be  prepared 
by  the  action  of  NaNH.Cy  on  succinyl  chloride, 
and  by  warming  C.,H,(CO).,NCy  with  eyanamide. 
The  salt  CoHj(C6.NAKCy)2^aq  crystallises  in 
plates,  sol.  NHjAq. — Et.A"5TiCl,  (Demarijay, 
C.  B.  70,  1414).— Et„A"2TiCl,.— Et.,A"TiCl,. 

Ethyl  propyl  ether  EtPrA".  (231°). 
S.G.  2  1-0387.  S.V.  230-2  (Wiens,  A.  253,  300). 
Yields,  on  saponification  by  baryta,  salts  of 
EtHA",  PrHA",  and  H  A"  (Lessen  a.  Kohler, 
A.  262,  201). 

Ethyl  butyl  ether  Et(C,H3)A"  (247°). 
S.G.  g  1-0218.    S.V.  255-9  (W.). 

Ethyl  heptyl  ether  Et(C-H,5)A". 
(291-4°).    S.G.  g  -9850.    S.V.  332-9  (W.). 

n-Propyl  ether  PrA"  (247-1°).  (Wiens, 
A.  253,  300) ;  (250-8°)  (Perkin,  C.  J.  53,  5G1). 
S.G.  g  1-0189  (W.)  ;  |  1-0157 ;  if  1-0062  ;  ?| 
-9986  (P.).  S.V.  257-8.  Formed  by  passing  HCl 
into  succinic  acid  in  propyl  alcohol. 

Isopropyl  ether  Pr.A".  (228°).  S.G.  2 
1-009  (Silva,  A.  154,  255). 

Propyl  butyl  ether  Pr(C,H„)A".  (258-7°). 
S.G.  g  1-0106.    S.V.  277-8  (Wiens,  A.  253,  300). 

Isobutyl  ether  (PrCH,)A".  (265°  cor.). 
S.G.  -9737  ;  P  '9667.  M.M.  12-707  at  14-5° 
(Perkin,  C.  J.  45,  519). 

Isoamyl  ether  {C;B.^^).A".  (290°  cor.  at 
728mm.).  S.G.  -961.  Formed  from  Ag^A"  and 
isoamyl  bromide  (Del  Zanna  a.  Guareschi,  Atti 
Real.  Instit.  Veneto  [5]  6;  B.  12,  1699). 

Heptyl  ether  (C,H,5),A"  (350°).  S.G. 
2  -9519.     S.V.  459-6  (Wiens). 

Cetyl  ether  (C,„H33),A".  [58°].  Formed  by 
heating  the  acid  with  cetyl  alcohol  (Ttitscheff, 
Bep.  Chim.  pure,  2,  463).  Plates,  si.  sol.  alcohol, 
V.  sol.  ether. 

Ethylene  ether  C^HjA".  [c.  90°].  By  heating 
succinic  acid  with  glycol  at  170°  there  is  formed 
crystalline  (CO..H.C„H,.CO„).,C.,H^  melting  below 
100°,  which  at  300°  yields'  aH^A"  (Louren^o, 
A.  115,  358).  Crystalline,  insol.  water  and  ether, 
sol.  hot  alcohol.    Decomposed  by  distillation. 

Di-phcnyl  ether  aH^(COoPh),.  [119°]. 
(330°).  Formed  from  succinic  acid,  phenol  and 
POCI3  (Rasinski,  /.  pr.  [2]  26,  63).  Got  also  from 
succinyl  chloride  and  phenol  (Weselsky,  B.  2, 
519).  Completely  decomposed  by  slowly  heating 
(Anschtitz,  C.  J.  47,  898).  NaSEt  gives  di-thio- 
succinio  ether.    Pearly  plates  (from  alcohol). 

Di-bemyl  ether  (CH,,Ph)  A".  [42°].  Formed 
from  Ag.A"  and  benzyl  bromide  (Zanna  a. 
Guareschi,  G.  11,  255).  Lamina?. 

Chloride  C^H^  (CO.Cl),  or  G,H,<^^q ->0. 

Mol.  w.  155.  (190°-200°).  S.G.  1-39.  Formed 
from  succinic  anhydride  and  PCI5  (Gerhardt  a. 
Chiozza,  A.  87,  293). 

Preparation. — Succinic  acid  is  heated  with 
PCI5  for  two  days  with  an  inverted  condenser  in 
an  oil  bath.  The  POCl,  is  distilled  off  (below 
120°)  and  the  residue  shaken  with  benzoline  that 
has  been  dried  over  lime.  The  benzoline  dis- 
solves the  rest  of  the  POCI3  and  the  succinyl 
chloride  separates  as  a  lower  layer.  The  opera- 
tion is  repeated  until  the  oil  no  longer  forms 
phosphoric  acid  when  mixed  with  water  (H. 
Moller,  J.pr.  [2]  22,  208). 

Properties. — Solidifies  at  0°. 

Beactions. — 1.  Reduced  to  butyrolactone  by 
sodium  amalgam  (3  p.c.  Na)  acting  upon  its 


ethereal  solution  mixed  with  glacial  acetic 
acid.— 2.  Benzene  and  aluminium  chloride  give 

C,H,<^1q^^'^>0  [90°],  C,H,(CO.C,H3)3  [134°], 

and  a  little  ^-benzoyl-propionic  acid  (Auger, 
A.  Ch.  [6]  22,  312  ;  Bl.  [2]  49,  345).-3.  ZnEt, 

CEt 

gives  C;H,<^^Q  '^^0.-4.  Na.,S  gives  succinyl 

sulphide.— 5.  PCI5  at  230°  gives  off  HCl  and  the 
product,  after  treatment  with  water,  contains 
C^Cl.O  (199°-215°)  which  solidifies  below  0°. 
Hot  cone.  H^SO,,  dissolves  C1CI5O  and  the  pro- 
duct, diluted  with  water,  yields  on  evaporation 
hygroscopic  crystals,  which  on  sublimation  give 
non-hygroscopic  plates  of  CjCl.^O  ,  [120°]  (Kauder, 
J.pr.  [2]  28,  191).  Di-chloro-maleic  chloride  is 
also  a  product  of  the  action  of  PCI5  on  succinyl 
chloride. — 6.  Chlorine  passed  into  boiling  suc- 
cinyl chloride  forms  chlorides  of  fumaric,  chloro- 
fumaric,  and  di-chloro-maleic  acids  (Kauder, 
J.  pr.  [2]  31,  24).— 7.  C,H,.SO.,NBzAg  forms 
C,H^(C0.NBz.S0,.C,,H,)2  [146°]  "(G.  a.  C.).— 
8.  Phenyl-hydrazine  forms  the  compound 
C,H,(CO.NH.NHPh),  [218°]  (Freund,  B.  21, 
2462  ;  Fischer,  B.  22,2728),whencephosgenepro- 
duces  C;H^(C0.N2Ph:C0)„  [225°].  Sodium  phenyl- 
hydrazine  ia  benzene  forms  *-'aHi<;^QQ'^^'^ 


[199»],  which   gives  C,H,<gO;g^J 


[179°] 


(Michaelis  a.  Hermans,  B.  25,  2751).— 9.  Cyan- 
amide  in  ethereal  solution  forms,  on  warming, 
succin-cyanimide  C,,H^(C0)2NCy  [138°]  crystal- 
lising from  alcohol  in  plates  (]\'l6ller,  J.  pr  [2] 
22,  207).— 10.  Ci/ano-acctic  ether  in  Et..O  at  100° 
forms  C,H,:C,02:CCy.C0,Et  [126°]  (Mailer,  C'.i?. 
112, 1140). — 11.  Urea  at  65°  forms  the  compound 
C,Hj(CO.NH.CO.NH„)„,  a  powder,  v.  si.  sol.  hot 
water  (Conrad,  J.  pr.  [2]  9,  301). 

Anhydride  C,H^<^^>0.    Mol.  w.  100. 

[119°].  (261°)  (Krafft  a.  Noerdlinger,  B.  22,  816). 
Formation. — 1.  By  rapidly  boiling  succinic  acid. 
2.  By  distilling  the  acid  with  V-Or,  (DArcet, 
A.  Ch.  [2]  58,  282),  with  PCI,  "(Gerhardt  a. 
Chiozza,  C.  R.  36,  1050),  or  with  BzCl  (Kraut, 
A.  137,  254). — 3.  By  warming  succinyl  chloride 
with  dry  oxalic  acid  (Anschutz,  ^4.  226,  16). — 
4.  By  heating  succinic  acid  (100  g.)  with  POCl., 
(65  g.)  at  120°  (Volhard,  A.  242,  150).— 5.  By 
distilling  succinyl  chloride  (180  g.)  with  succinic 
acid  (137  g.),  and  crystallising  from  alcohol 
(H.  Moller,  J.pr.  [2]  22,  194). -6.  By  the  action 
of  dry  Pb(N03),  (also  nitrates  of  other  heavy 
metals)  upon  succinyl  chloride ;  PbCL  is  pro- 
duced, and  NjOj  and  oxygen  evolved  ;  yield  c. 
60  p.c.  of  theoretical  (Lachowicz,  B.  18,  2990). 

Properties. — -  Long  trimetric  needles  (from 
alcohol);  a:6:c  = -595:1: -462  (Bodewig,  14, 
2788).  SI.  sol.  water,  v.  si.  sol.  ether.  Converted 
by  dry  NH,  into  succinimide.  Slowly  converted 
by  boiling  alcohol  into  succinic  ether.  Phenyl- 
hydrazine  reacts  in  alcoholic  solution,  forming 
C02H.C.,H,.C0.NH.NHPh  [120°],  converted  by 

heat  into  CoH,<;^Q>N.NHPh  [155°]  (Auger, 

A.  Ch.  [6]  22,  339  ;  cf.  this  vol.  p.  45)  or  [158°] 
(Michaelis,  B.  25,  2750).  Potassium  eyanamide 
forms  '  succincyanamic '  acid,  the  compound 
CO,,H.C,H,.CO.NHCy  [128°],  which  is  v.  e.  sol. 
water,  v.  sol.  alcohol  and  ether,  is  split  up  by 
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dilute  acids  into  succinic  acid  and  cyanamide, 
and  yields  the  following  six  salts  Na^A"  5aq, 
K,A"aq,  CaA"4aq,  BaA"  2aq,  AgHA",  and  Ag,A" 
(Moller,  J.  pr.  [2]  22,  193).  Urea  heated  with 
succinic  anhydride  at  125°  forms  succinuric  acid 
CO,H.C.,H,.CO.NH.CO.NH,  [205°]  (Pike,  B.  6, 
1104). 

Nitrile  C2H|.(CN)2.  Ethylene  cyanide. 
Mol.  w.  80.  [55°].  (147°  at  10  mm.)  (F.) ; 
(185°  at  60  mm.)  (Biltz,  B.  25,  2541).  H.C.p. 
546,100.  H.F.  (from  diamond)  -32,000  (Berthe- 
lot  a.  Petit,  C.  R.  108,  1217).  Formed  by  boiling 
ethylene  bromide  (300  g.)  with  alcohol  (500  g.) 
and  KCy  (200  g.)  for  two  hours  with  inverted 
condenser  (Maxwell  Simpson,  Pr.  10,  574 ; 
Geuther,  A.  120,268;  Fauconnier,  Bl.  [2]  50, 
214;  Nevoid  a.  Tscherniak,  C.  B.  86,  1411). 
Amorphous,  sometimes  crystalline,  solid,  v.  sol. 
water,  alcohol,  and  chloroform ;  si.  sol.  ether. 
Decomposed  by  distillation  under  atmospheric 
pressure.  Converted  into  succinic  acid  by  boil- 
ing alcoholic  potash.  Aniline  hydrochloride  at 
200°  reacts,  forming  di-phenyl-succinimidine 

C2H^<;^|^p^*^>NPh  (Blochmann,  B.  20,  1856). 

— CoH|Cy.,4AgN03 :  tables,  sol.  water  and  alcohol, 
insol.  ether. 

Aniide-nitrile  CN.C.Hj.CO.NH...  Formed 
by  heating  the  nitrile  with  alcoholic  potash  at 
110°  (Drouin,  C.  R.  108,  675).  Crystals,  si.  sol. 
alcohol,  insol.  ether.  Slowly  decomjDoses  at 
210°-220°. 

Amide  C.,H,(CO.NH„)„.  Succiuamide.  Mol. 
w.  116.  [243°].  S.  -625'  at  9°  (Henry,  C.  B. 
100,  943) ;  11  at  100°  (P.).  Formed  by  the  action 
of  aqueous  NH.,  on  the  ether  and  on  the  chloride 
(D'Arcet,  A.  16,  215;  Fehling,  A.  49,  196). 
Formed  also  by  warming  succinimide  with 
alcoholic  NH,  (Meuschutkin,  A.  162,  165,  187). 
Needles,  insol.  ether  and  alcohol.  Decomposed 
at  200°  intoNHs  and  succinimide  or  by  saturating 
at  — 15°  with  gaseous  NH.„  and  heating  to  150° 
in  sealed  tubes  (Eoubtzoff,  Bl.  [2]  45,  250).— 
HgG.iHgNoO.,  Igaq.  White  powder,  deposited  on 
cooling  from  a  solution  of  HgO  in  hot  aqueous 
succinamide. 

Iso-amide  C.H,<^j^^'^->0.     [c.  95°]. 

Formed  to  the  extent  of  8  p.c.  in  the  preparation 
of  the  amide  from  succinyl  chloride  and  NHjAq 
(Auger,  A.  Ch.  [6]  22,  312).  Hygroscopic  mass. 
Its  aqueous  solution  gives  with  AgNOj  a  pp.  of 
C2H4(CO)2NAg. 

Methylamide  C.,H,(CO.NHMe)„.  [175°]. 
Plates  (Wallach  a.  Kamenski,  B.  14,  170). 

Dimethylamide  C.,H,(C0.NMe2).„  [81°]. 
Formed  from  succinyl  chloride  and  NHMe.,  in 
ether  (Franchimout,  R.  T.  G.  4,  202).  Crystals 
(from  ether),  v.  sol.  water. 

Benzyl-di-ainide 
C,H.,(CONH2)(CONHCH2Ph).  [189°].  Formed 
from  the  benzylimide  and  ammonia  at  100° 
(Werner,  C.  J.  55,  633).  Minute  prisms,  si.  sol. 
ether  and  hot  benzene.  Yields  the  benzylimide 
when  heated. 

Di-benzyl-diamide 
C,H,(C0.NHCH2Ph),.     [206°].     Formed  from 
succinic  ether  and  benzylamine  in  alcohol.  Thin 
plates,  not  decomposed  by  boiling  NaOHAq. 

Anilide  CM,{CO.'N'H.Fh).,.  [227°].  Formed 
by  boiling  succinic  acid  with  aniline  (Laurent  a. 


Gerhardt,  A.  Ch.  [3]  24,  179;  A.  68,  27; 
Menschutkm,  A.  162,  187).  Needles  (from, 
alcohol),  insol.  water.  Not  affected  by  boiling 
alcoholic  potash  or  by  nitrous  acid.  Gives  the 
phenylimide  on  distillation.  Cold  fuming  HNO, 
converts  it  into  C,,H.,(C0.NHC,H,(N0.,)[1:4]).> 
[260°]  (Hiibner,  A.  209,  377).  Benzoic  aldehyde 
at  180°  forms  succinic  phenylimide  and  benzyl- 
idene-aniline  (Schiff,  A.  148,  338). 

Amide-anilide  CO  (NH2).C2H^.CONHPh. 
[181°].  Formed  by  heating  the  phenylimide 
with  alcoholic  NH.,  at  100°  (Menschutkin,  A. 
162,  182).  Broad  needles  (from  water),  si.  sol. 
hot  alcohol.  Alkaline  KOBr  followed  by  heating 
with  HOAc  forms  C2H^:C.A:(NHBr)(NHPh) 
crystallising  in  minute  needles,  converted  by 
boiling  alcohol  into  C._,Hj:C.p,(NH.,)(NHC,H,Br) 
[215°],  whence  potash  forms  the  compound 
C0,,H.C.,H^.C0.NHC,H,Br[l:4]  [187°]  (Hooge- 
werft  a. "Van  Dorp,  R.  T.  C.  9,  41). 

Di-{a)-naphthyl-di-amide 
C.,H^(CO.NHC,„H,),.     [285°].     Needles  (from 
HOAc).     Converted    by  fuming    nitric  acid 
into     C.,H,(C0.NH.C,„H5(N0.,).,).„    [225°],  and 

!  CjH.,(CO.NH.C,„H3(NO.,)4).,  [256°]. 

!  Tetra-phenyl-di-amide 

I  C2H,(C0.NPh.,).,.     [234°]  (Piutti,  G.  14,  467). 

!  Needles  (from  alcohol). 

i  o-Tolyl-diamide 

I  C2H^(C0NH:2).C0.NHC,H,.  [160°].  Formed  by 
heating  the  o-tolylimide  with  alcoholic  NH^  at 
100°.  Plates. 

Di-o-tolyl-diamide  C.,H^(CO.NHC.H,).,. 
[100°].  White  needles  (Bechi,  B.  12,  25,  321). 
V.  si.  sol.  water,  m.  sol.  alcohol. 

p-  Tolyl-di-amide 
C2H^(C0NHo).C0NHC,H,.     [148°].    Formed  by 
heating  the  jp-tolylimide  with  alcoholic  NHj. 

Di-p-tolyl-diamide  CoHj(C0.NHC,H,)2. 
[256°].  Plates  (from  alcohol),  si.  sol.  hot  water 
(Bechi,  B.  12,  323  ;  Hiibner,  A.  209,  380).  Yields 
on  nitration  C.a,(C0.NHC,H5.N0,)2  [217°]  and 
C,,H.,(C0.NH.C,H5(N0j)2)2. 

{0)-Naphthalide  C.,H,(C0.NHC,H,).,. 
[266°]  (Bischoff  a.  Eeebe,  B.  25,  3267).  Got  by 
heating  succinic  acid  (10  g.)  with  (/3)-naphthyl- 
amine  (24  g.).  Insol.  ordinary  solvents,  sol. 
H,SO.,. 

Amic  acid  C0.,H.C.,H4.C0.NH,.  Succin- 
aviic  acid.  [157°].  Formed  by  warming  succin- 
imide with  an  equivalent  quantity  of  baryta 
water  (Teucliert,  A.  134,  136)  or  milk  of  lime 
(Menschutkin,  A.  162,  175).  Formed  also  from 
nitrosoglutaric  acid  by  heating  alone  or  with 
Ac,0  (Serda  a.  Wiedemann,  B.  23,  3284  ;  Wolff, 
A.  260,  114).  Needles,  m.  sol.  water,  insol. 
alcohol.  Decomposed  at  200°  into  water  and 
succinimide.  Boiling  water  forms  acid  am- 
monium succinate. 

Salts . — KA' :  very  hygroscopic  mass  (Lands- 
berg,  A.  215,  201). — BaA'2  :  needles,  v.  sol. 
water.— CaA'j. — MgA'2  3aq  :  trimetric  crystals. — 
MgA'.,  6aq. — CdA'._,  aq  :  prisms. — CuA';. — PbA'„. 
Concentric  needles,  v.  sol.  water. — MuA'j  6aq. — 
ZnA',.  —  AgA' :  monoclinic  crystals,  v.  sol. 
NH^Aq. 

Ethyl -amic  acid  C0.,H.C,Hj.C0NHEt. 
Formed  by  warming  the  ethylimide  with  baryta 
water  (Menschutkin,  A.  182,  92).  —  BaA'j : 
crystals,  v.  sol.  water. 
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Ethylcne-di-amic  acid  G,JI^gN.,Oi^  i.e. 
C,H  ,(NH.CO.C,H,.CO,H),.  Ethylme-disuccin- 
amic  acid.  [185°].  Formed  by  boiling  the  di- 
imide  with  baryta  (Mason,  C.  J.  55,  13).  Large 
plates,  V.  sol.  hot  water.  Does  not  yield  an 
oxim  or  aphenyl-hydrazide. — CaA"  3aq  :  prisms. 
— Ag,,A"  :  white  amorphous  powder. 

Benzylamic  acid 
C0,H.C2H,.C0.NHC,H,.  [139°].  Formed  by 
boiling  the  benzyl-imide  (2  mols.)  with  aqueous 
barium  hydroxide  (1  mol.)  (Werner,  C.  J.  55, 
631).  Flat  prisms,  m.  sol.  hot  water,  v.  si.  sol. 
ether. 

Phenylamic  acid  COjH.C.Hj.CO.NHPh. 
Succinanilic  acid.  [149°].  Formed  by  boiling 
the  phenylimide  with  NH.,Aq  (Laurent  a.  Ger- 
hardt,  A.  Ch.  [3]  24,  179) '  or  baryta  (Menschut- 
kin,  A.  162,  176).  Flat  needles,  v.  si.  sol.  cold 
water.  Decomposed  by  heat  into  water  and  the 
phenylimide.  Boiling  alcoholic  HCl  forms  suc- 
cinic acid.  —  CaA'2  4aq.  —  BaA'.,3aq.  —  AgA'  : 
crystalline  pp. 

o-Tolyl-aviic  acid 
C02H.C,,ti,.C0.NHC,H,.    [97°].    Got  by  boiling 
the  o-tolylimide  with  baryta  water  (Beohi,  B.  12, 
322).    White  needles.— BaA'..,aq. 

p-Tolyl-amic  acid  [157°].— BaA'., aq. 

{a)-Na2]hthyl-amic  acid 
CO.,H.C,H^.CO.NHC,oH,.  [171°].  Formed  by 
heating  the  (a)-naphthylimide  with  KOHAq 
(Pellizzari,  A.  248,  158  ;  G.  18,  323).  Needles 
or  plates  (from  alcohol),  v.  e.  sol.  HOAc  and 
benzene. 

(&)-Naphthyl-ainic  acid  [192°].  Crystals. 

Di-phenyl-amic  acid 
CO.,H.C.,H,.CONPh...    [119°].    Plates  (Piutti,  G. 
14,  468).— AgA' :  pp. 

Phenylene-di-amic  acid 
C,H,(NH.CO.C2Hj.CO.,H)2.    Formed  by  heating 
phenylene-diamine  with  succinic  acid  at  200'-' 
(Biedermann,  B.  9, 1668).    Small  crystals  (from 
HOAc).     Melts  above  360°.     Converted  by 

KOHAq   and   Mel   into    C5H^<;™®gQ^  ^ 

crystallising  in  plates  or  tables  (containing  l^aq) 
(Griess,  B.  18,  2410). 

Imide^'-^y^B..    [126°]  (Erlenmeyer, 

Z.  [2]  5, 175).  (288°).  H.C.  439,000.  H.F.  110,500 
(Berthelot  a.  Andr6,  Bl.  [3]  4,  229).  Formed 
from  succinic  anhydride  and  dry  NH,  (D'Arcet, 
A.  Ch.  [2]  58,  294),  and  also  by  heating  suc- 
cinamide  or  ammonium  succinate  (Fehling,  A. 
49,  198 ;  Laurent  a.  Gerliardt,  Compf.  Chun. 
1849,  108;  Menschutkin,  A.  162,  165, 187  ;  182, 
93).  Large  efflorescent  crystals  (containing  aq) 
or  octahedra  (from  acetone)  (Bunge,  A.  Stippl. 
7,  118),  V.  sol.  water  and  alcohol,  m.  sol.  ether. 
Not  attacked  by  pure  HNO,  (S.G.  1-53)  (Franchi- 
mont,  B.  T.  C.  6,  228)!  Converted  by  hot 
baryta  water  into  succinamic  acid,  and  finally 
into  succinic  acid.  Alcoholic  NH,,  at  100°  forms 
succinamide.  Yields  pyrrole  on  distillation  with 
zinc-dust.  KOH  (6  mols.)  and  KBrO  (1  mol.), 
acting  for  two  hours  at  60°,  form  (/3)-amido- 
propionic  acid  [196°]  (Hoogewerff  a.  Van  Dorp, 
-B.r.  C.10,4).  Bromine  forms bromo-sucoinimide 
[225°]  and  bromo-maleimide  [152°]  (Kisielinski, 
Ritz.  W.  [2]  74,  561  ;  cf.  Kusseroff,  A.  252,  158). 
Chlorine  at  160°  forms  chloro-  and  di-chloro- 
maleic  imide.  PClj  forms  a  compound  melting 
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at  145°-148°  (Bernthsen,  B.  13, 1047).  A  solution 
of  bleaching-powder  added  to  a  solution  of  suc- 
cinimide   containing   excess  of  HOAc  forms 

C2Hj<;^^Q>NCl  [148°],  which  separates  from 

benzene  in  large  crystals,  and  is  reconverted  by 
acids  and  alkalis  into  succinimide  (Bender,  B. 
19,  2273).  Hydroxylamine  at  65°  forms 
NH(CO.C,H,.CO.NH.OH),  [171°],  crystallising 
in  needles,  v.  e.  sol.  water,  and  yielding  a  picrate 
B'C.HjNjO,  [266°]  (Garny,  B.  24,  3434).  Methyl 

cyanate  forms  C,JE,<^Q^^g>CO  [149°], while 

EtNCO  forms  corresponding  C,H,(,N„03  [95°] 
(Menschutkin,  A.  178,  204). 

Salts.— KCjHjN0,4aq.  Ppd.  by  adding 
alcoholic  potash  and  ether  to  an  alcoholic  solu- 
tion of  succinimide  (Landsberg,  A.  215,  200). — 
KA' :  needles.  V.  sol.  water  and  alcohol. — 
BaA',2aq.  —  BaA',,  2iaq.  —  MgA'„3aq.  — 
HgA'^.  -  NH,.HgA'.'—  ClHgA'.  —  CyHgA'.  — 
CujA',.(0H),9aq.  —  Cu„A',(0H),,  2aq.— AgA' ^aq. 
Needles.  Converted  by  iodine  into  ICjH^NO.j, 
crystallising  in  dimetric  prisms;  a:c=l:'873, 
melting,  with  evolution  of  I,  at  135°.  Silver 
succinimide  is  converted  by  succinyl  chloride 
in  ethereal  solution  into  '  trisuccinamide ' 
(CjH.,0„)3N2  [83°],  crystallising  from  ether 
(Gerhardt  a.  Chiozza,  A.  90,  108).— AgA'NHj : 
crystalline. 

Methylimide  C2H,:CA:NMe.  [66-5°]. 
(234°).  Formed  by  distilling  methylamine 
succinate.  Plates.  Got  also  by  the  action  of 
cone.  H2SO4  on  the  oxim  of  /3-acetyl-propionic 
acid  (Eischbieth  ;  Bredt  a.  Boeddinghous,  A.  251, 
316). 

Ethyli7nide  C.M,:C.fi.;/.'E'Et.  [26°].  (234°). 
Formed  by  distilling  acid  ethylamine  succinate 
(M.),  and  by  adding  alcoholic  EtI  to  sodium 
succinimide  (Landsberg,  A.  215,  212).  Long 
lancet-shaped  crystals,  v.  sol.  water,  alcohol, 
and  ether.  Yields  ethyl-pyrrole  on  distillation 
over  zinc-dust. 

Allylimide  CH^rCCiNCH^.  (245°). 
S.G.  2  14543 ;  1-1432.  Formed  by  heating 
succinic  acid  with  allyl  thiocarbimide.  Liquid, 
v.  sol.  water  and  alcohol. 

Ethylenc-imide  {C.,H.,:C.,0.,:'1^),CM,. 
[251°].  (395°).  Formed  by  heating  succinic 
acid  with  the  hydrate  of  ethylene-diamine  at 
180°  (Mason,  C.  J.  55,  10).  Prisms,  sol.  hot 
water,  v.  si.  sol.  hot  alcohol,  insol.  ether. 

Propylene-imide  (C,H,:C,0,:N),C3H,. 
[100°].  Formed  from  the  anhydride  and  pro- 
pylene-diamine (Strache,  B.  21,  2360).  Crystals 
(from  benzene). 

Phenylimide  C„H,:C.,0,:NPh.  Suc- 
cinanil.  [156°]  (L.  a.  G. ;  Kauder,  J.  pr.  [2j 
31,  17).  [150°]  (Htibner,  A.  209,  373  ;  Bischoff 
a.  Nastvogel,  B.  22, 1807)  (above  300°).  Formed 
by  heating  succinic  acid  with  aniline,  and  crys- 
tallising the  product  from  water  and  alcohol 
successively  (Laurent  a.  Gerhardt,  A.  Ch'.  [3] 
34,  179).  Formed  also  by  the  action  of  PCI5  on 
C„H,(CO.NHPh).CO.,H  in  chloroform  (Anschutz, 
B.  21,  957).  Needles,  si.  sol.  hot  water.  PCI,, 
in  presence  of  boiling  POCLj  forms  the  phenyl- 
imide of  di-chloro-maleic  acid  C2Cl.,:C,0.,:NPh. 
Alcoholic  NK,  forms  C„Hj(CONH.,).cbNHPh. 
Boiling  lime-water  forms  C,HJCO,,H).CONHPli. 
Fuming  HNO3  forms  an  o-nitro-  derivative  [150°] 
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and  the  _p-nitro-  derivative  [205°-208°].  The 
salt  aHjiC.A^NC.Hj.SOaNa  is  got  by  heating 
succinic  acid  with  sodium  amido-benzene  p-sul- 
phonate  (Pellizzari,  G.  18,  317). 

Benzylimide  C.JI,:C202:NCH,Ph.  [99°]. 
Formed  from  benzyl  chloride,  succinimide,  and 
alcoholic  NaOH  (Werner,  C.  J.  55,  629).  Six- 
sided  prisms,  sol.  alcohol. 

o-Tolylimide  C,Hj:CA:NCsH,Me.  [75°]. 
(345°  uncor.).  Formed  by  heating  o-toluidine 
with  succinic  acid  (Michael,  B.  10,  579 ;  Bechi, 

B.  12,  25,  321).    Needles,  v.  sol.  water. 
p-Tolylimide.    [150°].     (345°).  Needles 

(from  water),  si.  sol.  cold  water.  Yields  on  nitra- 
tion C2H4:aO.,:NC,H3Me(N02)[l:4:2]  [140°] 
(Hiibner,  A.  209",  378). 

Tri-inethyl  -phenyl-imide 

C.  H^tCjOjiNC.HoMej.  Succm7nesidil.  [137°]. 
Formed  by  heating  succinic  acid  with  mesidine 
(Eisenberg,  B.  15,  1018).  Pearly  plates,  sol. 
alcohol  and  ether,  si.  sol.  water. 

(a)-Naphthylimide  C,Hj:CA:NC,„H,. 
[153°].  Formed  by  heating  succinic  acid  with 
(a)-naphthylamine  (Hahnemann,  B.  10,  1713; 
Hiibner,  A.  209,  381 ;  PeUizzari,  A.  248,  158). 
Needles,  m.  sol.  alcohol.  Yields  a  di-nitro- 
derivative  [250°].  The  sulphonic  acid 
C2H,:C202:NC,„H,S03H,  prepared  from  (o)-naph- 
thylamLne  ^-sulphonic  acid,  yields  KA'2aq  (Pel- 
Hzzari,  0. 18,  321). 

{&)-Naphthylimide.  [180°].  Colourless 
needles,  v.  sol.  alcohol.  Converted  by  KOHAq 
into  C0„H.C2Hj.C0.NHC,„H,  [192°]  (Pellizzari, 
A.  248,  i59). 

Benzimidide  C2H,:CA:NCPh:NH.  [212°]. 
Formed  from  acetyl-succinic  ether  CmHijOj, 
benzamidine  hydrochloride,  and  NaOHAq  (Pin- 
ner, B.  22,  2620).  Needles,  si.  sol.  cold  acetone 
and  ether,  sol.  alcohol. 

References. — Amido-,  Beomo-,  Bromo-amido-, 
Chloeo-,  Nitbo-,  and  Oxy-stjccinic  acid  and 

Dl-IODO-STJCCINAMIC  ACID. 

Isosuccinic  acid  v.  Methyl-malonic  acid. 

SUCCINIC  ALDEHYDE.  Eeduction  of  suc- 
cinic anhydride,  which  might  be  expected  to 
yield  the  aldehyde,  forms  instead  the  isomeric 
7-oxy- butyric  lactone. 

Oajim  C,,Hj(CH:N0H)2.  [173°].  Formed  by 
heating  pyrrole  with  hydroxylamine  hydro- 
chloride at  100°  and,  together  with  ethylamine, 
by  the  action  of  hydroxylamine  on  iz-ethyl- 
pyrrole  (Ciamician,  B.  17,  533  ;  22,  1968 ;  23, 
1788).  Small  white  crystals  (from  alcohol). 
May  be  reduced  to  tetramethylene-diamine 
C.,H,(CH,.NH„),  [28°]. 

Phenyl  hydrazide  C2H4(CH:N2HPh)2. 
[125°].  Formed  by  heating  a  solution  of  the 
oxim  (1  pt.)  in  water  (50  pts.)  with  phenyl 
hydrazine  (5  pts.)  dissolved  in  dilute  HOAc 
(Ciamician,  B.  22,  1974;  23,  1784).  SmaU 
silky  plates,  v.  sol.  alcohol.  Converted  by  cold 
cone.  HClAq  into  a  base  C^^H.^N^  [185°],  which 
crystallises  from  EtOAc  in  needles,  v.  si.  sol. 
alcohol,  and  gives  a  deep-blue  colour  with 
K^Cr.O,  and  H^SO,. 

Succinic  semi-aldehyde.  Nitrile 
CN.CHj.CHo.CHO.  fi-Cyanopropionic  aldehyde 
(77°).  S.G.  IS  -89.  Formed  by  heating 
CHjI.CH.,.CHO  (92  g.)  with  alcohol  (180  g.)  and 
AgCy  (67  g)  for  ten  hours  (Chautard,  A.  Ch. 
[6]  16,  182).    Oil,  not  solid  at  -  20°,  miscible 


with  alcohol  and  ether.  Eeduces  Fehling's 
solution.  Does  not  combine  with  NaHSOj  or 
phenyl-hydrazine.  Decomposed  by  hot  alkalis 
and  acids.  Aniline  at  350°  forms  the  compound 
Ca,Cy.CH(NHPh)„. 

Succinimidine  C4H,N3  i.e. 
C2H.,<^^|^g|^NH.    Formed,  as  hydrochloride, 

together  with  NH^Cl,  by  the  action  of  water  on 
succinamidine  (Pinner,  B.  16,  362,  1657  ;  18, 
2845). — B"HC1:  long  plates,  v.  sol.  water,  si. 
sol.  alcohol.  Converted  by  acetoacetic  ether 
into  crystalline  CsHnNaO^.— B"(HN03)o  ^aq : 
leaflets  (Grabowski,  A.  265,  168).— AgC^H^Ns: 
ppd.  by  adding  ammoniacal  AgNOj  to  a  solution 
of  the  hydrochloride. 

SUCCINIMIDO-ACETIC  ETHER  CgHiiNOj 
i.e.  C,H4:C,0.,:N.CH..C02Et.  [67°].  Formed  by 
heating  succinimide  with  alcohol,  NaOEt,  and 
CH,,Cl.CO,Et  (Haller  a.  Arth,  C.  B.  105,  280). 
Needles,  v.  sol.  water,  alcohol,  and  ether.  Alco- 
holic NaOEt  forms  gelatinous  CaHioNaNO^. 

SDCCINIMIDO-ETHYL  ETHER  CsHieN.Oo 
i.e.  C,H,(C(NH).OEt),,.  The  hydrochloride 
B"2HC1  is  prepared  by  passing  gaseous  HGl 
into  an  ethereal  solution  of  ethylene  cyanide 
(Pinner,  B.  16,  359).  It  is  v.  si.  sol.  alcohol  and 
ether,  and  decomposed  by  water  into  succinic 
ether  and  NHjCl.  With  ammonia  it  gives 
C2H,(C(NH).NH2)2. 

STJCciNimDoxm  C2H,<^[^^^^>nh. 

[197°].    Formed  by  heating  ethylene  cyanide 
with  alcoholic  hydroxylamine  at  65°  (Garny,  B. 
24,  3427).    White  crystals,  sol.  water.— B'HCl. 
[98°].    Needles.— B'CeH3N30,.  [212°]. 
Benzoyl  derivative 

C,H,<^<^^Q^^)>NH.    [184°].    Formed  from 

the  oxim,  NaOH,  and  BzCl.  White  powder,  sol. 
alcohol,  si.  sol.  ether. 

SUCCINOPHENONE  v.  Di-phbntl  ethtlene 

DIKETONE. 

SUCCINOXYL-AMIDO-BENZOIC    ACID  v. 

Caeboxy-phentl-sdccinamic  acid. 

SUCCINYL-AMIDO-BENZOIC  ACID  v. 
Amido-benzoic  acid. 

SUCCINYL  -  SUCCINIC    ACID    v.  Di-ost- 

TEREPHTHALIC  ACID  DIHYDBIDE,  Vol.  ill.  p.  777. 

SUCCISTERENE  C,5H,„.  [160°].  (above 
300°).  Occurs  in  the  product  of  distillation  of 
amber  (Pelletier  a.  Walter,  A.  Ch.  [3]  9,  96). 
Flat  needles,  nearly  insol.  cold  alcohol,  v.  si.  sol. 
ether. 

SUGAR,  a  term  applied  to  the  members  of  a 
group  of  carbohydrates  in  consequence  of  the 
property  they  possess  of  being  sweet  to  the  taste 
and  of  their  relationship  to  the  substance  to 
which  the  term  was  originally  given.  The  known 
natural  members  of  this  group  are  not  very 
numerous.  They  are  all  easily  soluble  in  water, 
crystallisable,  and  diffusible.  When  solutions 
of  them  are  heated  with  alkaline  solutions  of 
the  more  easily  reducible  metals,  reduction  takes 
place  with  precipitation  of  the  lower  oxides  in 
some  cases,  and  of  the  metals  in  others ;  some 
sugars,  before  exhibiting  this  property,  require 
to  be  digested  with  dilute  mineral  acids.  En- 
zymes also  convert  some  of  the  non-reducing 
members  into  reducing  ones.    With  phenyl- 
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hydrazine  they  yield  phenylhydrazides  and 
'phenylosasones.  Oxidising  agents  easily  convert 
them  into  acids,  and  reducing  agents  into  alco- 
hols. Some  of  them  undergo  fermentation  when 
submitted  to  the  action  of  beer  yeast,  i.e.  they 
are  decomposed  into  alcohol,  CO.,,  &c.  They 
yield  solutions  which  are  optically  active,  those 
of  some  rotating  the  plane  of  polarisation  to 
the  right,  of  others  to  the  left.  They  give  colour 
reactions  with  aromatic  acids  and  phenols. 

The  group  may  be  divided  into  two  classes  : 
(1)  those  which,  when  digested  with  dilute  acids, 
do  not  yield  any  other  sugar  or  sugars — the 
sugars  of  this  class  are  distinguished  by  the 
termination  -ose ;  (2)  those  which,  when  diges- 
ted with  dilute  acids,  do  yield  some  other  sugar 
or  sugars — these  sugars  are  distinguished  by  the 
termination  -on.  They  are  designated  according 
to  the  number  of  carbon  atoms  they  contain : 
thus,  pentose  containing  C^,  hexose  containing 
Cg,  &c.,  and  di-penton  containing  C,,,,  di-hexon 
containing  C,,,  &c. 

The  members  of  the  -ose  class  are  : 
Triose  CjHgOj,  glycerose 
Tetroses  C4H8O.,,  erythrose 

C4H,(C,;H,)0.„  phenyltetrose 
Pentoses  CsHiuOj,  arabinose 
,,  ribose 
„  xylose 
C5H3(CH3)05,  rhamnose  (methyl 
pentose) 
,,  fucose  (ditto) 

Hexoses  C„Hi.,Oa,  d-  I-  and  i-^  glucose  (cZ- 
glucose  =  dextrose) 
„      d-  I-  and  i-mannose 
,,      d-  I-  and  t-gulose 
,,      d-  I-  and  i-fructose  {d- 

fructose  =  Isevulose) 
„      d- 1-  and  i-galactose 
,,      sorbose  (sorbinose) 
„  formose 
,,  lokaose 
,,  /3-acrose 
CtHii(CHa)Oo,  rhamnohexose 
(methyl  hexose). 
Heptoses  C,H,jO„  mannoheptose 

,,       a-  and  ;8-glucoheptose 
,,  galaheptose 
„  fructoheptose. 
,,  digitalose 
C;H,3(CH3)Oe,  rhamnoheptose 
(methyl  heptose). 
Octoses  CgHigOg,  mannoctose 

,,       a-  and  jS-glucoctose 
Nonoses  CgHigOg,  mannononose 
,,  glucononose 
The  members  of  the  -on  group  are  : 
Di-penton  C„,H|,0<„  arabinon 
Di-hexon  C,2H,,,0j„  cane-sugar  (saecharon) 
,,       milk-sugar,  lactose 

(lacton) 
!,       maltose  (di-glucon, 

amylon) 
),  iso-maltose 
„  melibiose 
,,  trehalose 
,,       cy  clam  ose 
„       para-  saccharose 
„       tewfikose  (tewfikon) 

'■  d,  I,  ami  i.    Fischer's  notatioa,  see  p.  532. 


Tri-hexon  G^^3,fi^^^,  raflfinose 

„  melezitose 
Hex-hexon  C^jHeoOs,,  gentianose 
„  stachyose 

Occurrence. — Some  of  these  sugars  have  been 
obtained  by  synthesis,  others  are  products  of  the 
action  of  dilute  acids  or  ferments  on  more  com- 
plicated bodies,  and  others  occur  naturally. 
The  most  important  source  of  the  latter  is  the 
vegetable  kingdom.  Little,  if  anything,  is  known 
concerning  the  formation  of  the  sugars  in  nature  ; 
it  is  very  probable  that  they  are  intermediate 
products  of  assimilation  between  CO^  and  H2O, 
and  starch,  inulin,  cellulose,  and  such  bodies. 
For  an  account  of  the  various  theories,  see  text- 
books of  vegetable  and  animal  physiology.  The 
sugars  found  in  animals  are  most  probably  of 
vegetable  origin. 

Determination.  — Ov^'rag  to  the  fact  that  the 
sugars  possess  many  properties  in  common,  the 
presence  of  a  particular  sugar  can  only  be  defi- 
nitely proved  by  its  isolation  in  the  pure  state, 
and  a  determination  of  its  optical  activity,  re- 
ducing power,  and  other  definite  distinguishing 
properties  (y.  end  of  art.). 

Molecular  Weight. — Until  quite  recently  none 
of  the  accepted  methods  for  determining  mole- 
cular weights  were  applicable  to  the  sugars.  At 
the  present  time  there  are  several,  chief  among 
which  are  the  physical  methods  of  Eaoult 
(A.  Gh.  [5]  28,  133  ;  [G]  2,  G6-124  ;  [6]  4,  401 ; 
[6]  8,  289  a.  317),  and  De  Vries,  which  are  of 
general  application,  and  the  various  chemical 
onesvifhichareof  special  application.  ByEaoult's 
method  Brown  and  Morris  (C.  J.'1888.  610;  1889. 
462),  Tollens and  Mayer  (B.21, 1.566), and  Tollens, 
Mayer,  and  Wheeler  {B.  21,  3508),  Bkstrand  and 
Mauzelius  (Fetewsfe.  Akad.  fur Handl.  1889. 157), 
and  O'Sullivan  (C  J.  1890.  62)  have  determined 
the  molecular  weight  of  xylose  and  arabinose  to 
be  150,  corresponding  to  a  formula  OjH,|,05 ;  of 
dextrose,  lasvulose,  galactose  to  be  180,  corre- 
sponding to  a  formula  C^H^-.O^ ;  of  arabinon  to 
be  282,  corresponding  to  a  formula  CuHiaOg ;  of 
cane  sugar,  maltose,  lactose  to  be  342,  corre- 
sponding to  a  formula  C,;H,„0,i ;  and  of  raffinose 
to  be  504,  corresponding  to  a  formula  C|,H,,.,0,5. 
These  numbers  have  been  confirmed  in  the  case 
of  the  simpler  sugars  by  various  chemical  methods 
(see  succeeding  paragraphs).  In  the  case  of  ara- 
binose it  was  first  shown  to  be  C.H|„05  by  Kiliani 
(23.  20,  339)  by  the  analysis  of  some  of  its  com- 
pounds, its  formula  previously  having  been  con- 
sidered to  be  C„H,.^Oa. 

Synthesis. — The  first  step  towards  the  syn- 
thesis of  the  sugars  was  made  by  Butlerow  (A. 
120,  295  ;  C.  B.  53,  145).  He  obtained  a  sweet 
syrup,  having  the  common  characteristics  of  the 
sugars,  by  adding  lime-water  to  a  hot  solution  of 
di-oxymethylene  ;  the  product  he  called  methyl- 
enitan,  and  considered  its  formula  to  be  C,H,40,;. 
The  next  step  was  made  by  Loew  [J.  pr.  33, 
321),  who,  having  discovered  a  method  for  the 
preparation  of  formaldehyde  (CH.^O)  in  quantity, 
investigated  its  condensation  by  lime-water. 
He  obtained  a  sweet  syrup,  which  he  called 
formose,  and  considered  it  to  have  a  formula 
CgH|20|i.  Neither  methylenitan  nor  formose 
fermented  with  yeast  (see  also  Tollens,  B.  19, 
2133).  Fischer  {B.  21,  989)  finds  these  products 
to  be  a  mixture  of  various  saccharine  bodies, 

M  M  2 


532 


SUGAR. 


the  chief  which  is  a  sugar,  formose  CjHjjOg, 
yielding  au  osazone  C,,H2.,N404,  m.p.  144°. 
Another  sugar  is  present  in  smaller  quantities  in 
the  condensation  products  of  formaldehyde.  It 
yields  an  osazone  greatly  resembling  glucosazone, 
which  has  been  identified  with  a-acrosazone. 
Later,  Loew  (B.  22,  475),  by  the  condensation 
of  formaldehyde  with  lead  oxide  and  magnesia, 
obtained  a  sugar  which  is  fermentable.  Loew 
called  this  mcthose,  but  Fischer  has  shown  it 
to  be  identical  %?ith  a-acrose. 

Aerose  was  obtained  by  Fischer  (B.  20, 1093 
and  2566)  by  acting  on  acrolein  bromide  with 
bases  '2Cfifi'BY._  +  2Ba(OH)2  =  C^HijOe  +  2BaBr2. 
Two  isomeric  sugars,  a-acrose  and  i3-acrose,  are 
thus  produced. 

Glycerose  yields  these  two  sugars  by  the 
action  of  alkalis.  (Glycerose  is  a  sugar  C3H15O3, 
obtained  by  the  action  of  bromine  and  soda  on 
glycerol  and  other  methods  by  Van  Deen,  /. 
1863.  501;  Grimaux,  C.  R.  104,  1276;  and 
Fischer  a.  Tafel,  B.  20,  1088  and  3385;  22, 
106.  It  is  probably  a  mixture  of  the  aldehyde 
and  ketone  of  glycerol.)  The  formation  of 
a-acrose  from  glycerose  may  be  represented 
CH  ,(OH).CH(OH).GOH  -1-  CH,.OH.CO.GH,OH  = 
CH„OH.CH(OH).CH(OH).0H(OH).CO.CH,OH. 
The  sugars  can  only  be  separated  from  the  pro- 
ducts thus  obtained  as  osazones ;  a-acrosazone 
is  identical  with  glucosazone  in  every  way  ex- 
cept in  its  action  on  polarised  light. 

a-acrosazone 

CH.,.0H(CH.0H)3C— CH.N.NHC^Hs 
II 

N.NH.C„H, 

acted  on  by  fuming  hydrochloric  acid,  is  converted 
into  a-acrosone  GH2.0H.(CH.OH)3CO.COH, 
which,  when  reduced  by  zinc  and  acetic  acid, 
yields  a  sugar  CH,.0H(CH.0H)3.C0.CH.,0H,  in 
the  form  of  a  sweet  syrup  ;  it  ferments  with 
yeast,  yields  laevuUnic  acid  when  heated  with 
hydrochloric  acid,  and  is  reduced  by  sodium- 
amalgam  to  a  hexahydrie  alcohol  a-acritol, 
which  resembles  mannitol  in  every  way  except 
that  it  is  optically  inactive.  By  these  various 
reactions  so  much  is  lost  that  from  1  kilo, 
glycerol  only  0'2  g.  acritol  is  obtained.  Further, 
all  the  bodies  obtained  in  the  processes  were 
optically  inactive.  More  knowledge  was  neces- 
sary before  the  natural  sugars  could  be  synthe- 
sised.  At  this  stage  a  new  hght  was  thrown  on 
the  subject  by  an  observation  of  Fischer  (B.  23, 
370)  that  arabinose  carboxylic  acid  and  man- 
nonic  acid  were  identical  in  every  way  except 
that  their  optical  activities,  although  equal,  were 
opposite  in  sign,  and  that  they  combined  to 
form  an  optically  inactive  acid.  These  three 
acids  were  reduced  by  sodium-amalgam  to  three 
sugars  resembling  one  another  in  all  respects 
except  that  one  of  them  had  a  right-handed 
optical  activity,  the  other  an  equal  but  left- 
handed  one,  while  the  third  was  optically  inac- 
tive. They  are  named  l-mannose,  i-mannose, 
and  d-mannose ; '  by  further .  reduction  they 
yielded  the  corresponding  hexahydrie  alcohols 
l-mannitol,  i-mannitol,  and  d-mannitol. 

The  sugar  obtained  from  o-acrosazone  as 

'  f,  and  d.  are  very  unsatisfactory,  aud  somewhat 
misleading  ;  but  as  Fischer  has  introduced  them  we  must 
let  them  stand.  A  little  study  will  make  their  meaning 
clear. 


above  described  is  identical  with  laevulose  except 
that  it  is  inactive.  If,  then,  we  can  decompose 
this  Isevulose  into  d-lffivulose  and  Z-]ffivulose,the 
synthesis  of  the  natural  sugar  will  be  accom- 
plished. This  Fischer  has  done  {B.  23,  370). 
If  i-laevulose  be  submitted  to  the  action  of 
yeast,  the  Iebvo-  constituent  ferments  and  the 
residue  is  dextrorotatory.  This  is  Wsevulose  ; 
it  is  not  the  natural  sugar :  that  belongs  to  the 
d-  group,  and  was  destroyed  by  the  ferment. 

To  obtain  the  natural  sugar  from  the  in- 
active synthetic  one,  Fischer  proceeded  as  fol- 
lows : — t-mannitol,  i.e.  a-acritol,  is  oxidised  by 
nitric  acid  to  i-mannose,  and  this  further  by 
bromine-water  to  i-mannonic  acid.  By  fractional 
crystallisation  of  the  strychnine  or  morphine 
salts  it  can  be  mesotomised,  the  result  being  d- 
and  I-  mannonic  salts,  which,  on  being  freed 
from  the  base,  yield  by  reduction  the  corre- 
sponding mannoses  and  mannitols.  These,  by 
means  of  the  osazones,  can  be  converted  into 
the  corresponding  laevuloses  (see  Dextrosazo7ie). 

Dextrose  and  mannose  both  yield  the  same 
osazone  ;  the  difference  in  their  constitution 
must  therefore  be  caused  by  the  position  of  the 
group  marked  with  a  *  in  the  formula 

CH,(OH).CH(OH).CH(OH).CH(OH).»CH(OH).COH. 
Fischer  (B.  23, 799  a.  2611)  found  that  by  heating 
gluconic  acid  with  quinoline,  part  was  converted 
into  mannonic  acid  and  part  unaltered ;  and  also 
that  mannonic  acid,  treated  in  the  same  way. 
yielded  some  gluconic  acid.  Dextrose  may  then 
be  obtained  by  reducing  the  gluconic  acid  thus 
obtained.  The  corresponding  reaction  with 
Z-mannonic  acid  does  not  take  place  easily,  if  at 
all,  but  Z-gluconic  acid  is  produced  simulta- 
neously with  arabinose  carboxylic  acid  (Z-man- 
nonic acid)  by  Kiliani's  mode  of  preparation 
(see  Arabinose).  From  Z-gluconic  acid,  by  re- 
duction, Z-glucose,  the  optical  isomer  of  dextrose, 
is  obtained.  The  table  on  next  page  gives  a  con- 
cise view  of  the  synthesis  of  dextrose,  laevulose. 
and  mannose. 

Another  sugar,  gulose,  stereoisomeric  with 
glucose,  has  been  obtained  by  Fischer  (B.  23, 
93 ;  24,  521)  by  the  reduction  of  saccharic  acid, 
the  d-,  I-  and  i-  modifications  being  obtained  by 
the  reduction  of  d-,  I-  and  i-  saccharic  acids.  As 
these  are  the  products  of  the  oxidation  of  d-  l- 
and  i-  glucose,  the  synthesis  of  gulose  is  com- 
plete. 

Galactose']  has  not  been  synthesised  up  to 
the  present  (June  1893),  but  by  the  reduction 
of  mucic  acid  Fischer  and  Hertz  (B.  25,  1247) 
have  obtained  i-galactonic  acid  and  i-galactose  ; 
i-galactonic  acid,  by  the  fractional  crystallisa- 
tion of  its  strychnine  salt,  may  be  mesotomised 
into  d-  and  Z-  galactonic  acids  from  which  d- 
and  Z-galactose  are  obtained ;  tZ-galactose  is 
identical  with  ordinary  galactose. 

Arabinose  has  not  been  directly  synthesised, 
but  its  relationship  to  the  synthetical  sugars  is 
shown  by  the  fact  that  the  two  acids  obtained 
from  arabinose  by  the  nitrile  reaction  are  Z-man- 
nonic acid  and  Z-gluconic  acid  (Fischer,  B.  23, 
2611  ;  24,  539). 

Of  xylose  the  same  must  be  said  ;  but  by  the 
nitrile  reaction  it  yields  Z-gulonic  acid  (Fischer 
a.  Stahel,  B.  24,  528). 

Arabonic  acid,  when  heated  with  quinoline, 
is  partly  changed  into  its  stereoisomeride  ribonic 
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a-acrose  (from  formaldehyde,  glycerol,  or  acrolein  dibromide) 

I 

i-glucosazone 
i 

i-glucosone 

1 

i-liEvulose 

I 

i-mannitol 

I 

i-mannose 

I 

i-mannonic  acid 


Z-mannonic  acid 


d-mannonic  acid 


Z-gluconio  acid 

1 

Z-glucose 


Z-marmose 


Z-glucosazone 

I 

Z-lfflvulose 


acid,  just  as  gluconic  acid  yields  gulonic  acid  ; 
ribonic  acid,  by  reduction,  yields  the  stereoiso- 
meride  of  arabinose,  which  it  is  proposed  to  call 
ribose. 

The  synthetical  passage  from  an  -oso  sugar  to 
an  -on  one  is  said  to  be  accomplished  for 
lactose  (lacton)  and  cane  sugar  (saccharon)  as 
well  as  for  maltose  (amylon). 

Lacton.  k  mixture  of  dextrose  and  galactose, 
is  acted  on  by  acetic  anhydride,  and  the  result- 
ing products,  carefully  saponified  with  alkali, 
yield  lacton  (Demole,  C.  R.  89,  481).  This  has 
been  contradicted  by  Berthelot  (Bl.  [2]  34,  82) 
and  by  Herzfeld  (4. "220,  219). 

Sucron.  A  body  having  a  dextrorotatory 
power,  and  by  inversion  becoming  Ifevorotatory, 
was  obtained  by  acting  on  aceto-chlorhydrose 
(a  derivative  of  dextrose)  with  an  alcoholic  solu- 
tion of  Itevulose  in  the  presence  of  barium  car- 
bonate. Another  body  which  was  lasvorotatory, 
and  became  less  Isvorotatory  on  inversion,  was 
obtained  by  acting  on  aceto-chlorhydrose  by 
sodium  Iffivulosate  (Colley  a.  Vakovitch,  Bl.  [2] 
34,  326). 

Isomaltose  has  been  prepared  by  Fischer  {B. 
23,  3687)  by  the  action  of  HCl  on  dextrose. 
Dilute  acids  again  hydrolyse  it  to  dextrose,  the 
same  product  as  is  yielded  by  maltose. 

Pheiiyl-tetrose  has  been  prepared  syntheti- 
cally from  cinnamaldehyde  cyanhydrin  ;  this,  by 
the  action  of  bromine,  yielding  phenyl-dibromo- 
oxy-butyronitrile  CH.Ph.Br.CH.Br.CH.OH.CN, 
which,  when  heated  with  hydrochloric 
acid,  yields  phenyl -bromo-di- oxy-butyro- 
lactone,  from  which  the  corresponding  acid 
OH.CH.Ph.CHBr.CH.OH.COOH  is  easily  ob- 
tained, and  which  on  reduction  yields  the  sugar 
OH.CH.Ph.CH(OH).CH(OH).OOH. 

It  will  not  be  out  of  place  here  to  indicate 
■what  has  been  done  in  the  way  of  converting  a 
sugar  into  one  containing  a  carbon  atom  more. 
To  do  this,  Fischer  {B.  22,  2204 ;  23,  370,  799, 
930,  2226,  and  3102  ;  Ann.  270,  64)  made  use  of 
the  well-known  reaction  forproceeding  from  one 
alcohol  to  its  next  higher  homologue  by  means 
of  the  nitrile.  Now,  in  this  reaction,  where  an 
asymmetric  carbon  atom  is  added  to  the  molecule, 


<Z-mannose 


tZ-gluconic  acid 


(Z-glucosazone       <Z-glucose  (dextrose) 
I 

d-lsBvulose  (Isevulose) 

Van't  Hoff  has  predicted  that  two  isomeric  bodies 
will  be  formed  which  will  differ  by  the  arrange- 
ment of  the  groups  round  the  new  carbon  atoms. 
Fischer  {Ann.  270,  64)  has  shown  that  this  is  so 
in  the  case  of  the  glucose  homologues,  the  two 
acids  obtained  from  glucose  being  a-  and  13-gluco- 
hejitonic  acids ;  a-glucoheptonic  acid  is  always  the 
principal  product  of  the  reaction,  and  is  identical 
with  the  dextrose  carboxylic  acid  described  by 
Kiliani  (see  Dextrose).  When  the  reaction  takes 
place  at  20°-25°  hardly  a  trace  of  the  jS-  acid  is 
formed ;  but  at  40°  about  13  p.c.  of  the  latter  is 
obtained.  By  oxidation  these  acids  yield  two 
penta-oxy-pimelic  acids,  the  a-  acid  being  opti- 
cally inactive,  and  by  reduction  the  two  sugars 
a-  and  0-glucohcptose  are  obtained. 
a-Glucoheptose 

H      H      OH    H  H 

I        I        I        I  I 
CK.OH  C  C  C  C  C  CHO 


OH    OH  H 


OH  OH 


separates  from  its  aqueous  solution  in  rhombic 
prisms,  m.p.  180°-190° ;  they  have  a  faintly  sweet 
taste,  dissolve  in  10-5  pts.  of  water  at  14°,  and 
are  easily  soluble  in  hot  water  and  sparingly  in 
hot  alcohol.  Its  solution  is  optically  active. 
Freshly-prepared  solutions  show  a  slight  bi-rota- 
tion  ;  for  a  10  p.c.  solution,  [a]i,o„o  =  — 19'7°.  It 
does  not  ferment  with  yeast,  but  reduces  Fehling 
slightly  less  than  dextrose.  It  is  oxidised  by 
bromine  to  a-ghicoheptonic  acid.  It  yields  a 
hydrazone  C,H,,,OoN„HOoH5,  very  soluble  in 
water,  m.p.  170°,  and  also  an  osazone 
C;H|.,0:j(NoHCjH5).,,  forming  yellow  needles,  m.p. 
195°,'  almost  insoluble  in  water  and  ditiicultly  in 
hot  alcohol.  Treated  with  acetic  anhydride  and 
zinc  chloride  it  yields  a  hexacetate,  m.p.  156°, 
and  with  sodium  acetate  and  acetic  anhydride  it 
yields  (Zec-acei7/Z-(Zi(/ZKCoZif^toscCnH,JC,H30),0, 3, 
m.p.  131°-132°. 

By  reduction  with  sodium-amalgam,  a-gluco- 
heptose  yields  a-glucoheptitol,  which  crystallises 
in  delicate  prisms,  m.p.  127°-128°,  is  optically 
inactive,  easily  soluble  in  water  and  sparingly 
in  alcohol.  It  yields  a  heptacetyl  derivative 
C,H,(CJl30),0,. 
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/3-Glucolieptose 

H      H      OH    H  OH 

I        I        I        I  I 
CH„OH  C  C  C  C  C  OHO 

I  I  I  I  I 
OH  OH  H  OH  H 
is  obtained  by  the  reduction  of  /3-glucoheptonic 
acid,  it  has  not  yet  been  obtained  in  a  crys- 
talline state,  it  forms  a  phenyl-hydrazide 
GjHi^ObNoH.OijHs,  crystallising  from  alcohol  in 
slender  needles,  m.p.  192°  ;  the  osazone  is  identi- 
cal with  a-gluooheptosazone. 

Just  as  dextrose  yields  two  isomeric  gluco- 
heptonic  acids,  so  a-glucoheptose  yields  two 
isomeric glucoctonic  acids.  The  o-acidis  the  chief 
product,  and  the  amount  of  ;8-  acid  formed  varies 
with  the  temperature.  a-Glucoctonic  acid  yields 
a  lactone  CgHj^Og,  sparingly  soluble  in  alcohol  and 
readily  in  water,  m.p.  145°-147°  [a]D2o°=  — 45'9  ; 
by  reduction  with  sodium-amalgam  it  yields  a-glu- 
coctose  CgHijOg.SHjOjWhich crystallises  in  colour- 
less needles,  m.p.  93°.  Its  aqueous  solutions 
are  optically  active  and  show  bi-rotation,  [a]  1,20° 
=  —50-5^  for  the  anhydrous  sugar.  It  yields  a 
phenyl  hydrazone  C,HisO,.(N„HG„H5),m.p.  190°, 
and  an  osazone  CsHnOsCN^HCsHJ.,,  m.p.  210°- 
212°,  almost  insoluble  in  water.  By  reduction 
with  sodium-amalgam  it  yields  a-glucoctitol 
CjHigOg,  which  is  easily  soluble  in  water ;  it 
forms  slender  white  needles,  m.p.  141°.  From 
a-glucoctose  two  glucononic  acids  may  be  pre- 
pared. Only  one  has  been  examined ;  this  when 
reduced  yields  glucononose  Ci,H,80<„  its  phenyl- 
hydrazide  CaHigOsN.HCsHj  is  sparingly  soluble 
in  cold  water  and  alcohol,  m.p.  195°-200°,  its 
phenyl  osazone  C„H|j,0_{N,HCeH5)2  is  sparingly 
soluble  in  hot  water  and  alcohol,  m.p.  220°-223°. 
Unlike  manuononose,  glucononose  does  not  fer- 
ment with  yeast.  By  reduction  glucononitol  is 
obtained. 

Mannohcptose  C.HuO,  is  obtained  by  the  re- 
duction of  mannoheptonic  acid.  It  crystallises 
from  alcohol  in  fine  needles,  it  has  a  sweet  taste, 
m.p.  134°-136°.  It  is  easily  soluble  in  water, 
and  does  not  ferment  with  yeast ;  its  solution  is 
dextrorotatory  and  exhibits  bi-rotation,  the  con- 
stant value  is  [a]j,  =  -I- 68-6°.  It  yields  a  diffi- 
cultly soluble  hydrazide  C.HnOg.N^H.CsH,,  m.p. 
197°-200°,  and  an  osazone  C,H,20',(N2H.C,H5).,, 
m.p.  200°.  By  reduction  with  sodium-amalgam 
it  yields  a  heptahydric  alcohol  which  is  identi- 
cal with  the  naturally  produced  body,  perseit 
(Maquenne,  A.  Ch.  [6]  19,  1  ;  C.  R.  107,  583). 
It  combines  with  hydrocyanic  acid,  and  the  com- 
pound decomposed  by  hydrochloric  acid  yields 
mannoctonic  acid. 

Mannoctose  CgK^J^^  is  obtained  by  the  re- 
duction of  mannoctonic  acid.  It  is  easily  soluble 
in  water,  has  a  sweet  taste,  and  does  not  fer- 
ment with  yeast.  Its  aqueous  solutions  are  Itevo- 
rotatory,  [a][j=— 3'3°.  It  yields  a  hydrazone 
C8H„0-.N„H.C5H5,  difticultly  soluble  in  water, 
m.p.  212° ;  and  an  osazone  C„Hi,06(N„H.C6H5)2, 
m.p.  223°.  By  reduction  it  yields  the  ootohydric 
alcohol  mannoctitol.  It  combines  with  hydro- 
cyanic acid,  and  the  compound  decomposed  by 
hydrochloric  acid  yields  mannonononic  acid. 

Mannononose  CgH,gOa  is  obtained  by  the  re- 
duction of  mannonononic  acid.  It  is  easily  soluble 
in  water  and  crystallises  from  alcohol,  m.p. 
about  130°,  its  solution  is  dextrorotatory,  [ajn 


=  +  50°  approx.  It  ferments  readily  and  com- 
pletely with  yeast,  and  resembles  dextrose  in 
many  ways.  It  yields  a  difficultly  soluble 
hydi-azide  CgHisOs.NjH.C^Hj,  m.p.  223°,  and  an 
osazone,  m.p.  217°. 

Galactoheptose  C;H,jOj  is  obtained  by  the 
reduction  of  galacto-heptoic  acid.  Its  hydrazide 
(m.p.  199°)  is  sparingly  soluble  ;  so  is  its  osazone 
(m.p.  220°). 

Friictoheptose  is  obtained  from  Isevulose  by 
the  same  set  of  reactions. 

Bhamnohexosc  CH3.(GH.OH)5COH  is  ob- 
tained by  the  reduction  of  rhamnohexolactone 
(Fischer  a.  Piloty,  B.  23,  3102);  it  does  not 
ferment  with  yeast,  but  exhibits  all  the  charac- 
ters of  a  sugar ;  the  osazone  is  obtained  in 
stellate  groups  of  needles,  m.p.  200°.  On  re- 
duction the  sugar  yields  rhamnohexitol 
CH3(CH.0H)5CH20H ;  by  the  action  of  hydro- 
cyanic acid  on  rhamnohexose,  the  lactone  of 
rhamnoheptonic  acid  is  obtained,  which  on  re- 
duction yields  rhamnoheptose.  The  osazone 
forms  yellow  needles,  m.p.  200°  ;  by  the  action 
of  hydrocyanic  acid,  rJiainnooctonic  acid  is  ob- 
tained. These  compounds  have  the  following 
optical  activities  : — 

Ehamnose,  [a]^  =  +  8°. 

Khamnohexose,  [o]d=  —  61'1°. 

Khamnoheptose,  [(z]d  =  +  8'4°. 

Ehamnitol,  [a]r,=  -f-10-7°. 

Ehamnohexitol,  [a]D  =  -1- 11-6°. 

Ehamnohexonolaetoue,  \_a\o  =  +  88-8°. 

Ehamnoheptolactone,  [a]i>=  -i-55'6°. 

Ehamnoctonolactone,  [a]i,=  — 51'2°. 
The  reverse  of  the  method  of  proceeding 
from  one  sugar  to  its  next  higher  homologue — i.e. 
the  production  of  a  sugar  containing  one  less 
carbon  atom  than  the  original  one — has  been 
effected  by  Wohl  (B.  26,  730).  When  dextrose 
oxim  (vide  below)  is  treated  with  acetyl  chloride 
it  yields  an  acetyl  compound  from  which  hydro- 
cyanic acid  can  be  eliminated,  and  on  hydrolysis 
of  the  resulting  compound  a  pentose  is  obtained, 
which  is  d-arabinose ;  Z-arabinose  (ordinary 
arabinose)  treated  in  the  same  way  as  dextrose 
yields  a  tetrose. 

As  is  wellknown,  mucic  and  saccharic  acids  are 
products  of  the  oxidation  of  the  sugars  with  nitric 
acid.  The  action  of  reducing  agents  on  these  bodies 
indicates  their  relationship  to  the  sugars  and  helps 
to  a  clearer  idea  of  the  synthetical  process. 

Beduction  of  mucic  acid.  Sulphuric  acid 
and  zinc-dust  reduce  mucic  acid  to  i-galactonic 
acid  (Fischer  a.  Hertz,  B.  25,  1247).  The  lac- 
tone crystallises  in  delicate  prisms,  m.p.  122°- 
125°.  It  is  optically  inactive.  By  further  re- 
duction with  sodium-amalgam  i-galactose  is  ob- 
tained. This  can  be  prepared  as  a  crystalline 
mass,  m.p.  140°-142°  ;  it  yields  a  hydrazide,  m.p. 
158°-160°  and  an  osazone,  m.p.  195°,  which  is 
identical  with  that  obtained  from  the  oxidation 
product  of  dulcitol  (Fischer  a.  Tafel,  B.  20,  3384). 

■i-Galactonic  acid  may  be  separated  into  the 
d-  and  I-  acids  by  fractional  crystallisation  of 
the  strychnine  salts.  The  two  acids  yield 
respectively  d-  and  Z-galactose ;  tZ-galactose  is 
identical  with  ordinary  galactose.  Z-Galactose 
may  also  be  obtained  by  the  fermentation  of 
■i-galactose  syrup.  The  sugar  crystalUses  from 
alcohol,  m.p.  162°-163°,  its  specific  rotatory 
power  is  [a]D=-7B-6°,  the  phenyl-hydrazide 
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melts  at  158^-160°  and  the  osazone  at  192°- 
195°.  From  this,  as  well  as  from  other  matters 
connected  with  the  synthetical  portion  of  the 
work,  it  will  he  seen  that  d-,  i-,  and  /-  were  in- 
tended to  mean  dextro-,  inactive,  and  Isvo-,  as 
indicating  the  optical  activity  of  the  substances 
to  which  they  are  prefixed  ;  but  it  is  obvious  the 
d-  body  is  not  always  dextro-,  nor  the  I-  body  IfBvo-. 
Hence  the  unsatisfactoriness  already  indicated. 

Redaction  of  saccharic  acid.  Fischer  {B.  23, 
930  ;  24,  521)  found  that  the  lactone  of  saccharic 
acid  was  easily  reduced  by  sodium-amalgam  with 
formation  of  glycuronic  acid.  Thierfelder  {H.  15, 
71)  has  shown  that  this  latter  is  further  reduced  to 
an  acid  CaH,,0„  which  reaction  Fischer  has  con- 
firmed, and  calls  the  acid  gulonic  acid  and  the 
corresponding  sugar  gulose.  The  relationship 
of  these  bodies  to  the  others  of  the  sugar  group 
is  shown  here : 

Dextrose      .       .  OH.CH,.(CH.OH),.COH. 

Gluconic  acid     .  OH.CH,,.(CH.OH),.COOH. 

Saccharic  acid    .  COOH.(CH.OH),.COOH. 

Glycuronic  acid  .  COOH.(CH.OH)  ,.COH. 

Gulonic  acid      .  COOH.(CH.OH)  ,.CH„OH. 

Gulose  .  .  COH.(CH.GH),.CH.,dH. 
Glycuronic  acid  obtained  by  the  reduction 
of  fZ-saccharic  acid  has  [a]i,=  -i-19'l°,  m.p.  175°- 
178*^ ;  d-gulonic  acid  obtained  by  the  reduction  of 
glycuronic  acid  yields  a  lactone,  m.p.  180°-181°, 
[a]i>=  +  55°  ;  its  phenyl-hydrazide  is  easily  solu- 
ble in  hot  water  and  hot  alcohol,  m.p.  147°- 
149°  ;  d-gulose  obtained  by  the  reduction  of  d- 
gulonic  lactone  is  a  colourless  syrup,  easily  solu- 
ble in  water  and  sparingly  in  absolute  alcohol, 
it  is  oxidised  by  nitric  acid  to  saccharic  acid, 
it  does  not  ferment  with  yeast. 

Constitution.  Dextrose  and  galactose  are 
represented  by  the  formula 

0H,(  OH  ).0H(  OH).CH(OH).OH(OH).CH(OH).COH 
and  Iffivulose  by 

CH,(OH).CH(OH);CH(OH).CH(OH).CO.CHaOH 
and  for  the  following  reasons. 

By  oxidation  dextrose  and  galactose  yield 
acids  containing  the  same  number  of  carbon 
atoms  as  themselves,  whilst  hevulose  yields 
acids  containing  less  carbon  atoms  than  itself ; 
dextrose  and  galactose  yielding  gluconic  and 
galactonic  acids  CH,(OH)  !CH(OH);  ,,.COOH 
and  by  further  oxidation  saccharic  and  rnucic 
acids  COOH{CH(OH)}.,COOH  respectively; 
whilst  ItEvulose  gives  rise  to  trioxybutyric 
0H,.(OH) ! CH(OH) !,COOH,  formic H.COOH,  and 
glycollic  CH,OH.COOH  acids. 

By  reduction  dextrose  and  galactose  yield 
respectively  mannitol  and  dulcitol ;  lajvulose  also 
yields  mannitol.  These  yield  hexacetyl  deri- 
vatives, and  are  reduced  by  hydriodic  acid  to 
secondary  hexyl  iodide  CH.j.(CH„).,CHI.CH, 
(Wanklyn  a.  Erlenmeyer,  J.  1861.  731 ;  18G2. 
480) ;  they  are  evidently  hexahydric  alcohols  of 
normal  hexane. 

All  three  sugars  combine  with  hydrocyanic 
acid  to  form  nitriles  which  when  boiled  with 
hydrochloric  acid  yield  different  acids  C,HuOs, 
which  are  reduced  by  hydriodic  acid  to  hcp- 
toic  acids  ;  dextrose  and  galactose  yielding 
normal  heptoic  acid  CH3(CH2)5.COOH  and 
Isevulose    yielding     methyl-butyl-acetic  acid 

CH.COOH  (Kiliani,  B.  18,  3066  ;  19,  221, 

767  a.  1128).    Galactose,  dextrose,  and  l£evulose 


form  oxims  or  iso-nitroso-  compounds  by  com- 
bination with  hydroxylamine  (Eischbieth,  B. 
20,  2673  ;  Jacobi,  B.  24,  696  ;  Wohl,  B.  24,  993). 
With  phenyl-hydrazine,  dextrose  and  galactose 
yield  hydrazides 

CH,,(OH){CH{OH)}  ,CH,NoH.C„H5 ; 
Iffivulose  does  not ;  but  all  three  yield  osazones 
CH,(0H){CH(0H)}3C.N„H.C,H,.CH.N,H.C„H,. 
All  three  yield  pentacetyl  derivatives  (Erwig  a. 
Koenigs,  -B.  22,  2207).  Previous  to  Fischer's 
synthetic  work,  other  formulfe  had  been  sug- 
gested (Tollens,  Kurzes  Handbuch  d.  Kohlen- 
hydrate ;  B.  16,  921 ;  Sorokin,  J.  pr.  [2]  37, 
312),  but  there  is  no  doubt  now  that  the  above 
are  correct. 

From  the  synthetic  work  above  described,  it 
is  evident  that  the  aldehyde  formula  belongs 
also  to  mannose,  gulose,  arabiuose,  xylose,  and 
ribose,  and  also  their  synthetic  homologues. 
Ehamnose,  as  is  evident  from  its  reactions,  has 
also  an  aldehyde  constitution  ;  it  appears  to  be 
methyl-arabinose. 

Sorbose  appears  to  be  isomeric  with  l»vu- 
lose.  By  oxidation  it  yields  tri-oxyglutaric  acid 
C00H.JCH(0H){3C00H  and  other  acids,  and 
by  reduction  it  yields  mannitol.  It  combines 
with  hydrocyanic  acid.  By  reduction  with 
hydriodic  acid  and  phosphorus  it  yields  hexyl 
iodide  (Kiliani  a.  Scheibler,  B.  21,  3276). 

Little  is  known  concerning  the  -on  sugars. 
Maltose  and  lactose  are  probably  anhydrides  of 
equal  molecules  of  dextrose  and  dextrose,  and 
dextrose  and  galactose  respectively  ;  they  yield 
acids  (maltobionic  and  lactobionic)  which  on 
boiling  with  dilute  mineral  acids  are  decomposed 
into  dextrose  and  gluconic  acid  and  galactose 
and  gluconic  acid  respectively.  Both  sugars 
thus  appear  to  contain  the  dextrose-aldehyde 
group  unaltered.  Fischer  (B.  21,  2633)  has  re- 
presented lactose  as 

CH,(OH).{CH(OH>},CH\    I        ,  , 

WH-{CH(0H)!3C0H. 

Cane  sugar  appears  to  be  differently  constituted 
from  either  maltose  or  lactose. 

It  thus  appears  that  the  formula 
CH.,(OH).{CH(OH)}^COH  must  be  assigned 
to  eight  known  sugars — i.e.  d-  and  I-  glucose ; 
d-  and  I-  gulose,  d-  and  I-  mannose,  d-  and 
I-  galactose  (the  i-  modifications  being  analogous 
to  racemic  acid,  i.e.  compounds  of  the  d-  and  l- 
modifications). 

Now,  as  this  formula  contains  four  asym- 
metric carbon  atoms,  according  to  Van't  Hoff's 
theory  there  will  be  possible  2' =  16  isomers, 
which  in  the  case  of  the  symmetrical  derivatives, 
as  the  hexahydric  alcohols  and  dibasic  acids, 
will  be  reduced  to  10,  of  which  i2'  =  8  com- 
pounds are  grouped  in  pairs  (d-  and  1-)  and 
i2*  =  2  inactive,  amesotomic  (Fischer,  B.  24, 1836 
a.  2683  ;  Van't  Holf,  La  CJdmie  dans  VEspace 
and  Dix  Anni^es  dans  VHistoire  d'une  Thdorie), 

Each  of  the  groups  E"  C.H.OH  E'  may 

be  grouped  in  two  positions  represented  thus 
H  .OH 
\ 
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(the  carbon  atom  being  considered  to  be  at 
the  centre  of  the  tetrahedron).    For  the  sake  of 
brevity  these  two  groupings  will  be  written 
H  OH 

E"  C  E'  and  E"  0  E'. 

OH  H 
The  sixteen  possible  modifications  of  the  glucose 
formula  may  then  be  expressed  by  the  following 
symbols ;  in  the  case  of  the  symmetrical  deriva- 
tives (hexahydric  alcohols  and  dibasic  acids) 
Nos.  11-16  are  identical  with  Nos.  5  to  10  : — 
H      H      H  H 

1.  CH2(0H)  C  C  C  C  COH 

OH    OH    OH  OH 
H      OH    OH  H 

2.  CH„(OH)  C  C  C  6  COH 

OH  H  H  OH 
OH    H      H  OH 

3.  CH,(OH)  C  C  6  C  COH 

H      OH    OH  H 
OH    OH    OH  OH 

4.  CHJOH)  C— C  C  C  COH 

H      H      H  H 
H      H      H  OH 

5.  CH,(OH)  C  C  C  C  COH 

OH  OH  OH  H 
H      H      OH  H 

6.  CH,(OH)  C  C  C  C  COH 

OH  OH  H  OH 
H      H      OH  OH 

7.  CH„(OH)  C  6  C  C  COH 

OH    OH    H  H 
H      OH    H  OH 

8.  CH^COH)  6  -C  C  C  COH 

OH    H      OH  H 
H      OH    OH  OH 

9.  CHJOH)  C  C  C  C  COH 

OH   H      H  H 
OH    H      OH  OH 

10.  CH„(CH)  C  C  C  C  COH 

H  OH  H  H 
OH    H      H  H 

11.  CH2(0H)  C  C  C  C  COH 

H      OH    OH  OH 
H      OH    H  H 

12.  CH.,(OH)  C  C  C  C  COH 

OH    H      OH  OH 
OH    OH    H  H 

13.  cmOH)  C  C  C  C  COH 

H      H      OH  OH 
OH    H      OH  H 

14.  CHjIOH)  C  C  C  C  COH 

H      OH    H  OH 
OH    OH    OH  H 

15.  CHj(OH)  C  C  C  C  COH 

H  H  H  OH 
OH    OH    H  OH 

16.  CH2(0H)  C— C  C  C  COH 

H  H  OH  H 
Since  saccharic  acid  may  be  obtained  either 
from  glucose  or  its  stereoisomeride  gulose,  then 
the  d-  and  I-  saccharic  acids  must  be  repre- 
sented by  formula  corresponding  to  two  of  those 
numbered  6  to  10.  Now,  7  and  8  may  be  elimi- 
nated, as  they  are  optically  inactive  from  in- 
ternal compensation.  Nos.  6  and  10  may  be 
excluded  for  the  following  reasons  :  Glucose  and 
mannose  yield  the  same  osazone,  and  conse- 
quently differ  only  in  the  arrangement  of  the 
groups  round  the  asymmetric  carbon  atom  next 
to  the  COH  group.    Other  facts  which  confirm 


these  formulas  are  (1)  Z-gluconic  and  Z-mannonic 
acids  are  both  produced  by  the  nitrile  reaction 
from  arabinose ;  (2)  fructose  reduced  by  sodium- 
amalgam  yields  mannitol  and  sorbitol ;  (3)  man- 
nonic  and  gluconic  acids  can  be  converted,  one 
into  the  other,  by  heating  with  quinoline ;  (4)  all 
attempts  to  resolve  gluconic  and  mannonic  acids 
into  two  components  have  been  unsuccessful. 

If  saccharic  acid  has  the  configuration  6  or 
10,  then  manno-saccharic  acid  must  have  the 
configuration  7  or  8 ;  but  the  latter  are  opti- 
cally inactive,  and  therefore  cannot  be  the  eon- 
figuration  of  manno-saccharic  acid.  Hence  d- 
and  Z-saccharic  acid  must  have  a  configuration 
corresponding  to  5  and  9 ;  for  convenience  we 
may  assign  5  to  the  d-  and  9  to  the  I-  bodies. 

Now  the  two  sugars  corresponding  to  <Z-sac- 
charic  acid — i.e.  d-glucose  and  cZ-gulose — must 
consequently  have  the  configuration  5  and  11 ; 
but  in  order  to  determine  which  to  assign  to  one 
and  which  to  the  other,  we  must  consider  xylose 
and  arabinose. 

Arabinose  by  the  nitrile  reaction  yields 
Z-glucose  and  xylose  yields  Z-gulose  ;  now  since 
Z-glucose  and  Z-gulose  are 

H      OH    OH  OH 

(9)  CH,(OH)  C  C  C  C  COH 

OH    H      H  H 

and  (15) 

OH    OH    OH  H 

CH2(0H)  C  C  C  C  COH 

H      H      H  OH 

then  xylose  and  arabinose  must  be 

H      OH  OH 

(a)  CH,(OH)  C  C  C  COH 

OH    H  H 
OH    OH  OH 

and  (b)  CH2(0H)  C  C  C  COH. 

H      H  H 

According  to  theory,  there  will  be  2^  =  8  isomeric 
pentoses,  but  when  the  formula  becomes  symme- 
trical, the  asymmetry  of  the  centre  carbon  is 
destroyed,  and  there  will  be  only  three  isomeric 
pentahydric  alcohols  and  three  isomeric  tri- 
oxy-glutaric  acids,  of  which  two  are  optically 
active,  i.e. : 

H  H 
COOH  C  CH(OH)  C  COOH 

OH  OH 

OH  OH 
COOH  C  CH(OH)  C  COOH 

H  H 
and  one  is  optically  inactive,  i.e. 

OH  H 
COOH  C  CH(OH)  C  COOH. 

H  OH 

The  same  applies  to  the  pentahydric  alcohols. 

As  arabitol  and  the  tri-oxy-glutaric  acid  from 
arabinose  are  both  Isevorotatory,  whilst  the  cor- 
responding compounds  from  xylose  are  optically 
inactive,  the  formula  marked  (a)  is  the  formula 
for  xylose,  and  (b)  is  the  formula  for  arabinose, 
(9)  and  (15)  being  the  formulae  for  Z-gulose  and 
Z-glucose  respectively. 

d-gulose  will  consequently  be 

OH    H      H  H 

CH2(0H)  C  C  C  6  COH 

H      OH    OH  OH 
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■d-glucose 

H      H      H  OH 

CH2(0H)  C  C  C  C  COH 

OH    OH    OH  H 

fZ-mannose 

H      H      H  H 

CH„(OH)  C  C  C  6  COH 

OH    OH    OH  OH 

i-mannose 

OH    OH    OH  OH 

CH2(0H)  C  C  C  C  COH. 

H      H      H  H 

As  Isevulose  yields  the  same  osazone  as  man- 
nose  and  glucose, 
<;Z-fructose 

H      H  H 

CH  ,(0H)  C  C  C — -OC— CH,(OH) 

OH    OH  OH 

and  Z-fructose 

OH    OH  OH 

CH,(OH)  C— C  C  OC— 0H2(0H) . 

H      H  H 
The  alcohols  will  be  represented  as  follows  : 
xZ-mannitol 

H      H      H  H 

CH„(OH)  C  C  C  C  CH„(OH) 

OH    OH    OH  OH 

Z-mannitol 

OH    OH    OH  OH 

CH,(OH)  C  C  .C  -C  CH.,(OH) 

H      H      H  H 

4- sorbitol 

H      H      H  OH 

CH.,(OH)  C  0  6  C  CH2(0H) 

OH    OH    OH  H 

1-  sorbitol 

OH    OH    OH  H 

CH.,(OH)  0  C  C  C  CH,(OH) 

H      H      H  OH 
and  the  dibasic  acids  : 
fZ-monosaccharic 

H      H      H  H 

COOH  6  C  C— C  COOH 

OH    OH    OH  OH 

2-  mannosaccharic 

OH    OH    OH  OH 

COOH  C  C  C  C  COOH 

H      H      H  H 

fZ-sacoharie 

H      H      H  OH 

COOH  C  C  C  C  COOH 

OH    OH    OH  H 

Z-saccharic 

OH    OH    OH  H 

COOH  C  C  6  6  COOH. 

H  H  H  OH 
The  other  di-basic  acids  known  are  mucic  acid, 
which  is  optically  inactive ;  allomucic  acid, 
formed  by  the  action  of  pyridine  on  mucic  acid, 
which  is  also  optically  inactive ;  another  isomeride 
of  mucic  acid,  which  is  optically  active,  obtained 
by  treating  galactonic  acid  with  quinoline  and 
oxidising  the  product ;  and  iso-saccharic  acid. 
We  have  as  yet  not  sufficient  data  to  write  the 
constitution  of  these  with  certainty. 

So  far  we  have  considered  the  sugars  in 
general ;  we  must  now  turn  to  a  description  of  the 
individual  members  of  the  group. 
Class  I.    -Ose  sugars. 

Arabinose  CjHu.O^.  It  does  not  occur  in 
nature. 


Formation. — By  the  action  of  dilute  acids  on 
metapectic  acid,  a  constituent  of  beetroot,  gum  ara- 
ble, cherry-tree  gum,  gedda  gum, gum  tragacanth, 
and  many  other  gums  (Scheibler,  B.  1,  58, 108 ;  6, 
612  ;  Claesson,  B.  14,  127]  ;  Martin,  Sachsse's 
Phytochem.  Uiiter.  p.  69  ;  Bauer,  J.pr.  [2]  34,  47 ; 
Kiliani, -B.  19,3030;  v.  Sandersleben,  Sachsse, 
I.e.,  p.  90;  O'SuUivan,  C.  J.  1884.  41,  1891, 
1029;  Stone  a.  Tollens,  A.  249,  267  ;  Stone,  Am. 
12,435);  wheat  and  rye  bran  (B.  23, 3110).  Owing 
to  the  fact  that  most  of  the  above  gums  yield 
galactose  besides  arabinose,  the  two  were  for 
some  time  confused  (H.  Kiliani,  B.  13,  2304  ;  15, 
34  ;  Claesson,  B.  14, 1270  ;  B.  C.  205;  Scheibler, 
B.  17,  1729  ;  E.  0.  v.  Lippmann,  B.  17,  2238). 
Arabinon  yields  on  hydrolysis  arabinose  alone 
(O'SuUivan,  C.  J.  1890.  59). 

Preparation. — A  dextrorotatory  gum,  or  one 
yielding  little  mucic  acid  when  oxidised  by  nitric 
acid,  is  selected.  A  solution  containing  30-40 
g.  per  100  c.c.  is  heated  to  100°  in  a  water 
bath  and  digested  at  that  temperature  with 
2  p.c.  sulphuric  acid  for  10-15  minutes.  The 
solution  is  then  cooled,  neutralised  with  milk  of 
lime,  baryta  water,  or  calcium  or  barium  carbon- 
ate, and  hot  alcohol,  S.G.  0-83,  added  as  long 
as  a  precipitate  is  formed.  The  clear  alcoholic 
solution  is  jjoured  off  the  pp.  which  in  a  short 
time  collects  at  the  bottom,  and  evaporated  in 
a  vacuum  to  a  syrup.  After  standing  a  few  hours 
arabinose  crystallises  out  in  well-formed  rhombic 
prisms  with  monoelinic  terminations,  and  is 
puritied  by  recrystallisation  from  water. 

Formula  and  synthesis.    See  general  part. 

Properties. — Arabinose  crystallises  in  fine 
rhombic  prisms  out  of  aqueous  solution.  The 
termination  and  habitat  of  the  crystals  vary 
with  the  source.  From  alcohoUo  solutions  it 
separates  in  sphenoids.  The  crystals  melt  at 
160^.  Its  specific  rotatory  power  is  [a]D  = 
+  104-5°  for  10  p.c.  solution  at  20°C. ;  in  more 
concentrated  solutions  it  is  higher,  [a\o  =  +  110° 
being  observed  for  nearly  saturated  solutions. 
Freshly-prepared  solutions  possess  bi-rotation, 
an  angle  of  [a]u  =  156-7°  having  been  observed 
(Scheibler,  I.e.;  O'SuUivan,  I.e.;  E.  0.  v.  Lipp- 
mann, I.e. ;  Bauer,  L.  V.  36,  304  ;  Toliens,  A. 
257,  160  ;  Groth,  B.  6,  615  ;  Griess  a.  Harrow,  B. 
20,  3111).  The  specific  gravity  of  aqueous  solu- 
tions does  not  increase  regularly  with  the 
strength,  being  less  in  proportion  for  high  con- 
centrations than  for  low  ones.  The  S.G.  of  a 
solution  containing  10  g.  in  100  c.c.  at  15-5°  is 
1-0385-1-0384. 

Action  of  acids.  The  action  of  boiling  dilute 
mineral  acids  destroys  much  of  the  opticity  and 
K.  of  arabinose  in  a  short  time  (O'SuUivan,  1884, 
55).  The  first  products  of  the  change  have  not 
been  studied.  When,  however,  the  action  is 
continued  for  a  considerable  time,  no  lievulinic 
acid  is  produced,  but  furfural  is  present  in  large 
quantities  (Ganz,  Stone,  a.  Tollens,  B.  21,  2148  ; 
23,  3791).  Chalmont  a.  Tollens  {B.  24,  694) 
obtained  52*7  p.c.  furfural  by  precipitating  the 
distillate  from  the  products  of  action  of  acids 
with  phenylhydrazine  acetate.  Formic  and 
aceto-propionic  acids  and  humus  substances  are 
also  present  (Conrad  a.  Guthzeit,  B.  18,  2905). 

Reduction. — Treated  with  sodium-amalgam 
in  acid  solutions,  arabinose  yields  arabitol,  a 
body  resembling  sorbitol,  m.p.  102°.    This  body 
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does  not  reduce  Fehling's  solution,  and  is  opti- 
cally inactive  (Kiliani,  B.  20,  1233). 

Oxidation.— By  oxidation  with  nitric  acid 
arabinose  yields  arabonic  acid  (Ifevorotatory 
trioxyglutaric  acid),  and  by  violent  oxidation  at 
an  elevated  temperature  oxalic  acid  (Kiliani,  JB.  21, 
3006).  Bromine  also  oxidises  it  to  arabonic  acid 
CjHioOs,  m.p.  89°  (Bauer,  J.  pr.  [2]  34,  47  ;  C.  C. 
1877.  732  ;  Kiliani,  B.  19,  3031 ;  20,  345).  It  is 
oxidised  by  alkaline  solutions  of  metallic  oxides, 
100  c.c.  of  Fehling's  solution  being  reduced  by 
0'4303  g.  arabinose,  and  100  c.c.  of  Sachsse's 
solution  being  reduced  by  0"4375  g.  arabinose 
(Bauer,  L.  V.  36,  304).  Its  K  =  108-110  (O'S., 
I.e.),  i.e.  100  pts.  of  it  reduce  as  much  CuO  as 
108-110  pts.  dextrose. 

Fermentation. — Arabinose  does  not  seem  to 
be  capable  of  fermentation  with  yeast  (Stone  a. 
ToUens,  I.e. ;  Scheibler,  I.e. ;  v.  Lippmann,  B. 
17,  2238)  ;  with  BaeiUus  ethaceiicus  it  ferments 
with  the  production  of  ethyl  alcohol,  acetic, 
formic,  and  carbonic  acids,  and  hydrogen  (Frank- 
land  a.  MacGregor,  C.  J.  1892.  737). 

Compounds  viith  cyanogen.  By  the  nitrile 
reaction  arabinose  yields  a  mixture  of  Z-glu- 
conic  and  Z-mannonic  acids  (Kiliani,  B.  19, 
3029  ;  20,  282,  339,  2710 ;  Fischer,  B.  20,  2611 ; 
24,  539).  The  first  product  of  the  action  of 
HCy  on  arabinose  seems  to  be  a  compound  of 
both  bodies.  HCl  converts  this  into  a  crystal- 
line amide  CuHijNOs,  which  on  treatment  with 
baryta  yields  the  acids  just  mentioned. 

Hydrazine  compounds.  Arabinose  yields 
with  phenylhydrazine,  just  as  dextrose  (g.v.) 
does,  an  osazone,  m.p.  157°-158°  (Scheibler,  B. 
17,  1729  ;  Kihani,  B.  20,  345). 

Compounds  with  diamines.  With  o-diamido- 
benzene,  arabinose  yields  arabinose-o-diamido- 
benzene  CeH^.(NH)2CjHjj04.  It  is  a  neutral 
body,  not  reducing  Fehling's  solution,  and 
is  dextrorotatory,  m.p.  235°  with  decomposi- 
tion ;  it  withstands  boiling  with  dilute  hydro- 
chloric acid  or  potash,  and  yields  a  hydro- 
chloride and  hydrobromide.  Arabinose-};i-^- 
diamido  -  toluene  C^H.,(CH3)(NH)2:C5H80j,  m.p. 
238°,  and  arabino  -  7  -  diamido  -  benzoic  acid 
COOH.C5N3:(NH),:C,HsO,-h2H20,  m.p.  235°, 
have  also  been  obtained  (Griess  a.  Harrow,  B.  20, 
3111).  Arabinose  gives  colour  reactions  with 
orcinol  and  phloroglucinol  (Wheeler  a.  ToUens, 
A.  254,  314;  260,  304). 

Ribose.    Fischer  a.  Piloty,  B.  24,  4214. 

When  certain  carboxylio  acids  of  the  sugar 
group  are  heated  with  quinoline  or  pyridine, 
they  are  converted  with  stereo-isomeric  acids. 

When  arabonic  acid  0H.CH,(CH.0H)3.C00H 
is  treated  in  this  manner  it  yields  a  new  acid 
COOH.  (CH.OH),.CH.,OH,  which  the  authors  name 
ribonic  acid ;  ribonic  lactone  crystallises  from 
solution  in  ethyl  acetate  in  long  prisms,  m.p. 
72°-76°,  does  not  reduce  Fehling's  solution,  and 
is  easily  soluble  in  water,  alcohol,  and  acetone. 
Its  specific  rotatory  power  is  [ci]i,2o°=  —18.  Its 
phenylhydrazide  forms  colourless  needles,  m.p. 
162°-164°.  Kibonic  acid  may  be  converted  into 
arabonic  acid  by  heating  with  quinoline. 

By  reducing  ribonic  lactone  with  sodium- 
amalgam,  it  yields  the  new  sugar  ribose,  which 
forms  a  phenylhydrazide  crystallising  from  alco- 
hol in  colourless  crystals,  m.p.  154°-155° ; 
ribose-osazone   is    identical    with  arabinose- 


osazone.  By  oxidation  ribonic  acid  yields  tri- 
oxy-glutaric  acid,  which  differs  from  the  tri-oxy- 
glutaric  acid  obtained  by  the  oxidation  of  xylose, 
but  which  is  also  optically  inactive.  By  the 
further  reduction  of  ribonic  lactone,  a  penta- 
hydric  alcohol  was  obtained  which  has  been 
found  to  be  identical  with  the  naturally  occur- 
ring adonitol,  obtained  from  Adonis  vernalis 
(Fischer,  B.  26,  636). 

Xylose.  CjHijOj.  It  does  not  occur  free  in 
nature. 

Formation. — It  is  obtained  by  the  action  of 
dilute  boiling  acids  on  xylan  or  wood  gum  (Koch, 
B.  20,  ref.  145  ;  Wheeler  a.  Tollens,  B.  22, 1046  ; 

A.  260,  289  ;  Winterstein,  H.  17,  381 ;  Stone  a. 
Test,  Am.  15,  195),  on  the  carbohydrate  from 
the  epidermis  of  Psyllium  gallicum  (Bauer,  A. 
248,  140),  on  vegetable  amyloid  (Winterstein, 
Z.  P.  C.  17,  353),  on  brewer's  grain  (Stone  a. 
Tollens,  A.  249,  227  ;  271,  56),  on  jute  (Wheeler 
a.  Tollens,  I.e.),  and  other  vegetable  bodies 
(Voswinkel,  C.  C.  1891, 2,  655  ;  Hebert,  Ann.  Ag. 
16,  358  ;  18,  261 ;  Stone  a.  Lotz,  B.  24,  1657  ; 
Allen  a.  ToUens,  B.  23, 137  ;  Bertrand,  Bl.  [3]  5, 
554). 

Preparation. — Xylose  may  be  prepared  by 
extracting  straw  or  any  other  of  the  above-men- 
tioned materials  by  5  p.c.  soda,  precipitating  the 
wood  gum  from  the  solution  by  alcohol,  and 
hydrolysing  this  by  boiling  with  dilute  sulphuric 
acid.  The  digested  solution  is  treated  in  the 
same  way  as  described  in  the  case  of  arabinose, 
and  the  xylose  may  be  easily  purified  by 
crystallisation  from  water. 

The  formula  and  synthesis  have  already  been 
discussed  in  the  general  part. 

Properties.  — Xylose  is  easily  soluble  in  water ; 
100  pts.  of  water  at  20-3°  dissolve  117  pts.  of 
xylose ;  it  is  insoluble  in  absolute  alcohol,  90 
p.c.  alcohol  will  dissolve  in  10  c.c.  0-4  g. 
sugar  at  19°  (Bertrand,  Bl.  [3]  7,  499).  Its  solu- 
tions are  optically  active,  freshly-prepared  solu- 
tions having  about  four  times  the  constant 
optical  activity  (Parens  a.  Tollens,  A.  207,  160). 
For  a  10  p.c.  solution  at  20°  [a]D=+19-3° 
(Parens  a.  Tollens,  I.e. ;  Bertrand,  I.e.).  Schulze 
a.  Tollens  (A.  271,  40)  give  the  formula 
[a]i,= -)- 18-095 -(-0-06986P  at  15°-20°,  where 
p  =  percentage  of  xylose  in  solution.  Xylose 
frequently  crystallises  in  prisms  belonging  to 
the  ortho-rhombic  system.  Its  solutions  are  not 
fermentable  by  yeast.  It  reduces  Fehling's 
solution,  K  =  109"6,  agreeing  in  this  respect  very 
closely  with  arabinose  (Bertrand,  I.e.).  Boiled 
with  acids  it  yields  about  50  p.c.  furfural 
(Giinther  a.  ToUens,  B.  23,  1751 ;  Chalmont  a. 
Tollens,  B.  24,  694  ;  Bertrand,  I.e.). 

It  is  reduced  by  sodium-amalgam  to  a  penta- 
hydric  alcohol  xylitol  (Bertrand,  Bl.  [3]  5,  554  •, 
Fischer  a.  Stahel,  B.  24,  528).  It  is  oxidised  by 
bromine  to  xylonic  acid  (Bertrand,  I.e. ;  Allen  a. 
Tollens,  A.  260,  306)  ;  it  is  oxidised  by  nitric  acid 
to  inactive  tri-oxy-glutaric  acid  C^HjiO,  (Fischer, 

B.  24,  1836).  By  the  nitrile  reaction  xylose 
yields  Z-gulonic  acid,  the  stereo-isomeride  of 
Z-gluconic  acid  (Fischer  a.  Stahel,  B.  24,  528  ; 
Fischer,  B.  23,  2625  ;  Fischer  a.  Curtis,  B.  25, 
1025). 

With  phenyl  hydrazine  it  yields  an  osazone, 
m.p.  160°.  Warmed  with  phloroglucinol  and 
hydrochloric  acid,  it  gives  a  cherry-red  coloura- 
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tion,  just  as  arabinose  does  under  the  same  con- 
ditions (ToUens  a.  Mayer,  B.  21,  3508  ;  Wheeler 
a.  Tollens,  B.  22, 1046). 

Rhamnose.  Isodulcite,  rliamnodulcite 
0„H,.,03.H,0. 

Preparation. — Ehamnose  is  obtained,  to- 
gether with  other  bodies,  by  the  action  of  hot 
dilute  acids  on  quercitrin,  hesperidiii,  xantho- 
rhamnin,  naringin,  and  franguiin  (Kaymau  a. 
Kruis,  Bl.  [2]  48,  632  ;  C.  C.  1888,  6  ;  Hlasiwetz 
a.  Pfaundler,  A.  127,  362  ;  Liebermann  a.  Hor- 
niann,  A.  196,  323  ;  Kruis,  A.  196,  333  ;  Berend, 
.1.  196,  328  ;  Eigaund,  A.  90,  292 ;  Will,  B.  18, 
1316  ;  20,  297  and  1186  ;  Dehn,  Zeit.  d.  Ver. 
15,  562 ;  Eayman,  Bl.  [2]  47,  668 ;  Tanret,  Bl. 
49,  20  ;  Thorpe  a.  Miller,  C.  J.  1892.  8). 

Properties. — Ehamnose  forms  fine  crystals, 
which  have  a  sweet  taste,  and  a  composition 
corresponding  to  the  formula  C^H,,^Oj.H^O ;  by 
careful  drying  it  loses  water  and  then  melts 
at  90°-110°  (Websky,  B.  18,  1318  ;  Hirscliwald, 
A.  196,  330).  It  is  easily  soluble  water,  and  its 
solutions  are  dextrorotatory,  [a]  o  =  -t-9'^.  Freshly- 
prepared  solutions  show  bi-rotation  (Schnelle  a. 
Tollens,  A.  271,  61).  In  alcoholic  solutions  the 
optical  activity  decreases  as  the  proportion  of 
alcohol  to  water  increases,  until  the  solution  be- 
comes Isevorotatory  (Eayman  a. Kruis,  C.C  1888. 
6).  It  reduces  Fehling's  solution,  1  c.c.  being 
reduced  by  0-0052-0-0055  g.  rhamnose  (K  =  91-96) 
(Eayman  a.  Kruis,  I.e.).  Its  solution  does  not 
ferment  with  yeast. 

Action  of  acids.  Boiled  with  moderately 
strong  acids  furfural  is  evolved  (Maquenne,  C.  B. 
109,  603).  Concentrated  nitric  acid  converts  it 
into  a  nitrate. 

Oxidation. — Nitric  acid  oxidises  rhamnose 
to  tri-oxy-glutaric  acid  (Will  a.  Peters,  B.  22, 
1697).  Malin  (A.  145,  197)  obtained  an  acid 
CjHmOj.  Bromine  water  oxidises  it  to  rham- 
nonic  acid  C^H|„0^,  which  is  obtained  in  the 
form  of  the  lactone  C^H.^Os,  m.p.  148°  (Will  a. 
Peters,  B.  21,  1813;  Eayman,  B.  21,  2046). 
With  bromine  and  silver  oxide  it  is  oxidised  to 
acetaldehyde  and  acetic  acid  (Herrig,  Chcin.  Zeit. 
1887,  Eep.  145  ;  M.  8,  227). 

Redaction. — Sodium-amalgam  reduces  rham- 
nose to  rhamnitol  CH,,(CH.0H)4.CH,0H,  which 
crystallises  from  alcohol  or  acetone  in  triclinic 
prisms,  m.p.  121"^,  and  has  a  sweet  taste  (Fischer 
a.  Piloty,  B.  23,  3102). 

Compounds. — With  phenylhydrazine  rham- 
nose yields  a  hydrazide  CbH,204:N.,HC„H5,  m.p. 
159°,  and  anosazone  C^H.^N^Oa,  m.[j.  180°  (Will, 
/>\  20, 1186;  Fischer  a.Taf^l,  B.  20, 1089, 1091  a. 
2566).  With  aniline  it  forms  a  compound 
C,H,,0jNC,,H3,  m.p.  118°  (Eayman  a.  Kruis,  I.e.). 
With  ammonia  and  ethylaceto-acetate  it  forms 
rhamnodiasine  C,8H.|,.0|jN.„  m.p.  186°  (Eayman  a. 
Chodoiinsky,  B.  22,  304  and  3247). 

Ehamnose  combines  with  hydrocyanic  acid  to 
produce  rhamnonamide.  The  lactone  C,H,,,Oa 
crystallises  in  needles,  melting-point  168°  ;  this 
is  reduced  by  hydriodic  acid  and  phosphorus  to 
normal  heptoio  acid  (Fischer  a.  Tafel,  B.  21, 
1657  a.  2173).  Ehamnose  hexoic  acid  lactone 
is  reduced  by  sodium-amalgam  to  a  sugar 
(Fischer,  B.  22,  2204;  Fischer  a.  Tafel,  B.  23, 
3102).  Sodium  rhamnose  CuHi^OuNao  is  pre- 
cipitated by  adding  sodium  ethylate  to  an  alco- 
holic solution  of  rhamnose   (Liebermann  a. 


Hamburger,  B.  12,  1186).  With  benzoyl  chloride 
tri-  and  tetra-  rhamno-benzoates  are  formed; 
with  acetic  anhydride  rhamno-tetracetate  (Eay- 
man, B.  [2]  47,  668).    From  thermo-chemical 
considerations  rhamnose  appears  to  be  methyl- 
xylose  (Stohmann  a.Langbein,  J.  pr.  [2]  45,  305). 
Fucose  CsH,.,0-  is  obtained  by  the  hydrolysis 
I  of  fiicus.    The  sugar  forms  microscopic  needles. 
Its  solution  has  a*sweet  taste  and  is  lasvorotatory, 
[«]d=  —77°.    With  phenyl-hydrazine  it  forms  a 
:  hydrazide,  melting-point  170°,  and  an  osazone, 
•  melting-point  159°  (Bieler  a.  Tollens,  A.  258, 
I  110  ;  Gimther  a.  Tollens,  B.  23,  2585).  Fucose 
appears  to  be  methyl-arabinose  (Stohmann  a. 
Langbein,  I.e.). 

Dextrose,    d-glucose,  glucose,  starch-,  corn-, 
I  grape-,  honey-,  diabetic-sugar.     (Ger.  Krilm- 
vielzucker,  Trauhenzueker  ;  Fr.  Sucre  de  raisin.) 
C,H,,Og  and  C,H,.,0,  + H,0. 

Occurrence. — Dextrose  is  widely  distributed 
throughout  the  vegetable  kingdom,  being  usually 
accompanied  by  lievulose  and  cane  sugar.  The 
most  important  sources  are  honey,  most  fruits, 
the  sap  of  plants,  seeds.  It  occurs  in  the  animal 
kingdom  in  the  liver,  blood,  and  other  parts  of 
the  body,  and  in  diabetic  urine  (S.  Sachsse, 
Die  Ch.  unci  Phys.  der  Farbst.  Kohlenliydrate 
u.  Protein  subst.,  Leipzig,  1877  ;  F.  Mack,  J. 
1869,  892;  Girard,  B.  17,  17c;  Neabauer,  Fr. 

12,  39  ;  Gorup-Besanez,  B.  4,  906  ;  Petit,  B.  6, 
1313 ;  V.  Schneider,  A.  162,  235  ;  Report  on 
Sorghum  and  Cornstalks,  Dep.  of  Agr.,  Eeport 
No.  35,  Washington,  1881 ;  Hermann  a.  Tollens, 
A.  230,  50;  Vogel,  B.  15,  2271;  Fischer  a. 
Bodecke,  A.  117,  111 ;  De  Bary,  Hoppo-Seyhr's 
Medie.  Ch.  Tint.  p.  72 ;  Hoppe-Seyler,  Handb. 
d.  phys.  Ch.  Ana.,  1883,  301  ;  Klason,  B. 
19,  2541 ;  Wehmer,  Inatig.  Diss.,  Gottingen, 
1886,  40  ;  O'SuUivan,  C.  J.  1886,  58;  Wehmer  a. 
Tollens,  B.  19,  707  ;  Seegen  a.  Kratzschmer,  Pf. 
22,  206 ;  Kiitz,  Pf.  24,  52  ;  Boussingault,  C.  R. 
91,  639  ;  J.  Sieben,  B.  C.  1885. 134  ;  Hermann  a. 
Tollens,  A.  230,  50 ;  Miiller,  Ann.  Agronom. 

13,  88  ;  Seegen,  Pf.  37,  348  ;  39,  121 ;  40,  48  ; 
Cuisinier,  C.  C.  1886,  614 ;  H.  Thorns,  B.  21, 
1916a ;  Eeali,  G.  17,  325 ;  Maquenne,  A.  Ch. 
[6]  17,  495). 

Formation. — By  the  action  of  acids  and  fer- 
ments on  the  following  glucosides  :  amygdalin 
(Schmidt,  A.  119,  92 ;  Hesse,  I.e.,  176,  112)  ; 
populin  {v.  Lippmann,  B.  12, 1648  b) ;  ruberythric 
acid  (Liebermann  a.  Bergami,  B.  20,  2247)  ; 
salicin  (Schmidt,  A.  119,  97;  Hesse,  I.e.,  176, 
112) ;  lupuiin  (B.  11,  2200  b) ;  hesperidin  (Tanret, 
Bl.  49,  20);  phlorizin  (Eennie,  C.  J.  1887,  636). 
Other  glucosides  yield  dextrorotatory,  reducing, 
fermentable,  and  crystallisable  sugars,  but  there 
is  not  sufficient  evidence  to  prove  with  certainty 
that  they  are  dextrose.  These  are :  sescuHn 
(Eochieder  a.  Schwarz,  A.  87,  186  ;  Zwenger, 
I.e.,  90,  76) ;  arbutin  (Hlasiwetz  a.  Grabowski, 
Ar.  Ph.  141,  329) ;  coniferin  (Tiemann  a.  Har- 
mann,  B.  7,  608). 

By  the  action*  of  dilute  acids  the  following 
carbohydrates  yield  dextrose,  alone  or  with  other 
glucoses.  Some  of  them  are  also  hydrolysed  to 
dextrose  by  ferments  : 

a-  and  ;8-  amylan  yield  dextrose. 

Cellulose  yields  dextrose  (Flechsig,  II.  7,  523  ; 
Lindsay  a.  Tollens,  A.  2G1,  370). 

Glycogen  yields  dextrose. 
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Lichenin  yields  dextrose. 
Tunicin  „ 
Starch  „ 
Dextrin  „ 
Maltose  „ 

Lactose  yields  dextrose  and  galactose. 
Cane  sugar  yields  dextrose  and  laevulose. 
Eaffinose    yields   dextros^  Isevulose,  and 
galactose. 

Preparation. — Dextrose  can  be  prepared  from 
any  of  the  substances  above  mentioned,  but  it  is 
in  many  cases  difficult  to  obtain  it  in  any  quan- 
tity in  the  pure  state.  Starch  and  sucrose  are 
the  bodies  usually  employed,  and  we  find  that 
lactose  can  also  be  used  with  advantage. 

(a)  A  white  saccharum  (the  commercial 
glucose  obtained  by  the  action  of  acids  on  starch) 
with  an  optical  activity  approaching  that  of 
dextrose  is  selected.  This  is  scraped  as  fine  as 
possible,  and  treated  with  boiling  ethyl  alcohol 
S.G.  '820.  On  cooling,  the  clear  saturated  solu- 
tion is  separated  from  the  undissolved  syrup  and 
a  little  previously  prepared  dextrose  added  to  it. 
Crystallisation  soon  begins  and  continues  for 
some  time  ;  a  crop  of  fairly  pure  dextrose  is  thus 
obtained.  Further  purification  can  be  effected 
by  melting  the  crystals  in  8-10  p.c.  boiling 
water  and  adding  dry  boiling  methyl  alcohol 
until  a  slight  cloud  is  produced.  Anhydrous 
dextrose  in  a  state  of  great  purity  separates 
abundantly  from  this  solution.  Or  the  saccharum 
is  melted  in  5  or  6  p.c.  water,  allowed  to  crystal- 
lise, the  crystals  pressed  and  further  purified  by 
treatment  with  methyl  alcohol  as  described. 

(6)  A  25  p.c.  aqueous  solution  of  crystallised 
sucrose  is  taken  and  heated  to  60°-55°  and  2-3 
}3.c.  pressed  brewers'  yeast  stirred  in  (Tompson, 
E.  P.  8686, 1884),  the  temperature  is  maintained 
for  2-3  hours,  when  the  sucrose  is  completely 
inverted — that  is,  converted  into  dextrose  and 
lasvulose.  The  solution  is  then  evaporated  in 
a  vacuum  to  a  syrup,  S.G.  1-5  or  thereabouts. 
On  standing  for  a  short  time  this  solidifies  to 
a  crystalline  mass  ;  it  is  washed  with  cold  alco- 
hol, S.G.  '830,  and  the  residue  dissolved  to 
saturation  in  alcohol  of  the  same  strength. 
Dextrose  soon  begins  to  crystallise  out ;  the 
crystals  can  be  further  purified  by  dissolving  in 
methyl  alcohol  and  recrystallisation. 

Sucrose  may  also  be  inverted  by  digestion 
with  sulphuric  acid,  the  acid  separated  by  baryta 
water,  and  the  filtrate  from  the  barium  sulphate 
evaporated  to  a  syrup  and  treated  in  the  way  men- 
tioned. Inversion  by  yeast  yields  the  best  result. 
Soxhlet  (J.  pr.  [2]  21,  242)  recommends  that  in- 
version be  effected  by  alcoholic  hydrochloric  acid. 
480  e.c.  of  strong  hydrochloric  acid  are  mixed 
with  12  litres  of  alcohol,  S.G.  '810,  in  a  glass 
vessel,  the  mixture  heated  45°-50°,  4  kilos, 
powdered  sucrose  stirred  in,  and  the  whole  main- 
tained at  that  temi^erature  for  two  hours.  When 
cool  a  little  previously  prepared  anhydrous  dex- 
trose is  added,  and  in  a  few  days  there  is  an 
abundant  crystallisation  of  dextrose.  This  can 
be  purified  by  crystallisation  from  methyl  alco- 
hol. Should  any  colour  be  developed,  the  aqueous 
solution  is  treated  with  arumal  charcoal  and 
again  concentrated  in  a  vacuum.  Under  such 
circumstances  it  is  better  to  begin  again,  for  if 
projDercare  be  taken  no  colour  need  be  produced. 

An   aqueous  solution  containing   25  p.c. 


lactose  and  3  p.c.  sulphuric  acid  is  digested  in 
a  water-bath  for  three  hours,  care  being  taken 
by  continued  agitation  that  no  colour  is  de- 
veloped, the  sulphuric  acid  is  separated  by  baryta 
water,  and  the  filtrate  concentrated  to  a  syrup 
containing  76-80  p.c.  solid  matter.  On  standing 
this  solidifies,  and  after  a  few  days  is  treated 
with  boiling  methyl  alcohol ;  this  dissolves  out 
the  dextrose,  leaving  the  galactose  undissolved  ; 
the  former  soon  crystallises  from  the  saturated 
methyl  alcohol.  A  recrystallisation  yields  the 
pure  body  in  moderately  large,  well-defined 
crystals. 

Hydrous  dextrose  CgHi^Og.HjO  can  be  ob- 
tained from  any  of  the  above  preparations  by 
dissolving  in  12  to  20  p.c.  water,  and  allowing  to 
crystallise.  If  honey  is  used  as  a  source  of  dex- 
trose, any  sucrose  it  may  contain  should  be 
inverted  by  yeast  or  acids,  and  the  residue  ob- 
tained by  evaporation  crystallised  from  methyl 
alcohol  as  in  the  case  of  inverted  sucrose.  A 
pure  product  may  be  obtained  in  a  few  crystal- 
lisations. 

Formula  and  synthesis.  See  first  part  on  the 
sugars  generally. 

Properties. — Dextrose  crystallises  out  of  93- 
95  p.c.  ethyl  or  methyl  alcohol  in  the  anhydrous 
state.  Anhydrous  crystals  may  also  be  obtained 
by  special  treatment  from  concentrated  aqueous 
solutions  at  30°-35°.  As  a  rule  aqueous  solutions 
deposit  crystals  containing  one  molecule  of 
water  of  crystallisation.  Anhydrous  dextrose 
crystallises  in  rhombic,  hemihedric  forms ;  the 
axial  relationship  is  a:b:c  =  0'704:1:  •335.  Hy- 
I  drated  dextrose  forms  hemimorphous  crys- 
tals;  the  elements  are  a:&:c  =  l-7350:l:l-9080, 
0  =  97°  59'  (F.  Beeke,  M.  10,  231).  Well-defined 
crystals  of  both  varieties  are  difficult  to  obtain  ; 
usually  the  first  separates  as  a  powder  and  the 
second  in  cauliflower-like  masses  ;  both  dissolve 
easily  in  water,  the  first  with  evolution  of  heat. 
Hydrated  dextrose  dissolves  easily  in  strong 
ethyl  and  methyl  alcohol,  but  the  anhydrous 
sugar  is  almost  insoluble  in  them.  It  is  in- 
soluble in  ether  and  hydrocarbons,  slightly 
soluble  in  aniline,  acetic  acid,  and  acetic  ether. 
Hydrated  dextrose  easily  loses  its  molecule  of 
water  of  crystallisation  when  exposed  in  a 
vacuum  over  sulphuric  acid,  or  when  heated 
gently.  The  anhydrous  sugar  melts  at  144°- 
146°  (Hesse,  A.  Ch.  176, 106) ;  its  specific  gravity 
is,  according  to  Gu^rin-Varry  a.  Heintz,  1-386  ; 
according  to  Bodecker,  1'5384  (v.  Lippmann, 
Zuckerarten,  p.  12).  Dextrose  is  not  so  sweet 
as  cane  sugar.  Behr  (B.  15,  1106)  finds  it  |  as 
sweet,  and  T.  Schmidt  [B.  C.  1887,  405)  that 
1*53  pts.  of  dextrose  are  as  sweet  as  1  part  of 
cane  sugar.  An  aqueous  solution  of  10  g. 
dry  dextrose  in  100  c.c.  of  solution  at  17"5°  has 
a  specific  gravity  of  1*0381  (water  at  17'5  =  1) 
(Salomon,  B.  14,  2710).  This  is  fairly  accurate. 
K  =  100.  Its  solutions  rotate  the  plane  of  polar- 
isation of  a  ray  of  polarised  light  to  the  right. 
According  to  Hesse  a.  Tollens  [B.  17,  2234),  the 
amount  of  rotation  for  the  D  line  is  expressed  by 
the  formula  [ci]b  =  52-6  + -018796? •00051683P2 
for  anhydrous  dextrose,  and 
[a]D  =  47-73  +  -015534?  -i-  -0003883P-  for  hydrated 
dextrose,  in  which  P  is  the  percentage  of  the  two 
varieties  respectively  in  solution.  In  solutions 
containing  10  p.c.  dry  sugar  and  thereabouts,  the 


SUGAR. 


641. 


factors  [ajc  =  52-7  and  [o]j  =  58'3  are  sufficiently- 
accurate,  but  probably  a  shade  too  low.  These 
values  are  not  materially  affected  by  the  tem- 
perature. The  presence  of  some  inactive  bodies 
in  the  solution  appears  to  have  some  effect 
(Pribram,  M.  9,  3'J5) ;  bodies  such  as  potash, 
soda,  lime,  &c.,  which  act  on  dextrose  reduce  its 
oijtical  activity ;  other  bodies,  such  as  urea, 
do  not  alter  it  (N.  Weuder,  .B.24, 2200).  Freshly- 
prepared  solutions  have  a  greater  optical  activity 
than  those  which  have  stood  a  few  hours.  F. 
Urech  {B.  17,  1547)  has  observed  a  rotation  2-19 
times  greater  than  the  constant  value.  Parous  a. 
ToUens  [A.  257,  IGO)  observed  an  angle  of 
[a]i,  =  105-16  in  a  10  p.c.  solution  b\  min.  after 
commencing  solution.  This  phenomenon  is  called 
bi-rotation  ;  the  optical  activity  quickly  falls,  and 
the  constant  value  is  reached  in  about  sis  hours 
in  the  cold  and  immediately  on  boiling.  The 
bi-rotation  is  also  immediately  destroyed  by  po- 
tash (O'SuUivan  a.  Tompson,  C.  J.  1890,  920), 
or  ammonia  (Schulze  a.  Tollens,  A.  271,  49). 
Dextrose  when  produced  by  the  inversion  of  cane  J 
sugar  at  a  low  temperature  is  set  free  in  the  bi- 
rotatory  state  (O'SuUivan  a.  Tompson,  I.e.). 
Only  crystallised  dextrose  exhibits  this  pheno- 
menon ;  fused  dextrose  does  not  show  it  (Hesse, 
^1.  170,  113).  A  solution  of  dextrose  iu  strong 
alcohol  retains  its  bi-rotation  (?)  The  dispersive 
power  of  dextrose  solution  is  practically  the  same 
as  that  of  quartz  (Hoppe-Seyler,  Fr.  3,  1860, 412). 
The  ratio  between  the  specific  rotatory  power  for 
the  C  and  D  lines  respectively  is  1:1-258  (Grim- 
bert,  J.  Ph.  [5]  16,  295  and  345).  The  heat  of 
combustion  of  dextrose  is  +  677-2  cal.,  and  the 
heat  of  formation  -f  300-8  eal.  (Berthelot  a. 
Eecoura,  C.  R.  104,  1571). 

Action  of  heat.  When  the  dry  sugar  is 
heated  to  170'^,  a  molecule  of  water  is  eliminated 
and  dextrosan  C^H,„05  is  produced,  which  may 
be  reconverted  into  dextrose  by  the  action  of 
water  and  dilute  acids.  If  the  temperature  is  : 
raised  to  200°,  gas,  water,  and  volatile  acids  are 
given  off,  and  if  the  heating  be  continued  with-  i 
out  raising  the  temperature,  a  brownish  black  | 
mass  is  finally  left.  This  substance  is  soluble 
in  water  and  constitutes  the  colouring  matter 
(caramel)  used  in  beer,  wine,  cooking,  &c. 
Should  the  temperature  be  raised,  carbon  mon- 
oxide, dioxide,  and  methane  are  evolved,  and 
aldehyde,  furfural,  acetone,  metacetone,  pro- 
pionic, acetic,  and  formic  acids  distil  over,  and 
a  black  carbonaceous  mass  is  left.  If  the  hy- 
drate be  heated  for  a  considerable  time  in  a 
closed  tube  a  fluid  is  obtained  which  absorbs 
oxygen  and  nitrogen  (?)  from  the  air  (Th6nard, 
C.  R.  52,  795). 

Action  of  acids.  Dextrose  is  dissolved  by 
strong  sulphuric  acid  without  blackening,  dex- 
trose-sulphuric acid  being  formed  (P61igot,4.C/i. 
[2]  67,  170) ;  from  this  solution  alcohol  preci- 
pitates a  compound  of  diglucose  with  alcohol 
(Musculus  a.  Meyer,  B.  14,  850).  Similar  com- 
pounds are  produced  by  the  action  of  chloro- 
sulphonic  acid  (Claesson,  J.  pr.  [2]  20,  1).  A 
mixture  of  sulphuric  and  nitric  acids  converts 
dextrose  into  a  nitro-  compound  (Carey  Lea,  Bl. 
[2]  10,  415).  Dextrose  phosphoric  acid  is  said 
to  exist  (Amato,  B.  4,  413).  Several  acetyl  de- 
rivatives have  been  described.  Dextrose  di- 
acetatc  C„H,„04(C,H30,).  and  dextrose  triacetate 


CsHi,03(C.H30„)3  are  amorphous,  soluble  in 
water,  alcohol  and  ether  (Schiitzenberger  a. 
Naudin,  Bl.  [2]  12,  107,  204;  Liebermann  a. 
Hermann,  B.  11,  1619  ;  Herzfeld,  B.  13,  265). 
Dextrose  pentacetate  C,,H,0(C.,H30^)5  is  prepared 
by  the  action  of  acetic  anhydride  and  zinc 
chloride  on  dextrose,  m.p.  111-112  (Erwig  a. 
Koenigs,  B.  22,  1464,  2207).  Didextrose  octo- 
acetate  C,2H,403(C.,H.,0,J8  is  prepared  by  the  ac- 
tion of  acetic  anhydride  and  sodium  acetate 
on   dextrose,  m.p.    134    (Herzfeld  a.  Erwig 

a.  Koenigs,  I.e.).  Dextrose-monochlorhydrin- 
tetraoetate  is  formed  by  the  action  of  acetyl 
chloride  on  dextrose  (CuUey,  C.  R.  70,  401). 
Tri-,  tetra-,  and  penta-benzyl  (C^_H;(C;H,0),0,) 
dextroses  are  obtained  by  the  action  of  benzoic 
chloride  and  potash  on  dextrose  (Skraup,  31. 
10,  389  ;  Kueny,  H.  14,  330  ;  Panormoff,  R. 
23,  375).  Compounds  of  dextrose  with  other 
organic  acids  have  been  prepared  (Berthelot, 
A.  Ch.  [.3]  54,  74  ;  Gm.-K.  7,  764  ;  v.  Lippmann, 
Zuckerartcn,  p.  40 ;  Baumann,  B.  19,  3218 ; 
CoUey,  C.  B.  76,  436).  If  dextrose  is  boiled 
with  dilute  sulphuric  acid  the  specific  gravity  of 
the  solution  gradually  increases  for  some  time, 
apparently  from  the  fixation  of  the  elements  of 
water.  On  continued  boiling  the  solutions  be- 
come coloured,  brown  humus  substances,  aceto- 
propionic  and  formic  acids,  are  produced  (Ma- 
laguti,  A.  Ch.  [2]  59,  407  ;  Tollens  a.  Grote,  A. 
175,181;  206,207;  Wohl,  B.  23,  2084).  Dilute 
hydrochloric  acid  produces  similar  results,  but 
more  rapidly.  Gummy  bodies  are  also  produced 
(Grimaux  a.  Lef^vre,  C.  R.  103,  146).  See  also 
Conrad  a.  Guthzeit  (jS.  18,  439  ;  19,  2509)  and 
Wehmer  a.  Tollens  {B.  19,  707). 

Action  of  alkalis.  Alkalis  give  a  brownish 
colour  with  dextrose  solution,  quickly  on  heat- 
ing, slower  in  the  cold,  with  production  of 
acetal,  acetone,  and  lactic,  acetic,  and  formic 
acids.  Other  bodies  of  unknown  composition  are 
also  formed,  such  as  glucinic,  saccharumic  and 
japonic  acids.  When  potash  is  used  oxygen  is  ab- 
sorbed. With  calcium  hydroxide,  saccharin  or 
calcium  saccharinate  is  also  produced ;  this  is 
not  one  of  the  products  of  the  action  of  potash 
(Emmerling  a.  Loge,  B.  14,  1005 ;  16,  838 ; 
Henry,  B.  14,  2272  ;  Breuer  a.  Zincke,  B.  13, 
638  ;  Kochleder  a.  Kawalier,  J.  pr.  94,  403 ; 
Hoppe-Seyler,  B.  4,  346 ;  Kiliani,  B.  15,  700  ; 
Nencki  a.  Sieber,  J.  pr.  [2J  24,  498 ;  P61igot, 
A.  Ch.  30,  75  ;  Mulder,  A.  Ch.  36,  260  ;  Eeich- 
ardt,  Z.  1870.  404 ;  v.  Lippmann,  ZucJccrarten, 
p.  22 ;  P61igot,  B.  13,  196  ;  Scheibler,  B.  13, 
212  ;  Kiliani,  B.  15,  701 ;  Cuisinier,  v.  Lipp- 
mann, Zuckerartcn,  p.  25 ;  Scheibler,  j5.  16, 
2434).  Thenard  {C.  B.  52,  444)  obtained 
bitter  bodies  containing  10-19  p.c.  nitrogen,  by 
acting  on  dextrose  with  ammonia  ;  they  absorb 
oxygen  from  the  air,  and  resemble  certain  nitro- 
genous humic  acids.  Tanret  {Bl.  [2]  44,  102) 
obtained  two  volatile  bases :  a-giuoosine  C,  H^N.^ 

b.  p.  136°  and  ;8-giucosine  C;H,„0.,  b.p.  160°,  by 
heating  dextrose  with  strong  ammonia.  Heated 
with  aniline,  dextrose  anilide  is  produced  (Schiff, 
A.  140,  123  ;  Sorokin,  B.  19,  298). 

Reduction. — Nascent  hydrogen  reduces  dex- 
trose in  alkahne  solutions  to  mannitol,  but  not 
in  neutral  or  acid  solutions  (Linnemami,  A.  123, 
136 ;  Dewar,  Z.  1870.  413  ;  Bouchardat,  Bl.  [2] 
16,  38  ;  Krusemann,  B.  9, 1465).  Under  the  most 
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favourable  conditions  the  yield  does  not  exceed 
10  p.c.  If  the  reduction  be  carried  on  at  a  high 
temperature  other  fatty  alcohols  are  formed. 
Meunier  (C  B.  Ill,  49)  obtained  sorbitol  by  re- 
ducing dextrose  with  sodium-amalgam. 

Oxidation. — Gluconic  acid  CgH,.,0,  is  pro- 
duced by  oxidising  dextrose  with  mercuric  oxide 
(Heffter,  B.  22,  1049;  Herzfeld,  A.  245,  27)  or 
with  chlorine  or  bromine  and  subsequent  treat- 
ment with  silver  oxide  (Hlasiwetz  a.  Haber- 
mann,  A.  155,  122  ;  156,  253  ;  KiHani,  A.  205, 
182;  Kihani  a.  Kleemau,  B.  17,  1298;  Herz- 
feld, A.  220,  335,  358),  or  by  the  action  of  Bac- 
terium  aceti  (Brown,  C.  J.  1886.  179  ;  Boutroux, 
C.  B.  1880.  236).  Oxygen  has  no  action  on 
dextrose  in  neutral  or  acid  solutions,  but  it  is 
absorbed  by  alkaline  solutions.  Ozone  oxidises 
dextrose  to  saccharic  and  formic  acids  (Eenard, 
A.  C.  5,  17,  289).  Platinum  blacls  acts  simi- 
larly (Loew,  B.  23,  865).  Nitric  acid  oxidises 
dextrose  to  saccharic  acid  CjH,pOg,  and  finally 
to  oxalic,  formic,  and  carbonic  acids  (Liebig, 

A.  113,  1 ;  Heintz,  P.  51,  183 ;  Hornemann, 
J.  pr.  89,  304  ;  Kihani,  A.  205,  172 ;  Guerin- 
Varry,  A.  8,  31 ;  Sohst  a.  ToUens,  Z.  11,  99). 
Iodine  when  acting  on  alkaline  solutions  of  dex- 
trose yields  a  little  iodoform  (Lieben,  A.  Suppl. 
7,  228 ;  Hermann  a.  Tollens,  B.  18,  1335  ; 
Millon,  C.  B.  21,  828).  Alkaline  solutions  of 
many  metallic  oxides  oxidise  dextrose,  in  some 
cases  being  reduced  to  the  metal,  in  others  to 
lower  oxides.  Potassium  ferrocyanide,  potas- 
sium permanganate,  indigo,  picric  acid,  litmus, 
&c.,  oxidise  dextrose  also.  The  chief  products 
are  formic,  oxalic,  glycollic,  and  carbonic  acids. 
Some  of  these  reactions  are  employed  for  the 
quantitative  estimation  of  dextrose  (Tollens,  B. 
16,  921 ;  Herzfeld,  Zeitschr.  d.  Ver.  d.  Buben- 
zucker-Ind.  37,  337  ;  Habermann  a.  Honig,  B. 
15,  2624  ;  Worm-Miiller  a.  Hagen,  P/.  22,  325  ; 

B.  13,  2096  a.  2442;  Herzfeld  a.  Bruhns, 
Zeitschr.  d.  Ver.  d.  Ruhenzucker-Ind.  36,  110; 
Eeichardt,  A.  127,  297 ;  Felsko,  A.  149,  356 ; 
Beyer,  4. 131,  353;  Glaus,  4. 147, 115  ;  Smolka, 
B.  20,  167  ;  M.  8,  1). 

Fermentation. —  Under  the  influence  of 
various  species  of  saccharomyces  and  other  or- 
ganisms, dextrose  ferments,  yielding  alcohol  and 
carbon  dioxide  as  the  chief  products,  glycerol, 
succinic  acid,  and  small  quantities  of  other 
bodies  are  formed  at  the  same  time.  Bacteria 
decompose  dextrose  in  other  ways,  one  yielding 
chiefly  lactic  acid,  another  butyric,  another  cel- 
lulose, &c.  (v.  Feementation). 

Compounds  with  acids  {v.  Action  of  acids). 

Compounds  ivith  bases.  Potassium  and 
sodium  dextrose  C^HjiKOo  and  CgHnNaOg  are 
prepared  by  adding  potassium  or  sodium 
ethylate  to  a  solution  of  dextrose  in  strong  alco- 
hol. A  white,  bulky  precipitate  is  obtained, 
which  is  very  hygroscopic,  and  decomposed  by 
water  (Honig  a.  Eosenfeld,  B.  10,  871 ;  Franchi- 
mont,  B.  10,  994).  The  compounds  with  the 
alkaline  earths  are  differently  constituted,  being 
apparently  a  combination  of  the  sugar  and  base. 
They  are  formed  by  mixing  alcoholic  solutions 
of  the  base  and  sugar,  or  by  precipitating 
their  mixed  aqueous  solutions  with  alcohol. 
Lime  forms  C,H,20„.GaO.H,0,  C,H,,0,-.CaO, 
2C„H,„0,.3Ca0.H,0,  2C,H,,0„.3Gab.2HoO, 
4G5H,208.3CaO,  and    similar  compounds  are 


formed  with  baryta,  strontia,  and  magnesia. 
Neither  lead  acetate  nor  subacetate  precipitate 
aqueous  dextrose  solutions,  but  lead  oxide  yields 
compounds  similar  to  those  with  lime  &c. 
(Brendeche,  Ar.  Ph.  [2]  29,  84 ;  v.  Lippmann, 
Zuckerartcn,  p.  45 ;  P61igot,  /.  pr.  15,  105 ; 
Franchimont,  B.  12,  1939).  Alkaline  dextrose 
solutions  dissolve  copper  hydroxide,  and  from 
these  solutions  soda  or  potash  in  proper  propor- 
tions precipitates  compounds  of  copper  oxide  and 
dextrose  of  varying  composition  (Guignet,  C.  R. 
109,  528  ;  Worm-Miiller  a.  Hagen.  Ff.  22,  325 ; 
Fileti,  B.  8,  441 ;  Salkowski,  B.  12,  704).  The 
compound  C6H,„Oj.2Zn0.3HoO  is  formed  by  add- 
ing an  alcoholic  solution  of  dextrose  to  an  am- 
moniacal  solution  of  zinc  oxide  (A.  C.  Chapman, 
C.  J.  1889.  676).  Dextrose  forms  amorphous 
compounds  with  nickel,  chromium,  and  iron 
oxides  (Chapman,  C.  J.  1891.  323). 

Compounds  with  metallic  salts.  Dextrose 
forms  well-defined  crystalline  compounds  with 
sodium  chloride  and  bromide ;  their  formulas 
are  2C^H,„0e.NaCl.H.,0,  which  crystallises  from 
diabetic  urine,  CeH,„06.NaCl,  C„H,.,0e.2NaCl, 
2CoH|A-NaBr  (Pasteur,  4.  Cfe.  [3]  31,"  92;  Erd- 
mann  a.  Lehmann,  J.  pr.  13,  111 ;  v.  Lipp- 
mann, Zuckerarten,  p.  45  ;  Stadeler,  C.  C.  1854. 
930;  Honig  a.  Eosenfeld,  P.  10,  872  ;  Stenhouse, 
A.  129,  286). 

Compounds  with  cyanogen.  By  digesting 
an  aqueous  solution  of  dextrose  with  hydro- 
cyanic acid  solution,  the  following  reaction  takes 
place  :  C,H,,0,,  -i-  HCN  +  2H,0  =  C,H,308NH., 
(Kiliani,P.  19,  767).  To  prepare  this  compound 
Kiliani  gives  the  following  directions  :  100  g. 
crystalline  dextrose  are  dissolved  in  30  g.  water, 
and  an  equivalent  quantity  of  60  p.c.  hydro- 
cyanic acid  is  added  and  digested  for  six  days 
at  the  ordinary  temperature  ;  after  twenty-four 
hours'  further  digestion  at  35°C.  all  smell  of 
hydrocyanic  acid  had  disappeared,  and  the  liquid 
smelt  of  ammonia.  The  ammonium  salt  thus 
obtained  is  converted  into  a  barium  one  by  boil- 
ing with  baryta,  and  the  free  acid  obtained  by 
removal  of  the  barium  by  sulphuric  acid. 
Fischer  (A.  270,  64)  dissolves  5  kilos,  dextrose  in 
25  litres  3  p.c.  hydrogen  cyanide  solution,  adds 
10  c.c.  ammonia  solution,  and  digests  the  solu- 
tion at  25°C.  for  six  days,  boils  with  baryta 
(6'7  kilos.)  dissolved  in  water  (20  Litres)  until  aU 
the  ammonia  is  expelled,  the  hot  liquid 
acidified  with  sulphuric  acid,  and  boiled  to 
expel  hydrogen  cyanide,  neutralised  with  baryta, 
and  filtered.  The  filtrate  is  concentrated.  This 
syrup  contains  the  lactones  of  a-heptonie  acid 
and  /3-heptonic  acid.  After  standing  some  weeks 
nearly  the  whole  of  the  a-lactone  wiU  have  crys- 
tallised out ;  the  mass  is  triturated  with  alcohol 
of  80  p.c. ;  the  filtrate  yields  a  further  crop  of 
a-lactone,  and  the  mother-liquor  contains  the 
;8-lactone.  This  may  be  obtained  by  neutralising 
with  brucine ;  the  brucine  yS-heptonate  crystallises 
out,  and  is  purified  by  recrystallisation ;  the 
brucine  may  be  separated  by  precipitation  with 
baryta,  and  the  barium  salt  decomposed  by 
sulphuric  acid. 

a-Glueohepto-lactone  forms  rhombic  crystals 
readily  soluble  in  water,  and  has  [a]-^  =  —  55-3  ; 
boiled  with  concentrated  hydriodio  acid  it  yields 
a  heptolactone,  b.p.  216°-230°  at  717  mm.,  with 
partial  decomposition.    About  an  equal  quantity 
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of  normal  heptoic  acid  is  also  produced  (Kiliani,  > 

B.  19,1128).  By  digestion  with  nitric  acid  S.G. 
1-2  at  40°  for  24  hours,  a-glucoheptoic  acid  is 
oxidised  to  normal  penta-oxy-pimelic  acid 
(Kiliani,  B.  19,  1916)  ;  this  melts  at  143°,  is 
easily  soluble  in  water,  difficultly  in  alcohol, 
and  soluble  in  ether.  a-Gluco-hepfconic  acid  yields 
a  hydrazide  C-H,,0-N.,H„C,H,  m.p.  171°-179° 
(Fischer,  B.  22,  2732). 

j8-Gluco-heptonio  lactone  crystallises  in  deli- 
cate needles,  m.p.  151°-152°,  reduces  Fehling's 
solution,  and  is  very  soluble  in  water  ;  its  sp. 
rot.  power  is  [a]D2o°=  —67-7°.  Its  phenylhydra- 
zide  CjHjjOjN.S^h  crystallises  from  alcohol  in 
yellowish  leaflets,  and  melts  at  150°-152°. 
Heated  with  pyridine  (4  lactone,  4  pyridine,  and 
20  water)  in  a  sealed  tube  for  three  hours  it  is 
converted  into  the  a-  acid. 

Hydrazine  compounds.  A  concentrated 
solution  of  dextrose  yields,  with  phenylhydrazine, 
dextrose  phenylhydrazine  CijHi^N^Oj ;  this  forms 
tine  crystals,  melting  at  144°-145°.  When  heated 
with  an  aqueous  solution  of  phenylhydrazine, 
hydrochloride,  and  sodium  acetate  on  the  water- 
bath,    yellow  crystals    of  phenylglucosazone 

C,  „H,,,N.|0,,  are  formed  (Fischer,  B.  20,  824). 
Phenylglucosazone  can  be  prepared  by  heating 
on  the  water-bath  1  pt.  dextrose,  2  pts.  phenyl- 
hydrazine  hydrochloride,  3  pts.  sodium  acetate, 
and  20  pts.  water  ;  after  10-15  minutes'  heating 
the  separation  of  osazone  commences,  and  after 
1^  hours  the  precipitate  amounts  to  about  85-90 
p.c.  of  the  weight  of  dextrose  taken.  It  is  purified 
byrecrystallisation  from  alcohol.  Another  method 
which  gives  satisfactory  results  is  to  heat  a  mix- 
ture containing  1  g.  sugar  in  100  c.c.  water 
and  5  c.c.  of  a  solution  containing  in  1  litre 
400  g.  phenylhydrazine  and  400  g.  glacial 
acetic  acid.  According  to  Maquenne's  (C  R. 
112,  799)  numbers,  the  yield  is  low,  but  by  in- 
creasing the  strength  of  the  sugar  solution  and 
keeping  up  the  quantity  of  the  phenylhydrazine 
acetate  solution  in  proportion,  it  is  materially 
increased.  It  is  insoluble  in  water ;  not  very 
soluble  in  cold,  but  fairly  easily  in  boiling 
alcohol.  It  melts  at  204°-205°  with  decomposi- 
tion, and  so  in  m.p.  determinations  it  is  impor- 
tant that  the  heating  be  done  as  quickly  as 
possible.  It  reduces  Fehhng's  solution,  and  is 
ItBvorotatory  (Fischer,  B.  17,  579).  It  dis- 
solves in  cold  fuming  hydrochloric  acid,  with 
a  dark-red  colouration,  the  osazone  group 
C„H5.HN.,:C:C:N,,HC„H,  being  thereby  converted 
into  the  group  .CO. CO.  This  reaction  is  common 
to  all  the  osazones  of  the  sugars,  and  Fischer 
(-B.  21,  2631)  has  called  the  compounds  thus  ob- 
tained -osones.  Dextrosone  reduces  Fehling's 
solution  on  boiling,  and  does  not  ferment  with 
yeast ;  with  phenylhydrazine  acetate  it  again 
yields  phenylglucosazone.  The  osazone  is  re- 
duced by  zinc  and  acetic  acidtoiso-glucosamine, 
which  yields  Ifevulose  by  treatment  with  nitrous 
acid  (Fischer,  B.  19,  1920  ;  20,  2569).  The 
osone  yields  compounds  with  methyl  phenyl- 
hydrazine  and  ortho-diamines  (Fischer,  B.  22, 
87).  By  proceeding  in  the  same  way  o-tolyl- 
dextrosazone  C,„H,,.N.,04  m.p.  201°  and  |>tolyl- 
dextrosazone  C„„H_.^N,Oj  have  been  prepared 
(Raschen,  A.  239,  229).  Diphenyl-hydrazine 
combines  with  the  sugars  in  alcohol  solution ; 
sparingly   soluble   crystalline  hydrazones  are 
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'<  formed,  which  are  resolved  into  their  constituents 
by  concentrated  hydrochloric  acid.  The  dex- 
trose compound  C,iH,„03N,.(C„H5).,  melts  at  161° 
(Stahel,  A.  258,  242)1  Rwler  (A'.  236,  229)  has 
prepared  phenyldextrosazone  carboxylic  acid. 

Compounds  with  arvmatic  amines.  Dex- 
trose -  0  -  diamido  -  benzene  C|jH,,(NH).,.C,jH,„05 
and  anhydro  -  dextrose  -  a  -  diamido  -  benzene 
C„H^.N2.C,H,„0,-i-2H.,0  are  formed  by  the  inter- 
action of  dextrose  and  o-plienylene-diamine  in 
acid  solution.  Di-dextrose-o-diamido-benzene  is 
obtained  when  the  reaction  takes  place  in  neu- 
tral solution.  They  are  all  crystalline  bodies, 
soluble  in  water,  and  having  a  bitter  taste.  The 
first  one  does  not  reduce  Fehling's  solution,  the 
last  two  do  (Griess  a.  Harrow,  B.  20,  281  and 
2205) ;  o-tolylene-diamine  gives  a  similar  com- 
pound (Hinsberg,  B.  20,  495).  Dextrose-7- 
diamido-benzoic  acid  is  obtained  by  mixing  boil- 
ing aqueous  solutions  of  dextrose  and  7-diamido- 
benzoic  acid  (Griess  a.  Harrow,  I.e.).  With 
aniline  dextrose  forms  a  crystalline  anilide 
m.p.  147°  (Schiff,  A.  154,  30;  Sorokin,  B.  19, 
513;  J.  B.  1887,  377).  Dextrose  forms  com- 
pounds with  aldehyde,  acetone,  benzaldehyde, 
chloral,  &c.  (Schiff,  A.  244,  19 ;  Heffter,  B.  22, 
1050). 

Dcxtrose-oxim  C„H,30^N  is  formed  by  the 
combination  of  dextrose  and  hydroxylamine. 
It  forms  colourless,  microscopic  crystals,  m.p. 
136°-137°;  very  soluble  in  water,  sparingly 
soluble  in  alcohol,  and  insoluble  in  ether.  It 
reduces  Fehling,  and  is  Ifevorotatory,  having 
Md2„o=  -2-2°  (Jacobi,  B.  24,  696). 

On  warming  an  alkaline  solution  of  dextrose 
with  picric  acid  a  blood-red  colour  is  produced 
(Braun,  Fr.  4, 185).  If  to  crystalHsed  diazobenz- 
ene  sulphonic  acid  be  added  soda,  dextrose  solu- 
tion, and  a  little  sodium-amalgam,  a  red  coloura- 
tion is  produced  in  a  short  time  (Penzold  a. 
Fischer,  B.  16,  657). 

Many  aromatic  alcohols  give  a  colouration 
with  dextrose  and  other  carbohydrates  in  the 
presence  of  sulphuric  acid.  If  two  drops  of  a 
15-20  p.c.  alcoholic  solution  of  (o)-naphthol  be 
added  to  a  dextrose  solution,  and  one  part  of 
concentrated  sulphuric  acid,  a  violet  colouration 
will  be  produced,  changing  to  bluish  violet. 

Optical  isomerides  of  glucose,  gluconic  acid 
and  saccharic  acid  (E.  Fischer,  B.  23,  2611). 

Z-Gluconic  acid.  Mlannonic  acid  can  be  eon- 
verted  into  Z-gluconic  acid  by  heating  with 
quinoline,  but  it  is  most  conveniently  pre- 
jjared  from  arabinose  by  treatment  with  hydrogen 
cyanide  and  baryta  (Kiliani,  B.  19,  3029)  ; 
Z-mannonic  and  Z-gluconic  acids  are  formed 
simultaneously.  The  greater  portion  of  the 
Z-mannonic  acid  may  be  separated  as  lactone, 
and  the  remainder  may  be  separated  from  the 
Z-gluconic  acid  by  crystallising  out  the  calcium 
Z-gluconate. 

i-Gluconie  acid  is  obtained  by  mixing  the 
Z-  and  d-  acids,  or  from  i-mannonic  acid  by 
quinoline. 

Z-Glucose  is  formed  by  reducing  Z-gluconic 
lactone  with  sodium-amalgam ;  it  resembles 
dextrose  closely,  but  does  not  ferment  with  yeast, 
Wd  =  —  51-4° ;  its  derivatives  also  resemble  the 
corresponding  ones  of  dextrose  very  closely. 

i-Glucose  is  prepared  by  mixing  Z-  and 
d-  glucose,  or  reducing  i-gluconic  acid. 
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Z-Saccharic  acid  is  prepared  by  oxidising 
Z-gluconic  acid  witli  nitric  acid. 

i-Saccharic  acid  is  prepared  by  oxidising 
i-gluconic  acid  or  by  mixing  I-  and  d-  saccharic 
acid. 

Laevulose.  d-Fructose,  leevoglucose,  fruit 
sugar  ;  CgH,.p^. 

Occurrence. — Lsevulose  is  widely  distributed 
in  the  vegetable  kingdom,  being  found,  together 
with  dextrose,  in  many  parts  of  plants,  in  honey, 
Ac.  {v.  Dextrose). 

Formation. — The  following  carbohydrates 
yield  laevulose,  either  alone  or  accompanied  by 
other  sugars,  when  acted  on  by  dilute  acids : 

Cane  sugar  yields  dextrose  and  Isevulose. 

Baffinose  yields  Isevulose,  galactose,  and  dex- 
trose. 

Inulin  yields  laevulose. 

Irisin  (0.  Wallach,  A.  234,  364),  Isevulan 
(v.  Lippmann,  B.  14,  1509),  triticin  (Eeide- 
meister,  C.  C.  1880.  808),  scillin  (Eiche  a. 
Kemont,  J.  Ph.  [5]  2,  291),  sinistrin  (Schmiede- 
berg,  B.  12,  704),la3vulin  or  synanthrose  (Dieck  a. 
Tollens,  A.  198,  228 ;  Ville  a.  Jouhe,  Bl.  [2]  7, 
262  ;  Popp,  A.  15G,  185 ;  Miintz,  C.  B.287,  679), 
andinuloid  (Popp,i..  156, 190)  also  yield  Isevulose. 
Lffivulose  is  formed  by  the  oxidation  of  manni- 
tol  (Cotton,  Bl.  [2]  33,  546;  Gorup-Besanez, 
A.  118,  273;  Bodenbender,  Zeit.  d.  Ver.  14, 
812 ;  Eenard,  A.  Ch.  [5]  17,  316),  by  the  fer- 
mentation of  mannitol  by  B.  aceti  and  B. 
xylinum  (A.  J.  Brown,  G.  J.  1886,  184  ;  1887, 
641) ;  from  phenylglucosazone  by  reduction  to 
isogluoosamine,  and  thence  by  the  action  of 
sodium  nitrite  ;  from  glucosone  by  reduction  with 
zinc  and  acetic  acid  (Fischer,  B.  22,  87,  2566). 

Prepa/ration.—lnwVai  is  heated  with  very 
weak  sulphuric  acid  for  some  hours,  after  which 
the  sulphuric  acid  is  carefully  precipitated  by 
baryta  water  and  the  filtrate  decolourised  by 
charcoal  and  evaporated  on  the  water-bath  to  a 
syrup.  This  is  treated  several  times  with  ab- 
solute alcohol,  which  removes  the  water,  and 
the  syrup  which  remains  put  on  one  side  for 
some  time  in  a  closed  flask,  when  fine  needles 
make  their  appearance,  and  in  time  the  whole 
solidifies  (Jungfleisch  a.  Lefranc,  G.  B.  93,  547 ; 
also  Crookewitt,  A.  45,  184 ;  Krusemann,  A. 
282,  26  ;  Wohl,  B.  23,  2084).  A  10  p.c.  solution 
of  cane  sugar  is  carefully  inverted  with  hydro- 
chloric acid  (20  c.c.  to  a  litre  of  solution)  at  60°. 
The  solution  is  cooled  to  -5°,  6g.  of  slaked 
lime  added  for  each  10  g.  sugar,  the  temperature 
allowed  to  rise  to  2°,  and  the  hme  Isevulose 
carefully  pressed  from  the  rest  of  the  solution 
and  washed  repeatedly  with  water.  It  is  finally 
suspended  in  water,  decomposed  by  oxalic  acid, 
and  the  filtered  solution  evaporated  in  vacuo 
to  a  syrup  which,  when  treated  with  absolute 
alcohol  as  above  described,  yields  crystals  of 
tevulose  (Girard,  Bl.  [2]  33,  154  ;  Dubrunfaut, 
G.  B.  42,  901 ;  69,  438). 

Formula  and  synthesis.    See  general  part. 

Properties. — Lajvulose  forms  colourless,  fine, 
shining  needles,  belonging  to  the  rhombic  sys- 
tem, the  axial  ratio  is  a:6:c  =  0-80067:l:0-9p674  ; 
they  are  slightly  biaxial  as  regards  their  action  on 
polarised  light ;  they  have  a  composition  corre- 
sponding to  the  formula  CgHijOg,  melt  at 
95°,  and  lose  water  at  100°.  According  to 
Honig  a.  Jesser  {M.  9,  562),  the  crystals  con- 


tain water  of  crystalhsation  and  have  a  formula. 
2C^^,0i^.TLf>.  If  free  from  alcohol  they  are  not 
deliquescent  in  the  air  (Houig  a.  Schubert,  M. 
8,  529  ;  Jungfleisch  a.  Lefranc,  I.e.).  The  sugar 
is  almost  insoluble  in  cold  absolute  alcohol, 
and  soluble  in  a  boiling  mixture  of  alcohol  and 
ether  (Diech  a.  ToUens,  A.  198,  228).  With  re- 
gard to  the  specific  rotatory  power  of  Isevulose 
there  are  many  and  varied  statements  ;  all  those 
based  on  the  factors  of  unpurified  solutions  ob- 
tained by  the  inversion  of  inuhn  or  cane  sugar 
are  worthless,  as  laevulose  is  extremely  easily 
decomposed  by  acids  (Jungfleisch  a.  Grimbert^ 
G.  B.  108,  144),  and  many  apparent  discre- 
pancies may  be  explained  by  the  fact  that  the 
optical  activity  varies  very  much  with  the  tem- 
perature. Jungfleisch  a.  Grimbert  (C  B.  107^ 
390)  found  for  crystallised  Lcvulose  [a]i, 
=  - 101-38° -0-56i!  +  0-108  (p-lO),  where  t  is 
the  temperatm-e  and  p  the  weight  of  Isevulose 
in  100  c.c.  solution.  This  formula  holds  for 
temperature  0°-40°  and  for  concentrations  be- 
low 40  p.c.  The  [a]j  =  - 108°  (c  =  10  g.  sugar 
in  100  c.c),  calculated  from  [a]j=— 24-5  for 
invert  sugars,  and  [a]j  =  +  58-5  for  dextrose 
agree  very  well  with  the  numbers  of  Jungfleisch 
a.  Grimbert.  Honig  a.  Jesser  (ilf.  9,  562)  give 
[a]j  =  - 111-38,  c  10,  (5  =  20°  for  a  carefully  crystal- 
lised preparation.  Herzfeld  a.  Winter  {B.  19, 390) 
give  for  20  p.c.  solution  at  20°  [a]„  =  -71-4°; 
but  these  determinations  cannot  be  for  the  pure 
body.  Freshly-prepared  solutions  of  crystallised 
Isevulose  have  a  greater  sp.  rot.  power  than  after 
standing  a  short  time  ;  Parcus  a.  Tollens  (A.  257, 
160)  found  for  a  10  p.c.  solution  at  20°  observed 
in  a  200  mm.  tube,  [ajj,  =  — 104-02°  six  minutes 
after  commencing  solution,  which  sauk  to  a 
constant  value  [a]D=— 92-25°  in  35  minutes. 
This  cannot  have  been  pure  Isvulose.  K  =  100  ; 
but  Soxhlet  makes  it  92-93  (J.  O'SulUvan,. 
G.  J.  1892,  408). 

Action  of  heat  and  acids.  Lajvulose  is  ex- 
ceedingly easily  decomposed  by  heat  and  acids. 
Its  aqueous  solutions  colour  exceedingly  quickly 
if  heated  for  any  length  of  time.  Wohl  (B.  23, 
2084)  found  that  by  the  action  of  minute  quan- 
tities of  acid  on  a  hot  concentrated  solution  of 
Isevulose,  a  dextrin-like  body  was  produced 
which  was  reconverted  into  laevulose  by  boiling 
with  dilute  acids.  This  instability  accounts  for 
the  many  different  numbers  which  have  beeu 
given  for  the  sp.  rot.  power  and  for  the  fact  that 
the  opt.  act.  of  invert  sugar  does  not  in  all  cases 
correspond  with  that  of  a  mixture  of  pui-e  lievulose 
and  dextrose  in  equal  quantities.  On  boiUng  with 
dilute  sulphuric  or  hydrochloric  acids,  aceto- 
propionic,  formic,  and  other  acids  are  produced 
(Jungfleisch  a.  Grimbert,  G.  B.  108,  144  ;  Grote 
a.  Tollens,  A.  175,  181  ;  Sieben,  Zeitschr.  d. 
Ver.  34,  237 ;  Conrad  a.  Guthzeit,  B.  19,  2569). 

Action  of  alkalis.  Alkalis  quickly  decom- 
pose Iffivulose,  especially  on  warming ;  caustic 
soda  and  baryta  yield  lactic  acid  among  other 
products  (Sorokin,  /.  B.  1885,  308).  Sodium 
laevulose  CgHnNaOg  is  produced  by  acting  on 
an  alcoholic  solution  of  laivulose  with  sodium 
ethylate  (Honig  a.  Eoseufeld,  B.  12,  45).  Lime 
yields  a  compound  CgHi^Oj.CaO.HjO,  which  is 
soluble  in  187  parts  cold  water  (E.  P6Hgot, 
G.  B.  90,  153  ;  Herzfeld  a.  Winter,  B.  19,  390) ; 
j  and  2(C6Hi206)3CaO,  which  forms  needles  solu- 
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ble  in  333  parts  cold  water  (Dubrunfaut,  A.  Ch. 
[3]  21,  169).  Similar  compounds  are  formed 
with  potash,  baryta,  lead  oxide,  and  bismuth 
oxide  (Herzfeld  a.  Winter,  B.  9,  390,  and 
V.  Lippmann,  Zuckerarten,  p.  C8).  If  a  solu- 
tion of  laevulose  be  boiled  with  lime,  saccharin 
is  formed  (Scheibler,  B.  13,  2212). 

Reduction. — Lajvulose  in  alkaline  solution  is 
reduced  by  nascent  hydrogen  to  mannitol,  and 
more  easily  than  dextrose  (Scheibler,  B.  16, 
3010 ;  H.  Kruseuiann,  B.  9,  1465 ;  Herzfeld, 
A.  244,  274).  Fischer  (B.  23,  3684)  finds  that 
equal  parts  of  mannitol  and  sorbitol  are  pro- 
duced. 

Oxidation. — Mercuric  oxide  and  baryta 
boiled  with  an  aqueous  solution  of  Isevulose 
yield  formic,  glycollie  and  normal  trioxy- 
butyric  acid  (Bornstein  a.  Herzfeld,  B.  18,  3353). 
Bromine  water  in  the  same  way  yields  normal 
trioxybutyric  acid  (Honig,  B.  19,  171 ;  Herz- 
feld a.  Winter, B.  19,  390 ;  (7.  G.  1886, 271).  La3vu- 
lose  by  oxidation  always  yields  an  acid  containing 
less  carbon  atoms  than  itself  (Herzfeld  a.  Born- 
stein, G.  G.  1886, 187  ;  Herzfeld  a.  Winter,  G.  G. 
1880,  271 ;  B.  19,  390).  Chlorine  and  bromine 
with  silver  oxide  oxidise  IfBvulose  to  glycollie 
acid  (Hlasiwetz  a.  Habermann,  A.  155,  130 ; 
Iviliani,  A.  205,  175).  Nitric  acid  yields  oxalic 
acid,  tartaric  acid,  glycollie  acid,  formic  acid,  a 
little  saccharic  acid,  malic  acid,  acetic  acid,  and 
racemic  acid  (Dragendorf,  Matorialien  zii  einer 
Monograpliie  des  Inulins  ;  Kiliani,  A.  205,  162  ; 
Hornemann,  J.  pr.  89,  283). 

Fermentation. — La^vulose  ferments  easily 
with  yeast,  with  formation  of  alcohol  and  car- 
bonic acid  ifec,  but  rather  slower  than  dextrose, 
so  that  towards  the  end  of  a  fermentation  of  in- 
vert sugar  the  solution  is  always  Ifevorotatory 
(Bourquelot,  A.  Gh.  [6]  9,  245  ;  G.  B.  101,  958  ; 
G.  B.  100, 1404  and  1466  ;  Maumen^,  G.  B.  100, 
1505  ;  101,  695  ;  Leplay,  G.R.  101,  479  ;  Gourgon 
a.  Dnbourg,  C.  R.  110,  865). 

Compounds  with  acids.  Chlorosulphonic 
acid  gives  a  tetra-sulphate  (Claesson,  J.  pr.  [2] 
20,  1  a.  18).  Acetyl  chloride  yields  an  aceto- 
chlorhydrin  (Colley  a.  Wachowitsch,  B.  13,  2390  ; 
Bl.  [2]  34,  326).  With  acetic  anhydride,  acetic 
acid,  and  zinc  chloride  Itevulose  yields  pent- 
acetyl  lajvulose  (Erwig  a.  Koenigs,  B.  23,  672). 
Benzoyl  chloride  yields  pentabenzoyl  IfBvulose, 
m.p.  85°  (Skraup,  M.  10,  389). 

Gompounds  with  bases.  See  Action  of  alka- 
lis above. 

Gompounds  with  meta  llic  salts.  Compounds 
with  potassium  or  sodium  chloride  have  not 
been  described.  A  compound  with  lead  chloride 
is  known  (Herzfeld  a.  Winter,  B.  19,  390). 

Gompoimds  luith  cijanogen.  By  treatment 
with  strong  hydrocyanic  acid,  Ifevulose  yields  a 
cyanhydrin  C,H,.,O^N,  this  crystallises  from 
water  in  tabular  monoclinic  crystals,  m.p.  110°- 
115°,  and  has  a  slight  dextrorotatory  power ; 
fuming  hydrochloric  acid  converts  it  into  the 
lactone  of  fructoheptonic  acid  C,H,,0„  and  this, 
heated  with  hydriodic  acid  and  phosphorus, 
yields  a  heptolactone  C;H|._,0.,,  b.p.  220°,  which 
does  not  solidify  in  a  freezing  mixture.  When  the 
lactone  is  further  treated  with  hydriodic  acid  and 
phosphorus  an  acid  is  obtained  boiling  at  210°, 
which  is  identical  with  methyl-butyl-acetic 
acid  as  synthetically  prepared  (Kiliani,  B.  18, 
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3060;  19,  221  and  1914;  Kiliani  a.  Diill,  B. 
23,  449).  Tetra-oxy-butane-tri-carboxylic  acid 
COOH.(CH.OH),.C(OH)_(COOH),  is  obtained  by 
oxidising  fructoheptonic  acid  by  nitric  acid 
(DiiU,  .B.  24,  348). 

Hydrazine  compounds.  La3vulose  yields  an 
osazoue  which  appears  to  be  identical  with,  and 
is  prepared  in  the  same  manner  as,  dextrose 
osazone  (q.v.). 

Anilidcs.  By  heating  an  aqueous  solution 
of  lajvulose  with  aniline,  an  anilide  is  formed 
CijHjjNOs;  it  is  easily  obtained  in  crystals  which 
melt  at  liT^  with  partial  decomposition  (Soro- 
kin,  B.  19,  513;  J.  R.  1886,  129;  1887,  377). 
With  hydroxylamine  laavulose  combines  to  form 
Iffivulosoxim  (Wohl,  B.  24,  993).  It  strongly 
resembles  dextrosoxim  in  appearance,  m.p.  118°, 
it  is  Iffivorotatory,  and  reduces  ammoniacal  silver 
solutions  on  warming,  whilst  dextrosoxim  does 
so  in  the  cold. 

Galactose.  Lactose.  CuHijOg.  Galactose 
does  not  occur  in  nature. 

Formation. — By  the  action  of  dilute  acids  on 
many  carbohydrates  and  similar  substances  of 
vegetable  and  animal  origin.  Lactose  yields 
dextrose  and  galactose  (Pasteur,  G.  R.  42,  347  ; 
Fudakowski,  B.  9,  42  ;  C.  G.  1877,  6).  Eaffinose 
yields  lajvulose,  galactose,  and  dextrose.  a-Galae- 
tin,  ,8-galactin,  paragalactin,  lactosin,  agar-agar, 
carragheen  moss,  plum  gum,  peach  gum,  gum 
arable,  gedda  gum,  and  many  other  similar 
vegetable  substances,  yield  galactose  amongst 
other  products  of  their  hydrolysis  (Miintz,  Bl. 
[2]  37,  409  ;  A.  Gh.  [6]  10,  566 ;  G.  R.  94,  453  ; 
102,  624,  681 ;  A.  Meyer,  B.  17,  690  ;  Bauer, 

[2]  30,  375  ;  L.  V.  1888,  33  a.  214  ;  Hiidicke, 
Bauer  a.  Tollens,  A.  238,  302  ;  Kiliani,  B.  13, 
2304;  15,  36;  v.  Lippmann,  B.  17,2238;  Scheib- 
ler, B.  1,  58 ;  6,  612 ;  17,  1729 ;  O'Sullivan, 
G.  J.  1884,  41 ;  1891,  1029  ;  Hadicke  a.  Tollens, 
A.  238,  308 ;  Schulze  a.  Steiger,  B.  19,  827  j 
20,  290;  L.  V.  36,  391;  Schulze,  25,  2213  ^ 
Maxwell,  Am.  G.  J.  12,  51  a.  265  ;  v.  Lippmann, 
Deutsche  Zuckerind.,  1887,  455  ;  B.  20,  1001 ;. 
Stone,  ^7K.  12,  435).  Galactose  is  also  produced 
by  the  long-continued  action  of  dilute  sulphuric 
acid  on  certain  nitrogenised  constituents  of  the 
brain  (Thudichum,  Ann.  of  Ghem.  Med.  [2]  209  ;. 
Thierf elder,  Z.  P.  G.  14,  209  ;  Brown  a.  Morris, 
G.  J.  1890,  57).  This  sugar  was  called  by  the 
discoverer  ccrebrosc  ;  B.  a.  M.  proved  it  to  be 
galactose. 

P7-eparation. — A  solution  of  lactose  (milk- 
sugar)  containing  in  every  100  c.c.  25  g.  dry 
lactose  ;  2  to  3  grams  H_,SO.,  is  digested  in  a  flask 
on  the  water-b.ath  for  2,j  to  3  hours,  the  water 
being  kept  boiling  all  the  time  and  care  being 
taken  by  continual  shaking  of  the  flask  to  avoid 
colouring.  The  acid  is,  on  cooling  the  solution,, 
carefully  neutralised  with  baryta  water  and  the 
BaSO,,  separated  by  filtration.  On  evaporating 
the  filtrate  to  a  strong  syrup  in  a  vacuum  solidi- 
fication takes  place  in  a  short  time.  The  solid 
crystallised  mass  is  digested  several  times  with 
dry  methyl  alcohol ;  this  dissolves  out  the  dex- 
trose and  other  products  of  the  action  of  the 
acid  on  lactose  and  the  hydrolysed  sugars,  and 
leaves  galactose  as  a  white  crystalline  powder. 
This  is  dissolved  in  the  least  possible  quantity 
of  boiling  water,  again  allowed  to  solidify,  and 
again  treated  with  boilhig  methyl  alcohol.  If 
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the  wliole  of  the  lactose  hydrolysed,  and  it 
generally  is  under  the  conditions  indicated,  the 
residue  is  white,  nearly  pure,  galactose.  It  can 
be  rendered  pure  by  recrystallisation  from  water. 
If  the  crystals  are  allowed  to  form  slowly  from 
solutions  not  too  concentrated  they  are  dis- 
tinct and  well-defined  (Kendell,  N.  Z.  4,  163; 
Soxhlet,  /.  pr.  2,  21,  269).  The  sugar  can  also 
be  prepared  from  certain  gums  of  the  arabin 
group.  For  this  purpose  the  most  suitable  are 
those  having  a  lasvorotatory  power  and  yielding 
the  larger  percentage  of  mucic  acid  on  oxidation 
with  nitric  acid.  The  dextro-  gums  also  yield 
the  sugar,  but  in  less  quantity  (O'Sullivan,  C.  J. 
1884,  41 ;  1891,  1029).  A  solution  of  the  gum 
selected — gum  arable,  Turkey,  Levantine  or 
East  India  gum— is  made  containing  about  equal 
weights  of  water  and  gum  ;  this  is  heated  in  a 
flask  in  a  water-bath  as  high  as  the  boiling 
bath  wlU  take  it,  and  5  grams  H,S04  diluted  to 
15  c.c.  addedfor  every  100  c.c.  of  the  gum  solution 
employed.  The  mixture  is  digested  for  30  to  35 
minutes,  then  rapidly  cooled,  and  alcohol,  S.  G. 
0-83,  added  as  long  as  a  pp.  is  produced.  This 
pp.  is  again  dissolved  in  water,  and  again  ppd. 
One  or  two  repetitions  of  this  process  frees  the  pp. 
from  arabinose.  A  solution  of  the  same  strength 
as  that  above  described  for  the  original  gum  is 
then  made  of  the  pp.  and  heated  as  high  as  the 
boiling  water  of  a  water-bath  will  take  it,  and  then 
for  every  100  c.c.  of  the  solution  5  grams  H^SO^ 
diluted  to  15  c.c.  added.  At  the  end  of  about 
3  hours'  digestion  the  solutionis  cooled,  carefully 
neutralised  with  baryta  water,  and  alcohol,  0'82, 
added  as  long  as  a  pp.  is  thrown  out.  The  alco- 
holic solution  becomes  clear  on  standing;  it  con- 
tains galactose,  and  on  concentration  in  a  vacuum 
yields  crystals  of  the  body  in  a  fairly  pure  state. 
They  may  be  completely  purified  by  washing 
with  methyl  alcohol,  recrystalUsing  the  residue 
from  ethyl  alcohol,  and  fljaally  from  water. 
Formula  and  synthesis.  See  general  part. 
Properties. — Galactose  crystallises  in  hexa- 
gonal plates,  m.p.  163°-164°  (after  drying  at 
100°)  (E.  Bourquelot,  J.  Ph.  [5]  13,  51),  or, 
according  to  v.  Lippmann  (B.  18,  3335),  in 
microscopic  six-cornered  prisms  and  needles, 
m.p.  168°.  Galactose  is  easily  soluble  in 
water,  almost  insoluble  in  methyl  alcohol. 
Solutions  of  galactose  rotate  a  ray  of  polarised 
light  to  the  right,  the  specific  rotatory  power 
for  the  D  line  being  given  by  the  formula 
[a]D  =  83-883 +  0-0785P-0-209<  (Meissl,  J.  pr. 
[2]  22,  97) ;  this  formula  agrees  well  with  num- 
bers found  by  other  observers.  Freshly-prepared 
solutions  exhibit  the  phenomenon  of  bi-rotation 
Pasteur,  J.  pr.  68,  428).  Parous  a.  Tollens 
A.  257,  160)  observed  an  angle  of  [a]i>  =  117-48° 
in  a  10  p.c.  solution  at  20°,  7  minutes  after  com- 
mencing solution.  K  =  100,  and  varies  slightly 
with  the  conditions  of  determination. 

Action  of  acids.  By  prolonged  heating  with 
dilute  acids,  galactose  yields  aceto-propionic 
and  formic  acids  (Kent  a.  Tollens,  A.  227,  228  ; 
B.  17,  668 ;  Conrad  a.  Guthzeit,  B.  18,  2905) ; 
sulphuric  acid  and  chloro-sulphuric  acid  yield 
galactose-sulphuric  acids  (Honig  a.  Schubert, 
M.  7,  455  ;  Claesson,  J.  pr.  [2]  20  a.  18). 

Action  of  alkalis.  Alkalis  colour  galactose 
yellow;  the  action  of  milk  of  lime  produces 
saccharin  (Cuisinier,  v.  Lippmann,  Zuckerarten). 


Fusion  with  KHO  gives  rise  to  acetic  and  oxalic 
acids. 

Reduction.  —  By  reduction  with  sodium- 
amalgam,  galactose  yields  dulcitol  and  other 
alcohols  (Bouchardat,  A.  Ch.  [4]  27,  79). 

Oxidation. — Bromine  oxidises  galactose  to 
galactonie  acid  (lactonic  acid)  CgHijOj,  isomeric 
with  gluconic  acid  (Hlasiwetz  a.  Habermann, 
A.  122,  96;  Kiliani,  B.  13,  2307;  18,  1551; 
Bauer,  J.  pr.  [2]  30,  379) ;  which  when  heated 
loses  1  mol.  water,  and  is  converted  into  the 
lactone  ;  it  yields  with  phenylhydrazine  a  hydra- 
zide  which  melts  at  200°-205°  with  decomposi- 
tion (Fischer  a.  Passmore,  B.  22,  2731).  Nitric 
acid  oxidises  galactose  to  mucic  acid,  isomeric 
with  saccharic  acid.  As  mucic  acid  is  only  slightly 
soluble  in  water,  the  yield  of  mucic  acid,  which 
is  normally  75  to  78  p.c,  is  sometimes  made  use 
of  for  the  estimation  of  galactose ;  but  the  yield 
varies  considerably  with  the  condition  of  experi- 
ment (Pasteur,  G.  B.  42,  349  ;  Kent  a.  ToUens, 

A.  Ch.  227,  228).  Neutral  or  alkaline  solutions 
of  cupric  hydroxide  are  reduced  by  galactose ; 
carbonic,  formic,  glycollic,  and  lactic  acids  are 
produced  (Habermann  a.  Honig,  M.  5,  208). 

Fermentation. — According  to  Kiliani  {B.  13, 
2305)  and  Koch  {B.  20,  Eef.  145),  galactose  does 
not  ferment  with  yeast,  whilst  v.  Lippmann  (B.  17, 
2238;  20,  1001),  Bourquelot  (C.E.  106, 283),  and 
Pasteur  find  that  it  does  ferment.  Stone  a. 
Tollens  (A.  249,  257  ;  B.  21,  1572)  find  that  it 
ferments  with  beer  yeast  as  well  as  with  Mu^or 
racemosus,  but  slower  than  dextrose.  Certain 
bacteria  yield  lactic  acid  (Pranzmovaski  a.  v. 
Tieghem,S.  12,  2087). 

Compounds. — Galactose  yields  a  crystalline 
compound  with  sodium  chloride  (Fudakowsky, 
Bl.  [2]  30,  433).  With  a  solution  of  baryta  in 
methyl  alcohol,  galactose  yields  the  compound 
(CsH,i06)4Ba.,.BaO  (Fudakowsky,  I.e.).  With 
acetic  anhydride,  a  pentacetate  is  produced 
C^Tifi{CMfi.^^,  m.p.  62°-66°  (Fudakowsky). 
According  to  Erwig  a.  Koenigs  (B.  22,  2207)  this 
body  melts  at  142°,  crystallises  in  rhombic 
prisms,  reduces  Pehling's  solution,  is  dextro- 
rotatory, and  differs  in  all  its  properties  from 
Fudakowsky's  galactose  pentacetate.  With 
aniline,  galactose  forms  an  anilide,  crystallising 
in  long  triclinic  prisms,  and  Isevorotatory  (Soro- 
kin,  J.  B.  1887,  377  ;  B.  19,298).  With  hydroxyl- 
amine,  galactose  yields  the  oxim  CgH^NOg,  the 
crystals  melt  at  175°-176°,  and  are  easily 
soluble  in  water  and  weak  alcohol  (Eischbieth, 

B.  20,  2673).  With  ortho-diamido-benzene, 
galactose    yields  galactose-o-diamido-benzene 

C.  H,(NH)2.C,H,(,05,  melting  at  246°  with  decom- 
position. Galactose-7-diamido-benzoic  acid 
COOH.C„H3(NH)2.C,H,o05-l-H20  crystaUises  in 
needles  (Griess  a.  Harrow,  B.  20,  3111).  With 
hydrocyanic  acid,  galactose  yields  galactohep- 
tonamide  CjH,5N0„  m.p.  194°  ;  it  is  converted 
into  the  barium  salt  of  galactoheiatonic  acid 
C;H,,08  by  digesting  with  baryta.  The  free 
acid  melts  at  145°  and  crystallises  in  slender 
needles ;  it  is  reduced  by  hydriodic  acid  and 
phosphorus  to  the  lactone  of  normal  7-oxyhep- 
toic  acid  (b.p.  231°)  and  a  very  small  quantity 
of  normal  heptoic  acid  (Maquenne,  C.  B.  106, 
286  ;  Kiliani,  B.  21,  915  ;  22,  521  a.  1385).  With 
phenylhydrazine,  galactose  forms  galactose- 
phenylhydrazide,    crystallising    in  colourless 
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needles,  m.p.  158°,  anil  galactose-osazone, 
m.p.  193°- 194°  (Fischer,  B.  20,  821).  Fischer's 
first  determination  of  the  melting-point  (B.  17, 
57'.:t)  was  182°,  Seheibler  {B.  17, 1731)  gave  171°, 
and  other  observers  have  given  lower  numbers  ; 
this  may  be  accounted  for  by  the  fact  that  unless 
the  osazone  be  heated  up  very  quickly  it  decom- 
poses before  it  fuses.  By  the  action  of  hydro- 
chloric acid  it  yields  galactose-osone  (Fischer, 
B.  22,  87).  Galactose  also  yields  a  diphenyl- 
hydrazide,  m.p.l57°(Stahel,.4.258,242).  Galac- 
tose forms  a  penta-benzoate  C(,H;0(C,H502)5, 
m.p.  165°  (Skraup,  M.  10,  389). 

Sorbose.  Sorbinose  C„H,.  0^.  Sorbose  is  ob- 
tained from  the  juice  of  the  mountain  ash  after 
allowing  it  to  stand  for  some  time.  It  is  doubtful 
if  it  exists  in  the  fresh  juice  as  a  free  sugar,  but 
it  is  probably  formed  by  the  decomposition  of  a 
glucoside  (Pelouze,  A.  Gh.  [3]  35,  222  ;  Bous- 
singault,  C.  R.  74,  939;  Delffs,  B.  4,  799  ; 
Byschl,  .7.  02,  504;  Freund,  M.  11,  560). 
The  expressed  juice  of  the  unripe  berries  of  the 
mountain  ash  is  allowed  to  ferment  for  eight  or 
ten  months,  the  clear  solution  is  filtered  from  the 
organisms  by  which  the  fermentation  was 
effected,  and  evaporated  to  a  syrup,  when  the 
sorbose  crystallises  out  on  standing.  It  forms 
colourless  rhombic  crystals  easily  soluble  in 
water.  Its  solutions  are  Isevorotatory  :  for  10  p.c. 
solution,  [a]D= -43-4°  (Wehmer  a.  Tollens,  B. 
19,  708).  It  is  oxidised  by  chlorine  and  silver 
oxide  to  glycollic  acid  ;  it  behaves  with  bromine 
water  like  Isevulose,  being  practically  unaltered 
(Kiliani  a.  Seheibler,  B.  21,  3276) ;  nitric  acid 
■oxidises  it  to  oxalic,  aposorbic  and  tartaric 
acids.  By  more  careful  oxidation  with  HNO, 
Kiliani  a.  Seheibler  (I.e.)  obtained  trioxy- 
glutaric  acid.  Copper  hydrate  oxidises  it  to 
carbonic  and  formic  acids  and  other  bodies, 
amongst  which  is  possibly  glyceric  acid  (Des- 
saignes,  J.  pr.  89,  313  ;  Hlasiwetz  a.  Habermaiin, 
A.  155,  129;  Habermann  a.  Honig,  M.  5,  208). 
Hydriodic  acid  reduces  it  to  hexyl  iodide  (Kiliani 
a.  Seheibler,  I.e.).  It  reduces  Fehling's  solution, 
and  is  coloured  yellow  by  alkalis.  Sorbose 
ferments  slowly  with  beer  yeast  (Stone  a.  Tollens, 

A.  249,  257).  By  prolonged  heating  with  dilute 
acids  it  is  decomposed,  yielding,  amongst  other 
bodies,  lievulinic  acid  (Wehmer  a.  Tollens,  I.e.). 
With  phenyl-hydrazine  it  yields  an  osazone 
CigHooN^O,,  m.p.  164°,  which  is  almost  insol.  in 
water,  but  fairly  easily  soluble  in  alcohol,  from 
which  it  crystallises  in  fine  microscopic  needles 
{Fischer  a.  Tafel,  B.  19, 1920  ;  20,  217  and  2566  ; 
Fischer,  B.  20,  828). 

Mannose.  Semiiiosc  C,Jl,2^^.  This  sugar 
does  not  occur  free  in  nature. 

Formation. — It  is  obtained  by  the  action  of 
dilute  sulphuric  acid  on  the  so-called  reserve 
cellulose  (Reiss,  B.  22,  609,  3218)  and  on  salep 
juice  (Tollens  a.  Gans,  A.  249,  256),  and  by  the 
oxidation  of  mannitol  (Fischer  a.  Hirschberger, 

B.  21,  1805  ;  22,  1155  a.  3218;  Carlet,  J.  1860. 
2.50;  Gorup-Besanez,  4.118,  2.57  ;  Dafert,  B.  17, 
227). 

Preparation.  —  Sifted  ivory  nut  shavings 
(1  pt.)  are  digested  with  6  p.c.  hydrochloric  acid 
(2  pts.)  for  six  hours  on  the  water-bath,  filtered 
hot,  and  the  residue  pressed  and  extracted  with 
water.  The  brown  solution  contains  the  sugar. 
It  may  be  obtained  as  hydrazide  by  adding 


phenyl-hydrazine  acetate,  and  this  is  decom- 
posed by  hydrochloric  acid  with  reproduction  of 
the  sugar  (Fischer  a.  Hirschberger,  B.  22,  365  a. 
3218). 

Properties. — Mannose  is  precipitated  from 
its  alcoholic  solution  by  ether  ;  the  syrup,  on 
keeping  underabsolute  alcohol, solidifies  to  ahard 
colourless  mass  which  shows  no  sign  of  crystal- 
line structure.  Its  solutions  are  dextrorotatory, 
[a]]5  =  13-0°approx.;  they  are  reduced  by  Fehling's 
solution,  1  c.c.  of  this  solution  being  reduced  by 
4-307  mgm.  mannose,  i.e.  K  =  110°-112°.  It  is 
fermented  by  yeast. 

Beduetion. — Mannose  is  reduced  by  sodium- 
amalgam  to  mannitol. 

Oxidation. — Mannose  is  oxidised  by  bromine 
to  mannonicacid,  the  lactone  of  which  (G,-H,„0,,) 
crystallises  in  colourless  needles,  readily 
soluble  in  water  and  less  in  alcohol;  it  is  dextro- 
rotatory in  aqueous  solutions,  [a]i,  =  53-8°,  and 
forms  a  phenylhydrazide  Ci.^H.gN.p,;,  m.p.  214°- 
216°.  Its  optical  isomeride,  Z-mannonic  acid,  is 
obtained  by  the  nitrile  reaction  from  arabinose. 
Oxidised  with  nitric  acid,  manno-saccharic  acid 
is  obtained  (Easterfield,  C.  J.  1891,  306  ;  Fischer, 
B.  24,  539).  It  crvstallises  in  colourless  needles, 
m.p.  180^-190°,  and  [a]^  =  201-8°.  With  ammonia 
ityields  a  monamide,and  withphenylhydrazinea 
mono- and  di-phenylhydrazide.  Kiliani's  meta- 
saccharic  acid  is  its  optical  isomeride  (Z-manno- 
saccharic  acid)  (Fischer,  I.e.). 

Action  of  aeids.  Hot  hydrochloric  acid  has 
little  action  on  mannose,  but  if  the  heating  be 
continued  for  some  time,  humus  substances  are 
formed. 

Action  of  alkalis.  Alcoholic  potash  pre- 
cipitates a  flocculent  hygroscopic  substance 
from  solutions  of  the  sugar. 

Compounds. — Lead  acetate  and  ammonia  pro- 
duce a  precipitate  which  becomes  yeUow  on 
keeping.  With  phenylhydrazine  it  yields  a 
sparingly  soluble  hydrazide,  CioHisN.^O-,  crys- 
tallisingin yellow  slender  prisms,  m.p.  195°-200°, 
lagvorotatoryin  dilute  hydrochloric  acid  solution. 
By  heating  the  hycb'azide  with  excess  of  phenyl- 
hydrazine  hydrochloiide,  sodium  acetate,  and 
water,  it  yields  an  osazone  C,gH>._,Nj04  crystal 
lising  in  yellow  needles,  which  is  identical  with 
phenylglucosazone.  With  di-phenyl-hydrazine 
it  yields  adi-phenyl  hydrazide,  m.p.  155°.  With 
hydrocyanic  acid  it  yields  a  compound  which  is 
easily  decomposed,  yielding  mannose-heptonic 
acid  ;  its  lactone  crystallises  in  needles, 

m.p.  148°-150° ;  by  reduction  with  hydriodic  acid 
normal  heptoie  acid  is  obtained.  With  hydro- 
xylamine  mannose  yields  an  oxim  C^HijO^N, 
m.p.  184°  (Reiss,  I.e. ;  Fischer  a.  Hirschberger, 
B.  22,  1155).  Aceto-chloro-mannose  is  obtained 
by  the  action  of  acetyl  chloride  (Fischer,  I.e.). 

Phlorose  C^H,20^.  This  has  been  shown  to 
be  identical  with  dextrose  (Rennie,  C.  J.  887, 
636  ;  Fischer,  B.  21,  988). 

Crocose  C„H|,,Oe.  Kayser  {B.  17,  2232)  a. 
Bochleder  a.  Mayer  {J.  pr.  74,  1)  obtained  a 
dextrorotatory  sugar  by  heating  saffron  (from 
Croeiis  elcet'us  or  yellow  shoots  of  Gardenia 
grandiflora)  with  dilute  sulphuric  acid.  It  forms 
rhombic  crystals,  which  only  reduce  half  as  much 
copper  oxide  as  dextrose.  According  to  Fischer 
(B.  21,  988),  it  yields,  with  plienylhydrazine,  an 
osazone  identical  with  phenylglucosazone. 
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Lokaose  CgHioOg  is  obtained  from  lokao  or 
Chinese  green  by  boiling  with  dilute  sulphuric 
acid,  lokaonic  acid  yielding  lokanic  acid  and 
lokaose  Cj2H„0.,.  =  C36H3„Ooi  +  CeH,,,Oa.  Lokaose 
forms  minute  acicular  crystals,  and  is  distin- 
guished from  dextrose  by  being  optically  in- 
active and  having  a  lower  reducing  power 
(K  =  50)  (E.  Kayser,  B.  18,  3417). 

Tabakose  is  .said  to  exist  in  tobacco  (Att- 
field,  Ph.  541). 

Digitalose  C^HuO,  is  obtained,  together  with 
dextrin,  by  the  action  of  strong  hydrochloric 
acid  on  digitalin ;  oxidised  with  bromine  it 
yields  digitalonic  lactone  C^IL,J[)^ ;  hence  the 
formula  of  the  sugar  (Kihani,  Ar.  Ph.  230,  250  ; 
B.  25,  2116). 

Aromatic  sugar.  Phenyltetrose  (Fischer  a. 
Stewart,  B.  25,  2555).  Cinnamaldehyde  cyan- 
hydrin,  when  dissolved  in  chloroform  and 
bromine  added,  yields  phenyl-dibromo-oxy- 
butyronitril  CHPhBr.CHBr.CH(OH)CN ;  this 
when  heated  with  hydrochloric  acid  yields 
phenylbromodioxybutyrolactone 

CHPh</^^-Q '^^>CH.OH,  from  which  the  acid 

CHPh.CHBr.CH(OH).COOH  is  easily  obtained; 
on  reduction  this  yields  phenyltetrose 
OH.CHPh.CH(OH).CH(OH).COH.    It  yields  a 
phenylhydrazide,  m.p.  164°. 

For  Acrose,  Formose,  Glycerose,  see  Synthesis 
of  the  Sugars. 

Class  II.    The  '  -on '  sugars. 

(a)  Dipentose. 

Arabiuon,  diarabinose,  or  arabiubiose 
CjoHjgOg.  A  product  of  the  partial  hydrolysis 
of  a  series  of  gum  acids.  A  25  ji.c.  solution  of 
any  of  the  strongly  rotating  gum  acids  is  heated 
to  boiling,  and  2  g.  sulphuric  acid  for  every 
100  c.c.  solution,  previously  diluted  with  4  to  5 
volumes  water,  added.  At  the  end  of  10  to  15 
minutes'  digestion  the  solution  is  quickly 
cooled  and  alcohol,  sp.gr.  -830,  added  as 
long  as  a  preciijitate  forms.  The  clear  alcohoUc 
solution  contains  drabinoji  and  arabinose,  and 
some  arabinon  is  taken  down  with  the  precipitate, 
and  on  again  dissolving  it  in  a  little  water  and 
reprecipitating  with  alcohol,  the  arabinon  often 
ajjpears  on  the  surface  of  the  syrup  in  sphero- 
crystals,  and  the  aleohohc  supernatant  liquid 
contains  it  in  quantity.  It  is  easily  soluble  in 
water  and  methyl  alcohol.  Dilute  ethyl  alcohol 
also  dissolves  it,  but  absolute  alcohol  precipitates 
it  as  a  syrup  from  a  strong  methyl  alcohol  solu- 
tion. Ether  also  precipitates  it.  Its  solutions 
are  dextrorotatory,  [a]i>=  -i- 202°  (c.  6'466),  there 
appears  to  be  an  increase  with  the  concentration ; 
it  reduces Fehling's  solution;  K  =  58(K  =  57'5  if 
2  mols.  sugar  reduce  9  mols.  CuO).  D  =  3-95. 
It  tastes  sweet,  and  is  easily  diffusible.  Dilute 
acids  hydrolyse  it,  the  sole  product  being  ara- 
binose, 

C,„H,30„  +  H,0  =  2C,H,„0, 
Ai-abiuon  Arabinose 
(O'SuUivan,  0.  /.  1890,  59). 
(6)  Bihexoses. 

Cane  sugar.    Saccharon,  siicrose  C,2H220„. 

Occurrence.  —  Cane  sugar  is  widely  distri- 
buted throughout  the  vegetable  kingdom,  and  is 
frequently  accompanied  by  dextrose  and  Isvulose. 
The  most  important  sources  are  the  sugar-cane 
{Saccharum  offlcinarum) ;  the  sugar-beet  {Beta 


vulgaris) ;  the  sugar-maple  (Acer  saccharinum) 
and  Sorghum  saccharatmn  (Girard,  C.  R.  102, 
103  ;  Centrbl.f.  Agric.  Ch.  1886.  683  ;  Berthelot^ 
C.B.  53,  583  ;  A.  Ch.  [3]  55,  289  ;  Buignet,  A.  Ch. 
[3]  61,  233  ;  Maxwell,  L.  V.  36,  15,  Am.  12,  265  ; 
Reports  of  the  Department  of  Agriculture,  Wasli- 
ington,  No.  6  ;  The  Sugar  Bidustry  of  the  United 
States,  by  Wiley,  1885  ;  The  Literature  of  the 
Sugars,  H.  L.  Both,  London,  1890  ;  Gossmann, 

A.  104, 335  ;  Hermbstadt,  Gehlen's  J.  f.  Ch.  Ph. 
Min.,  8,  589  (1809)  ;  Beier,  Jahresh.  f. 
Zuckerfabr.  5,  139  ;  Balland,  /.  Ph.  [4]  25,  97 ; 
Corenwinder,  C.  R.  83,  1238 ;  A.  v.  Wachtel, 

B.  C.  1880,  344 ;  Stone,  B.  23,  1406 ;  Wiley, 

C.  N.  51,  88 ;  Ann.  Agronom.  11,  392  ;  Sehulze 
a.  Seliwanoff,  L.  V.  1887.  403  ;  Washburn  a. 
ToUens,  B.  22,  1047;  Stiugl  a.  Morawski,  M. 
7,  176  ;  8,  82  ;  Deon,  Bl.  [2j  32,  125  ;  Keali,  Q. 
17,  325;  Sehulze,  L.  V.  1887,  403,  408  ;  v. 
also  the  references  under  the  heading  Dextrose, 
Occurrence,  and  many  others  throughout  the 
range  of  chemical  hterature). 

Formatioji. — leery  [A.  Ch.  [4]  5,  350)  and 
Jackson  (G.  R.  46,  55)  found  that  in  the  early 
period  of  vegetation  of  many  plants,  invert  sugar 
only  occurs,  and  that  cane  sugar  is  formed  later. 
Leplay  (C  R.  46,  444)  confirms  this  observation 
in  the  case  of  sugar-cane.  Barley  contains  from 
0-8  to  1-6  p.c.  cane  sugar,  whereas  germinated 
barley  (malt)  contains  from  2-8  to  6'0  p.c.  cane 
sugar  ;  the  starch  of  the  endosperm  being  con- 
verted into  cane  sugar  for  the  use  of  the  growing 
plant  (Kuhnemann,  B.  8,202,  387  ;  Kjeldahl,  iJds. 
dxi  C.  R.  des  Travaux  du  Lab.  de  Carlsberg, 
1881,  189  ;  O'SuUivan,  G.  /.  1886,  58).  Brown 
a.  Morris  (C.  J.  1890,  516)  found  that  the  cane 
sugar  of  germinated  barley  was  chieiiy  localised 
in  the  embryo,  whilst  maltose  appears  in  the 
endosperm ;  they  consider  that  starch  is  first 
converted  by  diastase  into  maltose  in  the  endo- 
sperm, and  then,  being  transferred  to  the  embryo, 
is  converted  into  cane  sugar  for  the  purpose  of 
growth.  CoUey  a.  Vakovitch  (BL  [2]  34,  326) 
may  have  obtained  cane  sugar  by  acting  on 
barium  lasvulosate  with  acetochlorhydrose,  but 
the  evidence  is  not  satisfactory.  Aubert  a. 
Giraud  (D.  P.  J.  257,  298)  state  that  by  passing 
an  electric  current  through  acidified  starch-paste 
at  100°C.  cane  sugar  may  be  manufactured  (?). 

Preparation. — (For  the  commercial  prepara- 
tion of  cane  sugar  see  Thorpe's  Dictionary 
OF  Applied  Chemistry.)  The  best  samples  of 
commercial  cane  sugar  consist  of  almost  the 
pure  sugar.  Dry,  clean,  glassy  sugar-candy  is 
sufficiently  pure  for  most  purposes.  Absolutely 
pure  saccharon  may  be  obtained  by  careful 
crystallisation  from  warm  aqueous  solutions  ;  or 
a  cold,  clear  saturated  solution  made  with  care- 
fully-purified distilled  water  is  mixed  with  an 
equal  volume  of  purified  ethyl  alcohol,  S.G. 
•820,  with  continual  stirring.  On  standing, 
saccharon  crystallises  out  in  pure  glassy  crystals. 

Properties. — Cane  sugar  forms  fine  large 

monoclinic  hemihedral  crystals,  S.G.  1*58047 

(Schroder,  B.  12,  562  ;  Gerlach,  D.  P.  J.  172,  31 
and  286  ;  Joule  a.  Playfair,  C.  J.  1,  130),  which 
do  not  contain  water  of  crystallisation.  It  is 
easily  soluble  in  water  ;  100  parts  of  a  solution 
saturated  at  0°  contain  65-0  pts.  saccharon,  at 
20°  67  pts.,  and  at  40°  75-8  pts.  (Scheibler, 
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Z.  F.'  22,  253).  A  large  number  of  figures  have 
been  given  to  represent  the  relation  between  the 
quantity  of  sugar  in  solution  and  the  specific 
gravity  thereof  (v.  Lippmann's  Zuckerarten ; 
Brown  a.  Heron,  C.  J.  1879,  644 ;  P6rier,  C.  R. 
108,  1202),  and  much  apparent  contradiction 
exists  on  the  subject;  but  the  bulk  of  this  dis- 
appears when  the  processes  by  which  the  figures 
were  obtained  are  inquired  into.  The  general 
agreement  is  with  the  numbers  of  Balling,  con- 
firmed, within  the  limits  of  error,  by  Scheibler 
a.  Mategczek  (Z.  V.  15,  586  ;  24,  827  ;  27,  32) 
and  others.    These  are ; — 

J?er  cent,  sacoharon  ^'^17^50 


1  sui.  . 

5  1-01970 

10  1-04014 

20  1-08329 

40  1-17943 


The  relation  is  sometimes  more  convenient 
when  expressed  as  weights  in  measure.  If  a 
vessel  be  made  to  hold  100  g.  H„0  at  15"5°, 
and  such  is  the  100  c.c.  vessel  most  generally 
in  use,  then  a  solution  containing 
20  g.  sacoharon  in  this  100  c.c.  =  sp.  gr.  1-07686 
10  „  „  „  1-03857 

5  „  „  „  1-01931 

1  „  „  „  1-00386 

Hence,  if  the  sp.gr.  of  a  pure  cane  sugar  is 
known  the  amount  of  sugar  in  the  100  c.c.  can 
be  arrived  at  broadly  by  dividing  the  S.G.  —  1-000 
by  -00385.    This  number  multiplied  by  1000  has 
been  called  the  D  of  the  sugar.    D  =  3-85  for  j 
sacoharon.    The  use  of  the  number  gives  too 
low  an  indication  for  the  higher  specific  gravities 
and  too  high  a  one  for  the  lower  ones,  being 
almost  accurate  for  solutions  containing  between 
10  and  20  g.  sugar  per  100  c.c.    It  is  a  useful, 
practical  factor  when  its  meaning  and  value 
are  understood,  being  at  most  3  per  1000  inoor-  1 
rect.  I 
Concentrated  sugar  solutions  possess  a  higher  1 
boiling-point  than  water,  an  80  p.c.  solution  boils 
-at  112°,  a  90-8  p.c.  solution  at  130°  (Gerlach, 
D.  P.  J.  172,  31  and  286). 

Solutions  of  pure  cane  sugar  crystallise 
quickly,  but  if  foreign  matters  are  present  the 
■crystallisation  is  very  much  slower,  and  the 
forms  of  the  crystals  vary  with  the  character  of  j 
the  impurity ;  some  impurities  entirely  prevent 
crystallisation.  These  facts  play  a  most  im- 
portant part  in  the  refinery  (see  art.  in  Dictio- 
N.\EY  OF  Applied  Cheiostky  and  v.  Lippmann's 
Zuckerarten,  p.  115).  Solutions  of  cane  sugar 
are  highly  diactinic  (Hartley,  C.  J.  1887,  59). 
Cane  sugar  is  soluble  in  methyl  and  ethyl 
alcohol,  acetone,  and  glycerin  in  proportion  to 
the  amount  of  water  they  contain,  being  almost 
insoluble  in  them  when  they  are  anhydrous 
(Scheibler,  Z.  V.  22,  246  ;  B.  5,  343).  Solu- 
tions of  cane  sugar  and  the  fused  sugar  are 
optically  active,  rotating  the  plane  of  polarisa- 
tion to  the  right;  crystallised  sugar  is  not 
optically  active.  The  oldest  value  given  for 
specific    rotatory    power    is    [a]j  =  +  73-8°  = 

_[a]i,  =  -I-  66-6°  (24:21-67:  :73-8°:66-6°). 
This  is  only  an  approximate  average  number, 
much  of  the  same  value  as  the  D  described 

•  Z.  r.=Zeilschrifl  des  Vereins  fur  dvi  RUljenzitcker  in- 
diistrie  des  deutschen  Reiches. 


above.  It  is  the  apparent  specific  rotatory 
power,  and  may  be  called  the  working  value. 
Tollens  (B.  17,  1757),  Schmitz  (B.  10,  1419), 
Girard  a.  de  Luynes  (C.  R.  80,  1355),  and  Calde- 
ron  (C  R.  83,  393),  from  numerous  observations 
worked  out  an  absolute  value.  Tollens  gives 
[o]i,  =  66-386  +  0-015035P  -  0-0003986P=,  where 
Pis  the  p.c.  of  sugar;  Schmitz's  numbers  are 
[a]D  =  64-156  -I-  0-051596g  -  0-000280522-,  where 
g  =  p.c.  of  water.  The  optical  activity  diminishes 
with  the  concentration  of  the  solution,  so  that 
for  a  100  p.c.  solution  [i.e.  for  the  dry  sugar,  if 
the  curve  follows  the  same  course  as  the  obser- 
vations) the  specilic  rotatory  power  is  [a\^  =  64° 
approximately,  while  very  weak  solutions,  as  1  p.c. 
for  example,  it  is  [aj^  =  67°  (Pibram,  B.  20, 1849  ; 
Nasini  a.  Villavecchia,  Gaz.  22,  1,  97).  The 
temperature  of  observation  has  but  a  very  slight 
influence  on  the  optical  activity  (Dubrunfaut, 
A.  Ch.  [3]  18,  99  ;  Andrews,  M.  S.  [4]  3,  1366). 
The  specific  rotatory  powers  of  solutions  of  the 
sugar  in  mixtures  of  water  and  ethyl  alcohol, 
methyl  alcohol,  and  acetone  respectively  are 
slightly  greater  than  that  of  aqueous  solutions  ; 
if  the  latter  be  taken  at  [ajc  =  66-67°  they  are 
respectively  [0]^  =  66-83°,  68-63°,  and67-40=  (Tol- 
lens,B.  C.  1881,570).  Theoptical  activity  of  fused 
sugar  is  less  than  that  of  its  solutions,  and  di- 
minishes according  to  the  length  of  time  it  has  been 
kept  fused.  This  is,  no  doubt,  due  to  the  presence 
of  decomposition  products.  The  specific  rotatory 
power  of  aqueous  solutions  is  altered  by  the 
presence  of  most  foreign  substances ;  alkalis 
and  alkaline  earths  diminish  it  (Thomsen,  B. 
14,  1649  ;  V.  Lippmann,  Zuckerarten,  p.  157  ; 
Farnsteiner,  B.  23,  3570).  Lead  acetate  does 
not  appear  to  have  any  influence,  while  ammonia 
increases  the  rotation  (Ost,  N.  Zcitsch.f.RUbem.- 
Incl.  9,  42).  The  dispersion  of  cane-sugar  solu- 
tions is  almost  the  same  as  that  of  quartz,  so 
that  the  rotation  of  the  plane  of  polarisation 
caused  by  a  sugar  solution  may  be  almost 
completely  neutralised  by  a  plate  of  left-handed 
quartz  of  the  correct  thickness.  Grimbert 
(/.  Ph.  [5]  16,  295)  gives  [a]i,  =  66-45°  and 
[a]c  =52-85°,  so  that  the  dispersive  power  for 
these  two  wave-lengths  is  1-257.  The  refractive 
index  for  sugar  solutions  has  been  determined 
for  seven  lines  of  the  spectrum  (Obermeyer, 
Landolt-Bornstein,  Physikalisch-chcm.  Tabellen, 
Berlin,  1883,  p.  213;  Kanonnikoff,  B.  16,  3047). 
Gladstone  (C  /.  1891,  589)  finds  the  molecular 
refraction  of  cane-sugar  solutions  to  be  118-7 
for  the  A  line,  and  the  molecular  dispersion  be- 
tween A  and  H  lines  4-73. 

Action  of  heat.  Dry  cane  sugar  melts  at 
160°,  and  solidifies  on  cooling,  if  care  be  taken 
and  the  temperature  does  not  exceed  160°,  to  a 
colourless,  glassy  mass  ;  but  if  the  temperature 
be  maintained  the  fused  mass  becomes  slightly 
coloured,  and  on  cooling  yields  the  substance 
known  as  barley-sugar,  this  after  a  time  becomes 
crystalline ;  but  even  with  the  greatest  care  it 
seems  impossible  to  fuse  the  sugar  without  pro- 
ducing some  decomposition.  With  the  appearance 
of  the  colour  dextrose  and  Irevulosan  are  probably 
the  chief  products  ;  but  although  much  work  has 
been  done  on  the  subject,  the  exact  nature  of 
the  alteration  is  not  settled.  A  Uttle  furfural  is 
formed  at  times  (G61is,  A.  Ch.  [3]  57, 234  ;  C.  R. 
51,  331 ;  Schifi',  B.  20,  540).    When  the  tempo- 
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rature  is  raised  to  200°  distinct  decomposition 
sets  in,  caramel  is  formed,  gases  are  evolved,  and 
filially  a  residue  of  charcoal  remains.  Among 
the  gases  are  carbon  dioxide,  carbon  monoxide, 
marsh  gas,  ethylene,  acetylene  ;  among  the  vola- 
tile products  are  water,  acetone,  formic,  acetic, 
and  propionic  acids,  aldehyde,  furfural,  acrolein, 
benzoic  aldehyde,  and  a  bitter  substance  assa- 
mur  (Volckel,  A.  85,  59  ;  86,  63  ;  87,  303  ;  Fremy, 
A.  15,  278;  Schiff,  B.  20,  540;  A.  288,  380; 
Keiohenbach,  A.  49,  3).  Caramel  has  the  same 
composition  as  cane  sugar,  less  one  or  more 
molecules  of  water.  It  is  soluble  in  water  and 
partly  soluble  in  alcohol,  and  probably  consists 
of  a  mixture  of  several  bodies.  Baryta  and  basic 
lead  acetate  give  precipitates  with  it.  It  com- 
bines with  aniline,  reduces  some  metallic  salts, 
and  yields  an  acid  vrith  chlorine.  It  is  largely 
used  as  a  colouring  matter  in  cookery,  brewing, 
&c.  (Gehs,  A.  Ch.  [3]  52,  386 ;  65,  190  a.  496  ; 
Graham,  A.  Ch.  65,  190  ;  Peligot,  A.  Ch.  [2]  67, 
172 ;  Volckel,  A.  75,  59 ;  85,  74  ;  Pohl,  J.  pr. 
82,  148  ;  Schiff,  B.  4,  908  ;  Wachtel,  Org.  d. 
Centr.-Ver.  17,  930). 

It  seems  proved  that  when  dry  saecharon  is 
heated  at  100°,  even  for  a  long  time,  no  change 
takes  place,  and,  as  has  been  said,  the  sugar  can 
be  heated  to  the  melting-point,  160°,  without  pro- 
ducing any  marked  decomijosition,  but  it  would 
appear  that  rapid  heating  to  this  temperature 
can  produce  a  mixture  of  dextrose  and  Isevulosan, 
without  any  change  in  weight.  If,  however,  a 
mixture  of  100  pts.  of  the  sugar  and  about  5 
pts.  water  is  heated  at  150°  for  some  time,  a 
mixture  is  produced  which  contains  little  or  no 
unaltered  saecharon,  but  which  consists,  in  part 
at  least,  of  a  sugar  said  to  be  optically  inactive, 
and  to  be  a  compound  of  bi-rotating  dextrose  and 
Iffivulose.  Other  bodies  must  also  be  present, 
probably  dextrose  and  Isevulose.  The  compound 
sugar  is,  no  doubt,  present,  but  inasmuch  as  it 
has  never  been  isolated  it  cannot  be  said  with 
certainty  that  it  is  inactive  (Morin,  0.  B. 
8(j,  1033;  Berzelius  a.  Mitscherlich,  J.  Ph.  3,  4, 
216).  The  so-called  inactive  sugar  is  easily  con- 
verted by  boiling  with  water  into  dextrose  and 
Ittjvulose.  Neutral  aqueous  solutions  of  saecha- 
ron are  slowly  inverted  on  boiling.  They  are, 
however,  stable  in  the  cold,  if  steriUsed,  and  can 
be  concentrated  under  diminished  pressure 
at  50°-60°  without  undergoing  much  change 
(Kreuster,  Z.  V.  25, 521 ;  Bechamp,  A.  Ch.  [3]  54, 
28  ;  Morin,  C.  B.  86, 1,083  ;  Horsin-Deon,  Bl.  [2] 
32,121 ;  Gunning,  Z.  V.  27,  895).  By  heating  to 
150°-200°  in  a  sealed  tube,  humus  substances, 
formic  acid,  pyrocatechin,  and  other  bodies  are 
formed  (Low,  Z.  1867,  510 ;  Hoppe-Seyler,  B. 
4,  15). 

Action  of  acids.  All  dilute  acids,  even  car- 
bonic acid,  hydrolyse  (invert)  cane  sugar, 
causing  the  assimilation  of  one  molecule  of 
water  and  the  production  of  equal  quantities  of 
dextrose  and  Isevulose, 

Saecharon  Dextrose  Lsevulose 

C„H,,0„  +  H,0  =  C,H,„P3  +  C,H,,0, 
This  mixture  is  called  invert  sugar.  The  ex- 
periments made  on  this  phenomenon  may  be 
classified  under  two  headings  :  (a)  the  action  of 
different  acids  acting  under  the  same  conditions 
on  the  sugar  solutions  ;  (b)  the  action  of  the 
same  acids  under  varying  conditions.  With 


regard  to  those  coming  under  the  first  heading,. 
Ostwald's  experiments  are  the  most  complete 
(J.  pr.  [2]  29  385  ;  30,  93  a.  225  ;  31,  307  ;  Koral, 
J.  pr.  [2]  34,  109).  He  examined  the  action  of 
thu'ty-two  acids,  and  finds  that  there  is  a  close 
relation  between  the  constants  of  inversion  and 
the  affinities  of  the  acids.  See  also  Fleury 
{D.  P.  J.  219,  436  ;  J.  Ph.  [4]  22,  423).  With 
regard  to  reactions  coming  under  the  second 
heading,  it  is  found  that  inversion  proceeds  more 
rapidly  in  hot  solutions  than  in  cold  ones 
(several  formulae  have  been  given  to  express  this 
relation,  v.  Arrhenius,  Zeit.  phys.  Ch.  4,  226  ; 
Urech,  B.  20, 1836) ;  that  increase  in  the  percen- 
tage of  acid  increases  the  rapidity  of  inversion ; 
that,  the  percentage  of  acid  to  water  being  con- 
stant, increase  of  volume  decreases  the  time  ;  and 
that  the  percentage  of  acid  to  sugar  being  con- 
stant, increase  of  volume  (dilution)  increases  the 
time  (Lowenthal  a.  Lenssen,  J.pr.  85,  321  a.  401 ; 
Urech,  B.  13,  1696  ;  15,  2130  ;  B.  C.  1881,  570  ; 
1883.  501).  The  presence  of  neutral  salts  some- 
times increases  and  sometimes  diminishes  the 
rapidity  of  inversion  ;  for  a  detailed  account  see 
Spohr  {J.  pr.  [2]  32,  32  and  33,  265).  If  the 
heating  be  long  continued,  or  if  too  strong  acids 
be  used,  most  of  the  Itevulose  and  part  of  the 
dextrose  is  destroyed,  and  humus  substances, 
acetopropionic  and  formic  acids  are  produced 
(Mulder,  J.  pr.  21,  219  ;  Malaguti,  A.  17,  52 ; 
Stein,  A.  30,  82  ;  Conrad,  B.  11,  2178  ;  ToUens, 
B.  14,  1951 ;  Sestini,  L.  V.  26,  285 ;  27,  163  ; 
Conrad  a.  Guthzeit,  B.  18,  439  ;  19,  2569  a. 
2844  ;  Tollens  a.  Grote,  A.  175,  181,  206,  237 
a.  233.  The  inversion  of  cane  sugar  cannot  her 
carried  out  by  heating  with  acids  without  de- 
stroying some  IsBvulose  (g.  v.),  unless  the  tempe- 
rature and  quantity  of  acid  be  kept  within  well- 
defined  limits  (Juugfleisch  a.  Grimbert,  G.  B. 
108,  144 ;  Wohl,  B.  23,  2084).  Nicol  (Fr.  14, 
180)  and  Clerget  {A.  Ch.  [3]  26,  175)  give  in- 
structions for  the  preparation  of  pure  invert  sugar- 
According  to  the  latter,  5  c.c.  of  strong  hydro- 
chloric acid  is  added  to  50  c.c.  sugar  solution, 
containing  8'175  g.  saecharon,  and  heated 
for  ten  minutes  at  68°.  Under  these  conditions 
the  sugar  is  completely  inverted,  and  the  pro- 
ducts are  unacted  upon.  They  are  identical  in 
optical  activity  and  cupric  reducing  power  with 
the  sugar  obtained  by  the  action  of  invertase 
(see  Action  of  f&rments)  under  the  most  favour- 
able conditions.  There  is  no  doubt  that  invert 
sugar  is  a  mixture  of  Isevulose  and  dextrose  in 
equal  quantities  (Jungfleisch  a.  Grimbert,  G.  R. 
108,  144  ;  107,  390),  as  its  properties  agree  in 
every  particular  with  that  of  a  mixture  of  these 
two  sugars  in  molecular  proportions.  Concen- 
trated sulphuric  acid  dissolves  cane  sugar  at  the 
freezing  temperature,  without  the  production  of 
colour,  but  slight  heating  causes  it  to  swell  up 
to  a  black,  frothy  mass  ;  a  blue  fluorescent  body 
is  formed  (Simmler,  C.  C.  1862,  378).  Other 
acids  act  in  a  similar  way  (Gmelin-Kraut,  Hand- 
buch  d.  Ch. ;  van  Kerckhoff,  J.  p>r.  69,  48). 

Action  of  alkalis.  Dilute  alkalis  do  not  act 
on  cane  sugar  in  the  cold,  and  but  slowly  on 
heating  (Michaelis,  /.  pr.  56,  430).  By  heating 
with  potassium  hydroxide  and  but  little  water, 
decomposition  takes  place,  carbon  dioxide,  acet- 
one, and  formic,  acetic,  propionic,  and  oxalic 
acids  are  formed  (Gottlieb,  A.  52,  122).  Potash, 
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or  baryta  under  certain  conditions  yield  a  large 
quantity  of  lactic  acid  (Schiitzenberger,  Bl.  [2] 
25,  289).  Milk  of  lime  and  strontia  also  decom- 
pose cane  sugar  by  i^rolonged  heating  (Fremy, 
A.  15,  278 ;  Benedict,  A.  162,  303  ;  Niedschlag, 
Deutsche  Zuckerind.  1887.  159  ;  Pinner,  B.  16, 
1728). 

Oxidation.  Cane  sugar  is  easily  oxidised 
by  almost  all  the  common  oxidising  agents.  Free 
oxygen  does  not  act  on  it,  but  in  tlae  presence  of 
platinum  black  it  does ;  ozone  also  oxidises 
it  (Gorup-Besanez,  A.  110,  103).  Chlorine  or 
bromine  yields  gluconic  acid,  glucose,  and  other 
substances  (Keichardt,  B.  C.  1880,  559  ;  Gries- 
hammer,  A.  Ph.  [3]  15, 193)  ;  the  same  reaction 
takes  place  in  the  presence  of  lead  or  silver 
oxide  (Hlasiwetz  a.  Habermann,  A.  155,  128 ; 
Herzfeld,  A.  220,  353).  Iodine  and  potassium 
carbonate  yield  a  little  iodoform  (Millon,  C.  R. 
21,828).  The  more  powerful  oxidising  reagents — 
such  as  strong  chromic  acid,  chlorate  of  potash, 
strong  sulphuric  acid,  &c. — act  so  violently  as  to 
cause  explosions.  Strong  nitric  acid  acts  very 
energetically  ;  dilute  nitric  acid  yields  saccharic 
and  oxalic  acids  ;  anhydrous  nitric  acid,  or  a 
mixture  of  strongnitric  and  sulphuric  acids,  yields 
a  nitrate  (Sobero,  C.  R.  24,  247  ;  Schonbein,  P. 
70,  104  ;  Carey-Lea,  Bl.  [2]  10,  415;  Tollens,  B. 
15,  1828 ;  Salkowski,  B.  15,  1738  ;  Heintz,  A.  51, 
185  ;  P.  61,  315  ;  Keinsch,  Jahrb.  f.  Pharjn.  18, 
337  ;  Hornemann,  J.pr.  89, 304  ;  Tollens,  Chcm. 
Zeit.  11, 1178).  Fehling's  solution  is  not  reduced 
by  cane-sugar  solution,  neither  are  alkaline  solu- 
tions of  other  oxides,  except  ammoniacal  silver 
solutions,  which  are  reduced  slowly  in  the  cold 
and  quicker  on  warming;  but  many  neutral  or 
acid  metallic  solutions  are  reduced  (Tollens, 
Z.  V.  32,  712 ;  B.  15,  1828  ;  Salkowski,  B. 
15,  1738).  Dilute  chromic  acid  oxidises  cane 
sugar  to  oxalic,  formic,  and  carbonic  acids ; 
potassium  permanganate  yields  carbonic  acid 
and  water ;  by  careful  oxidation  in  the  cold, 
oxalic  and  formic  acids  are  also  produced  (Heyer, 
Ar.  Ph.  [3]  20,  336  a.  430  ;  Brunner,  B.  12,  549). 
Maumene  (Bl.  [2]  22,  2;  30,  99)  says  that 
three  acids,  di-,  tri-,  and  hexa-pinic  acids  C2H4O4, 
CjHgOs,  and  CjHioO^,  are  formed  under  certain 
conditions. 

Action  of  ferments.  Cane  sugar  is  not 
directly  fermentable  by  organised  ferments,  with 
the  exception  of  Manila  Candida ;  it  requires 
first  to  be  hydrolysed  (inverted),  and  for  this 
purpose  every  organism  which  has  the  power  of 
assimilating  cane  sugar  produces  an  organised 
ferment  or  enzyme  called  invertase,  which  first 
inverts  it  (Bernard,  icfows  de  Physiologic  Expir., 
Paris,  1856;  Hansen,  Meddelelser,  1888,  2,  143; 
Brown,  C.  J.  1886.  173).  The  action  of  in- 
vertase was  first  studied  by  Kjeldahl  (Medde- 
lelser, 1881,  3,  186)  ;  O'Sullivan  and  Tompson 
(C.  J.  1890,  834)  have  exhaustively  investigated 
the  subject.  They  tind  the  change  follows  the 
same  time  curve  as  a  catalytic  reaction ;  the 
time  necessary  to  perform  a  given  percentage  of 
hydrolysis  varies  directly  with  the  amount  of 
invertase ;  the  most  favourable  concentration  of 
the  sugar  solution  is  20-25  p.c,  and  the  most 
favourable  temperature  55°.  Hydrolysis  pro- 
ceeds slowly  at  the  freezing-point ;  it  ceases  at 
about  65°  ;  alkalis  immediately  stop  the  reac- 
tion, whereas  very  minute  quantities  of  acid 


aid  it.  Invertase  is  uninjured  by  the  reaction,  and 
is  capable  of  inverting  about  twenty-two  times  its 
weight  of  cane  sugar  per  minute  for  an  unlimited 
period.  The  dextrose  formed  is  in  the  bi-rota- 
tory  state  ;  on  standing,  the  invert  sugar  has  the 
same  optical  activity  as  that  obtained  by  the 
careful  action  of  dilute  acids.  See  also  Barth 
(B.  11,  474),  Mayer  [B.  C.  1881,  784  ;  1882,  850), 
Miiller  (Ann.  Agronom.  12,  481),Tamman  (Zeit. 
phys.  Ch.  3,  25).  Invertase  acts  at  a  tempera- 
ture higher  than  is  sufficient  to  kill  the  yeast 
whence  it  is  derived.  For  production  of  alcohol, 
acids,  &c.,  under  the  influence  of  organised  fer- 
ments, see  Fermentation. 

Compounds  with  acids.  Nitrosaccharon 
C,2H,a(NO.,)40,,  is  prepared  by  treating  the 
powdered  sugar  with  a  mixture  of  strong  H^SO^ 

'  and  fuming  HNO3  in  the  cold  (Schonbein,  P. 
70,  167;  Sobero,  C.  B.  24,  247).  It  is  a  white 
doughy  mass,  insoluble  in  water,  soluble  in  alco- 
hol and  ether.  Boiling  water  decomposes  it ; 
m.p.  20°.    It  is  explosive. 

With  arseniouB  acid  a  compound 
C,.,H2,0,|.As^,03  is  said  to  be  produced.  The 
composition  is  improbable. 

By  the  action  of  acetic  anhydride  and  glacial 
acetic  acid,  or  acetic  anhydride  and  sodium 
acetate,  a  series  of  acetates  have  been  obtained. 
In  these  the  group  CjHjO  takes  the  place  of  H. 
We  have  the  monoacetate  C,.jH,|(G,H.,0)0,i 

i  (Schiitzenberger  a.  Naudin,  Bl.  12,  206) ;  the 
tetracetate  C|^,8(C2H30),0,,  ;  the  hexacetate 
(Herzfeld,  N.'  Z.  3,  155)  ;  the  heptacetate 
(Schutzeuberger,  BL  12,  204;  C.  R.  61,  485); 
and  the  octacetate  (Herzfeld,  B.  13,  267 ;  Demole, 
C.  B.  89,  481),  all  more  or  less  resinous  sub- 
stances, diminishing  in  solubility  in  water  in 
proportion  to  the  number  of  acetyl  groups  they 
contain,  and  increasing  in  solubility  in  alcohol 
and  ether  with  the  same  change  in  composition. 
The  octacetate  is  said  to  crystallise  in  needles, 
m.p.  67°.  They  areaU  decomposed  by  the  action 
of  acids  and  alkalis  into  acetic  acid  and  the 
products  of  the  inversion  of  saccharon.  It  is 
probable  that  by  careful  treatment  with  alkalis 
in  equivalent  quantities  (sufficient  to  neutralise 
the  acetic  acid  formed)  saccharon  is  again  pro- 
duced.   Benzoyl  chloride  yields  with  saccharon 

'  a  hexabenzoate  C,„H,5(C-H-0),0,„  m.p.  109° 
(Baumann,  B.  19,  3220  ;  Skraup,  M.  10,  389). 

Cojnpounds  tvith  bases.  By  mixing  sodium 
ethylate  with  a  solution  of  cane  sugar  and  pre- 
cipitating with  alcohol,  a  compound  C|„H,,,NaOn 
is  obtained  (Pfeififer  a.  Tollens,  A.  211,  285). 
A  similar  potassium  compound  has  been  pre- 
pared (Soubeyran,  A.  43,  223  ;  Brendeche,  An. 
Ph.  [2]  29,  73).    Cane  sugar  combines  with 

,  many  bases,  forming  saccharates  which  are  de- 
composed into  the  sugar  and  carbonate  by  car- 
bon dioxide,  and  are  but  shghtly  soluble  in 
water.  The  most  important  of  these  are  barium 
saccharate  C,,H.„0,,.BaO,  strontium  saccharate 
C|„H„0„.SrO,'  and  C,2Hj.,0|,.2SrO,  the  former 
produced  by  mixing  solutions  of  its  consti- 
tuents ;  it  crystalhses  with  5H,0,  the  latter 
obtained  by  bringing  together  its  constituents 
in  boiling  solution.  Calcium  saccharates : 
C,,H„0„.3CaO  3aq  is   but  slightly  soluble  in 

!  water  ;   C|,,H,,0„.2CaO  2aq  and  C,,H,,20|,CaO 

1  are  soluble  in  water  and  decomposed  partly  by 

I  boiling  into  the  tri-saccharate  and  free  sugar. 


o52 


SUGAE. 


C,,H2,0„.CaO  +  2n,0,  C,.,H.,0„.2CaO,  and 
(C,2H„,^0,i)23CaO  have  also  been  described. 
Lead  acetate  alone  does  not  precipitate  cane 
sugar;  lead  acetate  and  ammonia  yield 
CjoHiijPbaOii  and  C^JI^sPhfi^^ ;  iron  and  copper 
yield  saccbarates ;  it  is  doubtful  if  magnesia 
forms  one  (Soubeyran,  A.  43,  223  ;  Stromeyer, 
Ar.  Ph.  [3]  25,  229 ;  Brendeche,  Ar.  Ph.  [2]  29, 
73 ;  Peligot,  J.  pr.  13,  379  ;  15,  76 ;  A.  [3]  54, 
377 ;  Landolt  a.  Degener,  Z.  Y.  82,  325 ;  Scheibler, 

B.  15,  2945  ;  16,  985 ;  v.  Lippmann,  Organ  d. 
Centr.  Ver.  18,  37  ;  B.  16,  2764 ;  Benedict,  B. 
6,413;  Harperath,  0;im.  Zeit.  1886.  323;  Boivin 
a.  Loiseau,  C.  B.  58,  60 ;  also  old  editions  of 
Watts'  Diet.).  Ammonia  gas  at  150°  forms 
brown  amorphous  bodies  ;  solutions  of  ammonia 
yield  similar  bodies  (Th6nard,  C.  B.  52,  444  ; 
Payen  a.  Schiitzenberger,  Jahresber.  f.  Zucker- 
fabr.  1861-62,  p.  191, 192 ;  Laborde,  J.  1874, 883). 

Compounds  with  metallic  salts.  Several 
compounds  of  saccharon  with  sodium  chloride, 
bromide,  and  iodide  have  been  prepared 
(Peligot,  A.  30,  71 ;  Maumene,  Bl.  15,  1  ; 
Gill,  C.  J.  1871,  269).  Such  compounds  are 
€,,Hj.0„.NaC1.2H,0 ;     2C,.,H..,0„.3NaC1.4H.,0 ; 

C,  2H,20„.NaBr.liH20;and2C,,H2.,0,i.3NaI.3H20; 
the  latter  is  avery  stable  and  definite  compound, 
and  is,  like  the  others,  easily  prepared  by  boil- 
ing a  mixture  of  the  sodium  salt  and  saccharon 
in  equivalent  quantities,  and  allowingthe  solution 
to  stand  in  a  quiet  place  over  sulphuric  acid. 
These  bodies  form  distinct  and  definite  crystals. 
No  definite  compounds  of  the  halogen  salts  of 
potassium  and  ammonium  with  saccharon  have 
been  described,  but  there  can  be  little  doubt, 
from  the  work  of  Gill,  that  such  are  obtainable. 
Lithium  salts  seem  to  give  lithium  compounds. 
Compounds  of  saccharon  with  sodium-acetate, 
nitrate,  iodate,  and  ishosphate  are  not  obtain- 
able (Gill,  I.e.).  A  double  salt  of  copper  sul- 
phate and  saccharon,  C,,K,.p,,.CuS04. 2aq 
crystallises  from  a  saturated  solution  of  the 
constituents  (Barreswil,  J.  Ph.  [3]  7,  29). 
The  sodium  mercury  chloride  compound 
2C,2H.„0,i.NaCl.HgCL  crystallises  in  minute 
crystals  on  the  slow  evaporation  of  a  solu- 
tion of  its  constituents  in  weak  alcohol 
(Boullay,  Bl.  12,  292).  A  borax  compound 
3C,„H2oO,i.Na2B40,.4H20  has  also  been  described 
(Sturenberg,  Ar.Ph.  18,  279).  Many  other  com- 
pounds have  been  described,  but  they  present 
no  material  interest. 

Saccharon,  like  many  other  organic  sub- 
stances, prevents  the  precipitation  of  many 
metals  from  their  solutions  by  ammonium, 
sodium,  and  potassium  hydroxide  ;  in  some  cases 
the  prevention  is  complete,  in  others  only  a 
portion  of  the  metal  is  retained  in  solution  (Lus- 
saigne,  C.  B.  14,  691 ;  Groth,  J.  pr.  [1]  92,  175  ; 
Pellet,  J.  Fabr.'  18,  22). 

With  phenyl-hydrazine  saccharon  yields  only 
liBvulose  and  dextrose  compounds  (g.  v.). 

Lactose.  Lacton,  lactobiose,  milk  sugar 
C,2H220„.H20(a)  and  C,„H.,20„(7). 

Occurrence. — Lactose  has  been  long  known. 
It  occurs  in  the  milk  of  the  mammaha  and  also 
in  the  fruit  of  Sapotillier  (Achras  Sapota) 
(Bouchardat,  Bl.  [2]  16,  26).  Lactose  constitutes 
3-5  p.c.  of  the  milk  of  women,  sheep,  goats,  and 
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cows,  6  p.c.  of  asses'  milk,  and  a  slightly  greater 
proportion  of  mare's  milk  (Fleischmann,  Das 
Molkereiioesen,  Braunschweig,  1875 ;  Kiihne, 
Lehrb.  d.  physiol.  Ch.  p.  573). 

Preparation. — Skim  milk,  or,  better,  milk  from 
which  the  fat  has  been  separated  by  mechanical 
means,  is  coagulated  with  rennet  and  the  whey 
digested  for  some  time  with  calcium  carbonate 
(chalk)  and  aluminium  hydroxide.  The  insoluble 
matter  is  then  filtered  out  and  the  filtrate  con- 
centrated in  a  vacuum  to  a  syrup  ;  this,  on 
standing,  yields  crystals  of  lactose.  During  con- 
centration some  matter  becomes  insoluble  ;  this 
should  be  filtered  out  before  final  concentration. 
The  crystals  are  purified  by  repeated  re-crystalli- 
sation from  solutions  concentrated  at  the  tempe- 
rature of  boilingwater  ;  on  cooling  CioH^^Oii.HoO 
crystaUises.  This  is  lactose  a.  If  the  saturated 
solution  is  evaporated  rapidly  on  the  water-bath 
with  continual  stirring,  small  crystals  of  CuHjjOn 
are  obtained  ;  lactose  7.  These  are  not  hygro- 
scopic. If  the  a  modification  is  dried  at  130° 
a  hygroscopic  mass  is  left,  which  is  known  as 
the  13  modification.  There  are  said  to  be  other 
modifications,  but  in  solution  after  boUing  they 
all  have  the  same  optical  activity  and  are  iden- 
tical (Enhng  a.  Eiif,  B.  C.  1882,  346 ;  Centbl. 
f.  Ag.  Ch.  1885,  130 ;  J.  Kunz,  Ph.  [3]  15,443). 

Properties. — Ordinary  lactose  forms  large, 
rhombic,  hemihedral  crystals,  having  a  sp.gr. 
1-53-1-54  (Schroder,  B.  12,  562)  and  containing 
1  mol.  H„0,  which  is  lost  by  drying  at  130°.  It 
is  soluble  in  six  parts  of  cold  water  and  in  two 
and  a-half  or  less  of  boiling  water,  from  which 
on  cooUng  it  slowly  crystallises.  Its  solutions 
rotate  the  plane  of  polarisation  to  the  right, 
and  its  specific  rotatory  power  for  the  D  hne  is 
Mo  =  52-53° -f  (20- «)  X  0-055  (Schmoger,  S.  13, 
1927 ;  Hesse,  A.  176,  98 ;  Erdmann,  J.  1855, 
661 ;  Denig^s  a.Bonnans,  J'.P7i.[5]17,363  a.411). 
The  variation  with  the  concentration  is  very 
nttle,  and,  as  is  obvious  from  the  above  formula, 
the  effect  of  temperature  is  slight.  These 
numbers  for  the  [a]i,  are  calculated  for  the  crys- 
tals C,.,H220i,.H.,0.  For  the  dry  sugar  OioH^P,, 
I  have  found  [aji,  =  55-5°  with  a  Jellet-Cornu 
instrument  (Schmidt  a.  Hans,  Ch.),  sodium  flame, 
and  absolutely  the  same  number  [a]j  =  61-6°  with 
a    Soleil-Scheibler,  taking   100  divs.  =  38-4°. 

(24:21-67 : :  61-6°:55-5°).   55-5°-5-25  p.c.  =  52-59  : 

my  observations  were  made  at  15-5°,  Schmoger's 
at  20°.  Freshly-prepared  solutions  of  crystallised 
lactose  exhibit  the  phenomenon  of  bi-rotation,the 
angle  immediately  after  solution  being  in  the  pro- 
portion of  8:5  to  the  constant  value  (Urech,  B.  16, 
2270  ;  Dubrunfaut,  C.  R.  42,  228 ;  Schmoger,  I.e.; 
Parous  a.  ToUens,  A.  257,  160).  The  rotatory 
power  does  not  vary  with  the  concentration.  The 
dispersive  power — that  is,  the  ratio  between  the 
specific  rotatory  powers  for  the  C  and  D  hues — is 
1:1-259  ([a]o  =41-68)  (Grimbert,  J.  Ph.  [5]  16, 295 
a.  345).  The  modification  7  when  freshly  dissolved 
in  water  exhibits  the  phenomenon  of  semi-rota- 
tion— that  is,  the  specific  rotatory  power  is  only 
about  I  of  the  normal,  to  which  it  attains  on 
standing  a  few  hours  (E.  0.  Erdmann, 
Fortschritte  der  Physik,  1855,  13 ;  B.  13,  2180 ; 
Schmoger,  B.  13,  1915).  The  modification  B  on 
solution  has  immediately  the  normal  optical 
activity;   the  presence  of   alkah  lowers  the 
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activity  (Schmoger,  I.e.;  Urech,  B.  17,1543). 
Schmoger  give  the  specific  gravity  of  solutions, 
containing  given  percentages  of  the  crystals 
from  which  by  calculation  we  get  D  =  3'956  for  a 
solution  containing  2-5  g.  dry  sugar  in 
100  c.c.  at  20°,  3-921  for  a  10  g.  solution 
and  3-913  for  a  15  g.  one.  My  observations  are, 
temperature  15-5° : — 

1  gram  in  100  c.c.  sp.gr.  1-0040  ;  D  =  4-00 

5 grams,,          „          „  1-0199  ;  D  =  3-98 

10         „          „          „  1-0397 ;  D  =  3-97 

20          „          „          „  1-0785;  D  =  3-93 

D  =  0-99  for  sohition  below  10  g.  per  100  c.c.  at 
15-5°.  The  K  =  7y-2  for  dry  sugar,  i.e.  0-5723 
anhydrous  lactose  reduce  1  g.  CuO  from  Fehling's 
solution  (.Jones,  Analyst,  1889,  81).  According 
to  Soxhlet  0-5  g.  sugar  =  74  c.c.  Fehling's  solu- 
tion, hence  K  =  74  ;  in  this  case  1  g.  CuO  =  -0127 
lactose :  by  weighing  the  precipitated  CuO  as 
Cu  by  AUihn's  method,  1  g.  sugar  =  1-736  CuO, 
or  1  g.  CuO  =  0-5760  g.  sugar,  K  =  78-8,  agreeing 
with  the  number  given  by  Jones.  According  to 
Eoderwald  a.  Tollens  (B.  11,  2076)  the  working 
number  1  g.  CuO  =  -5795  g.  anhydrous  sugar.  I 
am  incUned,  when  the  conditions  hereafter  to  be 
described  are  followed,  to  place  the  K  at  78-9, 
i.e.  1  g.  CuO  =  0-5758  g.  sugar.  In  this  case  7-5 
mols.  CuO  are  reduced  by  1  mol.  sugar. 

Action  of  heat.  Hydrous  crystallised  lactose 
(a)  remains  constant  at  100";  above  this  water  is 
slowly  given  off,  and  at  130^  the  dehydration  is 
complete  without  decomposition  if  the  water 
is  eliminated  slowly.  Anhydrous  lactose  com- 
mences to  colour  at  170°-180^,  loses  water, 
and  forms  the  so-called  lactocaramel  C^HidOj, 
which  is  easily  soluble  in  water  but  insoluble  in 
alcohol,  and  yields  compounds  with  lead  and 
copper  oxide.  Lactose  melts  at  203-5°  to  a  brown 
liquid,  and  by  further  heating  it  is  decomposed 
with  separation  of  carbon  (Lieben,  J.  pr.  68, 
409).  Heated  in  a  sealed  tube  with  water  to 
90°-100°  it  is  coloured,  and  more  so  at  180°- 
200°,  when  a  glucose  is  produced  which  may  be 
precipitated  by  alcohol,  and,  by  further  heating, 
carbonic  acid,  a  little  pyrocateehin,  and  other 
bodies  are  formed  (Vohl,  A.  105,  334;  Hoppe- 
Seyler,  B.  4,  16  ;  Munk,  H.  1,  357). 

Action  of  acids.  By  heating  with  dilute 
acids  lactose  is  hydrolysed  (inverted),  yielding 
galactose  and  dextrose 

C,,,H,,0„  +  H,0  =  C.Hi.O,  +  C,H,,0, 

Lactose  Dextrose  Galactose 

one  molecule  of  water  being  taken  up.  The  re- 
action takes  some  hours  to  complete  ;  during 
the  hydrolysis  the  reducing  power  and  optical 
activity  increase  (Pasteur,  C.  R.  42,  228  ;  Fuda- 
kowski,  B.8,  5.59;  9,  42  ;  278  and  1602  ;  11, 1069  ; 
Bourquelot,  N.  Ztschr.  f.  Buhe,i"-md.  16,  71 ; 
Kent  a.  Tollens,  A.  227,  221 ;  Eindell,  N.  Ztschr. 
f.  Buhenz-ind.  4,  163).  The  chief  products  of 
the  reaction  are  as  stated,  but  the  conditions 
have  not  yet  been  described  by  which  the  op- 
tical activity  and  K  of  the  resulting  substances 
will  exactly  correspond  with  those  of  a  mixture 
of  equal  parts  of  galactose  and  dextrose.  Other 
bodies  are  undoubtedly  produced.  By  the  con- 
tinued action  of  acids  for  several  days,  aceto-pro- 
pionic  and  formic  acids  are  produced  (Tollens 
a.  Eoderwald,  A.  206,  231 ;  Conrad  a.  Guthzeit, 


B.  19,  2575).  Concentrated  sulphuric  acid  does 
not  blacken  lactose  in  the  cold. 

Compounds  with  acids.  A  mixture  of  sul- 
phuric and  nitric  acids  give  lactose  pentanitrate 

C,  oH|;(N02)r,0]|,  insoluble  in  water  but  soluble  in 
alcohol  and  ether,  m.p.  139-2°  and  exploding 
when  struck  by  a  hammer  on  an  anvil ;  lactose 
tri-nitrate  C|oH|<,(N0,_.)30|,,  very  shghtly  soluble 
in  water,  but  easily  in  alcohol  and  ether,  m.p. 
37°;  and  lactose  tetranitrate  C,„H,s(NO..),0,,, 
m.p.  80°-81°  (Ge,  J.  R.  1882,  253  ;'B.  15,2238). 
Withchlorosulphonic  acid  lactose  yields  dextrose- 
tetra-sulphonic  acid  chloride  (Claesson,  J.  pr.  [2] 
20,  1  and  18).  Organic  acids  act  very  slowly  on 
lactose,  but  l3y  prolonged  action  they  yield  ethers 
of  lactose  or  of  dextrose  and  galactose  (Berthelot, 

i  Chilli,  org.  2,  279,  295).  A  series  of  acetates, 
beginning  with  the  mono- body  and  ending  with  the 
octo- one,  have  been  described.  C|;H,4(C2H30)aO,, 
is  obtained  by  boiling  lactose  with  an  excess  of 
acetic  anhydi-ide  or  by  heating  a  mixture  in  the 
proper  proportions  of  the  sugar,  acetic  anliydride, 
and  fused  sodium  acetate  at  100°  (Herzfeld,  B. 
13,  265).  This  body  is  insoluble  in  water  and  in 
ether,  soluble  in  benzene,  acetic  acid,  and  in  al- 
cohol. It  crystallises  from  a  mixture  of  alcohol 
and  acetic  ether.  [a]i,  =  +  'dl°  in  alcoholic  solu- 
tion. The  mono-  and  di-  acetate  are  obtained 
by  incompletely  decomposing  tlie  octo-acetate  by 
alkalis  (Demole,  C.  R.  89,  481).  Tetracetate  is 
formed  at  the  same  time  as  the  octo-  acetate, 
when  lactose  is  boiled  with  acetic  anhydride 
(Schiitzenberger  a.  Naudin,  Bl.  12,  208).  It  is 
easily  soluble  in  water,  [a]j,  =  ^-  50°.  Hexacetate 
C,,,H,„(C.^H.,0),.0,|  crystallises  from  a  mixture  of 
alcohol  and  acetic  ether  in  white  needles,  m.p. 
80°  (Herzfeld,  N.  Z.  R.  3,  156).  It  is  doubtful 
whether  or  not  lactose  is  reproduced  when  these 
bodies  are  saponified  by  treatment  with  alkalis. 
There  seems  to  be  no  reason  why  it  should  not 
be  so,  if  the  alkali  is  carefully  employed. 

Action  of  alkalis.  Hot  alkalis  colour  solu- 
tions of  lactose  yellow  to  brown,  and  form  lactic 
acid,  pyrocateehin,  and  other  products  (Hoppe- 
Seyler,  B.  4,  347  ;  Nencki  a.  Sieber,  J.  pr.  ['2] 
34,  503  ;  Urech,  B.  17,  1543).  Fused  with  KHO 
it  yields  carbonic,  oxalic,  and  a  little  succinic 
acids  (Hlasiwetz  a.  Barth,  A.  138,  76). 

Compounds  with  alkalis.  Lactoseates  are 
formed  by  the  action  of  potash  or  soda  on  lactose 
in  alcoholic  solutions,  or  by  adding  alcohol  to  the 
mixed  aqueous  solutions.  They  are  amorphous, 
easily  decomposed  precipitates  having  a  composi- 
tion expressed  by  the  formulie  C,.>H.^,NaO||  and 
C|,,H2,K0„  (Fremy,  A.  15,  278  ;  H'ouig  a.  Eosen- 
feld,  B.  12,  45).  Calcium,  barium,  and  lead 
lactoseates  are  obtained  by  dissolving  the  base 
in  lactose  solution  and  precipitatingwith  alcohol. 
The  long-continued  action  of  lime  produces  iso- 
saccharin  and  metasaccharin  (Cuisinier,  M.  S. 
[3]  12,  520  ;  Kiliani,  B.  16,  2625).  By  heating 
with  ammonia,  brown,  amorphous,  nitrogenous 
products  are  obtained  (Thenard,  C.  R.  52,  444). 
Aniline  yields  two  crystalline  compounds, 
CioHjjiNO.,,  and  CjgHjjNoO^o,  which  reduce 
Fehling's  solution  (Sachsse,  B.  4,  835  ;  L.  V.  16, 
441). 

Oxidation. — Oxygen  and  ozone  have  no  ac- 
tion on  lactose  in  the  cold ;  hot  solutions  are 
oxidised  by  oxygen  in  the  presence  of  platinum 
black  (Gorup-Besauez,  A.  110,  86  a.  103  ;  Eeiset 
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a.  Millon,  A.  Ch.  [3]  8,  285).  Alkaline  perman- 
ganate solutions  oxidise  lactose  easily  (Lauben- 
heimer,  A.  164,  283).  Chromic  acid  yields  alde- 
hyde (Guckelberger,  A.  64,  98).  Nitric  acid 
fii'st  inverts  lactose  and  then  yields  mucic  and 
saccharic  acids ;  from  36  to  40  p.c.  of  mucic 
acid  is  produced ;  by  long-continued  heating  tar- 
taric and  oxalic  acids,  &c.,  are  obtained  (Liebig, 
A.  113,  1 ;  Dubrunfaut,  C.  B.  42,  228  ;  Kent  a. 
Tollens,  A.  227,  227).  Alkaline  solutions  of 
copper  oxide  are  reduced  by  lactose,  and  from 
amongst  the  products  of  the  reaction  Bodecker 
a.  Struckmann  (A.  100,  264)  isolated  gallaotinic 
acid  CijHijOg ;  pectolactinic  acid  C|bH|sO,2, 
lactic  and  glycollic  acids  are  also  produced 
(Habermann  a.  Honig,  B.  17,  351).  Silver  oxide 
oxidises  lactose  solutions  with  production  of 
oxalic,  glycollic,  and  lactonic  (galactonic)  acids 
(Kiliani,  B.  13,  2307).  Chlorine  or  bromine  in 
the  presence  of  silver  oxide  yield  lactonic 
(galactonic)  acid  CgHjoO,  (Barth  a.  Hlasiwetz, 
.4.119,281;  122,  96)."  By  very  careful  oxida- 
tion with  bromine  water  Fischer  a.  Meyer  {B.  22, 
361)  have  obtained  lactobionic  acid  C,2H2oO,2 ; 
it  is  a  colourless,  strongly  acid  syrup,  easily 
soluble  in  water,  but  only  sparingly  in  alcohol. 
It  does  not  reduce  Fehling's  solution ;  it  decom- 
poses metallic  carbonates,  forming  salts.  The 
calcium  (C,„&,,0,2)2Ca,  barium  (C,2H2iO,2)2Ba, 
lead  (C,2H2,6|2)Pb,  and  other  salts  may  be  pre- 
pared in  this  way ;  they  are  insoluble  in  alcohol, 
but  soluble  in  water.  When  heated  with  dilute 
mineral  acids,  lactobionic  acid  is  decomposed 
into  galactose  and  gluconic  acid.  With  iodine 
and  sodium  bicarbonate  lactose  yields  a  little 
iodoform  (Millon,  C.  R.  21,  828). 

Fermentation. — There  is  no  known  enzyme 
capable  of  inverting  lactose  ;  it  does  not  ferment 
with  yeast  (Berthelot,  A.  Ch.  [3]  50,  332  a.  362  ; 
Fitz,  B.  11,  42).  It  easily  undergoes  lactic  acid 
fermentation,  esiaecially  in  milk  (Fitz,  I.e.  ; 
lUchet,  C.  B.  86,  550  ;  Schmidt-Miilheim,  B.  15, 
2631).  It  undergoes  alcoholic  fermentation  in 
kumys  or  kefir  fermentation  (Struve,  B.  17,  314  ; 
Vieth,  A.  12,  2),  and  also  under  the  agency  of 
certain  bacteria  (Kotondi  a.  Zechini,  see  v.  Lipp- 
mann,  Deutsche  Zuckerind.  1887,  1091). 

Phenylhydrazine  yields  lactose  phenylhydra- 
zide  C,gH280,oN2,  soluble  Lu  water  and  alcohol, 
insoluble  in  ether  and  Isevorotatory,  and  lac- 
tose osazone  C24H32N,09,  crystallising  in  yellow 
needles;  soluble  to  some  extent  in  hot  water, 
and  m.p.  200°  (Fischer,  B.  17,  583  ;  20,  830 ; 
20,  2566).  By  the  action  of  hydrochloric  acid 
it  yields  lactose  osone  (Fischer,  B.  21,  2631). 

Maltose.  Maltobiose,  Amylon,  C,2H220„  ; 
C,oH„„0||.H.,0.  DeSaussure  (Bibl.  Britamiique, 
56",  1814,  333 ;  P.  1819,  29,  58)  may  have  ob- 
tained this  sugar  when  stud3dng  the  products  of 
the  spontaneous  decomijosition  of  starch-paste 
when  exposed  to  the  air  at  20°-25°.  Gu6rin- 
Varry  {A.  Ch.  60,  32 ;  61,  66)  described  accurately 
how  the  body  could  be  prepared  in  the  crystal- 
lised state  and  some  of  its  properties,  but  faUed 
to  recognise  it  as  a  distinct  substance  ;  Jacque- 
lain  {A.  Ch.  63,  167)  added  nothing  to  Varry's 
work;  Dubrunfaut  {A.  Ch.  [3]  21,  78)  prepared 
the  body  according  to  Varry's  method,  observed 
that  it  was  less  soluble  in  alcohol  than  dextrose, 
and  had  an  optical  activity  three  times  as  great, 
i.e.  [o]j  =  58  x3  =  174,  a  figure  so  high  as  to  lead 


one  to  believe  that  he  had  not  a  pure  body  irh 
his  hands.  He  recognised  it  as  a  distinct  body, 
and  called  it  maltose ;  he,  however,  looked  upon 
it  as  a  glucose,  triglucose  ;  O'SuUivan  (C.  J. 
1872,  576  ;  1876,  478)  showed  that  it  was  not  an 
'  ose '  but  an  '  on  '  sugar,  and  from  this  and  a 
fuller  description  of  its  characters  gave  it  a  place- 
among  chemical  entities. 

Occurretice. — It  is  present  in  some  commer- 
cial glucoses  and  in  beer  (Valentin,  J.  S.  A.  24, 
404) ;  probably  in  bread ;  in  ami,  a  rice-extract 
prepared  in  Japan  (Toshida,  C.  N.  43,  29),  and 
in  germinated  cereals  to  the  extent  of  1  to  2  p.c. 
(O'Sullivan,  C.  J.  49,  58).  After  feeding  with 
amylaceous  substances  it  is  found  in  the  intes- 
tinal canal,  but  the  blood  of  the  mesenteries 
contains  only  dextrose.  If  injected  into  a  vein 
it  is  found  in  the  urine ;  if  injected  subcuta- 
neously,  it  is  partially  converted  into  dextrose 
(Phillips,  B.  C.  1882,  127).  Some  of  the  re- 
ducing sugars  of  blood  may  be  maltose. 

Formation. — Diastase  converts  starch  and 
the  dextrLns  into  maltose  (O'Sullivan,  I.e.).  The 
ferment  of  saliva,  ptyaliu,  of  the  pancreas,  and 
of  the  Uver,  act  in  the  same  way  (Nasse,  J.  Th. 
1877,  62;  Musculusa.  v.  Mering,  Z.  2,  403).  The 
same  ferments  act  on  glycogen,  maltose  being 
amongst  the  products ;  dextrose  is  present  when 
saliva  is  employed  (Kiitz,  Pf.  24,  8).  All  mineral 
acids  and  many  organic  acids  act  on  starch  and 
glycogen  ;  maltose  is  amongst  the  products. 

Preparation. — 100  g.  purified  starch  are- 
mixed  as  completely  as  possible  with  300  c.c. 
water  at  40°,  and  then  poured  with  continuous 
stirring  into  2  litres  of  boiling  water.  The  paste 
is  cooled  to  60°  and  the  extract  from  20  g. 
.pale  malt  added  to  it  ;  the  mixture  is  kept  at 
60°-63°  for  four  or  five  hours,  and  the  solution 
may  be  allowed  to  cool  and  stand  for  a  few  days. 
At  the  end  of  that  time  it  is  evaporated,  best 
in  a  vacuum,  to  200  c.c,  and  then  boiled  with 
2  litres  alcohol,  sp.gr.  -820.  On  cooling  and 
standing,  the  clear  liquid  is  decanted  off  the  un- 
dissolved syrup  and  put  aside  in  a  corked  flask  ; 
at  the  end  of  six  days  the  sides  of  the  flask  will 
be  found  to  be  covered  with  a  crystalline  crust 
of  maltose.  Or  the  undissolved  syrup  may  be 
treated  with  strong  alcohol  as  long  as  any  matter 
is  taken  up,  the  whole  of  the  clear  alcohoUc 
solutions  are  mixed,  the  alcohol  distilled  off  and 
the  residue  concentrated  to  a  syrup ;  this  on 
standing  in  a  cool  place  becomes  filled  with 
crystals  of  maltose,  especially  if  a  few  crystals 
from  a  previous  preparation  be  stirred  in.  These 
may  be  washed  with  dry  methyl  alcohol ;  if  this 
is  used  hot,  a  portion  of  the  crystals  disse^lves 
and  the  solution  soon  yields  much  sugar.  The 
crystallisation  is  hastened  by  adding  half  a. 
volume  of  ethyl  alcohol  (-810  sp.gr.)  or  a  little 
ether  with  some  crystals  of  a  previous  prepara- 
tion (O'Sullivan,  I.e.;  Schulze,  B.  7,  1047; 
Soxhlet,  J.  pr.  [2]  21,  277  ;  Herzfeld,  A.  Ch.  220, 
209  ;  Cuisinier,  J.  1884,  1803).  The  body  may 
be  purified  by  recrystallisation  from  methyl 
alcohol  or  water. 

Properties. — Maltose  crystallises  out  of  water 
in  plates  which  contain  CjoK^.Oji.HjO ;  out  of 
alcohol  (sp.  gr.  -810)  it  crystallises  in  crusts  and 
at  times  in  caulifiower-like  or  warty  aggrega- 
tions which  contain  CijHjjO,,.  The  hydrous 
body  easily  parts  with  its  water  at  100°  in  a 
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current  of  dry  air.  The  anhydrous  body  is  but 
slightly  soluble  in  strong  ethyl  alcohol ;  it  is 
more  soluble  in  methyl  alcohol.  The  hydrous 
body  dissolves  more  freely  in  both  solvents. 
Both  bodies  are  very  soluble  in  water,  but  less 
so  than  dextrose.  The  solution  is  optically 
active,  and  the  activity  for  a  solution  containing 
10  g.  in  100  c.c.  is  15°-20'^  less  when  freshly 
prepared  than  after  standing.  The  activity  be- 
comes constant  in  ten  to  twelve  hours  in  the  cold 
or  immediately  on  boiling  (Meissel,  J.  iw.  [2] 
2.5,  120). 

The  specific  rotatory  power  for  dry  maltose 
is  [a]j  =  154°-155°,  [a]^  =  139°-140°  at  15-5°  in 
solutions  containing  10  g.  per  100  c.c.  and 
under  (O'SuUivan,  C.  J.  35,  771 ;  45,  5)  ; 
Meissel  (J.  pr.  [2]  25,  114)  gives  the  formula 
[a]D  =  140-735 --01837  P--095  T  to  represent 
the  specific  rotatory  power  of  dry  maltose  at  0'^, 
in  which  P  =  percentage  of  maltose  in  solution 
and  T  the  temperature  of  observation.  On  cal- 
culating the  value  of  the  sugar  in  a  10-g.  solu- 
tion at  15-6°  from  this  formula  we  get  [a]i>  = 
138-9  {v.  also  Soxhlet,  I.e.,  and  Herzfeld,  A.  220, 
206).  The  dispersive  power,  i.e.  the  ratio  of 
[«]d  :  He,  is  1-262  (Grimbert, ./.  Ph.  [5]  16,295). 
A  solution  of  maltose  containing  10  g.  dry  sub- 
stance in  100  c.c.  at  15-5°  has  a  sp.  gr.  j||-o  = 

1-0395.  Maltose  reduces  alkaline  copper  solu- 
tion. O'Sulhvan  (C.  J.  35,  771)  gives  its  re- 
ducing power  K  =  62-5,  i.e.  62-5  parts  dextrose 
reduce  as  much  copper  oxide  as  100  parts  of 
maltose.  Soxhlet  (/.  p:  21,  227-317)  says 
0-5  g.  maltose  in  1  p.c.  solution  =  64-2  c.c.  un- 
diluted Fehling  solution  (1  c.c.  =  "005  g.  dex- 
trose), i.e.  K  =  64-2,  and  67-5  c.c.  if  the  solution 
is  diluted  with  four  times  its  volume  of  water, 
-i.e.  K  =  67-5.  He  further  states  that  100  parts 
of  dry  maltose  =  113  parts  Cu,  hence  141  parts 
CuO  ;  from  this,  we  have  K  =  63-94.  There  ap- 
pears to  be  fair  evidence  that  the  K  varies 
within  certain  limits  according  to  the  mode  of 
manipulation,  but  when  we  see  that  the  K  should  : 
be  63-17  if  it  be  supposed  that  1  molecule  malt- 
ose reduces  6  molecules  CuO,  and  that  the  ob- 
served numbers  closely  approach  this,  we  may 
take  it  that  this  is  the  true  number  when  errors 
of  manipulation  are  avoided.  If  the  Cu,,0  be 
separated,  the  filtrate  treated  with  acid  gives  a  j 
further  reduction  with  Fehling's  solution  which, 
if  added  to  tlie  first,  equals  the  reduction  of  I 
dextrose  (Herzfeld,  A.  B.  589,  220).  Alkaline  ! 
mercuric  cyanide  solutions  are  also  reduced  by 
maltose.  Copper  acetate  is  not  reduced  by  it 
(Barfoed,  Org.  Analysis,  214) ;  dextrose  reduces 
this  reagent.  When  maltose  reduces  copper 
oxide,  glycoUic  and  a  mixture  of  acids  of  un- 
known composition  are  produced  (Habermann 
a.  Honig,  M.  5,  208). 

Maltose  is  hydrolysed  to  dextrose  according 
to  the  equation  C,,H,,20ii  +  H:.,0  =  2C,iH,,0s  by 
the  following  reagents  -.  the  mineral  acids  and 
many  organic  ones ;  pancreatic  secretion  and 
portions  of  the  small  intestine  (Brown  a. 
Heron,  C.  N.  42,  63  ;  Bourquelot,  C.  B.  97, 1000 
and  1322);  a  ferment  developed  in  Aspergillus 
niger  and  in  Mucor  niucedo  ;  the  former  con- 
tains also  a  ferment  capable  of  inverting  sucrose, 
the  latter  yields  only  the  one  (Bourquelot,  I.e.). 
Under  the  action  of  ordinary  beer  yeasts  malt- 


ose ferments,  i.e.  is  broken  down  into  carbonic 
acid,  alcohol,  &c.,  apparently  without  being  pre- 
viously inverted.  Other  organisms  yield  lactic 
acid  and  other  products  ;  v.  Febmentation. 

Maltose  withstands  the  hydrolytic  action  of 
sulphuric  acid  with  five  times  the  power  of 
sucrose  ;  3  hours'  digestion  with  a  3  p.c.  solution 
gives  complete  inversion  (Meissel,  I.e.).  0-5  p.c. 
solution  of  lactic  acid  does  not  hydrolyse  it,  even 
at  110°  ;  1  p.c.  oxalic  acid  acts  at  that  tempera- 
ture ;  carbonic  acid  at  100°,  and  under  a  pressure 
of  six  atmospheres,  is  without  action  (Bourque- 
lot, /.  de  VAnat.  et  de  la  Physiol.  22,  161-204  ; 
Urech,  B.  18,  3074). 

Nitric  acid  converts  maltose  into  saccharic 
acid  and  finally  oxalic  acid.  Chlorine  does  not 
act  on  it  as  energetically  as  it  does  on  dextrose 
or  sucrose ;  the  product  is  neither  gluconic  nor 
glycoUic  acids  (Meissel,  I.e.).  Herzfeld  (B.  C. 
1883)  obtained  an  acid  which  he  called  maltonic 
acid,  by  the  action  of  bromine  on  maltose  ;  this 
is  probably  identical  with  Fischer  and  Meyer's 
{B.  22,  194)  maltobicmic  acid  Ci^H^.O,,,  which 
they  prepared  by  acting  on  maltose  in  aqueous 
solution  with  bromine  in  the  cold  for  two  or  three 
days.  This  acid  is  broken  down  into  dextrose 
and  gluconic  acid  by  digestion  with  sulphuric 
acid.  Treated  at  110°  with  acetic  anhydride 
and  acetic  acid,  maltose  yields  monacetyl  maltose 
C,2H2,(C2H30)0„  (Yoshida,  I.e.,  a.  Steiner,  C.  N. 
43,  52) ;  with  sodium  acetate  and  acetic  anhy- 
dride the  octacctyl  derivative  C,„H,4(C2H30)80„ 
is  produced,  the  optical  activity  of  which  is 
[o]d  =  81-18°  (Herzfeld,  A.  200,  206).  With  ben- 
zyl chloride  it  yields  penta-benzyl  maltose,  m.p. 
110°-115°  (Skraup,  M.  15,  359). 

Sodium  C|„H.,,NaO,,,  calcium 
C,2H,,CaO„.H,0,'strontium  C,,,H,,„SrO„H20,  and 
barium  C|5H„„BaO,,.H.O  maltose  are  prepared 
as  easily  decomposable  amorphous  precipitates 
when  alcoholic  solutions  of  maltose  and  the 
corresponding  bases  are  mixed  (Herzfeld,  I.e.). 
Compounds  with  the  alkaline  chlorides  or 
bromides  have  not  been  prepared. 

When  1  part  maltose,  2  parts  phenylhy- 
drazine  hydrochloride,  3  parts  sodium  acetate, 
and  15  parts  of  water  are  heated  together  for 
Ij  hours,  phenyliiialtosasone  crystallises  out 
on  cooling  in  fine  yellow  needles,  m.p.  190°- 
191°.  The  equation  C,,>H„,0„  +  2N,H3.C„H5  = 
Cj^Hj^N^O,  -I-  2HoO  +  Hj  represents  the  reaction. 
Only  30  p.c.  of  the  maltose  employed  is  ob- 
tained as  osazone  (Fischer,  B.  17,  583).  With 
7-diamido-benzoic  acid,  maltose  yields  malto-y- 
diamido -benzoic  acid  according  to  the  equation 
/COOH 
C,H3fNH,+  C,,H,Ai 

^COOH 
=  ^^^^\5Ji>C>  AoO.o  -^  H,0  +  H, 

The  body  crystallises  in  white  microscopic 
needles  or  narrow  plates ;  its  barium  salt  is  a 
gummy  mass  (Griess  a.  Harrow,  B.  20,  2212). 

Isomaltose.  Fischer  {B.  23,  3687)  prep  ared 
a  saccharon  by  the  polymerisation  of  dextrose. 
Previous  attempts  in  this  direction  had  been 
made  by  Musculus  {Bl.  18,  66),  Muscu  us  a. 
Meyer  (C.  B.  92,  528),  Honig  a.  Schuber  M.  1, 
455),  and  they  obtained  by  the  action  of  strong 
sulphuric   acid  a  dextrin-Uke    body  CtiH,uO;,, 
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which  slightly  reduced  Fehling's  solution,  did  not 
ferment  Nvith  beer  yeast,  and  was  reconverted 
into  dextrose  by  the  action  of  dilute  sulphuric 
acid.  Grimaus  a.  Lef^vre  (C  B.  103,  146)  ob- 
tained a  like  result  by  evaporating  in  vacuo 
dextrose  with  dilute  hydrochloric  acid.  Gautier 
{Bl.  22,  145)  obtained  a  body  CijH^O,,  by  the 
action  of  hydrochloric  acid  on  an  alcoholic 
solution  of  dextrose  ;  this  body  reduces  Fehling's 
solution  but  slightly,  does  not  ferment  with 
beer  yeast,  and  could  not  be  reconverted  into 
dextrose.  Grimaux  and  Lef^vre  considered 
that  in  their  product  they  could  detect  maltose 
by  the  osazone.  Scheibler  a.  Mittelmeier  {B. 
23,  3075;  24,  301)  isolated  an  unfermentable 
syrup  from  commercial  glucose  which  reduces 
Fehling's  solution  and  yields  an  osazone 
CsjEj^N  A.  m-P-  152°-153°.  They  find  it  is  only 
produced  when  the  heating  with  acid  has  been 
prolonged,  and  that  it  may  be  prepared  by  the 
action  of  acids  on  dextrose.  This  body  has  been 
previously  named  gallisin  (Cobenzl,  Koseneck  a. 
Schmitt,  B.  17, 1000  and  2456  ;  Anthon,  D.  P.  J. 
151,  213 ;  Mehring,  Deutsche  Vierteljahrs- 
schriftfiir  offentl.  Gcsundheitspflege,  14,  Heft  2). 
Fischer's  substance  also  yielded  the  same  osa- 
zone, m.p.  150°-153°  ;  he  calls  the  body  isomalt- 
ose,  and  prepares  it  as  follows:  One  hundred  g. 
glucose  (commercial  dextrose)  are  digested  with 
400  g.  hydrochloric  acid  solution  sp.  gr.  1'19  at 
10°-15°  for  15  hours.  Alcohol  throws  out  of  the 
solution  a  small  precipitate,  which  is  not  formed 
if  the  temperature  of  the  reaction  is  kept  be- 
low 10°.  To  the  clear  solution  an  excess  of  ether 
is  added,  when  a  colourless  amorphous  precipi- 
tate is  obtained  which  is  filtered  out  and  washed 
with  a  mixture  of  alcohol  and  ether.  This  body 
is  dissolved  in  water,  neutralised,  boiled  to  expel 
alcohol  and  ether,  and  fresh  beer  yeast  added. 
After  18  hours  all  the  dextrose  is  destroyed  (?) ; 
the  solution  has  still  a  high  reducing  power, 
and  contains  isomaltose  and  other  bodies. 

The  isomaltose  is  separated  as  osazone  ;  the 
solution  is  heated  with  phenylhydrazine  acetate  in 
the  water-bath  for  Ij  hours.  A  little  glucosazone 
separates  and  is  filtered  out,  and  on  cooling  the 
filtrate  deposits  a  yellow  precipitate  consisting 
of  a  mixture  of  glucosazone  and  isomaltosazone  ; 
the  mother-liquor,  by  further  heating  and  similar 
after-treatment,  yields  more  osazone.  The  whole 
of  the  osazone  obtainable  is  boiled  with  100 
c.c.  water  and  the  solution  filtered,  the  filtrate 
contains  isomaltosazone,  which  is  deposited  on 
cooling  in  needles  ;  2|  g.  of  this  are  obtained  from 
100  g.  glucose,  the  actual  yield  is,  no  doubt,  con- 
siderably higher  than  this.  By  the  action  of 
hydrochloric  acid  the  osazone  is  converted  into 
the  osone,  which,  when  boiled  with  4  p.c.  hydro- 
chloric acid,  yields  glucosone  and  glucose. 

Lintner  claims  to  have  found  isomaltose 
amongst  the  transformation  products  of  starch 
by  diastase  {Woch.  Brauerei,  9,  245),  and  in 
wort  and  beer  (Zeit.  ges.  Brauw.  1891,  281),  but 
it  is  very  doubtful  if  this  is  the  same  body  as 
that  above  described.  Schiffer  (C.  C.  1892,  2, 
825)  has  also  isolated  isomaltose  from  the  dias- 
tase transformation  products  of  starch.  But 
the  whole  evidence  is  unsatisfactory,  as  the  fac- 
tors upon  which  the  identity  of  the  bodies  can 
be  i-ecognised  are  not  stated.  Lintner  and  Diill 
{Zeit.  ges.  Brauio.  1892,  145)  prepare  it  as  fol- 


lows :  250  g.  potato  starch  are  mixed  with  500 
c.c.  diastase  solution  at  55°  containing  0-5  g. 
diastase  (J.  pr.  84,  378)  and  2  litres  water  at 
75°C.  After  complete  solution  another  0-5  g. 
diastase  is  added,  and  the  reaction  allowed  to 
proceed  for  three  hours  at  65°-69°.  [o]d  =  170°. 
for  matter  in  solution.  The  solution  is 
evaporated  to  a  syrup,  saturated  with  80  p.c. 
alcohol,  and  poured  into  hot  alcohol.  Sufficient 
alcohol  must  be  used  so  that  every  100  parts 
of  80  p.c.  alcohol  do  not  contain  more  than 
10  pts.  dry  substance.  After  cooling,  the  clear 
solution  is  decanted  and  the  alcohol  distilled 
off.  The  residue  is  diluted  to  a  20  p.c.  solution 
and  yeast  added  in  order  to  destroy  the  maltose  ; 
this  is  found  to  take  place  in  about  20  hours. 
The  fermented  solution  is  filtered,  decolourised 
with  animal  charcoal,  evaporated  to  a  syrup, 
and  precipitated  with  85  p.c.  alcohol ;  there  must 
be  100  c.c.  of  85  p.c.  alcohol  for  every  5  g.  of 
dry  substance.  The  solution  is  evaporated  and 
the  syrup  treated  in  the  same  way,  but  with 
99  p.c.  alcohol  and  so  that  100  c.c.  of  alcohol  are 
present  for  every  8  g.  dry  substance.  The  clear 
alcoholic  solution  contains  isomaltose  and  but  a 
trace  of  dextrin,  which  may  be  removed  by  frac- 
tionating with  alcohol.  In  this  way  20  p.c.  of 
the  starch  is  obtained  as  isomaltose. 

Lintner  (Zeit.  ges.  Brauiu.  1892,  6)  finds  the 
reducing  power  of  iso-maltose  to  be  84  p.c.  of  that 
of  maltose,  i.e.  K  =  63-l,  and  its  optical  activity 
to  be  [a]D  =  189°.  He  has  not  been  able  to 
crystallise  it,  and  finds  it  under  certain  condi- 
tions fermentable  by  yeast  and  converted  by 
diastase  into  maltose  {Zeit.  ang.  Ch.  1892, 

Trehalose.    Mycose  CyjS.^Jd^.^.'E.fi. 

OcctLrrence. — It  has  been  isolated  from  ergot 
of  rye  (Wiggers,  A.  1,  173 ;  Mitscherlich,  56, 15); 
trehala-manna,  the  hollow  cocoons  of  the  larvas 
of  an  insect  [Larinus  maculatus)  (Berthelot 
A.  Ch.  [3]  53,  232  ;  55,  272  and  291)  ;  and  from 
various  fungi  (Miintz,  C.  E.  76,  649).  Berthe- 
lot at  first  considered  it  a  new  sugar  and  called 
it  trelmlose,  but  afterwards  found  it  was  iden- 
tical with  the  mycose  of  MitscherhcSi,  and  the 
Saccharum  spermodice  of  Wiggers. 

Preparation. — Any  one  of  the  materials 
mentioned  is  extracted  with  boiling  alcohol  of 
moderate  strength  ;  the  alcohol  is  distilled  off 
the  clear  solution.  The  residue  is  taken  up  with 
water  and  precipitated  with  basic  lead  acetate. 
The  precipitate  is  washed  with  water  and  pressed ; 
it  is  then  suspended  in  water  and  submitted  to  a 
current  of  HoS.  The  clear  filtrate  from  the  lead 
sulphide  is  evaporated  to  a  syrup,  when  the  sugar 
crystalhses  and  can  be  purified  by  recrystal- 
lisation.  I  may  say  that  I  do  not  find  this  mode 
of  treatment  answer  very  well ;  the  filtrate  from 
the  PbS  is,  no  doubt,  clear,  but  the  precipitate 
with  the  lead  salt  is  bulky  and  unwieldy.  I  much 
prefer  in  this  case,  as  in  others  of  the  same 
kind,  fractional  precipitation  with  alcohol ;  a 
few  experiments  will  show  the  strength  of  alco- 
hol best  suited  to  holding  or  precipitating  the 
sugar.    (See  also  Apping.) 

Properties. — The  sugar  crystallises  in  rhombs 
(C,,,H„,0„.H20) ;  it  gives  up  its  water  at  100°, 
m.p.  109°  ;  it  is  sweet,  easily  soluble  in 
water  and  boiling  alcohol,  insoluble  in  ether. 
Specific  rotatory  power  in  aqueous  solutions 
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[a]j  =  199°  (Berthelot);  [a]j  =  192-5°  (Mitscherlicb); 
ra]D  =  197'28°  (Axjping).  These  factors  are  un- 
satisfactory, and  cannot  be  relied  on  to  identify 
the  sugar.  It  does  uot  reduce  Fehling's  solution. 
Acids  convert  it  very  slowly  into  dextrose  (Berthe- 
lot), there  being  no  other  iDroduct ;  but  consider- 
ing that  five  hours  are  required  for  complete 
hydrolysis,  it  is  not  possible  that  only  pure 
dextrose  could  be  formed.  With  strong  nitric 
acid  it  yields  a  nitro-  comijound ;  with  weaker 
acid  no  mucic  acid  is  formed,  but  saccharic  acid 
and  finally  oxalic  acid.  With  acetic  and  butyric 
anhydrides  it  yields  compounds  identical  with 
those  produced  from  dextrose.  Maquenne 
(C.  B.  112,  947)  says  acetic  anhydride  yields 
C,,H,j(C.H30)30,,.  AlkaHs  do  not  act  on  it. 
On  adding  basic  lead  acetate,  or  an  ammoniacal 
solution  of  the  acetate,  to  its  solutions  a  lead 
compound  is  preciijitated.  It  appears  to  slowly 
undergo  alcoholic  fermentation  in  contact  with 
beer  yeast,  but  this  has  uot  been  established 
with  certainty.  Phenylhydrazine  does  not  form 
a  compound  with  trehalose  (Fischer,  B.  17,  583). 

Agavose  C|„H.„0|,  (?)  is  obtained  from  the 
juice  of  Agava  americana ;  it  is  crystalline, 
soluble  in  water,  and  optically  inactive  ('?).  It  is 
hydrolysed  to  a  sugar  or  mixture  of  sugars 
[a]j  =  —  11-4°.  It  reduces  Fehling's  solution  ; 
K  =  G2'5,  agreeing  nearly  with  maltose  in  this 
respect.  It  does  not  yield  mucic  acid  on  treat- 
ment with  nitric  acid.  It  is  probably  ferment- 
able under  the  influence  of  some  saccharomyces 
and  yields  alcohol,  &c.  (Michaud  a.  Tristan,  Am, 
14,  548). 

Cyclamose  CijBLyjO,,.  A  sugar  obtained  from 
Cyclamen  europaum,  having  a  iKvorotation 
[a]D= -15-15°  or  -11-4°;  it  is  hydrolysed  by 
dilute  acids,  when  the  lavorotation  increases  to 
[a]o=  -66-54°  (Michaud,  C.N.  53,  232). 

Parasaccharose  C|„H„„0|,.  This,  together 
with  another  uncrystallisable  sugar,  is  said  to 
be  obtained  from  cane  sugar  by  the  action  of  a 
yeast  (Jodin,  C.  R.  53,  1252).  It  crystallises 
easily,  and  is  easily  soluble  in  water  and  dif- 
ficultly in  alcohol.  It  is  dextrorotatory,  having 
[a]j  =  108°,  and  it  reduces  Fehling's  solution  ; 
K  =  50  (about).  Hot  dilute  sulphuric  acid  does  not 
act  on  it,  whilst  hot  dilute  hydrochloric  acid 
diminishes  the  optical  activity  and  increases 
the  K.  On  long  digestion  the  solution  becomes 
brown,  and  finaUy  complete  decomposition  takes 
place. 

Melibiose  CioH^.O,,  is  obtained  by  the  care- 
ful hydrolysis  of  raffinose  by  acids  or  invertase 
(see  Raffinose).  Its  specific  rotatory  power  is 
[a]D=  +126-8°.  It  forms  a  hydrazide  C,8H„aO|„N 
as  yellow  microscopic  crystals,  m.p.  145°,  and 
an  octacetyl  derivative  C,-,H,.,0„Ae8  (Scheibler 
a.  Mittelmeier,  B.  23,  1438).  Invertase  converts 
it  into  galactose  and  dextrose. 

Tewfikose  CioHj^O,,  occurs  in  the  milk  of 
the  gamoose  {Bos  Bubalus).  It  is  prepared  by 
precipitating  the  milk  by  4  p.e.  acid  mercuric 
nitrate  (Wiley,  Am.  6,  No.  5  (?),  neutralising 
the  filtrate  with  NaHO,  filtering  out  the  pre- 
cipitate, separating  the  mercury  from  filtrate  by 
HjS,  and  concentrating  the  slightly  acid  solution 
to  the  crystallising  point.  A  slight  precipitate 
formed  during  evaporation  must  be  separated. 
It  is  purified  by  two  or  three  reerystallisations. 
The  solutions  are  dextrorotatory,  [a]i,  =  48-6°  ;  it 


reduces  Fehling's  solution  ;  K  =  73-6,  hence 
less  than  lactose ;  if  7  molecules  CuO  were 
reduced  by  1  molecule  of  sugar,  the  K  would  be 
73-4,  a  near  approximation  ;  and  D  =  3*94  for 
the  crystals,  hence  they  are  anhydrous.  Acids 
hydrolyse  it  very  easily,  the  only  product  being 
dextrose  (Pappel  a.  Kichmond,  C.  J.  1890,  758). 
The  substance  is,  no  doubt,  an  '  -on '  sugar 
CpH^.O,,,  and  is,  like  amylon,  di-dextrose,  and 
should  not  therefore  yield  mucic  acid  on  treat- 
ment with  nitric  acid, 
(c)  Trihexoses. 

Raffinose  C|„H3„0,65H.p,  first  obtained  from 
a  Tasmanian  Eucalyptus  manna  by  Johnston 
(C.  J.  1,  159).  This  was  the  melitose  of  Berthe- 
lot {A.  Ch.  [8]  46,  66),  who  now  says  (C.  R. 
103,  533)  that  this  term  should  be  applied  only 
to  a  loose  combination  of  raffinose  with  eucalin,- 
which  is  decomposed  by  re-crystallisation.  From 
the  evidence  it  would  appear  that  the  body  first 
described  as  meUtose  was  impure  raffinose,  and 
that  the  impurity  even  was  not  eucalin.  It  occurs 
also  in  cotton  seed  (Berthelot,  I.e. ;  Kitthausen, 
J.  pi:  [2]  29,  357 ;  Bohn,  J.  pi:  [2]  30,  37) ; 
in  beetroot  (Loiseau,  C.  B.  82,  1058  ;  Tollens, 
A.  232,  169  ;  B.  18,  26 ;  Eischbieth  a.  Tollens, 
A.  232,  172  ;  B.  18,  2611) ;  in  beet  juice  (v. 
Lippmann,  B.  18,  3087) ;  in  barley  (O'Sullivan, 
C.  J.  1886,  70)  ;  in  young  wheat-buds  (Eichard- 
son  a.  Crampton  (B.  19,  1180) ;  and  again  in 
Eucalyptus  manna  (Tollens,  A.  232,  201) ;  pro- 
bably also  in  Soja  beans.  Loiseau  considered 
it  a  product  of  the  refining  process,  but  v.  Lipp- 
mann that  it  was  ready  formed  in  beet  juice. 

Prepa?-a<iora.— A  molasses  containing  a  fair 
quantity  of  raifinose  is  selected,  and  the  chief 
part  of  the  cane  sugar  removed  as  monostron- 
tium  saccharate  ;  on  heating  the  solution  raffin- 
ose and  cane  sugar  bistrontium  saccharates  are 
precipitated.  The  compounds  are  decomposed 
by  C0„  and  the  sugar  solution  obtained  agaia^ 
precipitated  with  strontia,  when  the  cane  sugar 
is  precipitated  as  monostrontium  saccharate, 
and  raffinose  remains  in  solution  and  may  be 
purified  by  crystallisation  (Scheibler,  B.  18, 
1409).  Eaffinose  may  be  extracted  from  cotton- 
seed cake  undEiicalyptus inaniiahj  alcohol,  and 
purified  by  crystallisation.  See  also  Tollens  (Lc.) ; 
Tenne  {Zeit.  d.  Ver.  31,  795) ;  Schaaf  {Z.  V.  33, 
699)  ;  Wolff  (Deutsche  Zticlccrind.,  1887.  1413) ;. 
Berthelot  {I.e.) ;  Lindet  (C.  R.  110,  795) ;  Gun- 
ning (C.  C.  1891,  ii.  798). 

Properties. — Eaffinose  crystallises  in  cauli- 
flower -  like  segregations  consisting  of  thin 
microscopic  rhombic  prisms,  which  contain 
CisHs.jOij.SHoO.  The  H„0  is  in  greater  part 
eliminated  in  a  vacuum  over  sulphuric  acid,  and 
the  remainder  easily  at  100°  (O'Sullivan).  If 
heated  too  quickly  it  melts,  and  then  cannot  be 
dried  without  decomposition.  Berthelot  obtained 
crystals  containmg  6H„0  (C.  R.  109,  648; 
Scheibler,  B.  18,  1779;'  Einne  in  Rischbieth 
Dissert,  iiher  Rcbfflnose,  Gottingen,  1885).  It  is 
easily  soluble  in  water,  very  slightly  in  strong 
alcohol,  and  slightly  in  methyl  alcohol,  being 
much  more  soluble  than  cane  sugar  in  this 
solvent.  The  dry  sugar  melts  at  118°-119° 
(Scheibler,  B.  19,  2868).  Its  solutions  are 
optically  active,  the  specific  rotatory  power  of 
crystallised  raffinose  for  the  D  line  being  [ajn  = 
104-5°  in  10  p.c.  solution;  [a]j  =  114-7°  or  [a]j  = 
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135'1°  for  the  dry  sugar.  O'Sullivan  observed 
[a]j  =  135-3°.  No  bi-rotation  has  been  observed. 
It  does  not  reduce  Fehling's  solution.  D  =  3-712 
(ToUens,  B.  18,  2616),  but  this  is  due  to  some 
D  isunderstanding  ;  D  =  3-956  (O'Sullivan,  C.  J. 
1886,  70). 

Action  of  acids.  Hot  dilute  acids  hydrolyse 
rafSnose  ;  galactose,  Isvulose,  and  probably  dex- 
trose are  formed  (Hadicke  a.  Tollens,  Z.  V. 
37,  17  ;  A.  238,  308  ;  Beythien  a.  Tollens,  A. 
255,  214;  Maquenne,  C.  B.  112,  799).  By  very 
careful  hydrolysis,  Scheibler  a.  Mittelmeier  (B. 
22, 1678)  have  obtained  a  saccharose  and  IfEvulose 
as  the  products  of  the  reaction ;  the  saccharose 
is  a  new  body,  which  they  have  called  melibiose 
(g.  v.).  The  mixture  of  saccharose  and  Irevulose 
has  a  specific  rotatory  power  [a]i>  =  50°.  Complete 
inversion  of  raffinose  takes  some  hours.  In- 
vertase  also  hydrolyses  raffinose  (O'Sullivan). 
The  products  of  hydrolysis  are  at  first  Itevulose 
and  melibiose  (Scheibler  a.  Mittelmeier,  B.  22, 
8118),  and  melibiose  is  slowly  acted  on.  When 
heated  for  some  time  with  sulphuric  acid, 
Iffivulinic  acid  is  a  product  (Eischbieth  a.  Tol- 
lens, A.  232,  195). 

Action  of  alkalis.  By  boiling  aqueous  solu- 
tions of  strontia  and  raffinose,  di-strontia  raffin- 
ose C,3H.,20|s(SrO),.H,0  is  produced.  Other 
compounds  with  baryta  C|8H320|6.BaO,  lime 
Ci8H320,6.3Ca0.2H20,  lead  oxide  C,9H3,0,6.3PbO, 
and  soda,  C,sH3,NaO|5  and  C,8H3,NaO,6.NaOH, 
have  been  prepared  (Beythien  a.  Tollens,  B.  22, 
1047 ;  A.  255,  195 ;  Eischbieth  a.  Tollens,  A. 
232,  172). 

Oxidation. — Nitric  acid  oxidises  raffinose, 
producing  30  p.c.  mucic  acid,  also  saccharic  and 
oxalic  acids. 

Fermentation. — Eaffinose  is  slowly  fermented 
by  beer  yeast  (Eischbieth  a.  Tollens,  A.  232, 
242 ;  Tollens,  A.  232,  169  ;  O'Sullivan,  C.  J. 
1886.  73).  Weak  yeast  only  partially  ferments  it 
{Tollens,  I.e.;  Berthelot,  C.  B.  109,  548)  ;  the 
melibiose  being  with  difficulty  hydrolysed  and 
fermented. 

With  phenylhydrazine  a  compound  is  formed, 
m.p.  187°-189°  (Eischbieth  a.  Tollens,  I.e.). 

Melezitose  C,8H3,>0,5.2H,0  is  obtained  from 
Persian  manna,  a  product  of  Alhagi  maurorum 
(DC),  it  crystallises  in  rhombic  prisms,  m.p. 
147°-148°  (when  anhydrous) ;  the  specific 
rotatory  power  of  the  anhydrous  body  is  [a]D  = 
87-7°.  On  inversion  it  yields  turanose  and  dex- 
trose. Turanose  C,„H,,0„  [0]^  =  65°-68°,  yields 
dextrose  by  the  further  action  of  acid  (Alekhin, 
J.  B.  21,  407). 

(d)  Hexahexoses. 

Gentianose  CasHgjOa,.  Obtained  by  A.  Meyer 
'{H.  6,  135),  from  the  root  of  Ocntiana  lutca, 
by  extraction  with  alcohol,  precipitation  with 
ether  and  re-crystallisation  from  alcohol.  It 
has  a  sweet  taste,  dissolves  easily  in  water,  m.p. 
210°,  does  not  reduce  Fehling's  solution,  and 
ferments  with  yeast.  It  is  hydrolysed  by  dilute 
.acids;  before  inversion  the  optical  activity  is 
Mb  =  33-6°  ;  after,  it  is  20-2°,  and  has  a  redu- 
cing power  equal  to  that  of  dextrose.  Strong 
sulphuric  acid  chars  it,  like  cane  sugar. 

Stachyose  is  obtained  from  the  root  of 
Stacliys  tuherifera.  It  has  a  sweet  taste,  is 
dextrorotatory,  having  [0]^  =  148-1°  in  9  p.c.  solu- 
.tion.     It  forms  triclinic  crystals.    When  in- 


verted it  yields  galactose,  dextrose,  and  IfEvulose. 
Its  formula  appears  to  be  CjjHgjOja  +  6H„0 
(Planta  a.  Schulze,  B.  23,  1692;  24,  2705),  the 
products  of  the  hydrolysis  being  the  same  as 
those  of  raffinose. 

QUAIITATIVE   AND    QUANTITATIVE  DETEKMINATION 
OF  SUGARS. 

If  the  material  to  be  examined  is  a  solution, 
it  must  be  made  neutral,  clear,  and  colourless 
if  it  is  not  already  so. 

If  the  material  is  a  dry  substance,  it  must  be 
ground  fine.  If  not  sufficiently  dry  to  admit  of 
grinding,  it  must,  if  possible,  be  dried  in  vacuum 
over  sulphuric  acid,  or,  where  this  is  not  possible, 
in  the  open,  at  a  low,  gradually  increasing  tem- 
perature. 

The  finely-ground  substance  is  extracted 
\nth  alcohol  sp.  gr.  •860--880.  The  solution  is 
neutralised  and  the  alcohol  distilled  off.  The 
residue  is  taken  up  with  water.  The  examina- 
tion then  comes  under  the  head  of  a  solution, 
and  the  treatment  is  the  same. 

The  solution  is  turhid  and  coloured  after 
neutralisation.  The  turbidity  may  be  removed 
by  simple  filtration  ;  if  not,  a  little  aluminium 
hydroxide  (prepared  by  precipitating  a  solu- 
tion of  alum  with  excess  of  ammonia  and  wash- 
ing free  from  ammonia  and  sulphuric  acid)  may 
be  employed.  A  little  (well  washed)  Swedish 
filter  paper-pulp  is  at  times  found  useful.  The 
turbidity  and  colour  may  be  removed  together 
by  animal  charcoal,  lead  suljihide,  barium  sul- 
phate, &c.  Animal  charcoal,  either  prepared 
from  blood  or  bones,  the  former  by  preference, 
thoroughly  extracted  with  hydrochloric  acid  and 
washed  free  therefrom,  is  best  employed  in  all 
cases  of  investigation.  The  crude  substances  are 
employed  to  remove  the  colour,  &c.,  from  sugar 
syrups  in  the  manufacture  of  refined  cane  sugar. 
These  decolouring  agents  must  always  be  used 
in  the  least  possible  quantity,  and  with  the  un- 
derstanding that  the  charcoal  especially  is 
capable  of  taking  up  some  sugar  as  well  as 
colouring  matter.  Dried,  freshly-made  bone 
charcoal  does  not  take  up  more  than  -006  p.c.  of 
its  own  weight  from  pure  cane-sugar  solution 
(Casamajor,  G.  N.  41,  66).  In  quantitative  work, 
when  the  decolourising  agents  have  to  be  used  it 
is  well  to  have  a  knowledge  of  the  influence  of 
the  agent  on  the  sugar  or  sugars  under  exami- 
nation. Charcoal  retains  sugar,  other  sub- 
stances influence  the  optical  activity.  Part  of 
the  sugar  is  again  given  up  on  washing  the 
agent  with  water,  or  the  agent  is  placed  on  a  filter 
and  a  portion  of  the  solution  to  be  examined 
passed  through  it  and  rejected  before  the  por- 
tion intended  for  examination  is  collected.  This 
is  done  on  the  supposition  that  the  charcoal  is 
sooner  saturated  with  sugar  than  with  colour- 
ing matter. 

Having  thus  the  sugars  in  clear  solution,  the 
means  at  our  disposal  for  identification  are : — 

1.  Taste  of  solution. 

2.  Form  of  crystals  and  melting-point  thereof. 

3.  Depression  of  the  freezing-point  (Eaoult's 

method  of  determining  molecular  weights). 

4.  Specific  rotatory  power. 

5.  Eeducing  power. 

6.  Action  of  unorganised  ferments :  enzymes. 

7.  Action  of  organised  ferments. 
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8.  Action  of  acids. 

9.  Action  of  alkalis. 

10.  Action  of  phenylhydrazine,  and  melting- 
points  of  the  resulting  osazones  and 
hydrazides. 

1.  The  solution  tastes  sweet  if  a  sugar  is 
present.  It  must  not  be  forgotten,  however, 
that  some  other  bodies  are  also  more  or  less 
sweet. 

2.  On  evaporating  this  solution  (best  in  a 
vacuum)  to  a  syrup,  if  there  is  no  preventive 
material  present,  crystallisation  takes  place. 
The  microscopic  appearance  of  the  crystals  will 
often  be  sutHoient  to  identify  the  sugar  ;  indeed, 
the  habit  of  crystallisation  will  often  suffice.  A 
substance  or  substances  may  be  present  which 
altogether  prevent  the  crystallisation  of  the 
syrup,  although  it  may  contain  a  crystallisable 
sugar.  This  substance  may  be  an  inorganic  or 
organic  salt,  or  another  body,  or,  indeed,  another 
sugar.  Treatment  with  strong  or  absolute  ethylic 
or  methylio  alcohols  may  at  times  eliminate 
some  or  the  whole  of  the  substances  preventing 
the  crystallisation,  and  dissolve  the  sugar  in  so 
■clean  a  state  as  to  admit  of  the  formation  of 
crystals  on  concentration. 

3.  Depression  of  the  freezing-point  (Kaoult's 
method).  For  references  to  Eaoult's  work  see 
Yictor  Meyer,  B.  21,  536  ;  Auwers,  id.  701 ; 
Tollens  a.  Meyer,  id.  1566;  and  Brown  a.  Morris, 
C.  J.  1888,  610.  When  crystals  are  obtainable 
from  the  solution  as  described  above,  a  deter- 
mination of  the  molecular  weight  by  this 
method  will  decide  to  which  group  it  belongs : 
a  hexose  or  a  pentose,  a  dihexose  or  dipentose,  a 
trihexose.  In  the  recorded  observations  water  of 
crystallisation  appears  not  to  have  received  proper 
attention.  Tollens  a.  Meyer  record  observations 
for  dextrose  CgHi-.O,;,  so  do  Brown  a.  Morris. 
Water  of  crystallisation  is  not  taken  into  ac- 
count ;  the  former  treat  of  C,„H„,,Ou.H„0  for 
lactose,  the  latter  omit  the  H.^O,  while  both  em- 
ploy crystallised  raffinose  C|sH3„0„,.5H.O,  mol. 
=  594,  with  the  result  that  T."a.  M.  find  the 
observed  molecular  weight  between  544  and  644, 
and  B.  a.  M.  between  518  and  533.  In  these 
experiments  with  ratHnose  and  lactose,  it  is  not 
possible  to  say  whether  it  is  intended  that  the 
crystallisation  water  functions  with  the  solid 
sugar  or  with  the  water  ;  the  calculations  make 
it  function  with  the  sugar,  but  the  results,  as 
might  have  been  expected,  are  unsatisfactory — it 
does  not  function  with  the  sugar.  It  is  perfectly 
clear  that  water  of  crystallisation  of  a  sugar  must 
be  looked  upon  as  water  in  observations  with  this 
method — that  the  quantity  of  dry  sugar  should 
be  the  factor  dealt  with.  If  the  crystals  contain 
water  of  crystallisation  it  should  be  deter- 
mined and  allowed  for.  A  determination  of 
the  D  will  give  some  information  as  to  whether 
a  dry  sugar  or  one  containing  water  of  crys- 
tallisation is  being  dealt  with.  The  D  of  the 
different  sugars  in  the  dry  state  is  given  under 
each  sugar.  Between  8  and  15  g.  dry  sub- 
stance is  dissolved  in  water  and  the  solution 
made  up  to  100  c.c.  at  15-5°.  A  determina- 
tion of  the  specific  gravity  of  this  will  give  a 
means  of  calculating  the  D,  and  the  number 
of  g.  of  water  to  substance  employed  in  the 
solution.  About  GO  c.c.  of  this  solution  are  in- 
troduced into  a  thin  glass  (120  c.c.)  beaker.  The 


mouth  of  the  beaker  is  loosely  closed  with  an 
indiarubber  plug,  in  which  tlu  ee  holes  are  bored. 
One  of  these,  in  the  middle,  admits  of  the  intro- 
duction of  a  thermometer  ;  the  second,  at  the 
side,  carries  a  stirrer,  of  very  thin  glass  rod  or 
platinum,  best  in  the  form  of  a  flat  coil,  so  that 
when  the  stirrer  is  moved  up  and  down  in  the 
liquid  the  thermometer  will  be  in  the  middle  of 
the  coil ;  and  the  third,  also  at  the  side,  to  admit 
of  the  introduction  of  a  small  solid  particle  of 
the  frozen  solution  or  of  ice.  The  thermometer 
must  be  graduated  for  2°  or  3°  above  and  below 
0°  to  the  20tli  of  a  degree.  By  means  of  a  tele- 
scope, if  the  divisions  are  open,  and  they  should 
be  so,  readings  to  -005^  can  be  made  with  a  fair 
amount  of  accuracy.  The  beaker  thus  charged 
and  fitted  is  placed  in  a  freezing  mixture  of  ice 
and  salt — which  should  not  be  at  too  low  a  tem- 
perature, —  4°  to  —  5°,  not  more  than  2°-3°  below 
the  freezing-point  of  the  solution — contained  in 
a  strong  beaker  of  500-600  c.c.  capacity.  In  a 
short  time  the  temperature  in  the  inner  beaker 
will  be  observed  to  sink  below  0°,and,  on  rapidly 
moving  the  stirring  rod  up  and  down,  to  go 
gradually  lower  and  lower  until  a  point  is 
reached  when  the  solution  begins  to  freeze.  This 
may  be  accelerated  by  adding  a  particle  of  the 
solution  previously  frozen ;  when  freezing  be- 
gins the  mercury  of  the  thermometer  rapidly 
rises  and  soon  becomes  stationary.  This  is  the 
freezing-point  of  the  solution  c,  and  is  the  ob- 
servation upon  which  the  molecular  weight  of 
the  substance  employed  is  calculated. 

19        A  ex?/ 


M  =  - 


A  =- 


A '  "  XX 100' 
X  =  g.  substance ;  y  =  g.  water,  and  19  is  a  number 
calculated  by  Raoult  for  water  as  a  solvent  from 
observations  with  well-defined  compounds.  As 
examples.  Brown  a.  Morris  (I.e.)  with  a  solution 
containing  8*258  g.  sucrose  and  94-93  g.  water 
observed  a  freezing-point  c  =  0-490^,  thence 
19 

M  = -49  V  94-93  =■  337-5.  Ci^H^.O,,  =  342. 
8-258  X  100 

Hence,  if  an  unknown  sugar  were  under  obser- 
vation there  would  be  no  doubt  left  as  to  the 
molecular  weight.  O'Sullivan  (C.  /.  1890,  59) 
observed  for  arabinon :  sp.gr.  sol.  1-02554, 
y  =  96-088  g.,  a;    6-466  g.,  c  =  0-535°  ;  thence 

96-088  X  -535     „„„  „ 

1Q-:-  =239-2 

•    6-466  X  100       ^  ' 

the  molecular  weight  of  the  new  sugar.  A 
dipentose  requires  282.  The  indications  agreed 
with  further  confirmatory  observations.  When 
the  solution  contains  more  than  12  g.  per  100  c.c. 
the  results  are  low ;  with  most  sugars  a  solution 
containing  from  5  to  8  g.  substance  per  100  c.c. 
gives  the  best  results,  and  with  more  dilute  solu- 
tions the  results  are  again  low.  Eaoult's  latest 
observations  [G.  R.  114,  264)  for  sucrose,  made 
with  apparatus  constructed  to  meet  the  exact  re- 
quirements of  the  case,  the  concentration  of  the 
solution  being  5-839  g.  sucrose  in  100  g.  water, 
work  out  M  =  323,  against  342,  the  true  molecular 
weight.  The  results  are,  even  under  the  best 
conditions,  low ;  but  the  indication  is  sufficiently 
good  to  enable  us  to  decide  to  which  group  the 
sugar  we  are  dealing  with  belongs.  If,  instead 
of  the  factor  19,  19-8  were  substituted,  the  re- 
sults would  agree  with  the  accepted  molecular 
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weight  of  sucrose,  and  it  is  probable  that  this 
number  or  20  will  be  finally  decided  upon  as  the 
constant. 

4.  Specific  rotatory  power.  If  the  form  of 
the  crystals  or  their  habitat  does  not  indicate 
the  sugar  present,  a  determination  of  the  specific 
rotatory  power  may  give  the  desired  informa- 
tion. This  is  the  quantitative  expression  of  a 
property  possessed  by  the  sugars  in  common  with 
many  other  substances.  When  light  from  any 
source  is  examined  through  a  Nicol  prism — i.e. 
polarised — no  change  is  evident ;  but  if  the 
light,  after  passing  through  one  prism  (the 
polariser)  is  examined  by  another,  it  is  found 
that  in  certain  positions  of  the  examining  x^rism 
—  or  analyser,  as  it  is  called — no  light  passes.  If 
the  analyser  is  made  to  carry  an  index,  and  is 
so  mounted  as  to  rotate  with  its  axis  at  right 
angles  to  a  disc  graduated  to  degrees,  it  will  be 
found  that,  if  the  position  of  the  two  prisms  is  so 
arranged  that  the  index  is  at  0°  on  the  graduated 
circle  when  no  light  passes,  light  will  pass  on 
the  least  rotation  of  the  analyser  to  the  right  or 
left,  and  if  the  movement  is  continued  another 
position  is  found  on  the  disc  in  which  the  light 
is  again  cut  off.  This  is  at  180^,  so  that  the 
circle  should  be  graduated  to  180°  right  and 
180°  left.  Now,  if  a  cell  or  tube  with  flat  glass 
caps  be  filled  with  a  solution  of,  say,  sucrose  and 
introduced  between  the  two  Nicols,  and  the 
source  of  light  be  a  Bunsen  burner  flame 
coloured  yellow  with  sodium  chloride,  when  the 
index  of  the  analyser  is  at  0°  it  will  be  observed 
that  the  light  passes,  and  that  on  rotating  the 
analyser  a  certain  number  of  degrees  to  the  right 
a  point  is  found  (which  is  not  180°)  at  which  the 
light  is  cut  off ;  and  if  note  be  taken  of  the  exact 
number  of  degrees,  and  the  analyser  rotated 
further,  it  is  found  that  the  light  is  not  again 
cut  ofl'  at  180°,  but  the  same  number  of  degrees 
beyond  180°  as  the  first  extinction  was  beyond 
0°.  This  is  the  optical  activity  of  the  sugar 
solution.  It  is  the  power  of  rotating  the  plane 
of  polarisation  of  the  ray  passing  through  the 
polariser  so  as  to  admit  of  its  passing  through 
the  analyser  when  it  would  not  pass  had  the 
sugar  solution  not  been  introduced.  The  amount 
of  rotation  of  the  analyser  to  again  find  the 
direction  of  the  plane  of  polarisation,  as  indi- 
cated by  the  index  on  the  graduated  disc,  is  the 
measure  of  the  activity  of  the  sugar  solution, 
and  the  direction  of  the  movement  of  the  index 
is  the  direction  in  which  the  rotation  has  taken 
place  ;  in  the  present  case  [i.e.  when  the  index 
is  moved  on  the  disc  in  the  direction  of  the 
hands  of  a  watch)  right  or  -t-.  If  the  sugar 
solution  be  now  hydrolysed  by  dilute  acids  or 
invertase,  and  again  introduced  between  the 
Nicols,  it  is  found  that  the  analyser  must 
be  rotated  to  the  left  in  order  to  find  the  posi- 
tion of  extinction — i.e.  the  direction  of  the 
plane  of  polarisation  of  the  rotated  ray.  This 
is  left  rotation,  and  is  indicated  by  the  sign  — . 
On  further  rotation  of  the  analyser  light  again 
passes,  and  finally  there  is  a  second  extinction 
as  far  beyond  180°  as  the  first  extinction  was 
beyond  0°.  From  this  it  is  clear  that  the  second 
reading  may  indicate  right-handed  rotation  as 
well  as  left.  Say  the  first  extinction  was  10° 
left  of  0°  (-10°),  the  second  would  be  -f  170°, 
10°  less  than  180°  ;  then  the  activity  might  be 


- 10°  or  + 170°.  On  diluting  the  solution  say- 
one-half,  if  the  activity  is  —  the  readings  will 
be  -5°  and  -1-175°,  if  -f  they  will  be  H-85°ani 
—  95°.  The  exact  measurement  of  this  activity 
has  been  the  subject  of  much  investigation,  and 
many  plans  have  been  devised  to  facilitate 
the  operation.  It  is,  however,  beyond  the  scope 
of  this  article  to  deal  more  fully  with  the  subject 
(for  details  see  Das  optische  Drehungsvermogen 
organischer  Substanzen,  Landolt,  Braunschweig^ 
1879,  Engl.  Trans. ;  Handbook  of  the  Polari- 
scope,  Macmillan  &  Co.,  1882 ;  Watts'  Dic- 
tionary, Suppl.  3,  art.  Light).  In  the  experi- 
ments above  described  the  light  of  a  sodium 
flame  was  employed ;  it  was  observed  early  in 
the  investigation  of  the  phenomena  that  readings 
sufficiently  accurate,  especially  if  the  amount  of 
activity  was  small,  could  not  be  obtained^ 
Hence  other  devices  were  introduced.  In  th& 
literature  we  find  the  activity  expressed 
Me.        or  Hd  and  [aju,  [a](,,  [a]Li,  &c. 

[a]R  values  are  not  now  used.  They  were 
obtained  by  employing  white  light,  and  in- 
terposing between  the  polariser  and  the  source 
of  light  a  plate  of  red  glass.  They  are  of  no 
value  for  our  purpose,  and  may  be  neglected. 

[o]j  values  are  frequently  used,  but  unless 
they  are  referred  to  a  definite  standard  they,  too, 
are  of  no  value.  If  any  ordinary  source  of  white 
light  be  substituted  for  the  sodium  flame  in  the 
experiments  above  described,  it  will  be  observed 
that  on  rotating  the  analyser  to  find  the  effect 
produced  by  the  sucrose  solution  no  position  of 
the  analyser  can  be  found  in  which  all  the  light 
is  cut  ofi,  but  at  one  stage  marked  blue  light 
passes,  and,  on  further  rotation  of  the  analyser, 
red.  This  is  due  to  the  fact  that  the  sugar  solu- 
tion acts  unequally  on  the  different  rays  of  which 
the  beam  of  white  light  is  composed,  the  red 
rays  being  rotated  least  and  the  violet  most,  so 
that  when  the  analyser  is  rotated  the  ray  the 
plane  of  polarisation  of  which  is  rotated  least  is 
first  cut  oft".  The  first  cut  ofi"  rays  are  the  red, 
the  complement  of  those  cut  off  passing,  the 
dominant  being  blue ;  on  further  rotation  the 
dominant  becomes  red.  On  rotating  the  analyser 
carefully  it  is  found  that  the  transition  from  the 
blue  to  the  red  is  well  marked ;  this  is  the 
Oj  value;  it  is  the,  so-called,  t-ransition  tint,  the 
ray  complementary  to  the  median  yellow,  jaune 
may  en ;  hence  oj.  For  the  same  strength  of 
sugar  solution  the  position  of  the  analyser  is  not. 
the  same  for  every  source  of  white  light.  The 
stage  at  which  the  transition  appears  with 
candle-light  is  different  from  that  at  which  it 
appears  with  gas-light ;  the  stage  in  this  case 
dift'ers  again  from  that  obtained  with  the  electric 
light,  and  even  the  position  for  direct  sunlight 
differs  from  that  of  the  light  reflected  from  a 
cloud.  Hence,  when  a  pair  of  Nicols  are  em- 
ployed as  described  above,  even  when  the  source 
of  light  is  given,  aj  cannot  be  looked  upon  as  a 
standard  value.  This  value  has,  however,  been 
given  to  it  by  the  French  instrument  makers. 

Soleil  invented  an  instrument  with  which 
lamp-  or  gas-  light  is  employed  (afterwards  im- 
proved by  Duboseq,  and  known  as  the  Soleil- 
Duboscq  (see  Watts'  Dictionary,  1st  ed.  3, 
G74,  a.  Suppl.  8,  1199),  by  which  the  activity  of 
a  solution  is  measured  hj  divisions  of  a  scale 
instead  of  degrees ;  100  of  these  divisions  were 
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made  equal  to  the  amount  of  rotation  pro- 
duced by  1  mm.  quartz  for  the  aj ;  this  was 
considered  to  be  24°.  Of  course,  if  this  is 
taken  as  a  standard  it  is  of  full  value  ;  it  may 
not  be  truly  aj  even  for  the  quartz,  but  it 
is  aj  referred  to  a  definite  measure,  the  100 
divisions  of  the  instrument  being  24°.  This  was 
complicated  by  the  fact,  since  pointed  out  by 
Scheibler,  that  quartz  from  different  sources  has 
not  the  same  optical  activity ;  hence  we  have 
various  observers  giving  different  values  for  the 
amount  of  sucrose  in  100  o.c.  solution,  which 
when  observed  with  the  Soleil-Duboscq  instru- 
ment, in  a  tube  200  mm.  long,  equals  the 
activity  of  1  mm.  quartz.  If,  however,  we  look 
upon  the  100  divisions  of  the  instrument  as 
=  24°  Oj,  we  have  a  standard  value  for  the  ex- 
pression. I  believe  this  is  the  value  given  to  it 
by  the  French  observers.  The  writer  employed 
it  in  the  same  way.  Another  instrument  of 
much  the  same  construction  is  the  Soleil- 
Ventzke-Scheibler  (v.  Watts,  I.e.).  In  this  the 
100  divisions  of  the  scale  are  made  to  repre- 
sent the  activity  of  2(r048  g.  saccharon  in 
100  c.c.  solution ;  we  have  only  to  inquire  as 
to  the  [a]j  and  [a]r,  of  cane  sugar  to  arrive  at 
a  value  in  degrees  of  the  100  divisions  for  these 
two  expressions.  From  these  two  factors  we 
get  100  divisions,  Soleil-Duboscq  =24°  aj  and 
21-67°od,  and  100  divs.  S.V.S.  =  38-34°  aj  and 
34'55°aD.  The  angular  value  for  any  other 
instrument  in  use  in  which  the  scale  is  given  in 
divisions  can  be  calculated  for  oj  or  by  ascer- 
taining the  number  of  divisions  required  to  com- 
pensate a  solution  of  sucrose  containing  10  g. 
in  100  c.c.  at  15-6°,  and  taking  the  apparent 
specific  rotatory  power  of  the  sugar  for  the  con- 
centration to  be  [a]j=  -f  73-8°  and  [o]i>  =  66-6°,  the 
value  of  the  divisions  in  degrees  for  both  rays 
can  be  calculated.  The  direction  of  the  rotation 
is  indicated  in  these  instruments  by  the  direc- 
tion of  the  movement  of  the  0  point  to  find  the 
compensation  necessary  ;  if  from  left  to  right  it  is 
right  or  +  ,  if  in  a  contrary  direction  left  or  — . 
With  the  other  instruments  in  use  sodium  flame 
is  the  source  of  light  employed ;  the  readings 
are  therefore  The  scale  is  a  circle  graduated  to 
degrees  on  a  disc,  beginning  with  0  at  the  top  and 
graduated  in  half  degrees  and  degrees  to  180° 
to  the  right,  and  in  the  same  way  to  the  left. 
The  analyser  rotates  in  the  axis  of  this  disc,  and 
carries  an  index  with  vernier,  which  admits  of 
readings  being  made  to  minutes.  The  arrange- 
ment is  such  that  the  polarised  ray  before  en- 
tering the  active  solution  has  the  appearance 
of  a  circular  disc  divided  into  halves  by  a  per- 
pendicular diameter.  The  position  of  the  plane 
of  polarisation  is  not  the  same  in  both  semi- 
discs,  so  that  when  the  light  is  completely  cut 
off  at  one  side  it  passes  at  the  other,  and 
vice  versd.  To  find  these  positions  the  analyser 
has  to  be  rotated  several  degrees,  but  between 
the  two  positions  of  complete  cut  ofi  there  is  a 
position  of  the  analyser  in  which  the  two  semi- 
discs  are  equally  illuminated ;  this  is  a  well- 
marked  position  distinctly  ascertainable.  The 
0  point  of  the  index  and  of  the  graduated  scale 
are  made  to  correspond  exactly  with  it.  It  can 
always  be  found  to  within  less  than  a  minute. 
When  the  active  substance  is  introduced  the 
equality  of  the  illumination  of  the  semi-drscs  is 
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destroyed  ;  the  analyser  is  rotated  until  it  is 
again  restored.  The  amount  of  rotation  as 
shown  by  the  graduations  gives  the  activity  in 
degrees  and  minutes,  or  degrees  and  decimals, 
according  to  tiie  make  of  the  vernier.  These 
are  the  half-shadoio  instruments,  of  which 
the  Jellct-Cornu  and  Laurent  are  examples 
(see  Watts,  I.e.).  Other  devices  have  been  em- 
ployed to  facilitate  an  accurate  determination 
of  the  position  of  the  plane  of  polarisation  of  the 
ray  before  and  after  rotation  ;  a  description  will 
be  found  in  Landolt  and  in  Watts  {I.e.).  Eecently 
an  instrument  has  been  introduced  in  which  the 
half-shadow  contrivance  is  adopted,  white  light 
(a  strong  gas-flame)  being  employed.  The  scale 
is  the  same  as  that  of  the  Soleil-Ventzke- 
Scheibler  instrument ;  readings  with  it  can  be 
made  with  great  accuracy.  It  is  manufactured 
by  Schmidt  &  Haensch,  Berlin. 

When  it  is  necessary  to  determine  the  activity 
for  rays  of  other  refrangibility,  say  for  the 
lithium  or  the  thallium  flame,  it  is  only  neces- 
sary to  colour  the  Bunsen  flame  witli  these 
metals  in  the  same  way  as  in  the  case  of  sodium 
above.  The  readings  are  then  an  and  axi,- 
The  "oi  "d>  <fec.  for  any  active  substance 
can  be  found  by  employing  a  pair  of  ordinary 
Nicols  as  described  above — white  light,  best  a 
ray  of  sunlight,  being  employed — and  examining 
the  light  after  passing  the  analyser,  with  a 
spectroscope.  If  the  positions  of  the  lines  of 
the  solar  spectrum  are  marked,  the  amount  of 
rotation  for  the  active  substance  introduceil 
between  the  polariser  and  the  analyser  is  found, 
when  on  rotating  the  analyser  the  thickest  part 
of  the  black  band  is  on  the  marked  position  of 
the  line  of  the  spectrum.  This  is  read  off  on  the 
scale  connected  with  the  analyser. 

With  any  of  these  instruments  we  can  de- 
termine the  optical  activity  of  a  sugar  and  thus 
identify  it.  The  sugar  is  crystallised ;  it  is 
dried,  and  10  g.  or  thereabouts  carefully  weighed 
out.  This  is  dissolved  in  water,  and  the  solu- 
tion made  up  to  100  c.c'  at  15-5°.  A  portion  of 
this  is  introduced  into  a  tube  of  definite  length, 
and  an  observation  made  with  any  of  the  instru- 
ments mentioned  above.  The  formula  [a]  =  "-jy* 
gives  the  apparent  specific  rotatory  power  for  the 
concentration.  a  =  the  angular  disturbance  ob- 
served, I  =  length  in  decimetres  of  tube  employed, 
and  c  =  grams  substances  in  100  c.c.  Let  us 
take  an  example,  10  g.  sucrose,  dissolved  and 
made  up  to  100  c.c.  Disturbance  observed  in  a 
200  mm.  tube,  with  a  Soleil-Duboscq  instrument, 
=  61-5  divs.;  now  for  aj  100  div.  =  24°.  Then, 
substituting  the  values  in  the  above  formula  we 
have 

61-5  X -24  x  100  ^^^^^^^,3.30 


2  X  10 

100  divs.  =  21-67°  ; 

61-5  X  -2167  X  100 


then 


The  scale  of  the  Soleil-Ventzke-Scheibler  instru- 
ment is  so  graduated  that  100  divisions  =  the 
activity  of  a  solution  of   sucrose  containing 

'  This  Is  practically  the  usual  100  c.c.  of  a  volumetric 
analysis.  For  more  accurate  manipulation  see  Landolt. 
This  is,  however,  unnecessary  for  the  identification  of  the 
sugar— our  purpose. 

0  0 
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26  048  g.  in  100  c.c.  in  a  200  mm.  tube.  The 

apparent  specific  rotatory  power  of  sucrose  in  a 
solution  of  this  concentration  is  [a]^  =  66'33°  and 
[a]j  =  73-61°.  Substituting  these  values  in  the 
formula  we  get 

a: -100  oo.^ 
2  X  26-048"  " 

X  =  the  value  of  100  divisions  in  degrees  a-o 
=  34-55°,  and 

^'•100  _  73.61. 
2x26-048"'^  ' 

x'  =  the  value  of  100  divisions  aj  =  38-34°. 

It  is  of  importance  that  the  values  in  degrees 
of  the  scales  of  these  two  instruments  should 
be  clearly  understood.  We  find  it  stated  that  a 
quantity  of  sugar  varying  from  16-49  to  16-35  g. 
in  100  c.c.  require,  in  a200mm.  tube,  a  compensa- 
tion with  a  Soleil-Duboscq  instrument  =  100 
divisions  ;  16-35  g.  is  the  best-recognised  factor  ; 
from  my  observations  it  is  still  too  high. 

100  X  -24  X  100 

2x16-35  73-39°,  and 

100  x  -2167  X  100 


2x16-35      =  Mi.  =  66-27°. 

figures  slightly  too  low  for  the  apparent  specific 
rotatory  power  of  sucrose  for  the  c,  hence 
16-35  g.  is  too  high.  The  number,  no  doubt, 
should  be  16-29,  and  this  gives  factors  agreeing 
well  with  the  observed  [a]D  and  [a]j  for  the  c. 

A  solution  containing  10  g.  sucrose  in  100 
c.c.  requires  a  compensation  in  a  200  mm.  tube 
of  38-5  divisions  f  a  Soleil-Ventzke-Scheibler 
instrument. 


38-5  X  -3834  x  100 
2  X  10 
38-5  X  -3455  x  100 
2x10 


[a]j  =  73-8°  and 
=  [a]„  =  66-5°, 


numbers  agreeing  accurately  with  the  specific 
rotatory  power  for  the  c.  The  optical  arrange- 
ments of  these  instruments  admit  of  the  em- 
ployment of  white  light. 

If  either  of  the  sodium-flame  instruments  is 
employed  the  angular  disturbance  is  introduced 
directlyinto  the  formula.  With  thelOg.  in  lOOc.c. 
solution  of  sucrose,  the  reading  in  a  200  mm.  tube  is 
13-3  X  100 

oc  =  + 13-3°,  then       ^       =  [aj^  =  66-5°.  The 

use  of  this  factor  is  obvious.  We  have  a  solu- 
tion of  a  known  sugar  of  unknown  strength, 
and  want  to  find  the  c  (g.  in  100  c.c).  An 
observation  is  made  in  a  tube  of  known  length, 
o.lOO 

od  or  Oj ;  then  — -   =  the  determined  value  of 

[o]i,  or  [a]j,  a  the  ray  for  which  the  observation 
is  made,  and  [o]  the  specific  rotatory  power  for 
that  ray,  according  to  the  light  employed  and 

concentration,  c  =  -f-^t' 
[a]  I 

It  has  been  shown  that  if  a  solution  contains 
two  or  more  active  substances,  the  observed 
activity  is  the  algebraic  sum  of  the  activities  of 
the  constituents.  The  specific  rotatory  power  of 
each  individual  sugar  is  given  in  the  description 
of  it. 

5.  The  reducing  power.  As  has  been  stated, 
most  of  the  sugars  possess  the  power  of  redu- 


cing the  oxides  of  the  higher  metals  and  some 
organic  colouring  matters.  Various  propositions 
have  been  made  to  employ  this  property  as  a 
means  of  qualitatively  and  quantitatively  deter- 
mining the  sugars,  and  various  solutions  have 
been  proposed  for  that  purpose ;  but  speaking 
with  many  years'  experience  I  may  say  that 
they  may  all  be  discarded  in  favour  of  alkaline 
copper  solution,  Fehling's  solution;  and  even 
with  regard  to  the  value  of  this  a  great  diversity 
of  opinion  exists.  But  there  is  a  general  agree- 
ment that  if  the  conditions  under  which  it  is 
used  are  constant  the  results  are  constant. 
For  literature  see  Becquerel,  A.  Ch.  [2]  47,  15  ; 
Trommer,  A.  38,  360  ;  MuUer  a.  Hagen,  Pf.  23, 
221 ;  Neubauer,  Fr.  1,  378  ;  Maly,  Fr.  10,  383  ; 
Seegen,  C.  C.  1875,  223 ;  Fehling,  A.  72,  106 ; 
Glaus,  J.  pr.  [2]  4,  63  ;  Neubauer,  Ar.  Ph.  [2]  71, 
278  -,  Patterson,  G.  N.  25,  149  ;  Loiseau,  C.  B. 
1873.  26  ;  Soxhlet,  J.  pr.  [2]  21,  227  ;  Krause  a. 
Stadeler,  C.  C.  1854.  936 ;  Grager,  Fr.  7,  490 ; 
Buswitz,  B.  11,  1445 ;  O'Sulhvan,  0.  J.  1876,  2, 
125  ;  Miircker,  O.'  7,  699  ;  Brunner,  Fr.  11,  32  ; 
Bayley,  C.  N.  37,  211 ;  AUihn,  J.  pr.  [2]  22,  55 ; 
Salomon,  B.  14,  2711;  Digener,  F.  31,349; 
Schwarz,  A.  84,  84  ;  Mohr,  Fr.  12,  296  ;  Perrot, 
B.  9,  19  ;  Ulbricht,  B.  10,  128  ;  Jean,  C.  R.  73, 
1397 ;  Scheibler,  Z.  9,  820 ;  Weil,  Fr.  11,  284 ; 
Arnold,  Fr.  20,  331 ;  Volhard,  A.  190,  1 ;  Sol- 
daini,  B.  9,  1126;  Possoz,  C.  B.  1874,  721; 
PeUet,  Fahr.''  19,  22  ;  Pavy,  C.  N.  39,  1004  ; 
Lowe,  Fr.  9,  20 ;  Vogel,  J.  Ph.  [2]  1,  245 ;  and 
others  of  less  value.  As  a  result  of  a  study  of 
all  this  literature,  I  may  say  that  I  have  come 
to  the  conclusion  that  if  the  Fehling's  solution 
is  carefully  made  with  pure  materials,  and  em- 
ployed as  described  below,  the  reducing  power 
of  any  sugar  can  be  determined  with  constancy 
and  accuracy,  and  when  the  conditions  are  ful- 
filled the  reduction  is  molecular — i.e.  a  definite 
number  of  copper  oxide  molecules  are  reduced 
by  a  definite  number  of  molecules  of  the  sugar. 

Fehhng's  solution  is  made  as  follows : 
34-61  g.  pure  recrystallised  copper  sulphate 
are  dissolved  in  400  c.c.  H^O  or  thereabouts,  173 
g.  sodium  potassium  tartrate  (Koohelle  salt), 
and  74  ^  grams  freshly-prepared  sodium  hy- 
droxide (commercial  stick  soda)  are  dissolved 
to  450  HjO ;  when  the  solution  is  cold  it  is 
gradually  added  to  the  copper  solution  in  small 
portions  at  a  time,  so  that  the  pp.  at  first  formed 
is  re-dissolved.  When  both  solutions  are  mixed 
the  volume  is  made  up  to  1  litre.  It  is  very 
generally  stated  that  this  solution  does  not  keep 
very  well.  I  found  it  constant  in  its  properties 
for  more  than  twelve  months  when  kept  in 
carefully-stoppered  bottles,  sealed  with  paraffin, 
in  a  cool,  dark  place.  Some  recommend  that 
both  the  solutions  be  made  up  to  500  c.c,  kept 
separately  and  mixed  in  equal  volumes  when  re- 
quired for  use.  This  is  probably  the  better  plan, 
but  unless  the  solutions  are  kept  in  well-stop- 
pered bottles  sealed  they  will  deteriorate  as 
badly  as  if  mixed.  This  solution  is  used  as  (a) 
a  qualitative  test  for  the  reducing  sugars.  It 

'  0.  =  Organ  des  Centralvereins  filr  Riibenztwkerfdbrica- 
Hon  in  der  SsterreicMsch-ungarischen  Monarchie. 
^  Journal  des  Fdbricants  de  Sucre. 

»  Redewald  a.  ToUens  {B.  11,  2076)  employ  60  g., 
and  they  say  the  increase  of  alkali  to  70  g.  diminishes 
the  reducing  power  of  lactose  about  1  p.o. 
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is  also  used  (b)  quantitatively,  to  determine  the 
reducing  power  and  the  quantity  of  a  sugar. 

(a)  Qualitatively.  A  portion  of  the  solution 
supposed  to  contain  sugar,  prepared  as  described, 
is  heated  to  boiling  in  a  small  beaker  or  test-tube, 
and  is  added  to  5  c.c.  of  the  alkaline  copper  solu- 
tion previously  diluted  with  its  own  bulk  of  water, 
and  heated  to  boiling.  The  production  of  a  red 
pp.  of  CU2O  indicates  the  presence  of  a  reducing 
sugar.  There  are  substances  besides  the  sugars 
capable  of  reducing  Fehling's  solution.  The  ab- 
sence of  these  must  be  established  before  it  can 
be  inferred  that  the  reduction  is  due  to  sugar. 

(6)  Quantitatively.  The  reducing  power  of  a 
sugar,  or  of  a  solution  containing  reducing 
sugars,  can  be  determined  volumetrically  or 
gravimctrically,  witli  Fehling's  solution.  It  is 
now  very  generally  admitted  that  the  gravimetric 
method  gives  the  only  reliable  results. 

Volumetrically.  The  sugar  solution,  pre- 
pared as  described,  should  be  diluted  (0'5  to  1-0 
g.  reducing  sugar  in  100  c.c).  This  is  in- 
troduced into  a  burette,  and  the  Fehling's  solu- 
tion into  a  second  one.  Of  the  latter  a  definite 
quantity,  say  10  c.c,  is  measured  into  a  por- 
celain dish  of  about  60  to  100  c.c.  capacity,  and 
diluted  with  four  times  its  own  bulk  of  water. 
The  dish  is  then  placed  over  a  small  Bunsen, 
and  the  contents  heated  to  boiling.  The  sugar 
solution  is  then  run  in  a  c.c.  at  a  time  until 
the  blue  colour  of  the  copper  solution  has  nearly 
all  disappeared,  then  drop  by  drop  until  it  has 
quite  gone.  The  first  experiment  may  only  give 
approximate  results;  in  a  second  a  quantity  of 
.sugar  slightly  less  than  was  found  necessary 
in  the  first  experiment  is  measured  into  a  small 
beaker,  heated  to  boiling,  and  mixed  rapidly 
with  the  boiling  dilute  copper  solution.  If  the 
whole  of  the  copper  is  reduced,  a  few  drops  more 
of  the  Fehling's  solution  are  added  from  the 
burette.  A  few  experiments  of  this  kind  will 
give  fairly  approximately  the  amount  of  copper 
solution  a  certain  quantity  of  the  sugar  solution 
is  capable  of  reducing.  That  the  Fehling's  solu- 
tion is  not  in  excess  is  seen  by  the  absence  of  blue 
on  subsidence  of  the  Cu„0,  and  may  be  con- 
firmed by  filtering  a  little  and  testing  for  copper 
with  a  dilute  solution  of  potassium  ferrocyanide 
in  acetic  acid.  The  absence  of  a  brown  coloura- 
tion indicates  the  absence  of  CuO.  If  the  sugar 
is  in  excess,  more  CuO  solution  is  decolourised, 
but  after  boiling  the  sugar  in  the  alkaline  solu- 
tion the  amount  reduced  is  not  a  measure  of  the 
quantity  of  sugar.  The  final  experiment  must  be 
performed  after  two  or  more  observations,  when 
the  relative  value  of  the  two  solutions  has  been 
approximately  ascertained,  as  described  above, 
by  adding  the  whole,  or  nearly  the  whole,  of  the 
sugar  at  a  boiling  temperature  to  the  copper 
solution  at  once.  If  only  a  few  drops  of  the  sugar 
solution  are  required  to  remove  the  last  traces 
of  CuO,  the  error  is  not  great ;  10  c.c.  of  the 
Fehling's  solution,  made  as  directed,  contain 
•1100  g.  CuO  ;  396  CuO  =  180  dextrose,  i.e.  5  mols. 
CuO  (79-2 -1-5  =  306)  are  reduced  by  1  mol.  dex- 
trose 180,  then  396:110  =  180:050  grams 
dextrose  =  10  cc.  Fehling's  solution.  Soxhlet 
(Z.c.)  states  that  the  value  of  the  CuO  solu- 
tion in  dextrose  varies  with  the  way  in  which 
the  experiment  is  performed  ;  that  10  c.c. 
undiluted  Fehling's  solution  are  reduced  by 


0-04753  g.  dextrose,  while  it  takes  0-OJOl  to 
reduce  the  same  bulk  diluted  with  four  measures 
of  water.  The  same  applies  to  the  other  re- 
ducing sugars,  only  in  the  case  of  lactose 
dilution  has  no  elfect,  while  in  that  of  maltose 
dilution  diminishes  the  amount  of  sugar  re- 
quired. This  is,  no  doubt,  correct  under  the  con- 
ditions stated,  but  it  is  not  necessary  in  dealing 
with  a  reaction  of  this  kind  to  deviate  from  re- 
cognised conditions  such  as  those  laid  down 
above.  When  these  are  adhered  to  it  is  found 
that  the  reducing  power  of  the  sugar  very 
closely  approaches  molecular  interaction  ;  in  fact, 
so  much  so  that  the  molecular  relation  most 
closely  approximated  to  by  the  experimental 
data  may  be  taken  as  tlie  normal  reducing 
power  of  a  sugar.  These  normals  for  the  better- 
known  sugars  are : — 

10  c.c.  Fehling's  solution  =  0  0500  g.  dextrose.* 
„  „  O'OoOO  g.  galactose. 

„  „  0-0500  g.  lievulose. 

„  0-06334  g.  lactose.f 

„  „  0-07196  g.  maltose.f 

,,  „  0-04630  g.  arabinose. 

„  „  0-08701  g.  arabinon. 

*  Soxhlet  says  the  reduciug  jiower        tevvilose  is 
different  from  tbat  of  dextrose.    This  is  not  supported  ;  his 
error  is  due  to  his  mode  of  preparing  invert  sugar, 
t  Sugar  free  from  water  of  crystalliaation. 

Gravimctrically.  The  Fehling's  solution  is 
prepared  as  described ;  25-30  c.c.  of  it  are 
measured  into  a  beaker  of  130-140  c.c.  capacity, 
and  about  50  c.c.  well  boiled  water  added. 
The  beaker  is  then  placed  in  a  boiling-water 
bath,  consisting  of  a  larger  beaker  in  which  water 
is  kept  boiling.  At  the  end  of  five  or  six  minutes, 
when  the  dilute  copper  solution  has  acquired 
the  temperature  of  the  bath,  a  known  weight 
or  measure  of  the  sugar  solution  is  heated 
to  boiling,  and  added.  If  at  the  end  of  a  few 
minutes  the  blue  colour  is  completely  destroyed, 
it  can  be  restored  by  adding  more  Fehling's 
solution,  but  it  is  much  better  to  so  arrange 
matters  by  a  few  experiments  that  the  amount  of 
sugar  solution  employed  will  reduce  the  Fehling's 
as  nearly  as  possible,  leaving  only  sufficient 
blue,  on  subsidence  of  the  Cu.^0,  to  make  it  evi- 
dent that  the  copper  solution  is  in  slight  excess. 
After  twelve  to  fourteen  minutes'  boiling  the 
clear  supernatant  liquid  is  decanted  on  to  a  filter, 
the  Cu^O  is  washed  by  decantation,  and  finally 
on  the  filter.  If  the  Fehling's  solution  is  in 
large  excess  it  is  difficult  to  wash  the  filter  free 
from  unreduced  copper  oxide  (blue  colouration), 
but  if  the  excess  is  only  slight  there  is  no  indica- 
tion that  the  filter  retains  copper  compounds  other 
than  Cu.jO.  Ignition  for  four  or  five  minutes  in 
an  open  porcelain  crucible  converts  the  red  pre- 
cipitate into  black  copper  oxide  CuO,  in  which 
form  it  is  weighed.  From  this  the  sugar  is  cal- 
culated by  multiplying  by  the  constants  (see  next 
page).  It  may  be  again  pointed  out  thatthe  factors 
given  by  various  authorities  differ  more  or  less 
from  these  (see  the  K  of  individual  sugars),  but 
I  believe  these  are  the  constants,  the  differences 
amongst  the  authors  being  due  to  manipulation, 
to  the  state  of  dilution  and  alkalinity  of  the 
solutions,  and  to  the  temperature  of  the  mixed 
sugar  and  CuO  solution.  An  imperfect  knowledge 
of  the  composition  of  the  material  is  a  source  of 
error.    In  dealing  with  some  solutions,  other 
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1  mol.  sugar  to  5  mols.  CuO 

1  g- 

CuO  =  0-4545  g 

.  dextrose 

•  K=100 

5  „ 

Ig. 

„  =  0-4546  g 

.  galactose 

:  K  =  100 

5  „ 

»» 

Ig- 

„  =0-4545  g 

.  leevulose 

:  K  =  100 

>)        I)        7'5 ,, 

JJ 

Ig- 

„  =0-5758  g 

. lactose 

:  K  =  77-67 

6  „ 

Ig. 

„  =0-7196  g 

'.  maltose 

:  K  =  63-16 

»        >,        4-5  „ 

)» 

1  g 

„  =0-4209  g 

arabinose 

:  K  =  108-8 

1»               n  )> 

)) 

Ig 

„  =0-7910  § 

.  arabinon 

:  K  =  57-5 

Bubstances  may  be  precipitated  with  the  CU2O. 
These  should  be  ascertained,  determined,  and 
allowed  for.  In  dealing  with  solutions  in  which 
ammonia  is  found,  or  liberated  by  the  alkali, 
CujO  is  retained  in  solution.  Sundry  propositions 
have  been  made  to  avoid  the  disturbing  influence 
of  the  alkali  in  Fehling's  solution,  but  they  seem 
to  have  met  with  no  favour.  Soldani  (B.  9, 
1126)  proposed  copper  carbonate  in  potassium 
bicarbonate;  Possoz  (C.  B.  1874,  721)  and 
Pellet  (J.fb.  19,  22)  other  solutions  of  copper 
in  alkaline  carbonates.  Lowe  {Fr.  9,  20)  re- 
commends the  use  of  a  solution  of  CuO  in 
glycerol,  but  so  far  little  can  be  said  of  the  value 
of  the  solution.  In  cases  where  the  sugar  solution 
contains  other  substances  than  reducing  sugars 
capable  of  giving  a  precipitate  with  Fehling's  solu- 
tion without  reduction,  the  whole  precipitate  may 
be  dissolved  in  hydrochloric  acid,  made  strongly 
alkaline,  and  added  to  an  excess  of  ammoniacal 
solution  of  silver  nitrate.  The  copper  suboxide 
reduces  an  equivalent  quantity  of  silver  oxide. 
The  silver  in  the  precipitate  may  be  estimated 
as  chloride  (Jean,  C.  B.  73,  1397).  As  has  been 
stated  above,  many  other  solutions  and  modifi- 
cations of  Fehling's  solution,  have  been  proposed 
for  employment  in  determining  the  sugars,  but 
they  appear  to  be  of  no  value. 

Pavy  (I.e.)  recommends  the  addition  of  suffi- 
cient ammonia  to  the  Fehhng's  solution  to  hold 
the  CuoO  in  solution  ;  the  disappearance  of  the 
blue  is  then  the  indicator  of  the  reaction.  The 
reducing  powers  for  sugars  other  than  dextrose 
for  this  solution  have  not  been  ascertained;  even 
for  dextrose  it  is  doubtful  (v.  Hehner,  An. 
6,218). 

Three  solutions  of  mercury  salts  have  been 
proposed  as  agents  by  which  sugars  can  be 
determined  by  their  reducing  power — the  one 
known  as  Knapp's  solution,  the  other  as 
Sachsse's  solution,  and  the  third  as  Hager's 
solution.  Neither  of  them  are  of  high  value, 
except  in  certain  circumstances,  but  Hager's 
least  of  all. 

K-napp's  solution  is  made  by  dissolving 
10  g.  HgCy2  in  about  600  c.c.  water,  then  add- 
ing gradually  100  c.c.  sodium  hydroxide  solu- 
tion, specific  gravity  1-145,  and  diluting  the  clear 
solution  to  1  litre  ;  10  c.c.  of  this  solution  equal 
0-025  g.  dextrose  ;  but  according  to  Soxhlet 
(I.e.)  this  is  not  true,  and  the  quantity  varies 
with  the  conditions  under  which  the  reducing 
solution  and  reducible  one  are  brought  in 
contact,  and  even  with  the  indicator  used  in 
determining  the  absence  of  mercury.  The  solu- 
tion is  used  as  follows  : — 40  c.c.  of  it  are 
heated  to  boUing  in  a  flask,  and  the  sugar 
solution,  which  should  not  contain  more  than 
0-5  p.c.  reducing  sugar  calculated  as  dextrose, 
run  in  as  quickly  as  possible  until  the  whole  of 
the  mercury  is  ppd.  as  such,  the  mixed  liquids  be- 
ing kept  continually  boiling.  The  complete  pre- 
cipitation of  the  Hg  is  ascertained  by  testing  for 


it  with  ammonium  sulphide,  or  alkaline  tin  solu- 
tion. Less  mercury  is  reduced  by  adding  the 
sugar  gradually  than  when  the  addition  is  made- 
all  at  one  time  (Brunner,  J.pr.  [2]  21 ;  Soxhlet, 
I.e.).  According  to  the  latter,  when  the  reducing 
solution  is  added  all  at  one  time,  and  alkaline 
tin  solution  employed  as  a  test  for  the  absence 
of  Hg  from  the  solution,  0-200--202  g.  dextrose^ 
reduce  100  c.c.  of  Knapp's  solution. 

Sachsse's  solution  is  made  to  contain  in  L 
litre  18  g.  mercuric  iodide,  25  g.  potassium, 
iodide,  and  80  g.  potassium  hydi'oxide.  The 
mercury  salt  is  dissolved  in  a  solution  of  the 
potassium  iodide,  the  solution  of  the  potassium 
hydroxide  added,  and  the  mixture  made  up  tc 
the  litre.  A  measured  quantity,  40  c.c,  of  the 
solution  is  boiled  in  a  porcelain  dish,  and  the 
sugar  solution,  containing  not  more  than  0-5  g. 
per  100  c.c,  run  in  until  a  drop  of  the  super- 
natant Uquid  ceases  to  give  a  brown  colour  with 
an  alkaline  solution  of  tin  chloride.  It  is  said 
that  in  using  this  reagent  more  mercury  is 
reduced  by  adding  the  sugar  slowly  than  by 
adding  it  all  at  one  time,  the  reverse  being  the 
case  with  Knapp's  solution.  Soxhlet  (I.e.)  com- 
pares the  value  of  these  solutions  for  the  re- 
ducing sugars  as  follows  : — 

Taking  the  reducing  power  of  dextrose  =  100, 
the  reducing  powers  (K)  of  the  other  sugars  are  : 

(u™fa)     Knapp  Saohsse 
Dextrose  .     .       .    100  100  100 

Invert  sugar  .  .  96-2  99  124-5 
Lsevulose  .  .  92-4  102-2  148-6 
Galactose  .  .  93-2  83-0  74-8 
Lactose  (hydrated?)  70-3  64-9  70-9 
Maltose  (dry?).       .     61-0         63-8  65-0 

These  relations  for  the  K  of  the  sugars  for 
Fehling's  solution  do  not  agree  at  all  with  the 
generally  recorded  numbers  {v.  K  of  individual 
sugars) ;  there  are  no  data  to  enable  one  to  form- 
an  opinion  on  the  value  of  the  K  for  the  other 
solutions. 

Potassium  ferricyanide  has  been  proposed  as 
an  agent  for  determining  the  reducing  power  of: 
the  sugars  by  Gentele  (Fr.  9,  453),  but  although 
Stahlschmidt  {B.  1, 141),  Stammer  {D.  P.  J.  158, 
40),  and  Sostmann  (F.  Z.  22,  170)  have  worked 
with  it,  we  know  nothing  very  definite  about  its 
value.  It  should  yield  definite  results,  as  the 
complete  reduction  is  definitely  recognisable. 

6.  The  action  of  unorganised  ferments. 
Enzymes.  Sucrose  is  converted  by  invertasa 
into  lsevulose  and  dextrose ;  the  only  other 
sugar  acted  upon  by  this  enzyme  is  raffinose 
(Kjeldahl,  Fr.  22,  588  ;  O'SuUivan,  C.  J.  1886. 
70  ;  and  O'SuUivan  a.  Tompson,  C.  J.  1890.  834), 
and,  as  it  has  been  shown,  the  invertive  action 
is  most  active  at  a  temperature  at  which  yeast, 
from  which  the  Lnvertase  is  prepared,  has  no  fer- 
mentative action  on  the  products  of  the  inversion ; 
yeast  can  be  employed  instead  of  prepared  in- 
vertase.    The  products  of  the  action  of  invertase 
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on  raffinose  are  laevulose  and  melibiose,  the 
latter  yielding  finally  dextrose  and  galactose. 
Ratfinose  is  but  very  sparely  distributed.  It  may 
be  considered  that  sucrose  is  present  if  the  optical 
activity  of  a  solution  is  materially  altered  by  treat- 
mentwith  invertase  and  the  copper  oxide  reducing 
power  at  the  same  time  increased.  The  absence 
■of  raffinose  can  be  determined  by  the  non-pro- 
duction of  mucic  acid  on  treatment  with  nitric 
acid.  Before  applying  the  invertase  test  the  solu- 
tion to  be  tested  must  be  boiled.  If  this  is  not 
done,  and  active  diastase  and  any  of  the  high- 
starch  transformation  products  are  present,  the 
latter  would  be  acted  upon  by  the  diastase,  the 
opticity  lowered,  and  the  cupric  reducing  power 
increased.  Diastase  does  not  appear  to  act  on 
any  of  the  sugars,  except  isomaltose  (?) 

Other  organisms,  such  as  the  moulds  which 
grow  on  steamed  rice,  contain  an  enzyme 
capable  of  acting  on  maltose,  but  this  substance 
has  not  been  employed  in  the  detection  or  esti- 
mation of  maltose.  There  is  no  doubt,  however, 
it  is  available  for  the  purpose. 

7.  Organised  Ferments  (see  Feementation). 
The  hypJiomycetes,  saccharomycetes,  and  schiso- 
mycctcs  act  on  the  sugars  and  yield  various  pro- 
ducts, and,  no  doubt,  can  be  made  available  for  the 
'detection  and  estimation  of  them  ;  but  we  have 
•  only  to  concern  ourselves  here  with  the  action 
of  ordinary  beer  yeast  {saccharomyces  cerevisics) ; 
the  changes  effected  by  the  other  organisms  come 
under  art.  Feementation.  On  adding  pressed 
yeast  to  a  very  slightly  acid  solution,  and  keeping 
the  mixture  at  a  temperature  of  20°  or  there- 
abouts, if  a  fermentable  sugar  be  present,  a  frothy 
head  will  form  on  the  surface  of  the  liquid,  carbon 
dioxide  will  be  evolved,  and  alcohol  formed.  The 
specific  gravity  and  optical  activity  of  the  solu- 
tion diminishes.  Certain  substances  known  as 
antiseptics  prevent  this  reaction — they  must  be  ; 
proved  to  be  absent.  The  fermentable  sugars, 
in  this  sense,  are  described  as  such  under  the  re- 
spective heads. 

The  quantitative  value  of  this  phenomenon 
has  been  studied  by  many  workers,  but  it  is  still 
unsatisfactory.  It  has  been  made  available  with 
approximate  accuracy  in  determining  the  total 
fermentable  sugars  in  presence  of  other  sub- 
stances from  which  they  cannot  otherwise  be 
conveniently  separated.  The  solution  should  be 
•of  about  sp.gr.  1-050-1-060,  slightly  acid,  and 
should  not  contain  much  foreign  matter.  A 
measured  quantity  of  this  is  taken,  best  100  c.c. 
if  available,  introduced  into  a  150  c.c.  flask,  and 
0'5  to  1  g.  freshly-pressed  yeast  added.  If  neces- 
sary, a  little  yeast  ash  dissolved  in  the  least  pos- 
sible quantity  of  hydrochloric  acid,  together  with 
a  little  ammonium  tartrate,  should  be  added.  A 
temperature  of  from  20°  to  22°  is  best  suited  for 
the  process.  The  gas  evolved  is  washed  by  being 
made  to  pass  through  a  few  c.c.  water  in  two 
successive  wash-botties.  In  some  cases  the  fer- 
mentation is  very  slow  and  takes  many  days  to 
complete  itself,  in  others  it  is  rapid  and  is 
finished  in  a  few  days  ;  but  in  all  eases  it  should 
be  coHtinued  as  long  as  gas  bubbles  through  the 
wash-bottles  on  shaking  the  flask  in  which  the 
fermentation  is  going  on.  As  soon  as  this  point 
is  arrived  at,  the  contents  of  the  flask  are  washed 
with  the  water  of  the  wash-bottles  into  a  distilling 
flask,  and  submitted  to  distillation.  Dilute  alco- 


hol distils  over  and  is  collected  in  a  100  c.c. 
flask.  If  only  20-25  c.c.  wash  water  were  used, 
the  distillate,  when  it  amounts  to  80-85  c.c, 
will  contain  all  the  alcohol  produced.  This  is 
then  made  up  to  100  c.c.  and  its  specific  gravity 
taken.  On  referring  to  the  alcohol  tables,  the 
weight  of  alcohol  in  the  100  c.c.  is  ascertained. 
From  this  a  knowledge  of  the  amount  of  ferment- 
able sugars  is  arrived  at.  Sucrose  yields  51  p.c. 
alcohol,  dextrose  48-49  p.c.  (Pasteur,  A.  Ch.  [3] 
58,  330),  maltose  50-4-51-8  p.c.  (O'SulUvan,  C.  J. 
1876,  479).  Hofmann,  Graham,  and  Redwood 
(C.  J.  5,  229)  gave  expression  to  the  value  of  the 
specific  gravity  of  distillate,  in  points  or  degrees 
of  specific  gravity  lost  by  the  saccharine  solution 
fermented  for  various  sugars.  These  factors  are 
still  employed  in  determining  the  original  specific 
gravity  of  beer,  from  the  alcohol  it  contains  and 
the  specific  gravity  of  the  residue  after  distilla- 
tion. The  residue  left  in  the  distilling  flask 
mentioned  above  is  with  the  washings  made  up 
to  100  c.c,  the  specific  gravity  of  this  solution 
subtracted  from  that  of  the  solution  before  the 
yeast  was  added  +  1 — or  1000  if  water  be  taken 
at  1000  instead  of  1 — will  give  approximately 
the  specific  gravity  of  a  solution  containing  the 
amount  of  sugars  or  sugar  fermented  in  100  c.c. 
The  average  D  of  the  sugars  being  known,  the 
quantity  fermented  within  2  or  3  p.c.  can  be 
calculated  from  this.  Inasmuch,  however,  as  the 
value  in  specific  gravity  of  the  non-volatile  pro- 
ducts of  the  fermentation  of  the  sugars  has  not 
been  accurately  determined,  this  mode  of  estima- 
tion can  only  be  approximate. 

It  has  been  proposed  to  estimate  the  amount 
of  sugar  or  sugars  hy  determining  the  amount  of 
carbon  dioxide  evolved  during  fermentation. 
Pasteur  (I.e.)  gives  0-4605  g.  CO.^  as  the  product 
of  1  g.  dextrose.  Jodlbauer  {Z.  V.  25,  308)  states 
that  dry  maltose  yields  49-54  p.c.  CO^  and  dex- 
trose 46-54  p.c.  These  figures  are,  no  doubt, 
true  also  for  all  the  fermentable  '-on  '  and  '-ose  ' 
sugars. 

Some  of  the  sugars  when  in  the  pure  state 
are  not  fermented  by  yeast,  but  the  presence  of 
a  small  quantity  of  an  easily  fermentable  sugar 
sets  up  the  action.  Pure  galactose  is  not  fer- 
mented by  yeast ;  the  presence  of  a  little  dex- 
trose, Isevulose,  or  maltose  sets  up  the  process 
(Bourquelot,  C.  R.  106,  283  ;  Tollensa.  Stone,  B. 
21,  1572;  Stone  a.  Tollens,  A.  249,  257),  the 
fermentation  of  galactose  being  as  complete  as 
that  of  dextrose  if  the  suitable  nourishment  is 
present.  Under  the  same  condition  sorbose 
ferments  more  slowly  and  less  completely,  ara- 
binose  and  lactose  very  slowly  and  incompletely. 
Pure  arabinose  behaves  like  pure  galactose. 
Sucrose  is  inverted  by  yeast,  dextrose  ferments 
easily,  Isevulose  less  so,  maltose  still  less,  and 
rafiinose  less  still.  The  other  sugars  ferment 
only  when  these  are  present;  hence  it  should  be 
possible  to  detect  the  presence  of  individual 
sugars  from  the  specific  rotatory  power  and  K  by 
fractional  fermentation.  With  some  varieties  of 
yeast  Ifevulose  ferments  before  dextrose  (Dubourg, 
C.  R.  110,  868).  Again,  some  organisms  are 
found  to  ferment  the  '  -ose  '  sugars  and  to  be  in- 
capable of  fermenting  the  '  -on  '  ones.  A  study 
of  the  action  of  these  organisms  will  yield  results 
valuable  in  the  identification  and  estimation  of 
the  sugars. 
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8.  Action  of  acids.  All  the  di-  and  tri-  sugars 
are  converted  into  mono-  sugars  by  the  action  of 
dilute  mineral  acids  ;  this  is  accompanied  by  an 
alteration  in  the  K  and  [a]  of  the  solution.  If 
this  took  place  only  with  the  high  sugars,  the 
reaction  would  be  applicable  in  distinguishing 
the  '-on  '  and  '-ose  -on  '  sugars  from  the  '-ose ; ' 
but  the  K  and  [a]  of  these  sugars  are  also  affected 
by  digestion  with  mineral  acids,  but  much  more 
slowly,  so  that  the  reaction  is  only  available 
-when  carefully  performed.  If  the  sugar  solution 
increase  in  K,  and  there  is  a  material  alteration 
in  [a]  on  ten  or  twelve  minutes'  boiling  with  2-3 
p.c.  sulphuric  acid  or  hydrochloric  acid,  it  may 
safely  be  inferred  that  a  high  sugar  (di-  or  tri-) 
is  present.  Some  organic  acids  act  differently 
on  the  high  sugars.  Dilute  citric  acid  inverts 
sucrose ;  it  is  without  action,  at  least  material 
action,  in  a  short  time  on  lactose  (Jones,  I.e.). 

The  invertive  action  of  acids — except  under 
well-defined  conditions,  such  as  the  employment 
of  hydrochloric  acid  by  Clerget  in  hydrolysing 
sucrose — cannot,  for  the  reason  mentioned  above, 
be  employed  in  estimating  these  sugars. 

Dextrose  and  substances  capable  of  yielding 
it  can  be  detected  by  acting  on  the  material  with 
.nitric  acid  (1  pt.  mat.  1  pt.  H„0  and  5  pts. 
■nitric  acid,  sp.gr.  1-15).  Saccharic  acid,  recog- 
nisable by  the  microscopic  appearance  of  its  acid 
potassium  salt,  is  produced  (Sohst  a.  Tollens,  A. 
245, 1).  Lasvulose,  galactose,  sorbose,  and  arabin- 
ose  do  not  yield  this  acid  (Gans,  Stone,  a,  Tollens, 
jB.  21,  2148).  Galactose,  lactose,  and  raffinose, 
on  treatment  with  nitric  acid  in  the  same  way, 
yield  mucic  acid.  This  reaction  has  some  quanti- 
tative value.  Pasteur  (0.  B.  42,  349)  obtained 
75  to  78  p.c.  mucic  acid  from  galactose.  The 
yield,  however,  varies  very  considerably  with  the 
quantity  and  strength  of  the  acid  employed. 
Kent  a.  Tollens  (A.  227,  221)  find  on  employing 
1  pt.  sugar,  12  pts.  nitric  acid,  sp.gr.  1-15,  al- 
lowing to  crystallise  in  1-5  to  2-0  pts.  solution, 
and  washing  with  5  pts.  water  that  galactose 
gives  77*4  p.c.  mucic  acid.  Lactose  treated  in 
the  same  way  gives  40  p.c,  and  raffinose  (Kisch- 
bieth  a.  Tollens,  A.  232,  172)  22-23  p.c.  By 
using  1  g.  dry  sugar,  or  a  quantity  equal  thereto, 
in  a  concentrated  syrup,  4  g.  nitric  acid  sp.gr. 
l"25-l-24,  heating  gently  until  red  fumes  began 
to  be  evolved,  then  allowing  the  reaction  to  pro- 
ceed until  the  violence  was  over,  heating  on  a 
water-bath  until  red  fumes  ceased  to  be  evolved, 
allowing  to  stand  for  24  hours  to  crystallise,  I 
obtained  73  p.c.  mucic  acid  from  galactose,  36'9 
p.c.  from  dry  lactose,  and  28-30  p.c.  from  dry 
raffinose  (O'SuUivau,  C.  J.  1886,  73).  The 
mucic  acid  was  collected  on  a  tared  filter,  washed 
carefully  with  60  c.c.  water,  dried  in  a  vacuum 
over  sulphuric  acid,  then  at  100°,  and  weighed. 
By  treating  0-5  g.  mucic  acid  in  the  same  way, 
the  loss  was  0-04-0-05  g.  Corrected  for  this  the 
above  numbers  become  80-81  p.c.  for  galactose 
and  40'5-41-5  p.c.  for  lactose.  The  number  for 
raffinose  was  corrected. 

The  pentoses,  and  bodies  from  which  they  can 
be  obtained,  yield  on  digestion  with  strong  hydro- 
chloric acid,  furfural,  the  detection  of  which  is 
simple  and  definite.  This  reaction  has  been  em- 
ployed in  the  estimation  of  these  sugars.  It  must 
not,  however,  be  forgotten  that  the  hexoses  also 
yield  furfural,  although,  no  doubt,  in  very  small 


quantities  (Giinther  a.  Tollens,  B.  23,  1751 ;  de 
Chalmot  a.  Tollens,  B.  24,  694 ;  Stone,  B.  24, 
3019).    The  first  difficulty  to  overcome  was  to 
determine  the  conditions  under  which  the  great- 
est yield  of  furfural  was  obtainable,  the  next  to 
accurately  determine  the  furfural.    2  to  5  g.  of 
the  material  are  digested  with  100  c.c.  hydro- 
chloric acid,  sp.gr.  1'06,  and  then  distilling,  re- 
turning the  distillate  until  the  reaction  is  com- 
plete ;  or  the  mixture  of  material  and  acid  is  sub- 
mitted to  distillation  in  a  flask  over  a  small 
flame,  so  that  not  more  than  10  c.c.  distillate  pass 
over  in  five  minutes,  fresh  acid  being  regularly 
added  until  a  sample  of  the  distUlate  ceases  to 
give  the  reaction  for  furfural.    The  distillate  is 
then  neutralised  with  soda,  acidified  with  a  few 
drops  of  acetic  acid,  and  made  up  to  a  definite 
volume.    In  this  the  furfural  is  estimated  by  a 
standard  solution  of  phenylhydrazine,  made  by 
dissolving  2  g.  phenylhydrazine  chloride  with 
6  g.  sodium  acetate  in  1  litre  water.    This  is 
standardised  with  a  solution  of  furfural  of  known 
I  strength  (1  g.  pure  furfuramide  in  a  little  acetic 
I  acid  to  1  Itr.  water).    Standardisation  must  be 
I  made  before  each  set  of  determinations,  as  the 
I  phenylhydrazine  solution  loses  its  value  in  a 
j  short  time.    The  titration  is  performed  as  fol- 
lows :  25  c.c.  of  the  distillate  are  mixed  with  a 
measured  quantity  of  the  phenylhydrazine  solu- 
tion, the  mixture  rapidly  boiled  and  cooled ;  a 
•  little  of  the  solution  is  filtered  and  boiled  with 
twice  its  volume  of  Fehling's  solution  ;  if  the 
phenylhydrazine  is  in  excess  reduction  takes 
place,  but  if  furfural  is  in  excess  there  is  no  re- 
I  duction.    Trials  are  made  until  the  equivalent 
!  amount  of  phenylhydrazine  solution  is  found 
(Stone,  I.e.).    The  dilute  acidified  solution  is 
precipitated  with  phenylhydrazine  acetate,  the 
hydrazide  collected  on  an  asbestos  filter  and 
I  dried  in  a  vacuum  in  a  specially-constructed 
I  apparatus  at  50°-60°  until  the  weight  becomes 
I  constant.    The  precipitation  is  always  effected 
in  the  same  volume  of  solution,  so  that  allow- 
ance can  be  made  for  the  solubility  of  the  hydra- 
zide.   Arabinose  yields  on  an  average  48'72  p.c. 
and  zylose  56'25  p.c.  furfural  (de  Chalmot  a. 
Tollens). 

9.  The  action  of  alkalis.  This  can  only  be 
applied  as  a  rough  qualitative  test.  All  the 
hexoses  yield  a  brovs-n  colouration  when  boiled 
for  a  few  minutes  with  a  3-4  p.c.  solution  sodium 
hydroxide.    The  '  -on  '  sugars  are  not  affected. 

10.  The  action  of  phenylhydrazine.  The  melt- 
ing-point of  the  osazones  and  hydrazides  and 
composition  thereof  give  good  indication  of  the 
nature  of  the  sugar  whence  they  are  prepared. 
For  preparation  and  melting-point  see  individual 
sugars.  Maquenne  (C.  R.  112,  799)  finds  that  dif- 
ferent sugars  yield,  with  excess  of  phenylhydra- 
zine, very  different  quantities  of  osazones.  By 
heating  1  g.  each  sugar  for  one  hour  at  100"  with 
100  c.c.  water,  and  5  c.c.  of  a  solution  of  phenyl- 
hydrazine  acetate,  containing  in  1  litre  400  g. 
phenylhydrazine  and  400  g.  glacial  acetic  acid, 
cooling,  collecting  the  precipitate,  washing  with 
100  c.c.  water  and  drying  at  110°,  he  found 
sorbose  gave  0'82  g.,  liEvulose  0-70,  xylose  0-40, 
dry  dextrose  0-32,  arabinose  0-27,  galactose  0  23, 
rhamnose  0'15,  lactose  0-11,  maltose  O-ll.  There 
must,  however,  be  some  error  or  misunderstand- 
ing here,  as  there  is  no  difficulty  in  getting  120. 
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p.c.  osazone  from  arabinose  and  more  than  130  p.c. 
from  hevulose.  C.  O'S. 

SULPHACETIC  ACID  v.  Sulphoacetic  acid. 

SULPHAMIC  ACID    and  STJLPHAMATES 

S02.NH,.0H  and  SO,.NH,,.OMi.  [Amidosulphonic 
acid  and  AmidosnljjJionafes.)  By  passing  dry 
NH3  over  SO,,  Rose  (P.  33,  81 ;  47,  471  ;  49, 
188)  obtained  a  compound  SO3.2NH,.  This  com- 
pound, called  by  Hose  '  sulpJiataiumon,'  is  gene- 
rally described  as  ammonium  sulphamate 
S0,.NH..ONH„  but  Divers  a.  Haga  (C.  J.  61, 
948)  have  shown,  fairly  conclusively,  that  the 
compound  is  tri-ammonium  imidosulphonate 
_(N(NH,)(SO,.ONHj),  [  =  2SO,.4NH3];  this  salt 
is  described  under  Imidosulplionic  acid  and  its 

salts  {v.  SULPHONIC  ACIDS  AND  DERIVATIVES,  p.  GOO). 

Barium  sulphamate  go'^g"  qx'-'^^  seems 
to  have  been  obtained  by  Berglund  (B.  9,  189G) 
by  boiling  an  aqueous  solution  of  barium  imido- 
sulphonate HN<^gQ-'Q^Ba  (v.  Imidosulplionic 

acid  under  Sdlphonic  acids  and  derivatives, 
p.  600)  till  the  solution  reacted  strongly  acid, 
adding  excess  BaOAq,  boiling  so  long  as  NH., 
came  off,  filtering,  removing  excess  of  Ba  by 
passing  in  CO.,,  filtering,  evaporating  the  filtrate 
to  a  small  bulk,  and  allowing  to  stand.  The  salt 
crystallises  in  long,  lustrous  needles ;  it  is  not 
changed  by  heating  to  200°,  nor  by  boiling  in 
solution,  even  in  presence  of  HClAq. 

Berglund  {I.e.)  says  that  a  solution  of  potas- 
sium sulphamate  is  obtained  by  the  reaction  of 
nascent  hydrogen  with  potassium  oxyamidoaul- 
phonate  (v.  Oxyamidosulphonic  acid  under 
SuLPHONic  acids  and  deeivattvbs,  p.  602),  thus  : 
NHOH.SO.,.OKAq  +  2H  =  NH,.S02.0KAq  +  H.O. 
B.  was  unable  to  isolate  the  salt.  Kaschig 
(A.  241,  176)  obtained  the  potassium  salt 
SO^.NHj.OK  by  boiling  potassium  imidosul- 
phonate NH(S0.,.0K)3  with  a  little  water  for 
some  time,  removing  the  HoSO^  that  was  pro- 
duced by  CaCO,,  filtering  from  CaSO^,  evapora- 
ting, pouring  off  from  KjSOj  that  separated,  and 
allowing  the  syrupy  mother-liquor  to  crystallise. 
The  salt  separated  in  large  colourless,  rhombic 
crystals.  In  1878  Berglund  prepared  several 
sulphamates,  viz.  the  salts  of  NH,,  Cd,  Ca,  Co, 
Cu,  Pb,  Li,  Mn,  Ni,  Ag,  Na,  Sr,  Tl,  and  Zn 
{Lunds  Universitets  Arsskrift,  13  ;  abstract  in 
Bl.  [2]  29,  422). 

Sdlphamic  acid  S0.,.NH,.0H.  This  acid  was 
obtained  by  Berglund  (I.e.)  by  passing  H.S  into 
a  solution  of  the  silver  salt,  filtering  from  Ag,S, 
and  evaporating  over  H^SO,.  It  forms  large, 
translucent,  rhombic  crystals;  the  ratio  a:b:c 
=  -!l945:l:l-0.56  (Raschig,  yl.  241,  178).  Easily 
sol.  water,  less  sol.  alcohol ;  aqueous  solution 
only  slowly  decomposed  to  NH^.H.SO^  on  boiling ; 
more  rapidly  decomposed  if  HClAq  is  added  ; 
not  decomposed  by  heating  to  190°  (B.,  I.e.).  A 
solution  of  the  acid  gives  no  pp.  with  BaOAq  ; 
on  boiling  with  HClAq  and  BaClA.q  a  pp.  of 
BaSO,  gradually  forms.  Raschig'(Lc.  p.  209) 
obtained  sulphamic  acid  by  saturating  a  solution 
of  hydrosylamine  hydrochloride  with  SO,,  allow- 
ing to  stand  for  a  little,  and  then  evaporating 
on  a  water-bath  (NH.OH.HClAq  t  H.SC.OHAq 
=  NH,.SO„.OHAq  +  HClAq  -t-  H.,0). 

SULPHAMIDE  S0,,(NH2),.  "  {Sidphonamide. 
Sulphur ylamidc.)    The  neutral  amide  of  sul- 


phuric acid  is  obtained  by  passing  dry  NH.,  into 
cooled  SO.Cl.,,  diluted  with  15  to  20  vols.  CHCl,, 
to  complete  saturation,  dissolving  the  pp.  so 
produced  in  water,  making  strongly  acid  by 
HNO.,Aq,  ppg.  CI  as  AgCl  by  addition  of 
AgNO^Aq,  filtering,  neutralising  by  KOHAq,  and 
again  ppg.  by  AgNOjAq,  filtering  from  SO.^NAg 
{v.  SuLPHiMiDE,  p.  .587),  adding  more  AgNb.,Aq 
and  then  KOHAq,  warming  and  then  cooling 
quickly,  and  collecting  the  pp.  that  forms.  This 
pp.  consists  chiefly  of  SO.,(NHAg).,,  but  there  is 
a  small  quantity  of  another  Ag  salt  which  must 
be  removed.  This  is  done  by  washing  well, 
adding  exactly  enough  HCLAq  to  convert  all  Ag 
into  AgCl,  neutralising  by  NH.,Aq,  adding 
AgN03Aq,  filtering  from  the  pp.  of  the  foreign 
Ag  salt,  adding  more  AgN0.,Aq  and  then  excess 
of  NHjAq,  when  pure  S0.,(NHAg),,  is  ppd.  The 
salt  is  decomposed  by  exactly  the  proper  quan- 
tity of  HClAq,  AgCl  is  filtered  off,  the  filtrate  is 
evaporated  in  vacuo  at  a  temperature  not  above 
40°,  and  the  liquid  is  allowed  to  remain  in  vacuo 
over  HoSO,,  when  S0.2(NH.>)._,  separates  in  large, 
colourless  crystals  (W.  Traube,  B.  26,  607). 
Sulphamide  is  very  sol.  water,  less  sol.  dilute 
alcohol,  insol.  alcohol,  ether,  and  other  ordinary 
organic  solvents ;  it  softens  at  75°  and  melts 
at  81°,  begins  to  give  off  NH3  below  100°,  no 
further  decomposition  occurring  to  2.50° ;  above 
250°  gives  off  acid  vapours,  and  is  completely 
decomposed.  An  aqueous  solution  of  sulphamide 
is  neutral ;  boiled  with  acids  it  gives  H.SOjAq 
and  NH3.  Solutions  of  alkalis  split  off  NH3  and 
!  form  alkali  salts  of  SOj.OH.NH.,.  Small  quan- 
tities of  HiSOjAq  are  formed  after  prolonged 
boiling.  By  adding  AgNOjAq  to  solutions  of 
sulphamide,  and  then  NHjAq,  a  pp.  of 
S02(NHAg)._,  is  formed ;  other  metallic  deriva- 
tives of  S0.^(NH.J2  exist,  but  have  not  yet  been 
isolated  satisfactorily. 

Imldo-sdlphamtde  NH(S02.NHo).j  v.  Sulph- 
iMiDO-AMiDE  (p.  587).  M.'  M.  p.  M. 

SULPHAMINE-BENZOIC  ACID  v.  Amide  of 

O-SULPHO-BENZOIC  ACID. 

SULPHAMMONIC  ACIDS  AND   SALTS  v. 

Sulphur  oxyacids,  nitrogen  derivatives  op, 
p.  619. 

SULPHANILIC  ACID  v.  vol.  i.  p.  154. 

SULPHANTIMONATES,  &c.  For  such  salts 
as  sulphantimonates,  sulpiharsenates,  sulpUo- 
j  phosphates  v.  Thio-antimonates  &c.,  under 
Antimonates  &c. 

SULPHATAMMON  and  PAEASULPHATAM- 
MON  V.  Tri-ammonium  imidosulpiionate  and 
Di-ammonium  imidosulphonate  under  Imido- 
sulphonie  acid  and  salts,  a  section  of 

SdLPHONIO  acids  and  DERrVAirVES,  p.  600. 

SULPHATES  and  allied  salts.  Salts  of 
sulphuric  acid  H.^SO^.  The  compositions  of  the 
normal  sulphates  are  expressed  by  the  general 
formulse  M.,'SO^,  M"SO^,  M"i.,(S0^)3,  and 
M"'(S04)2 ;  the  greater  number  of  the  acid  sul- 

i  phates  come  under  such  formulre  as  M'HS04, 
M"H„(SO,).,,  M"iH(SO,).,,  M-^H^iSO^),.  All  sul- 
phates, whether  normal,  acid,  or  basic,  may  be 
represented  by  the  formula  wM0.))iS0.|.;rH20, 

j  where  MO  stands  for  a  basic  oxide.  The  sul- 
phates are  prepared  (1)  by  the  interaction  of 
H,,S04Aq  with  metals,  metallic  oxides,  or  hy- 
droxides ;  some  metals  react  with  dilute  H.,S0,Aq, 
giving  sulphates  and  H,  others  react  only  with 
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hot  cone.  HjSOj,  giving  sulphates  and  SOj,  or 
SO2  and  HjjS,  and  sometimes  H  also  ;  (2)  by  the 
interaction  of  H^SO^Aq  with  salts  of  volatilisable 
or  decomposable  acids,  e.g.  with  chlorides,  ni- 
trates, or  carbonates ;  (3)  by  the  direct  combina- 
tion of  SO3  with  metallic  oxides  ;  (4)  by  oxidising 
sulphides,  by  boiling  with  HNOjAq,  or  by  reacting 
with  CI  in  presence  of  water,  or  sometimes  by 
heating  in  air,  e.g.  FeSOj,  CuSO^,  and  ZnSOi ; 
(5)  by  double  decomposition  from  other  sul- 
phates, e.g.  BaS04,  PbSO^.  Most  of  the  metal- 
lic normal  sulphates  are  soluble  in  water; 
BaSOi  is  insol.  water,  PbSO,  and  SrS04  nearly 
insol.,  and  CaSO^  very  slightly  soluble.  The 
basic  sulphates  are  generally  insoluble  in  water. 
Sulphates  of  metals  whose  oxides  are  strong 
bases — the  alkali  and  alkaline  earth  metals— are 
not  decomposed  by  heat  alone ;  the  sulphates 
of  metals  whose  oxides  are  weak  bases  are  de- 
composed by  heating,  giving  off  SO3,  or  SO2  and 
O,  and  leaving  oxides,  or  metals  if  the  oxides 
are  reducible  by  heat.  Sulphates  are  reduced  by 
heating  with  charcoal,  either  to  sulphides  or 
oxides,  with  evolution  of  CO  and  CO2,  and  also 
SO2  from  the  sulphates  of  weak  bases.  Many 
sulphates  are  decomposed  completely  by  heating 
with  HCl  gas,  giving  chlorides  (v.  Hensgen,  B. 
9, 1671 ;  10,  259).  Fusion  with  excess  of  alkali 
carbonate  produces  alkali  sulphate  and  carbonate 
of  the  metal  of  the  original  sulphate.  Many 
sulphates  are  reduced  by  strongly  heating  in  a 
stream  of  NH3,  yielding  sulphides,  oxides,  metal, 
or  mixtures  of  these  (v.  Hodgkinson  a.  Trench, 
C  N.  66,  223).  Several  sulphates  occur  as 
minerals;  e.gr.  BaSO,  (heavy  spar),  CaS04  (gyp- 
sum), SrSO^  (celesthie),  MgS04  (Epsom  salts),  &a. 

Aluminium  sulphates.  The  normal  salt 
Al2(S04)3. 18aq  occurs  native  as  feather  alum ;  it 
is  prepared  by  heating  clay  with  cone.  H^SO^Aq 
and  boiling  down  the  solution ;  also,  according 
to  Persoz  (A.  Ch.  [3]  56,  102),  by  adding  solu- 
tion of  alum  or  AICI3  to  a  large  excess  of  cone, 
boihng  H2SO4,  when  anhydrous  Al2(S04)3  sepa- 
rates as  a  white  powder.  Gawalovski  (C.  C. 
1885.  721)  says  that  perfect  octahedral  crystals 
of  Al2(S04)3. 17aq  are  obtained  by  saturating 
H2S04Aq  with  freshly  ppd.  AIO3H3  and  allowing 
to  stand  for  some  months.  Crystallises  with 
difficulty  from  water  ;  crystallisation  hastened 
by  adding  alcohol  in  which  the  salt  is  insol. 
{P.,  I.e.).  Concerning  ppn.  of  AL2(S04)3.xH20 
from  aqueous  solutions  by  H2SO4  v.  Eremin, 
J.  B.  20,  468  (abstract  in  C.  J.  56,  347).  When 
heated  gives  off  all  water ;  heated  to  redness 
gives  oS  SO3  and  leaves  AI2O3.  Various  basic 
salts  are  known  ;  they  are  obtained  by  heating 
solution  of  Al2(S04)3  with  AIO3H3,  or  by  partially 
ppg.  solution  of  the  normal  salt  by  NHjAq,  or  by 
partial  reduction  of  the  normal  salt  by  Zn  (v. 
Maus,P.ll,80;  Debray,BL[2]  7,1;  Athanasesco, 
C.  B.  103,  271 ;  Crum,  A.  89,  156  ;  Marguerite, 
C.  B.  90,  1354;  Lowe,  J.pr.  79,  428;  Bley,  J.pr. 
89, 1). 

The  double  salts  Al2(S04)3.M2S04.  24aq,  where 
M  =  NH4,  Na,  K,  Bb,  Cs,  Ag,  or  Tl,  are  aliuns. 
For  expansions  of  alums  v.  Spring,  B.  15,  1254, 
1739 ;  17,  408. 

Ammonia  alum  Al.,(S04)3.(NH4)2S04.24aq, 
prepared  by  adding  (1^114)2804  or  NH4CI  to 
Al2(S04)3Aq,  so  that  the  salts  are  in  equivalent 
quantities,  crystallises  in  octahedra  ;  S.G.  1"56 ; 


S.  5-22  at  0°,  421-9  at  100°.  Heated  to  190°, 
23H2O  is  given  off  and  Al2(S04)3.(NH4)2S04.  aq 
remains ;  NH3  begins  to  come  off  at  e.  193° 
(Lupton,  C.  J.  [2]  13,  201). 

Potash  alum  Al2(S04)3.K2S04. 24aq,  pre- 
pared by  mixing  solutions  of  the  two  sulphates 
and  evaporating,  crystallises  in  regular  octa- 
hedra ;  S.G.  1-7 ;  S.  3-29  at  0°,  9-52  at  10°, 
22  at  30°,  Slat  60°,  90  at  70°,  357  at  100°.  The 
crystals  efBoresce  in  air.  At  190°,  23H,0  is 
given  off  (L.,  I.e.).  Also  obtained  in  cubical 
crystals  (v.  Polls,  B.  13,  360).  Solution  in  water 
has  an  acid  reaction,  and  dissolves  Zn  and  Fe, 
giving  off  H. 

Csesium  and  rubidium  alums  v.  Bim- 
sen,  P.  119, 1  ;  Godeffroy,  B.  181,  176  ;  Eedten- 
bacher,  J.  pr.  95,  148.  Setterberg  (A.  211,  100) 
gives  S.  in  water  from  0°  to  80°  (cf.  Cesium, 
vol.  i.  p.  658). 

Silver  alum  v.  Church  a.  Northcote,  C.  N. 
9,  155. 

Sodium  alum  v.  Pouisin,  Polytcch.  Cen- 
tralbl.  1852.774;  Zellner,  S.  36,  183;  and  espe- 
cially Aug6,  G.  B.  110,  1139  (abstract  in  C.  /. 
58,  1059). 

Thallium  alum  v.  Lamy,  Bl.  [2]  11,  210. 
The  double  salts  of  AL,(S04)3  with  FeSOj,  MgSO^, 
MnS04,  and  ZnS04  also  crystallise  with  24H.,0. 
For  double  salts  with  Fe..(S04)3,  Mn.,(S04)3,  and 
Cr.,(S04)3  V.  Etard  (Bl.  [2]  31,  200).  For  a  double 
salt  with  PbS04  v.  Bailey  (G.  S.  I.  6,  415). 

Ammonium  sulphates.  The  normal  salt 
(NH4)2S04  is  found  in  certain  volcanic  districts  ; 
it  is  prepared  by  neutralising  HjSOjAq  by  NH3Aq 
or  (NH4)2C03Aq  and  evaporating.  Crystallises 
in  clear  rhombic  forms,  is  isomorphous  with 
K,SO,  (Mitscherlich,  P.  18,  168).    S.G.  1-701 

'  (P"layfair  a.  Joule,  C.  S.  Mem.  2,  401) ;  for  S.G. 
from  10°  to  100°  v.  Spring  (B.  15, 1940).  Melts 
at  c.  140°  (Marchand,  P.  42)  ;  decomposes  above 
280° ;  according  to  Johnson  a.  Chittenden  (Am.S. 
[3]  15, 131),  gives  NH4HSO4  and  (NH4)2S20-,  and 
at  incipient  redness  gives  SO,,  HjO,  and  NH.,. 
Absorbs  dry  HCl,  forming  some  NH4CI  (v.  Thomas, 
C.  J.  33,  372).  S.  71  at  0°,  73-65  at  10°,  76-3  at 
20°,  78-95  at  30°,  81-6  at  40°,  84-25  at  50^  86-9 
at  60°,  89-55  at  70°,  92-2  at  80°,  94-85  at  90°,  97-6 
at  100°  (Alluard,  C.  B.  59,  600).  Insol.  absolute 
alcohol.  For  S.G.  of  (NH,).,S04Aq  from  1  to 
50  p.c.  (NH4).,S04  V.  Sehiff  (A.  108,  338 ;  110, 
74).  H.F.  [N-,H8,S,0*]=  284,800  (Thomsen, 
J.pr.  21,  477).  The  acid  salt  NH4HSO4  crys- 
tallises from  solution  of  (NH4)2S04  in  hot 
cone.  H.,S04  in   long  rhombic  prisms,  S.G. 

:  1-787  (Schiff,  A.  107,  83).    S.  100  in  cold  water. 

]  Two  other  acid  salts  have  been  isolated : 
(1)  (NH4)3H(S04)2  [  =  3(NH4)2S04.S03.H20  or 
3(NH4).,0.4S03.H,0]  by  adding  the  proper  quan- 
tity of  H2SO4  to  (NH4).,S04Aq  (Marignac,^7iw.  M. 

,  [5]  12,38);  (2)  (NH,),S04.7S03  [=  (NH4)20.8S03] 
by  heating  dry  (NH4)2S04  with  SO3  to  100°  in  a 
closed  tube  and  distilling  off  excess  of  SO3  at 
e.  60°  (Weber,  B.  17,  2501). 

Antimony  sulphates.  The  normal  salt 
Sb2(S04)g  is  obtained  by  dissolving  Sb203  in 
boiling  cone.  R2S04Aq  (c.  98  p.c.  HjSOJ,  recrys- 
talhsing  from  cone.  H.,S04,  and  drying  on  a 
porous  tile  over  H2S04'(Adie,  C.  J.  57,  540; 
where  an  account  of  the  action  of  H2S04Aq  of 
different  concentrations,  and  of  SO3,  on  Sb^Oj, 
will  be  found,  with  references  to  older  papers). 
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Barium  sulphates.  The  normal  salt  BaSO, 
•occurs  native  as  heavy  spar.  Prepared  by  add- 
ing dilute  HjSOjAq  or  dilute  solution  of  a  sul- 
phate to  solution  of  a  salt  of  Ba,  washing,  and 
drying.  A  white  solid ;  S.G.  4-525  (G.  Eose, 
.P.  75,  409 ;  V.  also  Schroder,  P.  106,  226 ;  a. 
Wiedemann,  P.  M.  [5]  15,  371).  Obtained  as  a 
crystalline  powder  by  fusing  1  part  KjSO^  with 
4i  parts  dry  BaCL  in  a  closed  crucible,  and 
washing  with  water  (Manross,  A.  82,  348) ;  also 
by  heating  dilute  BaCl,Aq  with  slight  excess  of 
,H,.SO,Aq  to  245°  (Scheerer  a.  Drechsel,  J.  pr. 
[2]  7,  63).  H.F.  [Ba,G\S]  =  c.  338,000  (Th.  3, 
516).  Insol.  water  ;  1  part  dissolves  in  c.  23,000 
parts  cold,  and  in  c.  4,900  parts  hot,  HClAq 
S.G.  1-03,  and  in  c.  9,200  parts  HNO,Aq  S.G. 
1-02.  Struve  {Fr.  9,  34)  gives  S.  of  BaS04  in 
cone.  H.SO^  as  5-69,  and  15-89  in  Nordhausen 
acid.  BaSO^  is  partly  decomposed  by  boQing 
with  cone,  solution  of  an  alkali  carbonate,  or 
by  fusion  with  alkali  carbonate  ;  Spring  [Bl.  [2] 
44,  166)  found  that  some  BaCOj  was  formed  by 
compressing  BaSO,  and  Na^COa  at  a  pressure  of 
c.  6,000  atmospheres. 

An  acid  salt  BaSOj.HjSOi  is  formed  by  dis- 
solving BaSO,  in  hot  cone.  H„SO,  S.G.  1-843, 
and  heating  to  100°  (v.  Garside,  C.  N.  31,  245). 

Beryllium  sulphates.  The  'normal  salt 
BeSO,.  4aq  is  formed  by  dissolving  BeCO,  in 
dilute  HjSO^Aq  and  concentrating  the  slightly 
acid  liquid.  For  crystalline  form  v.  Topsoe 
{ W.  A.  B.  66  [2nd  part],  5).  According  to  Klatzo 
{J.pr.  106,  233)  the  salt  crystallises  with  7H.,0. 
Various  basic  salts  are  obtained  by  the  action  of 
BeCOj  or  Zn  on  solution  of  the  normal  salt. 

Bismuth  sulphates.  The  normal  salt 
-Bi^.(S0,,)3  is  best  prepared  by  dissolving  BLS^  in 
cone.  H.SOj  heated  to  commencing  vaporisation ; 
■on  cooling  the  salt  separates  in  lustrous,  very 
deliquescent,  needles  (Hensgen,  B.  T.  C  4,  401 ; 
c/.  Schultz-Sellack,  B.  4,  13).  For  the  action  of 
heat  on  Bi.,(S0,)3  v.  Bailey  (C.  J.  51,  680).  An 
acid  salt  BiH(S04)2. 3aq  was  obtained  by  Leist 
(A.  160,  29)  by  dissolving  Bl.Oj  in  dil.  H,,SO,Aq 
Tinder  definite  conditions.  Basic  salts  are  also 
formed  by  the  reaction  of  dilute  H.,SO  ,Aq  with 
Bi,03  {v.  Heintz,  P.  63,  55,  567),  and  by  the 
action  of  HjO  on  the  normal  salt  (c/.  Hensgen, 

I.C.). 

According  to  E.  H.  Adie  {priv.  comm.),  acid 
salts  BiH(SOj),.  £caq  (cc  =  probably  li  and  3) 
crystallise  from  solutions  of  BioO^  or  Bi„(S0,)3 
in  H,SO,Aq  of  concentrations  varying  from 
HjSO'.H,,0  to  c.  HaSO^-SHjO  ;  from  acid  of  the 
concentration  H„S0,.6H„0,  a  basic  salt  crystal- 
lises, probably  Bf.OH.SOj.H^O. 

Cadmium  sulphates.  The  nonnal  salt 
CdSO,.  aq  is  obtained  by  dissolving  Cd  in  dilute 
H,,SO,Aq,  and  concentrating,  by  boiling,  the  acid 
solution  (von  Hauer,  J.  pr.  72,  372).  Various 
other  hydrates  have  been  isolated.  H.F. 
[Cd,S,0']  =  221,550  (Th.  3,  516).  CdSO,  com- 
bines with  NHj  to  form  various  compounds  {v. 
H.  Eose,  P.  20,  152  ;  Malagutia.  Sarzeau,  ^.C/i. 
[3]  9,  431 ;  Isambert,  C.  R.  70,  456  ;  Miiller,  A. 
149,  70).  Forms  double  salts  with  (NH,).,SO„ 
MgSO„  and  Na^SO, ;  these  salts  crystaUise  with 
6aq  (von  H.,  I.e.)  The  double  salt  with 
AL(S04).|  is  an  alum. 

Caesium  sulphates.  Normal  salt  Cs.,SO, ; 
hj  neutralising  H^SO^Aq  by  Cs^COj  and  evapo- 


rating. Short  needles,  not  hygroscopic;  insol. 
alcohol;  S.  158-7  at  -2°.  The  acid  salt  CsB.SO„ 
formed  by  reacting  on  Cs.^SO,  with  excess  of 

H.  SO,,  crystallises  in  small  rhombic  prisms 
(Bunsen  a.  Kirchoff,  P.  113,  342). 

Calcium  sulphates.  The  normal  salt  CaSO, 
occurs  native  as  anhydrite,  and  the  dihydrate 
CaSO,.  2aq  as  gypsnm,  alabaster,  and  selenite. 
CaSO,  is  obtained  in  crystals  by  fusing  K^SO, 
with  excess  of  CaCl^  and  washing  (Manross,  A. 
82,  348  ;  cf.  Mitscherlich,  P.  21,  321).  CaSO,.  2aq 
is  formed  by  ppg.  fairly  cone.  CaCUAq  by  dil. 
H^SO^Aq  or  solution  of  a  sulphate,  evaporating, 
and  washing  the  solid  that  separates.  CaSO,.  2aq 
is  said  to  be  formed  by  the  interaction  of  CaCOj 
and  S  moistened  with  water  (Polacci,  G.  1874. 
177,  245).  CaSO,  has  S.G.  2-964,  and  CaSO,.  2aq 
has  S.G.  2-31  {v.  also  McCaleb,.4Ht.  11,  3.5).  S.  for 
CaSO,, -19  at0°,  -206  at  20°,  -214  at  40°,  -208  at 
60°,  -195  at  80°,  -174  at  100°  (Marignac,^.  Ch.  [5] 

I,  274) ;  S.  for  CaSO,.  2aq  -2119  at  16-5°,  -2352 
at  22°  (Cossa,  G.  1873.  135)  ;  S.  for  CaSO,.  2aq 
in  glycerin,  -957  at  ordinary  temperature,  S.  in- 
creases as  temperature  rises  (Asselin,  C.  B.  76, 
884).  According  to  Eaupenstauch  (C.  C.  1888. 
821)  the  solubility  in  water  of  gypsum  increases 
to  32°,  is  constant  from  32°  to  38°,  and  decreases 
above  38°.  Gypsum  loses  2ILfi  when  heated  to 
80°  in  a  stream  of  dry  air  ;  when  the  CaSO, 
thus  produced  is  moistened  it  takes  up2H,0,  be- 
comes crystalline,  and  expands.  The  dehydrated 
CaSO,  obtained  by  heating  gypsum  to  100°  takes 
up  water  very  slowly ;  if  the  gypsum  is  heated 
to  c.  300°  the  CaSO,  formed  combines  with 
water  with  extreme  slowness  {v.  Schott,  D.  P.  J. 
202,  52,  355,  513  ;  cf.  Plaster  of  Paris,  under 
Cements,  in  Dictionary  of  Applied  Chemistry, 
vol.  i.  p.  468). 

According  to  Potilitzin  (J.  E.  1893  [1]  201, 
207)  CaSO,.  2aq  slowly  gives  off  water  at  62°-65° 
till  the  hydrate  2CaS0,.  aq  is  formed ;  CaSO, 
prepared  by  heating  CaSO,.  2aq  to  130°-170° 
absorbs  H^O  from  ordinary  air  until  2CaS0,.  aq 
is  formed  when  absorption  of  water  ceases.  The 
hydrate  2CaS0,.aq  absorbs  water  from  air 
saturated  with  moisture,  forming  CaSO,.  2aq. 
The  water  of  crystallisation  of  gypsum  is  not 
equally  firmly  retained ;  P.  writes  the  formula 
2CaS0,.  4aq  ;  three-quarters  of  the  H„0  is  much 
more  readily  given  off  than  the  other  fourth. 
The  hydrate  2CaS0,.  aq  is  more  soluble  in  water 
than  the  dihydiate  CaSO,.  2aq. 

An  acid  salt  CaH2(SO,)2  is  said  by  Berzelius 
to  be  formed  by  digesting  CaSO,  with  H.SO,Aq 
at  80°-100°  ;  it  is  decomposed  by  moist  air  to 
the  normal  salt  and  H.,SO,.  For  double  salts 
with  alkali  and  alkaline  earth  sulphates  v.  Fass- 
bender  {B.  9,  1358  ;  11,  1968) ;  Struve  (Bl.  [2] 
12,  348)  ;  Ditto  (C.  R.  84,  86) ;  Popp  (A.  Suppl. 
8,  1)  -,  Hannay  (C.  J.  32,  399). 

Cerium  sulphates,  The  normal  cerous  sul- 
pluxte,  Ce,(S0,)3.a:H,0  (x  being  probably  6,  8,  9, 
and  12)  is  obtained  in  colourless  crystals  by 
evaporating  a  solution  of  Ce._.(C0.,)3  in  dilute 
H;SO,Aq,  or  a  solution  of  CeOo  in  HoS0,Aq 
saturated  with  SOj.  The  normal  eerie  salt 
Ce(SO,).,.  4aq  forms,  in  yellow  crystals,  from  a 
solution  of  CeO,,  in  dilute  H..SO,Aq.  Ceroso- 
ccric  sulphates,  KCe.,(SO,)3.2/Ce(SO,),_,.  2aq,  are 
obtained  by  dissolving  CeO._,  in  cone.  H^SO,,  and 
evaporating.    Basic  salts  are  formed  by  the 


670 


SULPHATES. 


interaction  of  water  with  the  normal  salts. 
Double  salts  of  Ce.,(S04)3  with  (NH4)2S04,  K,SO„ 
and  Na^SOj  are  known  (v.  Marignac,  A.  Ch.  [4] 
30,  57  ;  Czudnowicz,  J.  pr.  30,  19  ;  Hermann, 
J.  pr.  92,  126 ;  Zschiesche,  J.  jn:  107,  65 ; 
Eammelsberg,  B.  6,  85 ;  John,  Bl.  [2]  21,  523 ; 
Wyrouboff,  Bl.  [3]  2,  745 ;  Wing,  Am.  S.  [2]  40, 
356). 

Chromium  sulphates.  Ihe  normal  chronious 
salt  CrSOj.  7aq  was  obtained  by  Moissan  {Bl. 
[2]  37,  296)  by  dissolving  the  acetate  in  warm 
dilute  HjSO^Aq,  crystallising,  and  drying  be- 
tween paper,  aU  operations  being  conducted  in 
an  atmosphere  of  CO,  (for  directions  for  making 
Cr(C.,H302)2  V.  Nitrogen,  Preparation,  vol.  iii. 
p.  557).  Blue  crystals ;  isomorphous  with 
FeSO^.  7aq.  S.  12-35  at  0°  ;  si.  sol.  alcohol.  Ab- 
sorbs 0  rapidly  from  air,  and  acts  as  a  strong 
reducer.  A  monohydrate  CrSO.,.  aq  was  obtained 
as  a  white  crystalline  powder  by  adding  the 
acetate  to  excess  of  cone.  iL.SO^  (M.,  l.c.).  Forms 
a  double  salt,  CrSOj.K,S04.'6aq  (P6hgot,  A.  Ch. 
[3]  12,  539). 

The  7iormal  chromic  salt  Cr2(S0j).,.a:H,0 
exists  in  two  forms.  (1)  Violet,  a;=  15  (Schrot- 
ter,  P.  53,  516),  =  18  (Siewert,  A.  126,  97);  by 
digesting  1  pt.  CrOsH,  dried  at  100°  with  1  to 
1|  pts.  cone.  H2SO4,  in  a  closed  vessel,  tiU  a  mass 
of  greenish-blue  crystals  is  formed,  dissolving 
these  crystals  in  water,  ppg.  by  absolute  alcohol, 
dissolving  again  in  water,  adding  alcohol  till  ppn. 
just  begins,  covering  the  vessel  with  moist 
parchment-paper,  and  allowing  to  crystaUise 
slowly.  Kegular  octahedra ;  red- violet  in  re- 
flected light,  garnet-red  in  transmitted  light ; 
S.  120  in  cold  water  (Schrotter,  P.  53,  516; 
Lowel,  A.  Ch.  [3]  40,  42).  (2)  Green,  x  =  5. 
By  heating  the  violet  salt  to  100°  ;  the  salt 
melts,  gives  off  water,  and  then  solidifies  to  a 
green  amorphous  mass.  Also  formed  by  dissolv- 
ing CrOsHj  in  cone.  H,S04  at  50°-60°,  and  eva-  | 
porating  quickly.  Easily  sol.  alcohol ;  whereas 
the  violet  salt  is  insol.  alcohol. 

Addition  of  a  cold  solution  of  a  Ba  salt  ppts. 
all  SO4  from  a  solution  of  the  violet  form,  but 
boiling  is  needed  to  complete  the  ppn.  from  the 
green  variety.  According  to  Etard  (C.  E.  84, 
1089),  the  diiference  between  the  two  forms  is 
one  of  hydration  only  (but  v.  Chromium  salts,  vol. 
ii.  p.  167;  and  v.  also  Eecoura,  C.  B.  113,  857). 

Basic  salts  are  obtained  by  adding  a  little 
NH.|Aq  to  solution  of  the  normal  salt,  also  by 
digesting  the  normal  salt  with  Cr03H3,  or  excess 
of  CrOjHj  with  H.SO^Aq  (v.  Schrotter,  P.  53, 516 ; 
Siewert,  4.  126,97;  Schiff,  ^.  124,  167,  172; 
Eecoura,  C.  B.  112,  1439).  According  to  Traube 
{A.  66,  87),  an  acid  salt,  Cr.lSOJa.H^SO^,  is 
formed  by  heating  either  variety  of  the  normal 
salt  with  excess  of  H.^SO^  till  vaporisation  of  the 
acid  begins,  and  allowing  to  cool  (Schrotter 
[Z.c]  regarded  this  as  an  insoluble  variety  of  the 
normal  salt) ;  insol.  water,  not  acted  on  by  cold 
KOHAq,  heated  strongly  gives  GrjO^,  80^,  and  O. 

Cr2(S04)3  forms  many  double  salts ;  those 
with  the  alkali  sulphates  have  the  composition 
Cr2(SO,),.M2S04.24aq,  and  are  alums. 

Ammonia  chrome-alum  is  ppd.  by 
adding  (NH4)2S04  to  a  saturated  solution  of  violet 
Cr2(SO,)3 ;  also  formed  by  mixing  (NH4)2S04Aq 
and  Cr2(S04)3Aq,  and  evaporating ;  also  by  mix- 
ing Cr2(SOj3Aq   (violet)   with  (NHJ^CrO^Aq, 


adding  a  little  H2S04,and  allowing  to  evaporate. 
Crystallises  in  ruby-red  octahedra ;  S.G.  1-738. 
EtHoresces  slowly  in  air.  Solution  in  water  is. 
violet ;  at  75°  it  becomes  green,  but  slowly  returns 
to  violet  on  standing  for  some  weeks  (regarding 
this  change  v.  CnROMinM  salts,  vol.  ii.  p.  167). 

Potash  chrome-alum  is  produced  simi- 
larly to  the  ammonia  salt ;  also  by  heating 
K.^CrjOj  with  cone.  HjSOj,  more  quickly  in  pre- 
sence of  a  reducer,  e.g.  SO.,-  Crystallises  in  large 
dark-purple  octahedra ;  S.  14-5  in  cold  water. 
Solution  in  water  is  grey-blue  with  tinge  of  red ; 
heated  to  70°-80°  it  becomes  green  and  non- 
crystailisable,  but  returns  to  violet  after  stand- 
ing for  some  weeks.  For  Soda  chrome-alum 
V.  Schrotter  (P.  53,  513).  For  double  salts  of 
Cr^SOJa  with  AL^SOJj,  Fe.,(S04)3,  and 
Mn.,(S04)3  V.  Etard  (Bl.  [2]  31,  200)  ;  for  double 
salts  of  the  form  Cr2(S04)3.3M.>S04,  where  M  =  Li, 
K,  or  Na,  v.  Warnicke  (P.  159",  572). 

For  description  of  other  double  salts  of 
Cr,(S04)3  with  alkali  sulphates,  v.  Klobb,  C.  B. 
117,  311  (Abstract  in  C.  J.  64  [ii.],  573). 

Cobalt  sulphates. — Themruial  cobaltous salt 
CoSO,.7aq  occurs  native  as  biberite;  prepared 
by  dissolving  Co,  CoO,  or  C0CO3  in  dilute 
H2S04Aq,  and  evaporating.  Forms  carmine-red 
crystals,  isomorphous  vfith  FeS04.  7aq  ;  S.G. 
1-918  at  15°  (Thorpe  a.  Watts,  C.  J.  37,  102). 
Unchanged  in  air ;  loses  all  water  by  heating, 
and  gives  CoS04as  a  red  powder,  not  decomposed 
easily  by  heat ;  S.G.  3-472  at  15°  (T.  a.  W.,  I.e.). 
Klobb  (C.  E.  114,  836)  obtained  the  anhydrous 
salt  in  crystals  by  mixing  C0SO4. 7aq  with  excess 
of  (NH4)2S04  and  heating  in  a  partly-closed 
crucible,  out  of  contact  with  the  gases  of  the 
flame,  till  (NH4).,S04  was  all  volatilised.  The 
hexahydrate  CoS04.6aq  separates  from  solutions 
of  Co  or  C0CO3  in  H2S04Aq  at  40°-50°  ;  it  is 
isomorphous  with  the  corresponding  salts  of 
Mg,  Ni,  and  Zn  (Marignac).  For  other  hydrates,, 
with  4aq  and  aq,  v.  Frohde  {J.  1866.  244); 
Vortmann  {B.  15,  1888).  CoS04.7aq  is  insol. 
alcohol ;  S.  water  30-5  at  10°,  36-4  at  20°,  40  at 
29°,  46-3  at  35°,  55-2  at  50°,  60-4  at  60°,  65-7 
at  70°  (stated  as  parts  C0SO4  dissolved  by  100 
parts  water  ;  Tobler,  A.  95, 193).  Thomsen  (Th. 
3,  516)  gives  H.F.  [Co,S,0\7H,0]  =  234,000. 
By  electrolysing  CoSOjAq  in  presence  of  K2SO4 
and  H2SO4,  under  special  conditions,  Marshall 
obtained  002(804)3  along  with  K^S^^O^  (C.  J.  59, 
760). 

Basic  salts  are  formed  by  addition  of  a 
little  NHjAq  to  hot  CoS04Aq,  also  by  digesting 
CoS04Aq  with  C0CO3  (v.  Habermann,  M.  5,  442  ; 
Athanasesco,  C.  B.  103,  271). 

For  double  salts  with  FeSO,,  MgS04,  MnSO,, 
and  ZnS04  v.  Vohl  {A.  94,  57). 

Normal  cobaltic  sulphate  002(804)3  was  ob- 
tained by  Marshall  (C.  J.  59,  767)  by  electro- 
lysing CoS04Aq  in  presence  of  H2SO4,  under 
special  conditions.  A  blue  crystalline  powder,, 
unchanged  in  a  stoppered  bottle  in  ordinary 
air,  but  decomposes  rapidly  in  dry  air ;  soL 
water,  with  evolution  of  O  ;  sol.  cone.  H2SO4 ;  in 
HOlAq  forms  CoCL,  and  gives  oil  01. 

Copper  sulphates.  Only  salts  corresponding 
with  the  oxide  OuO  have  been  isolated.  The 
normal  salt  OUSO4  is  obtained  by  dissolving  Ou 
in  hot  cone.  H2SO4,  decanting  the  hot  solution,, 
and  allowing  to  cool ;  also  by  adding  cone. 
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H.jSOj  to  CuSOj.  aq;  also  by  heating  powdered 
crystals  of  CuSO,.  oarj  to  c.  230°  as  long  as  they 
lose  weight.  Klobb  (C.  R.  114,  836)  obtained 
CuSO,,  in  crystals  by  heating  a  mixture  of  the 
hydrated  salt  and  excess  of  (NHj)„S04  in  a 
partly  closed  crucible  till  all  (NHJ.^SO^  had 
volatilised.  A  white  crystalline  powder ;  S.G. 
3-606  at  15°  (Thorpe  a.  Watts,  C.  J.  37,  102). 
Partly  decomposed  at  red  heat,  wholly  at  white 
heat,  to  SOo,  O,  and  CuO.  Keduced  by  heating  to 
redness  with  charcoal,  giving  Cu,  SO^,  and  CO.^. 
At  a  higher  temi^erature  some  CuS  is  said  to  be 
formed  ;  also  reduced  to  Cu  by  heating  in  H ; 
heated  in  PH3  gives  off  H.^O,  and  leaves  a  mix- 
ture of  sulphide  and  phosphide  of  Cu.  HCl  gas 
forms  CuCl,  and  H.SO^.  CuSO^  acts  as  a 
powerful  dehydrating  agent ;  it  rapidly  absorbs 
water,  forming  CuSOj.Saq.  H.F.[Cu,S,0^]  = 
182,500  (Th.  3,  516). 

The  pentahydratc  CUSO4.  5aq  {blue  vitriol)  is 
prepared  by  dissolving  Cu  in  hot  cone.  H^SOj, 
evaporating,  and  recrystallising  from  water  the 
solid  that  separates.  At.  c.  20°  there  is  a  very 
slight  reaction,  with  formation  of  Cu.,S  and 
CuSO^;  at  c.  270°  the  reaction  is  Cu  +  2H„S04 
=  CuSO^  +  SO.,  +  2H,0  (Pickering,  C.  J.  33, 112). 
According  to  A'nthion  (B.  P.  81,  344),  CuSO^.Saq 
free  from  nitrate,  is  obtained  by  dissolving  Cu 
in  a  warm  mixture  of  dilute  H^SOjAq  and 
HNOjAq,  and  crystallising.  (For  prejoaration  of 
commercial  blue  vitriol  v.  Dictionary  of  Applied 
Chemistry,  vol.  i.  p.  608.)  Large  blue,  triclinic 
crystals ;  S.G.  2-284  at  15°  (Thorpe  a.  Watts, 
C.  J.  37,  102).  Solubility  in  water  is  given  by 
Poggiale  (.4.  Ch.  [3]  8,  463)  as  follows  :— 


S.  s. 


I 

Temp.  OuSO..  .5aq 

CuSO^ 

Temp. 

CuSO..  5aq 

CuSU^ 

0°  31-61 

18-20 

60° 

77-39 

38-83 

10  36-95 

20-92 

70 

94-40 

45-06 

20  42-31 

26-55 

80 

118-03 

53-15 

30  48-81 

26-63 

90 

156-44 

64-23 

40  56-90 

30-29 

100 

203-32 

75-25 

50  65-83 

34-14 

Gerlach  {D.  P.  J.  181,  129)  gives  the  following 
table : — 


Percentage 

S.&. 

Percentage 

S.G. 

CUSO4.  Saq 

of  solution 

CuSO..  Saq 

of  solution 

2  . 

1-0126 

14  . 

1-0933 

4  . 

1-0254 

16  . 

1-1063 

6  . 

1-0384 

18  . 

1-1208 

8  . 

1-0516 

20  . 

1-13.54 

10  . 

1-0649 

22  . 

1-1501 

12  . 

1-0785 

24  . 

1-1659 

Insol.  absolute  alcohol ;  S.  in  40  p.c.  alcohol 
at  15°  =  -25  (Schiff).  Fairly  sol.  glycerin. 
Effloresces  in  dry  air,  giving  off  2H2O ;  heated 
for  some  time  to  100°  loses  4H,,0,  tlie  last  B..fl 
is  removed  at  c.  230°.  For  dissociation-pressures 
of  water  given  off  at  various  temperatures  v. 
Lescceur  (C.  R.  102,  1466).  Solution  in  HClAq 
gives  CuCl2.2H.p  on  evaporation.  The  dry  salt, 
in  powder,  absorbs  HCl,  the  water  of  crystallisa- 
tion being  set  free  (Kane,  A.  19,  1) ;  several 
compounds  of  CuSOj,  HCl,  and  H.O  are  formed 
according  to  Latschinoff  {J.  E.  1888  [1]  586, 
657,  707  ;  abstract  in  B.  22  Ref.  192).  Combines 
with  NH3,  forming  CuSO,.5NH3,  all  water  of 
crystallisation  being  removed  (L.,  I.e.). 

Other  hydrated  eojjper  sulphates   are  (1) 


CuS0.,.6aq  and  (2)  CuS04.7aq,  obtained  by 
Lecoq  de  Boisbaudrau  (C  R.  65,  1240),  the 
former  by  placing  a  crystal  of  NiS04.4aq  in  a 
warm  supersaturated  solution  of  CuS04.5aq,  to 
which  a  few  drops  of  H.^SOjAq  had  been  added, 
and  the  latter  by  placing  a  crystal  of  FeS04.7aq 
in  the  mother-liquor  from  the  first-named 
hydrate  ;  (3)  CUSO4.  3aq,  by  keeping  CuSOj.Oaq^ 
in  dry  air  at  25°-30°  (Magnier  de  la  Source,  C.  R. 
83, ,899);  also  by  pouring  cold  cone.  CuSO,,Aq^ 
into  H2S04Aq,  S.G.  1-7,  and  washing  the  pp. 
with  small  quantities  of  absolute  alcohol  (Thorpe 
j  a.  Watts,  C.J".  37, 104);  (4)  CuS04.-2aq  by  keeping 
1  the  pentahydrate  m  vacuo  at  20°  for  some  days,. 
]  or  by  pouring  cone.  CuSOjAq  into  cold  cone. 

H. jSOj,  and  washing  the  pp.  with  absolute 
^  alcohol  (T.  a.  W.,  I.e.) ;  (5)  CUSO4.  aq  by  heating 
,  powdered  pentahydrate  at  110°  till  it  ceases  to 

lose  weight  (T.  a.  W.,  I.e.).  T.  a.  W.  (I.e.)  give 
the  S.G.  of  these  hydrates,  at  15°,  as :  mono- 
hydrate,  3-289  ;  dihydrate,  2-953 ;  trihydrate, 
2-663.  Lesooeur  (C.  B.  102,  1466)  obtained  only 
the  penta-,  tri-,  and  monohydrates. 

Dozible  salts  with  the  alkali  sulphates,  of  the 
form  CuS04.M.,S04.6aq,  are  obtained  by  crystal- 
lising mixtures  of  the  constituents  in  the  proper 
proportions  (v.  Graham,  P.  M.  1835.  327,  417  ; 
Brunner,  P.  15,  476;  32,  221  ;  Pickering,  C.  J. 
49,  1).  Vohl  (A.  94,  57)  has  described  several 
triple  salts  of  theform  CuS04.MSO,.2X.^S04. 12aq, 
where M  =  Fe, Zn, &c., andX  =  an alkalimetal ; and 
also  quadruple  salts  CuSO4.2MSO4.3X2SO4.l8aq. 
Double  salts  of  the  form  CuS04.MS04.a,'aq,  x 
being  5  and  7,  and  M  being  Co,  Fe,  Mg,  Ni,  or 
Zn,  are  described  {v.  Eammelsberg,  P.  91,  321  ; 
also  Lefort,  A.  Ch.  [3]  23,  95  ;  von  Hauer,  P. 
125,  638).  Several  basic  salts  of  the  form 
CuS04.a;Cu0.  aq  are  known  : — x  =  1,  v.  Koucher 
{J.  Ph.  [3]  37,  249)  ;  x  =  2,  v.  Eeindel  (J.  pr. 
100,  1;  102,  204),  Persoz  {A.  Ch.  [3]  25,  257), 
Shenstone  [C.J.  47,375);  x  =  d,v.  Smith  (J.  25, 
280),  Pickering  (C.  /.  43,  336  ;  49,  1),  Grunbert 
a.  Bari-6  [J.  Ph.  [.5]  21,  414),  Kiihn  [Ph.  C.  1847. 
595),  Kane  (A.  19,  1);  a;  =  4,  v.  Smith  (I.e.); 
x  =  l,v.  Pickering  (I.e.).  For  other  basic  sul- 
phates V.  Steinmann  (B.  15,  1411),  Brunner 
(P.  15,  476  ;  32,  221),  Becquerel  (C  B.  67, 1081), 
Casselmann  (Fr.  4,  24). 

Didymium  sulphates  (v.  Marignac,  A.  Ch. 
[3]  58,  148;  Cleve,  Bl.  [2]  21,  246;  39,  151; 
Hermann,  J.  pr.  82,  385  ;  Frerichs  a.  Smith,  A.. 
191,  348).  The  normal  salt  01.2(804).,.  8aq  crys- 
tallises in  red,  lustrous,  monoclinic  crystals 
from  a  solution  of  Di.,0^  or  Di.,(C0.,).,  in  excess 
of  H.,SO,Aq  ;  S.G.  2-878  ;  S.H."-1948  (Nilson  a. 
Pettersson,  B.  13,  1459).  Heated  to  300°  loses 
all  water  of  crystallisation,  leaving  Di.,(S0,)3  as 
a  red  powder;  S.G.  3-735;  S.H. -1187'(N.  a.  P., 

I.  e.) ;  S.  43-1  at  12°,  11  at  50°,  2  at  100°  (Marig- 
nac). For  effect  of  heat  at  various  temperatures 
V.  Bailey  (C.  J.  51,  682).  Hydrates  with  6aq 
and  aq  crystallise  from  cold  saturated  solutions 
of  012(80  ,)  , ;   Marignac  (I.e.)  also  obtained  a 

i  hydrate  with  9aq.    Double  salts  of  the  form 
j  Di2(S04)3.M2S04.  8aq,  where  M  is  an  alkali  metal,, 
are  known.   Basie  salts  are  formed  by  heating 
the  normal  salt,  also  by  adding  a  little  NH^Aq 
to  solutions  of  the  normal  salt. 

Gold  sulphates.  The  normal  auro-aii,ric 
sulphate  AuSOj  was  obtained  by  Schottliinder 
(A.   217,   312)    by    evaporating  solution  of 
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AuO.H.SOj  (v.  infra)  nearly  to  dryness  at  250°, 
and  drying  in  a  desiccator  over  lime.  Lustrous, 
scarlet  prisms,  that  rapidly  absorb  moisture 
from  the  air,  with  partial  decomposition.  A 
basic  salt  AuO.H.SOj  {auryl  sulphate)  was  ob- 
tained (S.,  I.e.),  as  a  yellow  crystalline  powder, 
by  heating  AuO.NOj  with  cone.  H.SO^  at  c.  200° 
(AuO.NOj  was  formed  by  dissolving  AuOjIl,  in 
ilNOjAq  S.G.  1*4,  filtering  through  asbestos, 
and  evaporating  under  reduced  pressure  over 
lime  and  soda).  A  double  salt  AuK(S04).2  was 
formed  by  dissolving  KHSO4  in  solution  of 
AuO.H.SOj,  and  evaporating  at  200°  {v.  also 
Allen,  C.  N.  25,  85). 

Indium  sulphates  (v.  Winkler,  J.pr.  94, 1 ;  95, 
414  ;  98,  344  ;  102,  273  ;  E.  Meyer,  A.  150,  429). 
The  normal  salt  In2(SOj)3  is  obtained  by  dissolv- 
ing In  or  InOjHg  in  excess  of  HjSOjAq,  evapora- 
ting to  dryness,  and  heating  till  excess  of  acid  is 
removed ;  a  white,  very  hygroscopic  powder ; 
S.H.  -129  (Nilson  a.  Pettersson,  B.  13,  1459). 
S.G.  3-438  (N.  a.  P.,  C.  B.  91,  232).  By  dissolv- 
ing in  water  and  evaporating,  a  hydrate  with  9aq 
is  obtained  as  a  gummy  solid.  The  solution 
of  In  or  InO-jHa  in  excess  of  H^SOjAq  yields  a 
syrupy  liquid  on  evaporation  which  probably 
contains  an  acid  salt  ('?  100(804)3.112804).  By 
adding  (NH4)2804Aq  to  solution  of  In2(S04)3,  and 
evaporating,  the  double  salt  with  the  composition 
In,(S04)3.(NH4),804.24aq  is  obtained;  this  salt 
is  an  alum ;  it  is  sol.  in  |  part  water  at  16°,  and 
-in  5-  part  water  at  30°.  On  evaporating  the 
inother-liquor,  the  salt  In2(804)3.(NH4)2804.  8aq 
is  obtained  (Eossler,  pr.  [2]  7,  13).  Double 
salts  with  K28O4  and  Na2S04,  crystallising  with 
8aq,  have  also  been  obtained. 

Iridium  sulphates.  By  treating  Ir8.,  with 
cone.  HNOjAq,  Birnbaum  (..4.  136, 179)  obtained 
an  amorphous,  brownish-yellow  solid,  easily 
sol.  water,  probably  a  sulphate  of  Ir.  The  double 
salt  1^,(804)3.3X2804  was  obtained  by  Lecoq  de 
Boisba'udran  (C.  B.  96,  1406,  1551)  by  fusing 
KHSO4  with  Ir  compounds,  treating  with  water 
-containing  KH8O4,  dissolving  the  residue  in  hot 
water,  and  crystallising ;  green,  translucent 
crystals,  probably  regular  octahedra ;  almost 
insol.  saturated  KH804Aq. 

Iron  sulphates.  I.  Ferrous  salts.  The 
normal  salt,  FeSOj,  is  obtained  by  heating  pow- 
dered reS04.  7aq  very  carefully  to  300°  till  it 
ceases  to  lose  weight  (the  heating  is  best  done 
in  a  stream  of  H)  ;  at  a  slightly  higher  tempera- 
ture SO2  and  0  begin  to  be  given  off,  and  finally 
Pe,03  remains.  reS04  is  a  white  powder ; 
8.G.  3-346  (Thorpe  a.  "Watts,  C.  J.  37,  102). 
Several  hydrates  of  re804  are  known,  ordinary 
■  green  vitriol  being  the  most  common  and 
best  examined  of  these ;  this  licptahydrate, 
PeSOj.  7aq,  is  best  prepared  by  adding  iron 
filings  to  warm  dilute  H2S04Aq  until  the  acid 
is  saturated  and  a  little  iron  remains  undis- 
solved, boiling  for  a  little,  filtering  into  a  vessel 
that  has  been  rinsed  with  a  very  little  cone. 
H08O4,  allowing  to  crystallise,  washing  the  crys- 
tals two  or  three  times  with  very  small  quantities 
of  cold  water,  and  then  with  alcohol  till  all  acid 
is  removed,  drying  at  c.  30°,  powdering  the  dry 
crystals,  and  strongly  pressing  between  paper  or 
linen.  As  thus  prepared  the  salt  does  not 
readily  oxidise  in  the  air.  If  alcohol  is  added 
to  the  hot  solution,  filtered  from  undissolved 


iron,  FeSOj.Taq  is  ppd.  in  minute  crystals;  if 
this  pp.  is  washed  with  alcohol  till  acid  is  re- 
moved and  then  spread  on  filter  paper,  in  dry 
air,  till  the  alcohol  has  evaporated,  the  salt  is 
obtained  as  a  bluish  white  powder,  which  does 
not  oxidise  except  in  very  moist  air.  Blue-green, 
monoclinic  crystals  ;  S.G.  1-8889  at  4°  (Playfair 
a.  Joule,  C.  J.  1,  138),  1-9854  at  16°  (Pape,  P. 
120,  372).  H.r.  [Fe,8,0S  7H'^0]  =  240,100  {Th. 
3,  516).  Heated  to  100°  gives  off  6H„0,  and  at 
c.  300°  leaves  Fe804  {v.  supra).  S.  60-9  at  10°, 
70  at  15°,  114-95  at  25°,  227-27  at  46°,  263-15  at 
60°,  270-27  at  84°,  370-37  at  90°,  333-33  at  100°. 
Gerlach  {D.  P.  J.  181,  129)  gives  the  following 
data  {v.  also  Schiff,  D.  P.  J.  1858.  38)  :— 


S.G.  PeSO.Aq         Pctge.  FeSO..  7aq  Pctge.  FeSO« 

1-0267                    5  2-811 

1-0537  10  5-784 

1-0823  15  8-934 

1-1124  20  12-277 

1-1430  25  15-834 

1-1738  30  19-622 

1-2063  35  23-672 

1-2391  40  27-995 


Insol.  glacial  acetic  acid  and  absolute  alcohol. 
FeS04.  7aq  is  fairly  easily  oxidised  ;  exposure 
to  air  produces  basic  ferric  sulphates.  FeSOj  Aq 
absorbs  NO,  forming  FeS04.xN0  (x  probably 
=  1  or  i ;  V.  Gay,  A.  Ch.  [6]  6,  145,  and  cf. 
NiTBic  oxTDE,  vol.  iii.  p.  563).  Other  hydrates 
of  ferrous  sulphate  are  (1)  FeSO,.  4aq,  formed  by 
crystallising  Fe804Aq  at  80°  (Eegnault,  A.  Ch. 
[3]  1,  201),  also  by  exposing  finely-powdered 
FeS04. 7aq  over  H,804,  in  an  atmosphere  of 
C0„,  until  it  ceases  to  lose  weight  (Thorpe  a. 
Watts,  C.  J.  37,  102) ;  S.G.  2-227  (T.  a.  W.) ; 
(2)  FeSOj.  3aq,  by  evaporating  FeS0,Aq  made 
strongly  acid  by  H..8O4  (Kuhn,  S.  61,  235),  also 
by  dissolving  FeSOj.  7aq  in  hot  HClAq  and  crys- 
taUising  (Kane,  A.  19,  7) ;  (3)  Fe80_4.  2aq  by  boil- 
ing the  heptahydrate  with  successive  quantities 
of  alcohol ;  S.G.  2-773  (T.  a.  W.,  I.e.)  ;  (4) 
FeSOj.  aq,  by  heating  powdered  FeSOj.  7aq  to 
120°  in  H ;  S.G.  2-994  (T.  a.  W. ;  v.  also  Mit- 
scherlich,  P.  18,  152).  Several  double  salts  of 
ferrous  sulphate  are  known  ;  they  are  generally 
prepared  by  crystallising  a  mixture  of  the  con- 
stituent sulphates  in  the  proper  proportions. 
The  salts  Fe8O4.M2SO4.6aq,  where  M  =  NH4,  K, 
Na,  or  Tl,  form  blue-green  monoclinic  crystals 
{v.  Marignac,  Ann.  M.  [5]  9,  19  ;  Schiff,  A.  108, 
326  ;  Tobler,  A.  95,  193 ;  Wilm,  A.  Ch.  [4]  5, 
56).  For  the  salts  FeSO4.M8O4.i4aq,  where 
M  =  Mg  or  Zn,  v.  Schiff  {I.e.),  and  Murmann 
\(W.  A.  B.  27,  172).  For  various  triple  and 
I  quadruple  salts  containing  FeSOj,  alkali  sul- 
!  phates,  and  sulphates  of  Mn,  Mg,  Zn,  &c.,  v. 
Bette  (A.  14,  278)  and  Vohl  (A.  94,  57). 

II.  Ferric  salts.  The  normal  salt 
FOjCSOJa  is  obtained  by  adding  1  part  cone. 
H08O4  to  5  parts  FeSOj.  7aq  dissolved  in  water, 
warming,  and  adding  HNOjAq  little  by  little  till 
oxidation  is  complete,  evaporating  to  a  syrup, 
and  then  heating  very  cautiously  so  long  as  acid 
fumes  are  given  off ;  on  cooUng  Fe2(804)3  re- 
mains as  a  white  amorphous  solid ;  S.G.  3-097 
at  18°  (Pettersson,  Upsala,  Nova  acta,  1874). 
Fairly  large  quantities  of  FeSOj.  7aq  should  be 
used,  as  evaporation  of  a  dilute  solution  contain- 
ing Fe2(S04)3  produces  ppn.  of  basic  sulphates. 
The  hydi-ate  Fe2(S04)3. 9aq  occurs  native  as 
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coquimhite  in  Chili.  On  one  occasion  Bertels 
obtained  rhombic  leaflets  of  a  hydrate  with  lOaq 
(J.  1874.  268).  re2(SO^)3  is  slowly  sol.  in  water  ; 
the  presence  of  a  very  small  quantity  of  FeSO  , 
causes  Fe.^{S04)3  to  dissolve  rapidly  in  water 
(Barreswil,  Ph.  C.  1845.  604).  re.,(S0^)3  is 
insol.  in  cone.  H2SO4 ;  it  is  reduced  to  FeSOi  by 
most  metals,  more  quickly  if  a  little  H.^SOj  is  pre- 
sent. Fe.,(S04)3  forms  several  double  salts.  The 
compoundsFe2(S04)3.M.,S04.  •24aq,  where  M  =  NH^ 
or  K,  are  alums.  Potash  iron  alum 
Fe.,(S04)3.K2S04.  24aq  is  prepared  by  dissolving 
28  parts  FeSOj.  7aqin  water,  adding  5  parts 
cone.  HoSOj,  oxidising  by  HN03Aq,  adding  8'75 
parts  KoSO^,  and  crystallising ;  or  by  mixing 
10  parts  powdered  FeS04. 7aq  with  4  parts 
KNO3,  slowly  adding  5  parts  cone.  H.^SO^,  warm- 
ing so  long  as  NO,  is  given  off,  dissolving  the 
residue  in  4  times  its  weight  of  water  at  80  % 
and  allowing  to  stand  at  0°  for  some  time 
(Heintz,  A.  44,  271).  The  salt  slowly  decom- 
poses in  the  air  ;  heated  to  80°  it  gives  Fe2(S04)3, 
basic  ferric  sulphate,  and  H2SO,, ;  a  similar  de- 
composition occurs  when  an  aqueous  solution  of 
the  salt  is  heated  (Rose,  P.  94,  459).  Addition  of 
KOHAq  to  a  cone,  solution  of  the  salt  tiU  a  slight 
permanent  pp.  is  formed,  followed  by  evapora- 
tion, produces  a  double  salt  of  K2SO4  with  a 
basic  ferric  sulphate  [v.  Kichter  a.  Scheerer,  P. 
87,  73).  Ammonia  iron  alum  is  formed 
similarly  to  the  K  salt ;  loses  23H.,0  at  150°  (v. 
Lupton,  C.  J.  28,  201).  For  double  salts  with 
A1.,(S04)3,  Cr2(S04)3,  Mn..(S04)3  and  MnSO^,  v. 
Etard  (Bl.  [2]  31,  200).  Some  double  compounds 
of  Fe2(S04)3  with  (NH4)2S0j,  and  with  FeSO^ 
and  (NH4)„S04,  are  described  by  Laehaud  a.  Le- 
pierre  (C.  li.  114,  915). 

A  great  many  basic  salts  have  been  described ; 
generally  prepared  by  the  action  of  air  on  solu- 
tions of  FeS04.7aq,  or  by  heating  Fe2(S04)3Aq  in 
sealed  tubes  [v.  Athanasesco,  C.  B.  103,  271). 
Pickering  (C.  J.  37,  807)  gives  very  full  refe- 
rences to  all  the  memoirs  on  those  basic  salts, 
and  comes  to  the  conclusion  that  only  one  exists, 
viz.  2Fe203.S03 ;  in  a  later  paper  (C.  J.  43,  182) 
he  gives  reasons  for  writing  the  formula  rather  as 
6Fe203.3S03..TH20,  or  Fe.,(S04)3.5Fe203.xH20. 

Lanthanum  sulphates.  The  normal  salt 
Lao(S04)3  is  obtained  by  dissolving  La203  in 
excess  of  HjSOjAq,  evaporating,  drying  the 
crystals  of  La2(S04)3.  9aq  that  separate,  and 
heating  to  dull  redness ;  a  white  powder,  S.G. 
3-6  (Nilson  a.  Pettersson,  C.  R.  91,  232)  ;  S.H. 
•1182  (N.  a.  P.,  B.  13,  1459).  Much  more  sol. 
cold  than  hot  water ;  Mosander  (P.  11,  406) 
gives  S.  16-6  at  2°-3°,  2-35  at  25°,  -87  at  100°. 
The  hydrate  with  9aq,  formed  by  the  slow  eva- 
poration of  La203  in  excess  of  H2S04Aq,  crystal- 
lises in  large,  lustrous,  hexagonal  prisms 
(Topsoe) ;  S.G.  2-853  (N.  a.  P.,  C.  R.  91,  232). 
A  hydrate  with  6aq  was  obtained  by  Frerichs  a. 
Smith  [A.  191,  331).  Several  double  salts  with 
the  alkali  sulphates  have  been  obtained  ;  the 
principal  are  M.(NH4)2S04.  8aq,  M.SK^SO,,  and 
M.4K2SO,,  where  M  =  La.,(S0,)3  Cleve,  Bl.  [2] 
39,  151  ;  43,  56).  A  basic  salt  was  obtained  by 
F.  a.  S.  (Z.c.  p.  360). 

Lead  sulphates.  The  normal  salt  PbSOj 
occurs  in  various  lead  ores.  It  is  obtained  as  a 
white,  heavy  powder,  by  heating  Pb  with  cone. 
H2SO4,  by  the  interaction  of  warm  HaSOjAq 


and  PbO,  or  of  PbOo  and  SO,,  and  by  ppg.  solu- 
tions of  lead  salts  by  dilute  ILSOjAq  or  solution: 
of  a  sulphate.  PbS04  is  prepared  in  small 
rhombic  crystals  by  melting  PbCL,  with  K2SO4, 
and  washing  with  water.  S.G.  6-2  (Schroder, 
Erganz.  Bd.  6,  622)  ;  5-96  at  17°  (Pettersson,. 
Upsala,  Nova  Acta,  1874).  H.F.[Pb,S,0']  = 
216,200  (Th.  3,  516).  Nearly  insol.  water; 
Rodwell  (C.  N.  11,  50)  says  that  31,062  parts 
water  at  15°  dissolves  1  part  PbSOj.  Struve 
{Ft.  9,  34)  gives  S.  in  cone.  H2SO4  as  -13,  and  S. 
in  Nordhausen  acid  as  4'19  (v.  also  Kolb,  D.  P.  J.- 
209,  268).  For  solubility  in  dilute  HClAq  and 
HNOjAq  V.  Eodwell  (C.  J.  15,  59);  for  S.  in 
various  salt  solutions  v.  Lowe  (J.  1859.  686)  ; 
Staedel  {J.  1863.  245)  ;  Storer  (C.  N.  21,  17) ; 
Dibbits  (Fr.  1874.  137).  Heated  to  redness, 
PbSOj  melts  without  decomposition,  but  at  a 
white  heat  it  gives  PbO,  SOo,  and  O  (Boussin- 
gault,  G.  R.  64,  1159).  Heated  in  a  stream  of 
H,  it  is  reduced  to  Pb  with  evolution  of  SO.j, 
HoS,  and  steam  ;  heated  with  charcoal,  PbO, 
PbS,  or  Pb  is  formed  according  to  the  propor- 
tions of  the  reacting  substances.  Eeduced  by 
Fe  or  Zn  in  contact  with  water.  Eubbed  with 
K2Cr04  produces  PbCrO, ;  with  KIAq  yields 
Pbl,,  and  with  NaCl  is  partly  decomposed  to 
PbCL,  {v.  Matthey,  Ar.  Ph.  [3]  13,  233).  For 
reaction  when  heated  in  NH.,  v.  Eodwell 
(C.  N.  15,  137).  A  double  salt  PbS04.(NH4),,S04 
is  formed  by  adding  excess  of  HjSOjAq  to 
Pb(C2H30„)2Aq,  neutralising  excess  of  acid  by 
NHjAq,  boiling,  and  allowing  to  cool.  An  acid 
salt  PbS04.H„S0,.  aq  was  obtained  by  Schultz 
(P.  133,  137)  by  dissolving  PbSOj  in  cone. 
H.,S04  and  setting  aside.  A  basic  salt 
PbS04.PbO  is  formed  by  digesting  PbS04  with 
NHsAq  (Kiihn,  Ar.  Ph.  [2]  50,  281). 

Lithium  sulphates.  The  normal  salt  Li2S04 
is  obtained  by  dissolving  Li2C03  in  H._,SO.,Aq, 
evaporating,  drying  the  crystals  of  Li2S04.  aq 
that  separate,  and  heating  them  to  c.  135°. 
S.G.  2-21  at  15°  (Brauner,  P.  M.  [5]  11,  67). 
Melts  at  818°  (Caruelley,  C.  J.  33,  280).  S.  35-34 
at  0°,  34-36  at  20°,  32-8  at  45°,  30-3  at  65°,  29-24 
at  100°  (Kremers,  A.  99,  47).  Easily  sol.  alcohol ; 
insol.  SO3  (Weber).  H.F.[Li-,S,OT  =  333,'200 
(Th.  3,  516).  Heated  in  HCl  gas  below  redness 
gives  LiCl  (Hensgen,  B.  8,  125).  The  mono- 
hych-ate  LL.SO,.  aq  crystallises  in  monoclinic 
forms  (Eammelsberg,  P.  128,  311).  S.G.  2-052 
at  21°  (Pettersson,  Upsala,  Nova  Acta,  1874). 
Effloresces  a  little  in  air,  gives  uf)  water  at  a 
little  above  130°.  An  acid  salt  LiHS04  is  ob- 
tained by  dissolving  Li2S04  in  H2S04Aq  S.G.  1-6 
to  1-7  (Schultz,  P.  130, 149) ;  prismatic  crystals, 
melting  at  c.  120°  (Lescceur,  Bl.  [2]  24,  516). 
Double  salts  with  K.,SO|  are  obtained  by  evapo- 
rating mixed  solutions  of  the  constituent  salts 
[v.  Eammelsberg,  A.  128,  311 ;  Schabus,  J.  1854. 
323).  For  double  salts  with  EboS04  and  Na,,S04 
V.  Wyrouboff  [Bull.  soc.  mineral,  de  France, 
1882.  part  2).  Wernicke  (P.  159,  576)  describes 
a  salt  3Li.,SOj.Cr.,(S04).,  formed,  in  green  needles, 
by  adding  Cr.,03  to  molten  LiHS04.  Li,SO,, 
does  not  form  alums,  nor  does  it  combine  with 
the  magnesian  sulphates  (Eammelsberg,  l.c. ; 
Scheibler,  J.  pr.  67,  485). 

Magnesium  sulphates.  The  normal  salt 
MgSOj  is  obtained  by  dissolving  MgO  or  MgCO,, 
in  H2S04Aq  (or  by  heating  dolomite  till  COj  is 
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removed,  treating  with  HClAq,  which  dissolves 
CaO,  and  dissolving  the  residual  MgO  in 
H^SOjAq),  evaporating,  crystaUising  out 
MgSOj.  7aq,  drying  this  salt,  and  heating  it 
gradually  to  c.  300°  till  it  ceases  to  lose 
weight.  A  white  solid;  S.G.  2-709  at  15° 
(Thorpe  a.  Watts,  C.  J.  37,  102) ;  2-77  to  2-795 
at  14°  (Pettersson,  Upsala,  Nova  Acta, 
1876).  H.F.  [Mg,S,0*]  =  302,300  {Th.  3,  516). 
[MgSO',Aq]  =  20,765  (Pickering,  C.  J.  47,  100). 
Decomposed  to  MgO,  SO^,  and  0  at  c.  360°  {v. 
Bailey,  C.  J.  51,  682).  Not  acted  on  by  HCl  gas 
below  incipient  red  heat  (Hensgen,  B.  9,  1671 ; 
10,  259).  The  heptahydrate  MgS04.  7aq  (Epsom 
salts)  occurs  in  many  mineral  springs,  in  sea 
water,  and  in  some  rocks.  It  crystallises  at  the 
ordinary  temperature  from  solutions  of  MgO  or 
MgCOg  in  HjSOjAq.  Translucent,  rhombic 
prisms ;  from  supersaturated  solutions  crystal- 
lises in  hexagonal  forms,  and  from  solutions 
containing  some  FeSOj  in  monoclinic  forms  {v. 
Marignac,  Ann.  M.  [5]  12,  50).  S.G.  1-678  at 
15°  (Thorpe  a.  Watts,  C.  J.  37,  102) ;  1-683 
at  4°  (Playfair  a.  Joule,  C.  J.  1,  138). 
H.F.[Mg,S,0',7H-0]=  326,400  (T/i. 3,516).  Melts 
at  70°  (Tilden,  C.  J.  45,  267) ;  gives  up  6H2O  by 
prolonged  heating  at  150°-160°,  and  all  water 
of  crystallisation  at  c.  280°  (v.  Pickering,  C.  J. 
47,  100).  The  following  data  for  solubility  in 
water  are  calculated  by  Mulder  from  observa- 
tions by  Gay-Lussac,  Tobler,  and  others  : — 


Temp. 

s. 

Temp. 

S. 

0° 

25-76 

60° 

65-0 

5 

29-3 

65 

57-3 

10 

31-5 

70 

59-6 

15 

33-8 

75 

61-9 

20 

36-2 

80 

64-2 

25 

38-5 

85 

66-5 

30 

40-9 

90 

68-9 

35 

43-3 

95 

71-4 

40 

45-6 

100 

73-8 

45 

48-0 

105 

76-2 

50 

60-3 

108-4 

77-9 

55 

62-7 

rlach  (Fr.  8,  287)  gives  the  following : — 

.  MgSO. 

S.G.  MgSO^Aq 

P.e.  MgSO.  S.G.  MgSO. 

1 

1-01031 

14 

1-15083 

2 

1-02062 

15 

1-16222 

8 

1-03092 

16 

1-17420 

4 

1-04123 

17 

1-18618 

5 

1-05154 

18 

1-19816 

6 

1-06229 

19 

1-21014 

7 

1-07304 

20 

1-22212 

8 

1-08379 

21 

1-23465 

9 

1-09454 

22 

1-24718 

10 

1-10529 

23 

1-25972 

11 

1-11668 

24 

1-27225 

12 

1-12806 

25 

1-28478 

13 

1-13945 

S.  at  15°  in  10  p.c.  alcohol  39-3,  20  p.e.  alcohol 
21-3,  40  p.c.  alcohol  1-62  (Schiff,  A.  118,  365). 
Heated  with  NaCl  gives  off  HCl,  leaving  Na^SO^, 
MgCI.  and  some  MgS04  (Bamon  de  Luna,  J.  pr. 
66,  256).  Decomposed,  almost  entirely,  by  heat- 
ing in  steam,  giving  off  HjSO^  and  leaving  MgO 
(Clemm,  J.  1864.  764).  Strongly  heated  with 
charcoal  gives  off  SO,  and  CO^  (or  CO),  and 
leaves  MgO.  Mixed  -with  NaCl  and  heated  in 
steam  gives  Na2S04,  MgO,  and  HCh 

Other  hydrates  of  magnesium  sulphate.  (1) 


MgSOj.aq  occurs  native  as  kieserite,  S.G.  2-281 
at  16°  (Pape,  P.  120,  369) ;  dissolves  slowly  in 
cold  water,  easily  in  boiling  water,  forming 
MgSOj.  7aq ;  prepared  by  heating  the  hepta- 
hydrate  for  a  long  time  at  150°-160°  (Pickering, 
C.  J.  47,  100) ;  S.G.  2-445  (Thorpe  a.  Watts, 
C.  J.  37,  10-2).  (2)  MgS04.6aq,  by  crystaUising 
a  solution  of  the  heptahydrate  above  40°  ;  S.G. 

1-  734  (T.  a.  W.,  I.e.).  (3)  MgSO^.Saq,  by  drying 
the  heptahydrate  over  cone.  H2SO4 ;  S.G.  1-869 
(T.  a.  W.,  I.C.).  (4)  MgS04.2aq,  by  boiling  pow- 
dered MgSO,.  7aq  with  absolute  alcohol ;  S.G. 

2-  373  (T.  a.  W.,  I.e.).  (5)  According  to  Jacquelain 
(A.  Ch.  [3]  32,  201),  the  hydrates  4M.7aq, 
4M.9aq,  and  2M.5aq  exist  (M  =  MgS04). 

Acid  salts.  Schiff  {A.  106,  115)  obtained 
deliquescent,  hexagonal  plates,  MgSOj.H2S04, 
from  a  solution  of  MgSO,  in  hot  cone.  H2SO4 ; 
according  to  Schultz  {P.  130, 149),  the  crystals 
are  MgS04.3H2S04. 

Double  salts.  With  K2SO,,  or  (NH4)2S04,  to 
form  compounds  MgSO4.M2SO4.6aq;  by  crys- 
taUising mixtures  of  the  component  salts  in 
proper  proportion.  For  solubiUty  and  S.G.  of 
solution  of  the  KjSO,  compound,  v.  Tobler  {A. 
95,  193),  Schiff  {A.  113,  183),  Gerlach  (Fr.  8, 
287).  The  compound  of  MgSO,  and  Na^SO,  con- 
tains 4aq  (c/.  van't  Hoff  a.  Deventer,  B.  19, 
2144).  The  compound  MgSO4.KCl.3aq  occurs 
native  as  kavnite  (v.  Keichardt,  Ar.  Ph.  159, 
204;  Erlenmeyer,  B.  2,  289).  A  double  salt 
MgS04.Al2(S04)3.a;H20  occurs  as  feather  alum, 
and  pickeringite.  Some  triple  salts  of  MgSO, 
with  CaSO,  and  KjSO,  occur  as  minerals  (v. 
Eeichardt,  Ar.  Ph.  159,  204;  Precht,  B.  14, 
2138). 

Manganese  sulphates.  I.  Manganous 
s  alts.  The  normal  salt  MnSO,  is  obtained  by 
dissolving  MnCOj  or  Mn  in  warm  dilute  H^SO,Aq, 
crystalUsing  out  MnS0,.5aq,  drying  this  salt, 
and  heating  to  c.  280°  until  it  ceases  to  lose 
weight.  A  white  salt,  with  very  faint  rose  tint ; 
S.G.  3-282  (Thorpe  a.  Watts,  C.  J.  37,  113). 
H.F.  [Mn,S,0<]  =  249,900  (r/i.  3,  516).  S.  56-5 
at  6-3°,  60  at  18-7°,  68-7  at  37-5°,  67  at  75° 
(Brandes,  P.  20,  575).  Decomposed  by  heating 
to  fuU  redness,  giving  off  SO2  and  0,  and 
leaving  MujO, ;  heated  in  steam  is  said  to  give 
an  oxysulphide  Mn^OS  (Arfvedson,  P.  1,  60). 

Hydrates  of  manganous  sulphate.  (1) 
MnS04.7aq  separates  from  solutions  of  Mn  or 
MnCOs  in  H^SOjAq  below  6°  (MitscherUch, 
P.  25,  287 ;  Claassen,  Ar.  Ph.  [3]  25,  310).  Very 
liale  rose-coloured,  monoclinic  crystals ;  iso- 
morphous  with  FeS04.7aq.  Very  sol.  water; 
S.  at  18-5°  c.  200  (Jahn,  A.  28,  110).  According 
to  Etard  (C.  R.  86,  1399),  solubiUty  increases 
from  0°-55°,  and  decreases  from  55°-145°  ;  the 
changes  are  probably  due  to  the  formation  of 
different  hydrates.  (2)  MnS0,.5aq,  obtained  by 
crystaUising  between  7°  and  20°,  or  by  treating 
a  cone,  solution  of  MnSO,  with  95  p.c.  alcohol 
and  aUowing  to  crystalUse  slowly  (Claassen, 
Ar.  Ph.  [3]  25,  310).  S.G.  2-103  (Thorpe  a. 
Watts,  C.  J.  37,  113).  H.F.  [Mn,S,0',5ffO] 
=  263,600  (Th.  3,  516).  (3)  MnS04.4aq,  obtained 
by  crystaUising  between  20°  and  30°  (C,  I.e.; 
MitscherUch,  P.  25,  287).  S.G.  2-261  (Topsoe, 
C.  C.  4,  76).  This  is  the  main  constituent  of 
ordinary  manganese  sulphate.  Mulder  gives 
solubilities  as  foUows  : — 
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Temp. 
0° 
5 

10 

20 
25 
30 
35 
40 
45 


S.  MnSOj.  4aq 
55-4 
58-2 
63-8 
66-3 
G8-5 

70-  4 

71-  9 
731 
74-0 


Tem 

50° 

54 

63-5 

64 

85 

90 

95 
100 


S.  MnS0,.4aq 

74-  8 

75-  3 
61-3 
61-5 
61-3 
60-3 
57-9 
52-9 


Tnsol.  absolute  alcohol  (c/.  Schilf,  A.  118,  365). 

(4)  MnSOj.  2aq,  obtained  by  boiling  the  powdered 
pentahydrate  with  absolute  alcohol  ;  also  by 
pouring  a  saturated  solution  of  the  pentahydrate 
into  cone.  H,SO,;  S.G.  2-526  (T.  a.  W.,  I.e.). 

(5)  MnSO.j.aq,  obtained  by  heating  the  penta- 
hydrate at  100°  till  it  ceases  to  lose  weight ; 
S.G.  2-845  (T.  a.  W.,  I.e.). 

Linebarger  (Am.  15,  225)  has  obtained  hy- 
drates of  MnSO,  with  1,  2,  3,  4,  5,  6,  and  7  Ujo. 
Below  — 10°  mixtures  of  the  heptahydrate  and 
ice  separate  from  MnSO^Aq;  above  117°  only 
MnSOj  separates.  The  solubilities  of  the  various 
hydrates  are  discussed  ;  the  more  water  in  the 
hydrate,  the  more  soluble  it  is. 

Acid  salts  MnSO,.H.,SOj  and  MnSO^.SH.SO, 
•were  obtained  by  Schultz  (P.  130,  149)  by 
dissolving  the  normal  salt  in  hot  cone.  H,_,S04. 

Basic  salts  are  formed  byaddinga  little  warm 
KOHAq  to  a  large  excess  of  boiling  MnSOjAq 
{v.  Gorgeu,  C.  R.  94,  1425). 

Double  salts ;  (1)  with  sulphates  of  Cu,Pe,  Mg, 
and  Zn  to  form  salts  MnSO,,.MSO,.a;H„0 
(v.  Kammelsberg,  P.  91,  321 ;  Vohl,  A.  94,  73). 
(2)  With  A1„(S0,),,  Fe,(SOj)„  and  Cr.(S0j)3  v. 
Etard  (C.  B.  86,  1399  ;  87,  602).  (3)  With  alkali 
sulphates  to  form  MnSO4.M2SO1.4aq  or  6aq 
{i>.  Marignac,  Ann.  M.  [5]  9,  1;  Pierre,  A.  Ch. 
[3]  16,  239;  von  Hauer,  J.  pr.  74,  431).  For 
various  triple  salts  of  MnS04  with  alkali  sul- 
phates and  CUSO4,  MgS04,  &c. ;  v.  Vohl  {A.  94, 
57). 

II.  Manganic  salts.— The  normal  salt 
Mn.>(S04)3  is  obtained  by  the  action  of  hot  cone. 
H,,S04  on  MnOj.  Carius  (.4.  98,  53)  recommends 
to  prepare  pure  MnO,  by  passing  CI  into 
NaOHAq  containing  MnCO,  in  suspension,  to 
wash  and  dry  the  MnO.,,  to  rub  up  to  a  paste 
with  cone.  H.SO,,,  and  heat  gradually  to  110° 
till  0  is  given  off  and  the  mass  becomes  grey- 
violet,  then  to  heat  to  c.  135°-140°  till  the 
whole  is  liquid,  to  pour  the  solid  that  forms  as 
the  liquid  partially  cools  on  to  warm  unglazed 
porcelain,  after  H.^SO,  has  become  absorbed  to 
mix  with  a  little  cone.  HNOjAq  and  allow  to 
drain  on  the  porcelain,  to  repeat  this  treatment 
with  HNO.(  six  or  eight  times,  and  finally  to 
heat  at  150°  till  all  HNO.,  is  removed.  Franke 
{J.  pr.  [2]  36,  451)  obtained  Mn,(S04)3  by  heat- 
ing 8  g.  KMnOj  with  100  c.c.  cone.  H.SOj  at 
100°  for  some  time.  A  dark-green  powder ; 
Franke  describes  it  as  green  crystals.  Decom- 
posed above  160°,  giving  MnS04.  Insol.  cone. 
H.SOj  or  cone.  HNOjAq.  Sol.  cone.  HClAq  to 
a  brown  liquid,  which  gives  off  CI  when  warmed. 
Mn,_,(S0j)3  is  very  hygroscopic ;  quickly  decom- 
posed by  water,  with  separation  of  MnOo.xHjO 
(Carius,  I.e.). 

Forms  double  salts  with  Al2( 804)3,  Fe.,(S04)3, 
and  Cr„(S0.,);,  (y.  Etard,  C.  R.  86,  1399)'.  The 
double  compounds  of  Mn„(S04)3  with  alkali  sul- 


phates—Mn„fS0,)3.M.,S04.24aq— are  alums.  Ac- 
cording to  i?remy  (C.  R.  »2,  1231),  the  salt 
Mn(S04).,,  manganese  disulphatr,  corresponding 
with  MnO.j,  is  formed  by  decomposing  KMn04 
by  a  considerable  excess  of  cold  cone.  H0SO4  (c/. 
Franke,  J.  pr.  [2]  36,  453). 

Mercury  sulphates.  I.  Mercurous  salts. 
The  ■normal  salt  HgoS04  is  obtained  by  gently 
warming  equal  weights  of  Hg  and  cone.  H2SO4, 
removing  the  white  solid  so  produced  before  the 
whole  of  the  Hg  is  changed,  washing  with  cold 
water,  and  drying  at  a  low  temperature.  Divers 
a.  Shimidzu  (C.  J.  47,  639)  recommend  to  mix 
Hg  with  fuming  sulphuric  acid  rich  in  SO3  in 
a  covered  dish,  in  a  cool  place,  adding  a  little 
more  Hg  from  time  to  time  till  there  is  sufficient 
to  saturate  the  SO3  in  the  acid,  but  avoiding  ex- 
cess, and  when  the  Hg  is  all  converted  into 
Hg.jSOj  to  set  the  dish  in  a  warm  place  to  expel 
SOj.  Hg.,S04  is  also  obtained  by  adding  6  pts. 
water  to  18  pts.  HgS04  and  rubbing  with  11  pts. 
Hg  (Planche,  A.  66, 168).  Also  by  ppg.  HgNO^Aq 
by  dilute  H^SOjAq  or  solution  of  a  sulphate  ;  or 
by  rubbing  together  HgNO,  and  Na-.SOj  and 
washing  with  cold  water  (H.  Rose  ;  Stoedeler,  A. 
87,  129).  A  white  powder,  consisting  of  mono- 
clinic  prisms  (S.,  I.e.)  ;  S.  G.  7-56  (Playfair  a. 
Joule,  C.  S.  Mem.  2,  401).  SI.  sol.  water  ;  S.  in 
cold  water  -2,  in  boiling  water  -33  ;  more  sol. 
dilute  HNOjAq  ;  sol.  cone,  hot  H„SO,,  crystal- 
lising out  on  cooling.  Hg,,S04  becomes  grey  on 
exposure  to  light  (v.  Buchner,  Chcm.  Zcitung, 
10,  759)  :  hence  the  salt  should  be  kept  in  the 
dark.  Hg;S04  melts  to  a  reddish  liquid,  and 
decomposes  at  a  higher  temperature,  giving  off 
S0._>  and  0,  and  also  partially  subliming.  Slowly 
changed  by  boiling  water  to  an  acid  salt,  and  a 
yellow  powder  which  is  probably  a  basic  salt  (v. 
Kane,  P.  42,  367).  An  acid  salt  Hg,S04.H,,S04 
is  said  to  be  formed  by  the  prolonged  reaction  of 
cone.  H.,S04  containing  a  drop  of  HNO,,Aq  on 
Hg  (Braham,  C.  N.  42,  163).  A  double  salt 
Hg,S04.2HgS04  was  obtained  by  Brooks  (P.  66, 
63)  by  gently  warming  mercuro-mercuric  nitrate 
(formed  by  warming  2  pts.  Hg  with  3  pts. 
HNOjAq  S.G.  1-2)  with  Na,,S04Aq. 

n.  Mercuric  salts.  The  normal  salt 
HgS04  is  obtained  by  the  reaction  of  6  pts. 
boiling  cone.  H^SO,  with  5  pts.  Hg,  till  SO2 
ceases  to  be  evolved,  and  a  little  of  the  white 
solid  produced  gives  no  pp.  of  HgCl  when 
dropped  into  dilute  HClAq ;  the  white  mass  is 
gently  warmed  till  acid  fumes  cease  to  be  given 
off.  A  white  powder;  S.G.  6-466  (Playfair  a. 
Joule,  C.  S.  Mem.  2,  401).  Becomes  yellow, 
then  red  when  heated ;  decomposes  at  red  heat  to 
Hg,  0,  and  SO.,,  a  little  HgSOj  subliming  (Mohr, 
A.  31,  180).  Decomposed  by  water  to  a  yellow 
basic  salt  and  H,.SO,Aq.  Hot  HgSOj  absorbs 
HCl  and  HBr  gases;  according  to  Ditte  {A.  Ch. 
[5]  17,  120)  the  compounds  HgS04.2HCl  and 
HgS04.2HBr  are  formed  ;  these  bodies  are  said 
to  be  sol.  water  without  formation  of  basic  salts, 
and  HgS04.2HCl  is  said  to  sublime  unchanged 
when  heated.  Solution  of  HgS04  in  H,,S04Aq 
is  said  to  react  with  PH,  to  form  the  compound 
2(3Hg0.S03).Hg3P  (H.  Rose,  P.  40,  75).  Mo7w- 
hydratcd  mercuric  sulphate  HgSOj.  aq  was  ob- 
tained by  Eisfeldt  (Ar.  Ph.  [2]  76,  16)  by  cover- 
ing a  thin  layer  of  HgSO,  with  the  Calculated 
quantity  of  water.    The  basic  salt  HgS04.2HgO 
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(  =  3HgO.SO:j)  is  obtained  by  the  action  of  hot 
water  on  HgSOj,  also  by  adding  Na^SOjAq  to 
hot  Hg(N03)2Aq ;  a  citron-yellow  powder, 
S.G.  6"44  ;  nearly  insol.  water  (v.  Cameron,  An. 
1880.  144).  Decomposed  by  CI  at  the  ordinary 
temperature.  Absorbs  HCl  and  HBr,  forming 
HgS04.2Hg0.6HCl(or  6HBr)  (Ditte,  I.e.).  This 
basic  salt  was  formerly  known  as  minerale 
turpetlmvi  or  hirbith  mineral  (from  its  resem- 
blance to  a  coloured  gum  obtained  from  an 
Oriental  creeping  plant  [Ipomcca  turpetMim]) . 
Hopkins  (Am.  S.  18,  364)  described  another 
basic  salt  3HgSO,.HgO  =  4Hg0.3S03.  Dotible 
salts.  —  (1)  HgS04.(NHj2SO^.a;B[20  and 
HgS0,.K2S0,.KH„0  (v.  Hirzel,  J.  1850.  322). 

(2)  HgSO|.HgL  (v.  SouviUe,  J.  Ph.  26,  474). 

(3)  2HgS04.HgS  (v.  Jacobsen,  P.  68,  411). 
Molybdenum  sulphates.    By  evaporating  a 

solution  of  MoO.,  in  cone.  HjSO^,  Schultz-Sel- 
lack  {B.  4,  14)  obtained  white  lustrous  crystals 
of  M0O3.SO3;  the  compound  Mo03.3SO,,.2aq,  de- 
scribed by  Anderson  (B.  J.  22, 161),  could  not  be 
obtained  by  S-S. 

Nickel  sulphates.  The  normal  salt  NiSO^ 
is  formed,  as  a  clear  yellow  powder,  by  heating 
powdered  NiSO^.  a;aq  {v.  infra)  to  c.  300°.  The 
salt  is  obtained  in  crystals,  regular  ootahedra, 
by  heating  NiSOj,  NiO,  or  NiCOj  with  five 
or  six  times  its  weight  of  fused  (NH4)2SO,, 
separating  the  yellow  crystals  of  the  double  salt 
3NiS04.2(NH:4).,SO^  that  form,  and  heating  these 
in  presence  of  some  (NH4),S04  in  a  partly  closed 
crucible  out  of  contact  with  the  gases  of  the 
flame  till  all  the  ammonium  salt  is  removed  ; 
S.G.  of  crystals  3-67  at  20°  (Lepierre  a.  Lachaud, 
C.  R.  115,  115  ;  Klobb,  C.  B.  114,  836).  Tobler 
(A.  95,  193)  gives  solubilities  of  NiSO^  as  fol- 


lows : — 

Temp. 

s. 

Temp. 

s. 

2-^ 

30-4 

41° 

49-1 

16 

37-4 

50 

52-0 

20 

39-4 

53 

54-4 

23 

41-0 

60 

57-2 

31 

45-3 

70 

61-9 

The  hexahydrate  NiS04.  6aq  is  obtained  by  dis- 
solving Ni,  NiO,  or  NiCO,  in  excess  of  H^SO^Aq, 
evaporating,  and  crystallising.  At  the  ordi- 
nary temperature,  bluish  tetragonal  pyramids 
separate  (Brooke  a.  Phillips,  P.  6, 193) ;  greenish 
monoclinic  crystals  separate  from  warm  solu- 
tions (Pierre,  A.  Ch.  [3]  16,  252).  The  salt  is, 
therefore,  dimorphous  (Marignac,  A.  97,  294 ; 
c/.  Mitscherlich,  P.  12,  144;  also  Leeoq  de 
Boisbaudran,  A.  Ch.  [4]  9,  173).  By  dissolving 
this  hydrate  in  water,  and  crystallising  at  15°- 
20°,  emerald-green  rhombic  prisms  of  the  hepta- 
hydrate  NiS04. 7aq  are  obtained,  isomorphous 
with  MgS04.7aq;  melts  at  98°-100°  (Tilden, 
C.  J.  45,  267).  When  this  hydrate  is  heated  to 
103°  it  loses  6H„0  and  leaves  the  monohydrate 
NiSO^.  aq.  By  passing  NH3  into  NiSO^Aq,  com- 
pounds of  the  form  NiSOj.KNHj.T/HjO  are  ob- 
tained (a;  =  4,  5,  and  6;  v.  F.  Eose,  Am^non. 
Kobaltverbind.  [Heidelberg,  1871]  27 ;  also  P. 
20,  156). 

Double  salts.  (1)  With  (NHJjSOj,  K,S04, 
and  T1,S0,,  to  form  NiSO  ,.M„S04.  6aq  {v.¥.  Eose, 
I.e. ;  Link,  Crell's  Ann.  1796  [1]  32  ;  Werther, 
J.  pr.  92,  132).  (2)  With  BeSO^  to  form  various 
compounds  (Klatzo,    jjber  die  Constant,  der 


Beryllerde,  Dorpat,  1868).  (3)  With  CuSO^^ 
CoSO^,  FeSO^,  MgSO,,  MnSO^,  and  with  some 
of  these  and  also  alkali  sulphates  [v.  Pierre, 
A.  Ch.  [3]  16,  253  ;  Lecoq  de  Boisbaudran,  C.  R. 
66,  497). 

Basic  salts  are  formed  by  the  gradual  re- 
action of  NiS04Aq  with  NiCOj,  and  by  adding  a 
little  NH3Aq  to  boiling  NiS04Aq  (Habermann, 
M.  5,  440). 

Palladium  sulphates.  The  normal  palladous 
salt  PdSOj.  2aq  is  obtained  in  brown  crystals 
by  evaporating  a  solution  of  Pd  in  H„S0,Aq 
containing  HNO3.  Addition  of  a  little  KOHAq 
to  a  cone,  solution  in  water  of  the  normal  salt 
ppts.  a  basic  sa.ZfPdSO4.7PdO.6aq  (v.  Kane,  B.  J. 
24,  2.36). 

Platinum  sulphates.  By  dissolving  PtOoHo 
in  dilute  H,,S04Aq,  Berzelius  (Lehrbuch  [.5th  ed.] 
3,  987)  obtained  a  dark  syrup  which  probably 
contained  platinous  sulphate  PtS04.  Platinic 
sulphate  Pt(S04)2  was  obtained  by  Berzelius 
(I.e.,  p.  989)  by  evaporating  PtCl4  with  cone. 
H,,S04  (1  part  acid  for  1  part  Pt),  as  an  almost 
black  solid.  E.  Davy  (T.  1820)  obtained  the  salt 
by  oxidising  PtS,  by  fuming  HNO3.  Prost  {Bl. 
[2]  46, 156)  obtained  a  basic  salt  by  allowing  an 
acid  solution  of  Pt(S04)2  to  stand  for  some  days  ; 
Prost  also  describes  several  double  salts  of 
Pt(S04)2  with  alkali  sulphates. 

Potassium  sulphates.  The  normal  salt 
K2SO4  is  found  in  the  lava  from  Vesuvius,  in 
small  quantities  in  sea  water,  and  in  some 
mineral  springs,  in  combination  with  MgSOj  and 
MgClj  as  kainite  (K2SO4.MgSO4.MgCL.  6aq),  in 
combination  with  MgS04  and  CaSOj  as  poly- 
halite  (K2S04.MgS04.2CaS04. 2aq),  and  as  alum. 
K2SO4  is  prepared  by  decomposing  KCl  by  HoSOi, 
by  neutralising  H2S04Aq  by  KOH  or  K2CO3,  and 
evaporating  (for  the  preparation  of  K2SO4  on  the 
large  scale  v.  Dictionabt  of  Applied  Chemistry, 
vol.  iii.  p.  279).  K,S04  forms  in  white,  hard, 
four-sided,  trimetric  prisms,  unchanged  in  air. 
S.G.  2-656  at  4°  (Playfair  a.  Joule,  C.  J.  1,  132) ; 
for  S.G.  at  various  temperatures  from  0°  to  100° 
V.  Spring,  B.  15,  1940.  Melts  above  861°  (Car- 
nelley.  Melting-  and  Boiling -Point  Tables,  1,  33);. 
melts  at  1073°  according  to  V.  Meyer  a.  Eiddle- 
{B.  26,  2443).  H.F.  [K-,S,0T  =344,600  [Th.  3, 
516) ;  [K'^SO'.Aq]  =  -  6167  (Pickering,  C.  J.  47, 
98).  Mulder  {Scheikund.  Verhandg.  1864.  49). 
gives  solubilities  in  water  as  follows : — 


Temp. 

s. 

Temp. 

s. 

5° 

9-1 

55° 

16-8 

10 

9-7 

60 

17-8 

15 

10-3 

65 

18-8 

20 

10-9 

70 

19-8 

25 

11-6 

75 

20-8 

30 

12-3 

80 

21-8 

35 

13-1 

85 

22-8 

40 

14-0 

90 

23-9 

45 

14-9 

95 

25-0 

50 

15-8 

100 

26-2 

Gerlach  (Fr.  8,  827)  gives  S.G.  of  KjSOiAq  as 
follows  ; — 


Pctge.KjSO,  S.G.  K^SO.Aq 

1  1-00829 

2  1-01635 

3  1-02450 

4  1-03277 

5  1-04105 


Pctge.KjSO. 


S.G.  K,SOtAci:. 

1-04947 
1-05790 
1-06644 
1-07499 


9-92  (satd.)  1-08305 
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Insol.  absolute  alcohol ;  sol.  aqueous  alcohol  in 
proportion  to  amount  of  water  present  {v.  Schiff, 
A.  118,  362).  Insol.  KOHAq  1-32  S.G. ;  si.  sol. 
KOHAq  20p.c.  S.  in  saturated  NH,,Aq  =  -03G.5 
(Giraud,  Bl.  [2]  43,  552).     S.  in  glycerin  (S.G. 

1-  225)  at  ordinary  temperature  =  1'32  (Vogel, 
N.  R.  P.  16,  557).  More  sol.  in  solution  of 
CuSOj,  MgSO^,  or  NaSO,  than  in  water.  Reacts 
with  strong  acids  to  give  KHSO^  (for  thermal 
measurements  v.  Berthelot,  Essai  de  mic. 
chimique,  1,  389).  Dissolves  in  hot  cone. 
HNO^Aq,  KHSO^  separates  on  cooling,  then 
KNO3,  and  then  a  compound  of  KjSO^  with 
HNO3 ;  HjPOjAq  reacts  similarly  (v.  Jacquelain, 
Biedermann's  Tcchn.  Chem.  J.  4,  62).  Absorbs 
HCl  gas  when  heated,  forming  KCl  and  KHSO, 
(Thomas,  C.  J.  33,  372 ;  Hensgen,  B.  9,  1671 ; 
10,  259).  Decomposed  by  heating  with  NH^Cl, 
giving  KCl  (H.  Rose,  P.  64,  568).  Heated  to 
redness  with  iron  filings  gives  KOH  mixed  with 
re,,0,and;FeS  (d'Heureuse,  P.  75,  255).  Reduced 
to  sulphide  (or  KSH)  by  heating  in  CO  ;  to  KSH 
and  KOH  by  heating  in  H  (v.  Berthelot,  C.  R. 
110,  1106).  Sulphur  reacts  at  full  red  heat, 
giving  SO,,  and  polysulphides  of  K  (Berthelot, 
G.  R.  96,  303).  SO2  is  without  action  at  a  red 
heat. 

Double  salts.  (1)  With  A1.,(S0J„  Cr.,(S0,)3, 
and  Fe.,(SO_,).,  to  form  K,S0j.M,(S0.,)3.  24'aq  ;  v. 
potash  alum,  potash  chrome-alum  and  potash 
iron-alum,  under  Aluminium  sulphates  (p.  568), 
Chromium  sulphates  (p.  570),  and  Iron  sul- 
phates (p.  572).  (2)  With  sulphates  of  Ce  and 
Di  respectively,  to  form  3K.,SOj.M„(SOj)3  («• 
Cleve,  Bl.  [2]  43,  359  ;  Czudnowitz,  /.  pr.  82, 
129 ;  Hermann,  /.  pr.  82,  385) ;  also  the  salt 
2K„SO^.Ce(SO,).,.2aq  (Marignac,  Ami.  M.  [5]  15, 
27.5").  (3)  With  sulphates  of  Cd,  Co,  Cu,  Fe,  Mg, 
Mn,  Ni,  Zn  to  form  K.SO^.MSO^.  6aq  {v.  Graham, 
P.  M.  1835.  327,  417  ;  Brunner,  P.  15,  476  ;  32, 
221 ;  Pickering,  C.  49,  1 ;  Tobler,  A.  95,  193  ; 
Schiff,  A.  108,  326 ;  113,  183  ;  Gerlach,  Fr.  8, 
287  ;  Marignac,  Ann.  M.  [5]  9,  19  ;  Wilm,  A.  Ch. 
[4]  5,  56;  Pierre,  A.  Ch.  [3]  16,  239;  von 
Hauer,  J.  _pr.  74,  431 ;  Werther,  J",  pr.  92,  132). 

(4)  K.,SO,,.BeSO.,.  2aq   (Awdejeff,  P.  56,  101). 

(5)  K„SO.,.Na.,SO<  (Penny,  P.  M.  [4]  10,  401; 
Mitsclierhch,  P.  58,  468 ;  von  Hauer,  /.  pr.  83, 
356). 

The  acid  salt  KHSO4  occurs  in  some  volcanic 
districts  as  misenite  ;  it  is  formed  by  heating 
13  parts  K^SOj  with  8  parts  cone.  H^SOj,  or  by 
heating  KNO3  and  cone.  HoSO.,  in  the  ratio 
KN03:H.S0j.  Crystallises  in  white  rhombic 
forms,  S.G.  2-273;  also  in  monoclinic  forms,  S.G.  1 

2-  245  (y.  Wyrouboff ;  abstract  in  G.  J.  50,  665). 
Melts  at  c.  200°.  Easily  sol.  water ;  Kremers 
gives  S.  33-9  at  0°,  48  at  20°,  62-9  at  40°,  114  at 
100°.  An  aqueous  solution  is  said  to  deposit,  first 
K,,SO„  then  KHSO,.K.,SO„  and  then  KHSO^ ; 
by  evaporating  KHSO^Aq  at  a  low  temperature 
until  a  solid  mass  formed  on  removing  the  flame, 
arborescent  and  very  deliquescent  crystals 
formed  on  the  surface  of  the  solid,  which  were 
2KHSO1.IIH2O  according  to  Senderens  [Bl.  [3] 
2,  728). 

Other  acid  salts.  (1)  KHSO^.K^SO,,  obtained 
by  evaporating  KHSO.Aq.  (2)  2KHSO,.K,,S04, 
crystallising  from  K.,SO.,  in  H,,SOjAq  (Phiilii5s, 
J.  pr.  [2]  1,  429 ;  Ma'rignac,  Ann.  M.  [5]  9,  7). 
(3)  KHSO^.H.SO^,  formed  by  heating  K.SO^  with 
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1  less  than  5  parts  cone.  H„SO.  (Schultz,  P.  133, 
!  137). 

j  Rhodium  sulphates.  The  normal  rJiodic 
I  sulphate  Eh._,(S0j3  is  obtained  by  dissolving 
Rh.,0;,.a'aq  in  H.^SO^Aq,  evaporating,  and  heating 
to  400°  till  excess  of  acid  is  removed ;  a  red 
I  powder,  decomposed  by  hot  water  to  the  yellow 
I  basic  salt  Rh,,(SOj3.Rh,03  (Leidi6,  C.  R.  107, 
234).  Glaus  (Bcitrdge  zur  Clieinie  der  Platin- 
metalle  [Dorpat,  1854])  obtained  the  hydrate 
Rh2(SOj3. 12aq,  as  a  pale-yellow  crystalline  salt, 
by  crystallising  a  solution  of  Rh_0;,.  a-aq  in 
HjSO.Aq,  and  washing  with  alcohol.  The  double 
salt  Rh.(S04)3.3K,,SOj  was  obtained  by  Claus 
[I.e.)  by  evaporating  a  solution  of  the  constituent 
salts  in  the  ratio  Rh,.(SOj3:5K.,SO,,.  The  double 
salt  Rh„(SOj3.Na.,s64  was  obtained  by  Bunsen 
(4. 146,'265;  v.  also  Seubert  a.  Kobb6,  B.  23, 
2556)  by  the  action  of  hot  cone.  HoSOj  on 
RhS03.6Na,>S03. 9aq  (formed  by  heating  RhCIjAq 
for  some  time  with  NaHSOj). 

Rubidium  sulphates.  The  normal  salt 
Rb.,SO,  is  obtained  by  neutralising  H^SO^Aq  by 
Rb.jC03  and  evaporating  ;  it  crystallises  in  trans- 
parent, hexagonal  forms,  unchanged  in  air.  S. 
42-4  at  70°.  S.G.  3-6438  at  0°  ;  3-6256  at  50°  ; 
3-6036  at  100°  (Spring,  B.  15,  1940).  If  excess 
of  H„S0,Aq  is  used,  the  acid  salt  RbHS04  sepa- 
rates in  rhombic  prisms  (Kirchoff  a.  Bunsen,  P. 
115,  584). 

Double  salts.  (1)  Wibh  LLSO^  to  form 
RbLiSO^  (Wyrouboff,   Bl.   [2]  48,  134,  630). 

(2)  With  CaSO^  and  PbSOj  to  form  the  compounds 
Rb,SO,.2MS04..raq   (Ditte,   C.   R.    89,  641). 

(3)  With  A1„(S0|)3  to  form  rubidium  alum 
AL(SO,)3.Rb,,Sb4.  24aq  (Bunsen,  P.  119,  1 ; 
Godeft'roy,  A.  181,  176  ;  Redtenbacher,  J.  pr. 
95,  148). 

Ruthenium  sulphate.  Normal  ridhenic  sjil- 
phate  Eu(SOJ.,  is  obtained  by  oxidising  RuS^ 
(formed  by  prolonged  action  of  H,S  on  RuCljAq) 
by  cone.  HN03Aq,  and  evaporating  off  excess  of 
acid.  An  amorphous,  brownish-yellow,  very 
hygroscopic  solid.  Strongly  heated  gives  EuO., 
(Claus,     pr.  42,  364). 

Silver  sulphates.  The  normal  salt  Ag^SO^  ia 
obtained  by  heating  finely  divided  Ag  with  ex- 
cess of  cone.  H^SO,,  by  neutralising  H^SO^Aq  by 
Ag.,0  or  Ag.,C03  and  evaporating,  by  evaporating 
AgNOj  with  HjSO,Aq,  or  by  ppg.  AgNO^Aq  by 
NaoSOjAq.  Small,  white,  lustrous,  rhombic 
crystals,  isomorphous  with  Na-.SOj  (Mitscherlich, 
P.  12,  138  ;  25,  .301).  S.  1-15"  cold  water,  1-45 
at  100°  (Wenzel,  P.  82,  136).  S.G.  5-322  (Play- 
fair  a.  Joule,  C.  S.  Mem.  2,  401),  5-425  when 
fused  (Schroder,  P.  106,  226).  Decrepitates 
when  heated  to  300°;  melts  at  645°  (Carnelley, 
G.  J.  33,  279).  Decomposed  at  very  high  tem- 
perature, giving  Ag,  SOo,  and  0.  Reduced  to 
Ag  by  heating  in  H,  with  C,  or  in  CO  (Stam- 
mer, pr.  11,  70).  Absorbs  2NH3  (H.  Rose,  P. 
20,  153). 

Acid  salts  are  obtained  by  dissolving  Ag.SOi 
in  different  quantities  of  H,.SOjAq  and  crys- 
tallising ;  Schultz  (P.  133;  137)  describes 
(1)  AgHSO^,  (2)  2Ag,,S04.3H,.SO,.  2aq,  (3) 
Ag,S04.3H,S04.  2aq.  Carey  Lea  {Am.  S.  [3]  44, 
322)  describes  a  hemisulphate  AgoS0j.Ag,S04.  aq, 
but  this  salt  was  not  obtained  free  from  Ag3P04. 

Forms  a  double  salt  Ag,S0j.Al.,(S0j)3.  24aq  ; 
this  salt  is  an  alum  (v.  Church  a.  Northcote, 
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C.  N.  9,  155).  Also  combines  with  Ag^S 
and  with  K,S04  (Berzeliiis;  H.  Eose,  P.  53, 
463). 

Sodium  sulphates.  The  normal  salt  Na„S04 
occurs  native  as  thenardite,  in  combination  with 
CaSO,,  as  glauberite,  and  with  MgSOj  as  loweite  ; 
the  salt  also  occurs  in  sea  water  and  in  many 
mineral  springs.  It  is  prepared  by  adding  H„SO., 
to  NaCl  in  the  ratio  NaChH^SOj,  and  strongly 
heating  the  NaHSO^  thus  produced ;  also 
by  the  reaction  between  NaCl,  SO.,,  steam 
and  O  at  400°-450°;  2NaCl  +  SO^  +  O  +  HjO 
=  Na2SO.,  +  2HCl  (for  the  appUcation  of  these 
processes  on  the  large  scale  v.  Dictionary  of 
Applied  Chemistby,  vol.  iii.  p.  439).  NajSO^  is 
also  obtained  in  the  decomposition  of  NH,C1, 
or  NaNOj,  byH,S04;  it  is  formed  by  neutrali- 
sing HoSOjAq  by  NaOHAq  or  Na^CO,,  evapora- 
ting, and  heating  to  redness  the  crystals  of 
NaoSO,.  a;aq  that  separate.  NajSO^  is  a  white 
amorphous  powder ;  S.G.  2-597  (Playfair  a. 
Joule,  C.  S.  Mem.  2,  401) ;  2-631  (Karsten,  S.  65, 
394).  Obtained  in  rhombic  crystals,  isomorphous 
with  AgjSO^  (Mitscherlich,  F.  12y- 138 ;  25,  301), 
by  heating  to  40°  a  solution  saturated  at  33° ; 
S.G.  2-6618,  or  2-6637  crystallised  at  110°  (Nicol, 
P.  M.  [5]  15,  94).  Dissolves  in  water  with  pro- 
duction of  heat ;  according  to  Berthelot  (C.  B. 
78,  1722)  [Na-SO',Aq]  =  780  at  21-2°,  but  -100 
at  3° ;  Pickering  (C.  J.  45,  686)  thinks  that  two 
modifications  of  Na.,SO ,  exist ;  the  salt  dried  at 
100°  or  150°  gave  [Na=SO\Aq]  =  57  at  20-4°,  but 
after  heating  to  temperatures  varying  from  250° 
to  the  melting-point  the  heat  of  solution  was 
[Na■-SO^Aq]  =  760.  Thomsen  (Th.  3,  516)  gives 
H.F.  [Na^S,0*]  =  328,600.  Tilden  (Pr.  35,  345) 
gives  solubilities  as  follows :  5  at  0°,  78-8  at  34°, 
42-7  at  100°,  41-95  at  120°,  42  at  140°,  42-9  at 
160°,  44-25  at  180°,  46-4  at  230°.  Etard  (C.  B. 
113,  854)  says  that  S.  increases  from  33°  to  80°, 
remains  constant  to  230°,  and  then  decreases  to 
320°  {v.  also  Lowel,  A.  Ch.  [3]  33,  334  ;  49,  32  ; 
Gernez,  0.  B.  60,  833 ;  de  Coppet,  Bl.  [2]  17, 
146).  For  S.H.  and  expansion  of  Na.,S04Aq  v. 
Thomsen  (P.  142,  337)  and  Marignac  (A.  Ch. 
[4]  22,  415).  NaoSO,  melts  at  861°  (Carnelley, 
C.  J.  33,  280) ;  at  843°  (V.  Meyer  a.  Eiddle,  B. 
26,  2443).   S.G.  at  melting-point  =  2-104  (Braun, 

B.  7,  958). 

Heated  with  charcoal  out  of  air  Na.SOi  is 
reduced  to  NajS ;  Gay-Lussae  (A.  Ch.  [2]  11, 
312)  says  polysulphides  are  also  formed ;  CO.^ 
is  evolved,  but  no  CO  (Unger,  A.  63,  240 ; 
Scheurer-Kestner,  A.  Ch.  [4]  1,412;  Stromeyer, 
A.  107,  361) ;  heated  to  bright  redness  with  C  in 
a  vessel  containing  air,  Na^S  is  formed  and  CO 
evolved  (Berthelot,  C.  B.  110,  1106).  Reduced 
to  sulj)hide  by  heating  to  bright  redness  in 
carbon  monoxide  (B.,  I.e.)  ;  reduction  by /it/drogiew 
begins  at  c.  500°,  the  products  are  Na,,S,  NaSH, 
NaOH,  H,0,  and  H^S  (B.,  I.e.).  Heated  with 
hydrogen  chloride,  NaCl  is  formed  (Bousingault, 

C.  B.  78,  593) ;  boiling  HClAq  produces  NaCl 
and  NaHSO^  (Thomas,  C.  J.  33,  373).  A  little 
NaCl  is  formed  by  heating  with  ammonium 
chloride  (Nicholson,  C.  N.  20,  47).  Boiled  with 
barium  carbonate  some  NaoCOj  and  BaS04  are 
formed  ;  after  a  time  a  condition  of  equilibrium 
is  attained.  A  very  little  NaOHAq  is  produced 
by  boiling  for  some  time  with  milk  of  lime ; 
under  increased  pressure  NaOHAq  is  formed 


(v.  Scheurer-Kestner,  A.  Ch.  [4]  1,  412).  Not 
decomposed  by  heating  strongly  with  calcium 
carbonate  (S.-K.,  I.e.).  When  a  mixture  of  Na„S04 
and  alumina  is  heated  in  steam,  SO^  is  given  off 
and  sodium  aluminate  remains ;  presence  of 
charcoal  hastens  the  reaction  (Wagner).  Ac- 
cording to  Stromeyer  {A.  107,  361)  fusion  with 
iron  produces  Fe^Oa,  NajO,  and  Na2S.2FeS.  The 
final  products  of  heating  with  silica  and  carbon 
in  a  closed  crucible  are  Na20.2Si02,  S,  COj  and 
CO  (S.-K.,  C.  B.  114,  117). 

Hydrates  of  Na.SO,.  (1)  The  hepta- 
hydrate  Na2S04.7aq  is  obtained  by  melting 
Glauber's  salt  Na.^SOj.  lOaq  in  its  water  of 
crystallisation,  heating  to  boiling,  at  once  closing 
the  vessel,  and  shaking  repeatedly  as  the  liquid 
cools  till  18°  is  reached ;  Na2S04  separates  at 
first  but  dissolves  again,  and  below  18°  Na.,SO ,.  7aq 
separates  (Lowel,  A.  Ch.  [3]  33,  334  ;  "49,  32). 
The  follov?ing  method  gives  better  results 
(L.,  I.e.)  :  22  parts  NaoSOj.lOaq  are  dissolved 
in  10  parts  water,  the  solution  is  heated  to 
boiling,  and  the  flask  is  then  closed  with  a  cork 
carrying  two  narrow  tubes  bent  at  right  angles  ; 
when  the  liquid  is  cold  the  outer  end  of  one  of 
the  tubes  is  dipped  into  30  p.c.  alcohol  at  40°, 
and  the  alcohol  is  caused  to  run  into  and  fill  the 
flask  by  sucking  at  the  outer  end  of  the  other 

j  tube.  As  the  alcohol  withdraws  water,  large, 
translucent,  rhombic  or  tetragonal  crystals  of 
NaoSOj.  7aq  gradually  separate.  The  crystals 
must  be  quickly  pressed  between  filter  paper. 
They  rapidly  absorb  water  from  the  air,  changing 
to  Na2S04.  lOaq ;  exposed  to  air,  even  under 
dilute  alcohol,  they  soon  change  to  the  deca- 
hydrate.  According  to  Liiwel  (I.e.)  the  hepta- 
hydrate  is  much  more  soluble  in  water  between 
0°  and  26°  than  the  decahydrate.  The  tempera- 
ture of  maximum  solubility  is  27° ;  the  solution 
then  contains  66  p.c.  NajSOj,  which  is  the  same 
quantity  as  is  present  in  solution  of  Na.^SO^.  lOaq 
saturated  at  34°-36°.  If  a  crystal  of  Na2S04.7aq 
is  added  to  the  saturated  solution  of  this  salt  at 
27°  it  does  not  dissolve,  but  crystals  of  Na2S04 
separate  until  a  concentration  is  reached  corre- 
sponding with  a  saturated  solution  of  Na2S04  at 
the  temperature.  The  heptahydrate  is  able  to 
form  supersaturated  solutions,  but  less  readily 

j  than  the  decahydrate  ;  addition  of  a  crystal  of 
Na^SO,.  7aq  causes  separation  of  the  hepta- 

'  hydrate.     These   results  were   confirmed  by 

,  de  Coppet  (Bl.  [2]  17,  146). 

(2)  The  decahydrate  Na.^S04.  lOaq  crystallises 
from  a  hot  saturated  solution  of  Na,,S04  cooled 
to  at  least  32° ;  a  supersaturated  solution  may  be 
cooled  in  a  closed  vessel  to  0°.  If  a  crystal  of 
NajSOj.  lOaq  is  dropped  in,  a  mass  of  crystals  of 
the  decahydrate  is  formed,  and  the  temperature 
rises  to  c.  18°.  Large,  white,  striated,  monoclinic 
prisms;  isomorphous  with  Na,Cr04.  lOaq  and 
Na.SeO4.lOaq.  S.G.  1-4G9  (Plavfair  a.  Joule, 
C.'S.  Mem.  2,  401);  1-485  at  19°,  1-492  at 
20°  (Pettersson,  Upsala,  Nova  Acta,  1874). 
[Na-,S,O*,10H-O]  =  347,800  {Th.  3,  516).  Melts 
at  34°  (Tilden,  C.  J.  45,  267).  Effloresces  in  air. 
When  melted  in  the  water  of  crystallisation, 
boiled,  and  allowed  to  cool  in  a  closed  vessel, 
Na2S04  separates,  but  on  shaking,  this  salt  dis- 
solves till  18°  is  reached,  after  which  crystals  of 
NaoS04.7aq  separate  {v.  su])ra).  Na^SOj.  lOaq  is 
insol.  absolute  alcohol ;  alcohol  of  S.G.  -976  dis- 
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solves  14-35  p.c,  of  S.G.  -972  dissolves  5-6  p.c, 
and  of  S.G.  -939  dissolves  1-3  p.c.  Solubility 
in  water  increases  with  temperature  to  33°-34°, 
whereat  the  solution  contains  55  parts  Na^SOj 
in  100  of  water ;  a  crystal  of  Na.SO^.  iOaq 
dropped  into  the  solution  dissolves,  and  NajSOj 
separates  till  49-53  parts  Na.,SOj  are  in  solution 
in  100  parts  water,  which  is  the  same  quantity 
of  Na^SO^  as  is  present  in  a  solution  made  by 
saturating  water  with  NaoSO^  at  34°  (Lowel, 
A.  Ch.  [3]  33,  334  ;  49,  32)."  As  temperature  is 
increased  above  34°  Na.SO^  seems  to  be  formed, 
and  the  solubility  of  this  salt  decreases  as  tem- 
perature rises  to  the  b.p.  of  saturated  Na.^SOjAq. 
There  apj)ear  to  be  three  temperatures  of 
maximum  solubility  for  Na^SOj  and  its  hydrates : 

(1)  at  34°,  which  is  the  maximum  for  Na-.SO^.  lOaq, 

(2)  at  26°-27°  for  Na.SO.,.  7aq,  (3)  at  17°-18°  for 
Na„SO.|.  The  quantity  of  salt  in  solution,  cal- 
culated as  Na2S04,  is  about  the  same  at  these 
temperatures.  Lowel  (I.e.)  gives  the  following 
table : — 


S.G. 

1-1015 
1-1057 
1-1100 
1-1142 
1-1184 
1-12'26 


P.c.  Na.SO. 
11-025 
11-466 

11-  907 

12-  348 

12-  789 

13-  230 


P.c.  Na.SO...  lOaq 
25 
26 
27 
28 
29 
30 


Acid  salts.  (1)  NaHSOj ;  by  adding  7  parts 
H.SO^Aq  S.G.  1-85,  to  10  parts  Na,,SOj,  and 
heating  gently  till  the  mass  melts  and  water- 
vapour  ceases  to  be  given  off.  By  dissolving  in 
water,  or  by  evaporating  Na.^SOj  in  H,,SO.,Aq 
at  50°,  crystals  of  NaHSOj.  aq  are  obtained 
(Mitscherlioh,  P.  12,  138  ;  H.  Kose,  P.  82,  545). 

(2)  Na.SC.NaHSO^  (  =  Na3H(S0,).,);  by  crystal- 
lising Na„SO:,  from  half  as  much  HjSO,,  in  water 
as  is  required  to  forniNaHSO,  (M.,  I.e. ;  E.,  I.e.). 

(3)  NaHSOj.H.SO,  (NaH3(S0,),,)  ;  by  crystal- 
lising Na,SO,  from  solution  in  almost  7  parts 
H„SO,,  (fe'chultz-Sellack,  J.  pr.  [2]  2,  459  ; 
Lescceur,  C.  B.  78,  1044). 

Double  salts.  (1)  Na„S0j.K.S0j  (Penny,  P.  M. 


Temp. 

100  parts  water  contain,  when  solution  is  saturated, 

Na.SO^          Na,SO,.  lOaq          Na,SO.           Ka,SO..10aq         Na.SO^    Na„S0..7aq    Na,SO..  lOaq 
Sol.  made  with  Na.SO^             Sol.  made  with  Na.SO^.  lOaq               Sol.  made  with  Na.SO.,.  7aq 

0° 

5-02 

12-16 

19-62 

44-84 

59-23 

10 

9-00 

23-04 

30-49 

78-90 

112-73 

15 

13-20 

35-96 

37-43 

105-79 

161-57 

18 

53-25 

371-97 

16-80 

48-41 

41-63 

124-59 

200 

20 

52-76 

361-51 

19-40 

58-35 

44-73 

140  01 

234-4 

25 

51-53 

337-16 

28 

98-48 

52-94 

188-46 

365-28 

26 

51-31 

333-06 

30 

109-81 

54-97 

202-61 

411-45 

30 

50-37 

316-19 

40 

18409 

33 

49-71 

305-06 

50-76 

323-13 

Si 

49-53 

302-07 

55 

412-22 

40-15 

48-78 

290-00 

45-04 

47-81 

275-34 

50-4 

46-82 

261-36 

59-79 

45-42 

242-89 

70-61 

44-35 

229-87 

84-42 

42-96 

213-98 

103-17 

42-65 

210-67 

The  following  table  gives  S.G.  of  Na.SO.Aq 
at  19°:— 


S.G. 

P.c.  Na.SO. 

P.c.  Na,SO, 

1-0040 

1-441 

1 

1-0079 

1-881 

2 

1-0118 

1-323 

3 

1-0158 

1-764 

4 

1-0198 

2-205 

5 

1-0238 

2-646 

6 

1-0278 

3-087 

7 

1-0318 

3-528 

8 

1-0358 

3-969 

9 

1-0398 

4-410 

10 

1-0439 

4-851 

11 

1-0479 

5-292 

12 

1-0520 

5-373 

13 

1-0560 

6-174 

14 

1-0601 

6-615 

15 

1-0642 

7-056 

16 

1-0683 

7-497 

17 

1-0725 

7-938 

18 

1-0766 

8-379 

19 

1-0807 

8-820 

20 

1-0849 

9-261 

21 

1-0890 

9-702 

22 

1-0931 

10-143 

23 

1-0973 

10-584 

24 

[4]  10,  401  ;  Mitscherlioh,  P.  58,  468 ;  von 
Hauer,  J.  p)r-  83,  356).  (-2)  Na,,SO,,.(NH,).,SO^ ; 
by  the  interaction  of  (NH  J.^SO.,  and  NaCl  with  a 
little  water  (Schiff).  (3)  Various  double  salts 
with  Li„S04  (Kammelsberg,  P.  128,  311 ;  Wyrou- 
boff,  Bl.  [-2]  9,  35.  (4)  With  sulphates  of  Cd, 
Ca,  Cu,  Di,  In,  Fe,  La,  Mn,  and  Mg ;  references 
under  C.ajdmium  sulphates,  Calcium  sulphates, 
&c.  (5)  The  compounds  Na.,SOj.M2(SOj)3.24aq, 
where  M  =  Al  or  Cr,  are  alums  (references  under 
Aluminium  sulphates  and  Chromium  sulphates). 

Strontium  sulphates.  The  normal  salt 
SrSO,,  occurs  native  as  celestine.  It  is  obtained 
by  adding  H^SOjAq  or  solution  of  an  alkali 
sulphate  to  solution  of  a  strontium  salt ;  large 
crystals  are  formed  by  dissolving  ppd.  SrSO^  in 
cone.  HjSOj,  adding  dilute  HClAq,  heating  to 
150°,  allowing  to  cool,  again  heating  to  150° 
with  HClAq,  and  repeating  this  treatment  three 
or  four  times  (Bourgeois,  C.  B.  105, 1072).  SrSO^ 
is  also  obtained  crystalline  by  fusing  K.SO^ 
with  excess  of  SrCL  (Manross,  A.  82,  350).'  A 
white  solid ;  S.G.  3-927  to  3-955  crystalline  (M., 
I.e. ;  Neumann,  P.  23,  1)  -,  3-7  ppd.  (Schroder, 
P.  106,  226;  v.  also  Clarke's  Table  of  Si)cc. 
Gravs.  [New  Ed.]  82).  H.F.  [Sr,S,0']  =  330,900 
(Th.  3,  516).    Almost  insol.  water;  S.  -0145 
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ordinary  temperature,  '0104  at  100'  (Fresenius)  ; 
insol.  dilute  H.SO^Aq ;  S.  cone.  H^SO^  at  70°  =  14 
(Garside,  C.  N.  31,  24.5) ;  for  S.  in  solutions  of 
NaCl,  KCl,  MgCl.,,  and  CaCL,  v.  Virck  (C.  C. 
1862.  402).  Melts  when  strongly  heated  ;  is  de- 
composed to  SrO,  SOo,  and  0  at  full  white  heat 
(Bousingault,  J.  1867.  161).  Keduced  by  heat- 
ing strongly  with  C,  Fe,  or  Zn  (d'Heureuse,  P. 
75,  277),  or  in  a  steam  of  H  or  moist  CO  (Jac- 
quemin,  C.  R.  46, 1164).  Loses  SO^  when  heated 
with  ASoOj  (Moretti,  S.  9,  169),  or  when  heated 
continuously  to  redness  in  HCl  (Bousingault, 
C.  B.  78,  593).  Decomposed  by  heating  with 
solutions  of  alkali  carbonates.  Forms  double 
salts,  SrSOj.M„SO^,  with  alkali  sulphates  (H. 
Eose,  P.  93,  604;  110,  296).  An  acid  salt 
SrH,(SO,),  (  =  SrS04.H,S0j)  is  formed  by  digest- 
ing SrSO^  in  cone.  H^SO^  with  excess  of  SrS04 
(Schultz,  P.  113,  147). 

Thallium  sulphates.  The  normal  tliallous 
salt  TloSO^  is  obtained  by  dissolving  Tl  in  hot 
R.SO^,  or  by  neutralising  R.SO^Aq  by  TIOH  or 
TlXOj,  and  evaporating  (Crookes,  C.  N.  24,  38). 
Forms  white  rhombic  prisms,  isomorphous  with 
K.SO^  (von  Lang,  P.  M.  [4]  25,  348)  ;  S.G.  6-77 
(Lamy,  Bl.  [2]  11,  210 ;  v.  also  Clarke's  Table 
of  SiJcc.  Gravs.  [new  ed.]  79).  H.F.  [Tr-,S,0-']  = 
221,000  (Th.  3,  516).  S.  4-74  at  15°,  18-5  at 
100°  (Lamy,  I.e.).  Not  decomposed  by  heating 
to  full  redness  in  absence  of  air ;  heated  more 
strongly  in  air  gives  TLO3,  S0„,  and  0  (Carstan- 
jen,  J.  1867.  279).  Eeduced  to  TljS  by  heating 
with  KCN.  The  acid  thallous  salt  TIHSO4.  3aq 
separates  from  a  solution  of  the  normal  salt  in 
HjSO^Aq  after  some  months.  When  strongly 
heated  yields  TLSO4  and  H,_,S04  (Carstanjen, 
I.e.).  Double  salts,  TLSO^.MSO^.  6aq,  are  formed 
when  M  =  Cu,  Fe,  Mg',  Ni,  or  Zn  (Willm,  A.  Ch. 
[4]  9,  5  ;  Werther,  Bl.  [2]  2,  272).  The  salt 
T1._,S04.AL(S0|).,.  24aq  is  an  alu»i  {v.  Lamy, 
Bl.  [2]  il,  210).  Normal  thallic  sulphate 
Th{S0^)3.  7aq  is  obtained  as  thin,  white  leaflets 
by  dissolving  TljOj.H.O  in  fairly  cone.  HjSO^Aq 
and  evaporating.  Loses  6aq  when  heated  to 
200°,  at  higher  temperatures  SO.,  and  0  are  given 
off  and  TLSOj  remains  (Strecker,  A.  135,  207  ; 
Crookes,  C.  N.  8,  243).  The  double  salts 
TySOJj.M.SO^  [  =  T1M(S04)J,  where  M  =  K  or 
Na,  are  described  by  Strecker  {I.e.). 

Thorium  sulphates.  The  hydrated  normal 
sulphate  T]\{^Of).,.  a:aq  is  obtained  by  dissolving 
ThOj  in  slight  excess  of  K.SOjAq,  and  crystal- 
lising at  10°-15°.  The  anhydrous  salt  is  ob- 
tained by  heating  the  hydi'ated  salt  to  c.  400° 
{v.  Chydenius,  P.  119,  43  ;  Delafontaine,  A.  131, 
100;  Cleve,  Bl.  [2]  21,  115;  Demarc^ay,  C.  B. 
96, 1860).  For  a  full  discussion  of  the  conditions 
of  formation,  relations,  and  solubilities  of  the 
various  hydrates  of  Th(S04).,  v.  Eoozeboom 
(Z.P.  G.  5, 198).  Th(S04)2  has  S".G.4-053  at  22-8° 
(Clarke,  Avi.  2,  175) ;  4-2252  at  17°  (Kriiss  a. 
Nilson,  B.  20, 1675).  The  S.G.  of  Th(S04).,.  9aq  is 
2-767  according  to  Topsoe  {Bl.  [2]  21, 120").  The 
hydrate  Th(S04),.  9aq  is  isomorphous  (mono- 
clinic)  with  U(S0,)2- 9aq  (Eammelsberg,  B.  B. 
1886.  603).  Double  salts  Th(S04).,.M,,S04.  aaq 
are  known,  where  M  =  an  alkali  metal  (Cleve,  I.e. ; 
Chydenius,  I.e.). 

Tin  sulphates.  The  nonnal  stannous  salt 
SnSOj  is  obtained,  in  very  small  white  crystals, 
by  dissolving  Sn  in  warm  fairly  cone.  H^SOjAq,  | 


taking  care  that  Sn  is  in  excess,  dissolving  th& 
white  solid  so  formed  in  water,  and  allowing  to 
crystallise  out  of  contact  with  air  (Marignac, 
Ann.  M.  [5]  15,  221).  SnS04  is  very  sol.  water  ; 
the  solution  soon  deposits  basic  salts.  The  nor- 
mal stannie  salt  Sn(SOj),.  2aq  was  obtained  by 
Ditte  (C.  R.  104,  178)  by  dissolving  SnOj.  xaq 
(ppd.  from  SnCl4Aq  by  alkali)  in  dilute  H2S04Aq 
and  evaporating  {v.  also  Kraskowitz,  P.  35,  518). 
It  forms  white  rhombic  leaflets  ;  very  sol.  water ; 
decomposed  by  much  water  with  separation  of 
SnOj.  A  basie  salt  SnO(S04).  aq  is  said  to  be 
formed  (Ditte,  I.e.)  by  dissolving  the  normal  salt 
in  ILSOjAq,  warming,  adding  excess  of  Sn,  and 
then  ether. 

Titanium  sulphates.  Normal  titanous  sul- 
phate Ti2(S04)3.  8aq  is  obtained,  as  violet  crys- 
tals, by  evaporating  a  solution  of  Ti  in  H^SOjAq  ; 
sol.  water,  solution  gives  a  black  pp.  when 
warmed  (Glatzel,  B.  9,  1833  ;  Ebelmen,  J.  pr. 
42,  76).  Normal  titanic  sulphate  Ti(S04)2. 3aq 
was  obtained  by  Glatzel  {I.e.)  by  oxidising  the 
titanous  salt  by  HNO3,  adding  a  drop  or  two 
HoSOjAq,  and  evaporating  ;  a  white,  translucent 
mass.  A  double  salt  Ti(S04)2.K2S04.3aq  was 
obtained  by  Warren  (P.  102,  449),  by  fusing 
TiO,  with  KHSO4,  treating  with  cone.  H2SO4, 
evaporating,  and  washing  the  residue  with  cold 
water  {v.  also  Glatzel,  I.e.).  By  dissolving  TiO., 
in  hot  H2S04Aq,  evaporating,  drying  the  residu& 
on  a  porous  tile  at  180°,  and  then  heating  to  c. 
350°,  Merz  (/.  pr.  99,  157)  obtained  the  acid 
salt  TiO.SOj  as  a  hard  white  solid. 

Uranium  sulphates.  Normal  uranic  sul- 
phate 11(804)2.  9aq  is  obtained,  as  green  mono- 
cUnic  crystals  isomorphous  with  Th(S04)2. 9aq 
(Eammelsberg,  B.  B.  1886.  603),  by  evaporating 
a  solution  of  UOj  in  excess  of  H2S04Aq  (E.,  I.e.; 
Ebelmen,  J.pr.  27,  385).  Unchanged  in  air; 
slowly  loses  water  of  crystallisation  when  heated; 
at  higher  temperatures  gives  yellow  (UO.JSOj, 
and  when  strongly  heated  leaves  U3O,.  Heated 
in  H  gives  UOj.  Easily  sol.  dilute  HjSOjAq  or 
HClAq.  Decomposed  by  water,  giving  basic 
salts  {v.  E.,  I.e. ;  Athanasesco,  C.  B.  103,  271). 
Forms  double  salts  with  alkali  sulphates  (E.,  I.e.). 
The  uranyl  salt  (1102)804.  .raq  is  obtained,  in 
citron-yellow  crystals,  by  dissolving  TJ^Os  in 
HjSOjAq  with  a  httle  HNO3 ;  or  by  decomposing 
1102(1103)2  by  cone.  H^SOj,  evaporating  nearly 
to  dryness,  dissolving  in  water,  evaporating  to 
a  syrup,  and  allowing  to  crystallise  slowly  (Ebel- 
men, A.  66,  230).  By  evaporating  a  solution  of 
the  hydrated  salt  in  cone.  H28O4,  Sehultz-Sel- 
lack  obtained  the  anhydrous  salt  (U02)S04  (B. 
4,  13).  Forms  double  salts  with  alkali  sulphates 
(U02)804.M2S04.2aq  (Eammelsberg,  B.  5,  1005).- 

Vanadium  sulphates.  Vanadyl  sulphate 
(V0)S04.  a;aq  is  obtained  by  heating  a  solution 
of  V2O4  in  cone.  B..&0,.  Gerlach  {B.  11,  98)- 
prepared  several  compounds  of  VjOs  ^'Ud  SO3  by 
dissolving  VjO^  in  H2SO4.  For  more  details  and 
descriptions  of  various  salts  v.  Vanadium  teteox- 
iDE  and  PENTOxiDE  {infra). 

Zinc  sulphates.  The  normal  salt  ZnSOj 
is  obtained  by  dissolving  Zn,  ZnO,  or  ZnCOj  in 
dilute  H2804Aq,  evaporating,  drying  the  crys- 
tals of  ZnSOj.  7aq,  and  gradually  heating  to  c- 
280°  till  water  ceases  to  be  given  off;  it  is  diffi- 
cult to  drive  off  every  trace  of  water  without, 
decomposing  some  of  the  ZUSO4  and  forming: 
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Tbasic  sulphates.  Klobb  (C.  R.  114,  836)  ob- 
tained ZiiSOj  in  crystals  by  heating  ZnSO,.  7aq 
mixed  with  excess  of  (NHJ^SO,  in  a  partly- 
closed  crucible,  protected  from  the  gases  of  the 
tiame,  till  all  (NH  J  ,80,  was  volatilised.  A  white 
solid ;  S.G.  ,3-435  at  16°  (Pape,  P.  120,  367) ; 
3-6235  at  15°  (Thorpe  a.  Watts,  G.  J.  37,  108). 
H.F.  [Zn,S,OT  =  230,100  (r/i.  3,  516).  Decom- 
posed to  ZnO,  SO.,,  and  0  at  c.  400°  (Bailey, 
C.  J.  51,  681).  Heated  with  charcoal,  SO,  and 
CO.^  are  evolved  and  ZnO  remains  ;  if  the  tem- 
perature is  rapidly  raised  to  a  white  heat,  SOj  and 
GO  are  given  off  and  ZnS  is  formed.  Heating 
in  H  produces  an  oxysulphide  of  Zn.  For  solu- 
bility in  water  v.  infra.  [ZnSO,,AcLl  =  9,950  (Th. 
5,  516).  For  compounds  of  ZnSOj  with  NH3  v. 
Schindler  {Mag.  Fharm.  31,  167  ;  36,  43),  Kane 
{A.  Ch.  [2]  72,  290),  Muller(Z.  [2]  5,  250;  6,  96). 
Hijdratcd  zinc  sulpluite.  Several  hydrates  are 
known.  The  lieptahydrate  ZnSO,.  7aq  crystal- 
lises, at  ordinary  temperatures,  in  white,  right 
rhombic,  prisms,  isomorphous  with  MgSO,.  7aq. 
S.G.  1-964  (Thorpe  a.  Watts,  G.  J.  37,  110). 
H.F.  [Zn,S,0',7H-0]  =  252,700  (Th.  3,  516). 
Melts  at  50°  (Tilden,  G.  J.  45,  267).  At  100° 
loses  6H,0.  Poggiale  {A.  Gh.  [3]  8,  467)  gives 
solubility  in  water  as  follovs's : — 
s. 


Temp. 

ZnSO..  7aq 
115-22 

ZuSO. 
43  02 

0° 

10 

138-21 

48-36 

20 

161-49 

5313 

30 

190-90 

68-40 

40 

224-05 

63-52 

50 

263-84 

68-75 

60 

313-48 

74-20 

70 

369-36 

79-25 

80 

442-62 

84-60 

90 

532-02 

89-78 

100 

653-59 

95-03 

Gerlach  {Fr.  8,  260)  and  Schiff  {A.  110,  72) 
give  the  following  data  for  ZnSO^Aq : — 

S.G. 


Gerlach,  at  15° 
1-0288 
1-0593 
1-0905 
1-1236 
1-1574 
1-1933 
1-2315 
1-2709 
1-3100 
1-3532 
1-3986 
1-4451 


Schiff,  at  20-5° 

1-0289 
1-0588 
1-0899 
1-1222 
1-1560 
1-1914 
1-2285 
1-2674 
1-3083 
1-3511 
1-3964 
1-4439 


Pctse. 


Z11SO4. 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 


'aq 


Almost  insol.  absolute  alcohol ;  100  parts  of  a 
saturated  solution  in  alcohol  of  40  p.c.  contain 
3-48  parts  ZnS0,.7aq  (Schiff,  J.  1801.87). 

Eexahydrate,  ZnSO,.  6aq  ;  obtained  by 
crystallising  ZnSO,Aq  at  40°  ;  S.G.  2-07  (T.  a. 
W.,  I.e. ;  V.  also  Marignac,  J.  1855.  389).  Penta- 
hydrate,  ZnS0,.5aq;  obtained  by  boihng  the 
finely-powdered  heptahydrate  with  alcohol  of 
S.G.  -825  ;  S.G.  2-206  (T.  a.  W.,  I.e. ;  v.  also 
Kiihn,  J.  1830.  300  ;  Schindler,  Mag.  Pluirm. 
31,  167  ;  36,  43  ;  Pierre,  A.  Ch.  [3]  16,  242). 
Dihydrate,  ZnS0,.2aq  ;  formed  by  pouring  cold 
saturated  ZnS0,Aq  into  cone.  H^SO,,  and  wash- 


ing the  pp.  with  absolute  alcohol ;  S.G.  2-958 
(T.  a.  W.,  I.e.).  Monohijdratc,  ZnSO,.  aq  ;  ob- 
tained by  heating  ZnSO,.  7aq  to  100°-110^  till  it 
ceases  to  lose  weight ;  S.G.  3-28  (T.  a.  W.,  Z.c. ; 
V.  also  Graham,  P.  M.  [3]  6,  327,  417). 

An  acid  salt  ZnSO,.H.^SO,.  8aq  is  described 
by  von  Kobell  (J.  pr.  28,  492).  Several  basic 
salts  are  formed  by  boiling  solutions  of 
ZnSO,.  7aq  with  ZnO  or  ZnO.H,  (v.  Schindler, 
Z.c;  Kiihn,  I.e.;  Kane,  A.  Ch.  [2]  72,  290; 
Eeindel,  Z.  [2]  5,  508  ;  Habermann,  M.  5,  432 ; 
Athanasesco,  G.  B.  103,  271). 

Double  salts  are  numerous :  (1)  With  alkali 
sulphates,  ZnSO,.M^SO,.  a-aq  {v.  Pierre,  Ph.  G. 
1846.  410;  Tobler,  A.  95,  193  ;  Graham,  P.  M. 
[3]  6,  327,  417  ;  Karsten,  B.  B.  1841).  (2)  With 
CoSO,,  FeSO,,  MgSO,,  NiSO,,  &c.,  to  form 
ZnSO,.MSO,.a'aq  (v.  Kammelsberg,  P.  91,321; 
Pierre,  I.e. ;  Petard,  C.  R.  86,  1399  ;  87,  602). 

Zirconium  sulphates.  The  normal  salt 
Zr(S0,)2  is  obtained  by  dissolving  ZrOj  in 
slightly  diluted  H.SO,,  evaporating,  and  driving 
otf  excess  of  acid  at  a  temperature  below  red 
heat.  Zr(S0,)2  is  decomposed  by  heating  to 
redness,  giving  ZrO._,.  By  concentrating  a  solu- 
tion of  Zr(S0,)2  containing  some  free  H„SO,, 
PaykuU  (B.  6,  1467)  obtained  crystals  of  the 
tdraliydrate  Zr(SO,).,.  4aq  (conhrmed  by  Weibull, 
B.  20,  1394). 

Basic  salts  are  obtained  by  digesting  a 
solution  of  a  salt  of  Zr  with  saturated  K„SO,Aii 
{v.  Berzelius,  P.  4,  117  ;  Warren,  J.  pi:  75,  361). 

Double  salts  with  K„SO,  are  formed  by 
fusing  KHSO,  and  ZrO.,  (B".,  I.e. ;  W.,  I.e.). 

DITHIOPEESULPHATES.  Under  the  name 
of  sodium  dithiopersnlphaie,  Villiers  (G.  R.  106, 
851,  1354)  described  a  salt  Na2S,0^.  oaq.  This 
salt  was  said  to  be  obtained  by  adding  to  sodium 
thiosulphate  insufficient  water  to  dissolve  all  the 
salt,  saturating  with  SOo,  adding  a  little  more 
water,  again  saturating  with  SO^,  keeping  the 
yellow  solution  at  the  ordinary  temperature  for 
two  or  three  days,  passing  in  S0,_,  as  long  as  it 
was  absorbed,  and,  after  standing  a  day  or  two, 
evaporating  in  vacuo  over  H.^SO,.  A  mixture  of 
Na,,S,08  and  Na.^SjO^  was  thus  obtained ;  on  ex- 
posure to  air  the  crystals  of  Na-^S^O^  effloresced, 
and  the  Na^S,05  was  then  picked  out.  The  salt 
Na.^S,08  was  described  as  white,  lustrous,  rhombic 
prisms ;  unchanged  in  air ;  melting  at  c.  125°, 
and  giving  off  S0„  at  c.  140°,  leaving  Na.jSO, 
mixed  with  S.  In  a  later  paper  {C.  R.  108, 402) 
V.  announced  that  the  salt  supposed  by  him  to 
be  Na.SjOg  was  only  hydrated  sodium  tetra- 
thionate  Na,.S,0,.H..O. 

NITEOS'OSULPHATES.  In  1800  Davy  (Pe- 
scarehes,  chiefly  eonecrning  Nitrous  Oxyde)  no- 
ticed that  NO  was  absorbed  by  a  mixture  of 
NaoSO,,Aq  and  NaOHAq,  a  compound  being 
formed  which,  on  addition  of  an  acid,  gave  off 
N^O  while  Na^SO,  remained  in  solution ;  he 
supposed  that  the  NO  was  reduced  to  N.^0,  the 
Na^SOj  being  oxidised  to  Na.SO,,  and  that  the 
N.,0  combined  with  the  NaOH.  Pelouze  (A.  Ch. 
[2]  60,  151)  found  that  a  salt  containing  N,  S, 
and  O  was  formed  in  the  reaction  examined  by 
Davy;  to  this  salt  he  gave  the  composition 
Na„S03(N0).,. 

A  mixture  of  1  vol.  SO,  and  2  vols.  NO  is 
gradually  absorbed  by  cone.  KOHAq  or  NaOHAq, 
formmg  K,(N0).S03  or  Na,(N0),S03. 
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Ammonium  nitrososulphate  (NH^)„(N0)2S0., 
is  best  prepared  by  passing  NO  for  some  hours 
into  cold  cone.  (NHJoSO^Aq  mixed  with  5  to  6 
times  its  volume  of  NHjAq.  White  crystals  of 
the  salt  gradually  form  ;  they  are  washed  with 
ice-cold  NHjAq,  dried  in  vacuo,  and  kept  in  a 
well-stoppered  bottle  (Pelouze,  I.e.).  Potassium 
nitrososulphate  and  sodium  nitrososulphate, 
M2(NO),S03,  are  prepared  similarly  to  the  am- 
monium salt.  Barium  and  lead  nitrososul- 
phates  are  obtained  by  ppg.  aqueous  solutions  of 
the  K  salt  by  cone.  BaOAq  and  solution  of  basic 
acetate  of  lead,  respectively  (Divers  a.  Haga, 
C.  J.  47,  364).  The  nitrososulphates  readily  de- 
compose ;  they  are  stable  in  solution  only  in 
presence  of  excess  of  alkali.  Heated  moist  they 
give  off  N,0,  leaving  pure  sulphate ;  heated  dry 
they  give  NO  and  sulphite  (v.  D.  a.  H.,  C.  J.  47, 
203).  With  acids,  and  also  with  most  metallic 
salts  in  solution,  also  in  contact  with  spongy  Pt, 
charcoal,  Ag,,0,  MnO^,  &o.,  they  give  N^O  and 
sulphates.  Solution  of  an  alkali  nitrososulphate 
has  no  reaction  with  KMn04Aq  (D.  a.  H.,  I.e.  p. 
205).  An  alkaline  solution  of  the  K  or  Na  salt 
is  slowly  reduced  by  Na  amalgam,  giving 
K,S03Aq  and  K2N.,02Aq,  or  the  corresponding 
Na  salts  (D.  a.  H.,  I.e.  p.  203). 

PEKSULPHATES.  Persulphuric  anhy- 
dride SoOj  is  formed  at  the  anode  during  the 
electrolysis  of  fairly  cone.  H^SOjAq  {v.  Sulphu- 
ric peroxide,  under  Sulphur  oxides,  p.  616). 
The  acid  corresponding  with  this  oxide  would 
be  HoSjOj  or  HSO, ;  this  acid  has  not  been  iso- 
lated, but  some  of  its  salts  have  been  prepared 
by  Marshall  (C.  J.  59,  771  [1891]). 

Potassium  persulphate  K.^SoOg  is  obtained  by 
passing  a  current  of  3  to  31  amperes,  for  some 
days,  through  saturated  KHSO,|Aq  contained  in 
a  Pt  dish,  wherein  is  suspended  a  porous  cell 
containing  dilute  H,SOjAq  ;  the  Pt  dish  stands 
in  a  vessel  of  copper,  through  which  runs  a 
stream  of  cold  water,  and  which  is  connected 
with  the  battery  so  that  the  Pt  dish  becomes  the 
anode  ;  the  cathode  consists  of  a  stout  wire  of  Pt 
dipx)ing  into  the  dilute  HjSOjAq  in  the  porous 
cell  (for  description,  and  diagram,  of  the  appa- 
ratus V.  Marshall,  G.  J.  59,  765-6).  The  granu- 
lar salt  that  slowly  separates  during  electrolysis 
is  collected  by  filtering  through  Pt  foil,  dried  on 
a  porous  plate,  treated  with  hot  water  so  as  to 
obtain  a  nearly  saturated  solution,  which  is  at 
once  rapidly  cooled  (the  mother-liquor  yields 
more  K2S2OS  when  again  electrolysed).  iLSoOg 
forms  small,  white,  prismatic  crystals  ;  by  spon- 
taneous evaporation  of  a  solution,  large,  flat 
tables  are  obtained,  probably  asymmetric. 
Slightly  sol.  cold  water  ;  S.  at  0°  ==  1-77  ;  insol. 
absolute  alcohol,  hot  or  cold.  Measurements  of 
the  electrical  conductivities  of  solutions  of  the 
salt  indicated  the  formula  KSO,,  and  not  K„S.,0,; 
but  Bredig  (Z.  P.  C.  12,  230)  showed'  that 
Marshall's  results  were  based  on  data,  given  by 
Ostwald,  which  were  not  quite  accurate  (the  data 
were  afterwards  corrected  in  Ostwald's  Lehr- 
buch  [2nd  ed.]  2,  730).  Bredig's  measurements 
established  the  formula  KsSjO^;  and  this  was 
confirmed  by  Lowenberg's  determinations  of  the 
freezing-points  and  conductivities  of  solutions  of 
the  salt  {Chem.  Zeitung,  1892.  838).  K.S-.OsA-q 
very  slowly  decomposes  at  the  ordinary  tempera- 
ture, giving  KHSO^Aq  and  O ;  in  contact  with 


zinc,  decomposition  is  still  very  slow ;  with  a. 
Cu-Zn  couple  the  rate  of  change  is  hastened ; 
heating  also  hastens  the  reaction.  After  keeping 
for  some  time  in  a  closed  bottle  a  peculiar  smeU 
is  noticed  on  opening  the  bottle,  perhaps  due  to 
HjSjOg  or  S2O, ;  ozone  is  sometimes  also  given 
off.  Heat  decomposes  K^SjOg ;  K2SO4  remains 
and  SO3  and  0  are  given  off ;  decomposition  is 
marked  at  a  little  above  100°,  but  is  not  complete 
at  250°.  When  gently  warmed  with  cone.  HNO^Aq 
or  H2SO4,  much  ozone  is  given  off ;  CI  is  evolved 
when  cone.  HClAq  is  used.  KoS^OjAq  does  not 
yield  pps.  of  persulphates  with  solutions  of  me- 
tallic salts ;  when  pps.  are  formed  they  are  due 
to  reactions  with  K^SO^Aq  formed  by  the  decom- 
position of  the  K^SjOgAq.  Solution  of  a  salt  of 
Ba  slowly  throws  down  BaS04 ;  the  reaction  is 
very  slow,  even  when  the  solution  is  boiled. 
Solution  of  a  salt  of  Pb  also  slowly  forms  PbSO^ 
when  heated  with  KoS^OgAq ;  if  alkali  is  added, 
PbO^  is  ppd.  AgNOjAq  produces  no  pp.  at  once, 
but  after  a  time  black  AgO,  the  solution  be- 
coming acid ;  several  other  metallic  salts  in 
presence  of  alkali  yield  pps.  of  peroxides  with 
K.SaOgAq,  e.g.  salts  of  Co,  Cu,  Mn,  and  Ni.  KIAq 
is  slowly  decomposed  by  KoSoOjAq,  with  separa- 
tion of  I ;  litmus  and  turmeric  solutions  are 
gradually  bleached ;  paper  and  cloth  become 
rotten  when  dipped  in  KnSjOjAq.  K^FeCy^Aq  is 
oxidised  to  K3FeCy6Aq,  and  alcohol  yields  alde- 
hyde, by  warming  with  KoSjOgAq. 

Ammmium  persulphate  (NH4)oS20s.  Pre- 
pared, similarly  to  K^SjOg,  by  electrolysing  dilute 
H2S04Aq  (c.  1  to  6  by  volume)  with  (NH4).,S04 ; 
the  salt  is  purified  by  cooling  by  ice  a  solution 
saturated  at  a  little  above  the  ordinary  tem- 
perature. Crystallises  in  transparent  lozenge- 
shaped,  apparently  mono-symmetric  tables.  Very 
sol.  water;  S.  at  0^  =  58-2.  Keacts  similarly  to ■ 
K^SoOg  (c/.  Elbs,  J.pr.  [2]  48,  185). 

Barium  pier sulpliate  Ba2(S04)4. 8aq.  Prepared 
by  rubbing  in  a  mortar  saturated  (NH4)2S20sAq^ 
with  excess  of  pure  BaOjHj— Ba2(S04)4  goes  into 
solution,  and  BaS04  also  forms — passing  a  rapid 
stream  of  air  till  most  of  the  NH3  set  free  in  the 
reaction  is  removed,  placing  hi  vacuo  over 
H2SO4  till  no  free  NH3  remains,  passing  in  00.^ 
to  remove  excess  of  BaOJi,,,  keeping  in  vacuo- 
for  a  short  time  (to  decompose  Ba  bicarbonate 
to  BaCOj),  filtering  from  BaS04  and  BaSOg, 
evaporating  in  vacuo  till  crystalUsation  begins 
(with  addition  from  time  to  time  of  a  little 
BaOAq  to  neutralise  HoSjO^  that  is  set  free  during 
evaporation),  dissolving  the  crystals  that  first, 
separate  in  as  little  water  as  possible,  filtering, 
cooling  by  ice,  and  drying  the  small  prismatic 
crystals  that  form  on  a  porous  plate.  The 
crystals  of  Ba2(S04)4. 8aq  gradually  become  milky 
from  formation  of  BaS04,  the  change  soon 
spreads,  and  the  crystals  crumble  to  a  moist, 
powdery  mass  of  BaS04.  Ba.,(S04)4.8aq  is  very 
sol.  cold  water  ;  S.  at  0°  =  52-2.  Sol.  absolute 
alcohol ;  on  standing  white  crystals  are  deposited,, 
probably  Ba2(S0j).,.  2aq. 

Lead  persulphate  Pb2(S04)4.  xaq ;  a;  =  4  or  6,. 
probably  6.  Obtained  by  adding  a  slight  excess 
of  H.,S04Aq  to  cone.  Ba2(S04)4Aq,  neutrahsing 
with  PbCOg,  filtering  after  some  time,  evaporating 
in  vacuo  over  H2SO4  (removing  PbS04  from  time 
to  time  by  filtration)  till  a  solid  mass  is  obtained, 
which  is  at  once  dried  between  filter  paper  and. 
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placed  in  vacuo.  PbofSOj),,  was  not  obtained 
quite  free  from  PbS04;  it  decomposes  very 
readily,  giving  off  pungent  fumes,  that  separate 
I  from  KIAq  on  paper. 

Zinc  persulphate  was  obtained,  but  not  pure, 
by  adding  ZnSOjAq  to  Ba^tSOj^Aq  in  the  proper 
proportions,  filtering,  and  evapoi'ating  in  vacuo 
over  HoSO,.  The  copper  salt  was  also  obtained, 
but  not  free  from  CuSOj.  For  thermal  data  con- 
cerning the  formation  and  solution  of  the  per- 
sulnhates  of  NH„  Ba.  K,  and  Na  v.  Berthelot 
(C'  B.  114,  875 ;  abstract  in  C.  J.  62,  931). 

PYEOSULPHATES.  {Disulphates.  Anhy- 
drosulpliatcs.)  Salts  of  the  acid  H.S^O,  (v.  Pijro- 
sulphuric  acid,  under  Sdlphubic  acid,  p.  G20). 
These  salts  bear  to  the  sulphates  a  relation 
similar  to  that  of  the  dichromates  to  the  chro- 
mates.  The  sulphates  may  be  written  SO.,(OM),„ 
and  the  pyrosulphates  OM.SO,.O.SOo.OM'.  The 
sulphates  and  pyi'osulphates  may  also  be  regarded 
as  compounds  of  the  acidic  radicle  SO.j  with 
basic  radicles  MO  ;  thus  sulphates  MO.SO3, 
pyrosulphates  MO.2SO3.  Inasmuch  as  HjSjO, 
may  be  regarded  as  a  partial  anhydride  of 
H„S0^{2H,S0^-H,0  =  H.S,0,),  the  acid  H„S,Oj 
is  sometimes  called  anhydrosulphuric  (cf.  Acids, 
vol.  i.  p.  50). 

Potassium  pyrosulphate  KjSjO,  is  formed 
by  heating  K.,S04  with  half  its  weight  of  H^SO^ 
till  acid  ceases  to  come  off  at  an  incipient  red 
heat.  Prismatic  needles;  S.G.  2-277  (Jacquelain, 

A.  Ch.  [2]  70,  311).  Melts  at  300°,  according  to 
Schultz-Sellack  {B.  4, 109).  Cannot  be  crystalhsed 
from  water.  Solution  in  fuming  HoSO,,  gives 
crystals  of  the  acid  salt  KHS2O,,  melting  at 
168°  (S.-S.,  I.e.).  Heated  with  alcoholic  solution 
of  KSH  gives  KrJ80„  K^SoO,,  and  H,S ;  boiled 
with  CH-ONa  in  alcohol  gives  KNaSO^  and 
KEtSO^  (brechsel,  ^j?-.  [2]  5,  367).  The  pyro- 
sulphates of  NHj,  Ba,  Ag,  and  Na  are  prepared 
similarly  to  K,S.,0,  (v.  Sohulze,  B.  17,  2707  ;  J., 
I.e. ;  S.-S.,  I.C.).  M.  M.  P.  M. 

SULPHAZIDES  X.NH.NH.SO2.Y. 

Formatio7i. — 1.  By  the  action  of  alcoholic 
SO,,  upon  diazo-  compounds. — 2.  By  the  action 
of  hydrazines  upon  sulphonic  chlorides  Y.SO  .Cl. 
3.  By  the  action  of  ;hydrazine  hydrochlorides 
upon  sulphinic  acids  Y.SO.,!!. — 4.  By  reduction 
of  the  compounds  X.No.SOo.Y. 

Reaction. — By  heating  with  aqueous  alkalis 
{e.g.  baryta-water)  they  are  decomposed  into  a 
sulphinic  acid,  a  hydrocarbon,  and  nitrogen : 
X.N,H2.S0,.Y  =  XH  +  Y.SO,H  +  N„. 

References  :  Koenigs,  B.  10, 1531 ;  Wiesinger, 

B.  10,  1715  ;  Fischer,  A.  190,  132  ;  Escales,  B. 
IS,  893 ;  Limpricht,  B.  20,  1238. 

SULPHAZOTISED  ACIDS   v.  Sulphur  oxy- 

ACIDS,  NITROGEN  DERIVATIVES  OF  (p.  619). 

SULPHIDES.  Binary  compounds  of  sulphur. 
The  name  is  generally  applied  only  to  binary 
compounds  of  S  with  elements  less  negative  than 
itself — that  is,  to  compounds  with  elements  other 
than  Br,  C1,F,  I,  or  0 ;  thus  SO.,  and  SO3  are  called 
oxides  of  sulphur  rather  than  sulphides  of  oxy- 
gen. Compounds  of  S  with  organic  radicles, 
which  compounds  react  similarly  to  sulphides  of 
metals,  must  be  regarded  as  binary  compounds 
if  the  definition  of  the  term  sulphide  is  to  be 
made  as  wide  as  possible.  In  the  present  article, 
however,  only  binary  compounds  of  S  with  less 
negative  elements  are  included.    Sulphides  of 


all  the  metals,  and  also  of  the  non-metals  H,  B, 
C,  N,  Si,  P,  Se,  and  Te,  are  known. 

Many  sulphides  of  metals  occur  native.  Sul- 
phides are  frequently  prepared  by  the  direct 
union  of  the  elements ;  sometimes  by  heating 
metallic  oxides  with  excess  of  S,  e.g.  As.,S^ — in 
many  cases  a  mixture  of  sulphide  and  oxide  is 
formed  in  this  way  ;  addition  of  alkali  carbonate 
to  the  mixture  of  metallic  oxide  and  S  some- 
times brings  about  formation  of  sulphides,  e.g. 
formation  of  sulphides  of  Cr  and  U  ;  polysul- 
phides  mixed  with  sulphates  are  produced  by 

{  heating  the  hydroxides  or  carbonates  of  alkali 
metals  with  S.  Most  heavy  metals  give  sulphides 
when  their  oxides  are  heated  in  H,S  gas,  also 
when  H2S  is  passed  into  solutions  of  their  salts. 
Heating  metals  in  HjS  gas  often  produces  sul- 
phides. Sulphides  are  also  formed  by  heating 
one  metal  with  the  sulphide  of  another,  more 
negative,  metal.  Eeduction  of  sulphates,  generally 
by  heating  in  H  or  with  C,  frequently  yields  sul- 
phides. Some  metallic  oxides  yield  sulphides 
when  strongly  heated  in  vapour  of  CS.^.  Sul- 
phides of  many  heavy  metals  are  formed  by  im- 
mersing the  metals  in  (NH4)2SAq  containing 
excess  of  S  {v.  Priwoznik,  A.  164,  46).  Many 
metallic  oxides  yield  sulphides  by  heating  with 
dry  Na,S,,03  (v.  Landauer,  Fr.  1872.  427). 

The  sulphides  of  the  alkali  and  alkaline  earth 
metals  are  soluble  in  water  ;  other  sulphides  are 
insoluble,  or  only  very  slightly  soluble,  in  water. 

Very  dilute  aqueous  solutions  of  several 
metallic  sulphides,  in  the  colloidal  form,  were 
obtained  by  Winssinger  {Bl.  [2]  49,  452)  by  the 
following  methods :  (1)  ppg.  the  sulphide  by 
H.S  from  an  extremely  dilute  solution,  and  dia- 
lysing ;  (2)  washing  the  ppd.  sulphide  for  a  long 
time  with  cold  water,  or  with  dilute  H.SAq  ;  (3) 
forming  the  sulphide  in  a  solution  free  from  all 
substances  capable  of  causing  coagulation.  In 
these  ways  W.  obtained  colloidal  soluble  sul- 
phides of  Bi,  Co,  Au,  Fe,  In,  Pb,  Hg,  Mo,  Ni, 
Pd,  Pt,  Ag,  Tl,  W,  and  Zn.  For  preparation  of 
colloidal  soluble  CdS  v.  Frost  (C.  C.  1888.  32), 
and  of  colloidal  soluble  CuS  v.  Spring  a.  de 
Boeck  {Bl.  [2]  48,  165). 

Metallic  sulphides  are  decomposed  by  strong 
acids,  giving  salts  and  H.S ;  secondary  reac- 
tions frequently  occur,  S  almost  invariably 
separating.  Several  sulphides,  e.g.  As._,S3  and 
HgS,  are  sublimable  out  of  contact  with  air  ;  all 
sulphides  are  oxidised  by  heating  to  redness  in 
air.  The  sulphides  of  the  very  positive  metals 
yield  sulphates,  and  the  sulphides  of  the  heavy 
metals  generally  form  oxides  (the  sulphides  of 
Au,  Hg,  Pt,  and  Ag  form  metal)  and  give  off 
SO.,.    All  sulphides  of  metals  yield  metallic 

I  chlorides  and  S.,Cl.j  when  heated  in  a  stream  of 
CI.  Many  metallic  sulphides  are  decomposed  by 
water,  at  different  temperatures,  giving  oxides 
or  hydroxides  and  H.^S  {cf.  de  Clermont  a.  From- 
mel,  C.  B.  87,  330).    Sulphides  of  non-metals 

!  are  decomposed  by  water,  generally  to  oxyacids 

i  and  H.S ;  NS  gives  NH^  salts  of  H.,S.,03  and 
H.,S306.  Many  sulphides  of  heavy  metals  are 
decomposed  by  heating  with  water  and  I,  giving 
iodides,  S,  and  a  httle  sulphate  (v.  Filhol  a. 
Mellies,  A.  Ch.  [4]  22,  58). 

"  The  double  sulphides,  formed  by  the  union 
of  sulphides  of  more  positive  elements  with  sul- 
phides of  less  positive  elements,  are  comparable 
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•with  the  double  oxides  or  oxysalts ;  most  of 
these  double  sulphides  are  probably  best  re- 
garded as  salts  of  thio-acids  corresponding  with 
salts  of  oxyacids,  but  it  is  customary  to  apply 
this  conception  generally  only  to  those  com- 
pounds which  contain  sulphides  of  non-metals 
or  of  Sb,  As,  or  Sn.  The  double  sulphides,  or 
thio-  salts,  are  generally  decomposed  by  water, 
forming  oxides  and  HjS.  Many  double  sul- 
phides, containing  K;S  or  NaoS  as  one  consti- 
tuent, are  formed  by  fusing  metals  or  metallic 
sulphates  with  KXiO^,  or  Na.,CO,,  and  S  (v. 
Schneider,  pr.  "[2]  7,  214  ;  9,  209 ;  10,  65). 
The  sulphides  may  be  classified,  like  the  oxides, 
a,s  monosulphides,  disulphides,  &c.  It  is  better, 
however,  to  divide  them  into  basic,  acidic,  in- 
different,  a,nipersulphides ;  but  this  classification 
has  been  less  developed  and  applied  than  in  the 
case  of  the  oxides.  Basic  sulphides  react  with 
acids  to  form  salts  and  H^S,  just  as  basic  oxides 
react  with  acids  to  form  salts  and  H^O.  Acidic 
sulphides  react  with  the  basic  sulphides  to  form 
thio-  salts,  as  acidic  oxides  react  with  basic 
oxides  to  form  oxy-  salts  ;  but  few  compounds 
have  been  isolated  of  acidic  sulphides  with  H„S, 
corresponding  with  the  compounds  of  acidic 
oxides  with  water  which  are  oxyacids.  The  more 
strongly  acidic  sulphides — that  is,  the  sulphides  of 
non-metals — are  decomposed  by  water,  generally 
giving  HjS  and  oxyacids.  The  persulphides  have 
not  been  much  studied ;  any  sulphide  of  an 
element  containing  more  S  than  the  basic  or 
acidic  sulphide  of  the  same  element  may  be 
placed  provisionally  among  the  persulphides.  A 
sulphide  which  does  not  react  as  basic  or  acidic, 
and  which  from  its  composition  cannot  well  be 
called  a  persulphide,  may  be  classed  as  an  in- 
different sulphide.  The  sulphides  of  C  and  P 
combine  with  several  metallic  sulphides  to  form 
thio-  salts  ;  double  sulphides  (or  thio-  salts)  have 
not  been  isolated  containing  sulphides  of  B,  N, 
Si,  Se,  or  Te ;  the  sulphides  of  Sb,  As,  and  Sn 
combine  with  the  sulphides  of  the  alkali  metals, 
and  with  some  other  sulphides  of  positive  metals, 
to  form  thio-  salts.  The  greater  number  of  the 
double  sulphides  are  formed  by  the  union  of 
two  sulphides,  both  of  which  are  metalUc.  The 
sulphide  of  that  metal  which,  on  the  whole,  is 
the  more  positive  is  regarded  as  the  basic 
radicle  ;  and  the  sulphide  of  the  metal  which,  on 
the  whole,  is  the  less  positive  is  regarded  as  the 
acidic  radicle  of  the  double  sulphide.  Some 
metallic  sulphides  must  be  classed  both  as  basic 
and  acidic ;  Cu^S,  for  example,  combines  with 
As^Sj,  and  is  therefore  basic  towards  the  dis- 
tinctly acidic  sulphide  of  As,  but  it  also  combines 
with  KjS,  and  is  therefore  acidic  towards  the 
distinctly  basic  sulphide  of  K.  It  is  impossible 
to  divide  the  metalhc  sulphides  into  two  dis- 
tinctly-marked classes ;  the  relativity  of  the 
terms '  basic  '  and '  acidic '  becomes  even  more  ap- 
parent in  dealing  with  sulphides  than  in  dealing 
with  oxides.  The  sulphides  BaSj,  BaS,,  CaSj,  and 
CaSj  may  be  taken  as  examples  of  those  which 
are  loosely  put  together  under  the  name  persul- 
phides. As  examples  of  indifferent  sulphides  NS 
and  Cr^S ,  may  be  mentioned.  Many  metallic  sul- 
phides which  have  been  little  studied — and  which 
must,  therefore,  for  a  time  be  called  indifferent' — 
are  very  probably  basic  in  their  reactions  ;  such 
are  AI2S3  and  CdS.  M.  M.  P.  M. 


SULPHIDO-DIACETIC  ACID  C^H^SO^  i.e. 
S(CH2.C02.H)2.  Thiodiglycollic  acid.  [129°].  S. 
42  at  18°.  Formed  from  chloro-acetic  acid  and 
alcoholic  ammonium  sulphide,  aqueous  Ca(SH)2, 
or  Na^S  (Schulze,  Z.  1865,  73;  1866,  184; 
Schreiber,  J.  jpr.  [2]  13,  472 ;  Lov6n,  B.  17, 
2818).  Formed  also  by  heating  bromo-acetic 
acid  with  benzyl  sulphide,  aUyl  sulphide,  or 
ethylene  sulphide  (Letts,  Tr.  E.  28,  612).  Tri- 
metric  tables,  v.  sol.  alcohol.  Oxidised  by 
KMnO,  to  S02(CH,.S03H)2.  The  Na  salt  is  con- 
verted by  treatment  with  sodium  chloro- acetate 

mto  C02H.CH2SMe<;^g^>CO  [150°]  (DeHsle, 

B.    25,    2450).     The    analogous  compound 

(C02H.CH2)2S<^2  >C0  [158°]  is  formed  from 

chloro-acetic  acid,  NajCOj,  and  NajS  (Delisle), 
and  yields  Na^A"  3aq. 

Salts. — K2A"aq:  deliquescent  prisms. — 
KHA".— CaA".  S.  2  at  21°.— BaA".— BaA"  5aq. 
—  ZnA"4aq.  —  PbA".  —  Pb.A"0.— CuA"  aq.— 
Ag^". 

Methyl  ether  Me^A".    (135°  at  11  mm.). 

Ethyl  ether  Et.A".  (268°  cor.).  Formed 
from  chloroacetic  ether  and  alcoholic  KSH 
(Wislicenus,  A.  146,  153). 

Amide  S(CH..CO.NHj)j.  Formed  from 
chloro-acetic  acid  and  alcoholic  (NH4),S. 

Amic  acid  S(CH,.C02H).CH,.CO.NH2. 
[125°].  Prisms,  m.  sol.  cold  water. — BaA'o  aq. — 
CaA'„aq. — AgA':  needles  (from  hot  water). 

Imide  S<^^"^Q>NH.    [128°].  Formed 

by  heating  the  ammonium  salt  at  200°.  Crystals. 

A7ihydrideS<^^^--^QyO.    [102°].  (158° 

at  10  mm.).  Formed  by  boiling  the  acid  with  AcOl 
(Anschiitz,  A.  273,  68).    Needles  (from  CHCy. 

Chloride  S(CH,.C0C1),. 

Mono-anilide  S (CH.,.CO,H) .CH^.CONHPh. 
[103°]. 

Di-anilide    S(CH,.CO.NHPh),.  [168°]. 

p-Toluide  S(CH,.CO.^).CIL,.CO.NHC,H,. 
[95°].  Needles. 

Bi-sulphido-di-acetic  acid  {di-thio-di-gly collie 
acid)  S,,(CH2.C02H)2  [100°  uncor.].  Formed  from 
thio-glycollic  acid  CH,(SH).C02H  by  Fe^Cl^  or 
by  atmospheric  oxidation  of  the  alkaline  solution 
(Claesson,  -B.  14,  410 ;  Ginsburg  a.  Bondzynski, 
B.  19,  114).  White  plates  or  prisms.  V.  sol. 
water,  alcohol,  and  ether,  si.  sol.  benzene.  Gives 
with  AgNOj  a  white  pp.  AgHA".  By  tin  and 
HCl  it  is  reduced  to  thio-glycollic  acid. — 
KjA"  Ijaq:  easily  soluble  crystals. — KHA"aq. — 
BaA"  4aq :  amorphous  pp. 

Ethyl  ether -Et^k.".    (c.  280°). 

Amide  [155°].  Crystalline. 

SULPHIDO-DI-ACETOACETIC  ETHER 
Ci^H.^SO,  i.e.  S(CHAc.C0jEt)2.  [90°]  (S.); 
[84°]  (D.) ;  [76°]  (B.).  Formed  by  the  action  of 
83012(2  mols.)  or  of  SCI2  on  sodium  acetoacetio 
ether  (1  mol.)  suspended  in  benzene  (Buchka, 
B.  18,  2092;  22,  2545,  2555;  Delisle,  B.  22, 
306).  Formed  also  from  cupric  acetoacetic  ether 
and  S  in  benzene  (Schonbrodt,  A.  253,  197). 
Needles,  v.  e.  sol.  benzene.  Converted  by  KOH 
into  sulphido-diacetic  acid.  Yields  a  crystalline 
phenyl-hydrazide  0,„H.^N2S04,  converted  by 
warming  with  an  alcoholic  solution  of  phenyl- 
hydrazine  into  oxy-phenyl-methyl-pyrazole-azo- 
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benzene  ^i^cj^g>C:N.NHPh   (Michaelis  a. 

Phillips,  B.  23,  560).  Phenyl-hydrazine  (2  mols.) 
added  to  sulphido-di-acetoacetio  ether  dissolved 
in  cooled  HO  Ac  forms  CoHj^N^SO,,,  which 
yields  B'HOAc  [161°]  and  B"'HOEt  (Michaelis, 
S.  23,  2476  ;  Sprague,  C.  J.  59,  332). 

SULPHIDO-ANILINE  v.  Di-amido-di-phenyl 

SULPHIDE. 

DISULPHIDO-DI-BENZOIC  ACID 

S2(C6Hj.C02H)2.  [244°].  Formed  by  oxidation  of 
CsH4(SH).C0.,H  by  moist  air  or  by  bromine 
water  (Frerichs,  B.  7,  794 ;  Hiibner  a.  Upmann, 
Z.  1870,  294).  Formed  also  from  ?»-diazo-benzoic 
acid  and  H^S  (Griess,  J.  pr.  [2]  1,  102)  and,  in 
small  quantity,  by  fusing  sodium  sulphobenzoate 
v/ith  sodium  formate  (Ador,  B.  4,  622  ;  Meyer, 
jB.  6,  1150).  Needles,  nearly  insol.  hot  water, 
si.  sol.  alcohol.— (NH,)„A"  2aq.—CaA"3aq.— 
BaA"3aq.  —  PbA"aq.  —  Cu.,(OH)„A"  5aq.  — 
AgA"  l^aq  :  yellowish-white  pp. 

'7-SULPHIDO-DIBUTYRIC  ACID 
S(CH2.CH,.CH,.C0,H)„.  [99°].  Formed  by  warm- 
ing its  nitrile  with  fuming  HClAq  (Gabriel,  B. 
^3,  2492).    Flat  crystals. 

Nitrile  S(CH,,.CH„.CH,,.CN)„.  (above  300°). 
Formed  by  boiling  7-chloro-butyronitrile  with 
alcohoHc  K^S.    Thick  liquid. 

a-SulpMdo-dibutyric  acid  S(CHEt.CO.,H),,. 
[105°].  Formed  by  heating  a-bromo-butyric 
ether  (2  mols.)  with  an  alcoholic  solution  of 
KSH  (1  mol.)  and  KOH  (1  mol.),  and  saponifying 
the  product  (Lov6n,  J.  pr.  [2]  33,  102).  Tufts 
of  needles  (from  water). — BaA". 

a-Sulphido-di-isobutyric  acid  S(CMe2.C02H)2. 
Formed  from  a-bromo-isobutyric  ether  and  alco- 
holic K,S,  the  product  being  saponified.  Tablets 
{from  water),  insol.  dilute  H_,SO,. — BaA"  2aq. 

Di-7-sulphido-dibutyric  acid 
,S2(CH„CH,.CH2.CO,H),,.  [109°].  Formed  by  boil- 
ing the  amide  vrith  cone.  HClAq  (Gabriel).  Flat 
plates,  V.  sol.  alkalis. 

Amide  S,,(G3H„.C0.NH,),.  [167°].  Formed 
>by  dissolving  "Cy.C3H,..S.Cy  in  cold  cone.  HoSO^. 

SULPHIDO-DICINNAMIC  ACID  CisH^^SO, 
i.e.  (PhCH:C(CO.,H)),S.  Formed  by  boiling 
sulphido-diacetic  acid  with  Ac^.O  and  NaOAc 
<Lov(5n,  B.  18,  3242).  Small  needles  (from  alco- 
hol), insol.  water.  Yields  C,8HnBr2S04. — 
Na,A"2|aq  :  silvery  plates. 

Di-a-sulphido-di-cinnamic  acid  C.,2H,,S,04 
i.e.  (Ph.CH:C.CO,H),,S,  [179°].  Formed  'by 
the  oxidation  of  sulphydro  -  cinnamic  acid 
Ph.CH:C(SH).C02H  by  iodine  in  alcohohc  solu- 
tion. Long  yellowish  needles,  v.  sol.  alcohol,  less 
in  benzene  (Ginsburg  a.  Bondzynski,  B.  19, 123). 

DI  -  SULPHIDO-DI-METHENYL-DI-AMIDO- 
DI-NAPHTHYL  MEKCAPTAN 

S2(C<^g^C,„H^),,.     Formed  by  oxidation  of 

'C,oH6<g^C.SH  with  alkaline  K^FeCy,  (.Jacob- 
son  a.  Frankenbacher,  B.  24, 1408).  The  (a)-com- 
pound  melts  at  194°,  the  (3)-  isomeride  at  180°. 
DISULPHIDO  -  DI  -  METHENYL-DI-AMIDO- 

DI-PHENYL    MERCAPXAN  S„(C<g>C,H,).,. 

[186°].  Formed  by  oxidising  sulphydro-methenyl- 
amido  -  phenyl  mercaptan  with  K^^Cr.,0,  and 
HOAc   (Jacobson    a.  Frankenbacher,  B.  24, 


1404  ;  cf.  Hofmann,  B.  20,  1789).  Plates  (from 
benzene). 

DI  -  SULPHIDO  -  DI  -  METHENYL  -  DI  - 
BENZENYL  -  DI  -  AMIDOSULPHIM 

S2(C<g^>CPh)2.  [120°].  Formed  by  oxida- 
tion of  G.Hj.C^^  g^C.SH  (Crayen,  B.  24,  389). 

Stellate  groups  of  needles,  insol.  water,  si.  sol. 
alcohol.  Eeduced  by  sodium-amalgam  to  the 
parent  substance. 

DI  -  SULPHIDO  -  DI  -  METHENYL  -  DI.«- 
TOLENYL-DI-AMIDOSULPHIM 

S.(C<^g^>0.C,H4Me),.     [109°].    Formed  by 

oxidation  of  C,H,.C<^jj^g^C.SH  with  HNO3 

free  from  nitrous  acid  (Crayen,  B.  24,  392). 
Needles,  insol.  alcohol  and  ether,  sol.  hot  C„H^. 

DI  -  SULPHIDO -DI-METHYL-ANILINE  v. 
Tetka-methil-di-amido-di-phenyl-di-sdlphide. 

DI  -  SULPHIDO-DI-NAPHTHALENE-DI-(^)- 
SULPHONIC  ACID  S2(C,„H„.S03H),.  Formed 
from  the  product  of  the  action  of  potassium 
xanthate  on  diazotised  (5)-naphthylamine  ($)- 
sulphonic  acid  by  treatment  with  alcoholic 
potash  (Leuckart,  J.  pr.  [2]  41,  223).  Colourless 
plates,  v.  sol.  water  and  alcohol.  Eeduced  by 
zinc-dust  and  dilute  R.SO^  to  C,„H,(SH).SO,H.— 
K,A". — PbA" :  amorphous  pp.,  si.  sol.  water. 

SULPHIDO  -  DI-(^)  -N  APHTHYL-CARBAMIC 
ACID.  Phenyl  ether 

S<^'"g'*>N.CO.OPh.  [215°].  S.  (96  p.c.  alco- 
hol) •20' at  16°;  S.  (benzene)  1-20  at  16°. 
Formed  from  the  chloride  and  alcoholic  NaOPh 
(Paschkowezky,  B.  24,  2916).  Needles. 

Chloride  S:(C,„H,),,:N.C0C1.  [255°]. 
Formed  by  heating  ^-imido-di-naphthyl  sulphide 
with  COCL  in  toluene  at  170°.  Needles  (from 
benzene-alcohol),  v.  si.  sol.  ether.  Converted  by 
anihne  into  S:(C,„H„),,:N.CO.NHPh,  which  is 
crystalline,  S.  (96  p.c.  alcohol)  '04 ;  S.  (benzene) 
•18  at  17'5°,  converted  by  boiling  aniline  into 
S(C|„H,NH„),,  and  CO(NHPh).,.  The  chloride  is 
converted    by   alcoholic    NH,  at    145°  into 

S<^'"g''>N.CO.NH,,  crystallising  in  needles, 

S  (ge'p.c.  alcohol)  -06  ;  S.  (benzene)  -10  at  17-5°. 

The  chloride  S<^"'g«>N.COCl   is  converted 

by  j8-imido-di-naphthyl  sulphide  in  xylene  at 

280°  into  (s<p"'5'^>n).,C0,    crystallising  in 

yellowish  plates  and  tables  [over  350°]. 

SULPHIDO-DI-PHENYL-AMINE  v.  Imido- 

DI-PHENYL  SULPHIDE. 

SULPHIDO-DI-PHENYL-CAKBAMIC  ACID. 

Ethyl  ether    S<:^^"2-'>N.C0,Et.  [110°]. 

Formed  from  imido-di- phenyl -sulphide  and 
ClCO,Et  (Franckel,  B.  18,  1845).    Silky  plates. 

Phenyl  ether  S:(C,H,)„:N.C02Ph.  [164°]. 
S.  (96  p.c.  alcohol)  -24  at  16°;  S.  (benzene) 
1-9  at  16°.  Formed  by  heating  the  chloride 
with  NaOPh  in  alcohol  on  the  water-bath 
(Paschkowezky,  B.  24,  2908).  Needles. 

Chloride  S:(CeH,).,:N.COCl.  [172°].  Formed 
from  S:(C6H,)2:NH  and  COCL  at  100°.  Colour- 
less prisms,  sol.  chloroform,  and  hot  HOAc. 
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p-SULPHIDO-DI-PHENYL-DI-HYDRAZINE 

S(C„H,.NH.NH2)j.  [115°].  Formed  from 
SiC^Hj.NHj).^  by  diazotisation,  treatment  with 
NaHSOj,  and  reduction  with  zinc-dust  (Kuhl,  B. 
23,  3482;  A.  270,  149).  Yellowish  leaflets, 
decomposing  at  130°,  si.  sol.  cold  water  and 
ether,  v.  sol.  alcohol.  Keduces  Fehling's 
solution  in  the  cold.  Benzoic  aldehyde  yields 
S(C,,H,.N,H:CHPh),.  —  B"2HC1.  [209°].  — 
B"H,SO,.  [219°].— i3"H„CA- 

SULPHIDO  -  PHENYL  -  NAPHTHYLAMINE 

C  EL 

S<[^Q'g-  ''^NH.  Iniido-jjhcnyl-Jiaphthylamine. 

Permed  by  heating  phenyl-naphthyl-amine  with 
S  at  240°  (Kym,  B.  23,  2464).  The  (<x)-  com- 
pound melts  at  138°,  the  (;8)- isomeride  at  178°. 
Both  form  yellow  crystals,  m.  sol.  hot  alcohol, 
and  give  a  deep-blue  solution  in  cone.  H2SO4. 
SULPHIDO  -  DI  -  PHENYL  -  DI  -  (;S)  -  NAPH  - 

THYL-UKEA  N(C,„H,).,.CO.N<;^«^<>S.  [225°]. 

S.  (96  p.c.  alcohol)  -12  ;  S.  (benzene)  -55  at  16°. 
Formed  from  S:(C,H,)2:N.C0C1  and  (C,„H-)„NH 
at  260°  (Paschkowezky,  B.  24,  2914).  White 
nodules,  si.  sol.  hot  alcohol,  sol.  hot  benzene. 

Sulphide  -  tri  -  phenyl  -  (;S)  -  naphthyl  -  urea 
NPh(C,„H,).CO.N:(C„H,)„:S.  [170°].  S.  (96  p.c. 
alcohol)  -52;  S.  (benzene)  3-38  at  15°.  Formed 
by  heating  sulphido-di-phenyl-carbamic  chloride 
with  phenyl- ()3)-naphthylamine  at  250°  (P.). 

SULPHIDO  -  DI  -  PHENYL  -  DI  -TOLYL-DI- 
GUANIDINE  (NHPh.C(NH).NH.C,H,),S.  [153°]. 
Formed  from  the  corresponding  thio-urea,  HgO, 
and  alcoholic  NH,  (Truhlar,  B.  20, 675).  Needles 
(from  ether  ligroin).— asH.sSNgH.PtCle. 

Sulphido-  tetra-phenyl-di-  tolyl-di-  guanidine 
(NHPh.C(NPh).NH.C,H,)„S.  [106°]. 
Formed  by  warming  an  alcoholic  solution  of 
(NHPh.CS.NHC,H,)2S  with  aniline  and  HgO. 
Grey  amorphous  powder,  v.  e.  sol.  alcohol. 

Disulphido  -  di  -  phenyl  -  tetra  -  tolyl-di-guani- 

[119°].  Formed  by  heating  the  corresponding 
thio-urea  with  excess  of  aniline  and  HgO. 
Eesinous  mass,  v.  e.  sol.  alcohol. 

SULPHIDO  -  DI  -  PHENYL  -  DI  -  TOLYL -  DI- 
THIO-DI-UEEA  (NHPh.CS.NH.C,H,).S.  [134°]. 
Formed  from  S(C;H5.NH.,).>  and  phenyl-thio- 
carbimide  (Truhlar,  B.  20,  670).  Needles. 

SULPHIDO-DI-PHENYL-UREA  C,3H,„N,S0 

i.e.  S<;^''2'>N.C0.NH2.  [202°].  S.(96p.c.alcohol 

at  17-5°)'' -s';  S.  (benzene)  2'7  at  17-5°.  Formed 
from    S:(CsH,)„:N.C0Cl    and    alcoholic  NH3 
(Paschkowezky,  B.  24,  2908).  Plates. 
Sulphido-tri-phenyl-urea 

S<^«g^>N.C0.NHPh.  [169°].  S.  (96  p.c.  alco- 
hol) -26  at  17-5° ;  S.  (benzene)  3-74  at  17-5°. 
Formed  from  S(C„H,),NC0C1  and  aniUne.  Bluish 
needles,  sol.  alcohol. 

Sulphido-tetra-phenyl-urea 
S(C,Hj),N.C0.NPh2.    Formed  in  like  manner, 
using  NPh.H.    Hexagonal  plates. 

Di-sulphido  -  tetra-phenyl-urea 

CO(n<^«^*>s)  .    [225°]  (F.);  [231°]  (P.). 

S.  (96  p.c.  alcohol)  -048  at  17° ;  4-16  at  78°. 
Formed      by     heating     NH:(C^HJ2:S  with 


S:(C„H,).,:N.C0C1  (Franckel,  B.  18, 1848).  Plates 
(from  HOAc),  v.  si.  sol.  ether  and  hot  alcohol. 

DI-SULPHIDO-DI  -  PROPYL  -  DI  -  PHTHAL  - 
AMIO  ACID  C.„H,,,N.,S..Oe  i.e. 
S2(C,H,.NH.Cac;H,.C0,H),.  [136°].  Formed 
by  boiling  (7)-phthalimido-propyl  sulphocyanide 
with  a  10  p.c.  solution  of  KOH  (Gabriel  a. 
Lauer,  B.  23,  89).  Plates  (from  HOAc),  v.  soL 
alkaUs. — KA"  :  crystalline  pp. 

(a)-SULPHIDO-DIPROPIONIC  ACID 
S(CHMe.C02H).,.  Thiodilactylic  acid.  [125°]. 
Formed,  together  with  CH3.CH(SH).C0,H,  by 
boiling  potassium  a-chloro-propionate  with  KSH 
(Schacht,  A.  129,  4 ;  Bottinger,  A.  196,  106). 
Formed  also  by  passing  HoS  into  a  solution  of 
potassium  pyruvate  (Bottinger,  B.  12,  1425)  and 
by  the  action  of  CH3.CH(SK).C02K  on 
CH3.CHC1.C0,K  (Lov6n,  /.  pr.  [2]  29,  373). 
Monoclinic  prisms,  v.  e.  sol.  water,  alcohol,  and 
ether.  Not  affected  by  nascent  hydrogen. 
Oxidised  by  dilute  HNO3  to  S0,(CHMe.C0,H)2. 
— KoA"  :  deliquescent. — BaA"  :  amorphous,  v. 
sol.  water  (S.).  Its  solution  on  boiling  deposits  a 
crystalline  salt,  S.  •!  (L.). — Ag»A" :  amorphous 
pp. 

Di-(a)-sulpMdo-dipropionic  acid 

S.>(CHMe.CO.,H).,.  [142°].  Formed  by  oxidation 
of  CH3.CH(SH).C0..H  by  I  or  FeCl3  (S.;  Bottinger, 

A.  196,  103  ;  B.  16',  1047 ;  Lov6n,  J.  pr.  [2]  29, 
372).  Needles,  si.  sol.  cold  water,  v.  sol.  alcohol 
and  ether.  Eeduced  by  zinc  and  HClAq  to 
CH3.CH(SH).C0,PI.  —  {iiH,).A".—  K^A"  2aq.  — 
Ag.A"  :  amorphous  pp. 

Di-/3-sulphido-dipropionic  acid 
S„(CH,.CH,..C0.,H)„.    Formed  by  oxidation  of 
CH,,(SH).CH„.CO,H  (L.).    Thin  silvery  plates. 

Tri-sulphido-di-propionic  acid 
S3(CHMe.CO.,H)2.       [95°].       Formed  from. 
CH3.C0.C0.,H  and  H,S  (Lov6n,  J.  pr.  [2]  47, 
173).  Plates,  v.  sol.  hot  water.  Yields  a-sulpho- 
propionic  acid  on  oxidation. 

SULPHIDO-TOLUIDINE     v.  Di-amido-di- 

TOLYL  SULPHTDB. 

SULPHIDO  -  DI  -  TOLYL  -  DI  -  CARBAMIC 
ETHER  S(C„H3Me.NH.C0,Et).,.  [113°].  Formed 
from  imido  -  di  -  tolyl  sulphide  and  ClC0.,Et 
(Truhlar,  B.  20,  668).    Needles,  v.  sol.  alcohol. 

DI  -  SULPHIDO  -  TETRA-  TOLYL-DI-GUANI- 
DINE  C(NH)<^g:^-g;|CA.N^^^^ 

[196°].  Formed  by  boiling  the  corresponding 
thio-urea  with  alcoholic  NH3  and  HgO  (Truhlar,. 

B.  20,  673).  White  amorphous  powder,  v.  sol. 
benzene  and  hot  alcohol.— B'^H^PtClg:  brown 
amorphous  powder. 

SULPHIDO-DI-TOLYL-THIO-UREA 

^'nc'h'nH/'*^^-  1^^^^°^-  ^o™ed  from. 
S(CX-NH.,)2  and  alcoholic  OS,. 

Sulphido-di-tolyl-di-thio-di-urea 
S(C,H,.NH.CS.NH2).,.  [121°].  Formed  by  eva- 
porating the  hydrochloride  of  di-amido-di-tolyl- 
sulphide  with  ammonium  sulphocyanide 
(Truhlar,  B.  20,  669).  Amorphous  powder,  si.  sol- 
ether. 

Di-sulpMdo-tetra-tolyl-di-thio-di-urea 

CS<NH:c:i:f.C;H::NH>CS-  ^^31°].  formed 
by  boiling  an  alcoholic  solution  of  di-|j-amido- 
di-tolyl  sulphide  with  CS,  (Truhlar,  B.  20,  672). 
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White  amorphous  powder,  nearly  insol.  ordinary 
solvents. 

STJLPHIDO-DI-TOLYL-DI-UEEA 
S(C„H3Me.NH.C0.NH,,),.  Formed  from  di- 
amido-di-tolyl  sulijhide,  hydrochloride  and 
potassium  eyanate  (Truhlar,  15.20,  669).  Crys- 
tallises from  benzene  in  needles  [151°]  contain- 
ing CgHe. 

Di-sulphido-tetra-tolyl-di-urea 

<^0<nh.c;h;.S.c:h:.NH><^0.    Formed  from 

S(C:H,.NH,,),  4nd  COCl,  (Truhlar,  B.  20,  671). 
White  amorphous  powder,  sol.  hot  alcohol. 
SULPHIDO-DI-ISOVALERIC  ACID 

S(C4Hg.C0„H).^.    Formed  from  bromo-isovaleric  ; 
acid  and  K^S  (Loven,  J.  pr.  [2]  33, 102).  Crystals. 
— BaA" :  in  soluble  powder.  j 

SULPHIMIDE  SO,.NHAq.  Obtained  only  in  , 
aqueous  solution,  which  is  prepared  by  decom- 
posing the  Ag  derivative,  SO,.NAg,  with  the 
proper  quantity  of  dilute  HClAq,  and  filtering. 
The  compound  SO.,.NAg  is  prepared  by  saturating 
well-cooled  SO.fih  in  1.5-20  vols.  CHCLj,  with 
dry  NH„  dissolving  the  pp.  in  water,  acidifying 
with  HNO3,  ppg.  all  CI  by  AgNO.,Aq,  filtering, 
neutralising  with  KOHAq,  and  adding  more 
AgNOgAq ;  the  pp.  thus  obtained  is  purified  j 
by  recrystallisation  from  water.  The  com- 
pound SOo.NAg  is  also  obtained  by  heating 
S0,(NH2).  \v.  SuLPHAMiDB,  p.  567)  to  200°-210°, 
dissolving  in  water,  ppg.  by  AgNO.,Aq,  and  re- 
crystallising  the  pp.  from  water.  The  solution 
in  water  of  SOo.NH  is  strongly  acid  ;  when  dilute 
it  may  be  boiled  for  a  short  time  without  de- 
composition ;  NH4.HSOJ  is  formed  on  evapora- 
tion, even  below  40°  ;  the  solution  is  decomposed 
by  warming  with  acids,  giving  H.,S04Aq  and 
NH  jAq ;  excess  of  alkali  reacts  slowly  even  on 
boiling  (W.  Traube,  B.  25,  2472;  26,  607). 
Metallic  derivatives  of  SO.,.NH  wherein  H  is  re- 
placed by  NHj,  Ba,  Ca,  Pb,  K,  Ag,  and  Na  are 
described  by  T.  (cf.  Imido-sulphonic  acid  and 
salts,  under  Sulphonic  acids  and  dekivatives, 
p.  600).  M.  M.  P.  M. 

SULPHIMIDO-AMIDE  S0,NH2.NH.NH,S0,. 
(Imido-sulpTiamide.  Inndo-sulplionamide. 
hnido-sidphurylamidc).  Prepared  by  adding 
ammonium  carbamate  very  slmoly  to  S.jO-Cl., 
well  cooled  in  a  small  closed  tiask,  allowing  to 
stand  for  some  time  with  a  CaCL  tube  fitted 
through  the  cork,  then  heating  to  60°  for  some 
hours,  washing  out  NH,C1  by  repeated  treatment 
with  dry  alcohol  saturated  with  NH,,  dissolving 
the  residue  in  a  little  NHiAq,  and  placing  the 
solution  in  ice.  Forms  white  lustrous  crystals  ; 
boilingNHjAq  transforms  it  wholly  to  ammonium 
imidosulphonate ;  with  boiling  cone.  HClAq  is 
completely  changed  to  (NHj)„S04;  when  boiled 
with  NaOHAq  gives  off  two-thirds  of  its  N  as  NH3 
and  forms  sodium  imidosulphonate  (Mente,  A. 
248,  263).  M.  M.  P.  M. 

SULPHINDIGOTIC  ACID  v.  Indigo  di-sdl- 

PHONIO  ACID. 

SULPHINES.  Alkyl  iodides  combine  with 
di-alkyl  sulphides  forming  compounds  E,SR'I, 
from  which  moist  Ag„0  produces  strong  bases 
E.SR'.OH.  In  these  'bases  the  group  (SR.,R') 
may  be  looked  upon  as  a  monovalent  basylous 
radicle  derived  from  the  hypothetical  sulphine 
(SH3).  Thus  Me,,SEtI  may  be  called  di-raethyl- 
ethyl-sulphine  iodide,  but  in  this  dictionary  it 


is  described  as  the  ethylo-iodide  of  Di-methyl 
SULPHIDE.  In  the  same  manner  McjSCl  may  be 
called  tri-methyl-sulphine  chloride,  but  in  this 
dictionary  it  is  described  as  the  methylo-chloride 

of  Dl-METHYL-SULPHIDE. 

SULPHINIC  ACIDS.  Organic  acids  contain- 
ing the  group  SO(OH)  where  S  is  united  to 
carbon.  They  may  be  obtained  by  reducing  the 
chlorides  of  the  sulphonic  acids,  in  alcoholic  or 
ethereal  solution,  with  zinc-dust  (Otto,  B.  9, 
1584).  Fatty  sulphinic  acids  are  formed  by  the 
action  of  SO,,  or  of  SO3  on  zinc  alkyls  (Hofmann, 
A.  102,  72  ;  i06,  287).  They  are  readily  oxidised 
to  sulphonic  acids.  The  aromatic  sulphinic 
ethers  are  readily  oxidised  by  KMnO  ,  andHOAc 
to  sulphonic  ethers  (Otto  a.  Rossing,  B.  19,  1224). 
By  zinc  and  dilute  H._,SO.,  sulphinic  acids  are  re- 
duced to  mercaptans.  The  aromatic  sulphinic 
acids  yield  K^SO,,  and  hydrocarbons  when  fused 
with  potash.  The  alkyl  ethers  of  sulphinic 
acids  X.SO.OE  are  formed  by  passing  HCl  into 
a  solution  of  the  acid  in  the  corresponding 
alcohol,  and  also  by  the  action  of  chloro- 
carbonic  ethers  Cl.CO.ll  upon  the  sodium  sul- 
phinate  X.SO.ONa  in  cold  alcohol,  CO,  being 
evolved.  The  ethers  are  not  formed  by  the  action 
of  alkyl  halogenides  upon  sulphinates,  for  by 
this  reaction  the  isomeric  sulphones  X.SO.^.R 
are  produced  instead  (Otto  a.  Rossing,  B.  iS, 
2493).  H.,S  passing  through  benzene  sulphinic 
ether  at  50°  forms  mercaptan,  benzene  sulphinic 
acid,  benzene  sul]phonic  acid,  and  other  products 
(Otto  a.  Rossing,  B.  20,  2275).  COCL  converts 
sodium  benzene  sulphinate  into  the  anhydride 
(Ph.SO).,0,  which  is  v.  sol.  ether  and  benzene,  and 
decomposed  by  water  and  alcohol  into  benzene 
sulphinic  acid  and  ether  respectively  (Otto,  B. 
20,  3337). 

SULPHITES      AND  HYPOSULPHITES. 

Sulphites  are  salts  of  sulphurous  acid  formed 
hy  replacing  H  in  H.^SOj  hy  metals.  All  sulphites 
may  be  represented  by  the  formula  a'MO.j/SO.,, 
where  MO  stands  for  an  equivalent  of  a  metal- 
lic oxide ;  the  normal  sulphites  belong  to  the 
forms  Mi,S03,  M^SOa,  Mi",(S03)3,  and  Mi7(S03),; 
the  greater  number  of  the  acidic  sulphites  are 
of  the  forms  M^HSOs  and  Mi'(HS03).,,  a  few 
which  contain  more  than  one  equivalent  of 
acidic  radicle  to  one  of  basic  radicle  may  be  re- 
presented as  M'oSOj.xSOo.  Double  sulphites 
are  fairly  numerous. 

Many  sulphites  are  prepared  by  passing  SO., 
into  water  wherein  metallic  hydroxides  or  car- 
bonates are  dissolved  or  suspended ;  some  are 
formed  by  double  decomposition  from  the  alkali 
sulphites.  Several  metallic  sulphites  that  are 
insoluble  in  water  can  be  prepared  by  the  reac- 
tion between  solutions  of  the  sulphates  and  solu- 
tion of  NaoSOj ;  two  main  reactions  occur,  ap- 
proximately in  accordance  with  the  equations 

(1)  MiiSO^Aq  +  NaoSOjAq  =  M^SO,,  -1-  Na.,SO,Aq, 

(2)  M"S03Aq  +  2H.0'  =  MO.H,  +  H^SOsAq,  so  that 
normal  sulphites  are  formed  in  some  cases  and 
basic  sulphites  in  other  cases.  This  method  of 
forming  sulphites  has  been  examined  by  Seu- 
bert  a.  Elten  (Zcit.  f.  anorg.  Chem.  4,  44)  :  they 
find  that  normal  sulphites  are  always  formed 
when  M  =  Ba,  Cd,  Ca,  Fe",  Pb,  Ag,  Sr,  or  Tl 
(with  Hg"  a  double  sulphite  HgS03.Na,,S03.H,,0 
was  formed) ;  that  normal  sulphites  are  formed 
at  low  temperatures,  using  the  salts  in  the  ratio 
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of  equal  molecules,  when  M  =  Mg,  Mn,  Sn", 
'U(UO._,),  or  Zn,  but  that  at  higher  temperatures, 
or  with  more  dilute  solutions,  basic  sulphites  of 
these  metals  are  produced ;  and  that  basic 
sulphites  are  always  obtained  when  M  =  Al,  Be, 
Bi,  Cr,  Co,  Cu,  Pe"i,  or  Ni. 

The  sulphites  of  the  alkali  metals,  and  the 
acid  sulphites  of  the  alkaline  earths,  are  soluble 
in  water  ;  most  other  sulphites  are  insoluble. 
Sulphites  in  aqueous  solution,  and  many  in 
moist  air,  readily  oxidise  to  sulphates  ;  salts  of 
other  S  oxyacids  are  sometimes  formed,  and  S  is 
frequently  separated  (c/.  Pierre,  C.  R.  62,  460  ; 
73,  749).  Oxidisers,  such  as  ClAq,  HNOjAq,  &c., 
quickly  convert  sulphites  into  sulphates ;  sulphite 
solutions  are,  therefore,  energetic  reducers.  So- 
lutions of  sulphites  are  readily  reduced,  giving 
H^S  or  metallic  sulphides,  by  SnCl^Aq,  Zn  and 
HClAq,  &c.  Heated  with  C,  they  are  reduced  to 
sulphides,  sometimes  to  oxides.  Sulphites  de- 
compose at  a  red  heat  to  sulphides  and  sulphates, 
or  to  oxides  and  SOj.  Sulphites  are  decom- 
posed by  almost  all  acids,  not  by  CO,Aq  or 
boric  acid,  giving  off  SOj.  Solutions  of  sul- 
phites generally  form  thiosulphates  by  reacting 
with  S,  HoS,  or  alkali  hydrosulphides.  Sulphites 
give  sulphates  and  thiosulphates  when  heated 
in  SO2  (Divers,  C.  J.  47,  205).  Sulphites  scarcely 
react  with  POCI3,  according  to  Divers  {I.e.) ;  a 
little  metallic  chloride  and  phosphate  are 
formed,  but  no  SOClj.  Divers  (I.e. ;  also  G.  J. 
49,  677)  contends  that  the  normal  sulphites 
have  the  constitution  SOjOM.M — that  is,  that 
they  contain  the  sulphonic  group  SOjOM — and 
ihsX  they  are  not  thionyl  compounds,  S0(0M)2. 

Aluminium  sulphites.  The  only  salt  that 
lias  been  definitely  isolated  is  the  basic  sulphite 
AiPj.SOj.  4aq;  obtained  by  dissolving  freshly 
ppd.  AIO3H3  in  SOjAq,  and  heating  to  74°,  when 
the  salt  separates  as  a  white  powder.  Heated 
in  air  gives  off  H^O  and  SOo,  and  leaves  sulphate 
(Gougginsberg,  A.  45, 132  ;  confirmed  by  Eohrig, 
■J.  pr.  [2]  37,  217). 

Ammouiam  sulphites.  The  normal  salt 
{!^S.^)„S03. 3'1  ■was  found  in  the  fumes  from 
the  residues  from  gas-works  used  in  the  prepara- 
tion of  (NH,)2S04  (Scheitz,  Ar.  Ph.  [3]  5,  332) ; 
it  is  prepared  by  adding  absolute  alcohol  to 
SOjAq  made  alkaline  by  NHjAq,  or  by  passing 
moist  SO2  and  moist  NH3  into  absolute  alcohol 
(Muspratt,  P.  M.  [3]  30,  414).  White  mono- 
clinic  leaflets ;  sol.  in  1  part  water  at  12°  with 
disappearance  of  heat.  Does  not  deliquesce 
in  air,  but  oxidises  gradually  to  sulphate  (Ma- 
rignac,  Ann.  M.  [5]  12,  25).  The  acid  salt 
.NH,.HS03  is  obtained,  as  very  deliquescent 
rhombic  crystals,  by  saturating  a  solution  of  the 
normal  salt  with  SO^  and  allowing  to  crystal- 
lise in  vacuo ;  loses  SOo  at  the  ordinary  tem- 
perature ;  S  separates  on  exposure  to  light ; 
a  saturated  solution  heated  to  150°  in  a 
sealed  tube  decomposes  to  S,  H.SOjAq,  and 
^(NHj),SO,Aq  (Barbaglia  a.  Gucci,  B.  13,  2325). 
The  basic  salt  3(NH^)20.2S02.  2aq  described  by 
Muspratt  could  not  be  obtained  by  Marignac. 
Double  salts  are  described  under  the  various 
sulphites. 

Barium  sulphites.  The  normal  salt  BaSOs 
is  prepared  by  double  decomposition  from 
BaCljAq  and  Na^SOaAq  ;  a  white  powder,  insol. 
■water ;  may  be  crystallised  in  hexagonal  forms 


from  warm  saturated  SO._,Aq  ;  heated  in  a  closed 
tube  decomposes  to  BaSOj  and  BaS  (Eammels- 
berg,  P.  67,  391).  Easily  sol.  HClAq  (Johnson, 
C.  N.  58,  155  ;  ef.  Hodges,  ibid.  128). 

Beryllium  sulphites.  No  salt  has  been 
isolated  ;  a  solution  of  a  sulphite  (?  BeSOj)  is 
obtained  by  dissolving  BeOjHo  in  SOjAq,  but  crys- 
tals do  not  form  on  evaporation  alone  or  over 
HjS04 ;  addition  of  alcohol  causes  formation 
of  a  thick  syrup  (Atterberg,  Bl.  [2]  24,  358  ;  cf. 
Berthier,  A.  Ch.  [3]  7,  77). 

Bismuth  sulphites.    A  basic  salt 
2Bi203.3SO„.  5aq  is  formed  by  the  action  of 
cone.  SO.,Aq  on  Bi03H3  (Kohrig,  J.  pr.  [2]  37, 
217;  cf.  Muspratt,  P.  M.  [3]  30,  414). 

Cadmium  sulphites.  The  normal  salt  CdSOa 
is  obtained  by  dissolving  CdCOj  in  SO^Aq,  and 
crystallising ;  white,  indistinctly  crystalline 
salt ;  scarcely  sol.  water  ;  heated  gives  SO2,  CdO, 
CdS,  and  CdSO^  (Eammelsberg,  P.  67,  256). 
By  treating  Cd  with  SOjAq,  filtering  from  CdS, 
and  concentrating  carefully,  Fordos  a.  G61is 
obtained  the  dihydrate  CdSOj.  2aq ;  the  same 
salt  was  obtained  by  Muspratt  {I.e.) ;  confirmed 
by  Eohrig  (I.e.).  Denig^is  {Bl.  [3]  7,  569)  failed 
to  obtain  this  hydrate,  but  states  that  a  tri- 
hydrate  is  produced  by  mixing  equal  vols,  of 
10  p.c.  solutions  of  CdS04  acidified  with  acetic 
acid  and  Na^SOj.  A  double  ammonium-cadmium 
sulphite  CdS03.(NH4)2S03  was  obtained  by 
Eammelsberg  {I.e.). 

Calcium  sulphites.  The  normal  salt 
CaSOj.  2aq  is  prepared  by  ppg.  CaCLAq  by 
NajSOjAq,  dissolving  in  SOsAq,  and  crystalli- 
sing ;  it  forms  small  lustrous  crystals  (Muspratt, 
I.e.).  Also  obtained  by  passing  SO3  into  water 
vrith  CaC03  in  suspension  (Eohrig,  I.e.).  Heated 
to  80°  gives  2CaS03.  aq,  and  loses  all  water  at 
100°  (E.,  I.e.).    E.  failed  to  isolate  any  acid  salt. 

Chromium  sulphites.  A  basic  chromic  salt 
2Cr203.3S02. 16aq  was  obtained  by  Muspratt 
(P.  M.  [3]  30,  414),  as  a  pale-green  pp.,  by  add- 
ing alcohol  to  solution  of  CrOjHj  in  SOjAq  ; 
composition  confirmed  by  Eohrig  {J.  pr.  [2]  37, 
217).  Alkali  sulphite  solutions  do  not  ppt.  solu- 
tions of  chromic  salts  even  after  long  boiling 
(Berthier,  A.  Ch.  [3]  7,  77).  By  adding  K.SOjAq 
to  CrCLAq,  Moberg  {J.  1847-8.  413)  obtained  a 
reddish  pp.  which  was  perhaps  a  chromous  sul- 
phite. 

Cobalt  sulphites.  The  normal  cobaltous  salt 
C0SO3.  5aq  was  obtained  by  Muspratt  {I.e.),  as  a 
red  granular  pp.,  by  passing  SO2  into  water  with 
C0CO3  in  suspension,  boiling  out  air  from  the 
solution,  and  letting  cool  in  a  closed  vessel. 
By  evaporating  in  H,  Eammelsberg  (P.  67, 
391)  obtained  thel  trihydrate;  the  existence 
of  both  hydrates  has  been  confirmed  by 
Eohrig  {I.e.).  Double  salts  GoSO.,.K2S03  and 
2CoSO3.Na2SO3.CoO  were  obtained  by  Schultze 
{J.  1865.  270)  by  heating  C0SO3  or  C0CI2  with 
alkaU  sulphite  solutions.  Double  salts  of 
cobaltie  sulphite  Co2(S03)3.M2S03,  where 
M  =  K  or  Na,  were  obtained  by  Geuther  {A.  128, 
157)  by  continued  heating  of  C0O3H3  with  fresh 
quantities  of  cone.  MjSOaAq. 

Copper  sulphites.  Neither  cuprous  nor  cuprie 
sulphite  has  been  isolated,  but  several  double 
salts  of  cuprous  sulphite  are  known.  The  green 
liquid  obtained  by  dissolving  CuOOj  (Berthier, 
A.  Ch.  [3]  7,  86)  or  CUO2H2  (Bcttger,  A.  39,  178) 
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in  SO._,Aq  probably  contains  CuoSOj ;  but  this 
solution  rapidly  decomposes  with  separation  of 
a  red  pp.  and  formation  of  CuSO^Aq.  The  red 
solution  formed  by  passing  S0„  into  water  with 
freshly  prepared  Ca^S03(NHj).S03  {v.  infra)  in 
solution  was  supposed  to  contain  Cu„S03  by 
Kogojski(J.^r.53,403) ;  butPc^an  de  Saint-Gilles 
obtained  only  Ca.SO^.CuSO,.  2aq  from  this  solu- 
tion (A.  Ch.  [3]  42,  23),  and  this  was  confirmed 
by  Svensson  {B.  4,  713). 

According  to  Newbury  {Am.  14,  232),  a  basic 
cupric  sulphite  6Cu0.4S02.  3aq  is  formed  by 
passing  SOj  into  cold  water  with  CuO.^H,  in 
suspension,  and  sending  a  stream  of  air  into  the 
green  solution  so  formed  until  a  bright-yellow 
pp.  is  produced.  When  this  basic  salt  is  boiled 
with  water  for  a  few  minutes  CuSO,,Aq  is  formed, 
and  a  brown  pp.  is  thrown  down.  The  brown 
pp.  is  thought  by  N.  to  be  Cu.^SOj ;  on  continued 
boiling  with  water  it  gives  off  SO,^,  and  Cu.^O 
remains. 

Double  cxipro-cupric  sulphites.  The 
dihydrated  salt  CujSOj.CuSO.,.  2aq  was  obtained 
by  Chevreul  {A.  Ch.  83,  183)  by  heating  CuO  or 
CuCO.j  with  SO._,Aq  ;  it  is  also  prepared  by  boil- 
ing CuSO.|Aq  with  solution  of  an  alkali  sulphite 
or  thiosulphate,  by  boiling  the  green  double  salt 
Cu„S0;,.(NH.,),S03  (infra)  with  water  (P.  de  St.- 
G.,  I.e.),  by  passing  SO.,  into  cone.  Cu(C.,H30._,).,Aq 
at  (55°  till  the  yellow  pp.  that  forms  is  dissolved, 
and  then  letting  stand  in  air  (Etard,  G.  B.  93,  j 
72.5),  and  by  passing  a  slow  stream  of  SO.,  into 
10  p.c.  CuSOjAq  containing  a  roll  of  thin  sheet 
Cu  till  the  liquid  is  almost  colourless  (the  salt 
deposits  on  the  Cu)  (Newbury,  Am.  14,  232).  ; 
Translucent,  garnet-red  octahedra ;  S.G.  3'57  ; 
gives  up  2H,^0,  and  also  SO.,,  above  150°,  and  at 
a  higher  temperature  leaves  Cu.,0  with  some 
CuSOj  (Rammelsberg,  P.  67,  391).  Soluble 
SOoAq,  HClAq,  and  NH3Aq ;  KOHAq  ppts.  hy- 
drates of  CuO  and  CUjO  ;  heated  with  water  to 
200°  gives  CuSOjAq  and  Cu  in  crystalline  leaflets 
(Geitner,  A.  129,  350).  The  pentahydrate 
CuoSOj.CuSOa.  6aq  separates,  as  a  greenish-yel- 
low pp.,  from  cone.  Cu(C,jH30.j)2Aq,  into  which  a 
slow  stream  of  SO.,  has  been  pas.sed  till  the 
liquid  has  become  emerald-green  (P.  de  St.-G., 
I.e.).  Easily  sol.  SO.,Aq  or  acetic  acid,  also  in 
solutions  of  cujjric  salts  and  in  NHjAq ;  when 
boiled  with  water  the  red  dihydrate  is  formed. 

Double  salts  of  cuprous  sulp>hite 
with  alkali  sulphites  are  readily  produced 
by  the  reaction  of  cone,  solutions  of  alkali  sul- 
phites with  solutions  of  cupric  salts.  These 
double  salts  are  colourless  and  crystalline  ;  their 
composition  is  .TCu.,S03.2/M.,S03.saq  (.c  generally 
=  1),  where  M  =  NH„  K,  or  Na  (for  details  of 
preparation,  comijositiou,  and  properties  v. 
Eogojski,  J.  pr.  53,  403  ;  Pean  de  Saint-Gilles, 
A.  Ch.  [3]  42,  23 ;  Vohl,  J.  pr.  95,  218  ;  and 
Svensson,  B.  4,  713).  Some  acid  salts  of  the 
form  Cu.,S03.a;M.^S03.7/SO.,.  aaq  have  also  been 
prepared  (S.,  I.e.),  and  some  salts  of  alkali  sul- 
phites with  both  CU2SO3  and  CuSOj  (P.  de  St.-G., 
I.e.;  E.,  I.C.). 

Didymium  sulphites.  The  normal  salt 
©1,(803)3  "^as  obtained,  as  a  reddish-white 
powder,  by  passing  SO.,  into  water  with  01.^3  in 
suspension,  and  boiling  oft  excess  of  SO.^  (Ma- 
rignac,  A.  Ch.  [8]  58,  148;  Cleve,  Bl.  [2]  39, 
1.51). 


Gold  sulphites.  No  gold  sulphite  has 
been  isolated.  Double  salts  of  AU;S03 
with  Am.^SOj  and  Na.jSOj  of  the  form 
Au.,S03.3M.,S03.  3aq  are  known ;  also  a  Ba  salt 
AujS03.3BaS03.  aq.  The  Na  salt  is  obtained  by 
adding  Na^SOjAq  to  a  boiling  alkaline  solution 
of  NaAuO.2,  or  by  saturating  NaAuO.,Aq  at  50'^ 
with  SO.,,  then  carefully  adding  BaCLAq  to  the 
solution  till  free  H2SO3  and  H.^SO,  are  ppd., 
filtering,  adding  more  BaCLAq,  quickly  filtering 
off  the  purple-red  AuoSO.,.3i5aS03.  aq  that  sepa- 
rates, washing  the  pp.  rapidly  out  of  contact 
with  air,  decomposing  it  by  the  proper  quantity 
of  NajCO.jAq,  adding  some  alcohol  to  the 
solution,  filtering  off  any  Ba  salt  that  ppts., 
and  adding  more  alcohol,  when  the  Na  salt 
separates  as  an  orange-red,  very  easily  de- 
composed, pp.  {v.  Himly,  A.  56,  252  ;  59,  95). 
When  AuCl3Aq  is  added,  drop  by  drop,  to  a 
warm  solution  of  (NHJ2SO3  in  cone.  NHjAq, 
white,  lustrous,  six-sided  plates  separate  of 
the  salt  (NH,).,S03.3(NH,;Au)„S03.  3aq  ;  the 
mother-liquor  from  this  salt  yields  the  salt 
Au.^S03.3(NHj)2S03.  3aq,  very  similar  to  the  cor- 
responding Na  salt  (Haase,  Z.  1869.  535). 

Indium  sulphites.  The  only  salt  that  has 
been  isolated  is  a  basic  salt  2In,,03.3SO.j.  8aq. 
Obtained  by  boiling  a  solution  of  a  salt  of  In 
with  excess  of  NaHS03Aq ;  insol.  water,  sol.  in 
dilute  acids  ;  loses  SB..fi  at  100°,  and  all  water 
at  260°  ;  decomposed  at  280°,  giving  off  SOj  and 
leaving  In.O,  (Bayer,  A.  158,  372). 

Iridium  sulphites.  The  normal  iridic  salt 
Ir.j(S03)3.  6aq  is  obtained,  in  yellow  crystals,  by 
passing  S0._,  into  water  with  IrOjHj  in  suspen- 
sion, filtering  and  evaporating.  The  salt  loses 
all  water  at  160°-180°;  at  a  higher  temperature 
Ir  .O  i  remains  ;  si.  sol.  water,  easily  sol.  acids  ; 
decomposed  by  boiling  with  KOHAq  with  separa- 
tion of  IrjOj  (Birnbaum,  A.  136,  179).  The  in- 
soluble matter  that  remains  on  treating  Ir03H3 
in  water  with  SO,  is  a  basic  salt  Ir._,03.S0.,.  4aq 
(Birnbaum,  Z.C.).  Double  salts  of  iridous 
sulphite  were  obtained  by  Seubert  [B.  11,1761) 
in  separating  Ir  from  Eh  by  means  of  Na.^SO, 
(by  Bunsen's  method,  A.  146,  274).  Seubert 
gave  the  formulfe  IrS03.3Na,S03.  lOaq  and 
IrH,,(S03).,.3Na.,S03.  icaq,  x  being  =  4  and  10, 
to  the  salts  he  prepared. 

Iron  sulphites.  The  normal  ferrous  salt 
FeS03. 3aq  is  formed,  along  with  reS.,03,  by  dis- 
solving iron  wire  in  SO.,Aq  out  of  contact  with  air ; 
on  evaporating  (out  of  air)  the  sulphite  crystal- 
lises out,  leaving  the  thiosulphate  in  solution 
(Fordos  a.  Gelis,  J.  Ph.  [3]  4,  333  ;  of.  Koene,  P. 
63,  245,  631  ;  also  Muspratt,  P.  M.  [3]  30,  414). 
SI.  sol.  water,  easily  sol.  SO_,Aq  ;  loses  H^O,  and 
then  (at  250°)  SO,,  on  heating.  Basic  ferric  salts 
are  formed  by  reacting  on  ferric  salt  solutions 
with  alkali  sulphites ;  on  adding  alcohol  to  the  red 
liquids  thus  formed,  Koene  (P.  63,  245,  431)  ob- 
tained the  salts  Fe.,03.S0„.  6aq  and  2Fe,03.3S03 
(c/.  Muspratt,  I.e.).  Bypassing  SO.,  into  water  with 
Fe03H3  in  suspension,  and  adding  KOHAq, 
Muspratt  (I.e.)  obtained  the  double  salt 
Fe.,03.S0.,.2K,S03.  5aq. 

Lead  sulphites.  Only  the  normal  salt 
PbSOj  has  been  obtained ;  a  white  powder, 
insol.  water,  formed  by  adding  Na,SO.,Aq  to 
solution  of  a  salt  of  Pb  (confirmed  by  Eohrig, 
J.  pr.  [2]  37,  217). 
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Lithium  sulpMtes.    The  normal  salt 
Li.,SO;,.  aq  is  prepared  by  passing  SO,  into  ■water 
witli  LijCOj  in  suspension,  till  CO,  ceases  to  be 
given  off,  and  evaporating  on  a  water-bath  or 
over  (Eohrig,  J.  pr.  [2]  37,  217).  Danson 

(C.  J.  2,  205)  represented  the  salt  as  a  hexahy- 
drate.  By  adding  ether  to  the  solution  obtained 
from  Li,C03,  as  described,  B.  got  the  dihydrate 
LioSO:,.  2aq.  Easily  sol.  water,  somewhat  sol. 
alcohol,  very  si.  sol.  ether  ;  oxidised  in  moist  air. 
Eohrig  failed  to  obtain  an  acid  salt.  By  adding 
the  proper  quantity  of  K„C03  to  the  acid  solution 
of  LijC03  in  SO.Aq,  evaporating  to  a  syrup,  and 
placing  in  a  freezing  mixture  of  snow  and  salt, 
B.  obtained  the  double  salt  2LiKS03.  aq  ;  by 
a  similar  process  he  got  monoclinic  crystals  of 
■6Li„S03.Na,,S03.  8aq  (J.  pr.  [2]  37,  217). 

Magnesium  sulphites.  The  normal  salt 
MgSOj.  Kaq  is  formed  by  suspending  magnesia 
alba  in  water,  passing  in  SOj,  and  concentrating 
the  solution  (Eammelsberg,  P.  62,  89)  ;  if 
evaporation  is  carried  on  over  HoSOj  (Bohrig, 
I.e.),  or  in  vacuo  below  100°  (Hartog,  C.  B.  104, 
1793),  the  hexahydrate  separates ;  if  evaporation 
proceeds  above  100°  the  trihyd?-ate  is  obtained 
(Muspratt,  I.e. ;  E.,  I.e. ;  H.,  I.e.).  Slowly  oxidises 
in  air  to  sulphate ;  loses  all  water  at  200°  ;  when 
more  strongly  heated  the  salt  loses  SOj  and 
leaves  MgO. 

Double  salts  with  (NHJjSOa  are  formed 
by  mixing  the  constituents  and  evaporating  ; 
also  by  dissolving  MgO._,H2  in  cold  (NH,,)2S03Aq 
(Eammelsberg,  P.  94,  507  ;  Hartog,  Z.c.)." 

Manganese  sulphites.  Several  hydrates  of 
the  nonnal  manganous  salt  MnS03  have  been 
described.  By  adding  alkali  sulphite  solution 
to  dilute  MnCLAq  so  long  as  the  pp.  that  forms 
dissolves  again,  and  then  letting  stand,  mono- 
clinic  crystals  of  the  trihydrate  MnS03.  3aq  are 
obtained ;  this  hydrate  is  also  formed  by  mix- 
ing 10  p.c.  of  MnSOjAq,  acidified  with  acetic 
acid,  and  Na^SO,  (Denig^s,  Bl.  [3]  7,  669)  ;  if 
NajSOjAq  is  added  to  hot  dilute  MnCLAq  the 
monohydrate  is  said  to  be  produced.  (Eam- 
melsberg (P.  67,  245,  391)  gives  the  formula 
2MnS03. 5aq  to  the  salt  obtained  by  reacting  on 
Mn  acetate  solution  with  Na^SOjAq,  and  this  is 
confirmed  by  Eohrig  (J.  pr.  [2]  37,  217  ;  cf.  also 
Muspratt,  P.M.  [3]  30,  414).  Double  salts 
MnSOj.KoSOj  and  2MnS03.K„S03  were  prepared 
by  Gorgeu  (C.  B.  96,  376)  by  saturating  20  p.c. 
K^SOjAq  with  SO,,  adding  4  p.c.  MnSO^.  3aq, 
and  evaporating  over  an  absorbent  of  SOj ; 
double  Mn-Na  salts  are  also  described  by  G.  (I.e.). 

Mercury  sulphites.  According  to  P6an  de 
Saint-Gilles  {C.  R.  34,  906)  the  normal  mercuric 
salt  HgSOg  is  formed  by  adding  dilute  NaoSOjAq 
to  a  very  cone,  solution  of  Hg(N03)2  free  from 
excess  of  acid ;  it  is,  however,  difficult  to  ob- 
tain the  salt  free  from  basic  sulphites.  The 
basic  mercuric  sulphite  2HgO.S02  was  obtained 
pure  by  P.  de  St.-G.  by  using  solution  of  basic 
mercuric  nitrate.  The  normal  salt  is  easily  de- 
composed ;  boiling  water  produces  Hg^SO,  and 
Hg.  Boiling  water  is  said  (P.  de  St.-G.,  I.e.)  to 
convert  the  basic  salt  into  the  isomeric  com- 
pound (2HgO.S02  =  Hg,O.S03).  Divers 
a.  Shimidzu  (C.  J.  49,  633)  say  that  normal 
mercuric  sulphite  cannot  be  isolated  ;  the  reac- 
tion of  Na^SOjAq  with  Hg(N03),Aq  produces  at 
Jlrstthe  basic  salt  2[2HgO.S02]."aq,  and  then  a 


salt  which  is  most  simply  represented  as 
HgSOg.HgoSOa.  4aq,  and  which  is  called  mer- 
curosic  (or  mercuro-^nercuric)  sulphite  by  D.  a. 
S.,  and  represented  by  them  as 

Hg<^gQ-"Q^Hg„.  4aq.  D.  a.  S.  represent  the 
basic  salt  as  Hg<^gQ-"Q^^O\,jjg_  g^jj 

mercuric  oxysulphite. 

For  the  best  conditions  of  preparation  of 
2HgO.S02  V-  D.  a.  S.,  I.e.,  p.  550,  and  for  the 
reactions  of  this  salt  v.  ibid.  pp.  546-60 ;  for 
preparation  of  mercurosic  sulphite  v.  ibid.  p.  664, 
and  for  the  reactions  of  this  salt,  pp.  559-63. 

By  adding  dilute  Na„S03Aq  to  moist  Hg„S04 
or  to  HgNOjAq,  D.  a.  S.  {I.e.,  p.  572)  obtained  a 
greyish-black  amorphous  solid  to  which  they 
gave  the  formula  Hgj(S03)2.  ^■I'  constitution 
Hg<;^gQ2-0x,2gj.  aq,  and  the  name  mercuric 

hypomercnrous  sulphite  or  hypomercurosic  sul- 
phite. For  the  best  method  of  preparing  this 
salt  (action  of  SO,Aq  on  Hg.^SO^  or  HgNOg)  v. 
D.  a.  S.,  I.e.,  p.  671 ;  for  the  reactions  of  the  salt 
V.  pp.  567-70.  It  is  evident  that  the  formula 
given  to  this  salt  is  the  same  as  that  of  nonnal 
mercurous  sulphite  (Hg|(S03)2  =  2Hg,S03)  ;  the 
salt  is  produced  from  mercurous  compounds,  and 
in  many  of  its  reactions  yields  mercurous  com- 
pounds ;  D.  a.  S.  insist  that  the  salt  belongs  to 
a  new  class  of  Hg  compounds  that  contain  what 
they  call  the  '  hypomercnrous  radicle.' 

By  treating  solid  HgCl,  with  NaHSOjAq, 
Wicke  {A.  95,  176)  obtained  a  solution  that  de- 
posited a  white  crystalline  powder  to  which  he 
gave  the  composition  Hg(HS03), — i.e.  acid  mer- 
curic sulphite.  According  to  D.  a.  S.  (I.e.,  p. 
654)  the  pp.  is  HgSOj.NaoSOj.  aq.  By  reacting 
on  HgO  with  SO,Aq  a  vfhite  sohd  is  formed, 
together  with  a  solution  containing  a  compound 
of  Hg.  Eammelsberg  thought  that  the  white 
solid  was  a  basic  mercurous  sulphite  of  varying 
composition,  and  that  the  solution  contained 
HgjSOj  (P.  67,  405  ;  the  reaction  was  also  ex- 
amined by  P.  de  St.-G.  and  by  Vogel).  D.  a.  S. 
say  that  the  white  residue  is  HgSO3.HgoSO3.4aq 
(mercurosic  sulphite,  according  to  D.  a.  S.) ;  by 
using  freshly  ppd.  HgO  suspended  in  water,  and 
adding  a  little  of  this  to  SO,Aq  (nearly  free  from 
H2S04),  D.  a.  S.  obtained  a  clear  solution  which 
!  reacted  as  a  solution  of  HgSOj  in  HoSOj,  and 
which  they  regarded  as  a  solution  of  acid  mer- 
curic sulphite,  Hg(HS03)2  {v.  I.e.,  pp.  654-8). 
Several  double  salts  of  mercuric  sulphite 
with  alkali  sulphites  have  been  isolated. 
The  chief  are  HgSOs.MoSOj.  .taq,  where  M  =  NH„ 
K,  or  Na,  and  2HgS03.Na2S03.  aq  (v.  P.  de  St.-G., 
C.  B.  34,  906  ;  Hirzel,  A.  84,  258 ;  D.  a.  S.,  I.e., 
pp.  538-46).  D.  a.  S.  regard  these  double  salts 
as  alkali  derivatives  of  the  hypothetical  acid 
SO  OH 

■^S^SO"  OH  ('•'^^y  g''6^^1y  "io^^t  tl*^  existence  of 
the  salt^  2HgS03.Na,S03  described  by  P.  de 
St.-G.) ;  this  view  is  confirmed  by  Earth's  mea- 
surements of  the  electrolytic  conductivities,  and 
the  freezing-points,  of  solutions  of  these  salts 
(Z.  P.  C.  9,  176) ;  Earth's  results  point  to  the 
dissociation  in  dilute  aqueous  solution  of  these 
salts  into  three  ions,  HgS20s,  E,  and  E'. 

Nickel  sulphites.    The  normal  salt 
NiSOj.  6aq  separates,  in  green  tetrahedric  crys- 
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tals,  on  slowly  evaporating  a  solution  formed  by 
passing  SOj  into  water  with  NiO.  ajaq  in  suspen- 
sion (Eammelsberg,  P.  67,  391).  By  boiling  the 
solution  of  NiO.  a;aq  in  SO.Aq,  Muspratt  (P.  M. 
[3]  30,  414)  obtained  a  tetrahydratc  NiSO^.  4aq  ; 
this  hydrate  was  also  obtained  by  Eohrig  {J.  pr. 
[2]  87,  217)  by  quickly  evaporating  the  solution 
at  c.  150°.  The  compound  with  ammonia, 
NiSOj.SNHj.  3aq,  separates,  as  a  blue  crystalline 
pp.,  on  adding  alcohol  to  an  ammoniacal  solution 
of  NiSO,  (Eammelsberg,  Z.c). 

Osmium  sulphites.  The  normal  salt  OsSOg 
was  obtained  by  Claus  (J.  pr.  90,  65)  by  treating 
OsOiAq  with  excess  of  SO,.,  and  evaporating  or 
adding  Na^COj  or  Na._,SO.| ;  after  drying  the  salt 
is  a  blackish-blue  powder,  insol.  water,  sol. 
HClAq  without  giving  off  SO,,,  reppd.  from  this 
solution  by  KOH  or  K„CO.j,  decomposed  to  KjSOj 
and  OsO.ccaq  by  long  boiling  with  cone.  KOHAq. 
When  moist  the  salt  oxidises  in  air  to  OsSO,. 
The  double  salt  OsSO3.2KoSO3.2KHSO3.4aq 
was  obtained  by  Claus  (A.  63,  3.55)  as  a  pale 
rose-red  crystalline  powder,  by  heating  KoOsCl^ 
with  K.SOaAq. 

Palladium  sulphites.  Only  the  do7ible  pal- 
lado-sodium  salt  PdS03.3Na.,S03.  2aq  has  been 
isolated ;  a  white  pp.  obtained  by  dropping 
NaOHAqinto  PdCLAq,  after  adding  SO,,  (Wohler, 
A.  174,  199). 

Platinum  sulphites.  Neither  platinosul- 
phite  PtSOj  nor  platinisulphite  Pt(S03)2  has 
been  isolated.  Several  salts  which  may  be  re- 
garded as  double  compounds  of  PtSO.,,  but  are 
better  classed  as  platinosulphonates  or  platino- 
sulphites,  have  been  obtained  ;  they  are  shortly 
described  under  Platino-sulphonates  (this  vol., 
p.  285).  By  passing  SO,,  into  water  with 
PtO^H^  in  suspension,  and  adding  alkali  sul- 
phites to  the  dark-red  liquid  so  formed,  Birn- 
baum  {A.  139,  172)  obtained  dotihle  salts  of 
the  form  PtO.S03..'j;M,,S03. 2/aq,  where  M  =  K  or 
Na,  X  varied  from  1  to  2,  and  y  also  from  1  to  2. 
These  salts  gave  no  pp.  of  BaSO^  with  BaCLAq, 
with  HClAq  SO.,  was  given  off  andPtCl.,  form'ed; 
hence  they  are  better  classed  as  double  salts  of 
platimjl  sulphite,  PtO.SOa,  than  of  platinous 
sulphate  PtSO^. 

Potassium  sulphites.  The  normal  salt 
K2SO3. 2a_q  is  obtained,  in  large,  deliquescent, 
monoclinic  prisms,  by  passing  SO,  into  KjCOjAq 
as  long  as  CO,  is  given  off,  and  evaporating  over 
HoSOj  at  the  ordinary  temperature  (Muspratt, 
P.  M.  [3]  30,  414).  More  soluble  cold  than  hot 
water ;  decomposed  by  heat  to  K,S  and  K„80^ 
(Eammelsberg,  A.  50,  259  ;  results'  of  M.  and  E. 
confirmed  by  Eohrig,  J.  pr.  [2]  37,  217  ;  v.  also 
Hartog,  G,  B.  109,  179,  221,  436).  The  acid 
salt  KHSO3  separates  in  white  needles  on  adding 
alcohol  to  a  solution  of  the  normal  salt  satu- 
rated with  SO,,  (M.,  I.e. ;  confirmed  by  Eohrig, 
I.C.).  By  passing  SO,,  into  hot  saturated  KoCO, 
till  CO,  ceased  to  come  off  and  the  solution  was 
greenish,  and  then  allowing  to  cool,  Muspratt 
(I.e.)  obtained  hard  monoclinic  crystals  of  the 
acid  salt  K,2S03.SO,  ( =  K,,S,,0,,),  sometimes  called 
pyrosulphite  ;  only  si.  sol.  water ;  decomposed  by 
heat  to  K,,S0„  SO,,  and  S  (confirmed  by  Eohrig, 
I.e.).  Dilute  K^SOjAq  heated  in  a  closed  tube 
to  100°  and  then  let  stand  is  very  slowly  decom- 
posed to  K,SO„  H.,S30„,  and  S  (Saint-Pierre, 
C.E.  62,460;  73,749).    K.SOjAq  with  KNO^Aq 


gives  K  salts  of  various  acids ;  v.  Sulphur  oxy- 
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Double  sulphites  of  potassium  and 
sodium.  Sehwieker  (B.  22, 1728)  obtained  two 
distinct  salts  KNaSOj.a-aq;  one  by  neutralising 
cone.  KHSOjAq  by  the  proper  quantity  of 
Na„CO,,  and  evaporating  over  H.,SO|,  the  other 
by  adding  K„GO^  to  NaHSOjAq.  "Eohrig  {.J.  pr. 
[2J  37,  217)  ppts.  the  salts  by  adding  alcohol,  or 
better  ether.  The  first  salt,  heated  with  EtI  to 
140°,  gives  4(S0„Et.0K).NaI,  the  second  gives 
4(S0„Et.0Na).KI ;  hence  the  fii'st  salt  seems  to 
be  NaS02.0K  and  the  other  KSOj.ONa.  Sehwieker 
assigns  different  quantities  of  crystalline  water  to 
the  salts,  viz.  NaS0,.0K.2aq  and  KSO,,.ONa.aq; 
Eohrig  {I.e.)  gives  2aq  to  both  salts.  The  two 
salts  seem  to  be  isomeric.  Aqueous  solutions 
of  these  salts  have  identical  electrolytic  con- 
ductivities, as  would  be  expected  (Barth,  Z.P.  C. 
9, 176).  Sehwieker  (I.e.)  also  describes  the  salts 
KNa,,H(SO.,),.  4aq  and  K„NaH(S03).,.  3aq.  Hartog 
(C.  'B.  109,  179,  221,  436)  describes  the  salts 
K,,SO,.2Na,,S03.SO.,.  9aq  ( =  K,0.2Na,0.4S02. 9aq) 
and  2K,S03.(NHj),.S03.SO,.  9aq 
( =  2K,6.(NH,,),,0.4SO,.  9aq). 

For  other  double  salts  of  potassium  sulphite 
V.  supra,  cobalt  sulphites,  copper  sulphites,  iron 
sulphites,  lithium  sulphites,  manganese  sul- 
phites, mercury  sulphites,  0S7nium  sulphites, 
and  platinum  sulphites  ;  and  infra,  ruthenium 
sulphites  and  silver  sulphites. 

Rhodium  sulphites.  The  normal  rhodic  salt 
Eh,_,(S0:,)3.  6aq  is  prepared,  as  a  yellowish  crys- 
talline mass,  by  dissolving  EhOgHj.  aq  in  SOAq 
and  evaporating  ;  fairly  sol.  water,  insol.  alcohol 
(Bunsen,  A.  146,  265).  The  double  rhodous 
saZi  4EhSO.,.6Na2S03. 9aq  is  obtained  by  treat- 
ing NaaEhClg.  12aq  with  excess  of  NaHSOjAq 
(Bunsen,  Z.c.)  ;  it  has  been  examined  by  Seubert 
a.  Kobbe  {B.  23,  2556),  who  prepared  it  by  heat- 
ing a  solution  of  EhCl3. 4aq  with  excess  of 
NaHSOjAq  for  some  time,  washing  the  pp.  with 
cold  water,  and  drying  over  PoOj.  Pale-yellow 
solid  ;  very  si.  sol.  hot  water ;  dissolves  in  dilute 
HNOjAq,  giving  off  SO, ;  warmed  with  eonc. 
H,SO,  forms  Rh„(SO,,)3.Na,S04  (B.,  I.e. ;  S.  a.  K., 
Z.c). 

Ruthenium  sulphites.  Only  the  double 
rutheno-potassium  salt  EuSOj.K^SO,  has 
been  isolated  ;  prepared  by  heating  KjEuCl^Aq 
with  K.SOjAq  till  a  dark-red  solution  is  formed, 
evaporating  to  dryness,  dissolving,  again  evapo- 
rating to  dryness,  and  repeating  these  i^rocesses 
till  a  pure  white  residue  is  obtained  (Claus, 
J.  pr.  42,  351). 

Silver  sulphites.  The  normal  salt  Ag,.S03 
forms  small,  white  lustrous  crystals ;  obtained 
by  treating  AgNOjAq  with  alkali  sulphite  solu- 
tion or  with  SO,,Aq ;  if  excess  of  SO.Aq  is 
allowed  to  remain  in  contact  with  the  salt  for 
some  time  Ag  is  formed  (H.  Eose,  P.  33,  240). 
Darkens  in  air  (Muspratt,  P.  M.  [3]  30,  414  ; 
Sodeau,  C.  N.  65,  102) ;  products  depend  on 
method  of  preparation  of  the  salt  {v.  Stas,  Stas 
Nouv.  B.).  Heated  alone,  or  with  water,  to 
100°  gives  Ag.,SO„  Ag,  and  SO,  (Berthier,^.  Ch. 
[3]  7,  82 ;  cf.  Geitner,  /.  1864.  142,  who  says 
that  decomposition  begins  at  200°).  Scarcely 
sol.  water  or  SO,Aq ;  sol.  NHjAq  (Berthier,  Z.c), 
also  in  alkali  sulphite  solutions. 
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Dojible  salts  .  AgNaSO^.  2aq  ;  small 
lustious  needles,  formed  by  dissolving  Ag^SOs 
in  hot  saturated  Na^.SOjAq,  letting  cool,  and 
pressing  salt  that  separates  (cannot  be  washed 
with  water)  (Svensson,  B.  4,  714).  AgKSOj.  xaq, 
prepared  like  the  Na  salt.  Svensson  {I.e.)  de- 
scribes three  double  salts  with  (NH4),,S0.„ 
obtained  by  dissolving  Ag.SOa,  or  AgCl,  in 
(NH^IjSO^Aq ;  he  gives  the  fofmulfe  Ag(NHJS03, 
Ag..S03.6(NH,).,SO,.  19aq,  and 
Ag,S03.3(NH^)2S03.4(NH,)HS03. 18aq. 

Sodium  sulphites.  The  normal  salt  Na2S03 
is  prepared  by  completely  saturating  NaoCOjAq 
with  SO,,,  warming,  adding  an  equal  quantity  of 
the  same  Na2C03Aq,  evaporating,  and  crystallis- 
ing above  33°  (Kammelsberg,  P.  56,  298; 
Schultz-Sellack,  J.  pr.  [2]  2,  459).  Also  ob- 
tained by  heating  the  hydrate  Na2S03. 7aq  to 
150°.  Na2S03  also  crystallises  from  solution  of 
NaHSOj  that  has  been  made  strongly  alkaline. 
Heated  above  150°  melts  to  a  yellowish-red  mass 
containing  sulphide  and  sulphate  in  the  ratio 
Na2S:3Na2SO,  (E.,  P.  67,  246;  94,  507).  The 
heptahydrate  NajSO.,.  7aq  is  obtained  by 
crystallising  at  the  ordinary  temperature  a  solu- 
tion of  NaoCOj  saturated  with  S0„,  warmed,  and 
mixed  with  an  equal  quantity  of  the  same 
Na2C03Aq  ;  monoclinic  prisms  ;  S.G.  1-561 
(Buignet,  J.  14,  15).  Effloresces  and  partially 
oxidises  in  air.  Very  sol.  water ;  maximum 
solubility  at  33°.  Another  hydrate,  Na.SOj.  lOaq, 
was  described  by  Muspratt  (P.  M.  \i]  30,  414) 
as  formed  by  evaporating  Na^SOjAq  over  H-jSOj; 
according  to  Eohrig  (J.  pr.  [2]  37,  217)  only  the 
heptahydrate  exists. 

The  acid  salt  NaHSOj  is  formed  by  satura- 
ting Na,,C03Aq  with  SO,  and  cooling ;  better 
crystals  are  obtained  by  treating  Na;C03.  lOaq 
with  SOj  and  evaporating  the  liquid  so  produced 
in  SOj.  Easily  sol.  water,  but  less  sol.  than 
Na2S03. 7aq.  (For  heat  of  solution  v.  De 
Forcrand,  C.  R.  98,  738.)  Gives  ofe  SO,  on 
exposure  to  air  ;  SO,,  is  also  removed  from 
NaHSOjAq  by  passage  of  an  indifferent  gas 
(Gemez,  C.  R.  64,  606).  When  heated  gives 
off  HjO,  SO.,,  and  S,  leaving  Na.SO^ ;  heated  in 
a  closed  tube  forms  Na,,S04,  H2SO4,  S,  and  HoO 
(Barbaglia  a.  Gucci,  B.  13,  2325).  Eeacts  with 
I  to  give  NaHS04  and  Nal  (Spring  a.  Bourgeois, 
Ar.  Ph.  229,  707,  where  references  are  given 
to  other  experiments).  Another  acid  salt 
Na,,S03.S02  (  =  Na2S205),  sometimes  called  pyro- 
stilpMte,  is  said  to  separate,  in  lustrous  prisms, 
from  cone,  hot  NaOHAq  saturated  with  SO2 
{v.  Eohrig,  I.e.). 

Double  salts  with  ammonium 
sulphite.  Marignac  {Ann.  M.  [5]  12,  30) 
described  a  double  salt  obtained  by  passing 
NH3  into  cone.  NaHS03Aq  ;  the  salt  is  probably 
identical  with  that  described  by  Schwicker  {B. 
22,  1728),  to  which  he  gives  the  formula 
Na,S03.(NH,)HS03.  4aq.  By  partially  satura- 
ting cone.  (NHJHSOa  with  Na,C03Aq,  Trauber 
(/.  C.  T.  1888.  44)  obtained  the  salt 
2Na.,SO3.(NH4)2S,O,.10aq ;  Hartog  writes  the 
formula  of  this  salt  2Na,,0.(NHJ„0.4SO,„  and 
says  it  ci^stallises  with  9aq  (C.  R.  109, 179, 221, 
436).  For  other  double  salts  of  Na2S03  v.  supra, 
cobalt  sulphites,  copper  sulphites,  gold  sulphites, 
iridium  sulphites,  lithium  sulphites,  manganese 
sulphites,  mercury  sulphites,  palladium  sul- 


phites, platinum  sulphites,  potassium  sulphiteSr 
rhodium  sulphites,  and  silver  sulphites. 

Strontium  sulphites.  The  noimal  salt 
SrSOj  is  formed  by  passing  SO,  over  SrO  at 
290°  (Birnbaum  a.  Wittich,  B.  13,  651)  ;  also 
by  decomposing  SrCl2Aq  by  alkali  sulphite  solu- 
tion. Small  white  crystals  ;  slowly  oxidises  in 
air  to  sulphate  (Muspratt,  P.  M.  [3]  30,  414) ; 
gives  SrS  and  SrS04  on  heating  (Forster,  P.  183, 
106). 

Thallium  sulphites.  The  norrml  thallous 
salt  TI2SO3  is  prepared  by  adding  NajSOjAq  to 
TljSOjAq,  and  crystallising  the  pp.  from  warm 
water.  White  crystals ;  S.  3-34  at  15°  ;  insoL 
alcohol;  S.G.  6-427  at  20°  (Seubert  a.  Elten, 
Zeit.  f.  anorg.  Ghem.  2,  434).  The  same  salt 
was  obtained  by  Eohrig  {J.  pr.  [2]  37,  217)  by 
passing  SOj  into  solution  of  a  thallous  salt, 
evaporating  at  100°  or  over  H2SO4,  or  adding 
alcohol. 

Tin  sulphites.  Basic  stannous  salts, 
a;Sn0.2S02.  20aq,  x  being  probably  5,  8,  and  11, 
were  obtained  by  Eohrig  {J.  pr.  [2]  37,  217) 
by  treating  freshly  ppd.  SnO.  a-aq  with  SO^Aq. 

Titanium  sulphites.  Berthier  {A.  Ch.  [3]  7, 
77)  made  some  observations,  but  described  no 
definite  salts. 

Uranium  sulphites.  A  basic  uranous  salt 
UOj.SO...  2aq  =  U(OH)„S03.aq  is  obtained,  as  a 
greyish-green  pp.,  by  adding  Na^SOjAq  to  UCl^Aq 
(Eammelsberg,  P.  56,  125 ;  confirmed  by  Eohrig, 
/.pr.  [2]  37,217).  The  uranyl  salt  UO2.SO3.xaq 
was  obtained,  in  yellow  prisms,  by  Muspratt 
(P.  M.  [3]  30,  414),  by  passing  SO2  into  water 
with  UO3  in  suspension,  and  allowing  the  solu- 
tion so  formed  to  evaporate  at  the  ordinary 
temperature  ;  Muspratt  gave  x  =  3,  according  to 
Eohrig  (Z.c.)  x  =  i  {cf.  Girard,  C.  R.  34,  22  ;  and 
Eeinele,  P.  125,  238). 

Zinc  sulphites.  The  normal  salt 
2ZnS03. 5aq  is  prepared  by  evaporating,  or  by 
adding  alcohol  to,  a  solution  of  ZnCOj  in  SO,,Aq 
(Eammelsberg,  P.  52,  90) ;  also  by  mixing  cold 
25  p.c.  ZnSOjAq  acidified  with  acetic  acid  with 
cold  25  p.c.  Na2S03Aq,  and  letting  stand 
(Denig^s,  Bl.  [8]  7,  569).  Muspratt  {I.e.),  For- 
dos  a.  G61is  {J.  Ph.  [3]  4,  333),  and  Koene  (P.  63, 
245,  431)  give  the  formula  ZnSOj.  2aq ;  but 
Eohrig  {J.  pr.  [2]  37,  217)  confirms  Eammels- 
berg's  formula. 

Zirconium  sulphites.  Compositions  of  salts 
obtained  by  ppg.  Zr  salt  solutions  by  alkali  sul- 
phites are  doubtful  {v.  Berthier,  A.  Ch.  [3]  7, 
77;  Hermann,  J.  p)r.  81,  77). 

HYPOSULPHITES.  {Hydrosulphites.)  Salts 
of  the  acidH^S.fi^.  Hyposulphurous  acid  is  known 
only  in  aqueo»us  solution.  Schutzenberger 
{A.  Ch.  [4]  70,  351)  obtained  the  Na  salt,  and  an 
aqueous  solution  of  the  acid,  in  1869 ;  he  gave 
the  formula  H,SO„  to  the  acid  ;  but  Bernthsen 
{A.  208,  142;'  209,  285;  211,  285)  in  1881 
showed  that  the  acid  has  the  composition 
H^SoO^.  This  acid  corresponds  with  the  oxide 
S,,03"(S.,03  +  H2O  =  H2S,20.,).  Schutzenberger  pre- 
pared the  Na  salt  by  digesting  cone.  NaHSOjAq 
with  zinc  shavings  in  a  closed  flask  for  c.  half 
an  hour,  pouring  the  liquid  from  the  crystals  of 
the  double  Na-Zn  sulphite  which  formed  (this 
is  a  basic  Zn-Na  sulphite,  according  to  Bernth- 
sen, A.  211,  297)  into  a  flask  about  three-fourths 
filled  with  cone,  alcohol,  allowing  to  stand  for 


SULPHO-BENZOIC  ACID. 


593 


some  time  in  the  closed  flask,  and  then  pouring 
off  into  flasks,  each  flask  being  quite  filled  with  the 
liquid  and  then  sealed ;  after  a  time  crystals  of 
the  hyposulphite  were  formed,  to  which  S.  gave 
the  composition  NaHSO.,.  Bernthsen  (I.e.)  after 
reducing  NaHSOjAq  by  Zn,  pouring  off  from  the 
double  sulphite  formed,  &c.,  removed  sulphite 
and  sulphate  by  adding  BaCLAq  ;  he  then  filtered 
and  titrated  the  solution  by  ammoniacal 
CuSOjAq,  which  is  decolourised  by  NaoS^O^Aq  to 
a  cuprous  salt  (and  eventually  toCu,H2  andCu„S). 
For  details  of  the  method  of  analysis  v.  Bernth- 
sen {B.  13,  2277  ;  A.  211,  292  note).  B.  failed 
to  obtain  Na.S.p^  free  from  Na^SOj,  Na^SOa, 
Na.S-.Os  and  Zn  salts. 

B.  expresses  the  first  part  of  the  reduction  of 
NaHSOg  by  the  equation  4NaHS0jAq  +  Zn  = 
Na,S,OjAq  +  ZnSOs  +  Na,SO,Aq  +  2H,0,  and  the 
complete  change  by  the  equation 
10NaHSO3Aq  +  3Zn  = 

3Na,S.,0^Aq  +  Na^SOjAq  +  Zn.Na.SjO.o  +  5H,0. 
Moist  sodium  hyposulijhite  is  rapidly  oxidised 
in  air  to  Na-.SOj ;  when  dry  it  is  unchanged  in 
O  ;  it  is  easily  sol.  water,  less  sol.  dilute  alcohol, 
and  insol.  cone,  alcohol ;  but  according  to  B. 
even  approximately  pure  NaoS.^O^  has  not  been 
isolated.  Na,S.^OjAq  is  oxidised  by  iodine  so- 
lution to  Na,_,SO.|Aq. 

By  heating  Na.^S^OjAq  -with  an  equivalent  ' 
quantity  of  H.^SO|Aq  or  H.,C.jO.,Aq,  an  aqueous 
solution  of  liyposulphurous  acid  H,jSoO,,Aq  is  | 
obtained  ;  this  solution  is  an  energetic  reducer, 
decolourising  indigo,  and  reducing  salts  of  Cu, 
Hg,  Ag,  &c. ;  the  solution  rapidly  decomposes  in 
air  with  separation  of  S.  M.  M.  P.  M. 

SULPHO-. —  Us6  of  this  prefix  applied  to  in- 
organic compounds  :  for  sulplio-  compounds  and 
sulpho-  salts  V.  the  compounds  or  salts  to  the  i 
names  of  which  sulpho-  is  prefixed ;  thus  sid- 
pho-molyhdates  are  described  under  jiolybdates  ; 
but  the  prefix  thio-  is  used  in  almost  every  case 
in  preference  to  sulpho-  to  denote  the  replace- 
ment of  0  by  S.  Sulphomjanides  and  similar 
compounds  are  described  under  Cyanides  ;  sul- 
phocyanic  anhydride  is  described  as  Cyanogen 

SULPHIDE. 

SULPHO-ACETIC  ACID  C.,H,SO-  i.e. 
SO,H.CH,.CO,H.  [75°]. 

Formation. — 1.  By  adding  SO3  to  cooled 
HOAc  (Melsens,  A.  Ch.  [3]  5,  392 ;  10,  370  ;  A. 
52,  276).— 2.  By  the  action  of  fuming  H.SOj  on 
aeetamide  or  acetonitrile  (Buckton  a.  Hofmann, 
C.  J.  9,  247). — 3.  By  boiling  chloro-acetio  acid 
with  aqueous  K.SO^  (Strecker,  Z.  [2]  4,  214 ; 
Collmann,  A.  148,  109).— 4.  By  heating  Ag,.SO,, 
with  AcCl  at  120°  (Kammerer  a.  Carius,  A.  131, 
165). — 5.  By  boiling  chloro-acetic  acid  with  am- 
monium sulphite  solution  (Hemilian,  A.  168, 
145).— 6.  By  heating  Ac.O  with  H.^SO^  at  130" 
(Franchimont,  C.  R.  92,  1054  ;  cf.  Baumstark, 

A.  140,  83).— 7.  By  heating  CISO3H  with  HOAc 
at  140°  (Baumstark).  —  8.  By  oxidation  of 
isethionio  acid  by  CrOj  (Carl,  B.  14,  63). 

Properties. — Dehquescent  crystals  (contain- 
ing l^aq)  giving  off  water  of  crystallisation  at 
about  160°  and  decomposed  at  230°  into  CO.,, 
SO,,  acetic  acid,  and  other  j)roducts  (Franchi- 
moiat,  R.  T.  C.  7,  25).  V.  sol.  water.  Its  salts 
are  sol.  water,  insol.  alcohol.  PCI.  acting  on 
the  Na  salt  forms  CHG1(S0,C1).C0C1  (E.  Siemens. 

B.  6,  659). 
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Salts.— KA'' aq  :  hard  crystals.— KHA" : 
six-sided  tables.— BaA"  aq.  S.  -267  at  20°.— 
BaA"Et,,SOj  (Laube,  A.  218,  258).— CaA" aq.— 
PbA"  :  radiating  needles. — Ag,,A"  aq  :  flat  prisms. 

Mono-ethyl  ether  EtHA".  Formed  by 
passing  HCl  into  the  Ag  salt  suspended  in 
alcohol.    Syrup,  V.  sol.  water. — AgEtA"  :  plates. 

Ethyl  ether  Bt.A".  Oil.  Formed,  together 
with  CsHnAg..S.,0,5  by  the  action  of  Ag.A"  on 
I  EtI  (F.).    May  be  distilled  (Mauzelius,  B.  21, 
1550). 

Sulpho-diacetic  acid  v.  Di-methyl  sdlphone 

DICARBOXYLIC  ACID. 

Di-sulpho-acetic  aldehyde  C,HjS,,0,  i.e. 
CH(S03H),.CH0.  By  adding  chloral  hydrate  to 
cone.  KHSO.,Aq  at  80°  there  are  formed  crystals 
of  C.,H..K,S.,6,KHS03,  and  these  when  boiled 
with  HClAq  yields  C,H,K,S,,0;  aq,  from  which 
C..H.,BaS,,0j  2aq  may  be  prepared  (Eathke,  A. 
161,"  154').  Boiling  KfiO^  yields  CH.,(S03K)2, 
potassium  formiate,  and  K0SO3. 

SULPHO-AMIDO-BENZOIC  ACID  v.  Amido- 

SULPHO-BENZOIC  ACID. 

DI-SULPHO  ANILINE  v.  Di-amido-di-phentl 

BISULPHIDE. 

(B.)  -  SULPHO -ANTHRACENE  -(4)- CAKB- 

OXYLIC    ACID  C,H,,<;^|^°--^^>G,H3(S03H). 

[above  360°].  Obtained  by  dissolving  anthra- 
cene-(u4.)-carboxylic  acid  in  cold  cone.  H,SO,,  and 
allowing  to  stand  for  12  hours  on  ice  (Behla,  B. 
20,  706).  Minute  yellowish  prisms  (from  al- 
cohol). V.  sol.  water  and  alcohol,  insol.  benzene 
and  ether.  The  aqueous  solutions  of  the  acid 
and  its  salts  have  a  strong  blue  fluorescence. — 
BaA"  :  very  soluble  yellowish  minute  prisms. 

Di-sulpho-antliracene-(^.)-carboxylic  acid 
C,,H.(S03H).,.C0,H.  [above  360°].  Formed  by 
dissolving  anthracene-(4.)-carboxylic  acid  in  cold 
fuming  H2SO4  (Behla).  Yellow  prisms  (from 
alcohol).  V.  sol.  water  and  alcohol,  insol.  benz- 
ene. Its  aqueous  solution  scarcely  fluoresces, 
but  the  cone.  H,S04  solution  has  a  strong 
yellowish-green  fluorescence. —A"'2Ba  :  very 
sparingly  soluble  crystalline  powder. 

STJLPHOBENZIDE  v.  Di-phenyl  sulphone. 
o-SULPHO-BENZOIC    ACID    C.H5SO,  i.e. 
C,H,(S03H).C0,,H.    S.  50  in  the  cold. 

Formation. — 1.  Together  with  its  imide,  by 
oxidation  of  toluene  o-sulphonic  amide  with 
KMnOi  (Kemsen  a.  Fahlberg,  Am.  1,  433).— 2. 
By  heating  the  imide  with  HClAq  at  100°  (Fahl- 
berg a.  Eemsen,  B.  12,  472  ;  Fahlberg  a.  Barge, 
B.  22,  754 ;  Brackett  a.  Hayes,  Am.  9,  399).  By 
this  means  the  acid  ammonium  salt  is  first  ob- 
tained (F. ;  Eemsen  a.  Dohme,  Am.  11,  332). — 3. 
By  boiling  o-diazo-benzoic  acid  with  alcoholic 
SO.,  (Wiesinger,  B.  12,  1349).— 4.  By  oxidation 
of  toluene  o-sulphonic  acid  by  KMnO^. 

Properties. — Trimetric  crystals  (containing 
3aq  or  4aq)  ;  «:6:c  = -551:1:  -812,  v.  -e.  sol.  water, 
sol.  alcohol,  insol.  ether.  According  to  Fahl- 
berg [B.  22,  754),  it  crystallises  with  3aq,  and  is 
decomposed  at  105°.  According  to  Eemsen  (Ayn. 
11,  332),  it  crystallises  with  4aq,  melts  at  69°  in 
its  water  of  crystallisation,  melts  at  130°  when 
anhydrous,  and  gives  a  sublimate  of  long  needles 
(containing  2aq).  Eesorcin  (1-2  pts.)  at  195° 
forms  '  sulphofluorescein  '  CigH,.,S0^2aq,  which 
fluoresces  in  aqueous  and  aUialine  solutions 
(Kemsen  a.  Hayes,  Am.  9,  372).   By  condensa- 
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tion  of  resorcin  (4  mols.)  with  o-sulpho-benzoic 
acid  there  is  likewise  formed  a  similar  body 
C3,H2„S08  4aq  (Fahlberg  a.  Barge,  B.  22,  765). 
Potash-fusion  gives  salicylic  acid. 

Salts. — KHA"  :  transparent  plates,  sol. 
water.— KjA"  2aq.—Ba(HA").,  2Aaq  :  needles,  sol. 
water.  —  Ba(HA"),2aq.  —  BaH.^"„4iaq.  — 
BaA"  2aq.  —  Ca(HA"),  6aq.  —  CaA""  5aq.  — 
CuA"3|aq.  —  Ag,A".  —  C,H,(S03NH,).C02H. 
Formed  by  heating  the  imide  with  HClAq  at 
100°. 

Anhydride  C,H^<;gQ^O.    [119°]  {¥.). 

[128°J  (Eemsen  a.  Dohme.^w.  11,  332).  Formed 
by  heating  the  K  salt  with  PCI5  at  180°  or  the 
acid  with  P.fi^  at  130°.  Monoclinic  tables, 
insol.  cold  water.  NH3  passed  into  its  solution 
in  benzene  forms  C,H^(CONH„)SO,ONH^  [256°], 
which  crystalhses  from  alcohol  in  needles. 

Chloride  C,H,(S0,C1).C0C1.  [73°].  Prisms 
(from  ether).  When  reduced  by  zinc-dust  and 
HjSO^  it  yields  C,Hj(SH).CO,,H  (Delisle,  B.  22, 
2205). 

Amic  acid  C6H,(CO.NH2)S03H.  Crystals 
(containing  aq),  v.  sol.  alcohol  and  water.  Got 
by  the  action  of  H,S  on  CBHJC0NK,).S03Ag  aq, 
which  is  obtained  by  adding  silver  nitrate  to 
CeH,(C0NH2).S03NH,  prepared  as  above  (Fahl- 
berg  a.  Barge,  B.  22,  760). 

Amic  acid  C^SL,{SOJ>iB.^).CO^.  Sulph- 
amine-henzoic  acid.  Formed  by  boiling  toluene 
o-sulphonic  amide  with  KjFeCyg  and  aqueous 
potash  (Noyes,  Am.  8,  178  ;  cf.  Fahlberg,  Am.  1, 
170).  Slender  needles  or  prisms,  v.  sol.  water, 
alcohol,  and  ether.  Melts  at  155°  when  slowly 
heated,  and  at  167°  when  quickly  heated.  At 
180°  it  is  completely  converted  into  imide. 
Gives  rise  to  the  salts  MgA'26-^aq,  BaA'2  4.§aq, 
BaA'2  9aq,  AgA',  and  AgjCiH^NSOj.  By  passing 
HCl  into  an  alcoholic  solution  of  the  imide,  the 
ether  C,H,(S02NH2).C02Et  [83°]  is  formed.  The 
methyl  and  propyl  ethers  have  also  been  ob- 
tained and  may  be  converted  by  aniline  into 
06H,(S0.,NH„).C0NHPh  [189°],  by  o-toluidine 
into  CsH:j(S6.NH2).CONHC;H,  [193°],  and  by 
means  of  p-toluidine  into  the  isomeric  ^-toluide 
C„H,(S0,NH2).C0NHC,H,  [202°]. 

Imide  C,B.^<^^^B..  Saccharin.  [220°] 

(Eemsen  a.  Fahlberg,  Am.  1,  432).  Formed  by 
oxidising  CHj.C^H^.SOjNH^  with  KMnO,  in 
neutral  solution  (Kemsen  a.  Fahlberg,  B.  12, 
469  ;  Eemsen  a.  Palmer,  Am.  8,  223  ;  Fahlberg  a. 
List,  B.  20,  1597  ;  21,  242  ;  Eemsen  a.  Linn, 
Am.  11,  73).  Elongated  triangular  plates  (by 
sublimation),  si.  sol.  cold  water,  v.  sol.  alcohol 
and  ether.  Has  a  very  sweet  taste  (500  times 
that  of  cane  sugar).  The  solubility  of  com- 
mercial saccharin  is  given  by  Gravill  [Ph. 
[3]  18,  337)  as  S.  (water)  -2  at  15°  ;  -6  at  100° ; 
S.  (alcohol)  5-4  at  15°  ;  S.  (ether)  1-3  at  15°. 
According  to  Stift  (B.  C.  18,  458)  and  Aducco 
and  Mosso  (C.  C.  1887,  1148)  it  retards  digestion, 
and  is  antiseptic.  The  imide  is  converted  into 
CsH,(S0,NH,).C02H  on  evaporation  with 
KOHAq.  Cone,  hydrochloric  acid  at  150°  forms 
C6H,(S03NHJ.CO^.  The  imide  gives  rise  to 
salts  of  the  form  C„Hj<^^Q2\.N^g_  which 

the  following  have  been  described. — KA'  aq  : 
prisms,    v.   sol.   water. — NaA'2aq  :   tables. — 


BaA'2  liaq.— BaA',  4aq  (Noyes,  Am.  8,  180).— 
AgA'  :  needles  (from  hot  water).  To  detect 
'  saccharin,'  a  suspected  liquid  may  be  acidified, 
extracted  with  ether,  the  ether  evaporated,  the 
residue  fused  with  NaOH,  and  the  product  tested 
for  salicylic  acid  and  for  sulphate  (G.  Schmitt, 
Fr.  27,  396  ;  Allen,  An.  13,  105  ;  Bornstein,  Fr. 
27, 165).  '  Saccharin  '  evaporated  to  dryness  on 
a  water-bath  leaves  a  residue  which,  when 
warmed  with  alcoholic  potash,  exhibits  yellow, 
blue,  and  red  colours  (Lindo,  C.  N.  58,  51,  155). 

Methyliviide  C^H.-c^^Q^N^NMe.  [132°]. 

Formed  by  heating  C„H^<^^Q^>NAg  with  Mel 

at  100°  (Brackett,  Am.  9,  406).  Long  flat 
needles,  sol.  ether,  alcohol,  and  hot  water. 

Ethylimide      C,B.,<^^Q^y'!^iEt.  [97°]. 

Needles  (from  water).  Converted  by  boiling  al- 
cohohc  potash  into  C,H,(SO.,NHEt).CO„H  [116°], 
which  yields  C6H,(S02NKEt).C02K  crystaUising 
in  nacreous  scales,  Na.,Ct|H,,NSOj,  CuA'j  2aq,  and 
AgA'  (Fahlberg  a.  List,  B.  ''20,  1596). 

Propylimide  C,H,<^^Q-^NPr.  [60°-70°]. 

m-Sulpho-benzoic  acid 

[l:3]C,H,(SO;,H).C02H. 

Formation. — 1.  By  mixing  benzoic  acid  (2 
pts.)  with  SO3  (1  pt.)  (Mitscherlich,  P.  31,  287  ; 
32,  227;  Barth,  A.  148,  33).— 2.  By  heating 
BzCl  with  Ag2S04  at  150°  (Kammerer  a.  Carius, 
A.  131,  153  ;  B.  4,  219).— 3.  By  heating  BzCI 
with  H2SO4  (Oppenheim,  B.  3,  735).— 4.  By  the 
action  of  an  alcoholic  solution  of  SO2  on  7n-diazo- 
benzoic  acid  (Wiesinger  a.  Vollbrecht,  B.  10, 
1715). — 5.  By  oxidation  of  m-sulpho-benzoio 
aldehyde  with  air  at  95°  (Kafka,  B.  24,  796). 

Properties. — Deliquescent  crystalline  mass. 
Yields  ?>i-oxy-benzoic  acid  when  fused  with 
potash. 

Salts. — NaHA"2aq:  triclinic  crystals. — ■ 
Na.,A"Me.,S04  (Stengel,  A.  218,  260).  Crystals.— 
NajL"Et„SO,:  v.  sol.  water.— KHA"  2iaq.— 
KHA"5aq  (Otto,  A.  122,  155).— BaA"  Saq  :  v. 
sol.  water  (Fehling,  A.  27,  322).— BaH^"2  3aq. 
White  monoclinic  prisms.  S.  5  at  20°  (M.). — 
BaA"Me„SO,.-BaA"Me.,S04  3iaq.  S.  34  at  21°. 
— BaA"Et2S04  3iaq.  S.  31  at  21°.  Formed  from 
the  acid,  NaHSOj,  and  alcohol  (Stengel).  Long 
needles.— BaA"Pr2S04  7aq.  S.  11  at  19°.— 
PbA"  2aq :  stellate  groups  of  white  needles. — 
PbA"Et,S04  2iaq.— CuA"Me2S04  2Jaq.  Crystals. 
— CuA"Et,,S04  2iaq.— AgHA"  :  nodules  (Lim- 
pricht  a.  Uslar,  "J..  106,  50).— Ag2A"aq :  small 
yellowish  prisms. 

Mono-ethyl  ether  EtHA".  Formed  by 
the  action  of  alcoholic  NH,  on  Et.,A"  or  on  the 
chloride  (Limpricht  a.  XJslar,  A.  102,  252).  The 
free  acid  is  unstable. — EtNH^A"  :  four-sided 
triclinic  tables  (Keferstein,  A.  106,  385). — 
NaEtA"a;aq.  —  Ba(EtA'')2a:aq:  efflorescent 
tables. 

Ethyl  ether  Et^A".  Formed  from  the 
chloride  and  alcohol.  Syrup,  miscible  with 
water.    Saponified  by  heating  with  water. 

Semi-chloride  C,H5S04C1.  Formed  by 
heating  the  acid  (1  mol.)  with  PCI5  (1  mol.) 
(L.  a.  S.).  Formed  also  by  leaving  the  chloride 
C,H4(S02C1)(C0C1)  in  contact  with  water  for 
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sevei'al  weeks.  Crystalline  powder,  sol.  ether. 
Converted  by  hot  water  into  the  aoid. 

Chloride  C,H,(S0,C1).C0C1.  Formed  by 
heating  the  acid  (1  mol.)  with  PCI5  (2  mols.)  at 
100°.  Thick  oil,  slowly  decomposed  by  water. 
Yields  C,;H,C1.C0C1  on  distillation  and  on  heat- 
ing with  PCI5  at  160°  (Kammerer  a.  Carius,  A. 
131,  159). 

Benzoyl  derivative  C„H|„S05.  The  first 
product  of  the  action  of  BzCl  (2  mols.)  on 
Ag.S04  (1  mol.)  (K.  a.  C).  Amorphous,  sol. 
ether.  Eesolved  by  water  into  benzoic  and  sul- 
phobenzoic  acids. 

Amic  acid  Cs'S.,(^O^^B..).COJi.  m-Snl- 
rihamine-benzoic  acid.  [235°  uncor.]  (E.  a.  P.)  ; 
[247°]  (N.  a.  W.).  Formed  by  the  action  of 
cone.  KOHAq  at  100°  on  the  amide  (Limprieht 
a.  Uslar,  A.  106,  27).  Prepared  by  oxidation  of 
[1:3]  C,H,Me.S0.,NH2  with  alkaline  KMnO,, 
with  chromic  acid  mixture  (Eemsen  a.  Palmer, 
Am.  i,  143),  or  with  alkaline  K^FeCyg  (Noyes  a. 
Walker,  Am.  8,  188).  Scales  (from  water),  si. 
sol.  cold  water,  v.  sol.  alcohol.  Converted  by 
PCI5  at  150°-200°  into  the  oily  chloride 
'C„H,(S0„NH2)C0C1.  — BaA'.,  4aq.— AgA'  aq.— 
Ag„C,H5NS04 :  amorphous  pp.,  sol.  hot  water. — 
EtA'.    Monoclinic  crystals,  si.  sol.  hot  water. 

Amide  C,H,(S6,.NH.,)(CONH2).  [170°]. 
Formed  from  the  chloride  and  cone.  NH^Aq. 
Small  anhydrous  crystals  (from  alcohol)  or 
needles  (containing  aq).  V.  sol.  hot  water  and  al- 
cohol. PCl^at  100°  forms  C,H4(S0,NH.)CC1:NH, 
which  is  decomposed  by  distillation  into  vi- 
chloro-benzonitrile,  SO.,,  and  NH., ;  and  by  treat- 
ment with  NHjAq  into  CbH,(SO..NH.,).CN  [152°] 
.(Wallach  a.  Huth,  B.  9,  428). 

Anilide  C,H,(SO„NHPh).CONHPh. 
Formed  from  the  chloride  and  aniline.  Small 
crystals  (from  alcohol). 

Isomeride  of  the  amic  acid 
C„H5C(NH,):N.S03H.  Benzamidine  v-sulphonic 
acid.  [247°].  Mol.  w.  200  (obs.).  Formed  by 
passing  SO3  into  cold  benzonitrile  (Engelhardt. 
J.pr.  75,  363  ;  Eitner,  B.  25,  471).  Prisms  and 
rhombohedra.  Converted  by  HClAq  into  benz- 
amidine sulphate. — CaA'„. — BaA',  4aq. 

Amorphous  isomeride  of  the  amic 
acid.  A  product  of  the  action  of  PCI5  on  the 
amic  acid  (L.  a.  U.).  Insol.  water,  alcohol,  and 
ether.  Forms  amorphous  salts.  Water  at  180° 
reconverts  it  into  the  ordinary  amic  acid. — 
EaA'„  4aq  :  brittle  mass. 

p-Sulpho-benzoic  acid 
[1:4]  CeH,(S03H).C0,,H.  [c.  200°].  Formed,  in 
small  quantity,  together  with  the  m-  isomeride, 
by  the  action  of  SO3  on  benzoic  acid  (Eemsen,  A. 
178,  275  ;  Z.  [2]  7,  81,  199).  Formed  also  by 
oxidation  of  toluenep-sulphonic  acid  with  KMnOj 
(Hart,  Am.  1,  342),  and  by  the  action  of  an 
alcoholic  solution  of  SO^  on  diazotised  j;-amido- 
benzoic  acid  (Wiesinger,  B.  10,  1715).  Needles, 
not  deUquescent,  decomposed  by  heat.  Potash- 
fusion  converts  it  into  p-oxy-benzoic  aoid.  The 
K  salt  heated  with  potassium  formate  yields 
terephthalic  acid. 

Salts.— NaHA"2|aq.  Stellate  groups  of 
prisms,  m.  sol.  cold  water.— BaA"  2aq  :  groups 
of  needles,  m.  sol.  cold  water.— BaH^A''^  3aq  : 
fiat  needles,  v.  si.  sol.  cold  water. 

Amic  acid  C„H,(SO„NH„).CO„H.  [c.  280°]. 
Formed  by  oxidation  of  C^H.Me.SOoNH^  and  of 


jo-sulpho-cinnamic  amide  (Eemsen,  A.  178,  299; 
Fahlbeig,  Am.  1,  170;  Palmer,  Am.  4,  164; 
Noyes,  Am.  7,  145  ;  8,  182).  Flat  prisms  (from 
water),  si.  sol.  hot  water,  v.  sol.  alcohol.  De- 
composed on  fusion. — NH,A' :  needles  or  long 
lamince,  v.  sol.  water.— BaA',.  5aq. — AgA':  v.  si. 
sol.  hot  water.— C,H^(SO..NHAg).CO.Ag  :  v.  sol. 
hot  water.— EtA'.  [111°]. 

Di-sulpho-benzoic  acid  CjHgS.Og  i.e. 
C,K,(S03H).C0,H      [4:2:1].       [above  285°]. 
Formed  by  oxidation  of  toluene  disulphonic  acid 
with    chromic  acid  mixture   (Blomstrand  a. 
Hakansson,  B.  5, 1088  ;  Brunner,  Sitz.  W.  [2]  78, 

665)  and  by  digesting  C,H3(S0,NH„)<^^->NH 

with  HClAq  at  160°  (Fahlberg,  Ayn.  2,  190). 
Large  crystals  (from  HClAq),  sol.  cold  water, 
insol.  alcohol  and  ether.  Yields  (4,2,l)-di-osy- 
benzoic  acid  on  fusion  with  potash. 

Salts. — K3A"'2aq:  prisms,  v.  e.  sol.  \vater. 
— KoHA"'aq :  large  crystals,  si.  sol.  water. — 
Ba3A"'„7aq.— Cu3A"'2  7aq  :  minute  crystals. 

Amic  acid  C,H3(S03H)(SO.,NH,).CO,H 
[2:4:1].  [165°].  Formed  by  boiling  the  imide 
of  the  amic  acid  with  dilute  HClAq  for  five 
hours.  Large  crystals,  v.  e.  sol.  water,  si.  sol. 
HClAq,  insol.  ether.— HKA" :  crystals  (from 
dilute  HClAq),  v.  e.  sol.  water. 

Di-amic  acid  C6H3(SO„NH,)„CO„H.  [183°]. 
Formed  by  heating  CjH.MefSOjNH,,),  with 
aqueous  potassium  permanganate  and  by  evapo- 
rating C,H3(S0,NH,)<;;^^->NH  with  KOHAq 

(Fahlberg,  Am.  2, 186  ;  £.21,  246).  Minute  satiny 
needles,  v.  e.  sol.  water  and  alcoliol,  si.  sol.  ether. 
Tastes  acid.  Decomposes  completely  at  250°- 
260°.  Its  salts  are  crystalHne.  Those  of  alkalis 
and  alkaline  earths  are  v.  sol.  water. — BaA'„5aq: 
monoclinic  prisms. — CuA',  2aq  :  pale-blue  silky 
needles.— AgA' :  white  needles.— EtA'.  [200°]. 
Silky  needles  (from  water). 

Imide  of  the  amic  acid 

C,H3(SOoNH,)<^^2>NH.      [285°].  Formed 

by  warming  CjH3(S0,NH.,)X0..Et  with  KOHAq 
(Fahlberg  a.  List,  B.  20, 1603  ;  21,  242).  Tables, 
si.  sol.  cold  water,  v.  e.  sol.  alcohol  and  ether. — 
K.,C,H,N„S.,05 :  deliquescent  crystalline  mass. — 
(C„H3(S0"„NH„):SC0,:N)„Ba3Aaq:  crystals.  — 
Cu(C,H5N,S,d5)„4aq :  minute  blue  needles. — 
AgC,H5N2S.,65.  ' 

s-Di-surpho-benzoic  acid  C6H3(S03H)„.C02H. 
Formed  by  heating  benzoic  acid  with  H„SO„ 
SO3,  and  P.O^  (Earth  a.  Senhofer,  A.  159,  217). 
Hygroscopic  prisms  (containing  jcaq).  Turns 
brown  at  140°.  Yields  s-di-oxy-benzoic  acid  on 
fusion  with  potash.  The  K  salt  forms  iso- 
phthalic  acid  when  fused  with  potassium 
formate. — K3A'"  l|-aq  :  needles.  —  BaHA"  2aq  : 
minute  needles. — 13a,A"'o  7aq  :  white  prisms. — 
CUjA'''^  S^aq. — AgjA'"  2aq  :  crystalline  pp. 

References. — Bbomo-,  Nitro-,  Ost-aiildo,  and 
OxY-,  Sdlphobenzoic  acids. 

)H-SULPHO-BENZOIC  ALDEHYDE 
GeH4(S03H).CHO.  Sulphonic  acid  of  benzoic 
aldehyde.  Formed  from  benzoic  aldehyde  and 
fuming  H.,S04  below  50°  (Wallach  a.  Wusten, 
B.  16,  150";  cf.  Engelhardt,  /.  1864,  350).  The 
Na  salt  reacts  with  (a)-naphthylamine  forming 
0,H,(S03Na).CH:N0,„H-,  and  forms  with  sodium 
naphthionate     C5H4(S03Na).CH:NC,(,H,..  SOjNa. 

QQ  2 
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SULPHO-BENZOIG  ALDEHYDE. 


Yields  9n-sulplio-benzoic  acid  on  oxidation. — 
MgA'2  (dried  at  170°).— BaA',  (dried  at  170°). 
Nodules. 

Oxim.  The  salt  C,H,(SO,Na).CH:NOH 
crystallises  in  plates,  v.  e.  sol.  water,  m.  sol. 
alcohol  (Kafka,  B.  24,  791). 

Phenyl-hydrazide. 
The  salt  C,H,(S03Na).CH:N.NHPh  crystallises 
in  needles,  si.  sol.  cold  water,  v.  sol.  alcohol. 

Di-phenyl-hydrazide. 
The  salt  CeHj(S03Na).CH:N.NPh3  crystaUises 
from  water  in  plates. 

SULPHOBENZOLIC  ACID  v.  Benzene  sdl- 

PHONIC  ACID. 

SULPHO  -  BENZYL  -  SUIPHAMIC  ACID 

C„H5.CH(S03H).NHS03H.  The  salt  NaA"3ac[ 
is  formed  from  C^Hj.CHiNOH  and  aqueous 
Na^SOa  (Pechmann,  B.  20, 2541).  It  crystallises 
in  needles  and  is  decomposed  by  NaOHAq  into 
benzoic  aldehyde,  Na.SOj,  and  H(NHJS03. 

(a)-SULPHO-BUTyRIC  ACID  C^HsSOj  i.e. 
CH3.CHo.CH(S03H).CO„H.  Formed  from  butyric 
acid  and  CISO3H  ;  and  also  by  the  action  of 
(NH4)2S03  on  a-bromo-butyric  acid  (Hemilian, 
B.  6,  196,  562  ;  A.  176, 1 ;  Franchimont,  R.  T.  C. 
7,  27).  Formed  also  from  crotonic  acid  and 
KHSO3  at  130°  (Beilsteiu  a.  Wiegand,  B.  18, 
483).  Syrup.  The  Ba  salt  is  converted  by 
PCI,,  into  CH3.CH,.CHC1.C0C1.  —  CaA"  2aq  : 
needles  (from  ether-alcohol),  insol.  alcohol. — 
BaA"2aq.  S.  7-1  at  16°.— PbA"2aq.— CuA"4aq. 
— ZnA"  5aq. — Ag.,A"  :  prisms,  insol.  alcohol. 

ct-Sulpho-isobutyric  acid  CiH^SO^  i.e. 
CMe„(S03H).C0,fl.  Formed  by  the  action  of 
C1.S6„.0H  on  isobutyric  acid  and  also  by  oxida- 
tion of  CjHsNoSO,  which  is  prepared  by  heating 
thio-urea  with  a-bromo-isobutyric  acid  (An- 
dreasch,  M.  8,  412).— Na^H"  ^aq.— BaA"  4aq. 

Ammonium  sulphite  appears  to  convert 
a-bromo-isobutyrio  acid  into  an  isomeride  which 
yields  BaCjELgSOj  2aq,  crystallising  in  needles,  v. 
sol.  water. 

;3-Sulplio-butyric  acid 
CH3.CH(S03H).CH,,.CO,H.  Formed  from 
)3-ohloro-butyric  ether  and  (NHJ^SOj  (H.).  Got 
also  by  oxidising  barium  oxy-butane  disul- 
phonate  with  chlorine- water  (Haubner,  M.  12, 
647).  Amorphous.— BaA"  aq  (H.).— BaC^H^SOs. 
White  amorphous  mass,  v.  sol.  water,  almost 
insol.  alcohol.  Yields  acetic  acid  by  potash- 
fusion. 

Sulphodibutyric  acid  v.  Di-pbopyl  sulphone 

DICABBOXTLIG  ACID. 

SULPHOBUTymC  ALDEHYDE  C^HjSOj 
i.e.  CH3.CH(S03H).CH,.CHO.  Got  by  satu- 
rating a  solution  of  crotonic  aldehyde  with  SO^ 
and  distilling  in  vacuo,  afterwards  distilling  with 
steam.  On  neutralisation  of  the  residue  with 
baryta  the  salt  BaA'2  is  got  (Haubner,  M.  12, 
646).  The  barium  salt  is  converted  by  hy- 
droxylamine  into  (CH(NOH).CH2.CHMe.S03)2Ba, 
which  is  reduced  by  sodium  -  amalgam  to 
(CH,(NH,).CH.,.CHMe.S03),Ba,  which  on  distilla- 
tion with  lime  yields  butylamine  and  a  little 
CH3.CH:CH.CH2NH„.  Sodium-amalgam  reduces 
the  sulpho-butyric  aldehyde  to  oxy-butane  sul- 
phonic  acid  CH3.CH(S03H).CH2.CH20H,  whence 
NaA',  which  when  distilled  with  lime  gives  a 
mixture  of  butyl  and  crotyl  alcohols. 

SULPHOCAMPHOKIC  ACID  v.  Camphoeic 

ACID. 


SULPHOCAMPHYLIC  ACID  v.  Camphoric 

ACID. 

SULPHO-CHLORO  BENZOIC      ACID  v. 

CiLLOKO-SULPHO-BENZOIC  ACID. 

0-SULPHO-CINNAMIC  ACID  C^HsSO-  i.e. 
C,H,(S03H).CH:CH.C0„H.  Formed,  together 
with  the  p-  isomeride,  by  the  action  of  SO3  or 
fuming  HjSOj  on  cinnamio  acid  (Marchand, 
J.pr.  16,  60  ;  Herzog,  J.  pr.  29,  51 ;  Eudneff,  A. 
173,  8).  Prisms  (containing  3aq),  v.  e.  sol.  water 
and  alcohol.  Yields  7)j-oxy-benzoic  acid  on 
fusion  with  potash. — K,A" :  amorphous,  v.  sol. 
water. — KHA"  :  groups  of  needles. — CaA"  l.^aq. 
— BaH„A"2.  S.  -45  at  20°.— BaA"  l^aq.  S."4-2 
at  16°.— Ag„A". 

?«-Sulplio-cinnamic  acid 
[1:3]  C,H.,(S03H).CH:CH.C0,H.    Formed  from 
m-sulpho-benzoic  aldehyde,  NaOAc,  and  AcO 
(Kafka,  B.  24,  791).— BaA":  nodules,  v.  sol. 
water,  si.  sol.  alcohol. 

p-Sulpho-cinnamic  acid 
[1:4]  C,Hj(S03H).CH:CH.C02H.  Formed  as- 
above.  Monoclinic  prisms  (containing  5aq). 
Yields  ^-oxy-benzoic  acid  by  potash-fusion. — 
K,A"  ^aq.  Nodules  (from  alcohol).  Eeduces 
KMnOi  in  the  cold  (Liebermann,  B.  22,  782).— 
CaA"  Aaq.— BaA"  3aq.  S.  (of  BaA")  -12  at  20°. 
— BaA"  aq.  S.  -4  at  18°. — CuA"  6aq  :  greeuisii- 
prisms,  v.  sol.  water. 

A  mide  C,H,(S0,NH2).CH:CH.C0NH,. 
[218°].    Needles,  v.  sol.  hot  water  (Palmer,  Am^ 

4,  163). 

Aviic   acid  C,H,(SO,NH„).CH:CH.CO,H. 

5.  "058  at  21°.  Formed  by  heating  the  amide 
with  NaOHAq.  Needles  (from  water),  sol.  alco- 
hol, si.  sol.  ether.  Decomposes  at  250°.  Yields 
CaA'2  aq  and  BaA',  2aq,  both  crystallising  in 

1166(3.l6S. 

SULPHO-CUMINIC  ACID  C,<,H,2S05  i.e. 
C,H3¥r(S03H).CO.H  [4:3:1].  [160°].  Formed 
by  sulphonating  cuminio  acid  (Widman,  B.  22, 
2276).  Crystalline.— BaA"  aq  :  si.  sol.  water. — 
BaH„A"o  4^aq.    Prisms,  m.  sol.  water. 

Chloride  C«H3Pr(S02Cl).COCl.  [56°]. 

Amide  C6H3Pr(SO„NH,).CONH2.  [225°]. 
Tables,  sol.  hot  water. 

Aviic  acid  C,H3Pr(SO,NH2).C02H.  [246° 
eor.].  Formed  by  heating  the  amide  with 
KOHAq  at  100°.  Formed  also  by  oxidising 
((8)-cymene  sulphonic  amide  [148°]  with  chromic 
acid  mixture,  an  isomeric  change  taking  place 
(Eemsen  a.  Day,  Am.  6,  158).  Needles,  sol.  hot 
water.    Yields  BaA'.,  3aq,  v.  e.  sol.  water. 

Sulpho-M-cuminic  acid 
C6H3Pr(S03H).CO,H  [4:3:1].  Formed  by  sulpho- 
nation  of  «-cuminic  acid  (W.).    V.  sol.  alcohol, 
ether,  and  water. — BaA"  aq :  needles,  si.  sol.  Aq. 

Chloride  0,H3Pr(S0.,Cl).C0Cl.  [43°]. 

Amide  C,H3Pr(S0,NH.).C0NH2.  [203°]. 
Tables  (from  water). 

Amic  acid  C,H3Pr(S0„NH„).C02H.  [216° 
cor.].  Formed  from  the  amide  (W.),  and  also 
by  oxidation  of  ^-di-Ji-propyl-benzene  sulphonio 
amide  [103°]  (Eemsen,  Am.  5,  158).  Long 
needles  (from  water). — CaA'^  6aq. — CuHA'3  2aq. 
— AgA' :  flocculent  pp. 

Sulpho-cuminic  acid.    Amic  acid 
C,HMe3(SO,JTH„).CO„H[5:3:2:a;:l].    Formed  by 
oxidation  of  isodurene  suliDhonic  amide  by  alka- 
hne  KMnO^  (Jacobsen,  B.  15, 1855).    The  K  salt, 
is  amorphous. 


SULPIIO-ETHYL-BENZOIC  ACID. 
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Sulpho-cuminic  acid.    Amic  acid 
C,HMe,(BO,NH„).CO,H  [G:4:2:.c:l].    Formed  by 
oxidation  of  the  conesponding  isoduvene  sul- 
phonic  amide  (J.).    Tlie  K  salt  is  crystalline. 

Reference. — Oxy-sulpho-cdiiinic  acid. 

SULPHO-CYANIC  ACID  v.  vol.  ii.  p.  303. 

SULPHOCYANO-ACETIC  ACID  C^H^NSO,  i.e. 
Cy.S.CH.,.CO.jH.  Formed  from  potassium  sul- 
pliocyanide  and  sodium  chlor(5-acetate  (Claesson, 

B.  10,  1347).  Thick  oil,  changing  to  a  solid 
jjolymeride  when  heated. — NaA'  aq  :  prisms. 
Converted  by  AgNOj  into  HS.CH2.C0.,Na.  CuSO, 
forms,  after  a  time,  a  black  pp.  of  cuprous  thio- 
glycoUate.  —  KA'  aq.  —  BaA',  4aq :  tables.  — 
13aA'.,aq  :  prisms. — CaA'j  2aq. — MnA'„  2aq. 

Eth7jl  ether  EtA'.  (225°).  S'.G.  1-174. 
Formed  by  boiling  chloro-acetic  ether  with  potas- 
sium sulpliocyanide  (Heiutz,  A.  136,  223). 
liiquid.  Yields  thioglyeollio  acid  and  thiogly- 
collic  ether  on  distillation  with  phosijhorio  acid. 
Polymerised  by  repeated  distillation,  many  other 
products  being  formed  at  the  same  time.  Boil- 
mg  dilute  HClAq  forms  NH,.CO.S.CH,.CO,H 
£143°],  which  is  v.  sol.  alcohol  and  ether,  yields 
MeA'  [75°-80°]  and  CaA'.,2aq,  and  is  resolved 
by  heat  into  cyanic  and  thioglyeollio  acids 
.(Nencki,  J.  pr.  [2]  16,  11).  EtI  at  120°  forms 
«thyl  sulpliocyanide  and  iodo-acetic  acid. 

Isoamyl  ether  C,H|,A'.  (255°). 

Amide  CH..(S.CN).CONH„.  Needles. 

Pohjmeride  (C.,H,SN0.,)3.  [200°].  Formed 
from  potassium  sulphocyanurate  and  potassium 
■ohloro-acetate  (Claesson,  J.  i^r.  [2]  33,  121 ;  B. 
14,  732).  Needles,  sol.  alcohol  and  ether.  De- 
composed by  HClAq  at  100°  into  thioglyeollio 
iicid  and  cyanuric  acid. — Ba.,A"',_,  Oaq  :  small 
prisms,  nearly  insol.  water. — BaHA'"  2aq  :  large 
prisms.— EtjA'".  [81°].  Formed  by  distilling 
sulphocyano-acetic  ether.  Needles,  nearly  insol. 
hot  water. 

Persulpliocyaiio-diacetic  acid 
•CjN„S(S.CH,.CO,H)„.  [177°].  Formed  from 
sodium  chloro-aeetate,  iso-ijersulphocyanic  acid, 
and  KOHAq  (Klason,  J.pr.  [2]  38,  381).  Plates. 
— BaA"  3aq.— CaA"3iaq.-  ZnA"  aq.  — CdA".— 
■CuA"  6aq.— Et.A".  Oil. 

Amide.    [125°].  Prisms. 

SULPHOCYANO-ACETIC  ALDEHYDE 
.CH,(SCy).COH.    [below  -20°].    S.G.  ^  1-47. 
Formed  by  heating  iodo-acetic  aldehyde  with 
AgSCy  and  ether  (Chautard,  A.  Ch.  [0]  16,  193  ; 

C.  R.  106,  1169).  Oil,  miscible  with  alcohol 
and  ether.  Decomposed  by  distillation,  by 
treatment  with  01,  and  by  HClAq.  HNO,j  forms 
acetic  acid,  sulphocyano-acetic  acid,  and  thio- 
carbimido-acetic  acid  [128°].  Eesinified  by 
alkalis. 

SULPHOCYANO-ACETONE  C.H.NSO  i.e. 
CH,.CO.CH,SCy.    S.G.  2  i-2 ;  S2  S.  7  at 

15°.  Formed  from  chloro-acetone  and  barium 
sulphocyanide  (Tschnerniac,  C.  R.  90,  587  ;  B. 
10,  349;  25,  2607,  2623).  Liquid,  v.  e.  sol. 
ether,  v.  si.  sol.  hgroin.  Decomposed  by  heat. 
Dissolves  in  aqueous  KHSO.,.  Boiling  dilute 
HClAq  converts  it  into  oxy-methyl-thiazole. 
Ammonium  sulphocyanide  forms  '  propimine 
sulphocyanide  '  CH;,.C(NH).CH.,SCy  [42°]  (231°), 
which  yields  B'.,RPtCl.,  B'HNO^  [183°], 
B'H,SO,,  2aq,  B'HSCy  [115°],  B'iAIel  [160°],  and 
'CH3.C(NAc).GH„SCy  [134°]. 


Oxim  CH,.C(NOH).CH,.SCy.  [135°].  Yel- 
lowish prisms  (Arapides,  .4.  249,  18).  Produces 
great  irritation  on  the  skin. 

SULPHOCYANO-ACSTOPHENONE  v.  Phen- 

ACYL  SnLPnOCYANIDE. 

SULPHOCYANO-BARBITURIC  ACID 

C.HjNaSO;,  i.e.  CO<^|[-^Q>CH.SCy.  Formed 

'  from  di-bromo-barbituric  acid  and  alcoholic 
'  KSCy  in  the  cold  (Trzcinski,  B.  16,  1058).  The 
free  acid  sjilits  up  into  thiodialuric  acid  and 
other  products.  Hot  KOHAq  also  forms  thio- 
dialuricacid. — NH^A'. — KA' ;  tables  (from  water). 
— AgA'  :  crystalline  pp. 

7-SULPHOCYAKO-BUTYilICACID.  Nitrile. 
CH,(SCy).CH,.CH,.CN.  (c.  195°  at  40  mm.). 
Formed  by  boiling  potassium  sulphocyanide 
(1  pt.)  with  7-chloro-butyronitrile  (1  pt.)  and 
alcohol  (Gabriel,  B.  23,  2490).  Liquid.  Par- 
tially decomposed  by  distillation  under  atmo- 
spheric pressure.  Converted  by  cone.  H.jSOj 
into  S,(CH.,.CH.,.CH...CO.NH.,).,. 

a  -  SaLPHOCYANO  -  ISOBUTYRIC  ALDE  - 
HYDE  CMe,,(SCy).CHO.  S.G.  ia  1-03.  Formed 
from  a-iodo-isobutyric  aldehyde  and  AgSCy 
(Chautard,  A.  Ch.  [6]  16,  198).  Liquid  with 
nauseous  odour,  decomposed  by  heat,  by  acids, 
and  by  alkalis. 

SULPHOCYANO  -  ETHANE  SULPHONIC 
ACID  C^H.NSA  i.e.  CH,(SCy).CH,.S03H. 
Formed  from  CH.,(SCy).CH,'Cl  and  aqueous 
NaoSOj  in  sunlight  (James,  J.'pr.  [2]  26,  381). 

SULPHOCYANO-FORMIC  ETHER 
CyS.CO,Et.  The  compound  (CyS.CO,Et)EtOH 
is  got  by  mixing  chloro-formic  ether  with  ammo- 
nium sulphocyanide  and  alcohol  (Delitsch,  J.pr. 
[2]  10,  118  ;  cf.  Henry,  J.  pr.  [2]  9,  464).  It 
crystallises  in  prisms  [44°],  insol.  water,  v.  e.  sol. 
alcohol.  Alcoholic  potash  forms  CuHj^KSNOj 
crystallising  from  alcohol  in  plates.  KOHAq 
forms  KSCy,  alcohol,  and  K.,CO.,. 

SULPHOCYANO-HEPTOiC  ALDEHYDE. 
Formed  from  iodo-Iieptoic  aldehyde  and  AgSCy 
in  ether  (Chautard,  .4.  Ch.  [6]  10,  198).  Yellow- 
ish liquid  with  fietid  odour.    Decomposed  by 
heat,  by  acids,  and  by  alkalis. 

/3  -  SULPHOCYAKO  -  PROPIONIC  ALDE- 
HYDE CH,(SCy).CH,.CHO.  Formed  by  treat- 
ing /3-iodo-propionio  aldehyde  dissolved  in  ether 
with  AgSCy  (Chautard,  A.  Ch.  [6]  16,  197). 
Liquid  with  fcetid  odour.  Decomposed  by  heat, 
and  resinified  by  alkalis  and  by  mineral  acids. 

w-SULPHOCYANO-TOLUIC  ACID.  Nitrile. 
CH,(SCy).C,H,,.CN.  [80°].  Formed  from  o-cyano- 
benzyl  chloride  and  KSCy  in  alcohol  (Gabriel  a. 
Day,  £.23,  2479).  Needles.  Converted  by  cone. 
HClAq  at  180°  into  thiophthalide  C^H^SO  [57°]. 
Cone.  H.,SO_,  at  30°-70°  forms  cyano-benzyl- 
mercaptan  C,H,NS  [62°]. 

SULPHOCYANO-ISOVAIERIC  ALDEHYDE. 
Formed  from  iodo-isovaleric  aldehyde  and 
AgSCy  in  ether  (Chautard,  A.  Ch.  [6]  16,  198). 
Liquid,  with  fostid  odour,  easily  decomposed  by 
heat,  by  HClAq,  and  by  alkalis. 

STJLPHO-DURIDE  v.  Di-dueyl  sulphone. 

SULPHO-ETHYL-BENZOIC  ACID.  Amic 
acid   C,,H„NSO^    i.e.  C,H,Et(SO,NH,,).CO,H. 
[262°  cor.].    Formed  by  oxidising  the  sulplionic 
amide  of  ^-di-ethyl-benzene  with  CrO^  (Remsen 
I  a.  Noyes,  Am.  4,  202).    Needles.— BaA'^ 3aq. 
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SULPHO-FUMARIC  ACID. 


SULPH0-FT7MARIC  ACID  CjH.SO,  i.e. 
C02H.CH:C(S03H).C02H.  Formed  by  the  ac- 
tion of  Br  or  of  HNO3  on  the  salts  of  (5)-bromo- 
(^)-sulpho-pyromucic  acid  (Hill  a.  Palmer,  Atn. 
10,  409).— Ba3A"'2a:aq :  v.  si.  sol.  water. — 
AgjA'"  a;aq. 

SULPHO-HIPPURIC  ACID  CANSOs  i.e. 
C„H4(S03H).CO.NH.CH„.CO,H.  Formed  from 
hippuric  acid  and  SO,  (Schwanert,  A.  112,  59). 
Amorphous,  deliquescent  mass.  Converted  by 
nitrous  acid  into  sulpho-beuzoic  acid. — BaA"aq: 
needles  Pb  .OA" 

SULPHO-isATIC  ACID  v.  Isatic  acid. 

SULPHO-TEIMELLITIC  ACID  C^HsSOg  i.e. 
C6H,.(S03H)(CO„H)3  [5:4:2:1].  Formed,  together 
with  the  amic'acid  C„H.,(S0.,NH..)(C0.,H)3,  by 
oxidation  of  CsH.,Me(SO.,NH.,){CO..H)„  [2:5:4:1] 
by  KMnOi  (Jacobsen  a.  H.  Meyer,  B.  16, 192).— 
KH3A''  3aq  :  prisms,  m.  sol.  cold  water.  Potash- 
fusion  yields  oxy-trimellitic  acid. 

SUIPHO-TEIMESIC  ACID.  Amic  acid 
CsHjNSOg  i.e.  C6H,(SO.,NH2)(C02H)3.  [a;:5:3:l]. 
Formed  by  oxidation  of  the  amic  acid  of  o-  or 
JO-  sulpho-mesitylenic  acid  (Jacobsen,  A.  206, 
203). — KH„A"'  2aq  :  crystalline  mass,  m.  sol. 
cold  water.'  Cone.  HClAq  at  210°  forms  NH3, 
H2SO4,  and  trimesic  acid.  Potash-fusion  gives 
oxytrimesic  acid. 

a-SUlPHO-MESITYLENIC  ACID  Cs,H,„S03 
i.e.  C„H2Me,,(S03H).C0„H.  Formed,  together 
with  a  ()8)-isomeride  which  yields  CaA"  4aq,  by 
the  action  of  SO3  on  mesitylenic  acid  (Eemsen 
a.  Brown,  Am.  3,  218).  Yields  o-oxy-mesitylenic 
acid  on  fusion  with  potash.  By  successive 
treatment  with  FCh,  and  NH,  it  is  converted 
into  an  amide  [288°]. — CaA"  4aq.  Less  sol. 
water  than  the  salt  of  the  (j8)-isomeride. 

Sulpho-mesitylenic  acid.  Amic  acid 
C„H„NS04  i.e.  C,H„Me2(S0,NH.,).C0.,H  [5:3:6:1]. 
[262°  cor.].  Formed,  together  with  the  (5,3,4,1)- 
isomeride,  by  oxidising  mesitylene  sulphonic 
amide  with  chromic  acid  mixture  or  alkaline 
KMnO^  (Hall  a.  Kemsen,  Avi.  2,  131 ;  B.  10, 
1040  ;  Jacobsen,  B.  12,  604  ;  ^1.  206, 167).  Short 
prisms  (from  water),  si.  sol.  hot  water,  sol. 
alcohol  and  ether.  Decomposed  by  heating 
with  cone.  HClAq  at  200°  into  H^SO^  and  mesi- 
tylenic acid.  Soda-fusion  forms  mesitylenic 
acid  and  9;j-xylene  sulphonic  amide  [137°]. — 
CaA'2  6aq  :  long  flat  plates. — CaA'^Saq. — 
BaA'jSaq.  S.  3-3  at  0°  ;  14  at  21=.— CuA'.,  4aq  : 
blue  needles. — CuA'„  3aq. — AgA'  :  pp. 

Sulpho-mesitylenic  acid.  Amic  acid 
C,H„Me,(SO,NH,).CO,H  [5:3:4:1].  [276°  cor.]. 
Formed  as  above  (J.).  Long  needles,  v.  sol. 
alcohol  and  ether,  more  sol.  hot  water  than  its 
isomeride.  Cone.  HCIAq  at  200°  forms  mesityl- 
enic acid.  Soda-fusion  gives  oxy-mesitylenic 
acid.— BaA'„  2aq.  S.  2-05  at  0°.— CaA',,  2aq  : 
prisms. — CuA'„  aq  :  blue  monoclinic  jirisms. 

SULPHO  -  DI  -  METHYL  -  BENZOIC  ACID. 
Amic  acid  CgHnNSO^  i.e. 
C„H2Me,(SO,NH2).C02H  [4:2:5:1].  [268°].  Formed 
by  oxidation  of  the  sulphonic  amide  of  ilz-cumene 
(Jacobsen  a.  Meyer,  B.  16,  190).  Long  needles 
(from  water).  Yields  di-methyl-benzoic  acid  on 
heating  with  cone.  HClAq  at  210°. — KA'aq. 

Sulpho-di-methyl-benzoic  acid.  [180°-190°]. 
Amic  acid  C,H,Me.(SO.,NH,).CO.,H  [1:2:5:3]. 
(a)  -  Suljyhamine  -  hernimellitic  acid.  [238°]. 
]?ormed,  together  with  the  more  soluble  (j8) -iso- 


meride, by  oxidising  the  sulphonic  amide  of 
hemimellithene  with  alkaline  KMnO^  (Jacobsen,. 

B.  19,  2519).  Needles,  si.  sol.  cold  water. 
HClAq  at  150°  forms  sulpho-di-methyl-benzoic 
acid  and,  finally,  hernimellitic  acid  [144°]. 
Potash-fusion  yields  an  oxy-hemimellitic  acid. 
— BaA'2  5aq:  small  tables,  m.  sol.  water. 

Sulpho-di-methyl-beazoic  acid.  Amic  acid 

C,  H.,Me2(S02NH,).CO,H [1:3:5:2].  [174°].  Formed 
as  above.  Stellate  groups  of  minute  needles.- 
Converted  by  heating  with  HClAq  into  a  very 
soluble  sulphonic  acid,  and  finally  into  m-xylene. 
Potash-fusion  gives  an  easily  soluble  oxy- 
hemimellitic  acid. — BaA'2  4aq:  needles. 

Isomeride     Sdlpho-mesitylenic  acid. 

SULPHO-METHYL-TEREPHTHALIC  ACID. 
Amic  acid  CsH„Me(SO.,NH.,)(CO.,H)„  [2:5:4:1]. 
[295°-300°].  Formed  by  oxidation  of'  i(/-cumene 
sulphonic  amide  by  alkaline  KMnOj  (Jacobsen 
a.  H.  Meyer,  B.  16,  190).  Small  needles  (from 
water). — BaA"  2|aq  :  stellate  groups  of  prisms. 

SULPHONAMIDE  v.  Sulphamidb,  p.  567 ;  and 
IMIDO-SULPHONAMIDE  v.  SuiPHmiDO-AMiDE, 
p.  587. 

SULPHONAMIDES.  Amides  of  sulphonic 
acids.  They  contain  the  group  SOo.NH.,  attached 
by  S  to  carbon. 

SULPHONAMIDO-  compounds  v.  Amic  acids 
derived  from  Sdlpho-  compounds. 

SULPHO-NAPHTHALENE-AZO-  compounds 

V.  AZO-  COMPOUNDS. 

('  a  ')-SULPHO-(a)-NAPHTHOIC  ACID 

C„H,SO,  i.e.  C,oH,(S03H).C02H.  [235°], 
Formed,  together  with  the  (j8)-  and  (7)-isomerides, 
by  warming  (a)-naphthoic  acid  with  fuming 
H2SO4  at  70°  (Battershall,  A.  168,  119;  Stumpf,. 
A.  188,  1).  Prisms,  v.  sol.  water.  Not  deli- 
quescent. Yields  (a)-oxy-naphthoic  acid  by 
potash-fusion.  —  KjA"  2aq.  —  CaA"  3aq.  — 
BaA"  4aq.  Monoclinic  crystals,  si.  sol.  water, 
— BaH^A".,  2aq:  prisms,  more  sol.  than  BaA". 

(/8)-'Sulpho-(a)-iiaplitlioic  acid.  [218°-222°]. 
Crystalhne  mass,  v.  e.  sol.  water. — BaA"3|^aq: 
needles,  m.  sol.  water. — BaH2A"2  4aq. 

(7)-Sulplio-(a)-naphtlioic  acid.  [182°_185°], 
Needles,  v.  sol.  water. — K,,A". — BaA"l5aq:  m. 
sol.  water. — BaHoA"^  aq :  almost  insol.  cold  Aq. 

Sulpho-(a)-naphthoic  acid.  Nitrile 
C,oHjCy.S03H.       Formed     by  sulphonating 
(a)-naphthonitrile  (Dutt,   B.  16,  1251 ;  Arm- 
strong a.  Williamson,  C.  J.  Proc.  3,  43). — 
RaA'2  6aq  :  glistening  plates. — KA'  3aq  :  prisms. 

Chloride  of  the  nitrile  CioHsCy.SOjCL 
Prisms,  sol.  benzene. 

('  a  ')-Sulpho-(/3)-naphthoic  acid.  [230°]. 
Formed,  together  with  the  (' /8 ')- isomeride,  by 
sulphonating  (;8) -naphthoic  acid  (B. ;  S.).  Crys- 
talline.— BaA"aq. — BaA"  6^aq. — BaH2A"2  Sjaq. 

('  0  ')-Sulpho-(/3)-naplithoic  acid. — BaA"  2aq. 
Less  sol.  water  than  the  acid  salt. 

Reference. — Oxt-sdlpho-naphthoig  acid. 

SULPHO-  NAPHTHYL  ETHYL  DI-THIO- 
CARBONATE.  The  salt  SOaK.C.^H^.S.CS.OEt, 
formed  from  potassium  xanthate  and  diazotised 
naphthionic  acid,  crystallises  from  water  in 
colourless  plates,  converted  by  boiling  dilute 
alcoholic  potash  into  S2(C,|,Hs.S03K)2  (Leuckart, 
J.  pr.  [2]  41,  218).  The  corresponding  salt  from 
(/3)-naphthylamine  (;8) -sulphonic  acid  crystallises 
in  small  plates. 
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SULPHO  -  (;8)  -  NAPHTHYL  -  PHOSPHORIC 
ACID  S03H.C,„H„.0.P0(0H).,.  Formed,  together 
with  the  anhydride  0(PO(OH).C,„H,.SOjH),,  by 
lieating  potassium  ((3)-naphtliol  sulphonate 
(1  mol.)  with  PCI5  (2  mols.)  at  100°  (Glaus  a. 
Zimmermann,  B.  14,  1482).  Decomposed  by 
boihng  alkalis  into  phosphate  and  (/3)-naphthol 
sulphonate.  The  Ba  salt  is  a  white  powder,  si. 
sol.  water. 

SULPHONES.  Compounds  of  the  form 
E.SOn.B'  where  E  and  E'  are  attached  by  means 
of  C  to  S.  They  may  be  formed  from  the  cor- 
responding sulphides  and  sulphoxides  by  oxida- 
tion with  KMnO^  (Beckmann,  J.  pr.  [2]  17, 475). 
Aromatic  sulphones  can  be  prepared  by  the 
action  of  AICI3  on  a  mixture  of  a  sulphonic 
chloride  and  an  aromatic  hydrocarbon  (Beckurts 
a.  Otto,  B.  11,  472,  2066),  and  by  heating  a 
sulphonic  acid  with  a  hydrocarbon  and  P-.O^  at 
200°  (Michael  a.  Adair,  B.  10,  583).  Sulphones 
are  often  formed  by  the  action  of  sulphuric  acid 
on  aromatic  hydrocarbons.  The  sulphones  are 
volatile,  and  are  not  reduced  by  nascent  hydro- 
gen. They  are  not  attacked  by  PCI,  or  KMnOj. 
Chlorine  in  daylight  converts  di-phenyl-  sulphone 
into  chloro-benzene  (1  mol.)  and  C^Hj.SOjCl, 
while  in  sunlight  it  yields  chloro-benzene  (2  mols.) 
and  SO.Clj.  Disulphones  CHE(SO,,E'),  are  not 
attacked  by  alcoholic  potash  at  140°,  while  di- 
sulphones of  the  form  E'.SO,,.CH.>.CH.,.SO,,.E' 
are  converted  by  alcoholic  potash  into  a  sul- 
phinic  acid  and  an  oxy-sulphone  (Otto  a.  Boss- 
ing, B.  20, 185).  The  disulphones  CMe.,(SO.,.Et)., 
(sulphonal),  CHMe(SO..Me)„  CHEt(SO",Et)„; 
CEt,(S0oMe)2,  CMeEt(Sb,Et),  (trional),  '  and 
CEt2(S0.,Et)2  (tetronal)  are  powerful  hypnotics 
(Baumann  a.  Kast,  H.  14,  52). 

SULPHONIC  ACIDS  {organic).  Acids  con- 
taining the  group  SO._,.OH united  to  C  by  S.  Fatty 
sulphonic  acids  may  be  formed  by  the  action  of 
silver  sulphite  on  alkyl  iodides,  the  resulting 
ether  being  saponified.  Fatty  sulphonic  acids 
may  also  be  got  by  boiling  alkyl  iodides  with 
K.SOj  or  (]SIHj),Sd3Aq  for  a  long  time.  Both 
fatty  and  aromatic  sulphonic  acids  may  be  got 
by  oxidation  of  the  corresponding  mercaptans, 
sulphides,  and  sulphocyanides.  The  sulphonic 
acids  of  fatty  acids  and  alcohols  are  formed  by 
the  action  of  SO3  or  CISO3H  on  fatty  acids  and 
of  SO3  on  alcohols  ;  SO3H  taking  the  a-  position 
(Hemilian,  A.  176,  1).  Aromatic  compounds 
readily  yield  sulphonic  acids  on  treatment  with 
SO.,,  with  H,,SOj,  or  with  C1S0,H.  As  a  rule 
not  more  than  two  SO,H  groups  enter  a  benzene 
nucleus.  Aromatic  sulphonic  acids  may  also  be 
obtained  by  the  action  of  SO.  on  diazo-  com- 
pounds. On  adding  NaCl  to  the  product  of  sul- 
phonation  of  aromatic  compounds,  the  Na  salt 
of  the  sulphonic  acid  frequently  separates  in 
crystalline  form  (Gattermann,  B.  24,  2121). 
Nitric  acid  does  not  attack  fatty  sulphonic  acids, 
while  usually  it  nitrates  aromatic  sulphonic 
acids,  although  it  sometimes  displaces  SO,,H  by 
NOj.  PCI-  forms  sulphonic  chlorides  which  are 
reduced  by  zinc  and  dilute  H.,SO,|  to  mercaptans. 
Aromatic  sulphonic  acids  are  partially  converted 
into  the  corresponding  araido-  compounds  by 
fusion  with  NaNH.,.  In  this  way  benzene  sul- 
phonic acid  yields  15  p.c.  of  aniline  (.Jackson 
a.  Wing,  Am.  9,  75).  Aromatic  sulphonic  acids 
are  decomposed  by  superheated  steam  at  200°- 


210°  into  the  hydrocarbon  and  H.SO,,  (Kelbe,  B. 
19,  92).  Hydrolysis  may  also  be  effected  by 
passing  superheated  steam  into  a  solution  of  the 
sulphonic  acid  containing  H  .SO^or  H.jPO^  (Arm- 
strong; Friedel  a.  Crafts,  C.'iJ.  109,  95).  Aro- 
matic sulphonic  acids  when  fused  with  potash 
yield  KjSO.,  and  phenols.  Fusion  with  KCN 
or  KjFeCyji  yields  the  corresponding  nitriles. 
Fusion  with  sodium  formate  displaces  SO3H  by 
CO„H. 

SULPHONIC  ACIDS  AND  DERIVATIVES. 

Several  inorganic  acids,  and  derivatives  of  these 
acids,  will  be  described  here,  most  of  which  are 
regarded  as  derived  from  SO,. OH. OH  by  repla- 
cing one  OH  by  a  monovalent  radicle — such  as 
CI,  F,  or  NH„— or  as  derived  from  SO,.OH.H  by 
replacing  H  by  a  monovalent  radicle.  A  few 
sulphonic  acids  must  be  formulated  as  derived 
from  2(SO,.OH.OH),or2(SO,.OH.H),  by  replacing 
20H,  or  2H,  by  a  divalent  radicle ;  and  one 
as  derived  from  3(S0„.0H.0H),  or  3(S0,,.0H.H), 
by  replacing  30H,  or  3H,  by  a  trivalent  radicle 
{v.  siipra).  The  sulphonic  acids,  therefore,  are 
all  looked  on  as  compounds  of  the  monovalent 
radicle  SOo.OH.  The  term  sulphonic  is  also 
frequently  applied  to  organic  acids  containing 
this  radicle ;  but  in  this  dictionary  such  acids 
are  described  as  sulpho-  acids, e.gr.  sulpho-benzoic 
acid  C,Hj(SO,,.OH)CO,H.  The  compositions  of 
the  sulphonic  acids  are  expressed  by  the  formulfe 
EiSO.,.OH,  E"(SO.,.OH).„  and  E>i'(S0„.0H)3, 
where  E^  =  NH,„  CI,  F,  N0".,NH.0H,  or  N(N6.0Hj ; 
E"  =  NH,  or  N.OH  ;  and  E"'  =  N. 

AMIDOSULPHONIC  ACID  AND  SALTS 
NH2(S02.0H)  and  NH,(SO,.OM).  These  com- 
pounds are  described  in  the  article  Sdlphamic 

ACID  AND  SULPHAMATES  (q.V.  p.  567). 

CHLOEOSULPHONIC  ACID  AND  SALTS 
C1(S0,.0H)  and  C1(S0.,.0M).  The  acid  has  also 
been  called  chlorhydrosulphurous  acid,  mono- 
chlorosulphuric  acid,  sulphuric  chlorliydrate  or 
hydrochloride,  sulphuric  chlorhydrin,  and  sul- 
phuryl  hydroxyl  chloride. 

Chlorosulphonic  acid  Cl(SOo.OH). 

Formation. — 1.  By  the  direct  union  of  SO3 
and  HCl  (Williamson,  Pr.  7,  11 ;  Baumstark,  A. 
140,  75  ;  Williams,  C.  J.  [2]  7,  304 ;  Dewar  a. 
Cranston,  C.  N.  20,  174  ;  Michaelis,  J.  Z.  6, 
235,  292). —2.  By  the  reaction  of  POL,,  P0C1„  or 
PCI3  with  cone.  H.,SO,  (MiUler,  B.  6,  227; 
Geuther,  B.  5,  925  ;  Thorpe,  C.  /.  37,  358).— 
3.  By  distilling  fuming  H^SO,  with  PoOj  in  a 
current  of  HCl  (Miiller,  I.e.). — 4.  By  the  reaction 
of  HCl  with  crystallised  fuming  H.,SO|  (Beckurts 
a.  Otto,  B.  11,  2058).— 5.  By  the  action  of  CI, 

5,  C1,,,  or  SoO^Clj,  with  cone.  H,SO, ;  or  of  CI 
with  moist  S0._,  in  presence  of  Pt  at  a  red  heat. 

6.  By  warming  SoO,,Cl.,  with  water  (Billitz  a. 
Heumann,J5.  16,  602). 

Preparation. — 1.  Three  jDarts  of  the  most 
cone.  HsSO^  (preferably  the  residue  from  pre- 
paring SO3)  are  warmed  in  a  long-necked  flask, 
and  two  parts  PCI5  are  added  little  by  little ; 
when  HCl  ceases  to  be  given  off  the  contents 
of  the  flask  are  fractionated,  the  part  boiling 
between  c.  152°-156°  being  collected  apart. — ■ 
2.  Very  cone,  oil  of  vitriol,  200  parts,  is  mixed 
with  POCI3,  226  parts,  the  mixture  is  gently 
heated  and  then  distilled  [2(S0„.0H.0H)  -f  POCI3 
=  2(C1.S0,.0H) -f  HPO3 -)- HCl]   (Thorpe,  I.e.).- 
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3.  A  mixture  of  P2O5  and  fuming  H^SO^  is  dis- 
tilled in  a  current  of  HCl,  and  the  product  is 
fractionated ;  this  method  removes  all  traces 
of  P  chlorides  (Mtiller,  I.e.). — 4.  Commercial 
crystalline  fuming  H,SOj  (approximately  pure 
H^SoO,)  is  placed  in  a  retort  connected  with  a 
good  condenser,  dry  HCl  gas  is  passed  in  so  long 
as  absorption  occurs,  the  liquid  is  distilled,  and 
the  product  fractionated ;  the  yield  is  very  satis- 
factory (Beckurts  a.  Otto,  B.  11,  2058). 

Properties. — A  colourless  liquid,  fuming  much 
in  air,  and  having  a  powerful,  penetrating  odour. 

S.G.4a  =  1-78474  (Thorpe,    C.  J.    37,  358); 

Michaelis  (J.  Z.  6,  235,  292)  gives  1-776  at  18°. 
Boils  at  155'3'  at  760  mm.  pressure  (T.,  I.e. ;  v. 
also  M.,  I.e. ;  Clausnitzer,  B.  11,  2008 ;  Beck- 
urts a.  Otto,  I.e. ;  Behrend,  B.  8,  1004).  Ogier 
(C.  B.  96,  646)  gives  H.F.  [SO^'  solid,  HCl] 
=  14,400.  Baumstark  {A.  140,  75)  found  V.D. 
59'3  (calc.  =  58-12)  (temp,  is  not  given);  Williams 
(C.  J.  [2]  7,  304)  found  V.D.  at  216°  to  be  32-8  ; 
Heumann  a.  Kochlin  {B.  16,  602)  found  V.D. 
34-7  at  184°  and  30-4  at  440°.  The  gas  is  there- 
fore dissociated  at  a  temperature  not  much  above 
its  b.-p.  When  C1S0„.0H  is  repeatedly  heated 
above  158°  it  is  partly  resolved  into  SO.,CL  ;  dis- 
tilled, it  gives  S0.,C1,  (Williamson,  C.  J.  10,  97). 
By  boiling  the  compound  for  a  long  time  with  an 
inverted  condenser,  Clausnitzer  (B.  11,  2008) 
obtained  H,,S0„  SO,,  and  CI ;  Beckurts  a.  Otto 
(I.e.)  heated'  ClSOj.OH  for  a  long  time  in  a  sealed 
tube  at  c.  170°,  and  found  that  part  remained 
unchanged,  and  that  CI  and  SO.,  were  produced. 
Heumann  a.  Kochlin  {I.e.)  think  that  the  decom- 
position at  e.  440°  is  represented  as  follows : 
2(ClS0o.0H)  =  SO2  +  SO3  +  CI,  +  H2O ;  they  regard 
the  high  value  obtained  by  Baumstark  for  the 
V.D.  as  due  to  presence  of  S.,05C1„  {v.  also 
Claesson,  J.  pr.  [2]  19,  235). 

Beactions. — 1.  Action  of  heat,  v.  supra,  Pro- 
perties.— 2.  Water  produces  HClAq  and  H,S0,,Aq. 
3.  Hydrogen  sulphide  reacts  at  ordinary  tem- 
peratures, forming  HCl,  8,01.,,  S,  and  H^SOj 
(Prinz,  A.  223,  371). — 4.  Garhon  disulpldde,  at 
100°,  produces  HCl,  SO,,  S,  and  COS.— 5.  Plios- 
phoruspentoxide  oipentaehloride  produce  S,0.C1, 
(Billitz  a.  Heumann,  B.  16,  482  ;  Konswaioii, 
C.  B.  96,  1146). — 6.  Heating  with  silver  nitrate 
forms  AgCl  and  NO,.SO,.OH  (Thorpe,  C.  J.  41, 
297). — 7.  Fusion  with  potassium  sulphate  forms 
K,S,0.  and  HCl ;  heating  with  soditmi  chloride 
forms'HCl  and  Cl.SO,.ONa  (Miiller,  5.  6,  227). 
8.  The  reactions  of  ClSOj.OH  with  several 
elements  were  examined  by  Heumann  a.  Kochlin 
{B.  15,  416). 

Chlorosulphonates.  The  salts  of  C1.S0,.0H, 
which  reacts  as  a  monobasic  acid,  are  formed 
by  the  reaction  of  the  acid  with  metallic 
chlorides.  It  is  very  difficult  to  obtain  these 
salts  pure.  When  heated  they  form  sulphates, 
giving  off  SO,  and  CI ;  with  water  they  decom- 
pose to  chlorides  and  acid  sulphates  ;  and  with 
alcohol  HCl  and  salts  of  Et.H.SO^  are  formed 
(Miiller,  B.  6,  227).  No  accurate  description  of 
any  salts  has  yet  been  given. 

S0,.C1 

Chlorosulphonic  anhydride       >0  ;  v. 

S0,.C1 

PyrosulpMmjl  chloride,  under    Sni^PHUR  oxy- 

CHLORIDES,  p.  618. 


FLUOSULPHOXIC  ACID  AND  SALTS 
F.SOj.OH  and  F.SO,.OM.  Only  the  acid  has 
been  isolated. 

Fluosulphonic  acid  F.SO,.OH.  Isolated  and 
examined  by  Thorpe  a.  Kirman  (C.  J.  61,  921 
[1892]).  Prepared  by  placing  pure  SO3  in  a  Pt 
vessel,  surrounded  by  ice  and  CaCl,  (for  descrip- 
tion of  apparatus  v.  Thorpe  a.  Hambly,  C.  J. 
55,  163),  leading  in  excess  of  pure  HF  (made  by 
heating  KHF,),  and  removing  excess  of  HF  by 
passing  in  a  stream  of  dry  CO,  for  many  hours, 
the  liquid  being  kept  at  25°-35°.  A  thin,  colour- 
less liquid,  with  a  slightly  pungent  smell,  and 
fuming  in  air;  boils  at  162-6%  a  little  being  de- 
composed with  formation  of  H,S04,  and  pro- 
bably also  SOjFj.  Keacts  rapidly  with  Pb, 
forming  PbSO^  and  PbF, ;  slowly  attacks  glass. 
Eeacts  violently,  and  sometimes  explosively,  with 
water,  forming  H,SO,Aq  and  HFAq. 

IMIDOSULPHONIC  ACID  AND  SALTS 
NH(SO.,.OH),,  NH(SO,.OM).„  and  NM(SO„.OM),. 
By  passing  dry  NH3  into  SO,,  H.  Eose  (P.  32, 
81 ;  47,  41 ;  49,  183  [1834-40])  obtained  two 
compounds,  which  he  named  sulplmtammon  and 
parasulphatammon,  and  to  both  of  which  he 
assigned  the  composition  2NH3.SO3.  These  com- 
pounds were  examined  by  Jacquelain  (A.  Ch. 
[3]  8,  293  [1843]),  Woronin  (/.  R.  3,  273  [1859]) 
and  ^others  ;  in  1875  Berglund  (Lunds  Universi- 
tets  Arsskrift,  12  and  13;  Bl.  [2]  25,  455;  29, 
422)  showed  thatKose's  parasulphatammon  was 
diammonium  imidosulphonate  ]NH(S0,.0NH,)2, 
and  that  sulphatammon  was  probably  the  tri- 
ammonium  salt  N.NH.|(S0,.0NH4)2.  Berglund's 
conclusions  were  confirmed,  partly  by  Easchig 
(A.  241,  161  [1887]),  and  Mente  {A.  248,  232 
[1888],  and  partly  by  Divers  a.  Haga  (C  J.  61, 
943  [1892]).  A  full  discussion  of  the  constitution 
of  Eose's  compounds,  with  reference  to  the  work 
of  other  chemists  and  an  historical  summary  of 
researches  on  the  imidosulphonates,  will  be  found 
in  the  memoir  by  D.  a.  H. 

Imidosulphonic  acid  NH(S0,.0H)2Aq.  This 
acid  is  known  only  in  solution,  which  is  obtained 
by  suspending  lead  imidosulphonate  in  water, 
decomposing  by  a  stream  of  H,S,  and  rapidly 
filtering  from  PbS.  The  solution  gives  a  pp. 
with  excess  of  BaOAq,  soluble  in  HNO,,Aq ; 
and  a  pp.  of  NH(SO,.OK),  with  K.CjHjOjAq. 
The  acid  solution  is  very  unstable,  soon  becom- 
ing changed  to  NH,(SO,.OH)Aq  and  H^SO.Aq 
.(Jacquelain,  I.e. ;  Fremy,  A.  Ch.  [3]  15,  408 ; 
D.  a.  H.,  I.e.  p.  945). 

Imidosulphonates.  The  normal  salts  are 
of  the  types  NH(SO,.OM),  and  NM(SO,,.OM)., ; 
besides  these  many  basic  salts  have  been  isolated. 
The  di-alkali  imidosulphonates  are  prepared  by 
mixing  solutions  of  alkali  nitrites  and  sulphites, 
dissolving  the  pp.  which  forms  in  water,  heating 
this  solution  for  some  time,  allowing  to  crys- 
tallise, and  then  boiling  the  nitrilosulphonate, 
N(S0,0M)3,  thus  obtained  [v.  p.  601,  Nitbilo- 
SKLPHONATBs)  with  acidified  water  (for  instance 

N(S0.,.0K)3  +  H,0  =  NH(SO,.OK),  +  KHSOJ  ; 
also  by  heating  the  alkali  amidosulphonates  [e.g. 

2_(NH„.S0.,.0K)  =  NH(S0.,.0K),-)-NH3) ; 
the  diammonium  salt  NH(S02.0NH,)2  is  also 
obtained  by  the  reaction  of  NH3  with  S0.„ 
C1S0.,0H,  S0,C1„  or  8,0,01.,.  Most  of  the 
other  di-  salts  are  obtained  by  double  decom- 
position from  the  alkali  salts.    The  tri-  salts 
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are  generally  prepared  by  dissolving  the  di-  salts 
in  excess  of  an  aqueous  solution  of  the  base 
and  crystallising.  A  number  of  mixed  salts,  such 
as  N(NH,)(S0._..0)2Ba,  have  been  prepared, 
generally  by  double  decomposition.  Basic  salts, 
chiefly  of  such  slightly  positive  metals  as  Pb  or 
Hg,  have  also  been  isolated.  For  references  v. 
Divers  a.  Haga  (C.  J.  61,  943).  The  di-alkali 
salts  give  off  NH3,  N,  and  SO.,  when  heated  ; 
water  reacts  to  form  amidosulphonates 
NH,(SO,,.OM),  and  sulphates. 

The  chief  imidosulphonates  are  those  of  NH^, 
Ba,  Ca,  Hg,  Pb,  K,  Ag,  and  Na  ;  basic  salts  of  Pb 
and  Hg  are  known  ;  mixed  salts  containing  NH., 
and  Na,  NHj  and  Ba,  Ba  and  Hg,  Ba  and  Na,  Ca 
and  Na,  Hg  and  K,  and  Ag  and  Na  have  been 
isolated ;  some  of  the  imidosulphonates  also  form 
double  compounds  with  KNO.,  and  NaNO.j.  Full 
accounts  of  the  prej^aration  and  reactions  of  the 
chief  imidosulphonates  are  given  in  the  memoir 
of  D.  a.  H. 

NITEILOSULPHONIC  ACID  AND  SALTS 

N(SO,,.OH).,  and  jS[(SO,.OM).,.  The  acid  has  not 
been  isolated,  and  only  a  few  salts  are  known. 

Potassium  nitrilosulphoiiate  N{S0o.0K)3. 
Solutions  of  K.,SO.|  and  KNOj  are  mixed  in  the 
ratio  4:K,,S03:KN02 ;  after  crystallisation  occurs 
the  mixture  is  heated  at  100°  till  the  crystals 
dissolve,  a  little  water  is  added,  and  heating  at 
100°  is  continued  for  a  little ;  on  cooling  the 
salt  crystallises  in  well-formed  crystals  with 
2H,0.  The  water  of  crystallisation  is  removed 
at  100°-110°  ;  at  a  higher  temperature  decom- 
position occurs  to  KoSO^,  (NH.|).,SO,,  SO,,  and 
SO,.  The  salt  may  be  crystallised  from  dilute 
KOHAq  ;  it  is  decomposed  by  water  at  40°  to 
NH(SO,.OK)„  and  KHSO4. 

Claus  prepared  this  salt  in  1871  {B.  4,  186), 
giving  it  the  formula  NH2(S03K)3  and  the  name 
jyotassiuin  trisulphaiwnonatc ;  Easchig  [B.  20, 
584  [1887])  showed  that  the  salt  was  probably 
N(S0.j.0K)3,  and  this  composition  was  confirmed 
hoth  by  the  earlier  work  of  Berglund  {B.  9,  252, 
1896  [1876])  and  by  the  more  recent  work  of 
Divers  a.  Haga  (0.  J.  61,  943). 

For  description  of  a  salt  N0(S0,iK)3  v. 
Kaschig  {A.  241,  225) ;  this  is  the  trisulplio- 
oxi/azotate  of  Claus  and  Easchig.    E.  regards  it 

as  (S0„.0K)3N<(^>N(S0,.0K),. 

Sodium  nitrilosulplionate  N(S02.0Na)3. 
Formed  by  passing  SO.,  into  a  solution  of  NaNO., 
and  Na.,C03  (in  the  ratio  2NaNO,:3Na.,C03.  lOaq) 
until  the  solution  is  feebly  acid  to  litmus  {v.  D. 
a.  H.,  I.e.). 

NITROSULPHONIC  ACID  N0.,(S0.,.0H), 
AND  DEEIVATIVES.  The  acid  and" its  potas- 
sium salt  have  been  isolated.  The  anhydiide 
S0„(N0._,).0.(N0..)S0.,,  the  chloride  N0.,(Sb.,.Cl), 
and  an  oxy-anhydride  S.,050(N0,_,)2have  also  been 
obtained. 

Nitrosulphonic  acid  N0.,(S02.0H).  (Nitrosyl- 
suljjhuric  acid  S02.0H.0(N0).  Lead  chamber 
crystals.  _  Nitrosyl  hydrogen  sulphate  NO.H.SO4.) 
This  acid  is  produced  by  the  reaction  be- 
tween H„SOj  and  any  oxide  of  nitrogen  except 
N2O  (Henry,  P.  7,  iSo ;  A.  Eose,  P.  60,  161 ; 
Eeibhng,  J.  1861.  152;  Kuhlmann,  A.  Ch.  [3] 
1,  116 ;  Sestini,  Bl.  [2]  10,  226).  It  is  also 
formed  in  the  leaden  chambers  in  making 
H.SOj  (first  observed  by  Clement  a.  Desormes, 


'  A.  Ch.  [2]  59,  329).  The  acid  is  produced  by 
the  reaction  of  SO.,  with  NO  or  N0._,  in  presence 
of  water  (Davy) ;  also  by  burning  1  part  S  mixed 
with  2-5-3  parts  KNO3  in  moist  air  (Girard  a. 
Pabst,  Bl.  [2]  30,  531 ;  Eeinsch,  N.  J.  P.  12,  3). 

The  acid  is  best  prepared  by  leading  NO.,  into 
well-cooled  fuming H^SO,  till  the  whole  solidities, 
and  then  drying  over  H.SO^  (Weber,  /.  pr.  85, 
423  ;  100,  37  ;  Tilden,  C.'J.  28,  630) ;  or  by  add- 
ing NO.j  in  excess  to  cone.  H^.SO.,,  washing  the 
crystals  with  liquid  NO^,  and  drying  in  a  stream 
of  dry  air  at  20°-30°  or  in  vacuo  (Mtiller,  A.  122, 
1 ;  Gaultier  de  Claubry,  P.  20,  467). 

Colourless  rhombic  plates,  melting  at  73° 
(Tilden,  I.e.,  gives  m.p.  85°-87°),  and  easily  re- 
maining liquid  below  this  temperature  (Welt/.ien, 

!  A.  115,  213  ;  De  la  Provostaye,  A.  Ch.  [2]  73, 
362).  On  melting  in  air  the  anhydride 
(S.P5(N02).j)  is  formed,  and  the  water  given  off 
causes  decomposition  of  part  of  the  acid  to 
H.jSO^  and  oxides  of  N  (Miohaelis  a.  Schumann, 
B'.  7,  1075  ;  Fremy,  C.  R.  70,  61).  With  dry 
NaCl  reacts  to  give  NaHSO,  and  NOCl ;  on 
heating  for  a  little  HGl  is  given  olf  (Tilden,  I.e.). 
Dissolves  unchanged  in  H.SO^  (Dobereiner,  S. 
8,  239  ;  cf.  Lunge,  B.  12,  1058  ;  21,  67).  SO.,  is 
without  action  on  dry  N0.j(S02.0H),  but  in  pre- 
sence of  water,  or  H.^S04Aq  with  S.G.  less  than 
1-55,  decomposition  occurs  with  formation  of 
H._,SOj,  NjOj,  and  other  oxides  of  N,  according  to 
Lunge  (I.e.). 

'  Potassium  nitrosulphonate  N0.2(S0„.0K) 
seems  to  be  obtained  by  the  reaction  of  SO.,  on 
KNO.2,  also  by  adding  liquid  SO,  to  dry  KNO,; 
the  salt  cannot  be  prepared  by  neutralising  the 
acid  by  KOHAq.  The  salt  is  decomposed  by 
water  (Schultz-Sellack,  B.  4,  113). 
Nitrosulphonic  anhydride 

S20,(N02)2[o<gQ;^j55oj].    Formed  by  heating 

N0.,(S0.,.0H)  (Michaells  a.  Schumann,  B.  7, 
1075) ;  also  by  the  reaction  of  SO3  with  NO  in 
absence  of  0  and  moisture  (H.  Rose,  P.  47,  G05  ; 
Briining,  A.  98,  377) ;  also  by  adding  liquid  NO., 
to  liquid  SO.^  without  warming  (De  la  Provostaye, 
A.  Ch.  [2]  73,  362)  ;  by  passing  electric  sparks 
through  a  dry  mixture  of  N,  0,  and  SO.,,  or  of 
S  vapour  and  N.,0  or  NO  (Morren,  A.  Ch.  [4]  4, 
293  ;  Chevrier,  C.  B.  60,  136).  Hard,  regular 
plates  ;  S.G.  2-14 ;  melts  at  217°  ;  may  be  dis- 
tilled unchanged  at  c.  360°.  Decomposed  by 
water  to  NO,  H^SO^Aq,  and  HNOaAq. 
NO.,(SO,.OH)  crystallises  from  a  solution  in 
H.SO^.  ' 

OXYXITEOSULPHONIC  ANHYDBIDE 

S20,0(N0.,).,  [o<so'*o  OSlOo)]"  ^ 

crystalline  solid  ;  formed  by  leading  vapour  of 
NO.,  into  SO3  till  saturated.  Gives  S.05(N0.,)., 
when  heated  (Weber,  P.  123,  833  ;  cf.  Thorpe, 
C.  J.  41,  297). 

Nitrosulphonic  chloride  N0„(S0.,.C1).  (Nitro- 
sulphwryl  cliloridc.)  A  white,  crystalline  solid ; 
formed  by  the  action  of  SO3  on  NOCl  in  absence 
of  moisture,  also  by  the  reaction  of  AgNO,  with 
SOCU  (Thorpe,  C.  J.  41,  297)  ;  dissolves  un- 
changed in  fuming  H,,S04 ;  dissolves  in  cone. 
H.,S04,  giving  off  HCl,"and  forming  C1(S0.,.0H) 
on  heating ;  decomposed  by  moist  air  or  by 
water,  giving  HClAq,  H.SO^Aq,  HN03Aq,  and 
NO  (Weber,  I.e.). 
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NITEOSO-OXY-AMIDOSULPHONIC  ACID 
AND  SALTS  N(NO.OH)(SO,,.OH).  (Nitroso- 
hydroxylamine  stdphonic  acid 
N(N0)(S02.0H)0H.  Dinitroso-sulphuric  acid 
S0(N0)„.(0H)2  or  (SO„.OH).(NO),.H.)  The  acid 
has  not  been  isolated,  but  the  NH^,  Ba,  Pb,  K, 
and  Na  salts  are  known.  These  salts  are  de- 
scribed as  Nitrososulphates  under  Sulphates, 
p.  681. 

OXY-AMIDOSULPHONIC  ACID  AND 
SALTS  NH(OH)(SO.,.OH).  {Hydroxylamine 
sulplionic  acid  [Raschig].  Sulphydroxylamic 
acid  [Glaus].  Sulphazidic  acid  [Fremy].)  The 
K  salt  of  the  acid  is  obtained  by  the  action  of 
water  on  N(OH)(S02.0K)2  {v.  Oxy-imidosul- 
PHONio  ACID  AND  SALTS,  infra).  The  acid  itself  is 
known  only  in  aqueous  solutions.  TwoBa  salts, 
a  K  salt,  and  a  Na  salt  have  been  isolated.  The 
salts  have  been  investigated  by  Premy  [A.  Ch. 
[3]  15,  408),  Claus  a.  Koch  {A.  152,  336 ;  158, 
52,  194),  Easchig  {A.  241,  161),  and  Divers  a. 
Haga  (C.  J.  55,  760). 

Oxy-amidosulphonic  acid 
NH(OH)(SO.,.OH)Aq.  An  aqueous  solution  of 
this  acid  (the  acid  has  not  been  isolated)  is 
prepared  by  heating  an  aqueous  solution  of 
N(0H)(S0,.0K)2  (v.  infra)  to  boiling  (whereby 
NH(OH)(Sb,,.OK)Aq,  H^SO^Aq,  and  KHSO^Aq 
are  formed),  neutralising  by  NH^Aq,  adding 
BaCljAq,  filtering  ofi  BaSOj,  adding  BaOAq 
to  ppt.  Ba(N(OH)S02.0)2Ba.H.,0,  washing  this 
pp.,  adding  enough  HjSOjAq  to  ppt.  half  the  Ba 
in  the  salt  as  BaS04,  filtering,  and  so  getting  a 
solution  of  the  (soluble)  salt  (NH(OH)S02.0)2Ba. 
On  now  heating  this  solution  with  an  equivalent 
quantity  of  HjSOjAq  (the  Ba  in  solution  must 
be  estimated)  and  filtering,  a  solution  of  the  acid 
is  obtained  (Fremy,  modified  by  D.  a.  H.).  The 
solution  of  NH(0H)(S02.0H)  is  fairly  stable, 
but  slowly  decomposes  ;  in  presence  of  hot  acid 
the  decomposition  is  more  rapid,  giving 
2NH,,OH.H,S04Aq  and  H^SO^Aq  (Easchig,  con- 
firmed by  D.  a.  H.). 

Oxy-amidosulphonates.  The  normal  salts 
are  of  the  form  NH(OH)(SO.,.OMi)  and 
(NH(0H)S02.0).,M",  where  M^  =  K  or  Na,  and 
M"  =  Ba  ;     there    is    also    a    dibarium  salt 

■^^<^N(0H)*S0'  O^-^^'-^^^'  ^^^'^  ^^^^ 

obtained  from  the  solution  of  the  soluble  salt 
(NH(OH).S02.0)2Ba.H„0  {v.  supra)  by  adding 
the  equivalent  quantity  of  a  sulphate.  The 
dibarium  salt  is  itself  prepared  as  described 
under  the  acid  (supra)  ;  the  monobarium  salt  is 
obtained  by  decomjjosing  the  di-  salt  by  enough 
ILSOjAq  to  ppt.  half  the  Ba,  filtering,  and 
evaporating  over  HoSOj  (D.  a.  H.).  The  oxy- 
amidosulphonates  are  fairly  stable  ;  they  are 
decomposed  by  heating  with  acid  into  hydroxyl- 
amine sulphate  and  H2S04Aq ;  caustic  alkalis 
produce  only  sulphite  and  hyponitrites  (the 
latter  rapidly  undergo  further  change,  giving  off 
N,0_)  (D.  a.  H.,  l.c. ;  v.  also  C.  J.  61,  988  note). 
Basic  oxides,  such  as  CuO  and  Ag,0,  in  presence 
of  alkali  produce  sulphite,  sulphate,  and  N^O, 
and  at  the  same  time  the  basic  oxide  is  reduced 
(D.  a.  H.,  I.C.,  p.  770). 

Easchig's  sulpliazinate.  (A.  241,  197) 
(S0„.0K)N(0H).0.(0K)N.(S02.0K)  may  be  de- 
rived from  2NH(OH)(S02.0H)  by  replacing  2H 
by  0. 


OXY-IMIDOSULPHONIC  ACID  ANI> 
SALTS  N(0H)(S02.0H)„.  (Hijdroxylamine  di- 
sulphonic  acid  N(S02.0H)20H  (Easchig).  Di- 
sulphydroxy-azic  acid  (Claus).)  Only  the  potas- 
sium salt  has  been  isolated. 

Potassium  oxy-imidosnlphonate 
N(OH)(S02.0K)2. 2aq  (Claus,  A.  158,  83 ;  Easchig,. 
B.  20,  584 ;  c/.  Divers  a.  Haga,  C.  J.  51,  659). 
Prepared  by  passing  a  rapid  stream  of  SO, 
through  well  cooled  KNOjAq  made  strongly- 
alkaUne  by  KOBAq;  allowing  N(S0,.0K)3 
[v.  Nihilosulplionates,  p.  601)  to  crystallise 
out,  pouring  off,  and  allowing  to  stand.  Large, 
lustrous  crystals  ;  almost  insol.  cold  water,  more 
sol.  water  at  40°-60° ;  heated  with  water  gives 
KHSO^Aq  and  NH(0H)(S02.0K)Aq  [v.  supra, 
OxY-AMiDosuLPHONic  acid).  Three  Na  salts  and 
several  other  oxy-imidosulphonates  have  been 
prepared  by  D.  a.  H.  (C.  J.  Proc.  1893-4.  61). 

The  salts  described  by  Fremy  (I.e.)  as  sulph- 
azotates,  and  further  examined  by  Easchig' 
(A.  241,  211),  and  formulated  by  him  as 
N(OH)(SO„.OK).,.N(OM)(SO.,.OK)„  where  M  =  K 
or  Na,  and  N(0K)(SO2.0K)2.N'(OK)(SO..OK)2, 
may  be  regarded  as  derived  from  oxy-imidosul- 
phonic  acid  N(OH)(S02.0H)2. 

The  oxysulphazotate  of  Claus  (sulphazilinate 
of  Fremy)  examined  by  Easchig  (Z.c,  p.  223) 
and  formulated  by  him  as 

(S02.0K)2N<^^>N(S0.,.0K)2,  may  be  looked  oa 

as  derived  from  oxy-imidosulphonic  acid  by  the 
removal  of  2H  from  2N(OH)(S02.0H)„. 

M.  M.  P.  M. 
SULPHONO-DI-ACETIC  ACID  v.  Di-methyl^ 

SULPHONE  DICABBOSYLIC  ACID. 

SULPHONO-DI-BUTYRIC  ACID 

S02(CHEt.C02H)2.  [152°].  Formed  by  oxida- 
tion of  sulphido-dibutyric  acid  (5  g.)  in  neutral 
solution  by  KMnO,  (5  g.)  in  water  (500  g.).  Its 
ether  is  got  from  SO,(CH,.C02Et)2,  Na,  and  EtI 
(Lov6n,  J.p)r.  [2]  33,  104).'  Octahedra. 

Sulphono-di-isobutyric  acid 
SO,(CMe2.C02H).,.     [182°-186°].     Formed  by 
oxidising    S(CMe2.C02H)2   (Loven).  Plates.— 
BaA"  2|aq.  Groups  of  needles  (from  hot  water). 

SITLPHONO-DIPROPIONIC    ACID    v.  Di- 

ETHYL-SDLPHONE  DICABBOSYLIC  ACID. 

SULPHONO-DI-ISOVALERIC  ACID 

S0,,(C4H8.C0.,H)„.  Formed  by  oxidation  of 
S(C4H8.C02H)2  and  by  the  action  of  PrI  (2  mols.) 
on  sulphono-di-acetic  ether  (1  mol.)  and  NaOEt 
(2  mols.)  at  120°  ;  the  product  being  saponified 
by  baryta  (Lov6n,  J.  pr.  [2]  33, 114).— BaA"  7aq. 
SULPHO-OXY-BENZOIC     ACID    v.  Oxy- 

SULPHO-BENZOIC  ACID. 

SULPHO-PHENYL-ACETIC  ACID  CsHsSO^ 
i.e.  CHPh(S0aH).C02H.  Formed  by  saponifying 
the  product  of  the  action  of  K2S03Aq  on  a-bromo- 
phenyl-acetic  ether  (Papilsky,  J.  1880,  856). 
Very  deliquescent  mass. — Salts:  KjA". — CaA". 
— BaA":  plates,  m.  sol.  hot  water. — ZnA". 
— PbA".— CuA":  blue  plates.— Me(NH4)A".— 
CHPh(S03NH4).CO..Et.  Tables,  v.  sol.  water.— 
CHPh(SO,K).CO.;Et :  thin  plates,  v.  e.  sol.  Ag. 

STJLPHO-PHENYL-AMIDO-ACETIC  ACID 
CsHgNSO^aq  i.e.  S03H.C,H4.NH.CH2.CO.,H. 
[185°].  Formed  by  heating  phenol  (1  pt.)  with 
hippuric  acid  (1  pt.)  and  H^SO^  (3  pts.)  at  140° 
(Zehenter,  M.  5,  332;  6,  523).  Monoclinic 
prisms  (containing  aq) ;  a:b:c  =  ■93:1:1'28.  SoL 
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water  and  alcohol.  Coloured  violet  by  FeCl,. 
Decomposed  by  HClAq  at  140^  into  phenol, 
glycocoll,  and  H.SOj.  Aqua  resia  gives 
C,H,,{OH)C1(NO,),  "  [1:2:3:5].— BaH,A",4aq.— 
AgHA"  iSaq  :  concentric  groups  of  needles. 

p-SULPHO-PHENYL-CARBAMIC  ACID. 
The  acid  ether  C„H,(SO,H).NH.CO,Me  [188°]  is 
formed  by  dissolving  methyl  phenyl-carbamate 
in  fuming  H,S04  (Hentschel,  B.  18,  979)  and 
also  by  adding  NaOH  to  a  cooled  mixture  of 
ClCOoMe  and  aqueous  ^:)-amido-benzene  sul- 
phonic  acid  (Noelting,  Bl.  [2]  50,  (522). 

SULPHO-PHENYL-GLYCOCOLL  v.  Solpho- 

PHENYL-AMIDO-ACETIC  ACID. 

?«-SULPHO-PHENYL-PROPIONIC  ACID 

C„H,„S05  i.e.  C„H^(S03H).CH,.CH2.CO,H. 
Formed  by  treating  bromo-sulpho-phenyl-pro- 
pionic  acid  with  sodium-amalgam  (Goring,  C.  C. 
1877,  793,  808).  Yields  «i-oxy-benzoic  acid  by 
potash-fusion. 

cxo-Sulpho-phenyl-propionic  acid 
C6H5.aH3(S03H).CO,H.  Formed  by  boiling 
olnnamic  acid  with  aqueous  KoSOj  for  12  hours 
(Valet,  4. 154,62).  Cinnamic  aldehyde  is  converted 
by  K.SOa  into  PhC,H3(S03K).CH(OH).S03K, 
which  crystallises  in  needles  (containing  2aq) 
and  is  converted  by  boiling  dilute  H,jS04  into 
Mo-sulpho-phenyl-propionic  acid  (Heusler,  B. 
24,  1805).  Crystals,  v.  sol.  water  and  alcohol. 
Converted  by  boiling  cone.  KOHAq  into  cinnamic 
acid.  Not  affected  by  boiling  dilute  H.,SOj. — 
KHA".  S.  4  at  15°.— K,A"  a-aq.  Elilorescent 
crystals.  —  CaA"  xaq.  Plates.  —  BaA"  aq.  — 
KjZnA",. — Ag.A"  aq  :  white  crystalline  pp. 

SULPHO-P'HENYL-THIO-CAEBAMIC  ACID. 

Anhydride    C,H,NSA   i-e-  C„H,,<g^-^^- 

[183°].  Formed  from  phenyl-thio-carbimide  and 
SO3  (Magatti,  B.  11,  2267).  Crystals  (from 
benzene),  insol.  water,  alcohol,  and  ether.  Insol. 
acids  and  alkalis.  Decomposed  by  water  at  100° 
into  K,S,  CO2,  and  amido-benzeue  jj-sulphonic 
acid. 

SULPHO-PHLORETIC  ACID  C,,H,„SO«. 
Formed  from  phloretic  (oxy-phenyl-propionic) 
acid  and  SO3  (Nachbaur,  J.  pr.  75,  45).  Sour 
syrup.  —  NajA"  xaq.  —  BaA"  3aq.  —  MgA"  5aq. 
— CaA"  4aq.  Crystalline. 

c-SULPHO-PHTHALIC  ACID 
CeH3(S03H)(CO,H),[3:2:l].  {a.)-SuIpho-phmalic 
acid.  Formed  by  oxidising  naphthalene  (a)-sul- 
phonic  amide  by  KMnO^  (Kemsen,  Am.  5,  107), 
and  got  also,  in  small  quantity,  together  with 
the  (/3)-  acid,  by  the  action  of  fuming  H.SO^  on 
phthalic  acid  (Eee,  C.  J.  49,  514).  Minute 
crystals,  v.  sol.  water,  m.  sol.  alcohol.  Soda- 
fusion  gives  c-oxy-phthalie  acid. — Ba3A"'.,8aq. 
Needles,  si.  sol.  hot  water.— PbHA''"l.iaq.— 
Ag,KA"'2aq.  Ppd.  by  adding  AgNO,  to  a"  solu- 
tion of  the  K  salt  (Stokes,  Avi.  6,  280). 

Aviic  acid  Cf^B.,NS>0^i.e. 
C„H3(S0,NH,)(C0,Hj,.  [155°-160°].  Formed 
by  oxidation  of  naphthalene  (a)-sulphonic  amide 
by  alkaline  KMnO^.  Thick  needles  (containing 
aq).  At  155°  it  splits  up  into  H.,0  and  the  an- 
hydride. Cone.  HClAq  at  150°  forms  c-sulpho- 
plithalic  acid.— KHA":  slender  needles,  v.  si. 
sol.  cold  water.— K,,A".  [300°].  Amorphous,  v. 
e.  sol.  water.  Yields,  when  heated,  the  compound 

C,H3(C0Cl)<;ggf  >N.POCU  [120°-126°]  whence 


MeOH  produces  C„H3(C0,Me)<g|gjjg^  >NK 

[144°]  (Stokes,  Am.  6,  274).- PbA".— AgHA"  : 
needles. — AgoA".    Insol.  hot  water. 
Anhydride  of  the  Amic  Acid 

C,H3(C0,H)<;;^Q->NH.     Formed    as  above. 

Begins  to  sublime  at  200°,  but  is  not  melted  at 
240°.    Its  silver  salt  C,H,AgNS04  is  converted 

byMeIintoC,H3(CO,H)</^^2\.NMe  [191°  cor.]. 

The  compound C6H3(CO,,MeX^Q-'^NMe  [180° 

cor.]  has  also  been  prepared. 

•i-Sulpho-phthalic  acid 
C,H3(S03H)(CO,H),[4:2:l].  {&)-Siilpho-phthalia 
acid.  (■y)-Sulp'ho -phthalic  acid.  [140  ]  (when 
hydrated).  The  chief  product  of  the  sulphonation 
of  phthalic  acid  or  anhydride  at  100°  -200°  (Loew, 
A.  143,  257  ;  K6e,  B.  18,  1629).  Formed  also  by 
oxidation  of  naphthalene  (;3)-sulphonic  amide 
(Piemsen,  Am.  5,  110)  and  by  the  action  of  hot 
HNO3  (S.G.  13)  on  potassium  di-nitro-(a)-napli- 
thol  sulphonate  {naphthol  yellow  S)  (Graebe,  B. 
18,  1126  ;  K6e,  C.  J.  49,  516).  Crystalline  (con- 
taining aq),  very  hygroscopic,  v.  sol.  water  and 
alcohol,  insol.  ether.  At  180°  it  yields  the  an- 
hydride CsHjSOe.  Soda-fusion  forms  i-oxy- 
phthalic  acid.  The  K  salt  fused  with  sodium 
formate  yields  trimellitic  acid.  Heated  with 
resorcin  it  yields  fluorescein  sulphonic  acid. 
PCI5  forms    C„H3(S0,C1)(C0.,H),    [170°],  oily 

GeH3(S0,,Cl)<ggj>0  and  C,H3C1<^°  >0. 

The  mono-chloride  is  converted  by  NH3  into 
C„H3(S0.NH,)(C0,H),,  [192°-202°]  which  crystal- 
lises in  plates,  sol.  water,  alcohol,  and  ether. 

Salts. — KH2A"'  2aq.  Needles,  v.  sol.  water. 
— K.,HA"' 2aq.— (NH,),,HA"' liaq.    At  200°  it 

yields C,H3(S03NH,X^Q>NH  [c.  300°].  Crys- 
tallising in  monoclinic  prisms. — Ba3A"'.,  2aq. — 
BaH.A"'.,  5aq.  S.  6  at  15°;  50  at  100°.  At 
250°  it  yields  Ba(CsH3S0Jo.— BaHA"'  2aq. 

s-Sulpho-isophthalic  acid 
C,H,(SO,,,H)(CO.,H).,[5:3:l].  [258°].  Obtained 
by  sulphonation  of  isophthalic  acid  (Aronstcin 
a.  Kramps,  B.  13,  489  ;  Lonnies,  B.  13,  704). 
Long  deliquescent  needles  (containing  2aq). 
Potash-fusion  yields  s-isophthalic  acid. — 
KHoA"'  3aq  :  long  needles. — K3A"'  a-aq  :  prisms. 
— Ba3A"'„8aq:  needles,  v.  sol.  water. 

i-Sulpho-isophthalic  acid 
C,H.,(S03H)(CO,H),[4:3:l].  [244°].  Formed  by 
oxidation  of  )«-xylene  (o) -sulphonic  acid  (Jacob- 
sen  a.  Lonnies,  B.  13, 1556),  and  by  oxidation  of 
C„H3Me(S0,NH,).C0.,H  (Eemsen  a.  lies.  Am.  1, 
114  ;  Kemsen  a.  Coale,  Am.  3,  206).  Hygroscopic 
needles  (containing  2aq),  v.  e.  sol.  water.  Potash - 
fusion  yields  (a)-oxy-isophthalic  acid. — Salts  : 
KH.A'"  2aq  :  needles,  si.  sol.  cold  water.  S. 
1-59"  at  26°.— K3A'".— CaHA'"  Uaci.  Crystals.— 
BaHA"' 3aq  :  small  needles.  S. '073  at  23'5''. 
— BaHA"'  4aq. — BajA'".,  3aq. 

Amic  acid  CsH,NSO„  i.e. 
C,H,(SO.,NH„)(CO.,H).,.    Formed  by  oxidation  of 
C„H3Me(S0.,NH..).C0,H  by  KMnO^  (Kemsen,  B. 
11,  464  ;  12,  1436  ;  Am.  1,  122  ;  3,  209).  When 
set  free  from  its  salts  it  changes  at  once  to  the 

anhydride  C,H3(C0.H)<;^q-\.NH  [284°],  S.  -45 
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at  10°.— KHA"  aq.  S.  2'3  at  26°.— K^A"  4aq :  v. 
-e.  sol.  water.  —  CaH2A"o2aq.  —  CaA"  5aq.  — 
BaH._A"2  2aq:  monoclinic  tables. — BaA"  3aq. — 
Ag3CgHjNS0g:  crystalline  pp.  (Jacobsen,  B.  12, 
2320). 

c-Sulpho-isopttlialic  acid.  Amic  acid 
C,H3(S02NH„)(CO.,H),  [2:3:1].  Pormed  by  oxida- 
tion of  the  corresponding  ?7i-sylene  sulphonic 
amide  (Jacobsen,  B.  11,902).  Its  acid  potassium 
salt  is  si.  sol.  water. 

a-SULPHO-PKOPIONIC  ACID  C^H^SO^  i.e. 
CH3.CH(S03H).COoH.  Formed  by  boiling  a- 
chloro-propionyl  chloride  with  aqueous  am- 
monium sulphite  and  also  by  warming  propionic 
acid  with  CISO^H  (Kurbatoff,  B.  6,  563 ;  A.  173, 
5).  Syrup,  v.  sol.  water  and  alcohol. — KjA"  aq: 
needles  (Rosenthal,  A.  233,  27).— (NH^)2A"  aq  : 
prisms.— BaA"  2aq.  S.  (of  BaA")  7-45  at  18°. 
— CaA"2aq. — CdA"  2aq. — Ag^A"  :  small  needles. 

■  Got  also  by  mixing  propionic  anhydride  with 
SO3  (Franchimont,  B.  T.  C.  7,  27). 

jS-Sulpho-propionic  acid 
CH.,(S03H).CH„.C0,H.  [68°].  Formed  by  boiling 
jS-iodo-propionic  acid  with  an  aqueous  solution  of 
(NH4)2SO.j.  Got  also  by  the  action  of  ammonia- 
cal  AgNOj  on  the  compound  of  acrolein  with 
NaHSOs  (Eosenthal,  A.  233,  15)  and  obtained 
likewise  by  the  oxidation  of  thiohydantoic  acid 
NH:C(NH,).S.CH,,.CH„.C02H  (Andreasch,  M.  6, 
838  ;  7,  169).  Hygroscopic  crystals,  sol.  water 
and  alcohol.  Decomposes  at  150°.  Successive 
treatment  with  PC1-,  and  with  tin  and  HClAq 

■  converts  it  into  sulphydro-propionic  acid. 

Salts. —  KjA"  aq. —  KHA"  aq. — Na^A"  aq. — 
(NHj)„A"4aq.  Hygroscopic.  —  HNH.A".  — 
BaA"5aq.— BaH.,A"„.— SrA"  5aq.  —  CaA"  2iaq. 
—CaA"  aq.— MgA"4aq.  —  ZnA"  4aq.  — CuA".— 
MnA"  4aq.— PbA".  —  CdA"  aq.  —  Ag^A"  iaq.  — 
HAgA"  |aq. 

Ethyl  ether 'EUA".  Liquid. 

Sulpho-dipropionic   acid   is  Di-ethtl-sdl- 

PHONE  DICAEBOXYLIC  ACID. 

STILPHO-PEOPYL-BENZOIC  ACID  v.  Sulpho- 

CUMINIC  ACID. 

SULPHO-ISOPKOPYL-SUCCINIC  ACID 

CMe„(S03H).CH(CO,,H).CH2.CO2H.  [c.  167°]. 
Got  by  action  of  HNO3  on  sulphocamphylic  acid 
(Konigs  a.  Hoerhn,  B.  26,  2044).  When  heated 
in  vacuo  at  170°  it  splits  up  into  water,  SO.,,  and 
terebic  acid.  Tables  (containing  3aq),  v.  e.  sol. 
water. 

STJLPHO-PYROMUCIC  ACID   C^H^SOs  i.e. 

Ch'c(So"h)-^^'  ^0'^™^'^  dissolving  pyro- 
mucic  acid  in  cold  fuming  H„SO,„  and  got  also 
by  the  action  of  zinc-dust  and  ammonia  on  di- 
bromo-sulpho-pyromucic  acid  (Schwanert,  A. 
116,  268  ;  Hill  a.  Palmer,  B.  18,  2095  ;  Am.  10, 
373,  409).  Deliquescent  prisms. — K„A"4aq. — 
KHA".— Na„A"  5aq.  —  NaHA"  aq.  —  BaA"  4aq. 
Small  prisms.  Yields  fumaric  acid  when  heated 
with  excess  of  bromine. — Salts:  BaH.,A"„  4aq. — 
BaH.,A".  6aq.— CaA"  3aq.— PbA"  2aq".  — Ag.,A". 

Amide  C,H,,S0,,(NH2).,  [213°].  Crystalline. 

(;3)-Sulpho-pyromucic  acid 
C.,H20(S03H)(CO,H).  Formed  by  sulphonation 
of  bromo-pyromucic  acid  and  debromination  of 
the  product  by  zinc-dust  and  NH3  (H.  a.  P.). — 
■Salts  :  KjA"  2iaq.— CaA"  2aq.— BaHA"^  3aq. 
— BaA"  3aq. — BaA"  aq :  small  concentric  prisms. 


SULPHO  -  PYROTARTARIC  ACID  C,H,SO, 
i.e.  C3H5(S03H)(C02H)2.  Formed  by  boiling 
ita-,  citra-,  and  mesa-  conic  acids  with  aqueous 
K,S03  (Wieland,  A.  157,  34).  Crystalline,  v.  e. 
sol.  water. — Ca3A"'„7aq.    SI.  sol.  cold  water. 

SULPHO-QUINOLINE  CARBOXYLIC  ACID 
Cc,H5N(S03H).CO„H.  {ayStdpho-cinclioninic 
acid.  Formed  by  heating  cinchonic  acid  with 
SO3  or  with  H„SO,  and  PoO^  at  180°  (Weidel  a. 
Cobenzl,  M.  1,  844).  Triclinic  crystals  (contain- 
ing aq),  m.  sol.  hot  water,  insol.  alcohol  and 
ether.  Tastes  bitter.  Potash-fusion  gives  (o)- 
oxy-cinchoninic  acid. — (NH4).vA"  2aq.  Mono- 
clinic  crystals  ;  a:6:c  =  l-19:l:3-53;  y8  =  95°14'.— 
CaA"  2|aq.  Monoclinic  crystals. — BaA"  3aq. — 
PbA"  aq. — CuA"  aq :  minute  sea-green  crystals. 

(B.  2)-Sulplio-quinoliTie  [Py.  l)-carboxylic 
„       S03H.C=CH.C.C(C0..H):CH         e  7  7 

CH:CH.C.N=^CH-  {^)-Sulpho- 
cinchoninic  acid.  Formed  at  the  same  time  as 
the  preceding  acid  (Weidel,  M.  2,  565)  and  i^re- 
pared  by  heating  cinchoninic  acid  (1  pt.)  with 
HjSOj  (7  pts.)  at  300°  (Von  Georgievitch,  M.  8, 
639).  The  same  acid  (crystallising  with  aq) 
appears  to  be  formed  by  oxidation  of  benzylidene- 
lepidine  sulphonic  acid  by  alkaline  KMnO^ 
(Busch  a.  Koenigs,  B.  23,  2683).  Colourless 
needles  (containing  2aq),  v.  sol.  hot  water.  Very 
bitter.  Potash-fusion  yields  (/3)-oxy-cinchoninio 
acid.— (NHj)HA"  2aq.— BaA"  aq.— PbA"  4aq. 

SULPHO-SALICYLIC  ACID  v.  Oxy-sulpho- 

EENZOIC  ACID. 

SITLPHO-SUCCINIC  ACID  C^H^SO,  i.e. 
C0oH.CH.,.CH(S03H).C0„H. 

Formation. — 1.  By  exposing  cooled  succinic 
acid  to  SO3  vapour  (Fehling,  A.  38,  285  ;  49, 
203). — 2.  By  boiling  fumaric  and  maleic  acids 
with  aqueous  ICSOj  (Credner,  Z.  [2]  6,  77; 
Strecker  a.  Messel,  A.  157,  15 ;  Z.  [2]  6,  459, 
671). — 3.  From  succinyl  chloride  and  Ag^SOi 
(Carius  a.  Kammerer,  A.  131, 167). — 4.  By  oxida- 
tion of  thio-malic  acid  with  HNO3  (Carius,  A. 
129,  9). 

Properties. — Deliquescent  mass,  v.  e.  sol. 
water,  alcohol,  and  ether.  Yields  fumaric  acid 
when  fused  with  potash. 

Salts. — K3A"'aq:  efftorescent  crystals. — 
K3A"'  2iaq.— K3A"'  liaq.  Crystals.— KH,A"'.— 
K„HA"'2aq.  — KjH,A"'3  Uaq.  — (NH,)3A"'  aq.— 
(NH4)H.A"'  aq :  crystals.— BajA"',  (dried  at  100°). 
Pp.  — Ca3A"'2  6aq.— PbjA'",  4aq.— Pb3A"'„  3aq.— 
Pb.OA'".,.— Pb,0.,A"'..— AgjA"' :  m.  sol.  water. 

SULPHO-TEREPHTHALIC  ACID  CgH^SO, 
i.e.  C„H3(S03H)(C0.2H).,[2:4:1]. 

Formation. — 1.  By  heating  terephthalic  acid 
with  fuming  H„SO,,  at  250°  (Ascher,  A.  161,  2 ; 
Schoop,  B.  14,  223). — 2.  By  oxidation  of  sulpho- 
^-toluic  acid  (Remsen  a.  Burney,  Am.  2,  410 ; 
Weber,  B.  25,  1740),  of  ^j-xylene  sulphonic  acid 
(Remsen  a.  Kuhara,  Am.  2,  414),  and  of 
CsH3Me(S0.,NH.).C0„H  (Hall  a.  Remsen,  B.  12, 
1432  ;  Am.  2,  56). 

Properties. — Hygroscopic  needles  or  tables. 

Salts. — KH.,A"'^aq.  Needles  (Remsen  a. 
Keiser,  Am.5, 170).— KH,A"'  aq  (W.).— K,A"'  aq. 
— BaHA"'  aq.— CaHA'"  liaq.— BaHA"'liaq.— 
BaHA'"  aq.  —  BajA"^  8aq.  —  BaHjA"'^  5aq.  — 
PbHA"'  2aq.— Ag„HA"'. 

Amic  acid;  C6H3(S0,NH,)(C0„H)2.  Formed 
by  oxidising  |>xylene  sulphonic  amide  with  alka- 
line KjFeCyo  (Noyes  a.  Walker,  Am.  9,  94). 
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Concentric  needles,  sol.  hot  water.  Not  melted 
at  310°. — KHA"  ^aq. — BaA"  aq  :  nodules. 

I7nide  C,H3(CO„H)<;^q2\,]s[H.  [284°]  (W.); 

[299°  cor.]  (N.  a.  W.).  Formed  by  oxidation  of 
C,,H,Me(S0,,NH,).C02H  by  KMnO,.  Short  thin 
prisms  (from  ether),  m.  sol.  cold  water.  AgN03 
gives  a  pp.  insol.  HNO3. — KC^H^NSOj  aq. — 
l)aCBH3NS05  3aq.  Scales,  v.  si.  sol.  water. — 
AgXsHjNSO,. 

"stlLPHO-TOLUENE  DICAEBOXYLIC  ACID. 
Amic  acid  CeH,Me(SO,,NH,)(CO.,H),[l:4:3:5]. 
[c.  800°].  Formed  by  oxidation  of  ij'-cumene 
sulphonic  amide  (Jacobsen  a.  Meyer,  B.  16,  190). 
Needles,  sol.  water,  alcohol,  and  ether.  — 
BaA"  2  ',aq  :  small  prisms,  si.  sol.  water. 

SULPHO-o-TOLUIC  ACID  CsHsSO^  i.e. 
C6H3Me(SO.,H).CO.,H  [2:3:1].  Formed  by  heating 
o-toluic  acid  with  H.,SO|  (5  pts.)  for  3  hours  at 
160°  (Jacobsen  a.  Wierss,  B.  IG,  1900).  Crystal- 
line, V.  e.  sol.  water.  Potash-fusion  yields  o-oxy- 
toluic  acid. 

Sulpho-o-toluic  acid.    Amic  acid 
C6H3Me(SO.,NH2).CO.,H  [2:5:1].  [243°].  Formed, 
together  with  about  an  equal  quantity  of  the 
(2,4,1)-  isomeride,  by  oxidation  of  m  ■  xylene 
o-sulphonic  amide  by  aflkaline  KMn04  (Jacobsen, 

B.  14,  38).  Long  needles,  sol.  alcohol,  ether,  and 
water.  Potash-fusion  yields  the  corresponding 
osy-toluic  acid.    Further  oxidised  by  KMnO,  to 

C,  H3(SO,,NH2)(CO,H)2. 

Sulpho-o-toluic  acid.    Amic  acid 
C„H3Me(S0„NH,,).C0,S  [2:4:1].   [217°].  Formed 
as  above.    Long  needles,  si.  sol.  cold  water,  v. 
sol.  alcohol  and  ether. — IvA' :  crystals. 

s-Sulpho-7)i-toluic  acid 
C,H3Me(S03H).CO,H  [3:5:1].   Formed,  together 
with  the  (3,4,1)-  isomeride,  by  sulphonating 
m-toluic  acid  with  fuming  H.,SO,  at  180°  (Jacob- 
sen,  B.  14,  2355). 

Sulpho-7»,-toluic  acid.  Amic  acid 
C„H3Me(S0,,NH,).C0,H  [3:4:1].  [248°].  S.  2  at 
15°.  Formed  by  oxidation  of  »«-xylene  sulphonic 
amide  (Kcmseu,  Am.  1,  37  ;  3, 205  ;  Jacobsen,  B. 
11,  895).  Needles  (from  water),  m.  sol.  alcohol, 
si.  sol.  ether.  Potash-fusion  gives  (4,3,l)-oxy- 
«i-toluic  acid.  KMnO.,  yields  suliiho-isophthalie 
acid. — CaA'ol^aq:  small  concentric  needles. — 

BaA'j  4aq  EaA'jSaq. — AgA' :  needles  (from  hot 

water). 

Sulph.o-j;i-toluio  acid.  Amic  acid 
C,H3Me(S0,NH„).C0,H  [3:2:1].  [203°].  Formed 
by  oxidation  of  the  corresponding  9«-xylene 
sulphonic  amide  [96°]  (J.).  Converted  by 
potash-fusion  into  the  corresponding  oxy-toluic 
acid. 

Sulpho-^-toluic  acid  C„H3Me(S03H).CO.,H 
[4:3:1]. 

Formation.  —  1.  By  oxidation  of  thio- 
carvacrol  (Flesch,  B.  6,  480 ;  Bechler,  J.  pr. 
[2]  8,  170). — 2.  By  oxidation  of  cymene  sul- 
phonic acid  (Eemsen,  Am.  2,  411 ;  K.  Meyer  a. 
Baur,  A.  220,  18).— 3.  From  p-toluic  acid  and 
SO3  (Fischh,  B.  12,  616).— 4.  By  oxidation  of 
23-xylene  sulphonic  acid  (Eemsen,  Am.  8,  264). 
Needles  (containing  2aq).  Not  hygroscopic.  V. 
sol.  water,  insol.  ether.  Decomposes  at  185°- 
190°  without  melting.  Potash-fusion  gives  oxy- 
i)-toluio  acid  [204°].  Cone.  HClAq  at  190°  forms 
p-toluio  acid. 

Salts.   —  KHA"3aq.    —  KHA"  2aq.— 


KjA'aiaq.  —  MgA"  3aq.  —  MgA"  7aq.  — 
BaA"  3aq.— BaA"  4aq.— PbA"  aq.— PbA"  Baq.— 
PbA"3iaq.— Ag.,A"aq. 

Am'ide  C5H3Me(SO.,NH.,).CONH„Jaq.  [218°]. 
Amic  acid  C„H3M'e(S62NH,).CO„H.  [267°]. 
Formed  by  oxidation  of  cymene  sulphonic  amide 
and  of  ^j-xylene  sulphonic  amide  by  chromic  acid 
mixture  (Eemsen  a.  Hall,  Am.  2,  50  ;  B.  11, 
229;  Noyes  a.  Walker,  /lm.9,98).    Needles,  sol. 
cold  alcohol,  insol.  ether,  si.  sol.  cold  water. — 
BaA'22aq.  —  CaA'._>4aq.  —  MnA'.,5aq:  needles. 
Probably  the  same  amic  acid  [242°]  is  formed  by 
oxidising  jj-butyl-toluene  sulphonic  amide  by 
KMnO^  (Kelbe  a.  Baur,  B.  16,  2565).    SI.  sol. 
j  water,  nearly  insol.  alcohol. 
I      Sulpho-p-toluic    acid  C,H3Me(S03H).CO.H 
\  [4:2:1].  [182°]  (W.)  ;  [190°]  (F.).   Got  by  oxidi- 
sing thio-thymol  (Fittica,  A.  172,  329)  and  by 
evaporating  its  imide  with  HClAq  (Weber,  B. 
25,1741).    Crystals  (containing  3aq).—NH, HA". 
— MgA".-Ag.,A". 

Anhydride  C^B.^Me<^QyO.  [97°].  Got 

by  treating  the  acid  with  AcCl. 

j       Amic  acid  C,iH3Me(S03H).CONH.,.  [186°]. 

]  Prisms  (containing  aq). — NHjA'.  Got  from  the 
anhydride  in  benzene  by  the  action  of  dry  NH3. — 
AgA'  aq  :  scales  (from  water). 

Amic  acid  C„H3Me(S0,NH,,).C0,H.  [185°]. 
Got  by  boiling  the  imide  with  water  (Weber,  B. 
25,  1739).  Yellowish  crystals.  Probably  iden- 
tical with  the  preceding  amic  acid. — BaA'.,  2aq. 
— AgA'.— MeA'.    [145°].— EtA'.  [95°]. 

Imide  C,H3Me<:^^Q->NH.  Methyl  -  sac- 
charin. [246°].  Got  from  ^:)-toluidine  sulphonic 
acid  vid  C„H3MeCy.S0,H,  C„H,,MeCy.SO.,Cl, 
C^HsMeCy.Sa^H,,  C,H3Me(C0,,H)(S0,NH„), 
the  last  body  being  heated  (Kreis,  G.  P.  48,583  ; 

B.  22,  Eef.  719;  Weber,  B.  25,  1737).  SI.  sol. 
cold  water,  v.  sol.  alcohol,  ether,  and  alkalis. 

Yields  C(.H3Me<^^Q->NAg,  whence  Mel  forms 

C,  H3Me<;^Q->NMe  [153°],  whUe    EtI  gives 

C,H3Me<^Q=>NEt  [106°]  (Weber).  The  imide 

^  is  converted  by  warming  with  aqueous  KOCl  into 
j  2J-toluidine  sulphonic  acid. 

Di-sulpho-o-toluic  acid  C,H,,Me(SO:,H),COoH 
[2:3:5:1].    Formed  by  sulphonation  of  o-toluic 
acid  with  H.SOj  containing  SO3  (Jacobsen  a. 
j  Wierss,  B.  16,  1960).    Minute  needles,  v.  e.  sol. 
water. — "Ba^A"', :  amorphous,  v.  sol.  water. 

Di-sulpho-^>tbluic  acid  C5H,,Me(S0;,H),C0,,H. 
Formed  by  heating  |3-toluic  acid  with  fuming 
H,S04  and  P,0,  (Weinreich,  B.  20,  982).— 
BaHA'"  5aq.  Crystals. 

Bcfrrencc. — NiTEO-suLPno-TOLDic  acid. 
SULPHO-UVITIC  ACID  C„H,SO;  i.e. 
C,H„Me(S03H)(CO.>H)2  [5:6:3:1].  Formed  by 
evaporating  its  amic  acid  with  cone.  HClAq 
(Jacobsen,  A.  206,  185).  Needles  (from  dilute 
H.SOj).  Potash-fusion  yields  oxy-uvitic  acid. — 
KH„A"'  2aq.— Ba„A'"„.  S.  3-23  at  12-5°.  Needles. 

Amic  acid  C;H,Me(SO,,NH,)(CO,,H),.  A 
product  of  oxidation  of  mesitylene  sulphonic 
amide  with  KMnO^  (Hall  a.  Eemsen,  Am.  2, 
136 ;  Jacobsen).  When  set  free  from  its  salts 
it  changes  at  once  into  the  anhvdride  CiH-NSO, 
[270°],  S.  5  atl00°.— KHA".— BaA".— BaA"3aq. 
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SULPHO-ISOVALERIC  ACID  C^H^SOj  i.e. 
C4Hs(S03H).CO.,H.  Formed  by  heating  isovaleric 
acid  (1  pt.)  with  CISO.H  (1  pt.)  at  150°  (De 
Varda,  G.  18,  91).  Deliquescent  crystalline 
mass.  Its  aqueous  solution  partially  decom- 
poses -when  heated. — BaA"  aq. — PbA"  2aq. 

SULPHOXIDES.  Organic  compoundsE.SO.E' 
formed  by  the  action  of  cone.  HNO3  on  sulphides. 
Decomposed  by  heat.  Reduced  by  Zn  and  HoSO^ 
and  by  HI  to  sulphides.  Attacked  by  PCI5,  sul- 
phides being  formed.  They  reduce  KMnOj,  being 
converted  into  sulphones.  Sulphosides  contain- 
ing monovalent  alcohol  radicles  form  unstable 
compounds  with  HNO3,  such  as  EtjSOjHNOs 
(Beckmann,  J.  pr.  [2]  17,  475). 

SUIPHO-XYLENE  CAEBOXYLIC  ACID. 
Amic  acid  C,ftMe.,(SO„NH,).CO,H  [1:3:4:5]. 
[268°  cor.].  Formed  by  oxidising  ;//-cumene 
sulphonic  amide  (Jaoobsen  a.  Meyer,  B.  16, 190). 
Long  needles,  si.  sol.  hot  water.  —  KA'aq. — 
BaA'22iaq. 

SULPHUR.  S.  At.  w.  31-98.  Mol.  w.  63-96  ; 
probably  also  191-88  and  255-84  {v.  infra). 
The  following  data  apply  to  ordinary  rhombic 
S.  Melts  at  c.  115°;  different  observers  give 
from  111°  to  115°  (v.  Helff,  Z.  P.  C.  12,  219  ; 
Spring,  A.  Ch.  [5]  22,  170 ;  Kopp,  A.  93,  129 ; 
Brodie,  J.  pr.  62,  336;  Gernez,  C.  R.  83,  217; 
for  m.p.  at  high  pressures  v.  Hopkins,  J.  1854. 
48).  Boils  at  440°  (Dumas,  A.  Ch.  [2]  36,  83 ; 
Troost  a.  Hautefeuille,  C.  B.  76,  76,  219).  Cal- 
lendar  a.  Griffiths  {T.  182,  119)  give  444-53°  as 
'  within  -1°  of  the  true  temperature  of  the  vapour 
of  sulphur  boiling  freely  under  a  pressure  of 
760  mm.'  (This  determination  was  made  with 
Pt  resistance  thermometers  with  great  care,  but 
unfortunately  no  special  precautions  were  taken 
to  insure  the  purity  of  the  S  used.  For  other 
determinations  v.  Carnelley's  Melting-  and  Boil- 
ing-point Tables,  1,  11.  For  b.p.  under  different 
pressures  from  1  to  760  mm.  v.  Monokman,  Pr. 
46,  136.)  S.G.  c.  2-03  (for  numerous  data  v. 
Clarke's  Table  of  Specific  Gravities,  2nd  ed.,  9). 
S.G.  molten  S  1-801  to  1-815  (Playfair  a.  Joule, 
C.  S.  Mem.  3,  76) ;  S.G.  at  b.p.  1-46  to  1-51 
(Ramsay,  C.  J.  35,  471).  V.D.  varies  from 
c.  122  to  c.  62  ;  V.  infra,  Molecular  Weight  of  S. 
S.H.  (17°-45°)  -163  (Kopp,  T.  1865.  71); 
(0°-100°)  -1776  (Bunsen,  P.  141,  1).  S.H. 
(liquid)  -2346  (Person,  A.  Ch.  [3]  21,  295). 
Latent  heat  of  fusion  =  9-368  (for  1  g.  S)  (Per- 
son, I.e.).  S.V.S.  15-9.  S.V.  of  S  in  combina- 
tion varies  from  28-6  to  22-6;  S.V.  at  b.p. 
21-6  (Ramsay,  C.  J.  35,  471).  C.E.  (linear) 
•00006413  (at  40°)  (Fizeau,  C.  R.  68,  1125; 
V.  also  Kopp,  A.  93,  129  ;  Pisati,  G.  1874.  29 ; 
Spring,  /.  1881.  1085 ;  Moitessier,  J.  1866.  27, 
who  gives  C.E.  for  each  c.  20°  from  110°  to 
440°).  8.  in  CS^;  16-54  at -11°,  18-75  at  -6°, 
23-99  at  0°,  37-15  at  4-1.5°,  41-65  at  18-5°, 
46-05  at  22°,  94-57  at  38°,  146-21  at  48-5°, 
181-34  at  55°  (Cossa,  B.  1,  138 ;  Payen,  C.  B. 
34,  456,  508).  For  S.G.  of  solutions  in  CS.  v. 
Maoagno  (C.  N.  43,  192).  For  S.  in  C.H,,  and 
other  solvents  v.  Pelouze  (C.  B.  68,  1179  ;  79, 

56).     Refraction-equivalent  .  at.  w.^  for 

D  hne  16-0  (solid),  16-47  (Uquid),  16-1  (gaseous, 
for  0  line),  16-0  (in  solution),  16-0  (calculated 
from  data  for  SCl^),  16-1  (from  data  for  SXl^) 


(Gladstone,P.ilf.[5]35,204).  H.C.  [S,O^  =  71,080 
{Th.  2,  247).  The  E.G.  of  S  is  very  small;  it 
varies  much  with  temperature  {v.  Monckman, 
Pr.  46,  136).  The  fundamental  form  of  rhombic 
S  is  a  simple  pyramid,  or  elongated  octahedron ; 
a:&:c  = -8106:1:1-898.  For  emission-spectrum 
V.  Salet,  G.  B.  68,  404 ;  73,  559  ;  Bl.  [2]  11, 
302  ;  Mulder,  J.  pr.  91,  112 ;  Barrett,  1865. 
138;  Seguin,  C.  B.  63,  1272;  Chautard,  C.  B. 
79,  1123 ;  Pliicker  a.  Hittorf,  J.  1863.  109.  For 
absorption-spectrum  of  S  vapour  v.  Salet,  C.  B. 
74,  865;  Gernez,  C.  B.  74,  803;  Ciamician, 
W.  A.  B.  77  [2]  839.  For  vapour-pressures  of 
S  vapour  v.  Eegnault  (/.  1863.  65).  Ignition 
point  c.  250°  (Hill,  C.  N.  61,  125 ;  Blount,  C.  N. 
61,  153). 

The  folloioing  data  apply  to  monoclinic  S. 
Melts  at  117-4°  (Gernez,  C.  B.  83,  217) ;  at  120° 
(Brodie,  J.  pr.  62,  336).  S.G.  1-982  (Marchand 
a.  Scheerer,  J.  pr.  24,  129)  ;  1-958  (Deville,  1, 
365).  S.V.S.  16-4.  H.C.  [8,0^]  =  71,720  (Th.  2, 
247 ;  Petersen,  Z.  P.  C.  8,  601).  For  volumes 
occupied  at  different  temperatures  v.  Toepler 
{W.  47,  169).  Crystallises  in  secondary  forms  of 
a  monoclinic  prism;  a:6:c  =  1-004:1:1-004,  angle 
6:c  =  84°  14'.  Sol.  CSj,  from  which  solution 
rhombic  8  crystallises  out. 

hisoluble  sulphur  is  amorphous ;  insol.  CSj ; 
S.G.  c.  2-04  (Troost  a.  Hautefeuille,  C.  R.  69, 
248) ;  S.G.  after  compression  at  8,000  atmos. 
1-9556  at  0°,  1-9643  at  100°  (Spring,  Bl.  Acad. 
Belg.  [3]  2,  83). 

Cf.  Allotropy  of  Sulphur  (p.  609). 

Occurrence.  —  Native,  in  beds,  in  Sicily, 
Mexico,  New  Zealand,  &c. ;  in  the  lava  fissures 
of  volcanic  districts  ;  in  small  quantities  in  the 
mud  from  the  sea-bottom  (Buchanan,  Pr.  E. 
1891.  1).  Many  metallic  sulphides  also  occur 
native — e.g.  sulphides  of  Sb,  As,  Cu,  Fe,  Pb,  Hg, 
and  Zn.  Sulphates  occur  in  large  quantities — 
e.g.  gypsum,  celestine,  heavy  spar ;  these  and 
other  sulphates  are  found  in  the  earth's  crust, 
in  the  sea,  and  in  many  river  and  spring  waters. 
(For  more  details  v.  Dictionaey  of  Applied 
Chemistry,  iii.  682.)  S  is  a  constituent  of 
albumen,  hair,  feathers,  horn,  and  some  other 
parts  of  animals ;  it  is  also  found  in  many 
plants.  Small  quantities  of  S  compounds  are 
found  in  the  atmosphere  near  volcanoes.  Ac- 
cording to  Young  sulj^hur  occurs  in  the  solar 
atmosphere  (Am.  S.  [3]  4,  356). 

Sulphur  has  been  known  from  very  early 
times.  The  quantitative  work  of  Lavoisier,  in 
1772,  on  burning  8  showed  this  substance  to  be 
an  element,  but  it  was  not  finally  placed  on  the 
list  of  elements  until  after  the  experiments  of 
Gay-Lussac  and  Thenard  in  1809. 

Formation. — 1.  By  the  interaction  of  SO2 
and  HjS;  2802+4H,8  =  3Sj-f  4H,0.— 2.  By  the 
partial  oxidation  of  H„S,  either  by  incomplete 
combustion  or  by  exposure  of  H^SAq  to  a  Hmited 
quantity  of  air  ;  2H„8  -f  0^  =  2H.0  -1-  B„.  Also  by 
the  oxidation  of  FeS  by  exposure  to  moist  air  ; 
2FeS  -I-  30  =  FejOj  -1-  8,.— 3."  By  distilling  certain 
metallic  sulphides  out  of  contact  with  air,  e.g. 
3Fe82  =  Fe3S4-l-  So.— 4.  By  decomposing  solution 
of  an  alkali  or  alkaline  polysulphide  by  acid; 
e.g.  CaSjAq  -1-  2HClAq  =  CaCl,Aq  +  HoS  =  2So. 
Also  by  adding  acid  to  solution  of  a  thiosulphate ; 
e.g.  NaoSAAq  +  2HClAq  = 
2NaClAq  +  H^O  +  SO„Aq  +  8.  —  5.   By  decern- 
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posing  S2CI.,  by  water  (2S.,C1.,  +  2H„0  + Aq  = 
4HCIAq  +  Sd,  +  3S).— 6.  When  sulphates,  e.g. 
CaSOj,  are  in  prolonged  contact  with  decaying 
organic  matter  (such  as  plant-leaves)  they  are 
reduced  to  sulphides,  and  if  these  come  into 
contact  with  acids  S  is  among  the  products  of 
the  reactions  that  occur.  For  a  fuller  account 
of  some  of  these  processes,  whereby  native  S  is 
probably  formed,  v.  Dictionary  op  Applied 
Chemistry,  iii.  683.  For  methods  of  forming 
the  various  varieties  of  S  v.  infra,  Preparation. 

Preparation. — 1.  Ordinary  S  is  dissolved  in 
pure,  dry  CSj ;  a  part  of  the  CS..  is  distilled  off, 
and  the  rest  is  allowed  to  deposit  crystals  of  S. 
This  process  is  repeated  once  or  twice ;  the  S 
■crystals  are  powdered,  kept  in  vacuo  for  some 
days  to  remove  all  CS.,,  and  then  repeatedly  dis- 
tilled in  vacuo,  the  middle  portion  of  the  dis- 
tillate being  collected  each  time. — 2.  Ppd.  S  is 
distilled  several  times  in  SjCL  to  remove  H 
compounds ;  the  distillate  is  then  repeatedly 
distilled  in  vacuo,  the  middle  portion  only  being 
collected ;  the  distilled  S  is  finely  powdered,  re- 
peatedly washed  with  water,  dried,  distilled  over 
a  few  small  pieces  of  pure  Zn  in  vacuo  (to  re- 
move traces  of  SXL),  and  then  repeatedly  dis- 
tilled in  vacuo. — 3.  S  is  ppd.  by  adding  HClAq 
to  pure  NajSjO^Aq,  the  pp.  is  repeatedly  washed 
^ill  free  from  chlorides,  dried,  distilled  repeatedly, 
and  finally  distilled  several  times  in  vacuo  {v. 
Monckman,  Pr.  46,  149). 

Ordinary  rhombic  sulphur  is  prepared 
by  melting  S  and  allowing  to  cool  very  slowly  at 
90°  (Schiitzenberger,  C.  B.  66,  746),  or  bymelting 
and  throwing  in  a  crystal  of  rhombic  S  when 
the  liquid  has  cooled  nearly  to  the  crystallisation 
point  (Gernez,  C.  B.  83,  217)  ;  also  by  crystal- 
lising from  CS„ ;  and,  in  very  well  formed 
crystals,  by  saturating  pyridine  or  picoline  with 

B.  ,S  and  allowing  to  stand  (Ahrens,  B.  23,  2708). 

Monoclinic  sulphur  is  prepared  by  melt- 
ing a  considerable  quantity  of  roll  sulphur  in  a 
Hessian  crucible,  allowing  to  cool  till  a  crust 
forms  on  the  surface,  piercing  this  crust,  and 
pouring  out  the  S  that  is  still  liquid ;  the  walls 
of  the  crucible  are  covered  with  monoclinic 
crystals.  This  form  of  S  can  also  be  prepared  by 
evaporating  alcoholic  solutions  of  (NH,)^S  (Mal- 
lard,    1885.  383  ;  Buys,  J.  1884.  336  ;  Gernez, 

C.  B.  100,  1539 ;  101,  312)  ;  also,  along  with 
a-hombic  crystals,  from  solution  of  S  in  boiling 
alcohol,  benzene,  &c.  (Maquenne,  Bl.  [2]  41, 
238).  By  melting  S,  and  throwing  in  a  crystal 
of  the  monoclinic  form  when  the  liquid  is  near 
the  crystallisation  point,  the  S  sohdifies  in 
monoclinic  crystals  (Gernez,  C.  B.  83,  217). 

Soft  soluble  sulphur  is  prepared  by 
decomposing  S.,C1.,  by  water,  or  Na.S.p^Aq  or  a 
soluble  polysulphide  by  a  limited'  quantity  of 
acid,  or  many  metallic  sulphides  by  fuming 
HNO3,  or  SOjAq  by  H.,SAq  (Weber,  A.  141,  432  ; 
Eose,  P.  47,  166;  Deville,  Ph.  C.  1848.  200; 
Fordos  a.  G61is,  Ph.  C.  1854.  294).  This  pre- 
paration is  not  homogeneous  ;  it  contains  both 
soluble  and  insoluble  S. 

Insoluble  sulphur  (insol.  in  CS.,)  is  pre- 
pared by  heating  ordinary  S  nearly  to  boiling 
and  then  coohng  rapidly  (most  easily  by  slowly 
pouring  into  a  large  quantity  of  cold  water), 
rubbing  the  plastic  mass  so  obtained  with  a 
glass  rod,  under  water,  till  it  becomes  hard,  and 


removing  soluble  S  by  treatment  with  warm 
CS.,  (cf.  Deville,  Ph.  C.  1848.  200).  Insoluble  S 
is  generally  i^resent  in  '  flowers  of  sulphur  ' 
(which  is  formed  by  rapidly  cooling  vapour  of 
S) ;  by  treating  this  with  CSo  the  soluble  S  is 
removed,  and  the  insoluble  form  remains. 
Soluble  S  becomes  covered  with  a  film  of  the  in- 
soluble variety  by  exposure  to  sunlight  or  elec- 
tric light  when  melted  (Berthelot,  J.  pr.  31, 
396  ;  Lallemand,  C.  B.  70,  182).  Insoluble  S 
is  also  said  to  be  obtained  by  decomposing 
Na.^SjOjAq  by  HClAq,  dissolving  the  ppd.  S  in 
CHCI3,  evaporating,  and  keeping  the  crystals 
that  separate  for  some  time  (for  details  v.  Engel, 
C.  B.  112,  866  ;  Friedel,  C.  B.  112,  834).  In- 
soluble S  is  also  formed,  mixed  with  the  soluble 
variety,  by  the  incomplete  combustion  of  H.,S  or 
CS2 ;  by  decomposing  H.^S  by  fuming  HNO^j, 
acjua  regia,  Fe.^Cl|Aq,  S„G\^,  or  CrOgAq  ;  and  by 
the  reaction  of  HNOjAq,  SO.,,  or  halogens  with 
melted  S  {v.  Wohler,  A.  86,  373;  Vogel,  J.  Ph. 
[3]  29,  433  ;  Schiff,  A.  115,  68;  Nollner,  A.  108, 
19  ;  Dietzenbacher,  C.  B.  56,  39).  Insoluble  S 
is  also  formed  by  decomposing  thiosulphates  by 
acid,  or  S.,CL  or  S,J3r.,by  water,  &c.,  and  washing 
the  soft  magma  so  obtained  with  CS.,  to  remove 
soluble  S  (cf.  Preparation  of  soft  soluble  sul- 
phur, supra  ;  and  v.  Weber,  A.  141,  432  ;  Eose, 
P.  47,  166 ;  Deville,  Ph.  C.  1848.  200). 

Colloidal  sulphur,  soluble  in  water, 
is  prepared  by  passing  H.^S  into  SO._,Aq  at  a 
little  above  0^  till  all  the  SO.,  is  decomposed, 
filtering,  and  concentrating  over  KOH  m  vacuo. 
The  yellow  solid  so  obtained  is  sol.  water,  but 
changes  to  ordinary  S  on  keeping  (Debus,  C.  J. 
63,  282).  According  to  Engel  (C.  B.  112,  866) 
this  form  of  S  exists  in  the  solution  obtained 
by  adding  1  vol.  Na..S,,0.|Aq,  saturated  at  the 
ordinary  temperature,  to  2  vols.  HClAq  satu- 
rated at  25°-30°  and  let  cool  to  c.  10°,  and 
filtering  from  NaCl  that  separates.  This  form 
of  S  has  not  been  isolated  in  a  state  of  purity. 

Eegarding  the  formation  of  the  varieties  of 
S  one  from  the  other,  cf.  Allotropy  of  sidphur, 
p.  609. 

Properties. — S  exists  in  several  modifications. 
The  chief  are  (1)  soluble  in  CSj,  (2)  insoluble  in 
CS,,  (3)  soluble  in  water. 

1.  Soluble  sulphur  exists  in  two,  perhaps 
in  three,  varieties,  differing  in  S.G.,  crystalline 
form,  &c. 

A.  Ordinary  rhombic  [octahedral) 
sulphur  is  a  pale-yellow,  tasteless,  very  brittle 
solid.  By  crystallisation  from  CS.,  it  forms 
clear,  yellow,  transparent,  lustrous  crystals  ;  the 
colour  becomes  paler  at  low  temperatures,  until 
at  —  50°  the  crystals  are  almost  colourless  (Schon- 
bein,  J.  pr.  55,  161) ;  by  immersion  in  boiling 
water  it  becomes  easily  powdered  (Daguin,  C.  B. 
20,  1667).  The  crystals  are  derived  from  the 
fundamental  form  of  a  rhombic  pyramid ;  about 
thirty  varieties  are  known.  When  held  in  the 
hand  S  emits  a  distinct  odour,  probably  because 
of  slight  volatilisation ;  according  to  Berthelot 
(C.  B.  100,  1326)  S  is  wholly  volatilisable  at  a 
temperature  not  much  above  the  ordinary.  S  is 
said  to  phosphoresce  in  air  or  0  at  200°  (Heu- 
mann,  B.  16, 139).  When  S  is  rubbed  it  becomes 
strongly  (negatively)  electrified.  S  is  a  bad  con- 
ductor of  heat,  and  a  very  bad  conductor  of 
electricity ;    the  conductivity  varies  slightly, 
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according  as  the  light  is  or  is  not  allowed  to 
fall  on  the  S  (Monokman,  Pr.  46, 13G).  Insoluble 
in  water ;  easily  sol.  CS,  (data  at  beginning  of 
article) ;  also  sol.  CgHg,  CHCI3,  &o.  Sol.  warm 
cone,  acetic  acid  (Liebermann,  B.  10,  866) ;  sol. 
liquid  SOo  (Sestini,  Z.  1868.  718).  As  octahedral 
S  changes  to  prismatic  S  near  the  m.p.  of  the 
former,  it  is  evident  that  hot  solutions  of  the 
former,  in  solvents  which  boil  near  to,  or  above, 
the  m.p.  of  S  must  contain  some  prismatic  S. 
Ehombic  S  slowly  changes  to  monoclinic  S  when 
kept  near  its  m.p.  [v.  p.  609,  Allotropy  of 
sulphur) ;  the  change  is  accompanied  by  ab- 
sorption of  heat  (c.  650  g. -units  for  32  grams  S) 
and  expansion  of  volume  {v.  Petersen,  Z.  P.  G.  8, 
601).  According  to  Geruez  (C.  B.  83,  217),  if  a 
fair  quantity  of  rhombic  S  is  heated  till  melting 
begins  on  the  surface,  the  interior  portions 
change  to  microscopic  monoclinic  crystals,  and 
the ,  surface  parts  solidify  again ;  this  occurs 
only  if  the  m.p.  of  monoclinic  S  (117'4°)  is  not 
exceeded.  S  melts  to  a  clear  yellow  liquid ;  at 
c.  150°  the  liquid  begins  to  darken  and  thicken  ; 
between  170°  and  200°  it  is  black,  and  so  viscid 
that  it  does  not  pour  out  when  the  vessel  con- 
taining it  is  inverted ;  at  330°-340°  the  liquid 
becomes  thin,  but  it  remains  dark  coloured  until 
it  boils  at  c.  444°.  These  changes  are  accom- 
panied by  very  considerable  changes  in  the 
electrical  conductivity  of  S  :  the  conductivity  is 
almost  constant  from  270°-290°  ;  it  increases 
considerably  up  to  340°-350°,  and  then  very 
rapidly  up  to  the  b.p.  (v.  Monokman,  Pr.  46, 
136).  The  expansion-coefficient,  for  each  in- 
terval of  10°,  decreases  from  110°  to  180°,  and 
then  increases  gradually,  but  not  regularly,  to 
the  b.p.  (v.  Moitessier,  1866.  27).  Melted  S 
may  be  cooled  below  95°  without  solidifying  {cf. 
Gernez,  0.  B.  97,  1298, 1366,  1433).  For  S.G., 
S.H.,  and  other  physical  properties  of  S,  v. 
beginning  of  this  article. 

B.  Monoclinic  sulphur,  obtained  by 
cooling  molten  S,  forms  transparent,  yellowish 
brown  needles ;  as  obtained  by  crystallisation 
from  solutions  the  crystals  are  nearly  colourless. 
The  crystals  gradually  become  pale  yellow  and 
opaque,  due  to  change  into  the  rhombic 
form.  The  crystals  are  secondary  forms  of  a 
monoclinic  prism.  This  form  of  S  is  sol.  CS,; 
rhombic  S  crystallises  from  this  solution ;  it 
also  dissolves  in  alcohol,  C„He,  CHCI3,  &c.  On 
evaporation,  crystals,  fcoth  of  rhombic  and  mono- 
cUnic  S,  separate  (Maquenne,  Bl.  [2]  41,  238) ; 
monoclinic  S  mayberecrystalhsedfrom  alcoholic 
solution  of  (NH.|),_,S  (for  references  v.  p.  607, 
Preparation  of  monoclinic  S).  The  change  of 
monoclinic  to  rhombic  S  is  hastened  by  scratch- 
ing with  a  glass  rod,  or  by  covering  with  CS,; 
heated  to  95-1°  at  760  mm.  pressure,  monoclinic 
changes  to  rhombic  S  ;  the  change  is  accom- 
panied by  ajipearance  of  heat  and  contraction  of 
volume  {v.  p.  609,  Allotropy  of  sulphur).  For  S.G. 
&c.  of  monoclinic  S  v.  beginning  of  this  article. 

C.  Soft  soluble  sulphur  {v.  Preparation 
of  soft  soluble  sulphur,  p.  607)  is  only  partly  sol. 
CS„ ;  it  contains  both  soluble  and  insoluble 
amorphous  S ;  it  is  a  very  pale  yellow,  or  nearly 
■white,  soft,  amorphous,  magma  that  gradually 
hardens ;  when  heated  it  gives  off  H,S  (Weber, 
A.  141,  432  ;  Eose,  P.  47,  166  ;  Deville,  Ph.  C. 
1848.  200 ;  Fordos  a.  G(§hs,  Ph.  C.  1854.  294). 


2.  Insoluble  sulphur.  It  is  doubtful 
whether  more  than  one  variety  of  this  form  of  S 
exists,  or  whether  substances  described  as 
varieties  are  not  merely  mixtures  of  ordinary  in- 
soluble S  with  impurities. 

D.  Plastic  sulphur  is  a  citron-yellow, 
soft,  caoutchouc-like,  amorphous  solid,  formed  by 
suddenly  cooling  molten  S  (v.  p.  607,  Preparation 
of  insoluble  sulphur) ;  as  prepared  from  ordinary 
S  it  is  dark  brown,  but  Mitscherlich  {J.  pr.  67, 
369)  found  that  the  dark  colour  is  caused  by  the 
presence  of  small  quantities  of  fatty  substances 
(cf.  Dietzenbacher,  C.  B.  56,  39).  The  S.G.  of 
brown,  plastic  S  is  0.  1-91  to  1-96  ;  but  the  sub- 
stance is  not  homogeneous  ;  it  contains  both 
soluble  and  insoluble  S.  Plastic  S  soon  hardens 
and  becomes  yellow,  more  quickly  when  broken 
up  and  rubbed  with  a  glass  rod,  or  when  immersed 
in  turpentine,  or  when  heated  to  c.  100°  ;  heat 
is  given  out  in  this  change  {v.  p.  609,  Allotropy 
of  sulphur).  For  determinations  of  the  volumes 
occupied  at  diiferent  temperatures  by  plastic  S 
Toepler  (W.  47, 169). 

E.  Amorphotis  yellow  stilphur  is  pre- 
pared from  plastic  S,  or  flowers  of  S,  or  the  S 
obtained  by  decomposing  thionates  by  acid,  or 
H,S  by  oxidisers  <ic.  (v.  p.  607,  Preparation  of 
insoluble  sulphur),  by  washing  with  warm  CS_, 
till  all  soluble  S  is  removed.  This  variety  is  an 
amorphous,  buff-yellow  powder ;  kept  under 
CS,  it  seems  white  ;  when  dried  and  rubbed  it 
forms  a  loose,  ,  fiocculent  powder.  Insol.  CS.j; 
somewhat  sol.  CHCI3,  Et,0,  and  alcohol,  accord- 
ing to  Deville  (J.  pr.  56,  359).  Unchanged  at 
the  ordinary  temperature,  but  slowly  converted 
to  crystalline  soluble  S  at  100°  [v.  Berthelot, 
J.  pr.  70,  941 ;  71,  364 ;  Favre,  J.  Ph.  [3)  24. 
344;  F.  a.  Silbermann,  A.  Ch.  [3]  34,  447).. 
S.G.  2'046  {v.  data  at  beginning  of  this  article). 
H.C.  [S,0-']  =  71,990  (Petersen,  Z.  P.  C.  8,  601). 
The  accounts  of  this  variety  of  S  vary  con- 
siderably. 

F.  Black  sulphur.  When  S  mixed  with 
a  very  little  oil  is  thrown  into  a  hot  Pt  dish,  a 
black  substance  is  obtained  which  has  been 
looked  on  as  a  modification  of  S  (Magnus,  P. 
92,  367  ;  99,  145  ;  Dietzenbacher,  P.  124,  644  ; 
Gross,  B.  B.  1879.  788 ;  Jones,  C.  N.  41,  244  ; 
Keller,  Bl.  [2]  4,  346).  Knapp  [J.pr.  [2]  38, 
48 ;  43,  305)  has  shown  Miat  the  black  substance 
contains  c.  55  p.c.  S  and  c.  33  p.c.  carbonaceous 
matter  ;  K.  thinks  it  is  probably  a  modification 
of  S  adhering  to  carbonised  products  of  the  oil. 
This  substance  is  said  to  be  non-volatile  above 
the  b.p.  of  S  ;  it  is  a  lustrous,  amorphous,  solid, 
insol.  CS.,,  alcohol,  Et.,0,  oils,  H^SO,,  &c. 

3.  Colloidal  sulphur  soluble  in 
water.  This  form  of  S  is  said  to  exist  in 
Wackenroder'' s  solution  (the  milky  liquid  formed 
by  passing  HjS  into  SO.,Aq),  and  also  in  the  solu- 
tion obtained  by  adding  HClAq  to  Na,S,03Aq  {v. 
p.  607,  Preparation  of  colloidal  sulphur).  This 
form  of  S  has  not  yet  been  obtained  free  from 
impurities  ;  it  is  a  plastic,  gummy,  pale-yellow 
solid ;  it  dissolves  in  water,  forming  a  turbid 
liquid.  By  ppg.  by  NaCl,  filtering,  drying  on 
bibulous  paper,  shaking  with  water,  and  re- 
peating this  treatment,  Debus  (C.  J.  53,  284) 
obtained  colloidal  S  that  dissolved  in  water  so 
as  to  form  an  almost  clear,  opalescent  liquid, 
which  became  quite  clear  on  warming,  and  turbid 
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on  cooling.  This  solution  yielded  ordinary  S  on 
addition  of  several  salts ;  evaporation  left  a 
viscous,  transparent  residue  ;  the  S  in  solution 
did  not  diffuse  through  a  porous  membrane. 

Other  modifications  of  sulphur.  Various 
experimenters  have  described  forms  of  S  different 
from  those  usually  recognised,  but  there  is  much 
doubt  as  to  whether  any  of  these  are  really  dis- 
tinct varieties,  or  merely  mixtures  of  known 
varieties  (v.  Maquenne,  Bl.  [2]  41,  238;  Gernez, 
A.  Ch.  [6]  3,  266  ;  C.  B.  100, 1326 ;  Engel,  C.  B. 
112,  866  ;  Berthelot,  C.  B.  100,  1328 ;  Brame, 
C.  B.  101,  533,  6.39). 

Allotropy  of  sulphur.  The  following  table 
presents  the  best  established  allotropic  forms  of 
S:— 

Insoluble  in  water. 


Soluble  in  CQ..  Insoluble  in  CS.j 

Rhombic  ;  S„  Plastic  ; 

Monoclinic  ;  8^3  Amorphous,  yellow 

Amorphous,  soft 

Soluble  in  water. 
Colloidal; 

The  amorphous  forms  of  S  (soft,  soluble ; 
yellow,  insoluble ;  and  plastic,  insoluble)  and 
colloidal  S  have  not  been  obtained  pure  ;  the  ; 
soluble  amorphous  always  contains  insoluble, 
and  the  insoluble  forms  always  contain  soluble 
S ;  the  colloidal  contains  S  insoluble  in  water 
(c/.  Magnus,  /.  pr.  70,  215  ;  72,  48  ;  Weber,  J.pir. 
lb,  354).  It  would  probably  be  more  accurate 
to  make  only  three  divisions  of  amorphous  S  : 
soluble  in  water,  insol.  water  but  sol.  CS„,  insol. 
both  water  and  CS„.  Berthelot  {J.  pr.  71,  364  ;  | 
78,  244)  holds  that  there  are  two  main  varieties 
of  S  :  soluble  in  OS;,  and  insoluble  in  CS.,.  S 
separated  from  compounds  wherein  it  acts  as 
the  positive  radicle,  or  part  of  the  positive 
radicle  (e.g.  S,C1„,  SOjAq),  is  insoluble,  according 
toB.;  whereas  when  separated  from  compounds 
wherein  it  forms  the  negative  radicle,  or  part  of 
the  negative  radicle  (e.g.  H.,S,  K,S),  S  is  soluble 
in  CS.,.  B.  distinguishes  the  two  varieties  of  S 
as  electro-positive  and  electro-negative.  Cloez 
(J.  pr.  74,  266  ;  78,  241)  asserts  that  insoluble  S 
is  obtained  from  SoCL  when  this  compound  is 
rapidly  shaken  with  water,  but  that  soluble 
(crystalline)  S  separates  from  the  same  com- 
pound by  the  gradual  action  of  moist  air ;  and 
that  insoluble  S  is  obtained  by  electrolysing 
H„SAq  provided  the  electrolysis  is  rapid  (cf. 
"Weber,  P.  141,  432). 

Any  form  of  S  changes  gradually  to  the 
rhombic  crystals  (S„) ;  this  change  is  hastened 
by  raising  the  temperature  within  certain  limits. 
Berthelot  (J.pr.  71,  360)  examined  the  amount 
of  soluble  (crystalline)  S  changed  to  insoluble  at 
different  temperatures  ;  he  found  that  rhombic  | 
S  heated  to  130°-140°  and  rapidly  cooled  was 
still  wholly  soluble  in  CS.,,  that  much  insoluble 
S  was  formed  by  heating  to  c.  170°,  and  not 
much  more  at  c.  230°.  These  results  can  be 
taken  only  as  very  roughly  approximate,  on  ac- 
count of  difficulties  in  cooling,  &c.  (cf.  Deville, 
J.  pr.  56,  365;  Frankenheim,  J.  pr.  54,  436). 
According  to  experiments  of  Gernez  (C.  B.  97, 
1298,  1366,  1433  ;  100,  1343,  1382),  Ruys  (B.  T. 
C.3, 1),  and  Reicher  (J.  1885.  247),  monoclinic  S 
(S#)  changes  to  rhombic  (SJ  in  c.  12  days  at  -  36° 
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to  —15°,  and  in  c.  30  minutes  at  40°.  Reicher 
(B.  T.  C.  2,  246  ;  Z.  E.  8,  593)  says  that  the  tem- 
perature of  change  of  S^j  to  S„  is  95-6°  at  the  or- 
dinary pressure,  and  rises  '05°  for  each  increase 
of  1  atmosphere  piressure  ;  at  96*1°  S„  changes 
to  S^,  and  at  95-1°  S/5  changes  to  S„.  The 
change  of  any  form  of  S  to  rhombic  crystals  is 
accompanied  by  the  appearance  of  heat  and 
contraction  of  volume  ;  the  data  for  the  heats  of 
combination  of  S^,  S^j,  and  amorphous  insoluble 
S  give  c.  650  gram-units  as  the  quantity  of  heat 
produced  when  32  grams  change  to  S„,  andc. 
900  gram-units  for  the  change  of  32  grams  in- 
soluble amorphous  S  to  S.^  (cf.  Berthelot,  C.  B. 
70,  941;  and  Mitscherlich,  P.  88,  328).  By 
keeping  S  molten  for  some  time  at  100°,  and 
then  inducing  crystallisation  by  dropping  in  a 
crystal  of  S,  either  rhombic  or  monoclinic  crys- 
tals can  be  obtained,  according  as  the  crystal 
dropped  in  is  rhombic  or  monoclinic.  When 
rhombic  S  is  melted  and  allowed  to  cool  under 
ordinary  conditions  the  solid  contains  both  S„  and 
S/j ;  if  the  cooling  is  rapid,  some  amorphous  S 
(both  soluble  and  insoluble)  is  also  produced  ; 
hence  ordinary  '  flowers  of  sulphur,'  formed  by 
rap>idly  cooling  S  vapour,  contains  both  soluble  and 
insoluble  S,  and  generally  also,  when  freshly 
prepared,  both  rhombic  and  monoclinic  crystals. 
The  crystals  of  S  that  separate  from  solutions  in 
CS.,  are  rhombic  ;  both  forms  of  crystals  separate 
from  solutions  in  alcohol,  C^Hg,  CHCl.,,  &c. ;  and 
monoclinic  crystals  separate  from  solutions  in 
alcoholic  (NH.,),S.  Light  brings  about  the  change 
of  soluble  into  insoluble  S  ;  if  bright  sunlight,  or 
light  from  the  electric  arc,  falls  on  molten  S  at  c. 
130°,  a  film  of  insoluble  S  is  produced.  Simi- 
larly, light  concentrated  by  a  lens  and  directed  on 
to  a  cone,  solution  of  S  in  CS,  quickly  causes  the 
formation  of  a  speck  of  insoluble  S,  which  soon 
increases  in  size  till  the  liquid  becomes  turbid  (Ber- 
thelot, 2»:  31,  396  ;  Lallemand,  C.  B.  70,  182). 
No  differences  have  been  observed  between  the 
chemical  behaviour  of  the  soluble  and  insoluble 
varieties  of  S  (v.  Schmitz-Dumont,  B.  25,  2659). 

Atomic  weight  of  sulphur.  The  at.  w.  of  S 
has  been  determined  (1)  by  converting  AgCl  into 
Ag.S  (Berzelius,  P.  65,  319  [1845] ;  Svanberg  a. 
Struve,  /.  pr.  44,  320  [1848]) ;  (2)  by  reducing 
Ag.SO,  to  Ag  by  H  (Struve,  A.  80,  203  [1851] ; 
Stas,  Stas  P.  125  [I860]);  (3)  by  direct  synthesis 
of  Ag.,S  (Dumas,4.C/i.  [3]  55,  147  [1859]  ;  Stas, 
Stas  B.  53  [I860])  ;  (4)  by  determining  S.H.  of 
S  (Kopp,  T.  1865.  71) ;  (5)  by  determining  V.D. 
of,  and  analysing,  SH.,,  SO,,  S.,C1.,,  &c. 

Molecular  weight  of  sulplmr.  The  V.D. 
determinations  of  Dumas  (A.  Ch.  [2]  50,  170) 
gave  c.  95  at  450°-500°,  pointing  to  the  molecu- 
lar formula  S„ ;  Bineau  (G.  B.  49,  799)  found 
V.D.  39  from  714°  to  743°,  and  34  between  840° 
and  1160°,  indicating  the  molecular  weight  S._,. 
The  determinations  by  Deville  a.  Troost  (C.  B. 
56,  891)  at  860°-1040-'  confirmed  the  number  32 
and  the  molecular  weight  S,.  Troost  (C.  B.  95, 
30)  got  the  number  42-5  at  665°,  indicating  a 
mol.  w.  of  c.  S,,  (V.D.  corresponding  to  83  =  48). 
In  1888  Biltz  determined  V.D.  of  S  at  intervals 
from  468°  to  606°,  and  got  results  ranging  from 
113-2  at  the  lower  temperature  to  68-4  at  the 
higher  (S,  =  112  ;  S,,  =  64).  The  V.D.  constantly 
decreased  as  temperature  rose ;  the  V.D.  was 
constant  only  between  502°  and  524°,  but  the 
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values  were  between  those  calculated  for  S,.  and 
S,.  Biltz  concluded  that  the  only  molecules 
which  exist  as  gas  through  any  considerable 
range  of  temperature  have  the  composition  S.,. 
Kamsay  {Z.  P.  C.  3,  67  [1889])  thought  that 
Biltz 's  results  did  not  negative  the  existence  of 
gaseous  molecules  more  complex  than  S.,.  Schall 
Jb.  23,  1701  [1890])  got  numbers  for  V'.D.  vary- 
ing from  115  to  122,  at  573°  and  pressures  from 
10-20  mm.,  in  an  atmosphere  of  N  or  CO., ;  S. 
concluded  that  molecules  Sg  probably  exist  in 
the  vapour  of  S.  Eiecke  (Z.  P.  C.  6,  430  [1890]) 
regarded  the  decrease  of  V.D.  with  increasing 
temperature  as  a  dissociation  of  Ss  to  Sg  and  Sj; 
by  making  certain  assumptions,  his  calculated 
results  agreed  well  with  the  experimental  num- 
bers of  Biltz.  In  1888  Paterno  a.  Nasini  (B.  21, 
2153)  determined  the  depression  in  thefreezing- 
point  of  benzene  caused  by  dissolving  S  therein ; 
their  results  indicated  Sg  as  the  molecular  for- 
mula of  S  in  solution  in  benzene.  By  deter- 
mining the  increase  in  the  boiling-point  of  OS, 
produced  by  dissolving  S  in  that  solvent,  Beck- 
mann  {Z.  P.  C.  6,  76  [1889])  got  values  for  the 
mol.  w.  of  S  varying  from  245  to  280  (89  =  256). 
Sakurai  also  used  this  method  in  1892  (C  J.  61, 
989) ;  his  values  for  mol.  w.  of  S  in  CSj  varied 
from  252-3  to  254-9.  From  observations  of  the 
effect  of  dissolving  S  in  naphthalene  on  the  f.p. 
of  the  solvent,  Hertz  (Z.  P.  C.  6,  358  [1890]) 
concluded  that  the  mol.  w.  of  S  in  solution  in 
naphthalene  is  256  =  S„.  Helff  (Z.  P.  C.  12,  196) 
in  1893  also  got  for  mol.  w.  of  S  in  GS^,  and  in 
molten  P.  These  results  leave  little  doubt  that 
molecules  Sg  exist  in  solutions  of  S  in  CS,  and 
in  naphthalene,  and  S,;  in  solutions  in  benzene  ; 
that  molecules  of  greater  complexity  than  — • 
probably  as  complex  as  Sg — exist  in  S  vapour, 
but  these  are  stable  only  through  a  small  range 
of  temperature,  and  gradually  dissociate  as  tem- 
perature rises  until  all  the  molecules  existing 
above  c.  700°  have  the  composition  S.,.  Biltz  a. 
Meyer  (B.  22,  725  [1889])  have  shown  that  the 
V.D.  of  S  corresponds  with  the  mol.  w.  up  to 
1600°-1700°. 

Reactio7is. — 1.  Eeacts  with  water  at  100°  to 
form  H.,S.  Cross  a.  Higgin  (C.  J.  35,  249 ;  B. 
16,  1195)  found  that  the  solution  contained 
thionic  acids ;  they  supposed  that  these  were 
produced  by  reactions  between  the  HoS  and  SO2 
formed  by  the  action  of  the  S  on  the  water  (cf. 
Payen,  J.  Ph.  8,  371 ;  Mulder,  J.  1858.  84 ; 
Meyer,  C.  R.  74,  195  ;  Gelis,  C.  B.  56,  1004). 
Senderens  {Bl.  [3]  6,  800)  regarded  the  produc- 
tion of  HjS  as  due  to  interactions  between  the  S 
and  the  glass  vessels  employed ;  C.  a.  H.  (C  J. 
35,  252)  found  H,S  was  produced  when  dilute 
H^SO.iAq  was  used  in  place  of  water,  and  they  con- 
cluded that  the  alkaline  constituents  of  the  glass 
were  without  influence.  Becquerel  (C.  R.  56, 
237)  says  that  when  water  containing  S  in  sus- 
pension is  electrolysed,  H.,S04  forms  at  the  posi- 
tive, and  H„S  at  the  negative,  electrode  {cf.  Col- 
son,  Bl.  [2]  34,  66).  When  S  is  moistened  with 
water  and  let  stand  in  the  air,  II,SOjAq  is  said 
to  be  produced  (Polacci,  G.  C.  1884.  484  ;  Bohm, 
M.  3,  224).— 2.  S  is  oxidised  to  H^SO^Aq  by 
heating  with  nitric  acid,  aqua  regia,  or  potas- 
simn  chlorate  and  hydrochloric  acid. — 3.  Cotic. 
hot  sulphuric  acid  is  reduced,  giving  ofi  SOj. — 
4.  Cone,  hydriodic  acid  gives  H2S  and  I  (I  de- 
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composes  dilute  H„SAq  to  HIAq  +  S). — 5.  Chloro- 
sulphonic  acid  when  heated  with  S  iDroduces 
S.Cl^,  SO.,,  and  HCl  (Heumann  a.  Kochlin,  B. 
15,  416). — 6.  S  dissolves  in  boiling  alkali  solu- 
tions, also  in  molten  alkalis  and  alkaline  car- 
bonates, to  form  mixtures  of  polysulphides  and 
thiosulphates.  Boiling  ammonia  solution  forms 
polysulphides ;  heated  in  a  sealed  tube  above 
100°  some  (NHJ„S.,03Aq  is  produced  {v.  Brun- 
ner,  D.  P.  J.  150,'371).— 7.  Sulphur  trioxide  dis- 
solves S,  forming  a  blue  solution  of  S2O3  (v.  Sul- 
phur oxides). — 8.  Carbon  dioxide  reacts  with 
boiling  S  to  form  COS  (Cossa,  B.  1,  117  ;  Ber- 
thelot,  Bl.  [2]  40,  364).  The  same  compound  is 
produced  by  volatilising  S,  by  an  electric  cur- 
rent, in  carbon  monoxide  (Chevrier,  C.  R.  69, 
56). — 9.  PSCI3  is  formed  by  the  interaction  of  S 
and  phosphorus  trichloride  at  130°  (Henry,  Bl. 
13,  495).  Phosphorus  pentachloride  forms  PCI3 
and  S.,CL  (Goldschmidt,  C.  C.  1881.  489).— 
10.  S  decomposes  many  sulpliates  and  carbonates 
at  high  temperatures,  forming  sulphides  and 
SO.,,  or  C0„  (v.  Sestini,  Bl.  [2]  34,  490 ;  Berthe- 
\oi,Bl.  [2]  40,  364).— 11.  Solutions  of  salts  are 
very  often  reduced  by  boiling  with  S,  sulphides 
being  generally  pjpd.  {v.  Vortmann  a.  Padberg,  B. 
22,  2642 ;  and,  more  fully,  Senderens,  Bl.  [3]  6, 
800;  7,  511). 

Combinations. — 1.  Sulphur  combines  directly 
with  most  of  the  elements.  The  binary  com- 
pounds of  S — with  the  exception  of  those  with 
Br,  CI,  F,  I,  or  O,  and  also  compounds  of  S  with 
more  than  one  other  element  (except  these  be 
some  of  the  five  just  mentioned) — are  described 
under  the  least  negative  of  the  component  ele- 
ments ;  e.g.  compounds  of  S  with  P  and  CI  are 
described  (as  sulphochlorides)  under  Phosphorus. 
For  the  conditions  of  formation  of  the  binary 
compounds  of  S  reference  must  be  made  to  the 
various  elements,  except  in  the  cases  of  bromide, 
chloride,  fluoride,  iodides,  and  oxides  of  S, 
which  are  described  in  this  article  in  their  proper 
(alphabetical)  places. — 2.  Chlorine  monoxide 
Cl.,0  is  said  to  combine  directly  with  S  (sus- 
pended in  S,,C1.,),  at  -  12°,  to  form  SOCI2  (Wurtz, 
C.  R.  62,  460)^ 

Sulphur,  acids  of.  Eeference  should  be  made 
to  Hydrogen  sulphide,  vol.  ii.  p.  725  ;  Sulphur 
oxYACiDs,  this  vol.  p.  619 ;  Sulphur  oxyacids, 

NITROGEN  DERIVATIVES  OF,  this  Vol.  p.  619  ; 
SULPHOCYANIC  ACID,   Vol.    ii.   p.   303  ;  SULPHONIO 

ACIDS  AND  DERIVATIVES,  this  vol.  p.  599 ;  Thio- 
cARBONic  AcrD,  vol.  i.  p.  703.  For  acids,  and  salts 
of  acids,  containing  S  and  P,  and  S,  P  and  0, 
V.  Phosphorus  sulphides,  this  vol.  p.  145  (begin- 
ning of  article) ;  also  Phosphorous  sulphide, 
Reactions  7  and  8  (p.  146),  Phosphoric  sulphide. 
Reaction  8,  and  also  end  of  that  article  (p.  147). 

Sulphur,  bromides  of.  It  is  very  doubtful 
whether  any  definite  compound  of  S  and  Br 
exists.  Powdered  S  dissolves  in  Br  with  evolu- 
tion of  a  little  heat ;  the  deep  ruby-red  liquid 
begins  to  distil  over  at  c.  60°  and  the  thermo- 
meter rises  steadily  to  c.  190°,  when  it  ascends 
slowly  to  e.  200°,  after  which  it  steadily  rises 
till  S  remains ;  the  fraction  coming  over  at 
190°-200°  agrees  fairly  in  composition  with  the 
formula  S..JBr„  (Pattison  Muir,  0.  28, 845).  M. 
found  that  by  passing  C0„  through  a  solution  of 
S  in  excess  of  Br  for  some  hours,  at  15°,  50°, 
and  90°,  the  residual  liquid  had  nearly  the  com- 
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position  SoBr, ;  Hannay,  however,  by  passing 
air  through  such  a  liquid  for  400—500  hours 
found  that  the  whole  of  the  Br  was  removed  and 
that  pure  S  remained  (C.  J.  33,  284  ;  35,  16). 
It  is,  however,  possible  that  at  the  tempera- 
ture of  this  experiment,  c.  15°,  dissociation 
of  SJBr.,  was  induced  by  the  stream  of  air. 
H.  also  found  that  the  vapour  given  off  by  the 
supposed  SoBr™,  even  at  0^,  showed  the  absorp- 
tion-spectrum of  Br.  Spring  a.  Lecrenier  {Bl. 
[2]  45,  867)  examined  the  reaction  of  the  sup- 
posed SjBr.,  with  K.^SO.,.  S.  had  before  shown 
that  S.,CL,  and  K.,SO.,  produce  KCl  and  ICS^O^. ; 
but  CI  and  S  acting  as  free  elements  produce 
K,SO^,  KCl,  K,S,,03  and  SO,.  S,Br,  ought  then 
to  produce  KBr  and  K,S|0„,  whereas  S  and  Br 
would  form  ICSO^,  KBr,  K,S,03,  and  SO.;  by 
determining  the  quantities  of  the  products  S.  a. 
L.  calculated  that  the  supposed  S.Br,  contains 
c.  27  p.c.  of  the  elements  uncombined.  Various 
reactions  of  the  supposed  S,Br,  are  described  in 
the  memoirs  already  referred  to  {v.  also  Kose, 
p.  44,  327  ;  Michaehs,  J.  Z.  6,  297  ;  Ogier,  C.  B. 
92,  922). 

Sulphur,  chlorides  of.  Three  compounds  of 
S  and  CI  are  known:  S„C1,„  SCI,,  and  SGI.,. 
These  compounds  are  liquids  ;  S,C1,  boils  un- 
changed at  c.  138°,  SCI,  begins  to  decompose  to 
S,C1,  and  CI  at  c.  10°,  and  the  decomposition  of 
SCl/to  SCI,  and  CI  begins  ate. -20°. 

Sulphur  monochlobide  S,C1,.  (Sulphur 
protochloride,  Sulphur  sulphochloride,  SiClpho- 
thionyl  chloride,  Thio-thiomjl  chloride.)  Mol. 

w.  134-7.  Boils  at  138-12°;  S.G.  g-  1-70941,  S.G. 
at  b.p.  1-49201  (Thorpe,  C.  J.  37,  356).  S.V. 
90-28  (T.,  I.e.,  p.  372).  V.D.  68-4  (Dumas,  A.  Ch. 
[2]  49,  204 ;  Marchand,  J.  pr.  22,  507).  mh^ 
=  1-64449  (Haagen,  P.  131,  117).  H.F.  [S-,Cr^] 
{from  S.)  =  14,257  (Th.  2,  310);  17,600  (Ogier, 
C.  R.  92,  922). 

Formation. — 1.  By  the  interaction  of  S  and 
CI.— 2.  By  distilling  S  with  9  parts  SnCl,  or  8-5 
parts  HgCl,. — 3.  By  reacting  on  PCI5  with  S 
(Goldschmidt,  C.C.  1881.  489).— 4.  By  decom- 
posing PSCl;  by  CI  or  by  heating  to  redness.— 5. 
By  the  interaction  of  P.S^  and  S0C1„  the  other 
product  being  P,©^  (Carius,  A.  106,  .331).— 6.  By 
the  action  of  CS,  on  Id,  (Weber,  P.  128,  459). 

Preparation. — A  stream  of  dry  CI  is  passed 
into  a  flask,  or  retort,  containing  S  (flowers  or 
sticks)  until  most,  but  not  quite  all,  S  is  dissolved 
to  a  yellowish-red  liquid,  the  vessel  being  gently 
warmed.  The  liquid  is  repeatedly  distilled  until 
it  boils  constantly  at  138°-139^  If  the  passage 
of  CI  is  continued  until  the  S  is  completely  dis- 
solved, the  liquid  must  be  distilled  from  a  little 
S  (to  decompose  SCI,  quickly). 

Properties.  —  k  yellowish-red,  oily  liquid, 
with  a  very  characteristic,  rather  disagreeable, 
odour  and  an  acid  taste  ;  the  vapour  afi'ects  the 
mucous  membranes  rapidly,  causing  tears,  and 
affecting  the  breathing.  Does  not  become  viscid 
at  -75°  (Haase,  B.  26,  1052).  Fumes  in  air. 
Dissolves  in  CS,  and  C^Hg,  also  in  alcohol  and 
ether  with  decomposition.  S„C1,  dissolves  large 
quantities  of  S  ;  solution  of"  S'.Cl,,  containing 
free  S,  in  CS,  is  used  for  vulcanising  («.  Dictionary 
OF  Applied  Chemistry,  vol.  iii.  p.  706). 

Beactions  and  Combinations. — 1.  S,C1„  sinks 
in  water,  and  then  decomposes,  giving  HClAq, 


SO,Aq,  and  S,  with  a  little  H,SAq,  H„S,03Aq, 
and  some  of  the  thionic  acids. — 2.  Hydrogr.i, 
sulphide  produces  HCl  and  S  ;  hydrorien  ioclida 
reacts  at  the  ordinary  temperature  to  form  HCl, 
I,  SJ,,  and  then  H,S  (Hautefeuille,  Bl.  [2]  7, 
198).— 3.  By  passing  S,C1,  vapour,  mixed  with 
air  or  oxygen,  through  a  red-hot  tube,  SO,,  SO,,, 
and  CI  are  formed  (Donny  a.  Mareska,  C.  R.  20, 
817 ;  Spring  a.  Lecrenier,  Bl.  ['2]  45,  807).— 
4.  Heating  with  p)hosphorus  produces  PCI3, 
PSCl.,,  and  S  if  a  little  P  is  used;  or  PC1„ 
i  P  sulphides,  and  red  P  if  much  P  is  used 
1  (Wohler  a.  Hiller,  ^.  93,  274;  Chevrier,  C.  B. 
63,  1003). — 5.  Heated  with  many  metals,  S,CL, 
gives  metallic  chlorides  and  S  ;  the  more  volatile 
the  metallic  chloride  the  more  readily  does  the 
reaction  occur  {v.  Chevrier,  C.  B.  64,  302). — 
6.  S,C1,  combines  with  chlorine,  forming  SCI, 
and  SCI4  {q.v.,  infrci).  Br  and  I  are  absorbed 
by  S„C1, ;  according  to  Evans  a.  Eamsay  (C.  J. 
45, 65)  no  compound  is  formed  with  Br. —7.  With 
oxides  of  arsenic  and  antimony  S,C1,  forms 
ASCI3  and  SbClj,  giving  off  SO,  and  separating  S ; 
selenion  dioxide  produces Se,CL,  and  SO,;  oxides 
of  phospliorus,  boron,  and  silicon  do  not  react 
(Prinz,  A.  223,  355).— 8.  S,C1,  absorbs  sulphur 
trioxidc,  below  0°,  forming  a  brownish-yellow 
liquid,  from  which  excess  of  SO,,  crystallises  out; 
a  little  above  6°  SO,  is  given  off,  rapidly  at  10° ; 
S,OjCl,  is  formed  on  distillation  (Eose,  P.  44, 
291). — 9.  By  passing  vapour  of  S,C1,  along  with 
the  vapours  from  sulphonic  acid  through  a  hot 
tube,  SO,,  H,S,  S,  HCl,  and  CI  are  produced 
(Brault  a.  Poggiale,  /.  Ph.  21, 140).— 10.  Heating 
SjCl,  with  sulphcdes  generally  produces  SO,CL,, 
chlorides,  S,  and  SO, ;  heated  with  sulphnryl 
chloride  to  250°,  SnOCl^  is  formed  (u.  Schneider, 
J.  pr.  104,  83  ;  [2]  32,  18  ;  Demar(?ay,  C.  R.  92, 
726). — 11.  S,C1,  combines  with  ammonia  gas 
to  form  S,CL.4NH3,  stable  in  air,  sol.  alco- 
hol, decomposed  by  water  giving  NH|ClAq, 
(NHj),S,03Aq,  and  S  (Brault  a.  Poggiale,  J.  Ph. 
21,140). — 12.  Reacts  with  organic  compounds 
containing  oxygen,  generally  forming  CI  com- 
pounds and  small  quantities  of  S  compounds, 
and  also  HCl,  SO,,  and  S. — 13.  Combines  with 
unsaturated  hydrocarbons ;  e.g.  with  C.R^  forms 
C,HjS,Cl,. 

Sulphur  dichlobide  SCI,.  Mol.  w.  (in  solu- 
tion in  benzene  or  acetic  acid)  102-72.  S.G. 
1-6482  at  15-4°  (Costa,  G.  20,  367).  ^„„  =  1-5716 
(Costa,  I.e.).  No  constant  b.p.  {v.  infra).  This 
compound  was  prepared  by  H.  Eose  in  1831  (P. 
21,431;  27,  107);  the  experiments  of  Dumas 
(A.  Ch.  [2]  49,  204)  and  Marchand  (/.  pr.  22 
507)  led  to  its  recognition  as  a  definite  com- 
pound (v.  also  Carius,  A.  106,  291)  ;  Hiibner  a, 
Guerout  [Z.  1870.  455)  isolated  the  compound 
satisfactorily,  and  their  results  were  confirmed 
by  Thorpe  a.  Dalzell,  in  1871  (C.  N.  24,  159). 
Costa,  in  1890  {G.  20,  367),  determined  the  mol. 
■w.  of  the  compound  in  solution. 

PreparcLtion. — Dry  CI  is  led  into  S,C1,,  sur- 
rounded by  a  freezing  mixture,  until  the  liquid 
becomes  deep  red ;  excess  of  01  is  removed  by  a 
stream  of  dry  CO,.  The  temperature  must  not 
rise  above  6°  ;  the  vessel  containing  the  8,01, 
should  be  kept  filled  with  CI  continually,  and 
should  not  be  exposed  to  direct  sunlight  (H.  a. 
G.,  I.e.;  C,  I.e.;  T.  a.  D.,  I.e.;  also  Soubeiran 
A.  Ch.  [2]  67,  64 ;  Michaehs,  A.  170, 1). 
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Properties.  —  A  thin,  dark,  brownish-red, 
liquid,  with  smell  and  taste  like  SoCU ;  does  not 
solidify  at  —  30° ;  gives  off  01  when  exposed  to 
sunlight,  and  should,  therefore,  be  kept  in  a 
sealed  tube  in  the  dark.  Easily  decomposed  by 
heat  to  S,C1,,  and  CI ;  Michaelis  (B.  6,  995)  gives 
a  table  showing  amount  of  dissociation  from  20° 
to  130°  ;  the  temperature  whereat  50  p.o.  of  the 
SOU  is  dissociated  is  c.  86°.  SOU  reddens  dry 
litmus  paper.  The  depression  of  the  freezing- 
point  of  benzene  or  glacial  acetic  acid  by  solution 
therein  of  SOL,  shows  that  the  mol.  w.  agrees 
with  the  formula  SCL  (Costa,  G.  20,  367). 

Reactions  and  Combinations. — 1.  Heat,  or 
direct  sunlight,  causes  dissociation  to  SjClj  and 
CI  [v.  supra,  Properties). — 2.  Water  produces 
HClAq  and  H^SoOjAq.— 3.  Oxidised  violently  by 
nitric  acid  to  HClAq  and  H2S04Aq. — 4.  Ammonia 
solution  produces  NHjClAq,  N,  and  S  ;  aynmonia 
gas  combines  to  form  SOI2.2NH3  and  SC1,,.4NH3, 
soluble,  unchanged,  in  absolute  alcohol  and  ether 
(Soubeiran,  A.  Ch.  [2]  67,  74).— 5.  Thionijl 
chloride  (SOCL),  when  heated  with  SCh,  forms 
S,,0C1,  (Ogier,  131.  [2];37, 29S).— 6.  Alkali  sulphites 
produce  chlorides  and  trithionates  (Spring  a. 
Lecrenier,  Bl.  [2]  45,  867). — 7.  Some  metals, e.g. 
Ou,  Fe,  K,  react  with  SOL,  with  production  of 
heat  and  light,  and  formation  of  chlorides  and 
sulphides. — 8.  Combines  with  arsenious  chloride, 
forming  AsClj.SCL  according  to  H.  Eose  (P.  27. 
107). — 9.  SOI,  reacts  with  oxygenised  carboti 
compounds  similarly  to,  but  more  readily  than, 
SjCU ;  it  combines  with  several  unsaturated 
hydrocarbons  {v.  Heintz,  A.  100,  370;  Guthrie, 
C.  J.  12,  109). 

Sulphur  tetrachloride  SCI4.  This  com- 
pound exists  only  at  temperatures  under  —  20°. 
The  molecular  weight  is  probably  173'46  (SCI,). 

Preparation. — S,CL  is  cooled  to  below  —  20° 
(c.  —  22°)  and  a  slow  stream  of  dry  01  is  passed 
in  until  absorption  of  01  ceases.  Michaelis  a. 
Schifferdecker  {B.  6,  993)  found  that  67-5  g. 
SoClo,  kept  at  -20^  to  -  22°,  absorbed  106  g.  Clin 
10  hours,  that  absorption  of  01  then  ceased,  and 
that  the  liquid  had  the  composition  SClj. 

Properties. — A  mobile, yellowish-brown  liquid; 
when  removed  from  the  freezing  mixture  used 
in  the  preparation,  the  Uquid  gives  off  01,  and 
boils  with  an  absorption  of  much  heat.  M.  a.  S. 
give  the  following  data  showing  the  dissociation 


of  SCI,  to  SCI,  and  CI:— 

Temp. 

P.c.  SCI. 

P.c.  sea. 

-  22° 

100-0 

0-0 

-  15 

41-95 

58-05 

-  10 

27-62 

72-38 

-  7 

21-97 

78-03 

-  2 

11-93 

88-07 

-t-0-7 

8-87 

91-13 

-t-6-2 

2-43 

97-57 

Reactions. — 1.  Water  causes  rapid  decom- 
position to  HClAq  and  SOjAq,  with  more  or  less 
S  according  to  the  mass  and  temperature  of  the 
water. — 2.  With  sulphur  trioxide,  in  the  ratio 
SCljiSOj  the  products  are  SOCl,  and  SoO^Clj,  in 
the  ratio  801^:2803  the  products  are  SOClj,  S0„, 
and  01  (M.  a.  S.,  I.e. ;  also  B.  5,  924).  Sulphur 
dioxide  does  not  react. — 3.  Chlorosulphonic  acid 
reacts  at  a  low  temperature  to  form  SoCjClj  and 
HCl  (M.  a.  S.,  B.  6,  996).— 4.  With"  some  hy- 
drox'j/.io  organic  compounds,  e.g.  CjH^.OH  and 


C,H5.00.0H,  OH  is  replaced  by  01  and  SOCl^ 
is  formed. 

Combinations. — 1.  Compounds  of  SCI4  with 
several  metallic  chlorides  are  produced  by  warm- 
ing the  chlorides  vdth  Sods  and  passing  in  01 ; 
the  compounds  2A1C13.S014,  AuOlj.SCl^,  and 
2TiCl4.SCl4  are  formed  thus  (Weber,  P.  104, 421 ;. 
Eose,  P.  42,  517 ;  Oasselmann,  A.  83,  267).  The 
compound  with  AIOI3  may  be  distilled  in  a  closed 
/\  shaped  tube ;  the  other  two  compounds 
give  off  CI  when  heated.  The  compounds 
SbClj.SSCli  and  Sn01,.2SCl4  are  produced  by 
passing  01  over  SnS,  and  Sh.Ss  respectively 
(E.,  I.e. ;  C,  I.e.). — 2.  With  iodine  trichloride 
forms  IClj.SOlj  (Weber,  P.  128,  459;  c/.  JaiUard, 
A.  Ch.  [3]  59,  454,  who  gives  the  composition 
SCI2.2ICI3).  Prepared  by  passing  01  into  I  dis- 
solved in  OS,  till  the  liquid  is  wine-red,  cooling, 
and  drying  the  red-yellow,  prismatic,  very  deli- 
quescent, crystals,  in  a  tube  in  a  stream  of  dry 
01.  Also  formed  by  passing  01  into  a  mixture 
of  2  pts.  S  and  1  pt.  I.  Melts  to  a  brown  liquid 
when  heated  in  a  closed  tube  ;  heated  in  an  open 
tube  forms  01,  ICl,  and  8,01, ;  decomposed  by 
water  or  dilute  HNOjAq. 

Sulphur,  chloro-iodide  of,  S01,I(  =  SCl^.ICl,) ; 
V.  suvra,  Sulphur  teirachloeide.  Combinations, 
No.  2. 

Sulphur,  chloronitride  of,  SjClN ;  v.  Nitrogen 
sulphochloride,  vol.  iii.  p.  571. 

Sulphur,  cyanides  of,  v.  Cyanogen,  sul- 
phides, vol.  ii.  p.  358. 

Sulphur,  fluoride  of.  According  to  Gore  (Pr. 
20,  70  [1871])  the  heavy  colourless  gas  produced 
by  fusing  AgF  with  S  is  a  fluoride  of  S.  This 
gas  is  not  liquefied  at  0°,  at  the  ordinary  pres- 
sure ;  it  fumes  in  the  air,  and  attacks  glass  ;  no 
analyses  are  given  by  G. 

Sulphur,  haloid  compounds  of.  The  most 
stable  of  these  compounds  belong  to  the  forms 
S.,X.,;  where  X  =  C1,  Br,  or  I.  The  chloride, 
8,01.,,  may  be  distilled  unchanged ;  the  bromide, 
8 jBr,,  is  exceedingly  easily  decomposed  if,  indeed,, 
it  has  been  isolated ;  the  iodide,  Sjlj,  has  been 
very  slightly  examined.  The  compounds  SOL 
and  SCI4  also  exists  ;  the  former  at  temperatures 
below  c.  10°,  and  the  latter  below  c.  -  20°.  The 
compound  SI,,  perhaps  exists  ;  it  gives  up  I  at 
the  ordinary  temperature.  The  only  haloid  com- 
pound of  S  that  has  been  gasified  unchanged  is 
SoCL. 

Sulphur,  hydrides  of,  SH,  and  (?)  S.H, ;  v. 
Htdboqen  sulphides,  vol.  ii.  p.  725. 

Sulphur,  nitride  of,  SN  ;  v.  Nitrogen  sul- 
phide, vol.  iii.  p.  570. 

Sulphur,  iodides  of.  S  and  I  probably  com- 
bine when  heated  together,  but  no  definite  com- 
pound has  been  isolated  by  this  method  (c/.  Gay- 
Lussac,  Q.  A.  48,  372  ;  H.  Eose,  P.  27,  115  ; 
Lamers,  J.  pr.  84,  349 ;  Sestini,  J.  1863.  153 ;. 
Wheeler  a.  Liideking,  Fr.  26,  602). 

Sulphur  mono-iodlde  SjL.  Guthrie  (C.  J. 
14,  57)  obtained  this  compound  by  placing  2^ 
parts  EtI  and  1  part  S^Cl^  in  a  sealed  tube,  open- 
ing after  12  hours,  evaporating  EtCI  by  warming 
with  the  hand  and  removing  excess  of  EtI  by 
gently  warming  ;  the  SJj  crystallised  out  in  lus- 
trous crystals  resembling  I.  (One  analysis  is 
given,  but  no  full  description  of  properties.). 
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Ogier  (C.  R.  92,  922)  gives  H.F.  [S-,  I-]  (from 
gases)  =  10,800. 

Sulphur  hexa-iodide  SI^.  This  compound 
is  said  to  be  formed  by  slowly  evaporating,  at  a 
low  temperature,  a  solution  of  I  with  slight  ex- 
cess of  S  in  CSo.  Grey-black  crystals;  resem- 
bling, and  isomorphous  with,  I ;  I  evaporates  on 
exposure  to  air  and  eventually  only  S  remains ; 
alcohol,  cone.  KOHAq,  or  KIAq,  also  withdraws 
all  I  (G.  vom  Kath,  P.  110,  116;  Lamers,  J.  pr. 
84,  349).  It  is  very  doubtful  whether  the  crys- 
tals examined  by  vom  Kath  were  a  compound 
or  only  I  retaining  a  little  S. 

By  passing  HJi  into  a  dilute  solution  of 
KCl.ICl,,  Lamers  \l.c.)  obtained  an  orange-red 
pp.  which  dried  in  an  exsiccator  to  a  brown 
amorphous  mass  containing  S  and  I  in  the 
ratio  S;,!,. 

By  subliming  SnS..  with  I,  Schneider  (J.  18G0. 
186)  obtained  a  compound  to  which  he  gave  the 
composition  SnSI.,.SI,. 

Sulphur,  iodochloride  of,  SICl,  ( =  SCl,.ICy 
V.  Sulphur  tetrachloride.  Combinations  No.  2. 

Sulphur,  oxides  of.  Four  compounds  have 
been  isolated ;  S^Oj,  SOj,  SO3,  and  SjO,.  S  and 
0  combine  directly  to  form  SOo  and  SO;, ;  S  dis- 
solves in  SO3  to  form  SjOj;  S^O,  is  formed  by 
the  action  of  an  electric  discharge  on  a  mixture 
of  SO.,  and  0,  or  SO,,  and  0. 

Sulphur  sesquioxide  SoO,  {Hyposulphuroics 
anhydride).  The  production  of  a  blue  substance, 
on  distilling  fuming  H..SO4  and  S,  was  noticed 
byBuchholz  in  1804  (Gehlen'sJ.  S,  7);  Vogel,  in 
1812,  obtained  the  blue  body  by  bringing  to- 
gether S  and  SOs  (S.  4,  121)  ;  the  substance  was 
examined  by  Wach  (S.  .50,  1),  Berzelius  {Lelir- 
huch  [5th  edit.]  1,  485),  and  Stein  (J.  pr.  [2]  6, 
172).  Weber,  in  1875,  isolated  the  compound 
and  found  its  composition  to  be  S2O3  [P.  156, 
531). 

S_.0.|  is  prepared  by  adding  well-dried  flowers 
of  sulphur,  little  by  little,  to  SO3  quite  free  from 
H._,S04,  more  S  being  added  when  the  previous 
quantity  has  all  combined.  The  process  is  con- 
veniently conducted  in  a  test  tube,  covered  with 
a  small  porcelain  crucible  to  exckide  moisture, 
and  plunged  into  water  cooled  to  c.  12° ;  tlie  S 
disappears  in  the  SO., 'and  blue  drops  are  formed  ; 
the  tube  should  be  tilted  so  that  the  blue  drops 
come  into  contact  with  the  sides  of  the  tube 
wliere  they  form  a  thin  crust  (if  the  drops 
solidify  as  they  float  in  the  SO3,  the  solid  S.Oj 
retains  S0„  from  which  it  cannot  be  freed). 
When  c.  1  g.  S  has  been  added,  excess  of  SO3 
{which  should  be  colourless)  is  poured  ofl',  the 
last  traces  being  removed  by  gently  and  care- 
fully warming  not  above  35°  ;  the  solid  S2O3  is 
scraped  out  of  the  tube  by  a  glass  rod. 

S^Oj  is  a  blue-green  solid,  consisting  of  a 
mass  of  microscopic  crystals.  Insoluble  pure 
SO3 ;  if  a  little  H„SO,  is  present  the  S.,03  dis- 
solves to  a  deep-blue  liquid.  Melts  with  decom- 
position ;  decomposes  slowly  in  dry  air,  quickly 
on  heating,  to  SO.,  and  S ;  deliquesces  in  moist 
air  to  a  brown  liquid  from  which  S  soon  sepa- 
rates ;  reacts  violently  with  water,  giving 
H^SOjAq,  SO.,Aq,  H,S.>03Aq,  polythionio  acids, 
and  S  ;  decomposed  also  by  alcohol  and  ether, 
with  separation  of  S,  also  by  ordinary  H„SO,. 

may  be  regarded  as  the  anhydride  of 
HjSoO, ;  although  the  acid  has  not  been  ob- 


tained from  the  oxide,  nor  the  oxide  from  the 
acid. 

For  the  compounds  SSeOj  and  STeO,  v. 
Selenion  thio-oxide  (p.  441)  and  Tellurium 
thio-oxide  (under  Tellurium  oxides). 

Sulphur  dioxide  SO,.  {Sulphurous  oxide. 
Sulphurous  anhydride.  Thionyl  oxide.)  Mol. 
w.  63-9.  Melts  at  c.  -76°  (Faraday,  T.  1845. 
155) ;  c.  -80"  (Mitchell,  A.  37,  356).  Boils  at 
c.  - 10°  (Bunisen,  P.  46,  97  ;  Andr6eff,  J.  1859  ; 
Pictet,  G.  C.  1877.  81).  S.G.  (liquid)  1-4911  at 
-20-5°,  1-4384  at  -2-08°,  1-4252  at   -t- 2-8°, 

1-  3769  at  20°,  1-3258  at  38-65°  (Andreeff,^.  Ch. 
[3]  56,  317)  ;  1-4338  at  0°,  1-2872  at  52°,  1-1846 
at  82-4°,  1-1041  at  102-4°,  -956  at  130-3°,  -7317 
at  151-75°,  -52  at  156°  (Cailletet  a.  Mathias, 
C.  R.  104,  1563).    S.G.  (gas  at  0°  and  760  mm.) 

2-  2639  (Leduc,  C.  R.  117,  219).  V.D.  32-23 
(Gay-Lussac,  Berzelius,  Buft'  ;  Biltz,  B.  21, 
2769).  S.H.  (equal  wt.  water  =  1)  -1544 ;  (equal 
volume  air  =  l)  -3414  (Eegnault,  J.  1863.  84). 
Ratio  of  S.H.  constant  pressure  to  S.H.  con- 
stant volume  =  1-2562  (Miiller,  TF.  18,  94).  C.E. 
-00423  for  1°  between  0°  and  10°,  -004005  10° 
to  20°,  -003846  at  50°,  -003757  at  100°,  -003718 
at  150°,  -003695  at  200°,  -003685  at  250°  (Amagat, 
C.  R.  73,  183  ;  cf.  C.  R.  68, 1170).  Leduc  (C.  R. 
117,  219)  gives  C.E.  between  0°  and  20°  as 
-00396.  For  C.E.  of  liquid  SO2  v.  Drion  (A.  Ch. 
[3]  56,  5)  apd  Andreeff  {A.  110,  1).  The 

PV 

ratio  p^->l ;   Amagat  {I.e.)  gives  these  values, 

1-0185  at  15°,  1-0110  at  50°,  1-0054  at  100°, 
1-0032  at  150°,  1-0021  at  200°,  1-0016  at  250°. 
PLF.  [S,0-]  =  71,070  from  solid  rhombic  S; 
71,720  from  solid  monoclinic  S  {Th.  2,  247). 
Heat  of  liquefaction  of  gaseous  S0.2  =  6644 
(Favre,4.  Ch.  [5]  1,  209).  Critical  temperature 
=  156°  (Cailletet  a.  Mathias,  C.  R.  104,  1563) ; 
155-4°  (Sajotscheflski,  P.  B.  1879.  741) ;  157°- 
161°  (Ladenburg,  B.  11,  821).  Heat  of  vapori- 
sation of  liquid  SO,,,  at  0°  =  91-2,  at  60°  =  69 
(C.  a.  M.,  I.e. ;  cf.  Chappuis,  C.  R.  104,  897). 
Eegnault  (C.  R.  50, 1063)  gives  vapour  pressures 
as  follows  : 


Temp. 
-25° 
-20 
-10 
0 

+  10 

20 


Vap.  pressure 
373-79  mm.  Hg 
479-46  „ 
762-49  „ 

1165-06  „ 

1719-55  „ 

2462-05  „ 


Temp. 
30° 
40 
50 
60 
65 


Vap.  pressure 
3131-80  mm.  Hg 
4670-23  „ 
6220-01  „ 
8123-80  „ 
9221-40  „ 


Vapour-pressure  at  critical  temp.  =  78-9 
atmos.  (Sajotscheffski,  P.  B.  1879.  741).  S.  in 
water  between  0°  and  20°  (gaseous  SO,,)  =  79-789 
-2-6077t4--029349£- ;  1  vol.  of  the 'saturated 
SO„Aq  contains  68-861 -l-87025< -1- -012'25f- vols, 
sol ;  S.  (water)  between  21°  and  40°  =  75-182 - 
2-1716J  -I-  •01903^= ;  1  vol.  of  the  saturated  SO,Aq 
contains  00-952  - 1-38898(; -1- -00726i-  vols.  SO, 
(Bunsen  a.  Schdnfeldt,  A.  95,  2).  S.  in  alcohol, 
at  760  mm.  =  328-62  -  16-95i  +  -3119<-  ;  S.G.  of 
solution  =  1-11937  -  -014091^  +  -000257^'  (Carius, 
A.  94,  148).  Suns  {C.  J.  14,  1)  gives  the  table 
on  the  next  page,  which  presents  both  the  weight 
of  S0._.  in  grams  and  the  volume  of  gaseous  SO,, 
in  c.c.  dissolved  by  unit  weight  of  water  at  the 
normal  pressure  and  different  temperatures  : — 
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Grams  SO, 

c.c.  so 

Temp. 

absorbed  by  1  g.  water 

at  760  mm. 

8° 

•168 

58-7 

12 

•142 

49-9 

16 

•121 

42-2 

20 

•104 

36-4 

24 

•092 

32-3 

28 

•083 

28-9 

32 

•073 

25-7 

36 

•065 

22-8 

40 

•058 

20-4 

44 

•053 

18-4 

48 

•047 

16-4 

50 

•045 

15^6 

The  quantity  of  SO.  dissolved  by  a  given 
weight  of  water  varies  with  pressure,  and  only 
at  0.  40°  and  upwards  is  the  quantity  propor- 
tional to  the  partial  pressure  of  the  gas  (v.  Sims, 
C.  J".  14, 1).  For  S.G.  and  composition  from -5 
to  10  p.c.  of  SO.,Aq  V.  Anthon  (C.  C.  1860. 744) ; 
also  Giles  a.  Schearer  (S.  C.  I.  4,  303). 
[SO-,Aq]  =7,700  (gaseous  S0„)  (Th.  2,  249); 
1500  (liquid  SO.,)  (Berthelot,  C.  B.  96,  142,  208; 
Chappuis,  A.  'Ch.  [2]  19,  21).  H,SO^Aq 
absorbs  the  following  quantities  of  gaseous  SOj 
(Kolb,  D.  P.  J.  209, 270  ;  cf.  Dunn,  C.  N.  43, 121 ; 
45,  270)  :— 

Kilos.  SO,  per 
kilo,  acid 

•009  5-8 

•014  8-9 

•021  11-2 

■032  15-9 

•068  29-7 


S.a.  H,SO^Aq 

1-841 
1-839 
1-640 
1-407 
1-227 


Litres  SO,  per 
'  litre  acid 


SO2  is  absorbed  by  charcoal ;  1  c.c.  charcoal 
=  1-57  g.  was  found  by  Favre  {A.  Ch.  [5]  1,  209) 
to  absorb  165  c.c.  SOj.  Camphor  absorbs  c.  308 
times  its  vol.,  glacial  acetic  acid  c.  318  times, 
80,01.2  c.  187  times,  its  volume  of  S0„  (Schulze, 
J.pr.  [2]  24,168;  Bineau,  A.  Ch.  [.3]  34,  326). 
1x^^  =  1-35  at  15°  (Bleekrode,  Pr.  37,  369).  For 
surface  tension  of  liquid  SO.,  v.  Clark  (C.  N.  38, 
294 ;  40,  8).  For  absorption-spectrum  v.  Liveing 
a.  Dewar  (C.  N.  47,  121). 

Occurrence. — In  volcanic  gases,  and  in  river 
and  spring  water  near  volcanoes  (v.  Eicciardi,  G. 
■18,  38). 

Formation. — 1.  By  burning  S  in  0.  Baker 
(Pr.  45,  1 ;  C.  J.  47,  349)  found  that  the  com- 
bustion of  S  in  0  is  retarded  the  drier  the  0  is  ; 
using  very  carefully  dried  O  there  was  no  flame. 
According  to  Hempel  (B.  23,  1456)  c.  2  p.c.  of 
the  gas  formed  when  S  is  burnt  in  0  at  the 
ordinary  pressure  is  SO.,,  98  p.c.  being  S0._, ;  at 
a  pressure  of  40°-50°atmos.  c.  half  the  S  is  burnt 
to  SO,  and  half  to  SO3 ;  at  higher  pressures 
c.  70  atmos.  the  proportion  of  SO.,  increases. — 
2.  By  heating  S  with  oxide  of  Pb,"  Mn,  Hg,  Zn, 
&c. — 3.  By  heating  various  suliDhates  with  S, 
also  SO3  with  S,  or  cone.  H.,SO,  with  C,  Cu,  Hg, 
or  S ;  by  heating  NajSO.,  with  charcoal  and 
SiOj. — 4.  By  the  decomposition,  by  acids,  of 
alkali  thiosulphate  or  polythionate  solutions. — 
6.  By  burning  H.,S,  CS2,  and  various  organic 
compounds  containing  S. — 6.  By  decomposing 
cone.  H.,SO  I  by  heat.  —  7.  By  the  action  of 
electric  sparks  on  a  mixture  of  sulphur  with 
CO2,  NO,  or  NjO  (Chevrier,  C.  B.  69, 136). 


Preparation. — 1.  Pure  H.iSOj,  mixed  with 
half  to  two-fifths  its  volume  of  water,  is  heated 
with  pure  Cu  ;  the  S0._,  that  comes  off  is  passed 
through  water  in  a  large  flask,  and  then  through 
a  couple  of  bottles  filled  with  pumice,  broken 
into  small  pieces  and  moistened  ;  the  pumice- 
should  be  twice  moistened  with  pure  H^SOj  and 
heated  to  redness  before  being  used,  to  remove 
chlorides  and  fluorides  (Stas,  Chem.  Proport^ 
115).  The  SO,  may  be  dried  by  passing  it 
through  pure  cone.  H.,SO_„  and  then  over 
CaCl.,. — 2.  A  mixture  of  3  parts  pure  CuO  and 
1  part  S  in  powder  is  heated  in  a  tube  of 
hard  glass ;  the  anterior  part  of  the  tube 
contains  CuO  only,  to  oxidise  S  that  may 
sublime  (Marchand,  P.  42,  144).— 3.  Neumann 
{B.  20,  1584)  obtains  a  regular  stream  of  ap- 
proximately pure  SO.,  by  jjlacing  a  mixture 
of  three  parts  CaSOj  and  1  part  CaSO^,  made 
into  small  cubes,  in  a  Kipp's  apparatus,  and 
decomposing  by  ordinary  oil  of  vitriol.  The 
acid  should  be  allowed  to  come  into  contact 
with  suflicient  cubes,  and  no  more,  to  give  the 
stream  of  gas  that  is  required.  Using  c.  500  g. 
of  the  cubes,  N.  obtained  a  constant  stream  of 
SO.,  for  30  hours.  The  cubes  are  made  by 
mixing  the  CaSO^  and  GaSOj,  moistening  with 
water  so  that  a  semi-sohd  mass  is  obtained  that 
can  be  worked  with  the  fingers  with  some  diffi- 
culty, pressing  this  in  an  iron  mortar,  hammer- 
ing it  into  an  iron  frame  c.  10-12  mm.  in  height, 
covering  with  oilcloth  and  pressing  strongly, 
cutting  into  cubes  whUe  still  in  the  frame,  re- 
moving and  drying  at  0.  20°  (v.  Winkler,  B.  20, 
184). 

Properties. — A  colourless  gas,  at  ordinary  tem- 
peratures and  pressures,  with  the  strong  pene- 
trating, choking  odour  of  burning  S ;  causes 
coughing  and  blood-spitting  if  inhaled  in  any 
quantity.  Incombustible  in  air,  and  extinguishes 
flame ;  when  mixed  with  O  and  passed  over 
heated  spongy  Pt  it  is  oxidised  to  SO3.  Dry 
SO.,  is  said  not  to  redden  litmus  paper  (Wilson, 
C.  J.  1,  332).  Bleaches  many  vegetable  colours ; 
the  colours  are  generally  restored  by  alkalis. 
Bad  conductor  of  electricity  {v.  Bleekrode,  P.  M. 
[5]  5,  375,  439).  Is  not  decomposed  by  passing 
through  a  red-hot  tube.  Condensed  at  c.  — 10° 
under  the  ordinary  pressure — bypassing  the  dry 
gas  into  a  tube  surrounded  by  a  mixture  of  snow 
and  salt ;  may  also  be  condensed  at  the  ordinary 
temperature  by  evolving  the  gas  (by  warming 
charcoal  saturated  with  SO.,,  or  a  mixture  of 
1  part  S  and  5  parts  SO3)  in  one  limb  of  a  closed 
tube,  the  other  limb  being  placed  in  cold  water. 
Convenient  apparatus  for  liquefying  SO,  is  de- 
scribed by  Wohler  {A.  137,  371)  and  Ho'fmann 
{B.  2,  262). 

Liquid  SO,  is  a  colourless,  mobile  liquid. 
Exposed  to  air  it  evaporates  very  rapidly,  with 
disappearance  of  much  heat ;  an  air  thermo- 
meter j)laced  in  liquid  SO,  at  10°,  in  an  open 
vessel,  falls  to  —67°.  Liquid  SO.,  dissolves 
P,  S,  I,  Br,  and  many  gums.  It  is  miscible  in 
ail  proportions  with  liquid  SO3 ;  partially  miscible 
with  CS2,  Et.,0,  CHCI3,  and  'C„H„  on  warming  ; 
but  immiscible  -with  cone.  H._,SO,,  (Sestini,  Bl. 
[2]  10,  226).  Liquid  SO,  is  a  non-conductor  of 
electricity  (Magnus,  P.  104,  633). 

By  evaporating  liquid  SO^  rapidly  in  an  air- 
pump,  part  of  it  solidifies  to  a  white,  woolly 
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mass ;  the  liquid  may  also  be  solidified  by 
placing  it  in  a  mixture  of  solid  CO^  and  ether. 

Reactions  and  Combinations. — 1.  S0._,  is  not 
decomposed  by  passing  through  a  red-hot  tube. 
But  by  heating  to  c.  1200°  it  is  changed  to  SOj 
and  S  (3S0.^  =  2S0.i  + S)  ;  the  action  stops  when 
the  SO3  attains  a  certain  vapour  pressure,  but  if 
the  SO,j  is  removed  (by  cone.  H„SOJ  the  whole 
of  the  SO,  is  decomposed  (Deville,  C.  R.  60,  317). 
Induction  sjmrks  effect  the  decomposition  of 
SO.,  to  SO3  and  S  [v.  Buff  a.  Hofmann,  A.  113, 
129) ;  ligJit  acts  similarly  (Morren,  C.  R.  69, 
397). — 2.  H.,0  and  S  are  produced  by  pass- 
ing SO,  mixed  with  hydrogen  through  a  red- 
hot  tube. — 3.  Chlorine  combines  with  SO,,  in 
sunlight,  to  form  S0,CL  {v.  Sulphueyl 
chloride).  S0,C1,  is  also  formed  by  passing 
SO,  and  CI  into  glacial  acetic  acid,  even  in  the 
dark ;  also  by  passing  SO,  over  charcoal  satu- 
rated with  CI  (Melsens,  C.  'R.  76,  92).— 4.  Ozone 
produces  SO3;  the  same  compound  is  formed  by 
passing  SO,  mixed  with  oxiigen  over  heated 
spongy  Pt,  or  by  burning  SO,  in  O  under  a 
pressure  of  several  atmos.  (u.  supra ;  Formation, 
No.  1).  According  to  Berthelot  {A.  Ch.  [5]  12, 
463),  SoO;  is  formed  by  the  action  of  the  silent 
discharge  on  SO,  mixed  with  oxygen.  The  com- 
pound SoOgN,  is  said  to  be  formed  by  passing 
electric  sparks  through  a  mixture  of  SO,  and 
air.    This  compound  is  probably  So05(N02)2  (v. 

NiTROSULPHONIC  ANHYDRIDE,  p.  601).— 5.  PaSSed 

over  red-hot  carbon  the  products  are  CO,  CO,, 
and  S  ;  COS  and  CS,  are  also  sometimes  formed, 
probably  by  secondary  reactions  (Scheurer- 
Kestner,  C.  R.  114,  296;  cf.  Berthelot,  Bl.  [2] 
40,  362  ;  Eilsart,  J.  188.5.  457).— 6.  Potassium 
burns  when  heated  in  SO,,  giving  K,S04,  KjSjOj, 
and  polysulphides. — 7.  Many  other  metals,  espe- 
cially when  in  fine  powder,  burn  in  SO, ;  Sb  and 
Sn  form  oxides  and  sulphides  ;  Fe,  sulphide  and 
sulphate  ;  Pd  and  Pt,  sulphides  and  SO3 ;  Au, 
S  and  SO3 ;  Mg,  sulphate,  sulphite,  and  sul- 
phide ;  Al,  Co,  Ni,  and  Zn  also  burn ;  Bi  and 
Hg  do  not  react  (Schiff,  A.  67,  94  ;  117,  92  ; 
Uhl,  B.  23,  2151).— 8.  Water  dissolves  SO,, 
forming  H,S03Aq  (v.  Sulphueods  acid,  p.  614). 
9.  Several  metallic  peroxides  combine  readily 
with  SO,,  forming  sulphates  ;  e.g.  PbO,  -I-  SO, 
=  PbS04;  in  this  reaction  much  heat  is  pro- 
duced.— 10.  Nitrogen  dioxide  is  said  to  react 
with  liquid  SO.,  to  form  nitros^dphonic  an- 
hydride S,03(N02),  {v.  p.  601).  With  nitric 
oxide  or  dioxide,  in  presence  of  water,  nitro- 
sulphonic  acid  N0,(S0.,.0H)  (g.  v.,  p.  601)  is 
formed.  Nitric  oxide  in  presence  of  alkali  isro- 
duces  salts  of  S0,.0H(NO).,.H  {v.  Nitrososul- 
PHATES,  p.  581).  —  11.  Sclenion  dioxide  does 
not  react  with  SO,  (Schulze,  J.  pr.  [2]  32, 
390). — 12.  Brjhydrogen  sulphide  does  not  react; 
moist  H„S,  at  the  ordinary  temperature,  pro- 
duces H.SsO^,  S, andH,0  (Cluzel  a.  Schmid,  Chem. 
Zeitung, 11, 50);  there  is  said  to  be  no  reaction  in 
presence  of  water  above  400°  (Mulder,  /.  1858. 
84). — 13.  Phosphorctted  hydrogen  reacts  at  the 
ordinary  temperature  to  form  H.,0  and  PoS., 
(C.  a.  S.,  I.e.). — 14.  Ammonia  combines  with  SO., 
probably  producing  SO.,.NH,,  ( =  SO.OH.NH.,) 
and  SO,.2NH3  (  =  SO.ONH,.NH,)  {v.  Thionamio 
acid).  — 15.  Hydrochloric  or  hydriodic  acid 
produces  H.,0,  S,  and  CI  or  I.— 16.  Many  oxy- 
salts,  e.g.  nitrates  and  chlorates,  react  with 


SOo,  when  heated,  to  form  sulphates  and 
N  oxides  ;  at  higher  temperatures  SO3  is  some- 
times produced  {v.  Hodgkinson  a.  Young,  C.  N. 
66,  199). — 17.  Alkali  nitrites  yield  salts  of 
nitrilosulphonic  acid  N(S0,.0H)3  (q.v.,  p.  601), 
and      salts      of      oxy-imidosulphonic  acid 

\  N(0H)(S0,,.0H),  (q.v.,  p.  602).— 18.  Combines 
with  aluminium  chloride  at  50°-60°,  forming 
AICI3.SO.,,  which  gives  off  SO.,  at  a  higher  tem- 
perature "(Adrianoffski,  B.  12,'  688).— 19.  Phos- 
phorus  pentachloride  produces  POCI3  and  SOCU 
(Kremers,  A.  70,  297  ;  Schiff,  A.  102,  111). 

Sulphur  trioxide  SO3.  (Sulphuric  oxide. 
Sulphuric  anhydride.)  Mol.  w.  79-86.  Melts 
at  14-8°  (Weber,  B.  19,  3189;  Kebs,  A.  246, 
356).  Some  other  observers  have  given  m.p. 
as  high  as  29-5°  (v.  Buff,  A.  Supjil.  4,  129; 
Bussy,  A.  Ch.  [2]  26,  411 ;  Fischer,  P.  16,  119  ; 
Marignac,  A.  88,  230).  Boils  at  46-2°  (Weber, 
I.e. ;  V.  also  Buff,  I.e. ;  Fischer,  I.e. ;  Schultz- 
Sellack,  P.  139,  480).  S.G.  1-94  at  16°  (Weber, 
I.C.);  1-97  at  20°  (Bussy,  I.e.);  l-'.)086  at  25° 
(Buff,  I.C.).  V.D.  39-78  (Schultz-Sellack,  P.  139, 
480;  Perman,  PJ-.48,  45).  H.F.  [8,0^]  =  103,240 
(hquid  SO.,  from  solid  S  ;  Th.  2,  254)  ;  [SO-,  0] 
=  32,160  (hquid  SO., from  gaseous  SO., ;  Th.,  I.e.) ; 
[SO',  Aq]  =  39,170  (liquid  SO3 ;  Th.',  I.e.).  For 
heat  of  vaporisation  v.  Berthelot  (C.  B.  90, 
1510).  Schultz-Sellack  gives  vapour-pressure  at 
20°  as  152  mm.  Hg  (P.  139,  480). 

Formation. — 1.  By  the  interaction  of  ozone 
and  SO,.  Also  by  the  action  of  an  induction 
current  on  a  mixture  of  SO.,  and  0  (Buff  a. 
Hofmann,  A.  113,  129;  Deville,  Bl.  [2]  3,  366) ; 
Berthelot  (C.  R.  86,  20)  says  that  the  product  is 
S.,0;. — 2.  By  burning  S  in  O  under  a  pressure  of 
several  atmos.  (v.  Sulphur  dioxide,  Formation 
No.  1).  Also  by  heating  pyrites  (Scheurer- 
Kestner,  C.  R.  99,  917  ;  Lunge,  B.  10,  1824).  — 
3.  By  passing  a  mixture  of  SO.,  and  0  over 
heated  Pt  (Phillips  a.  Magnus,' P.  24,  610), 
spongy  Pt  (Hodgkinson  a.  Lowndes,  C.  N.  57, 
193),  or  certain  oxides,  e.g.  Fe.,03,  CuO,  Cr.,03 
(Mahla  a.  Wohler,  A.  81,  255).— 4.  By  heating 
certain  sulphates  or  bisulphates,  c.j;.  Fe.,(SO|),,, 
Bi,(S0,)3,  Ag.SO^,  or  NaHSO,.— 5.  By  di'stilling 
Nordhausen  sulphuric  acid  (v.  Osann,  D.  P.  J. 
151, 158) ;  also  by  heating  cone.  H.,SO,  with  F.D^ 
(Barreswil,  G.  R.  25,  30  ;  Evans,  Ph.  8,  127)." 

Preparation. — 1.  Fuming  sulphuric  acid  is 
heated  at  as  low  a  temperature  as  possible  ;  the 
impure  SO3  is  collected  in  a  dry  retort  and  re- 
distilled once  or  twice,  the  most  volatile  portion 
being  collected  each  time.  The  partially  purified 
SO3  is  then  distilled  into  a  small  tube,  c.  8-10 
mm.  wide  and  about  the  length  of  a  finger,  con- 
taining some  dry  P,05 ;  this  tube  is  narrowed  at 
one  end  and  fused  on  to  a  thick-walled  tube  c. 
1-1-5  mm.  wide,  which  is  bent  round  and  fused 
to  a  receiving  tube  c.  12-15  mm.  wide  and  300 
mm.  long  ;  the  tube  containing  the  SO3  and  P,05 
is  heated  in  a  water-bath  to  90°- 100°  for  6  or  8 

'  hours,  the  receiving  tube  projecting  upwards,  so 
that  the  distillate  flows  back  again  into  the  dis- 
tilling-tube.  The  position  of  the  apparatus  is 
then  changed,  so  that  the  receiving  tube  is  lower 
than  the  distilling  tube,  and  the  SO3  is  distilled 
from  the  P.,05  on  a  water-bath.  When  sufficient 
SO3  has  been  collected,  the  narrow  connecting 
tube  is  fused  off,  and  the  SO3  is  kept  in  the 

I  sealed  receiving  tube  (Weber,  B.  19,  3189). — 
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2.  A  mixture  of  SO2  and  0,  in  the  ratio  SOjiO, 
is  passed  over  platinised  asbestos  heated  nearly 
to  redness  ;  the  SO3  is  condensed  in  a  small  dry 
tube,  in  which  it  is  sealed  up.  The  mixture  of 
SO.,  and  0  is  obtained  by  strongly  heating  cone. 
H2SO^andremovingH,0  (H.SO,  =  H„0  +  SO2  +  0) 
by  cooling  and  passing  through  coke  moistened 
with  60  p.c.  H,SOjAq  (Winkler,  D.  P.  J.  218, 
128).  The  asbestos  is  platinised  by  soaking  in 
PtCl,Aq  made  alkaline  by  soda,  and  mixed  with 
sufficient  HCOoNa  to  reduce  the  Pt,  drying  at 
100°,  carefully  washing  out  the  salts  with  water, 
and  drying  (Thomsen,  B.  3,  496).  The  SO3  thus 
obtained  is  not  quite  pure.  It  may  be  purified 
by  distillation  with  P.,05  (v.  supra). 

Properties. — A  colourless,  mobile  liquid,  so- 
lidifying at  e.  15°  to  long,  prismatic,  transparent 
crystals,  which  melt  at  14'8°.  According  to 
some  observers  (v.  Marignac,  Ar.  Ph.  22,  225  ; 
58,  228  ;  Schultz-Sellack,  P.  139,  480)  the  crys- 
tals of  SO3  slowly  change  to  a  mass  of  tough, 
opaque,  lustrous  needles,  which  melt  above  50°, 
and  constitute  a  distinct  modification  of  SO, ; 
but  the  experiments  of  Weber  (P.  139,  480  ;  B. 
19,  3187  ;  cf.  Eebs,  A.  246,  356)  have  shown 
that  pure  SO3  exists  only  in  one  form,  and  that 
the  substance  with  higher  m.p.  is  formed  by  the 
action  of  traces  of  H„SO^  in  the  SO, ;  a  small 
trace  of  moisture  suffices  to  cause  the  gradual 
change.  SOjis  very  acrid  and  poisonous  ;  it  chars 
paper,  wood,  and  organic  matter  generally.  SO3 
is  extremely  hygroscopic  ;  it  dissolves  in  water 
with  a  hissing  sound  and  production  of  much 
heat  ([SO^Aq]  =  39,  170),  forming  H.SO^Aq. 
Non-conductor  of  electricity  (Magnus,  P.  104, 
553) ;  not  decomposed  by  electric  sparks,  but  by 
passing  through  a  red-hot  tube  gives  SO.,  and  O. 
SO3  does  not  redden  dry  litmus.  It  is  a  strongly 
acid-forming  oxide  (v.  Sulphubic  acid). 

Reactions  and  Combinations. — 1.  Heated  to 
redness  (by  passing  through  red-hot  tube)  gives 

502  -t-  0. — 2.  Not  decomposed  by  electric  sparks 
(Magnus,  P.  104,  553)  ;  electrolysis  of  SO3  in 
H2SO4  causes  separation  of  S  and  0,  and  the 
solution  becomes  blue  (Geuther,  A.  109,  129).— 

3.  Water  reacts  violently  with  SO3  forming 
H.,S04Aq  (v.  Sulphuric  acid). — 4.  Hydrogen 
sulphide  produces  H^SO,  and  S. — 5.  A  mix- 
ture of  SO3  and  oxygen,  in  the  ratio  2S03:0, 
forms  SjO,  when  submitted  to  the  silent  electric 
discharge  (Berthelot,  A.  Ch.  [5]  14,  345).— 
6.  Sulphur  dissolves  in  SO3  forming  S.,03 ;  sele- 
rvion  and  tellurium  react  similarly  (v.  Sulphur 
THio-oxiDE,  Selenion  thio-oxide,  and  tellubium 
thio-oxtde). — 7.  Phosphorus  ignites  in  vapour 
of  SO3,  forming  P5O5  and  S. — 8.  Iodine  dissolves 
in  SO3,  apparently  forming  several  compounds 
{v.  Wach,  S.  50,  37  ;  Schultz-Sellack,  B.  4, 109), 
Weber  (J.  pr.  [2]  25,  224)  describes  the  com- 
pounds I(S03)3,  1(80,),  and  1,(803).— 9.  Ii'on 
and  sine  react  at  red  heat  to  give  sulphides  and 
oxides ;  mercury  produces  sulphate  and  SO2 
(d'Heureuse,  P.  75,  255). — 10.  Several  metallic 
sulphides — e.g.  of  Sb,  I?b,  K — form  sulphates 
and  S0„  when  heated  with  SO3  (Weber,  P.  130, 
329). — 11.  Dry  sulphur  dioxide  is  absorbed  by 

503  at  0°,  forming  a  thin,  fuming  liquid,  ap- 
proximately SO3.2SO,  (H.  Bose,  P.  39,  173). 
According  to  Schultz-Sellack,  liquid  SO.,  and  SO3 
are  misoible  in  all  proportions  (P.  139,  480). 
12.  Selenion  dioxide  combines  to  form  SOj.SeO, 


(v.  Selenion  dioxide.  Combinations,  No.  4,  p. 
441). — 13.  Nitric  oxide,  in  absence  of  moisture 
and  0,  forms  S^O^Nj,  which  is  generally  called 
nitrosulphonic  anhydride  (q.  v.,  p.  601)  and  writ- 
ten S205(NO.,)2.  Nitroge?i  dioxide  (made  by 
heating  Pb(N03)2)  seems  to  form  SO3.NO.,,  and 
on  heating  this  and  passing  in  more  NO,,  0  is 
given  oS  and  the  compound  SjOgNj  remains  {v. 
Weber,  P.  123,  337;  Briining,  A.  98,  377). 
The  formula  of  the  first  of  these  compounds  is 
generally  doubled,  and  the  compound  regarded 
as  820^0.(^0^)2  =  oxynitroszdpho?iic  anhydride 
(2.  v.,  p.  601)  ;  the  second  is  described  in 
some  books  as  S20j(NO)2  and  is  called  nitrosyl 
pyrosulphate,  but  from  the  descriptions  of 
Weber  and  Briining  it  is  evidently  the  same 
as  the  compound  S2O9N2  formed  from  NO 
and  SO3,  i.e.  it  is  nitrosulphonic  anhydride. — 
14.  SO3  combines  with  iodine  pentoxide  to  form 
SSOj.Lbs  and  803.51,0,  (Weber,  B.  20,  86 ; 
Kiimmerer,  J.  pr.  83,  72).  With  phosphorus 
pentoxide  3SO.j.P.,05,  decomposing  at  30°,  is 
formed  (Weber,  B'.  19,  3185  ;  20,  86).  Arscnious 
oxide  forms  various  unstable  compounds  (Adie, 
C.  J.  55,  157  ;  cf.  Weber,  B.  19,  3185  ;  Schultz- 
Sellack,  B.  4,  109;  Eeich,  J.  pr.  90,  176; 
Schafhaiitl,  B.  J.  22,  113;  and  Pearce,  Z.  E.20, 
632).  According  to  Baker  (C.  /.  Proc.  1893. 
130),  dry  SO3  does  not  react  with  dry  oxides  of 
barium,  calcium,  or  cop/per. — 15.  The  compound 
SO3.N2O5.5H2SO4  is  said  to  be  formed  by  passing 
SO3  into  pure,  well-cooled,  nitric  acid  (Weber, 
P.  123,  233  ;  142,  602).— 16.  Boric  acid  forms 
BH30.,.3S03  [  =  B(HS0,)3]  (D'Arcy,  C.  J.  55, 
155  ;  cf.  Merz,  J.  pr.  99,  81;  Schultz-Sellack,  B. 
4,  15). — 17.  Hydrobromic  and  hydriodic  acids 
separate  Br,  and  I,  and  form  HjSO^  and  SO.. — 

18.  Hydrochloric  and  hydrofluoric  acids  form 
Cl(SO2.0H)  and  F(S02.0H)  [v.  Chlobosulphonio 
ACID,  p.  599  ;  and  Fluosulphonic  acid,  p.  600). 

19.  Cone,  sulphuric  acid  forms  H.^8.,0j  [v.  Ptko- 
sulphubic  acid,  p.  625). — 20.  Ammonia  pro- 
duces NH2(S02.0H)  and  salts  of  this  acid  (v. 
SuLPHAMic  acid  AND  SALTS,  p.  567)  ;  and  also 
salts  of  NH(S0.,.0H)2  [v.  Imidosulphonic  acid 
AND  SALTS,  p.  600). — 21.  Phosphoretted  hydrogen 
produces  SO2  and  red  P  (H.  Eose,  P.  24,  140 ; 
Aim6,  J.  pr.  6,  79). — 22.  Phosphorus  trichloride 
reacts  violently,  forming  POCI3  and  SO.,  (Arm- 
strong, B.  3,  732;  Michaelis,  J.  Z.  G,  239). 
Phosphorus  pentachloride  produces  pyrosul- 
phuryl  chloride  S2O5CI2  (q.  v.  under  Sulphue 
oxTCHLOEiDES,  p.  617). — 23.  BoTon  chloride  re- 
acts at  c.  120°  to  form  8.20,012  (Prudhomme,  Bl. 
[2]  14,  385). — 24.  Nitrosyl  chloride  (produced 
by  heating  aqua  regia)  produces  SO3.NOCI 
=  NOo(802Cl)  {v.  Nitrosulphonic  chloride,  p. 
601).  —  25.  Pyrosulphuryl  bromide  SoOjBrj 
(q.v.,  p.  617)  is  perhaps  formed  by  the  reaction 
of  bronwform  with  SO3. — 26.  Selenion  tetra- 
chloride produces  SSeOjClj  (v.  Selenion  ihio- 

OXYCHLORIDE,  p.  441). 

Sulphuric  peroxide  SjO,.  (Sulphur  hept- 
oxide.  Persulphuric  anhydride.)  Mol.  w.  not 
known  with  certainty  but  probably  175'68  (S.2O,). 
This  oxide  was  prepared  by  Berthelot  in  1877 
(A.  Ch.  [5]  14,  345)  by  passing  the  '  silent '  elec- 
tric discharge,  for  several  hours,  through  a  mix- 
ture of  SO3  and  0  in  the  ratio  2803:0,  or  of  SOj 
and  0  in  the  ratio  2S0.2:30.  (For  apparatus 
used  V.  B.,  A.  Ch.  [6]  12,  463.)    Oily  drops 
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formed  on  the  sides  of  the  tube,  and  on  redu- 
cing the  temperature  nearly  to  0°  they  soHdified 
to  long,  white,  crystalline,  needles.  S._,Oj  re- 
sembles solid  SO3  in  appearance  ;  it  remains 
unchanged  in  a  sealed  tube  for  some  days  at  0°  ; 
when  heated  it  gives  SO3  and  0 ;  dissolves  in 
cone.  H,SO,  forming  a  fairly  stable  solution ; 
fumes  in  the  air  ;  in  water  it  rapidly  decomposes 
forming  HoSO^Aq  and  giving  oft"  a  brisk  stream 
of  0 ;  with  BaOAq  forms  BaS04  and  0  ;  and 
also  some  Ba  persulphate,  according  to  Berthe- 
lot  {I.e. ;  no  analyses  given).  By  electrolysing 
H.,SO,Aq,  containing  water  and  acid  in  the  ratio 
10H,O;H,SO^,  B.  (C.  B.  90,  209)  obtained  a  quan- 
tity of  persulphurie  acid  (H^S.^Og ;  v.  under  Sdl- 
PHDEiG  ACID,  p.  G'25)  equal  to  from  88  to  123  g. 
S.,0,  per  litre  ;  using  an  acid  of  the  concentra- 
tion H2SOj:2H,0  to  H,,S0^:3H,p,  B.  [I.e.)  says 
that  a  compound  S._,0,.2H.,0o  is  formed,  which  is 
decomposed  by  excess  o£  cone.  H,,SO,,  chiefly  to 
ILS^Os,  and  by  dilution  with  water  to  HjSjOgAq 
and  H,0.,Aq  which  after  a  time  decompose  to 
HjSOjAqi^  H„0,  and  O. 

S.,0,  is  the  anhydride  of  ijersulplmric  acid 
H„S.A  (2-      P-  625).    Mendel6eff  [B.  1.5,  242) 
regards  S,0-  as  analogous  in  constitution  to 
OSOov 

H^Oj,  and  writes  the  formula  |      \0  ;  he 

oso/ 

looks  on  the  corresponding  acid  as  derived 
from  H..0,,  by  replacing  2H  by  2SOoOH,  thus  : 
0.(S0.,.6H) 

I 

0.(SO,.OH) 

According  to  Traube  [B.  22,  1518  ;  24,  1764 ; 
25,  95),  the  liquid  obtained  by  electrolysing  40 
p.c.  H.SO^Aq  contains  an  oxide  to  which  he 
gives  the  formula  SO^  and  calls  sulphuryl 
hyperoxide  (or  holoxide),  SOo.O,.  Traube  did 
not  isolate  this  compound  ;  his  argument  for  its 
existence  is  based  on  the  results  of  indirect 
analyses.  In  the  light  of  the  criticisms  of 
Carnegie  (C.  N.  64,  158)  it  may  be  concluded 
that  the  existence  of  SO4  is  extremely  im- 
probable. In  a  later  communication  (B.  26, 
1481)  Traube  thinks  it  is  probable  that  SO.,  does 
not  exist. 

Sulphur,  oxyacids  of.  For  compositions  of 
these  acids,  and  references  to  articles  where 
they  are  described,  v.  Sulphur,  oxyacids  op  (p. 
619). 

Sulphur,  oxyacids  of,  nitrogen  derivatives 

of.  For  a  general  statement  regarding  these 
compounds,  and  references  to  the  "articles  where 
they  are    described,    v.    Sulphur  oxyacids, 

NITKOGEN  DEP.ryATIVES  OF   (p.  619). 

Sulphur,  oxybromides  of.  There  is  very 
little  defmite  knowledge  regarding  the  com- 
pounds of  S,  0,  and  Br.  According  to  Michaelis 
(J.  Z.  6,  239,  296)  PBr,  does  not  react  with  S0„, 
and  a  mixture  of  PCI3  and  Br  (in  the  ratio 
PCljBr,)  produces  POCI3  and  S  bromides.  Kose 
(P.  44,  327)  and  Clausnizer  {B.  11,  2012)  could 
not  obtain  an  oxybromide  by  the  reaction  of 
SO.,  and  S  bromide,  nor  by  the  action  of  SO.,  and 
HBr. 

In  his  memoir  on  S.,0.C1..  prepared  by  the  re- 
action of  SO3  with  CHC1„  Armstrong  {B.  2,  712) 
states  that  CHBr,  reacts  with  SO^  similarly  to 
CHCI3,  but  he  does  not  describe  the  product.  If 
the  reaction  of  CHBr3  with  SO3  is  strictly  similar 


to  that  of  CHCI3  the  product  would  be  ijyro- 
sulphuryl  bromide  S.,OJir.,. 

Odling  (C.  J.  7,  2)  supposed  that  sulphuryl 
oxy-hromide  SO.,Br„  was  formed  by  the  action  of 
sunlight  on  SO^'and  Br,  but  Sestini  [Bl.  [2]  10, 
226)  and  Melsens  (C.  R.  76,  92)  failed  to  obtain 
an  oxybromide  by  this  method. 

Thionyl  bkouide  SOBro.  This  compound 
was  obtained,  but  not  quite  free  from  S  bromides, 
by  Hartog  a.  Sims  (C.  J.  Proc.  No.  118,  1893. 
10)  by  the  interaction  of  SOCl^  and  NaBr ;  it  is 
described  as  a  very  hygroscopic,  crimson  liquid, 
S.G.  2-68  at  18°,  decomposing  at  150°  to  Br, 
S  bromides,  &c. 

Sulphur,  oxychlorides  of.  Five  compounds 
have  been  isolated,  SOCl.,,  SO.,CL,  S.,0.C1..,  S.,0C1^, 
and  S.,03C1,. 

Thionyl  chloride  SOCl,  (Sulphurous  0x1/- 
chloride).     Mol.  w.  118-62."    Boils  at  78-8° ; 

5.  G.  %  1-67673,  S.G.  at  b.p.  1-52143  (Thorpe, 

C.  J.  37,  354  ;  for  other  data  v.  Carius,  A.  106, 
303  ;  111,  93  ;  Wurtz,  C.  B.  62,  460).  V.D.  at 
c.  1.50°  =  56,  at  c.  440°  =  39  (Heumann  a. 
Kochlin,  B.  16,  1625).  H.F.  [S,0,C1-]  =40,800  ; 
heat  of  vaporisation  =  6,480  (Ogier,  C.  B.  94, 
82).    S.V.  78-01  (Thorpe,  I.e.). 

Formation. — 1.  By  the  reaction  of  PCI5 
with  SO,,  (Kremers,  A.  70,  297 ;  Schiff,  A.  102, 
111),  Sd.,CL,  C„H,.S0,,C1,  and  several  other 
organic  compounds  containing  S  (v.  Kekul6  a. 
Barbaglia,  B.  5,  875 ;  Carius,  J.  pr.  [2]  2,  262), 
sulphites,  or  thiosulphates  ;  also  by  the  reaction 
of  POCI3  with  sulphates. — 2.  By  the  action  of 
C1„0  on  CS.„  or  on  S  in  S.,C1.,  at  - 12°  (Wurtz, 
C.  R.  62,  460).— 3.  By  the  interaction  of  SOj 
and  SCI,  (Michaelis  a.  Schifferdecker,  B.  5,  924; 

6,  993).— 4.  Along  with  SO.,CL  by  the  gradual 
decomp)osition  of  S.^^Cl,  (q.  v.,  p.  619). 

Preparation. — 1.  About  100  g.  dry  PCI5  are 
placed  in  a  retort  connected  with  a  reversed 
condenser,  and  a  stream  of  dry  SO.,  is  led  in  till 
the  PCI3  has  liquefied  ;  another  1(30  g.  PCl^  is 
added  and  the  stream  of  SO.^  is  continued  ;  when 
sufficient  PCI,  has  thus  been  decomposed 
(PCl,-f  S0.,=  SOCLj  +  POCy  the  liquid  is  heated 
for  some  time  (the  reversed  condenser  being 
still  attached)  to  get  rid  of  SO.,,  and  then  frac- 
tionated repeatedly  (SOCL.  boils  at  78-8°  and 
POCI3  at  107-2°)  (Carius,  A.  106,  303  ;  111,  93  ; 
Wurtz,  A.  139,  375 ;  Michaehs,  A.  170,  1  ; 
Thorpe,  C.  J.  37,  354).— 2.  SXL  is  placed  in  a 
small  flask,  cooled  to  c.  —20°,  a  stream  of  dry 
CI  is  led  in  till  the  liquid  is  saturated,  and  then 
SO3  is  distilled  into  the  flask  from  a  solution 
in  cone.  H,,S04 ;  the  weights  of  S,_,C1.,  and  SO3 
used  should' be  in  the  ratio  S2C1,,:4S63  ( =  1:2-37) ; 
convenient  quantities  to  use  are  22  g.  S„CU  and 
■50  g.  SO,,.(SCl,-f2S03=SOCl2  4-S.,05Cl.,).  'The 
liquid  is  fractionated  finally  from  a  small 
quantity  of  SO3  (Michaelis  a.  Schifferdecker,  B. 
5,  924;  6,  993). 

Properties. — A  colourless,  very  refractive 
liquid,  fuming  in  the  air,  with  a  very  pene- 
trating odour ;  vapour  attacks  the  eyes  and  re- 
spiratory organs.  V.D.  56  at  c.  150°,  but  39 
at  c.  440° ;  the  smaller  value  corresponds  with 
the  decomposition  4S0C1.,  =  S,,C1,,  +  2S0,,  +  3Ch  ; 
these  products  are  obtained  by  passing  vapour 
of  socio  through  a  red-hot  tube  (Heumann  a. 
Kuchlin^iJ.  16,  1625). 
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Reactions  and  Combinations. —1.  Moist  air 
produces  HCl  and  S0„. — 2.  Water  also  forms 
HClAq  and  SO.,,  warm. water  forming  in  addition 

H. ^SOjAq  and  S  (Carius,  I.e.). — 3.  Hydrogen 
S'ulphide  produces  SOo,  HCl,  and  S  (Prinz,  A. 
223,  371). — 4.  Phosplionis  pcntasulphide  reacts 
to  formSO,,PSCl3,and  S,  and  some  SoCL  (Prinz, 

I.  e.). — 5.  With  antimony  trisidphide  the  pro- 
ducts are  SbClj,  SO,,,  and  S. — 6.  Sidplmr,  heated 
to  180°  with  SbCL,forms  S,CLand  SO^;  selenion 
forms  SoCL  and  SSeCl.,(Prinz,Z.c.).— 7.  Powdered 
antimony  reacts  without  heating,  forming  SbClj, 
SboSj,  and  SO.,.- 8.  POCI3,  PSCI3  and  PCI5  are 
formed  by  heating  SOCL  with  phospJiorus  tri- 
chloride (Michaelis,  J.  Z.  6,  239).— 9.  Heating 
■with  stdpliur  dichloride  produces  S.,0C1,  (g.  v., 
p.  619)  (Ogier,  Bl.  [2]  37,  293).— 10.'  Ammonia 
does  not  produce  thionylamide  S0(NH,)2,  but 
forms  NS,  NH^Cl,  (NHJ^SO^,  and  NH'  poly- 
thionates  (M.,  I.e.). — 11.  Eeacts  rapidly  with 
silver  nitrate,  forming  N0.,(S0.,.C1)  (Thorpe, 
C.  J.  41,  297).— 12.  SOCL  abs'orbs  sidphur 
dioxide  and  chlorine  freely  (M.,  I.e.). — 13.  For 
reactions  with  various  organic  compounds  v. 
Michaelis  {I.e.) ;  Heumann  a.  Kochlin  (B.  16, 
1625)  ;  Bottinger  (B.  11,  1407). 

SULPHUBYL     CHLORIDE      SO-.Clj  {Siolphuric 

oxychloride).  Mol.  w.  134-58.  "Boils  at  69-95° 
(Thorpe,  C.  /.  37,  359  ;  for  other  determinations 
V.  Regnault,  J.  pr.  19,  243  ;  Clausnizer,  B.  11, 

2010;  Ogier,  C.R.  94,82).    S.G.g  1-70814;  at 

b.p.  1-56025  (Thorpe,  I.e.).  V.D.  65  at  184° ;  34 
at  440°  (Heumann  a.  Kochlin,  B.  16,  602 ;  cf. 
Eegnault,  J.  pr.  18,  97  ;  Behrend,  J.  pr.  [2]  15, 
23).  S.V.  86-29  (Thorpe,  I.e.,  p.  372).  H.F. 
[S,0'-,C1-']  =89,780;  [S0-,C1-]  =  18,700  (Th.  2, 
310 ;  cf.  Ogier,  C.  B.  94,  82).  S.H.  (15°-63°) 
•233  (Ogier,  I.e.).  Heat  of  vaporisation  7,060 
(0.,  I.e.). 

Formation. — 1.  By  the  direct  combination  of 
SO2  and  CI  in  sunlight,  or  by  reacting  on  a 
mixture  of  CHj  and  SO,,  by  CI  in  sunlight 
(Eegnault,  J.pr.1%,  93  ;  19",  243).  Schulze  (J.pr. 
[2]  23,  351 ;  24,  168)  recommends  to  allow  SO^ 
and  CI  to  react  in  presence  of  camphor.  Melsens 
(C.  R.  76,  92)  passes  SO.  and  CI  into  glacial 
acetic  acid. — 2.  By  passing  SO3  over  charcoal 
saturated  with  CI  (M.,  I.e.). —  3.  By  the  inter- 
action of  PCI5  with  H.2SO,  or  SO3  (Williamson, 
P.  M.  [4]  7,  365  ;  Schiff,^.  102,  111);  according 
to  Michaehs  (J.  Z.  6,  233,  292),  SO3  and  PCl^ 
form  S.OjCl,,.— 4.  By  heating  SO3  and  BCI3,  in 
the  ratio  2S03:BCl3,  to  120°  in  a  closed  tube 
(Gustavson,  B.  6,  9).— 5.  By  heating  C1(S0„.0H) 
to  c.  200°  for  some  time  (Behrend,  B.  8,  i004 ; 
cf.  Otto  a.  Beckurts,  B.  11,  2058). 

Preparation. — 1.  CI  and  SO.,  are  passed  into 
camphor,  and  the  colourless  liquid  is  fraction- 
ated (Schulze,  Z.c.).— 2.  C1(S0,,.0H)  (v.  Chlobo- 
suLPHONic  ACID,  p.  509)  is  heated  to  c.  200°,  in  a 
closed  tube,  for  some  hours,  when  it  decomposes 
thus,  2[C1(S0„.0H)]  =  SO„Cl,,-h  H^SO^ ;  the  liquid 
is  distilled,  the  portion  coming  over  at  67°-71° 
being  collected  separately  and  then  repeatedly 
fractionated  (Behrend,  I.e. ;  cf.  Thorpe,  I.e.). 

Properties  and  Reactions.  —  A  colourless 
liquid,  fuming  slightly  in  air.  1.  Decomposed  by 
heating  to  dull  redness  into  SO^  and  CI ;  decom- 
position is  complete  at  440°  (Heumann  a. 
Kochlin,  B.  16,  602) ;  but  does  not  begin  at  250° 


(Beckurts  a.  Otto,  B.  11,  2060).— 2.  Water  pro- 
duces HClAq  and  H.SO^Aq ;  a  small  quantity  of 
water  is  said  to  form  Cl(S0,2.0H)Aq.— 3.  Excess 
of  SO„CL  added  to  a  little  alcohol  forms- 
Cl(SO„."OEt) ;  with  excess  of  alcohol  SOj(OEt),, 
is  produced  (Behrend,  B.  9,  1334).— 4.  Phos- 
phorus peyitachloride  reacts  to  form  POClj^ 
S0Cl2,and  CI  (H.  a.  K.,  B.  15,  1736).— 5.  Plios- 
phorus,  arsenic,  and  antimony  produce  PCI.,, 
AsClj,  and   SbCl3  respectively,  and  SO.,  (H. 

a.  K.,  Z.c). — 6.  Ammonia  forms  NHjCl  and 
SOj.NHj.ONHj. — 7.  With  many  orgastic  com- 
pounds S0.,C1„  reacts  like  PCI5  or  POCI3,  sub- 
stituting Cl"  for  H  {v.  Dubois,  Z.  [2]  2,  705  \ 
Michaelis,  A.  170,  1). 

PyROSDLPHUKTL  CHTjOEIDE 

820501.^=  C1.S02.0.S0.,.CL  (Disulphuryl  chloride, 
Pyrosulphuric  oxychloride.  Chlorosidphonic 
anhydride.)  Mol.  w.  214-38.  Boils  at  139-59° 
(Thorpe,  C.  J.  37,  360  ;  for  other  determinations 
V.  Kose,  P.  44,  291;  Michaehs,  J.  Z.  6,  235, 
240,  292  ;  Eosenstiehl,  C.  R.  53,  658  ;  Schiitzen- 

berger,  C.  B.  69,  352).    S.G.  %  1-85846,  at  b.p. 

1-60610  (Thorpe,  I.e.).   V.D.  at  slightly  above 

b.  p.  =  104;  between  160°  and  240°  =  54-8  (Heu- 
mann a.  Kochlin,  B.  16,  479 ;  Kanowaloff, 
B.  16,  1127  ;  cf.  Eosenstiehl,  C.  R.  53,  658 ; 
Eose,  P.  44,  291 ;  Ogier,  G.  R.  94,  82,  217  ;  96, 
648).     H.F.   [S-,0»,C1-]  =  180,600  (Kanowaloft, 

1.  e.) ;  Ogier  (Z.c.)  gives  159,400.  Heat  of  vaporisa- 
tion 7,570  (K.,  I.e.) ;  13,160  (O.,  Z.c).  S.H.  -258 
(K.,  Z.c). 

Formation. — 1.  By  the  interaction  of  PCI5. 
and  SO3  orCl(SO,.OH).— 2.  By  heating  PjO^  and 
C1(S02.0H)  (Billitz  a.  Heumann,  B.  16,  483).— 
3.  By  heating  SO3  with  NaCl  (E.,  I.e.),  with 
S2CI2  (Eose,  P.  44,  291),  with  CCl,  (Schiitzen- 
berger,  C.  R.  69,  352  ;  Kanowaloff,  G.  R.  95, 
1284),  with  C„C1„  (Prudhomme,  C.  R.  70,  1137), 
with  CHCI3  (A'rmstrong,  G.J.  [2]  1,  244),  or  with 
SiClj  (Gustavson,  B.  5,  332).— 4.  By  the  inter- 
action of  POCI3  and  SOCI2  (Michaelis,  J.  Z.  6, 
235,  240,  292). 

Preparation.— 1.  PjO^  and  C1(S02.0H)  are- 
heated  in  a  flask  witli  a  reversed  condenser, 
using  rather  more  C1(S02.0H)  than  P2O5 ;  when 
HCl  and  SO2  cease  to  be  given  off,  the  liquid 
is  distilled,  and  the  portion  coming  over  between. 
135°  and  145°  is  fractionated  (B.  a.  H.,  Z.c).— 

2.  S.iClj  in  a  flask  is  surrounded  by  a  freezing 
mixture,  and  saturated  with  SO3 ;  the  product  is 
fractionated ;  5SO3  +  S.,Cl2  =  5S0.,  +  S.,0,C1.,  (Eose, 
P.  44,  291).  Thorpe  {G.  J.  37,  360)  found  that 
the  product  of  this  reaction  boiled  almost  wholly 
between  135°  and  138°. 

Propicrties  and  Reactions. — A  colourless,  mo- 
bile, very  refractive  liquid,  fuming  in  the  air 
with  formation  of  C1(S0.,.0H). — 1.  Decomposed 
by  heat  to  S0.„  SO,,  and"  Cl  (Rose,  P.  44,  291) ; 
the  V.D.  determinations  of  Heumann  a.  Kochlin 
(B.  16,  479)  show  that  at  440°  the  decompo- 
sition is  S.ACL  =  SO3 -h  SO.  +  CI.2.— 2.  Sinks  in 
luater,  and  is  slowly  decomposed  to  HClAq 
and  H.SOjAq ;  if  a  very  little  water  is 
used  Cr(SO„.OH)  is  formed,  thus  SjO.CL  +  H.O 
=  2C1(S02.0'H)  {v.  B.  a.  H.,  Z.c.)  — 3.  Eeacts 
with  phosphorus,  stdphur,  antimony,  copper, 
iron,  zinc,  and  some  other  metals,  to  produce 
chlorides,  SO3  and  SO2  (Heumann  a.  Kochlin,  B. 
16,  479). — 4.  Phosphorios  trichloride  produces 
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PCI.,  P0C1„  and  SO.,;  j^hosphorus pentachloride 
foims  P0C1.„  CI,  and  SO,,  (Geutber,  B.  5,  925). 
5.  Selenion  tcUacJiloride  gives  SSeOjCl,  (Claus- 
nizer,  B.  11,2010). — 6.  Chromates  react  to  form 
CrOoCL  (Kosenstiehl,  C.  B.  53,  658).— 7.  Am- 
monia forms  a  white  solid,  which  dissolves  in 
water,  producing  NH^Cl  and  a  sulphamate  of 
NH4  (Rose,  I.e.). 

SULPHHB  HONOXYTETEACHLOKIDE  SoOCl.,.  By 

heating  equal  weights  of  S„C1.,  and  SO„CL  to 
250°  in  a  sealed  tube,  Ogier  {Bl.  [2]  37,  293)"ob- 
tained  a  deep-red  liquid  resembling  S..CI2,  S.G. 
1-656  at  0°,  decomposing  under  100°  to  'S,,C1,, 
SO.,,  and  S,  to  which  he  gave  the  composition 
S.,dCl,.  Decomposed  by  water  to  H.^S04Aq, 
SO.,Aq,  HClAq,  thionic  acids,  and  S. 

Sulphur  tri-oxytetbachloeide  S2O3CI4. 
Mol.  w.  not  determined.  This  compound  was 
obtained  by  MiUon  {A.  Ch.  [3]  29,  327)  by  the 
action  of  moist  CI  on  S._,CL  (c/.  Marchand,  J.  pr. 
22,  507  ;  Carius,  A.  106,  295).  It  is  conveniently 
prepared  by  the  reaction  SCI4  +  C1(S0.,.0H)  = 
HCl  +  S.P3CI, ;  a  stream  of  dry  CI  is  led  into  a 
mixture,  in  the  ratio  of  equal  numbers  of  mole- 
cules, of  S.,CLand  C1(S0.,.0H),  kept  at  c- 20°, 
until  a  semi-solid  mass  is  obtained  (a  very  wide 
tube  must  be  used  to  lead  in  CI)  ;  the  tempera- 
ture is  then  liept  at  c.  — 13°  and  the  CI  is  con- 
tinued till  the  mass  gets  quite  solid  ;  the  freezing 
mixture  is  then  removed,  and  the  CI  is  continued 
till  the  mass  is  white,  when  the  excess  of  CI  is 
removed  by  a  stream  of  dry  CO.,  (Michaelis  a. 
Schifferdeclier,  B.  6,  996). 

S.^OjClj  is  a  white,  crystalline  solid,  with  a 
most  disagreeable  odour ;  the  vapour  acts  on 
the  eyes.  Melts  at  57°,  giving  oli  SO..,  and  CI, 
and  leaving  a  liquid  that  solidifies  chiefly  to 
SOCl,  and  SoOjCl, ;  a  portion  sublimes  in  tine 
white  needles.  Ice-cold  water  produces  SO.Aq, 
HoSO  ,Aq,  and  HClAq  ;  water  at  the  ordinary 
temperature  also  separates  S.  Deliquesces  in 
a  partially  closed  vessel,  giving  off  HCl,  CI,  and 
SO.,,  and  leaving  a  liquid  that  gives  SOClj  and 
SoOrCL,  on  distillation.  Cone.  H.,SO,  reacts  vio- 
lently, "forming  HCl,  SO.,,  and  C1(S0,,.0H)  ;  CS., 
produces  very  rapid  decomposition  to  COCl.,, 
CO,  SO.,,  S.,C1.,,  and  SOCl,.  On  long  standing  in 
a  closed"  tube  "S.,03Cl4  separates  into  equal  num- 
bers of  molecules  of  SOCl,  and  S0.,C1.,  (M.  a. 
Mathias,  B.  6,  1452). 

Sulphur,  phosphides  of,  v.  Phosphorus  sul- 
phides, p.  145. 

Sulphur,  selenides  of,  v.  Selexion  sul- 
phides, p.  442. 

Sulphur,  silicides  of,  v.  Silicon  sulphides, 
p.  462. 

Sulphur,  tellurides  of,  v.  Tellurium  sul- 
phides, p.  655.  M.  M.  P.  M. 

SULPHUK,  OXYACIDS  OF.  Several  acids 
have  been  isolated,  and  salts  of  some  others  are 
known.  The  following  list  gives  the  names  and 
compositions  of  the  oxyaoids  of  sulphur  and 
their  salts,  with  references  to  the  articles  where 
these  compounds  are  described  : — 

Hyposulphurous  acid  and  salts  H.,S20.,  and 
M.^S.,0.| ;  v.Hyposuliihurous  acid  under  Sulphur- 
ous acid  (p.  627),  and  liyposulphites  under  Sul- 
phites (p.  592). 

Sulphurous  acid  and  salts  H.,S03,  MHSO.,, 
and  MoSO^;  v.  Sulphurous  acid  (p.  626),  and 
Sulphites  (p.  587). 


Sulphuric  acid  and  s.^lts  H.,SOj,  MHSO4, 
and  M2SO4 ;  v.  Sulphuric  acid  (p.  620)  and 
Sulphates  (p.  567). 

ThIOSULPHURIC     acid     and     salts  H.SjOj, 

MHS._.03,  and  M.S.^Oj;  v.  Thiosulphuric  acid 
(p.  708)  and  Thiosulphates  (p.  705). 

Thionic  acids  and  salts  H2S._,0s,  H.,S30g, 
H^S.iOij,  H.S-Ob  (and  salts)  ;  v.  Thionic  "acids 
(p.  698)  an"d  Thionates  (p.  695). 

Pyrosulphuric  acid  and  salts  H.,S„0„ 
MHS.p,,  and  M.,S.,0, ;  v.  Pyrosulphuric  acid 
under  Sulphuric  acid  (p.  625),  and  Pyrosulphates 
under  Sulphates  (p.  583). 

Pebsulphuric  acid  and  salts  H.jS.jOgAq, 
M,_,S.^08,  Eiid  MS.Os;  v.  Pcrsulphwric  acid  under 
Sulphuric  acid  (p.  625),  and  Pcrsulphatcs  under 
Sulphates  (p.  582).  M.  M.  P.  M. 

SULPHUR  OXYACIDS,  NITROGEN  DERI- 
VATIVES or.  In  1845  Fremy  {A.  Ch.  [3]  15, 
408)  described  the  K  salts  of  a  number  of  acids 
obtained  by  the  interaction  of  KNO,,Aq  and 
K.^SO.jAq,  and  by  boiling  the  products  of  this 
interaction  with  slightly  acidified  water ;  he 
called  the  compounds  salts  of  sulphasotisi:d  acids. 
The  examination  of  these  salts  was  prosecuted 
by  Glaus  a.  Koch  (A.  152,  336  [1874],  and  by 
Claus  {A.  158,  52,  194  [1876])  ;  Berglund  [Bl. 
[2]  25,  455;  B.  9,  252,  1896  [1875]);  and 
Easchig  (A.  241,  161 ;  B.  20,  584  [1887])  also 
investigated  the  sulphazotised  acids  of  Fremy; 
and  the  researches  of  Divers  and  Haga  (C.  J. 
Trans.  1885.  1886.  1889.  1892)  have  thrown 
much  light  on  many  classes  of  these  compounds. 
The  more  recent  investigations  noted  above  have 
shown  many  of  the  formute  given  by  Fremy  to 
be  inaccurate,  and  they  have  also  led  to  a  con- 
siderable revision  of  Claus's  results.  As  the  com- 
pounds that  have  been  fairly  thoroughly  ex- 
amined are  noticed  under  the  heading  Sdlphonic 
acids  and  derivatives  (p.  509),  it  does  not  seem 
necessary  to  give  an  account  of  the  other  salts  of 
sulphazotised  acids,  especially  as  it  is  very  pro- 
bable that  the  formulae  assigned  to  these  com- 
pounds will  require  modification,  and  that  some 
of  the  compounds  will  be  found  not  to  exist. 

The  chief  sulphazotised  compounds  that  have 
been  investigated  sufticiently  to  establish  their 
composition  satisfactorily  are  the  following  : — 

A  midosulphonic  acid  and  salts  NH.(SO.^.OH) ; 
described  as  Sulphamic  acid  (p.  567). 

Imidosulphonic  acid  and  salts  NH(SO,.OH)., 
(p.  600). 

Nitrilosulphonates  N(S02.0M)3  (p.  601). 
Nitrosulphonic  acid  and  salts  N0.,(S0.,.0H) 
(p.  601). 

Nitrosulphonic  anhydride  (^0.,)„^.,0^  (p.  601). 

Nitrosulphonic  chloride  N0.,(S02.C1)  (p.  601). 

Nitroso-oxy-amidosulphonates 
N(NO.OH)(SO.,.OM)  ;    described     as  nitroso- 
sulphatcs  under  Sulph.\tes  (p.  581). 

Oxy-a)iiidosulphonic  acid  and  salts  {and 
salts  derived  therefrom)  NH(OH)(SO.,.OH) 
(p.  602). 

Oxy-imidosulphonates  (and  salts  derived 
therefrom)  N(OH)(SO.,.OM).,  (p.  602). 

03ni-nitrosulphonic  anhydride  (NO.,)„.O.S„0, 
(p.  601). 

Sulphamide  (NH.,)„SO„  (p.  567). 
Sulphimide  NH.SO,  (p".  587). 
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Staphimido-aviide  ^E.(SO„.^B.^),  (p.  587). 

Thionamic  acid  and  salts  NH,(SO.OH) 
(p.  695).  Br.  M."  P.  M. 

SULPHUKETTED  HYDROGEN  w.Hydeogen 
SULPHIDE,  vol.  ii.  p.  725. 

SULPHURIC  ACID  ;  also  PERSULPHURIC 
ACID  and  PYROSULPHUKIC  ACID. 

SULPHUBIC  ACID  H^SO^  [Oil  of  vitriol). 
Mol.  w.  probably  97-76.  Melts  at  lO'SS^ 
■(Pickering,  C.  J.  57,  331)  ;  10-5°  (Thilo,  Chem. 
Zcitung,  16,  1688).  Boiling  begins  at  c.  290°, 
SOj  and  H„0  with  some  H,,SO,,.a-H.O  passing  off; 
b.p.  rises  till  338°  is  reached,  when  it  becomes 
constant  and  complete  dissociation  to  SO3  and 
HoO  occurs  ;  for  b.p.  of  H^SO^Aq  from  95 
-to'  5  p.c.  H^SO,  V.  Lunge  (B.  11,  370).  S.G. 

1-8884  (Perkin,  C.  J.  63,  59 ;  cf.  Pickering, 
C.  J.  57,  73,  note ;  Kohlrausch,  W.  17,  69 ; 
Schertel,  J.  pr.  [2]  26,  246  ;  Mendel6eff,  B.  17, 
30,  2536;  Lunge  a.  Islev,  Z eit.  f  ilr-  ano7-g.  Chemie, 
1890.  129).  V.D.  25  at  440°,  corresponding  with 
dissociation  to  SO.,  +  H.,0  (Deville  a.  Troost,  C.  R. 
56,  891;  Wanklyn  a."Eobiuson,  Pr.  12,  507). 
S.H.  (22°  to  80°)  -355  ;  (22°  to  170°)  -37 
(Pfaundler,  B.  3,  798);  (16°  to  20°)  -3315 
(Marignac,  Ar.  Sc.  39,  217,  273).  C.E.  -0005585 
at20°(Marignac,Z.c.).  H.P.  [H-,S,0^]  =  192,920; 
[H-'O,  SO-']  =  21,320  (formation  of  liquid  H.,SO J 
{Th.  2,  255).  Heat  of  fusion  =  860  g.  units  (for 
98  g.  tt.SO^)  (Berthelot,  C.  R.  78,  716).  T.  C. 
V.  Beetz  (W.  7,  435),  Weber        1885.  121). 

Mol.  w.  =  32-45  (Gladstone,  P.  M.  [4]  36, 

d 

311).    For  further  data  v.  infra. 

Occurrence.  —  Small  quantities  of  H2SO4, 
from  -1  to  -5  p.c,  are  found  in  some  rivers  and 
springs  in  volcanic  districts  ;  in  a  pool  in  Texas, 
Mallet  (C.  N.  26,  147)  found  6-29  g.  H,,SO,  per 
litre  of  water.  The  acid  is  also  found  in  certain 
animal  secretions;  the  salivary  glands  of  some 
molluscs  are  said  to  contain  c.  2  p.c.  (Bodeker  a. 
Troschel,  B.  B.  1854.  4S6 ;  De  Luca  a.  Panceri, 
Bl.  [2]  9,  400 ;  Maly,  M.  1,  205).  The  salts  of 
sulphuric  acid  occur  in  large  quantities  {v. 
Sulphates,  p.  567). 

Formation. — The  formation  of  an  oily  liquid 
by  heating  alum  is  spoken  of  by  Geber  in  the 
eighth  century  ;  a  similar  liquid  was  formed  in 
the  fifteenth  century  by  burning  sulphur  with 
saltpetre.  These  liquids  were  shown  to  be  identi- 
cal towards  the  end  of  the  sixteenth  century. 
Oil  of  vitriol  seems  to  have  been  manufactured 
in  fair  quantities  by  heating  ferrous  sulphate 
from  about  the  early  part  of  the  eighteenth 
century ;  the  first  manufactory  for  making  the 
acid  from  sulphur  was  started  at  Eichmond  by 
Ward  about  1740.  The  composition  of  sulphuric 
acid  was  determined  by  Lavoisier. 

1.  By  long  exposure  of  flowers  of  sulphur  in 
the  air  (John,  S.  14,  417  ;  Wagenmann,  P.  24, 
601).— 2.  By  heating  S  with  H,,0  to  c.  200°  ;  by 
electrolysing  H„0,  using  Pt  electrodes  with  pieces 
of  S  attached,  the  H„S04  forms  at  the  i^ositive 
pole  (Becquerel,  C.  'B.  56,  237).— 3.  By  the 
oxidation  of  S  in  presence  of  H;,0  by  CI,  HNO3, 
HCl  and  KCIO,,  aqtia  regia,  &c. ;  also  by  certain 
metallic  salts  (v.  Wicke,  A.  82,  146;  Parkmann, 
Am.  S.  [2]  33,  328).— 4.  By  oxidising  SO,Aq  or 
SO2  in  presence  of  water,  by  CI,  Br,  HoO^Aq, 


N0„,  HNOj,  &c. ;  by  passing  moist  SO.,  and  air 
over  hot  Pt  black  (Phillips,  A.  4, 171),  through  a 
red-hot  tube  containing  pieces  of  glass  (Magnus, 
P.  24,  610),  or  over  red-hot  sand  (Blondeau, 

C.  R.  29, 405).— 5.  By  the  oxidation  of  B..,S  and 
polythionic  acids  (v.  Cloez  a.  Guignet,  C.  R.  46, 
1110). — 6.  By  the  interaction  of  water  and  SO3, 
SO^Clj,  SOo.Cl.OH,  &c. 

Preparation. — Commercial  oil  of  vitriol  is 
diluted  until  the  S.G.  is  1-53  ( =  50°  Beaume,  or 
106°  Twaddell,  =  62-5  p.c.  H..S04  by  weight)  ; 
the  acid  is  heated  to  70°-80°,  and  Na^SA  is 
added  in  quantity  sufficient  to  decompose  the 
AS0O3  present  (which  should  be  estimated 
beforehand),  according  to  the  equation 
3Na2SA  +  A.s.,03  =  3Na,,S04-i-As,S3 ;  the  acid  is 
stirred  until  the  AsoSj  separates  in  flocks  (Thorn, 

D.  P.  J.  217,  495) ;  "the  acid  is  filtered  from  As,,S3 
through  asbestos  or  glass-wool,  and  is  then  con- 
centrated by  evaporation  in  a  Pt  dish  tiU  it 
begins  to  fume,  and  then  in  a  retort  of 
Pt  or  hard  glass.  The  cone,  acid  is  now 
heated  with  a  little  pure  (NH,);SO,,  whereby 
HNO^and  HNO3  are  decomposed  (NH^.NO™  and 
NH4.NO3  are  formed,  and  then  decomposed  to 
N  and  H.,0,  and  N.,0  and  H.,0).  The  acid  is 
then  distilled  from  a  glass  retort,  heated  by  a 
ring-burner  placed  around  the  retort  at  about 
two-thirds  of  the  distance  from  the  level  of  the 
acid  to  the  bottom  of  the  retort.  The  distillate 
is  re-distilled  in  small  quantities  from  a  Pt  retort 
into  a  Pt  receiver  ;  the  condenser  being  formed 
of  Pt  tubes,  soldered  with  gold  and  fitting  closely 
one  into  the  other,  and  the  temperature  being 
such  that  the  acid  does  not  boil  during  the  dis- 
tillation {cf.  Stas,  Chem.  Proport.  112).  Various 
other  methods  for  removing  As  have  been  pro- 
posed ;  for  the  preparation  of  H.iSO^  free  from 
As  for  chemico-medical  use  v.  Bloxam  [C.  J.  15, 
52),  also  Buignet  a.  Bussy  (/.  Ph.  [3]  44,  177  ; 
46,  252). 

Commercial  oil  of  vitriol  is  prepared  by 
passing  S0„,  mixed  with  a  little  HNO3,  into 
large  leaden  chambers  into  which  jets  of  steam 
are  also  sent.  The  SO,  is  prepared  by  burning 
S  or  pyrites  in  a  stream  of  air ;  the  hot  gas  is 
passed  over  HN03,or  over  pots  containing  KNO3 
and  H.,SOj,  so  that  it  sweeps  into  the  leaden 
chambers  a  certain  quantity  of  HNO3.  The 
interactions  between  the  hot  SO.,  and  HNO.,  pro- 
bably produceNO  andN.,03(3SO.,  +  2HNO3  +  2H.,0 
=  3H.,S04-f2NO  ;  and  also  2S6.,-r  2HN63-I-H.;0 
=  2H.,S04-t-Nj03) ;  the  NO  then  combines  with 
0  in  the  air  of  the  chambers  to  form 
NA(4N0-f  0.,  =  2N„03),  which  interacts  with 
SO.,  and  H.,0  to  produce  H.,SO,  and 
N0'(N._,03  +  SO.,  +  H.,0  =  HjSO.,  +  2N0)  :— if  N„03 
is  produced  in  the  primary  reaction  of  SO.,  with 
HNO3,  this  N.,03  may  take  up  O  to  form'N.,04, 
which  in  turn  may  react  with  SO.,  and  H„0  to 
produce  H.SO^  and  N0(N,,04+"2S0.,4- 2H.,0 
=  2H2SO4  +  2N0).  These  cycles  of  changes  pro- 
ceed as  long  as  SO.,  is  sent  into  the  chambers,  and 
there  is  present  a  sufficiency  of  0,  HjO,  and 
oxides  of  N.  If  there  is  not  sufficient  HjO  pre- 
sent to  complete  the  decomposition  of  NoOj  and 
SO,  (or  N.,0,,  and  SO,)  to  H.SO^  and  NO, 
nitrosulphonic  acid — NO„(SO.„OH) — is  formed 
as  a  solid  on  the  sides  of  the  chamber 
(3N,03  -I-  2SO2  -1-  H„0  =  2N0,(S0,.0H)  -t-  4N0  ;  or 
3N2O4  +  4S02-1-  2H2O  =  4Nd2(SO'2.0H)  -1-  2N0)  ; 
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■when  steam  is  now  sent  into  the  chamber  the 
nitrosulphonic  acid  is  decomposed  to  H-.SOj  and 
NA  (2N0,(S0„.0H)  +  H,0  =  2HoS0,  +  NA)-  It 
is  possible  that  the  formation  of  K03(S0._,.0H) 
and  the  interaction  of  this  with  water  may  form 
normal  stages  in  the  series  of  reactions  that 
occur  in  the  chambers.  Lunge  (C.  J.  47,  4C5) 
regards  N-.O,  as  the  chief  carrier  of  0  from  the 
air  to  the  SOj ;  he  formulates  the  two  main  in- 
teractions as 

(1)  2S0.,  +  N.>0:,  +  0„  +  HoO  =  2N0.,(S0„.0H), 

(2)  2N0,(S0,.6H)  +  H,0  =  2H3SO^  +  N.Og ; 

moreover,  he  insists  that  the  interactions  take 
place  for  the  most  part  between  gases  in  contact 
with  the  surface  of  the  vesicles  of  liquid  water 
formed  by  the  condensation  of  the  steam  sent 
into  the  chamber.  (A  fuller  discussion  of  the 
reactions  that  occur  in  the  leaden  chambers 
will  be  found  in  the  Dictionary  of  Applied 
Chemistry,  vol.  iii.  p.  726.) 

Some  portion  of  the  oxides  of  N  is  swept 
through  the  chambers  and  so  lost  (part  of  this 
is  recovered  in  the  Gay-Lussao  towers) ;  some  is 
lost  by  leakage,  solution  in  the  acid  formed  in 
the  chambers,  and  in  other  mechanical  ways ; 
but  some  portion  of  the  available  oxides  of  N  is 
also  destroyed  by  secondary  reactions  that  occur 
in  the  chambers,  and  result  in  the  formation  of 
N„0  and  sometimes  of  N  or  NH.,  {v.  Weber,  P. 
130,  329  ;  Pelouze,  A.  Ch.  [2]  60,  162  ;  Lunge, 

B.  14,  2196  ;  cf.  Dictionary  of  Applied 
Chejustry,  vol.  iii.  p.  729). 

Properties. — A  clear,  colourless,  oily,  hygro- 
scopic liquid  ;  solidifying  at  c.  10-5^.  The  liquid 
may  be  cooled  much  below  its  freezing-point 
without  solidifying,  but  addition  of  a  crystal  of 
HoSOj  or  a  small  quantity  of  SO3  causes  crys- 
tallisation ;  the  presence  of  a  trace  of  water 
lowers  the  freezing-point  to  c.  0°.  HjSOj  is  ex- 
ceedingly acrid  and  burning,  and  is  a  violent 
poison.  HjSOj  fumes  very  slightly  in  air  at  the 
ordinary  temperature ;  at  30--40°  it  fumes  much, 
giving  off  SO3;  according  to  Colefax  (C.  N.  63, 
179),  H,jS04  is  probably  slightly  volatilised  at 
ordinary  temperatures.  The  mol.  w.  of  H.,SO_, 
has  not  been  determined  directly,  but  from  the 
mol.  weights  of  such  derivatives  as  SCCl,, 
S02(0Me),,  &c.,  the  formula  H.SO^  is  most  pro'- 
bably  molecular.  H.^SO^  is  decomposed  when 
heated,  and  does  not  show  a  definite  b.p. ;  boiling 
begins  at  c.  290°,  and  the  temperature  gradually 
rises  to  338°,  at  which  temperature  dissociation 
to  H2O  and  SO3  is  complete.  The  residue  has 
the  composition  H2S04.y^2H20  ;  acid  with  this 
composition  is  obtained  by  boiling  down  either 
H.,SO,.a;H,0  or  K.SOj.xSO,  (Mariguac,  A.  Ch. 
[3]  39,  184 ;  Dittmar,  C.  j.  [2]  7,  446).  The 
sp.gr.  of  the  vapour  given  off  at  c.  440°  corre- 
sponds with  that  calculated  for  the  dissociation 
of  H^SOj  into  SOj-fH.O  (Deville  a.  Troost, 

C.  B.  56,  891 ;  Wanklyn  a.  Kobinsou,  Pr.  12, 
507).  The  b.p.  of  H,,SO,Aq,  containing  from 
95  p.c.  KBO,  (b.p.  =  295°),  to  5  p.c.  H.SO, 
(b.p.  101°)  is  given  by  Lunge  {B.  11,  SIO). 
H.SO,  freezes  at  10-352°  {v.  Pickering,  C.  J.  57, 
331 ;  where  a  long  series  of  determinations  is 
given  of  f.p.  of  HoSO^Aq  containing  from  -005 
to  100  p.c.  H.,SOJ.  The  S.H.  and  mol.  heat 
(  =  S.H.  X  98)  are  given  by  Pfauudler  (£'.  3,  798) 
as  follows ; 


Temp,  interval 

Ll!ol.  lies-t. 

from  22^  to 

S.H. 

80° 

•355 

34-790 

90 

•356 

34-888 

100 

•358 

85-084 

110 

•369 

35-182 

120 

•360 

35-280 

130 

•362 

35-476 

140 

•364 

85-672 

150 

•365 

85-770 

160 

•367 

35-966 

170 

•370 

36-260 

For  S.H.  of  H.SO^.kHoO  from  16°  to  20°,  x 
varying  from  0  to  400,  v.  Marignac  {Ar.  Sc.  39, 
217,  273) ;  Bode  {Zcit.  fiir  anorg.  Chcmie,  1889. 
244)  gives  S.H.  of  H,SO,Aq  from  S.G.  1-842  to 
1-037  ;  Pickering  (C.  J.  57,  160)  gives  S.H.  of 
HjSO.Aq  from  c.  -2  to  c.  12  p.c.  H,S04  dis- 
solves in  water  in  all  proportions ;  much  heat 
is  produced,  and  contraction  occurs  ;  for  thermal 
measurements  v.  Thomsen  (Th.  3,  44),  Favre 
a.  Silbermann  (0.  B.  24,  1081),  F.  a.  Quaillard 
(C.  B.  50,  1150),  Pfaundler  (J.  1869.  122),  and, 
especially,  Pickering  (C.  J.  57,  164).  According 
to  Pickering  (C  N.  64,  14),  the  maximum  con- 
traction, calculated  for  unit  weight  of  solution, 
changes  from  67  p.c.  at  8°,  to  70-1  p.c.  at  38°  ; 
but  the  maximum  is  constant  at  76  p.c,  from 
8°  to  38°,  if  calculated  for  unit  volume ;  for 
fuher  data  v.  P.  (C.  J.  57,  148).  The  expansion 
of  HSOyxK^O,  at  20°,  when  x  varies  from  0 
to  400,  is  given  by  Marignac  {Ar.  Sc.  39,  217, 
273).  The  refractive  indices  and  dispersion  of 
H.,SO,.Aq  containing  from  93-87  to  -088  p.c. 
H-'SO^  are  given  by  Pickering  (C.  J.  63,  99  ;  cf. 
van  der  Willingen,  Ar.  N.  3, 122).    Perkin  (C.  J. 

63,  57)  gives  Mol.  E.  for  H.,SO,,Aq  from  99-92 
to  9-18  p.c.  H.,SO,  (  =  from  H.,SO,-f  53-87  H..0 
to  H„SO,  -1-  -004  H.0). 

The  electrical  conductivities  of  HoSO^Aq  of 
different  concentrations  have  been  measured  by 
Kohlrausch  (P.  1.54,  215;  159;  233;  W.  6,  1; 
17,  69),  also  by  Pickering  (C.  J.  57,  158),  who 
gives  determinations  for  H-SO^Aq  containing 
from  1  to  100  p.c.  K.BOt  {v.  also  Bouty,  C.  B. 
108,  393  ;  also  Grotrian,  P.  151,  378). 

The  S.G.  and  composition  of  H.,SO.,Aq  of 
varying  concentrations  have  been  determined  by 
many  observers.  Pickering  (0.  J.  57, 152)  gives 
S.G.  and  composition  of  H.SOjAq  containing 
from  -5  to  100  p.c.  HoSO,,  at  0'°,  2°,  4°,  and  each 
2°  up  to  40°.  Lunge  a.  Isler  {Zeit.  fur  anorg. 
Chcmie,  1890.  129)  give  the  following  tables  (cf. 
Mendeleeff,  Z.  P.  C.  1887.  273;  Pickering,  C.  N. 

64,  311 ;  Lunge,  C.  N.  66, 13)  :— 


in  vacuo 

w  -0 

Degrees 
TwaddeU 

100  parts  by 
weight 
coutaia 

1  litre  contains 
liilos. 

P.c. 

SO3 

P.c. 

H,SO^ 

SO3 

H,SO, 

1-000 

0 

0 

0-07 

0-09 

0-001 

0-001 

1-005 

0-7 

1 

0-68 

0-83 

0-007 

0-008 

1-010 

1-4 

2 

1-28 

1-57 

0-013 

0-016 

1-015 

2-1 

3 

1-88 

2-30 

0-019 

0-023 

1-020 

2-7 

4 

2-47 

3-03 

0-025 

0-031 

1-025 

3-4 

5 

3-07 

3-76 

0-032 

0-039 

1-030 

4-1 

6 

3-67 

4-49 

0-038 

0-046 

1-035 

4-7 

7 

4-27 

5-23 

0-044 

0-054 

1-040 

5-4 

8 

4-87 

5-96 

0-051 

0-062 

622 
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S.G.  75 

in  vacuo 

Degrees 
Beaume 

Degrees 
TwadcJell 

100  parts  by 
weight 
contain 

1  litre  contains 
kilos. 

P.c. 

SO, 

P.c. 

H,SO. 

SO3 

H,SO, 

X  u^o 

6-0 

9 

5-45 



6-67 

0-057 

0-071 

X  UOU 

6-7 

10 

6-02 

7-37 

0-063 

0-077 

A  \JOO 

7-4 

11 

6-59 

8-07 

0-070 

0-085 

J.  UDU 

80 

12 

7-16 

8-77 

0-076 

0-093 

1  uoo 

8-7 

13 

7-73 

9-47 

0-082 

0-102 

1  '070 
X  u  /  u 

9-4 

14 

8-32 

10-19 

0-089 

0-109 

X  U  ( 0 

100 

15 

8-90 

10-90 

0-096 

0-117 

X  uOU 

106 

16 

9-47 

11-60 

0-103 

0-125 

X  UoO 

11-2 

17 

10-04 

12-,30 

0-109 

0-133 

X  uyu 

11-9 

18 

10-60 

12-99 

0-116 

0-142 

X  VvO 

12-4 

19 

11-16 

13-67 

0-122 

0-150 

X  xuu 

13-0 

20 

11-71 

14-35 

0-129 

0-158 

x  xuo 

13-6 

21 

12-27 

15-03 

0-136 

0-166 

X  xxu 

14-2 

22 

12-82 

15-71 

0-143 

0-175 

X  X  it* 

14-9 

23 

13-36 

16-36 

0-149 

0-183 

X  x^u 

15-4 

24 

13-89 

17-01 

0-156 

0-191 

-X  xzo 

16-0 

25 

14-42 

17-66 

0-162 

0-199 

X  XoU 

16-5 

26 

14-95 

18-31 

0-169 

0-207 

X  xoo 

17-1 

27 

15-48 

18-96 

0-176 

0-215 

X  x^u 

17-7 

28 

16-01 

19-61 

0-183 

0-223 

-X  X'iO 

18-3 

29 

16-54 

20-26 

0-189 

0-231 

X  xou 

18-8 

30 

17-07 

20-91 

0-196 

0-239 

X  xoo 

19-3 

31 

17-59 

21-55 

0-203 

0-248 

X  i  ou 

19-8 

32 

18-11 

22-19 

0-210 

0-257 

X  XDO 

20-3 

33 

18-64 

22-83 

0-217 

0-266 

1 .1 7r» 
X  X  /  u 

20-9 

34 

19-16 

23-47 

0-224 

0-275 

1 .1  7^^ 
X  X  1  0 

21-4 

35 

19-69 

24-12 

0-231 

0-283 

,X  XoU 

22-0 

36 

20-21 

24-76 

0-238 

0-292 

X  XoO 

22-5 

37 

20-73 

25-40 

0-246 

0-301 

X  LV\J 

23-0 

38 

21-26 

26-04 

0-253 

0-310 

X  XyO 

23-5 

39 

21-78 

26-68 

0-260 

0-319 

X  zuu 

24-0 

40 

22-30 

27-32 

0-268 

0-328 

X  ZVO 

24-5 

41 

22-82 

27-95 

0-275 

0-337 

1 .01  n 
X  ^xu 

25-0 

42 

23-33 

28-58 

0-282 

0-346 

1 .91 

X  zxo 

25-5 

43 

23-84 

29-21 

0-290 

0-355 

1 .990 

26-0 

44 

24-36 

29-84 

0-297 

0-364 

X  .iZO 

26-4 

45 

24-88 

30-48 

0-305 

0-373 

X  zoyj 

26-9 

46 

25-39 

31-11 

0-312 

0-382 

X  Zoo 

27-4 

47 

25-88 

31-70 

0-320 

0-391 

X  Z-iU 

27-9 

48 

26-35 

32-28 

0-327 

0-400 

X  .i-iO 

28-4 

49 

26-83 

32-86 

0-334 

0-409 

X  ZOK} 

28-8 

50 

27-29 

33-43 

0-341 

0-418 

i  .^00 

29-3 

51 

27-76 

34-00 

0-348 

0-426 

X  zou 

29'7 

52 

28-22 

34-57 

0-356 

0-435 

X  iiOO 

30-2 

53 

28-69 

35-14 

0-363 

0-444 

X  z 

30-6 

54 

29-15 

35-71 

0-370 

0-454 

X  Z  /  0 

31-1 

55 

29-62 

36-29 

0-377 

0-462 

X  ZoU 

31-5 

56 

30-10 

36-87 

0-385 

0-472 

X  jioO 

32-0 

57 

30-57 

37-45 

0-393 

0-481 

X  zyu 

32-4 

58 

31-04 

38-03 

0-400 

0-490 

X  zyo 

32-8 

59 

31-62 

38-61 

0-408 

0-500 

X  oUU 

33-3 

60 

31-99 

39-19 

0-416 

0-510 

X  oUo 

33-7 

61 

32-46 

39-77 

0-424 

0-519 

X  oXU 

34-2 

62 

32-94 

40-35 

0-432 

0-529 

X  OXO 

34-6 

63 

33-41 

40-93 

0-439 

0-538 

X  OZU 

35-0 

64 

33-88 

41-60 

0-447 

0-648 

X  O.i0 

35-4 

65 

34-35 

42-08 

0-455 

0-557 

T  •^?Qn 

X  oo\} 

35-8 

66 

34-80 

42-66 

0-462 

0-567 

X  O£50 

36-2 

67 

35-27 

43-20 

0-471 

0-577 

X  o4U 

36-6 

68 

35-71 

43-74 

0-479 

0-586 

2-345 

37-0 

69 

36-14 

44-28 

0-486 

0-596 

1-350 

37-4 

70 

36-58 

44-82 

0-494 

0-605 

1-355 

37-8 

71 

37-02 

45-37 

0-502 

0-614 

1-360 

38-2 

72 

37-45 

45-88 

0-509 

0-624 

0^  15° 

CO 

^  '0 

100  parts  by 
weight 

1  litre  contains 
kilos. 

S.G.  ^ 

If  « 

i-i 
be 

contain 

GJ  > 

«H 

P.c. 

SO3 

P.c. 
H,SO, 

SO3 

38-6 

no 
To 

37-89 

46-41 

0-517 

0-633 

1  0  /  U 

oy  U 

1 A 

38-32 

46-94 

0-525 

0-643 

X  0  i  0 

oft./* 
oy  4 

to 

38-75  47-47 

0-533 

0-653 

1  •QQfl 
1  OoU 

39-8 

nc 
10 

39-18 

48-00 

0-541 

0-662 

1  000 

4U  1 

nn 
77 

39-62 

48-53 

0-649 

0-672 

1  oyu 

40  0 

70 
10 

40-05  49-06 

0-667 

0-682 

1  DuO 

A  A.O 

4U  0 

7Q 

tv 

40-48'  49-59 

0-564 

0-692 

1  -AfiCi 
±  ^yjyj 

41  z 

Q  A 

bU 

40-91  50-11 

0-673 

0-702 

41  D 

Q1 

ol 

41-33 

50-63 

0-581 

0-711 

X  4iU 

42-0 

82 

41-76  51-15 

0-589 

0-721 

1  ^A^  K 

42-3 

00 

00 

42-17:  51-66 

0-597 

0-730 

X  ^AV 

42-7 

0  A 

o4 

42-57 

52-15 

0-604 

0-740 

X 

4o  1 

00 

42-96 

52-63 

0-612 

0-750 

1  'A  QA 

43-4 

Qd 
00 

43-36 

63-11 

0-620 

0-769 

1  4oa 

43-8 

87 

43-75:  53-59 

0-628 

0-769 

1  -  A  An 

X  -±40 

44  1 

Ho 

44-14 

64-07 

0-636 

0-779 

^  'AA  K 

A  A ,  A 

44  4 

Q  A 

oy 

44-53 

64-55 

0-643 

0-789 

1  'A  Kf\ 
X  40lJ 

44-8 

A  A 

44-92 

65-03 

0-651 

0-798 

1  *A 

X  40D 

40  1 

A1 

91 

45-31 

56-50 

0-659 

0-808 

X  4oU 

45-4 

92 

45-69!  65-97 

0-667 

0-811 

X  400 

A  CO 

4o  0 

AO 

9o 

46-07 

56-43 

0-675 

0-827 

1  'A  nc\ 

4d  1 

94 

46-45;  56-90 

0-683 

0-837 

1  -Al^ 
14(0 

4o  4 

C\K 

yo 

46-83 

57-37 

0-691 

0-846 

±  4oU 

46-8 

9o 

47-211  67-83 

0-699 

0-856 

X  4:O0 

47-1 

97 

47-57 

58-28 

0-707 

0-865 

1  ./(fin 

47-4 

98 

47-95!  58-74 

0-715 

0-876 

X  4:yo 

47-8 

AA 

99 

48-34 

69-22 

0-723 

0-885 

1  oUU 

48-1 

100 

48-73 

59-70 

0-731 

0-896 

X  OUO 

AO.  A 

4o  4 

1  A1 

lUl 

49-12 

60-18 

0-739 

0-906 

X  oXk) 

48-7 

1  AO 
102 

49-51 

60-65 

0-748 

0-916 

1  OlO 

49-0 

103 

49-89 

61-12 

0-756 

0-926 

X  D^yj 

4y  4 

104 

50-28!  61-59 

0-764 

0-936 

1  .cos; 
1  0^0 

49-7 

lUo 

50-66 

62-06 

0-773 

0-946 

i  OoU 

oU  0 

106 

51-04 

62-53 

0-781 

0-957 

1  OoO 

50-3 

107 

51-43 

63-00 

0-789 

0-967 

I'KAn 

X.  04U 

OU  0 

108 

51-78 

63-43 

0-797 

0-977 

i  040 

60-9 

109 

52-12 

63-85 

0-805 

0-987 

1  OOU 

51-2 

110 

62-46 

64-26 

0-813 

0-996 

X  000 

51-5 

111 

62-79 

64-67 

0-821 

1-006 

i  OoU 

ol  0 

112 

53-12 

65-08 

0-829 

1-015 

i  Ooo 

52-1 

113 

53-46 

65-49 

0-837 

1-025 

1  .Kin 
X  oiK) 

0Z-4 

1  1  A 

114 

53-80 

66-90 

0-845 

1-035 

10  /  0 

52-7 

lie 
llo 

54-13 

66-30 

0-853 

1-044 

1*580 

53-0 

IIP 
llD 

54-46 

66-71 

0-861 

1-054 

1'585 

53-3 

117 

64-80 

67-13 

0-869 

1-064 

I'oyu 

53-6 

llo 

55-18 

67-59 

0-877 

1-075 

1*595 

53-9 

119 

66-65 

68-06 

0-886 

1-085 

1*600 

54-1 

120 

65-93 

68-51 

0-895 

1-096 

I'oUo 

A,  A 

04  4 

1 01 

IZL 

56-30 

68-97 

0-904 

1-107 

1  .CI  A 

1  oiU 

54-7 

122 

66-68 

69-43 

0-913 

1-118 

1*615 

00  0 

123 

67-05 

69-89 

0-921 

1-128 

1  O^U 

ceo 
00  z 

1  OA 

lz4 

57-40 

70-32 

0-930 

1-139 

1*625 

00  0 

IOC 

67-76 

70-74 

0-938 

1-160 

1*630 

65-8 

126 

58-09 

71-16 

0-947 

1-160 

1*000 

66-0 

127 

58-43 

71-57 

0-956 

1-170 

1*640 

56-3 

128 

58-77 

71-99 

0-964 

1-181 

1*040 

00  0 

129 

59-10 

72-40 

0-972 

1-192 

1*650 

56-9 

130 

59-45 

72-82 

0-981 

1-202 

1*655 

57-1 

131 

59-78 

73-23 

0-989 

1-212 

1*660 

57'4 

132 

60-11 

73-64 

0-998 

1-222 

1*665 

57-6 

133 

60-46 

74-07 

1-007 

1-233 

1*670 

57-9 

134 

60-82 

74-51 

1-016 

1-244 

1*675 

58-2 

135 

61-20 

74-97 

1-025 

1-256 

1*680 

58-4 

136 

61-57 

75-42 

1-034 

1-267 

mil 
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in  vacuo 

Degrees 
Beaume 

Degrees 
Twaddell 

100  parts  by 
weight 
coutain 

1  litre  contains 
liilos. 

P.c. 

SO 

P.c. 

H  SO 

SO3 

H,SO^ 



1-685 

58-7 

137 

61-93 

75-86 

1-043 

1-278 

1-690 

58-9 

138 

62-29 

76-30 

1-053 

1-289 

1-695 

59-2 

139 

62-64 

76-73 

1-062 

1-301 

1-700 

59-5 

140 

63-00 

77-17 

1-071 

1-312 

1-705 

59-7 

141 

63-35 

77-60 

1-080 

1-323 

1-710 

60-0 

142 

63-70 

78-04 

1-089 

1-334 

1-715 

60-2 

143 

64-07 

78-48 

1-099 

1-346 

1-720 

60-4 

144 

64-43 

78-92 

1-108 

1-357 

1-725 

60-6 

145 

64-78 

79-36 

1-118 

1-369 

1-730 

60-9 

146 

65-14 

79-80 

1-127 

1-381 

1-735 

61-1 

147 

65-50 

80-24 

1-136 

1-392 

1-740 

61-4 

148 

65-86 

80-68 

1-146 

1-404 

1-745 

61-6 

149 

66-22 

81-12 

1-156 

I-4I6 

1-750 

61-8 

150 

66-58 

81-56 

1-165 

1-427 

1-755 

62-1 

151 

66-94 

82-00 

1  -1  7t 

X  ±  1  'J 

1-439 

1-760 

62-3 

152 

67-30 

82-44 

1-185 

1-451 

1-765 

62-5 

153 

67-65 

82-88 

1-194 

1-463 

1-770 

62-8 

154 

68-02 

83-32 

1-204 

1-475 

1-775 

63-0 

155 

68-49 

83-90 

1-216 

1-489 

1-780 

63-2 

156 

68-98 

84-50 

1-228 

1-504 

1-785 

63-5 

157 

69-47 

85-10 

1-240 

1-519 

1-790 

63-7 

158 

69-96 

85-70 

1-252 

1-534 

1-795 

64-0 

159 

70-45 

86-30 

1-265 

1-549 

1-800 

64-2 

160 

70-94 

86-90 

1  •977 

1-564 

1-805 

64-4 

161 

71-50 

87-60 

1-291 

1-581 

1-810 

64-6 

162 

72-08 

88-30 

1-305 

X  UJO 

1-815 

64-8 

163 

72-09 

89-05 

1-319 

1-621 

1-820 

65-0 

164 

73-51 

90-05 

1-338 

1-639 

1-821 

-  - 

— 

73-63 

90-20 

1-341 

1-643 

1-822 

65-1 

— 

73-80 

90-40 

1-345 

1-647 

1-823 

— 

— 

73-98 

90-60 

1-348 

1-651 

1-824 

65-2 

— 

74-12 

90-80 

1-352 

1-656 

1-825 

— 

165 

74-29 

91-00 

1-356 

X  UU  X 

1-826 

65-3 

— 

74-49 

91-25 

1-360 

1-666 

1-827 

— 

— 

74-69 

91-50 

X  0  (  X 

1-828 

65-4 

— 

74-86 

91-70 

1-368 

X  u  <  u 

1-829 

— 

— 

75-03 

J  J.  oyj 

1  ■■^79 
X  0  1  ^ 

X  uox 

1-830 

— 

166 

75-19 

92-10 

X  0 1 V 

X  \J(J'J 

1-831 

65-5 

— 

75-35 

92-30 

1-380 

1  •fiQO 

X  TjJM 

1-832 

— 

— 

75-53 

92-52 

X  001 

X  oyo 

1-833 

65-6 

— 

10  i  ^ 

Q9-7'i 
i  0 

X  000 

X  1  uu 

1-834 

— 

— 

75-96 

93-05 

1  •!<Q'^ 

X  OJO 

X  /  UO 

1-835 

65-7 

167 

76-27 

93-43 

X  yzUU 

1  -71  ^ 
X  t  xo 

1-836 

— 

— 

yo  o\j 

1  •7-79 

X  1 

1-837 

— 

— 

76-9C 

Q<l-9ft 

X  ^X^ 

X  1  ou 

1-838 

65-8 

— 

77-->'^ 
^  t  ^0 

X  -i  X  J 

X  i  oy 

1-839 

77-'i'i 
1  t  00 

X  *i^U 

1  •74.S 

X  1  "iO 

1-840 

65-9 

168 

JO  ^jyj 

X  ^ou 

X  i  oy 

1-8405 

78-33 

X  ^IX 

X  i  yio 

1-8415 

79-l£ 

97-00 

1-458 

1-786 

1-8410 

79-76 

97-70 

1-469 

1-799 

1-8415 

80-16 

98-20 

1-476 

1-808 

1-8400 

80-57 

98-70 

1-483 

1-816 

1-8400 

80-98 

99-20 

1-490 

1-825 

1-8395 

81-18 

99-45 

1-494 

1-830 

1-8390 



81-39 

99-70 

1-497 

1-834 

1-8385 

81-59 

99-95 

1-500 

1-838 

For  the  properties  of  fuming  HjSO,  v.  Pybo- 

SULPHUIIIO  ACID,  p.  625. 

For  a  test  for  small  quantities  of  free  H.,SO| 
V.  Carey  Lea  {Am.  S.  [3]  45,  478 ;  abstract  in 
C.     64  (ii.),  566). 

Reactions.— 1.  Cone.  H2SO4  is  decomposed 


by  heat;  at  c.  440''  the  products  are  SO,  and 
HoO,  and  by  passing  through  a  red-hot  tube  SO^, 

0,  and  H„0  are  formed  (Deville  a.  Troost,  C.  R. 
56,  891 ;  "Wanklyn  a.  Eobinson,  Pr.  12,  507  ; 
Eedwood,  Ph.  [2]  5,  601  ;  Deville  a.  Debray, 
A.  Ch.  [3]  61,  125).— 2.  Decomposed  by  the 
electric  C7irrcnt ;  with  cone.  H„SO.,  and  a  raised 
temperature  0  separates  at  the  positive  pole, 
and  H  and  S  at  the  negative  ;  at  0°  only  H  and 
0  are  given  off  (Faraday,  T.  1834 ;  Warburg,  P. 
135,  114  ;  Luckow,  Fr.  1880. 1  ;  Berthelot,  C.  R. 
86,  71  ;  90,  269).  Gladstone  a.  Tribe  (C.  J.  35, 
176  ;  43,  345)  found  that  a  little  SO^was  formed 
when  the  electrolysis  of  98-2  p.c.  HjSO^  was  very 
slow.  According  to  the  concentration  of  the 
H.^SOjAq electrolysed,  the  strength  of  the  current, 
and  the  current  density,  ozone,  H.,0.j,  and  S-O, 
are  formed,  besides  H  and  O.  For  an  examina- 
tion of  the  conditions  favourable  to  the  produc- 
tion of  ozone  v.  McLeod  (C.  J.  49,  591,  where 
references  are  given  to  earlier  memoirs).  Ac- 
cording to  Bouty  (C.  R.  108,  393),  acid  of  the 
concentration  HoSOj-fHjO  always  gives  HD., 
on  electrolysis;  Eicharz  {A.  Ch.  [2]  24,  183) 
says  that  the  maximum  production  of  H.fi.,  is 
obtained  with  acid  of  the  concentration 
H^SO^-t- 1-347H„0  ;  with  acid  more  dilute  than 
60  p.c.  H,_,S04  very  little  HoO,  is  obtained,  but 
considerable  quantities  of  S.^O,  and  ozone  (Bouty, 

1.  e. ;  cf.  Kuriloff,  J.  R.  23,  235).  In  connection 
with  the  electrolysis  of  H,SO,|Aq,  and  the  con- 
ditions of  production  of  H  and  O  only,  or  of 
H.,0„,  ozone,  and  S.>0,  also,  v.  Armstrong 
(C.  J.  Proc.  1893-4."  188  [No.  127]).— 3.  By 
passing  a  mixture  of  the  vapour  of  H.SO4  mixed 
with  hydrogen  through  a  red-hot  tube,  H„0  is 
obtained  along  with  SOo,  S,  or  H.,S,  according  to 
the  quantity  of  H  (v.  Warner,  C.  N.  28,  13). 
Hijclrogen  occluded  bij  iMlladium  or  ]}latimmn 
partially  reduces  98-2  p.c.  K.SOj,  giving  SOj 
(G.  a.  T.,  I.e.  p.  177).— 4.  SO,,,  CO,,,  and  H.O  are 
formed  by  heating  cone.  HoSO,  with  carbon ; 
and  SO2  and  Yi.,0  by  heating  with  sul^ihur. — 

5.  Phosphorus  takes  fire  in  boiling  H.,S04  with 
separation  of  S  ;  red  plwsphorus  reacts  with  the 
cone,  acid  when  hot,  forming  SO3  and  H3PO,. — 

6.  Chlorine  reacts  with  cone.  HjSOj  to  form 
C1(S02.0H)  (u.  Chlokosulphonic  acid,  p.  509). — 

7.  Most  metals  interact ;  K  and  Na  give  off  H, 
Zn  and  Fe  and  several  other  metals  also  give 
off  H  with  more  or  less  dilute  HjSO^Aq  at 
ordinary  temperatures  ;  on  raising  the  tempera- 
ture S0„  and  H,S  are  generally  evolved  and  S  is 
often  separated.  Some  metals,  such  as  Sb,  Bi, 
Cu,  Hg,  react  only  with  warm  fairly  cone.  H^SO^, 
giving  off  SO2,  and  often  also  H.^S.  Au,  Ir,  Pt, 
Eh,  and  W  do  not  interact  with  H,^S04.  Eegard- 
ing  the  conditions  of  the  interaction  of  HoSO^Aq 
with  metals — concentration,  temperature,  and 
products— y.  Ditto  (.4.  Ch.  [6]  19,  68).  Pattison 
Muir  a.  Adie  (C.  J.  53,  47)  found  that  the  only 
products  of  the  interaction  of  approximately 
pure  einc  and  dilute  H„SO,,Aq  (c.  K,SO,.12H.O 
to  c.  H„S04.15H„0)  were  ZnS04Aq  and  H  ;  that 
with  cone,  acid  (c.  H,SO,.H,0  to  e.  H.SO,)  S0„ 
was  the  chief  gaseous  product,  and  that  H.^S  was 
also  produced  at  higher  temperatures  ;  and 
that  with  acid  of  intermediate  concentration 
(c.  H,,S04.2H,,0)  both  SO,  and  H,S  were  formed 
in  considerable  quantities  at  e.  160°.  For  ex- 
periments on  the  rate  of  action  of  H2S04Aq  on 
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different  specimens  of  zinc  v.  Divers  a.  Sliimidzu 
(C.  J.  47,  598),  who  have  also  examined  the  pro- 
duction of  NH.,OH  by  tlie  interaction  of  zinc 
with  H.,SO,,A(.i"  and  HNO^Aq  together  {cf. 
Htdeoxylamine,  vol.  ii.  p.  734).  For  qualita- 
tive experiments  on  the  interaction  of  H.,S04 
and  tin,  v.  Pattison  Muir  a.  Eobbs  (C  N.  45,  69, 
■where  references  to  other  memoirs  are  given). 
PuUinger  {C.  J.  59,  815)  found  that  pure  zinc 
was  not  acted  on  byH^SOjAq  (Ipart  cone,  acid  +  3 
parts  water  by  weight)  jarovided  the  acid  had 
been  boiled  for  a  long  time  before  use  and  the 
surface  of  the  zinc  was  quite  smooth;  if  the 
surface  was  rough  some  of  the  zinc  was  dis- 
solved. P.  also  found  that  oxidisers  increased 
the  rate  of  solution  of  zinc,  and  reducers,  if  not 
containing  S,  almost  stopped  the  solution.  P. 
concluded  that  when  the  surface  of  the  zinc  was 
rough  SjO,  was  probably  formed,  and  then  the 
action  proceeded.  Weeren  (B.  24,  1785)  noticed 
that  there  was  scarcely  any  reaction  between 
pure  zinc  and  H.^SOjAq  (c.  20  parts  water) ;  he 
supposed  that  a  layer  of  H  was  condensed  on 
the  surface  of  the  metal.  W.  thought  that  with 
impure  zinc  the  H  is  given  off  from  the  surface 
of  the  more  negative  metal  isresent,  and  so  the 
surface  of  the  zinc  is  left  exposed  to  the  action 
of  the  acid.  W.  found  that  the  evolution  of  H 
proceeded  more  rapidly  in  vactio,  and  that  it  was 
hastened  by  brushing  the  surface  of  the  metal. 
The  weight  of  pure  zinc  dissolved  in  30  mins. 
was  2-1  mgm.  at  0°,  9-3  mgm.  at  98°,  and  122-1 
mgm.  at  the  b.p.  of  the  acid  used.  W.  obtained 
similar  results  with  Al,  Cd,  Co,  and  Fe.  Sodium 
amalgmn  or  zinc  amalgam,  with  cone.  HjSOj, 
gives  off  H,  then  quantities  of  H.,S,  then  SO2  and 
S,  and  finally  only  SO.  (Walz,'0.  N.  23,  245). 
The  interaction  of  H.,S04  and  copper  has  been 
fuUy  examined  by  Pickering  (0.  J.  [2]  18,  112; 
cf.  CoppEE,  voL  ii.  p.  253). — 8.  H^SO^  reacts  with 
the  oxides  of  nitrogen  (not  with  N^O)  to  form 

NOjfSOj.OH)  (d.  NiTROSDLPHONIC  ACID,  p.  601). — ■ 

9.  PJiosphoretted  hydrogen  reacts  slowly  with 
HoSO ,  at  the  ordinary  temperature,  giving  SO.,, 
S,'  and  HjPOi  (Rose,  P.  24,  139).— 10.  With 
sulphuretted  hydrogen,  HjO,  S,  and  SO.,  are 
formed. — 11.  Phosphorus  pentoxide  withdraws 
H„0  from  hot  cone.  H.,S04,  producing  PjOj.HjO 
and  SO3  (Barreswil,  G.'R.  26,  30 ;  Evans,  Ph.  8, 
127) ;  phosphorus  peniachloride  or  trichloride 
forms  SO3  and  P0C1„  also  SO.,CL  when  PGI5  is  used 
(WiUiamson,  P.  M.  [4]  7,  366  ;  Schiff,  A.  202, 
111 ;  cf.  Michaelis,  J.  Z.  6,  233,  292),  and  also 
C1(S02.0H)  (Miiller,  B.  6,  277  ;  Geuther,  B.  5, 
925  ;  Thorpe,  G.  J.  37,  358).— 12.  H.SO^  reacts 
with  most  salts  to  form  sulphates,  and  set  free 
the  acid  of  the  salt  if  that  acid  is  more  volatile 
than  HjSOj.  In  several  cases  secondary  reactions 
occur  between  the  acid  set  free  and  the  H,,S04 ; 
thus,  with  bromides  and  iodides,  Br  and  I,  and 
SO2  or  H.jS,  are  produced.  The  interaction  of 
HjSOjAq  and  ILBr  has  been  examined  by  Addy- 
man  (C  J.  61,  94),  who  found  that  the  percentage 
of  HBr  decomposed  varied  almost  directly  with 
the  quantity  of  H.^SO,  used,  and  that  when  so 
much  HoSOj  was  present  that  the  water  produced 
in  the  reaction  2HBr  +  H2SO4  =  2H.,0  +  SO.,  +  Br^ 
caused  no  sensible  dilution  of  the  H,2S04,  all  the 
HBr  was  decomposed ;  with  dilute  acid,  c.  30 
p.c.  H2SO4,  using  excess  of  acid,  scarcely  a  trace 
of  HBr  was  decomposed  (cf.  Feit  a.  Kubierschki, 


J.  Ph.  [5]  24,  159).  Jackson  (C.  J.  43,  339) 
finds  that  the  interaction  of  cone.  H2SO4  and 
KI  varies  according  as  the  acid  is  present  in 
large  excess,  or  in  quantity  just  sufficient  for  the 
KI  used.  In  the  first  case  all  the  I  of  the  KI  is 
set  free  along  with  an  equivalent  quantity  of 
SO, ;  in  the  second  case  all  the  I  is  liberated 
with  the  equivalent  quantity  of  HoS.  Many 
salts  of  acids  containing  much  oxygen,  e.g. 
dichromates  and  permanganates,  are  decom- 
posed by  hot  cone.  H.^SOj  with  evolution  of  0. 
The  reaction  of  HoS64Aq  with  KMnOjAq  has 
been  examined  by  Gooch  a.  Banner  (Am.  S.  [3] 
44,  301),  who  found  that  the  quantity  of  0  given 
off  increased  with  (1)  concentration  of  H,S04Aq, 
(2)  time,  (3)  temperature  ;  no  0  was  given  off 
after  a  few  hours  with  20  p.c.  acid  at  the  ordinary 
temperature,  but  a  considerable  quantity  of  0 
was  produced  after  five  days'  action,  and  c.  the 
same  result  was  obtained  by  heating  to  80°  for 
one  and  a  half  hours  (cf.  Jones,  C.  J.  33,  95). — 
13.  Cone.  H.,S04  reacts  with  many  oxygenated 
organic  co77ipounds,  withdrawing  HjO  ;  with 
benzenoid  hydrocarbons  it  forms  sulpho-  acids  ; 
many  organic  compounds,  such  as  sugar,  starch, 
&c.,  are  charred  by  warm  H,S04. — -14.  Pictet 
(G.  B.  115,  708,  814)  has  examined  the  reactions 
of  sulphuric  acid  at  low  temperatures,  using 
acid  of  89  p.c.  H.,S04 ;  no  action  occurred  below 
-125°  with  such  bodies  as  NaOH,  NaCl,  NH3, 
Na.iCOs,  Na,  K ;  in  most  cases  action  began 
suddenly  at  temperatures  varying  from  — 120°  to 
—  60°. — 15.  H.SOj  combines  with  loater;  the 
hydrates  H.>S04.H„0,  H,S04.2H„0,  and 
H2SO4.3H2O  have  been  isolated  as  solids  (v. 
infra). — 16.  Cone.  H.,S04  combines  with  sulphur 
trioxide  to  form  H.,S04.S03  and  other  compounds 
(v.  Pyeosulphuric  acid). 

For  the  reactions  of  fuming  H,S04  v.  Pyeo- 
STjLPHURic  ACID  (p.  625).  The  salts  of  H2SO4  are 
described  under  Sulphates  (p.  567).  Both  amides 
of  H.2SO4,  viz.  SO2.OH.NH2  and  S0,{NH.,)2,  have 
been  isolated  [v.  Sdlphamic  acid,  p.  567,  and 
SuLPHAMiDE,  p.  567) ;  the  imide  SO„.NH  is  also 
known,  v.  Sulphimide,  p.  587  ;  cf.  also  Sulph- 
iMiDO-AMiDE  NH(SO.,.NH.>)„,  p.  587,  and  Imido- 
suLPHONic  ACID  NH(SOj.dH)„,  p.  600. 

Gonstittition  of  sulphuric  acid. — The  re- 
actions of  HjS04  with  CI  and  with  PCI5,  and  the 
reactions  of  the  products  with  water,  also  the 
formation  of  SO.,.OH.NH„,  S0o(NK,)2,  and 
SO2.NH,  show  that  H,S04  contains  two  OH 
groups.  The  fact  that  only  one  compound,, 
SOj.OEt.OMe,  can  be  formed  from  H2SO4  shows 
thait  the  two  OH  groups  in  S02(OH)2  are  related 
to  the  rest  of  the  molecule  in  the  same  way ; 
hence  the  formula  for  the  acid  is  to  be  written 

S<QQ2  or  02S<Q^  .   Inasmuch  as  S02Cl> 

is  formed  from  S02(OH)2  by  the  reaction  of 
PCI5,  as  certain  hydrocarbons  interact  with 
S0,,Cl2  to  form  SO.A.  (where  R  =  Me,  Ph,  &c.), 
and  as  these  compounds  SCjEj  are  reduced  to 
SEj,  where  the  radicles  E  are  certainly  in  direct 
union  with  S,  it  is  extremely  probable  that  the 
OH  groups  in  S02(0H).,  are  in  direct  union  with 

OH 

S,  and  hence  the  formula  02S<^qjj  is  to  be  pre- 
ferred to  S<QQ2        sulphuric  acid.    It  is 
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undecided  whether  the  group  SO  ,  in  O^S.OH.OH 

/° 

has  the  constitution  O.S.O  or  Sc   |  • 

\0 

Hydrates  op  sulphubio  acid.  Two  solid 
hydrates  have  been  isolated  ;  a  liquid  hydrate 
has  probably  also  been  isolated. 

Monohydrate  H„SO^.H.O  (Tetrahydroxy- 
sulphuric  acid  S0(0H)4).  Large,  colourless, 
six-sided  tablets  ;  formed  by  mixing  1  part  cone. 
H.,S04  with  rather  less  than  one-fifth  part  water 
(by  weight),  and  surrounding  with  a  freezing 
mixture.  The  crystals  melt  at  7"5°  (Pierre  a. 
Puchot,  A.  Ch.  [5]  2,  164).  The  hydrate  readily 
remains  liquid  considerably  below  its  m.  p.  S.G. 
p=  1-7943  (for  the  liquid)  (Mendeleeff,  B.  19, 
380);  1-77806  at  1.5°,  1-77423  at  20°,  1-77071  at 
25°  (Perkin,  C.  J.  49,  777  ;  determinations  made 
with  liquid,  and  referred  to  water  at  same  tem- 
peratures). Thomseu  gives  H.F.  from  liquid 
H.SO,  and  H.O  [H-SO',H-0]  =  6,379  {Th.  3,  .54) ; 
Berthelot  gives  6,120  (C.  R.  78,  716).  Heat  of 
fusion  =  3680  g.  units  (for  116  g.)  H„S04.H,.0 
(Berthelot,  C.  E.  78,  716).  For  vapour  pres- 
sures from  143°  to  204°  v.  Tate  (P.  M.  [4]  26. 
502). 

Dihydrate  H2S04.2H,0  {Perhydroxysul- 
phuric  acid  S(OH)„).  Formed  by  adding  -368 
parts  H„0  to  1  part  pure  HoSO,,  by  weight. 
This  hydrate  has  not  been  obtained  as  a  solid  ; 
the  S.G.  of  the  liquid  at    is  given  by  Mendeleeff 

{B.  19,  380)  as  1-6655  [cf.  Perkin,  G.  J.  49,  777). 

It  is  stated  [v.  Mendeleeff,  B.  19,  388)  that 
the  maximum  contraction  when  H.SO^  and  H„0 
are  mixed  occurs  when  the  compounds  are  pre- 
sent in  the  ratio  H.,S04:2HoO,  but  Pickering  (C  J. 
57,  84)  says  that  the  maximum  does  not  corre- 
spond with  the  composition  of  any  hydrate 
the  existence  of  which  is  indicated  in  other 
ways. 

Tetrahydrate  H,S04.4H,0.  Obtained  by 
Pickering  (C'.  /.  57,  339)  as  a  crystalline  solid, 
melting  at  -  25°,  by  cooling  H.SOjAq  containing 
57-6  p.c.  H.,SO,  (H.SO,,.2H20  'corresponds  with 
57-66  p.c.  H^SOj.  The  crystals  are  large  and 
well  defined,  and  resemble  H^SOj.H^O  ;  the  com- 
pound may  be  kept  liquid  at  20°  to  25°  below  its 
freezing  point. 

Hydrates  of  s^dphuric  acid  in  aqueous  solu- 
tion.—Acoor&mg  to  Mendeleeff  (5.19,380;  cf. 
his  Principles  of  Chemistry,  vol.  ii.  p.  234),  an 
examination  of  the  connections  between  the  con- 
centration of  H.jSOjAq  and  the  S.G.  indicates 
the  existence  of  hydrates  that  have  not  yet  been 
isolated.  Pickering  (C  /.  57,  64)  comes  to  the 
same  general  conclusion  from  an  extended  ex- 
amination of  the  connections  between  the  changes 
of  composition  of  H.^SO^Aq  and  the  changes 
of  S.G.,  heat  capacity,  electrical  conductivity, 
heat  of  solution,  and  expansion  by  heat  of  the 
solution.  Pickering's  reasoning  is  a  special  case 
of  that  explained  in  the  article  Solutions  (part 
ii.  p.  492)  ;  for  the  detailed  argument,  and 
criticisms  of  it,  v.  Pickering,  0.  /.  57,  64; 
Riicker,  P.  M.  [5]  32,  304  ;  33,  204 ;  P.,  P.  M. 
[5]  33,  132,  463  ;  cf.  MendeWeff,  Z.  P.  G.  1,  275 ; 
and  Crompton,  G.  J.  53, 116. 

PERSULPHUPJC  ACID  H,,S,08Aq.  This 
acid  is  present  in  the  solution  obtained  by  elec- 
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trolysing  K.SO^Aq  of  certain  concentrations  ; 
Berthelot  (C.  R.  90,  269  ;  112,  1481)  obtained  a 
quantity  of  the  acid  equal  to  from  88  to  123  g. 
SjO,  per  litre  by  electrolysing  H^SO^Aq  contain- 
ing water  and  acid  in  the  ratio  10H2O:H.,SO4  (cf. 
SuLPHDEic  PEROXIDE,  p.  616  ;  and  Sulphdkio  acid, 
Reactions,  No.  2,  p.  623).  According  to  Traube  {B. 
22,  1518,  1528)  a  solution  of  H,.S..O„  in  H.SO^ 
does  not  oxidise  H.aO^.  HNO,„  CO,"or  €^,(804)3; 
Richarz,  however  (.B.  21,  1670),  says  that  oxalic 
and  nitrous  acids  are  oxidised.  The  acid  has 
not  been  isolated  ;  by  electrolysing  at  tempera- 
tures below  0°,  and  then  adding  BaOAq  or 
KOHAq,  the  Ba  or  K  salt  is  obtained.  The 
formula  H.,S„Og  is  given  rather  than  HSO,, 
because  of  the  results  of  Bredig's  measurements 
of  the  conductivities  of  solutions  of  the  K 
I  salt.  For  salts  of  this  acid  v.  Pebsulphates, 
p.  .582. 

PYEOSULPHUBIC  ACID  H,S,0-  {Di- 
sulphuric  acid).  A  solution  of  this  acid  in 
I  HjSO^  is  known  as  fimiing  sulphuric  acid,  or 
Nordliausen  acid.  This  acid  is  obtained  by 
adding  rather  more  SO3  to  H.SO^  than  the 
proportion  S03:H,S04,  cooUng,  and  spreading 
j  out  the  crystals  that  form  over  nearly  cone, 
j  H0SO4  under  a  bell-jar  till  the  excess  of  SO3  is 
;  removed  (Schultz-Sellack,  B.  4,  109).  Forms 
\  large  crystals,  melting  at  35°.  Easily  decom- 
posed by  heat  to  H„S04  and  SO.,.  H.S.,0,  is 
dibasic,  forming  salts  MHS.O,  and  M._,S.,6;  [v. 
Pyrosulphates,  p.  583).  Fuming  sulphuric  acid 
is  a  solution  of  H.S„0,  in  H,S04 ;  it  is  prepared 
by  heating  dry  FeS04  in  fireclay  vessels  and 
collecting  the  oily,  fuming  liquid  that  distils 
over.  The  acid  fumes  strongly  in  the  air,  and 
gives  off'  SO3  when  warmed.  But  few  of  the 
reactions  described  for  piyrosulplmric  acid,  or  for 
fuming  sulphuric  acid,  can  be  set  down  as 
belonging  to  a  definite  compound,  but  rather  to 
solutions  of  H.,S..O-  (and  perhaps  other  com- 
pounds of  H„Sb4'  and  SO3)  in  mSO^.  Finely- 
divided  silver  dissolves  easily ;  the  solution 
poured  into  water  gives  Ag,^S04  and  SO^  ; 
mercury  reacts  similarly ;  spongy  copper  has  a 
slight  reaction,  giving  Cu„S  and  CuSO,  (Divers  a. 
Shimidzu,  G.  J.  47,  636).  Distilled  with  j^hos- 
plwrus  pentoxide  in  a  stream  of  hydrogen 
chloride,  C1(S0._,.0H)  is  formed;  the  same  acid  is 
formed  by  heating  with  PCI5,  and  also  by  heating 
'  crystallised  fuming  sulphuric  acid '  with  HCl 
(v.  Chlobosulphonic  acid,  p.  509).  Nitrogen 
dioxide  passed  into  well-cooled  pyrosulphuric 
acid  gives  N0,,(S0,.0H)  {v.  Nitrosulphonic 
ACID,  p.  601).  By  saturating  ordinary  cone, 
j  H,S04with  SO;,  (.Jacquelain,  A.  Ch.  [3]  30,  343), 
I  or  by  cooling  fuming  H.,S04  to  —10°  (Wacken- 
I  roder,  Ar.  Ph.  [2]  87,"  267),  the  compound 
i  H,S.,0,.2H,S04  (  =  3H,SO,.S03)  is  said  to  be  ob- 
tained in  transparent  crystals.  Schultz-Sellack 
{B.  4,  109)  failed  to  obtain  any  compound  of 
HjS04  and  SO,,  except  H,S.,0,.  Crystals  of  the 
composition  H,.S04.3SO, '(  =  H.,S,0|3)  melting  at 
8°-10°  are  said  by  Weber  (P'.  159,  313)  to  be 
formed  by  adding  cooled  cone.  H„S04,  little  by 
little,  to  SO3.  M".  M.  P.  M. 

SULPHURIC  ANHYDRIDE  SO3  v.  Sul- 
phur  trioxidb,  p.  615. 

Persulphuric  anhydride  SoO,  v.  Sulphuric 
peroxide,  p.  610. 
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STJLPHURIC-NITEOSYL  CHLORIDE 

SO3.NOCI  V.  NiTBOSULPHONIC  CHLOKIDE,  p.  601. 

SULPHURIC  OXIDE  SO3  v.  Sulphur  tei- 

OXIDE,  p.  615. 

SULPHURIC  PEROXIDE  S^O,  v.  p.  616. 

SULPHUROSAMIC  ACID  SO.OH.NH^  v. 
Thionamic  acid,  p.  695. 

SULPHUROUS  ACID  and  HYPOSUL- 
PHUROUS  ACID. 

SULPHUEOUS  ACID  HoSOjAq.  The  acid 
has  not  been  isolated  ;  a  solution  of  SO2  in  water 
reacts  as  a  weak  dibasic  acid,  forming  salts  of 
the  types  BrHSOs,  Mi^SO^,  and  MnSOj  (v.  Sul- 
phites, p.  587).  H.F.  [H^S,O^Aq]  =  147,130  ; 
[H'^0,S,0-,Aq]  =  78,780  (from  rhombic  S ;  Th. 
2,  251). 

The  methods  of  formation  and  preparation 
of  HoSOjAq  are  sufficiently  detailed  under  Sul- 
PHUB  DIOXIDE  (p.  613) ;  it  is  only  necessary  to 
add  water  to  the  80.,  obtained. 

Properties. — An  aqueous  solution  of  HoSOj 
readily  decomposes,  giving  off  SOn ;  on  standing 
for  some  time  in  the  air,  and  more  quickly  by 
warming,  H2S04Aq  is  formed  with  production 
of  much  heat;  [H-'SO^Aq,0]  =  63,634  {Th.  2, 
253).  HoSOjAq  is  altered  by  the  action  of  hght, 
so  that  after  exposure  to  light  for  some  time  the 
solution  ppts.  Ag2S  from  AgNOjAq,  and  reduces 
silver  haloid  compounds,  forming  some  Ag.^S ; 
the  solution  after  exposure  to  light  behaves  like 
a  dilute  solution  of  a  polythionic  acid  (Stas, 
Chem.  Proport.  64).  Low  (L'Listitut,  1873.  67) 
says  that  dilute  H^SO^Aq  is  changed  to  H^SOjAq 
and  S  by  long  exposure  to  light. 

Reactions. — 1.  Heated  in  a  closed  tube  to 
170°-180°,  H„SO,Aq  and  S  are  formed,  and  after 
a  time  also  H„S  (Geitner,  A.  129,  350).— 2.  De- 
composed by  an  electric  current,  giving  HoSOjAq 
at  the  positive  pole  and  S  at  the  negative ;  with 
a  weak  current  HoSjOjAq  is  probably  formed  at 
first  at  the  negative  pole  (Gu^roult,  G.  R.  85, 
225). — 3.  Phospliorus  pentachlorido  produces 
SOCL  and  POCI3  (Kremers,  A.  70,  297 ;  Schiff, 
A.  102,  111). — 4.  Sulphurous  chloride  with 
H.jSOjAq  produces  polythionic  acids  {v.  Debus, 
C.  J.  53,  345). — 5.  Vapour  obtained  by  heating 
H,S03Aq  reacts  with  chlorine,  when  passed  over 
red-hot  Pt,  to  form  C1(S0„.0H)  (v.  Chloko- 
suLPHONic  ACID,  p.  599).— 6".  N0„(S02.0H)  (v. 
NiTBOSDLPHONio  ACLD,  p.  601)  is  formed  by  the 
interaction  of  moist  SOo,  i.e.  HoSOjAq,  with 
nitric  oxide  or  nitrogen  dioxide. — 7.  HoSO^Aq 
is  oxidised  to  H^SO^Aq  by  oxygen,  the  halo- 
gens, and  many  other  oxidisers. — 8.  Heated  with 
phospliorus  in  a  closed  tube  to  200°,  H,,S  is  pro- 
duced (Oppenheim,  Bl.  [2]  1,  163).— 9.  "Eeduced 
by  zinc  and  dilute  sulphuric  acid  to  H„S  (v. 
Eeinsch,  D.  P.  J.  163,  286;  181,  332);  "with 
zinc  alone,  H.^SOsAq  is  partly  reduced,  probably 
giving  H^SjO^Aq  {v.  Htposulphueous  acid,  p. 
627). — 10.  Many  metals  which  evolve  H  from 
H^SOiAq  or  HCIAq  react  with  H^SO-iAq  to  form 
sulphites  and  sulphides,  with  evolution  of  little 
or  no  H  (v.  Federoff,  Chcm.  Zeitung,  5,  15).  For 
a  fairly  full  qualitative  examination  of  the  inter- 
action of  Al,  Cd,  Mg,  Ni,  and  Zn  with  HoSOjAq, 
V.  Schweitzer  (C.  N.  23,  293).— 11.  Many  of  the 
oxy acids  of  the  halogens  are  reduced  to  hydraeids 
by  HjSOjAq.  —  12.  Phosphorous  acid  gives 
H,POjAq  and  H,S ;  then  S,  and  thionie  acids 
( Wohler,  A.  39,  2-52  ;  Maquenne,  Chem.  Zeitung. 


1890  [1]  511). — 13.  Phosphoretted  hydrogen  pro- 
duces HjPO^Aq,  and  S  (Cavazzi,  O.  16,  169). 
14.  Hydrogen  sulphide  passed  into  H^SO^Aq 
forms  a  solution  containing  H^SOj,  H.,SjOj, 
HoSjOe,  HjSsOg,  probably  H,S,0„'S  in  suspen- 
sion, and  a  colloidal  form  of  S  in  solution ;  if 
the  passage  of  H,S  is  continued  until  reaction 
ceases  the  final  products  are  S  and  H.,0  (Debus, 
C.  J.  53,  282;  cf.  Thionic  acids,  p.  698).— 15. 
Many  metallic  salts  are  reduced,  in  aqueous 
solutions,  by  HoSOjAq ;  salts  of  Ag  and  Hg  to 
the  metals,  ferric  to  ferrous  salts,  &c.  According 
to  Divers  a.  Shimidzu  (C.  J.  49,  575),  the  reduc- 
tion does  not  consist  in  the  withdrawal  of  0  by 
HoSO^Aq  and  the  oxidation  of  that  acid  thereby 
to  HoSO^Aq.  The  first  step  is  looked  on  by  D. 
a.  S.  as  probably  the  formation  of  a  sulphite  of 
the  metal  of  the  salt,  and  this  is  followed  by 
either  the  decomposition  of  this  sulphite  by 
water  to  metal  and  H.SO^Aq,  or  the  reaction  of 
the  sulphite  with  some  of  the  original,  un- 
changed, salt  to  form  metal  and  a  persulphite  (or 
-ic  sulphite)  of  the  metal. — 16.  With  potassium 
thiosulphate  HsSOjAq  forms  K  tri-  tetra-  and 
penta-thionates,  and  S  (Debus,  C.  J.  53,  343). — 
17.  H2S03Aq  dissolves  many  freshly  ppd.  me- 
tallic sulphides,  e.g.  MnS,  FeS,  ZnS,  forming 
thiosulphates  (Schonbein,  P.  104,  300 ;  Heldt, 
J.  pr.  83,  20). — 18.  Alkali  nitrites  give  salts  of 
nitrilosulphonic  acid  N(S02.0H)3  {q.  v.,  p.  601), 
and  also  salts  of  oxy-imidosulphonic  acid 
N(0H)(S0.,.0H)2  (q.  v.,  p.  602).  Using  a  dilute, 
ice-cold  solution  of  HjSOj  (  =  5p.o.  SO^),  and 
adding  40  g.  KNO.,  in  1,000  c.c.  water  to  3  litres 
of  this  H.SOjAq,  Easchig  (A.  241,  234)  obtained 
NH,(S02.bK)  (c/.Sulphamic  acid,  p.  567).  Under 
certain  conditions  of  concentration  and  tem- 
perature NO  and  N^O,  also  NHj  and  sometimes 
NH2OH,  are  produced.  With  nitrous  acid  the 
finai  products  are  NH3,  NO,  Np,  and  HjSOiAq ; 
according  to  Easchig  (I.e.),  NH.,(S02.0H)  is 
always  formed,  and  the  gaseous  products  are  to 
be  looked  on  as  resulting  from  secondary  reac- 
tions between  nitrous  acid  and  NH2(S02.0H)  or 
other  nitrogenised  sulphonic  acids  formed  in  the 
primary  reaction  between  the  nitrous  and  sul- 
phurous acids.  With  silver  and  mercurous 
nitrites  Divers  a.  Haga  (G.  J,  51,  659)  found 
that  sulphites  were  produced,  along  with  some 
NO  and  H.SO^,  and  more  or  less  NH.OH.— 
19.  For  the  reaction  of  H^SOsAq  with  potassium 
platinochloridev.  Platino-sulphonates,  this  vol., 
p.  285. 

Neither  the  amide  SO(NH2)2  (v.  the  heading 
Thionamide),  nor  the  imide  SO.NH,  of  H.SOj 
has  been  isolated ;  and  it  is  doubtful  whether 
the  acid  SO.OH.NH2  or  SO2.NH2.H  is  known,  v. 
Thionamic  acid. 

Constitution  of  sulphurous  acid.  The  fact 
that  many  haloid  derivatives  of  hydrocarbons 
interact  with  NaHSOj  to  form  sulphonic  acids — 
e.g.  EtI  -f-  NaHSOa  =  EtSO.,H  -1-  Nal— makes  it  pro- 
bable that  the  Na  in  NaHSOj  is  in  direct  union 
with  the  S,  because  the  S  in  sulphonic  acids  is 
almost  certainly  in  direct  union  with  the  hydro- 
carbon radicle ;  hence  it  is  likely  that  one  H 
atom  in  H^SOj  is  directly  combined  with  the  S 
atom,  and  hence  the  formula  for  HoSOj  is  pro- 
bably H.SO.,.OH.  This  view  of  the  constitution 
of  HjSOj  is  insisted  on,  and  illustrated,  by  Divers 
(C.  J.  47,  205). 
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Hydrates  of  sulphurous  acid.  Colourless, 
ice-like  crystals  are  obtained  bypassing  ^0.  into 
water  surrounded  by  ice,  by  cooling  saturated 
SO  Aq,  or  by  passing  moist  SO^  through  a  tube 
kept  at  a  low  temperature.  After  filtering 
quickly  in  a  covered  filter,  and  pressing  between 
filter  paper  at  8°,  the  crystals  have  the  com- 
position H  ,SO.,..rH„0 ;  Doisping  (Petersburg  Acad. 
Bull.,  7,  iOO)  found  a;  =  10,  Pierre  {A.  Ch.  [3] 
23,  416)  found  x  =  8,  Schoufeld  (A.  95,  22) 
found  a;  =  14,  Roozeboom  {R.  T.  C.  3,  29,  59,  75, 
84;  4,  65)  found  a;  =  6,  and  this  was  confirmed 
by  Geuther  (A.  224,  218).  Roozeboom  (I.e.)  gives 
S.G.  of  the  crystals  as  1'21  (referred  to  water  at 
4°)  ;  Geuther  (I.e.)  gives  1-147  as  the  S.G.  after 
melting  at  14°,  and  14°  as  the  m.p.  with  separa-  I 
tion  of  some  liquid  S0._,  under  the  layer  of  SO.Aq. 
R.  (I.e.)  gives  the  following  dissociation-pressures, 
■which  are  independent  of  the  quantity  of  the 
hydrate  :  303  mm.  at  0°,  754  mm.  at  7-05°, 
1177  mm.  at  10^  1773  mm.  at  12-1°.  According 
to  R.  the  critical  temperature  of  decomposition 
is  7'1°  in  an  open  vessel  and  12-1°  in  a  closed 

HYPOSULPHUROUS  ACID  H,SAAq. 
This  acid  has  not  been  isolated.  An  aqueous 
solution  is  probably  formed  by  decomposing  the 
Na  salt  by  dilute  H,,SOjAq  or  H.,C.,0.|Aq,  and 
also  perhaps  by  digesting  H,SO.,Aq  with  zinc 
clippings  till  the  liquid  is  brownish  red ;  but 
neither  the  aqueous  solution  of  the  acid,  nor  any 
of  its  salts,  has  been  obtained  free  from  impuri- 
ties. For  preparation  of  the  sodium  salt,  and 
for  references,  v.  HYrosuLPHiTES  (p.  592). 

M.  M.  P.  M. 

SULPHUEOUS  ANHYDRIDE   v.  Sulphur 

DIOXIDE,  p.  613. 

SULPHUROUS  OXIDE  v.  Sulphur  dioxide, 
p.  613. 

SULPHURYIAMIDE    v.     Sulphamide,  p. 
567. 

SULPHURYL  BROMIDE  v.  Sulphur  oxy- 

BEOMIDES,  p.  617. 

Pyrosulphuryl  bromide   v.  Sulphur  osy- 

BROMIDES,  p.  617. 

SULPHURYL  CHLORIDE  v.  Sulphur  oxy- 
chlorides,  p.  618. 

Nitrosulphuryl  chloride  v.  Nitrosulphonic 
chloride,  p.  601. 

Pyrosulphuryl   chloride  v.   Sulphur  oxy- 

CHLOIIIDES,  p.  618. 

SULPHURYL     HYDROXYLCHLORIDE  v. 

Chlobosulphonic  acid,  p).  599. 

SULPHURYL  HYDROXYLFLUORIDE  v. 
Fluosulphonic  acid,  p.  600. 

SULPHURYLIMIDE  v.  Sulphimide,  p. 
587. 

SULPHURYL  IMIDO-AMIDE  v.  Sulphimido- 

AMIDE,  p.  587. 

SULPHYDRATES  v.  Htdrosulphides,  vol.  ii. 
p.  733. 

SULPHYDRIC  ACID  v.  Hydrogen  sul- 
pniDE,  vol.  ii.  p.  725. 

SULPHUVINURIC    ACID    C^H^N,SO,,  i.e. 

CH-C(CO  H)^^  (Strende,  A.  261,  26).  Formed 
from  di-bromo-pyruvic  acid  and  a  cone,  solution 
of  thio-urea  (Nencki  a.  Sieber,  J.-pr.  [2]  25,  74). 
Crystals  (containing  2aq),  si.  sol.  cold  water. 
Reduces  Fehling's  solution  in  the  cold.  FeCl^ 
gives  a  deep  violet  colour. — Salts:  MgA',.— 


ZnA',,:  minute  needles.— HA'HCl.—HA'HBr.— 
HA'HNO,  aq  :  needles,  si.  sol.  water. 

SULPHYDEO-ACETIC    ACID  v.  Thiooly- 

COLLIC  ACID. 

SULPHYDRO-ACETONE  CH3.C0.CH.,.SH. 

Ethyl  derivative  EtS.CHAc.  "(171°). 
Formed  from  chloro-acetone  and  NaSEt  (Auten- 
rieth,  B.24, 165).  Yields  a  phenyl  hydrazide  [57"]. 

Phenyl  derivative  PhS.CHAc.  [36°]. 
(266°).  Formed  from  CH,.CO.CH  ,Cf  and  NaSPh 
in  alcohol  in  the  cold.  Crystals.  Yields  a 
phenyl-hydrazide  [87°]  (A.,  cf.  Dehsle,  A.  260, 
250).    Combines  with  KHSO,  and  NaHSO,. 

SULPHYDRO-ACETOPHENONE.  Phenyl 
derivative  C,,!!,  .SO,  i.e. 
I  C.Hj.S.CHo.CO.C.Hs.  [53°].  Formed  from 
oj-bromo-acetophenone  and  NaOPh  (Delisle,  B. 
22,  309).  Needles  (from  alcohol),  v.  sol.  ether 
and  acetone. 

SULPHYDRO-ACETYL-PROPIONIC  ETHER. 
Phenyl  derivative  C,3H,,.S03,  i.e. 
C,H,.S.CH,.CO.CH,.CH,,.CO,Et.     (197°  at  15 
mm.).     Formed    from  bromo-acetyl-propionic 
ether  and  NaSPh  (Delisle,  B.  22,309). 

SULPHYDRO-ALLYL-QUINAZOLINE.  Di- 

hydride     C,H,<^^^'-^f'^\  [91°].  Formed 

from  a)-oxy-tolyl-allyl-thio-urea  and  HClAq  at 
100°  (Soderbaum  a.  Widman,  B.  22,  1670). 
Needles,  v.  e.  sol.  alcohol  and  benzene. 

Reference.  —  Oxt-sdlphydro-allyl-quinazo- 

LINE. 

DISULPHYDRO-DI-ALLYL-TRIAZOLE 

NH<^^g'^'^-'^\    Formed  from  allyl-thio-urea 

and  HNO,,  (Hector,  J.  pr.  [2]  44,  505).  Oil.— 
B'.,H„PtCl,- :  crystalline  pp. 

'o-SULPHYDRO-BENZOIC  ACID 
CsH^(SH).CO.,H.  Thio-salicylic  acid.  Formed 
by  reducing  o-sulpho-benzoic  chloride  with  zinc- 
dust  and  H.SOj  (DeUsle,  B.  22,  2206).  Amor- 
phous powder,  si.  sol.  hot  water,  v.  sol.  alcohol. 
Not  volatile  with  steam. — AgA'. 

Thio-amide  C,H^(SH).CS.NH,.  Formed  by 
heating  o-oxy-benzamide  with  P.>S-  (Spilker,  B. 
22,  2771).    Minute  dark-red  crystals. 

Phenyl  derivative  C,H„S.C,H,.GO,H. 
[160°].  Formed  from  o-diazobenzoic  acid, 
phenyl  mercaptan,  and  NaOHAq  at  50°  (Graebe 
a.  Schultess,  A.  263,  4).  Plates  (from  alcohol) 
or  needles  (from  HO  Ac)  ;  si.  sol.  water.— NH^  A'. 
— KA' :  needles,  v.  sol.  water. — EtA'.  [151°]. 

i;i-Sulphydro-benzoic  acid  C^H,(SH).CO,H. 
[147°].  Formed  by  the  action  of  tin  and  HClAq 
on  C,H,(S0,C1).C0C1  (Frerichs,  B.  7,  793). 
Colourless  plates,  m.  sol.  water. — BaA'.,  2jaq. — 
HgA',,.— PbC-H,S0„3aq.— Cu(OH)A'.— AgA'. 

ct-SULPHYDRO-BUTYRIC  ACID 
CHEt(SH).CO,,H.  Formed  from  a-bromo-butyric 
acid  and  alcoholic  KSH  (Duvillier,  Bl.  [2]  30, 
507).    Sol.  water,  alcohol,  and  ether. 

Sulphydro-isobutyric  acid  HS.CMe.,.CO,H. 
Formed  from  o-bromo-isobutyric  ether  by  suc- 
cessive treatment  with  alcoholic  K.,S  and  alco- 
holic KOH  (Loven,  J.  pr.  [2]  33,  109).  Oil. 

a-SULPHYDRO-CINNAMIC  ACID 
C,H5.CH:C(SH).C0,H.  [119°].  Formed,  to- 
gether with  sulphocyanic  acid,  by  heating  benzyl- 
idene-rhodauic  ac'id  C,H,:CH:C(SH).CO.S.CN 
with  baryta-water  (Ginsburg  a.  Bondzynski,  B. 
19,  123 ;  ill.  8,  350).  Yellowish  crystals.  V.  sol. 

s  s  2 
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alcohol,  ether,  benzene,  and  CS^,  nearly  insol. 
water.  By  treatment  with  iodine  in  alcoholic 
solution  it  is  oxidised  to  di-sulphido-di-cinnamic 
acid  S^CCoHPh.CO^H),. 

Reference. — Nitbo-sulphydro-cinnamic  acid. 

)3-SULPHYDR0-CE0T0NIC  ACID.  Ethyl 
derivative  CH,.C(SEt):CH.CO,H.  [113°]. 
Formed  from  y8-chloro-crotonic  acid  [94'5°],  mer- 
captan,  and  Na  (Autenrieth,  A.  25-1,  235  ;  B.  20, 
3189).  Crystals,  insol.  water,  v.  sol.  ether  and 
alcohol.  Gives  a  dark-green  colour  on  warming 
with  isatin  and  H,SO^.  Yields  CH3.C(SEt):CH2 
(110°)  on  heating  above  its  melting-point. — 
i3aA'2  aq. — AgA' :  silky  needles,  not  decomposed 
by  hot  water.  Ac.,0  forms  the  compound 
CH3.C(SEt):CH.C0.0Ac,  a  brownish  oil. 

Isomeride  of  the  ethyl  derivative 
CH3.C(SEt):CH.C02H.  [92°].  S.  (alcohol)  20. 
Formed  in  like  manner  from  the  isomeric  j3- 
chloro-crotonic  acid  (A.).  Crystals,  nearly  insol. 
water.  Forms  a  dark-green  liquid  on  warming 
with  isatin  and  HoSO^.  When  heated  alone  it 
yields  the  same  ethyl-sulphydro-propylene  (110°) 
asits isomeride. — BaA'jaq:  thinplates  (fromAq). 

Phenyl  derivative  v.  Phentl-sdlphtdeo- 

CEOTONIC  ACID. 

SULPHYDEO-ETHYL  ALCOHOL 

HO.C2Hj.SH.  Formed  from  glycolio  chlorhydrin 
and  alcoholic  KSH  (Carius,  A.  124,  258).  Oil, 
V.  e.  sol.  alcohol.  Oxidised  by  HNO3  to  isethionic 
acid. — Hg(C2H50S)o.  Needles  (from  warm  alco- 
hol). 

SULPHYDEO  -  ETHYL  -  QUINAZOLINE. 

Dihydride  ^a^t'^^C^^'^^^-  [103°].  Formed 
by  warming  co-tolyl-ethyl-thio-urea  with  HCl 
(Soderbaum  a.  Widman,  B.  22,  2936).  Needles. 
— B'HAuCl,.    [118°].— B'2H,PtCl6.  [208°]. 

SULPHYDRO  -  METHANE  DISULPHONIO 
ACID  HS.CH(S03H)2.  Formed  by  boihng  the  tri- 
sulphonic  acid  with  HOAc  (Albrecht,  A.  161, 
134).  Gives  a  blue  colour  with  FeClj. — K.A"iaq. 
— Pb3(CHS30s)2  8aq.    Small  needles. 

Sulphydro-methane  trisulphonic  acid 
HS.C(S03H)3.    Formed  by  boiling  CS,  or  CSCl^ 
with  K^SOjAq.— K3A'"  2aq  :   triclinic  crystals. 
S.  2  at  i2°.    Gives  a  blue  colour  with  FeClj. — 
(NHJ3A'"  aq.    Thin  plates. 

SULPHYDEO-METHENYL-AMIDO-CEESOL 

[4  2]  C,H3Me<^^^C.SH.    [217°].    Formed  by 

heating  benzene-azo-p-cresol  with  CSo  at  200° 
(Jacobsen  a.  Sohenke,  B.  22,  3235).  Needles. 
SULPHYDEO  -  METHENYL  -  AMIDO  -  (a)  - 

NAPHTHOL  C,oH,<Q^C.SH.    [above  220°]. 

Formed  by  heating  an  alcoholic  solution  of 
S,(C,„H„.NH,,[1:2]),_,  with  CS,  (Jacobson,  B.  21, 
2624).  Needles.  Oxidised  by  K3PeCyij  to  a  crys- 
talline disulphide. 

Sulphydro  -methenyl  -  amido  -  (;8)  -  naphthol. 
[249°].  Formed  by  heating  benzene-azo-(;S)- 
naphthol  with  CS.,  at  250°  (Jacobson,  B.  21, 414). 
Needles,  si.  sol.  benzene.  HClAq  at  170°  yields 
amido- (|8) -naphthol.    An  alcoholic  solution  of 

iodine  forms  crystalline  (C,oHa<^Q^C)2S2. 

SULPHYDEO  -  METHENYL  -  a  -  AMIDO- 

NAPHTHYL    MEECAPTAN  C,„H,<^g^C.SH. 

[above  240°].    Formed  by  heating  a-naphthyl 


thiocarbimide  with  S  at  225°,  and  got  also  by 
the  action  of  CS.,  on  di-amido-di-naphthyl  di- 
sulphide (Jacobson,  B.  21,  2625  ;  24,  1406). 
Minute  rosettes,   sol.    alcohol.     Oxidised  by 

K3FeCy,  to  (C,„H,<^>C)2S2.-B'HgCl2.  [210°]. 

Sulphydro  -  methenyl  -  amido  -  (;8)  -  naphthyl 
mercaptan  [232°].  Formed  by  heating  (/3)- 
naphthyl  thiocarbimide  with  S.  Minute  needles. 
Yields  a  methyl  ether  [74°],  crystalUsing  in 
needles. 

SULPHYDEO  -  METHENYL  -  0  -  AMIDO- 

PHENOL  C^H^^Q^CSH.       Thiocarbamido - 

pJienol.  [196°].  Formed  by  boiling  an  alcoholic 
solution  of  o-amido-phenol  for  several  days  with 
CS.,  in  a  current  of  H  as  long  as  HjS  is  given  off 
(Diinner,  B.  9,  465).  Formed  also  by  heating 
oxy-phenyl-thio-urea,  and  by  heating  o-oxy- 
phenyl-allyl-thio-urea  with  HCl  at  130°  (Von 
Chelmicki,  J.pr.  [2]  42,  442  ;  B.  20,  177).  Ob- 
tained also  by  adding  dilute  alcohol  to  a  mixture 
of  potassium  xanthogenate  and  amido-phenol 
hydrochloride  (Kalckhoff,  B,  16, 1825).  Needles 
(from  water),  si.  sol.  cold  water.  Sol.  NHjAq, 
crystallising  therefrom  unaltered. 

Reactions. — 1.  Converted  in  o-amido-phenol 
by  HClAq  at  170°,  and  by  NH3Aq  at  200°.— 

2.  ACjO  yields  C,H,<^q^C.SAc  [120°].— 3.  BzCl 

forms  benzenyl  -  amido  -  phenol  and 
CsHj(NHBz).OBz.— 4.  An  aleohohc  solution 
of  iodine,  added  to  its  solution  in  NaOHAq, 

forms  (C,H,<Q^C)2S2  [110°],  which  is  re- 
converted by  hot  dilute  NaOHAq  into  sulphydro- 
methenyl-amido-phenol.  —  5.  Boiling  methyl- 
aniline  forms  a  base  ( ?  CjH4<^Q^C.NPhMe) 

which  yields  B'.S.,PtCle. 

Salt.— AgC,HjNSO.  Amorphous. 

Ethyl  ether  EtC,HjNSO.  (c.  267°).  Solid, 
melting  below  35°  ;  volatile  with  steam. 
SULPHYDRO-METHENYL-AMIDO-PHENYL- 

MEECAPTAN  CeH,<;|^C.SH.     [179°]    (H.) ; 

[174°]  (J.  a.  F.). 

Formation. — 1.  By  digesting  o-amido-phenol 
with  CS.,  (Hofmann,  B.  20,  1789).— 2.  By  heat- 
ing CgHj.No.C.Hj  with  CS.,  at  265°  (Jacobson  a. 
Frankenbacher,  B.  24,  1403). — 3.  By  heating 
phenyl  thiocarbimide  with  sulphur. 

Properties. — Needles  or  plates,  v.  sol.  alcohol 
and  ether.  Forms  B'HgClj.  Oxidised  by  K,Cr.,0, 

to  (CeH,<^g^C)2S2,  which    yields  B'K.,Cr20, 

[180°].      Mel    yields    C,Hj<^g^C.SMe  [52°], 

which  forms  B'oHjPtClg,  crystallising  in  plates. 
SULPHYDEO  -  METHENYL  -  BENZENYL  - 

THIO-AMIDOXIM  G,H5.C<^^j:;j^^C.SH.  [162°]. 

Formed  by  the  action  of  CSj  on  an  alkaline 
alcoholic  solution  of  benzenyl-amidoxim  (Crayen, 
B.  24,  388).  Needles,  nearly  insol.  water  and 
cold  alcohol.  Cone.  HClAq  at  150°  decomposes 
it  into  benzoic  acid,  CO,,  NH3,  H,S,  and  S. 

NaOEt  and  EtI  yield  C,H,.C<^^j;f  >CEt  [49°], 
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while  benzyl  cMoride  forms,  in  like  manner, 

C,H,.C<^^^^^C.CH,Ph  [79°]. 

SULPHYDRO  -  METHENYL  -  p  -  TOLYL  - 
METHENYL-THIO-AMIDOXIM    C„H,N„S,  i.e. 


C,H,Me.C<^j;f^C.SH. 


[166°].    Formed  from 


CSj  and  tolyl-methenyl-amidoxim  (Crayen,  B. 
24,  391).  Crystals  (from  alcohol  acidulated  with 
HOAc),  insol.  water,  si.  sol.  ether.  Forms  salts 
with  bases.  |j-Tolyl-methenyl-amidine  forms  the 
salt  C,HjMe.C(NH,):NHHA'  [172^].   Boiling  EtI 

and  NaOEt  yield  C,H,Me.C<^^^^^C.SEt  [37°]. 

SULPHYDRO  -  METHYL  -  GLYOXALINE 

C^H^SN,  i.e.  •j^-'^^^^^C.SH.  [142°].  (c.  280°). 

Formed  by  boiling  CH(0Et),.CH,.NH2  with 
methyl  thiocarbimide,  alcohol,  and  dilute  (30 
p.c.)  H.SO,  (Wohl  a.  Marckwald,  B.  22,  1354). 
Plates,  V.  sol.  water,  sol.  alcohol. — B'.,PtClj. — 
B'AuCl,.— C^H^AgSN..— B'Mel.  [148°].  Needles. 

Methyl     derivative  ^g'^^^^C.SMe. 

Methylimidazolyl  methyl  sulphide.  (225°  un- 
cor.).  Formed  by  treatment  with  Mel  and 
alkalis.  Liquid,  miscible  with  water,  alcohol, 
and  ether.  Boiling  dilute  HNO,  forms 
C.H.(NO„)SN„  [85°],  which  yields  B'^H.^tCls 
[197°].  C.HsSNjMel.  [178°].  Needles,  v.  sol.  Aq. 
Reference.  —  Oxy-sulphydeo-di-methtl-gly- 

OXALINE. 

SULPHYDRO-DI-METHYL-PYRIDINE 

*^^<CH;CMe>^^-  [210°-215°].  Formed  by 
heating  oxy-di-methyl-pyridine  with  P.S^  at 
about  160°  (Guthzeit  a.  Epstein,  20,*2113). 
Needles,  v.  sol.  hot  water  and  alcohol. 

SULPHYDRO  -  METHYL  -  QUINAZOLINE. 

Dihydride     C,H,<^g--^^^^  [139°]. 

Formed  by  warming  w-oxy-tolyl-methyl-thio- 
urea  with  HClAq  (Soderbaum  a.  Widman,  j5.  22, 
2935).  Needles.— B'..H.,PtCl,.  [195°].— B'HAuClj. 
[153°].    Minute  needles. 

SULPHYDRO-METHYL-QUINOLINE 

C,„H„NS  i.e.  CJ^K^^S^B.-  [253°].  Formed 
by  heating  {Py.  3,l)-oxy-methyl-quinoline  with 
P5S3  (Koos,  B.  21,  625).  Small  brown  needles 
(from  alcohol).  Tastes  bitter.  Insol.  cold  water. 
Does  not  react  with  hydroxylamine  and  phenyl- 
hydrazine.  H,0,  forms  Cj„H,„N,S2  [167°]  crys- 
talUsing  from  benzene  in  plates.  EtI  and  alco- 
hol at  100°  form  C,H,<*^^^^^g^,  which  is 

oily  and  yields  B'HI  [240°]  and  B'.HoPtClg  laq 
crystalhsing  in  reddish  prisms. 
Sulphydro-methyl-quinoline 


C.H 


/C(SH):CH 


i.^Nl^^Ci^g.    [187°].     Got  by  heating 

{Py.  l,3)-oxy-methyl-quinoline  with  P.S^  at  150° 
(Boos,  B.  21,  629).  Yellow  prisms  (from  water). 
EtI  and  NaOEt  yield  C,„H,EtNS  [56°].— B'HCl. 
[205°-210-]  (Conrad  a.  Limpach,  B.  21,  1972). 

SULPHYDRO-METHYL-THIAZOLE.  Di- 
hydride 5h,-!'|>C.SH.  [82°].  Formed  from 

e-bromo-propyl-amine  hydrobromide,  NaOHAq, 
and  CS,,  (Hirsch,  B.  23,  968).  White  needles, 
V.  sol.  hot  water.     Yields  C,H3MeNS(SMe) 


(217°),  C,,H,MeNS(SEt)  (229°),  and  the  propyl 
ether  C3H3MeNS(SC3H,)  (247°). 

<|,-SULPHYDRO.(a)  -NAPHTHYL-  METHYL - 

BIAZOLE    0<^g^^(.  g-.     [86°].  Formed 

from  acetyl  (a)-naphthyl-hydrazine  and  CSCl.,  in 
CHCI3  (Preund,  B.  24,  4184).  Yellow  needles, 
V.  e.  sol.  alcohol.  The  isomeride  from  (^)- 
naphthyl-hydrazine  melts  at  109°. 

SULPHYDRO-PENTHIAZOLE.  Dihydride 

CH,<;^2"|^C.SH.  [132°].  Formed  by  shaking 

7-bromo-ethy  lamine  hydrobromide  with  NaOHAq 
and  CS.,  in  the  cold  (Gabriel  a.  Lauer,  B.  23, 
92).  Crystals,  v.  sol.  hot  water  and  alcohol, 
insol.  acids,  sol.  NaOHAq.  Bromine-water  at 
100°  produces  CH.,(NH„).CH,.CH,,.SO,H. 

i|/  -  SULPHYDRO  -  PHENYL  -  AMIDO  -  (o)  - 
NAPHTHYL-THIOBIAZOLE     C.gHiaNaSj  i.e. 

^^CSn|c|^H^^'  [255°].  Formed  by  mixing 
NHPh.CS.NH.'NHC,„H,  with  CSCL  in  benzene 
(Preund,  B.  24,  4192).  Colourless  crystals,  v. 
sol.  acetone,  si.  sol.  alcohol. 

^  -  SULPHYDRO  -  PHENYL  -  METHYL  -  BI- 
AZOLE 0<(^^g.J^^^  [72°].    Formed  from  di- 

chloro-phenyl-niethyl-biazole  dihydride  and 
alcoholic  ammonium  sulphide  (Freund  a.  Kuh, 

B.  23,  2837).  Formed  also  from  NHAc.NHPh 
and  CSCL,  (Freund  a.  Goldschmidt,  B.  21,  2456). 
Prisms  (from  alcohol).  Yields  phenyl  thio- 
carbimide on  distilling  with  P2S5. 

SULPHYDRO-PHENYL-GLYOXALINE 

C,  HsN„S  i.e.  N<!(SH)/'-^^''-  [^^^°^-  ^oi'^^^'^ 
by  boiUng  NHPh.CS.NH.CH.,.CH(0Et)2  with 
dilute  H,,SO,  (Wohl  a.  Marckwald,  B.  22,  569, 
1353).  Needles  (from  hot  water),  v.  sol. 
NaOHAq,  insol.  NH.Aq.— Salts:  C<,H;AgN.,S.— 
B',H,PtCl„ :  deep-red  crystals.— B'Mel.  [152°]. 

CH'CH  \ 
Methyl  derivative  N=C(SMe)^^''^^' 
[54°].  Formed  by  treatment  with  alcoholic 
NaOH  and  Mel.  White  needles  (from  alcohol), 
insol.  water.— B'C,H,,N30,.—B'HN03.  Needles, 
V.  e.  sol.  water.— B'Mel.  [177°].  Crystalhne 
rosettes  (from  water).  Oxidised  by  dilute  HNO3 
to  a  nitro-  compound  [116°]. 

<p  -  SULPHYDRO  -  PHENYL  -  DI  -  METHYL- 
PYRIDINE  DICARBOXYLIC  ETHER 

cs<cM:;c!caS|>^Pi^-  [2^5"^- 

heating  CS<^5J^:^[^°|JJ>0    with  aniline 

and  HOAc  (Guthzeit  Epstein,  B.  20,  2112). 
Sulphur-yellow  crystals  (from  alcohol). 

>(/  -  SULPHYDRO  -  PHENYL  -  NAPHTHYL  - 

BIAZOLE  0<^pj;.^*^'-^'.     [164°].  Formed 

from  NHBz.NHC,„Hj   and    CSCl^  in  CHCI3 
(Preund,  B.  24,  4186).    Needles,  v.  sol.  alcohol. 
SULPHYDRO  -  PHENYL  -  QUINAZOLINE. 

Dihydride  C6H4<^l''cs'^-  [197°].  Formed 
by  warming  cu-oxy-tolyl-phenyl-thio-urea  with 
cone.  HClAq  (Soderbaum  a.  Widman,  B.  22, 
1671).  Needles.  —  B'.,H„PtCl,.  [219°].  — 
B'HAuCl,.    [197°].  Needles. 

Reference. — Oxy  -  sdlphydro  -  phenyl  -  quik- 

AZOIINE. 
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DI-SULPHYDRO-DI-PHENYL-THIO-UREA. 


DI-SULPHYDEO-DI-PHENYL-THIO-UREA. 

Di-mcthyl  derivative  CS(NH.C,Hj.SMe).,. 
[162°].  Formed  by  boiling  [1:2]  NH,.C,H,.SMe 
with  CS,,  and  solid  KOH  (Hofmann,  B.  20, 
1794).  Prisms,  V.  si.  sol.  alcohol.  Forms,  when 
heated,  SCN.C,,Hj.SMe  (c.  270°). 

^-SULPHYDRO-PEOPIONIC  ACID 
CH,(SH).CH,.CO,H.  Formed  from  /3-iodopro- 
Ijionic  acid  and  KSH.  Got  also  by  reducing  sulph- 
ido-dipropionic  acid  (Lov6n,  J.  pr.  [2]  2'.),  376). 
Liquid,  miseible  with  water,  alcohol,  and  ether. 
Easily  oxidised  by  air.  CUSO4  gi%-es  a  pale- 
violet  pp.,  but  if  not  in  excess  it  forms  a  yellow 
pp.  of  CH,(SCu).CH.,.CO,H  while  S(C,H^.COoH), 
remains  dissolved. — Hg(S.C2H4.C02H),.  Scales. 
— Bi(S.C,Hj.CO,H),. 

Isomeride. — TnioL.iCTic  acid. 

SULPHYDRO  -  PROPYL  -  PHTHALIMIDE 
CgH  A:N.CH,,.CH..CH,SH.  [48°].  Formed  by 
heating  7-bromo-propyl-phthalimide  with 
KSHAq  at  100°  (Gabriel  a.  Lauer,  B.  23,  88). 
Needles  (from  hot  ligroin).  Fuming  HClAq  at 
180°  forms  phthalic  acid  and  7-amido-propyl 
mercaptan. 

(Py.  3)-SULPHYDR0-QUIN0LINE 

C,H,<*^^-g^jg.     [174°].   Formed  by  heating 

{Py.  8)-oxy-quinoline  with  P^S;,  at  140°  (Roos,  B. 
21,  620).  Yellow  plates  (from  dilute  alcohol), 
insol.  cold  water,  sol.  acids  and  alkalis.  Oxidised 
by  HA  to  C,sH,„N..S.,  [137°].  EtI  and  alcohol 
at  100°  form  C,H,,(SE't)NHI  [154°],  which  yields 
(C„H,(SEt)N),,H,PtCl,aq,  melting,  when  an- 
hydrous, at  190°. 

SULPHYDRO  -  THIAZOLE.  Dihydride 
^g-'^>C.SH.    [107°].    Formed  from  bromo- 

cthyl-amine,  NaOH,  CS.,,  and  alcohol  (Gabriel, 

B.  22,  1152).  Needles,  sol.  alcohol  and  hot 
water.  Sol.  alkalis.  Bromine-water  yields 
taurine.    Alcohol,  KOH  and  Mel  form  oily 

C,  H,<^^^C.SMe  (217°),  insol.  alkahs  but  sol. 
acids. 

Beference. — Osy-sulphydeo-thiazole. 

SULPHYDRO-ACETONE.  The  compound 
GH3.C(SEt)„.CH„SEt  (170°)  is  formed  bypassing 
gaseous  HCl  into  CH3.C0.CH,SEt  mixed  with 
mercaptan  (Autenrieth,  B.  24,  167). 

c-SULPHYDRO-o-TOLUIC  ACID,  diethyl 
derivative  CH.,(SMe).G,H,,.C0,H.  [138°]. 
Formed  by  the  action  of  cone.  HClAq  at  100^ 
on  the  nitrile  CH,(SMe).C,H,CN  (278°),  which 
is  got  by  dissolving  thio-phthalimidine  in  alco- 
holic KOH  and  addmg  Mel  (Day  a.  Gabriel,  B. 
23,  2484).    Light  oil. 

SULPHYDRO-ISOVALERIC  ACID 
GHPr(SH).CO.,H.     Formed  from  o-bromo-iso- 
valeric  acid  and  alcoholic  KSH  (Duvillier,  Bl. 
[2]  30,  507). 

SUPER.  Use  of  this  prefix  applied  to  inor- 
ganic compounds.  The  prefix  super  is  sometimes 
employed  to  denote  the  presence  in  compounds 
of  relatively  more  of  the  characteristic  negative 
element,  or  elements,  than  is  found  in  the  normal 
compounds  of  the  same  fornd.  The  prefix  per 
is,  however,  much  oftener  used  than  super.  It 
has  been  proposed  by  Meudel6e£f  to  designate 
the  oxides  that  belong  to  the  same  type  as  HA 


superoxides,  to  distinguish  them  from  other 
peroxides  (v.  Oxides,  vol.  iii.  p.  660). 

M.  M.  P.  M. 

SUPERBIN,  A  poisonous  substance  con- 
tained in  the  root  of  Gloriosa  superba  (Warden, 
Ph.  [3]  11,  495). 

SYCOCERYL  ALCOHOL  C^M.fi-  [114°]. 
Occurs  as  acetyl  derivative  in  the  resin  of  Ficics 
riibiginosa  (De  la  Eue  a.  Miiller,  C.  J.  5,  62  ; 
Eennie  a.  Goyder,  C.  J.  61,  916).  Thin  crystals 
(from  alcohol),  insol.  water  and  alkalis.  BzCl 
yields  a  crystalline  benzoyl  derivative. 

Acetyl  derivative  C^Jl^fi...  [121°].  Flat 
six-sided  tablets,  v.  sol.  hot  alcohol,  ether,  and 
chloroform. 

SYLVANE  C,B.,0.  (63°).  S.G.  -887.  Got 
by  distilling  pine-wood  (Atterberg,  B.  13,  879). 
Liquid,  readily  resinified.  Oxidised  by  KMnO^ 
to  acetic  acid.  Not  attacked  by  Na,  alkalis,  or 
Ac,0.  HCl  passed  into  its  ethereal  solution 
forms  a  small  quantity  of  CijH.jO,  a  liquid  boil- 
ing at  240°. 

SYLVANE-ACETIC  ACID  v.  Meihtl-fub- 

FDETL-ACETIC  ACID. 

SYLVANE  -  CARBOXY-ACETIC     ACID  v. 

Methyl-caeboxy-fuefdeyl-acetic  acid  and  Me- 

THEONIC  ACID. 

SYLVESTRENE  v.  Teepenes. 

SYLVIC  ACID  0  =  78-7  p.c.     H  =  9-7  p.c. 

[c.  102°].  [a]D=-53°.  This  acid  is  obtained 
from  colophony  by  repeated  crystallisation  from 
dilute  alcohol,  and  is  perhaps  identical  with 
abietic  acid  (Liebermann,  B,  17,  1884  ;  Haller, 
B.  18,  2166).  By  heating  with  HI  and  P  it  is 
converted  into  a  terpens  C|oH,^.  Sylvic  acid 
appears  also  to  be  formed  by  the  action  of 
gaseous  HCl  on  an  ethereal  solution  of  dextro- 
pimaric  acid  (Vesterberg,  B.  19,  2173).  A  sylvic 
acid  C,,(,H3„0.,  is  described  by  Maly  {Sitz.  W.  44, 
121)  as  formed  by  adding  dilute  H„SOj  or  gaseous 
HCl  to  a  solution  of  abietic  acid.  Duvernoy 
(A.  148,  147)  obtained  a  sylvic  acid  [129°]  by 
distilling  pimaric  acid  in  vacuo. 

Isosylvic  anhydride  C^oHjA-  (250°  at 
30  mm.).  aj,=  +  63°.  Got  by  distUling  rosin 
in  vacuo  (Bischoff,  B.  23,  1921).  Colourless, 
brittle,  microcrystalline  substance,  insol.  water, 
V.  sol.  alcohol  and  ether.  Isosylvic  acid  [62°]  is 
ppd.  on  adding  dilute  HOAc  to  its  solution  in 
potash. 

SYLVINOLIC  ACIDC^^Hj^O^?  [130°].  Formed, 
together  with  sylvic  acid,  by  saturating  an  alco- 
hohc  solution  of  abietic  acid  with  HCl  (Maly, 
Sitz.  W.  [2]  44,  121).  Amorphous  powder, 
V.  sol.  alcohol  and  ether. — CaA". — Ag^A"  :  pul- 
verulent pp.,  insol.  NHjAq. 

SYMBOLS.  Symbols  are  employed  to  ex- 
isress  the  composition,  and,  as  far  as  possible, 
the  interactions,  of  compounds ;  v.  Equations, 
CHEjncAL  (vol.  ii.  p.  433),  Formdl.e  (vol.  ii. 
p.  572),  Isomerism  (vol.  iii.  p.  79),  and  cf.  Op- 
tical METHODS  (this  vol.  p.  253).    M.  M.  P.  M. 

SYNANTHRENE  C,  ,H,„.  Phosene.  Occurs 
in  crude  anthracene  (Zeidler,  A.  191,  298  ;  cf. 
Barbier,  A.  Ch.  [5]  7,  526).  Yellowish-white 
plates.  Yields  a  di-bromo-  derivative  CnHgBrj 
[175°],  crystallising  in  minute  yellow  needles, 
sol.  alcohol  (difference  from  di-bromo-anthra- 
cene).  Di-bromo-synanthrene  is  oxidised  by 
GxOa  and  HOAc  to  a  quinone  (?)  [240°-250°]. 

SYNANTHRIN  v.  Indlin. 


TANACETOPHOPtONE. 
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SYNTHESIS.  The  building  up  of  compounds 
from  their  elements,  or  from  groujjs  of  elements. 

SYKTONIN  V.  Peoteids. 

SYRINGIN  C„H,,,0,,  [191°].  Dimethoxy- 
coniferin.  Occurs  in  the  bark  of  the  lilac 
(Syringa  vulgaris)  and  of  the  ^arivet  (Ligustrum 
vulgare)  (Bernays,  J.  pr.  25,  121 ;  Kromayer, 
Ar.  Ph.  [2]  108,  7;  109,  18,  21(3;  113,  19; 
Korner,  G.  18,  215).  White  needles  (containing 
aq),  V.  si.  sol.  cold  water,  v.  sol.  alcohol,  insoL 
ether.  Its  aqueous  solution  is  slightly  bitter,  is 
Iffivorotatory,  and  does  not  ppt.  metallic  salts. 
Cone.  HNO..J  gives  a  blood-red  solution.  Cone. 
HClAq  forms  a  colourless  solution,  turning  blue, 
and  iinally  giving  a  blue  pp.  Cone.  H.^SO.,  gives 
a  yellowish-greeu  colour,  changing  to  violet- 
brown  and,  on  pouring  into  water,  giving  a 
bright-blue  solution,  which  soon  deposits  an 
azure  powder.  Does  not  reduce  Fehling's  solu- 
tion. Decomposed  by  emulsin  into  glucose  and 
syringenin.  KMnOj  yields  glucosyringic  acid. 
CrO^  forms  glucosyringic  aldehyde. 

Syringenin  Ci.Hi.O^i.c.  [5:3:4:1]? 
C6H.,(0Me),(0H).C,H,.0H.    Formed  as  above. 
Eesembles  coniferyl  alcohol. 


Glucosyringic  acid  C,jH,,„0,„.  [208°]. 
Formed  as  above.  Needles  or  prisms  (contain- 
ing 2aq),  si.  sol.  cold  water.  Decomposed  by 
dilute  H.SOj  into  syringic  acid  and  glucose. 

Syringic  acid  C„H,(OH)(OMe),.CO,H.  Di- 
methyl derivative  of  gallic  acid.  [202°].  De- 
composes at  230°  into  COo  and  the  di-methyl 
derivative  of  pyrogallol. — BaA',3aq  :  four-sided 
tables.— MeA'aq.    [83-5°].    Crystals,  sol.  Aq. 

Methyl  derivative  C,H,,(0Me)3.C0.,H. 
[168°].  Needles.  Yields  C,.H,,('0i\Ie)3  when  dis- 
tilled with  lime.  Identical  with  the  tri-niethyl 
derivative  of  gallic  acid.— MeA'.  [82-5°].  Needles. 

Glycosyringic  aldehyde  Ci^H.^O.,.  [162°]. 
Colourless,  silky  needles.  Decomposed  by  emul- 
sin or  dilute  H.^SO,  into  glucose  and  syringic 
aldehyde.  Yields  a  phenyl-hydrazide  [156°] 
and  a  crystalline  oxim. 

Syringic  aldehyde  C,,H,„Oi 
i.e.  C,H,(OH)(OMe),.CHO.     [111-5°].  Small 
needles,  smelling  like  vanillin.    Turns  brown 
in  air.    Eeacts  with  phenyl-hydrazine,  and  com- 
bines with  NaHSOs. 


T 


TAIGiriC  ACID  V.  Lapachic  acid. 

TALOMUCIC  ACID  C„H,„08.  [158°]. 
[«]d  =  +  29-4°  at  20°.  Formed  from  talonie  acid 
and  HNO,  (S.G.  1-15)  (Fischer,  B.  24,  3025). 
Minute  plates,  v.  e.  sol.  cold  water  and  warm 
alcohol ;  v.  si.  sol.  ether.  Converted  by  HCland 
HBr  at  150°  into  dehydromucic  acid.  Yields  a 
phenyl-hydrazide  [185°-190°].  Pyridineat  150° 
forms  mucic  acid. — CaA" :  crystalline  powder. 

TALONIC  ACID  C,H,,0,.  Formed  by  heat- 
ing galactonic  acid  with  pyridine  at  150° 
(Fischer,  jS.  24,  3622).  Purified  by  means  of  its 
brucine  salt.  Syrup,  very  soluble  hot  alcohol. 
Lasvorotatory.  Yields  a  phenyl-hydrazide 
C„H„0,(N,H.Ph)  [c.  155°].— CdA'„aq.  Needles 
(from  alcohol),  v.  e.  sol.  water. — Brueine  salt. 
[130°-133°].    Crystals,  v.  sol.  water. 

TAMPICIN  a„H,,0,,.  [130°].  A  neutral 
substance  resembling  convolvulin,  occurring  in 
Tampica  Jalaj)  (Spirgatis,  N.  B.  P.  19,  452). 
Eesin,  v.  sol.  alcohol  and  ether.  Converted  by 
hot  baryta-water  into  amorphous  tampicic  acid 
p3iH„„0,,.  Boiling  dilute  acids  resolve  tampicin 
into  glucose  (3  mols.)  and  tampicolic  acid 
C,6H.,.j03,  which  crystallises  from  dilute  alcohol 
in  minute  needles  and  forms  NaA'  and  EtA', 
both  being  crystalline. 

TANACETIN  C„H,,0^.  A  bitter  substance 
obtained  from  the  leaves  and  flowers  of  the 
tansy  {Tanacetum  vulgare)  (Leroy,  J.  Chiin. 
il/t'rf.  21,  357;  Leppig,  /.  1882,  1175).  Amor- 
phous, sol.  water  and  alcohol. 

TANACETOGENIC  ACID  C,H,,0.,.  (114°  at 
15  mm.).  Formed  by  the  action  of  Br  and 
(4  p.c.)  NaOHAq  on  tanacetone  (Semmler,  B. 
25,  3346).    Oil,  solidified  below  0°.— AgA'. 

TANACETONE  C,„H,,0.  (84-5°  at  13  mm.). 
Occurs  in  oil  of  absinthe,  thuja,  and  sage,  con- 


stituting the  chief  part  of  absLnthol,  salviol,  and 
(;S)-thujol  (Semmler,  B.  25,  3343,  3350).  Got 
from  ethereal  oil  of  Tanacetum  v^dgarehj shsk- 
ing  with  NaHSO.,,  decomposing  the  crystalline 
product  with  NaoC03,  and  distilling  with  steam. 
Oil,  V.  sol.  alcohol  and  ether.  Does  not  reduce 
ammoniacal  AgNOj.  Dextrorotatory;  a  =  38-5-° 
in  a  20  cm.  tube.    S.G.  ^2  -913.    ix„  =  1-450. 

Reactions. — 1.  Br  and  KOHAq  yield  bromo- 
form,  hence  it  probably  contains  CO.CH3. — 
2.  Eeduced  in  alcoholic  solution  by  Na  to 
tanacetyl  alcohol  C||,H,sO,  (93°  at  13  mm.), 
S.G.  ^  -925,  Hd=  1-4635.  This  body  does  not 
combine  with  Br.  With  PCI5  it  yields  tanacetyl 
chloride  (72°  at  10  mm.).— 3.  Oxidised  by  KMnO^ 
to  Tanacetketocarboxylic  acid  Ci^Hi^Os. 
Needles  [78°]  (from  ligroin)  or  plates  [74-6°] 
(from  water).  Yields  AgA'.  Hydroxylamine 
yields  C|„H|,0,(NOH)  [103]  when  prepared  from 
the  needles  and  [169°]  when  got  from  the  plates. 
The  ketonic  acid  is  oxidised  by  Br  and  NaOH  to 
tanacetogen  dicarboxylic  acid  C.iH^O,, 
[142°].  Plates  (from  water).  This  acid  yields 
Ag.,A"  while  Ac.^O  yields  the  anhydride  CgH|„0, 
[55°],  which  gives  isopropyl  succinic  acid  [114°] 
when  fused  with  potash. 

Oxim  C,„H„:N0H.  [52°].  (136°  at  20  mm.). 
Eeduced  in  alcoholic  solution  by  Na  to  tan- 
acetylamine  C,„H,;NH.,  (80-5  at  14  mm.), 
S.G.  22  -874,  1-J62,  which  yields  B'HCl,  which 
when  heated  gives  tanacetene  Cj|,H,5  (63°  at 
14  mm.),  S.G.  -841,  fx^  1-476.  Tanacetone 
oxim  may  be  converted  by  warming  with  alcohol 
and  dilute  sulphuric  acid  into  the  cymidine 
C„H3(C3H,)(NH,)Me  [1:3:4],  whence  nitrous  acid 
forms  carvacrol. 

TANACETOPHORONE  C„H,,0.  (90°  at  13 
mm.).  S.G.  ^  -938.  A'l)  1-482.  Got  by  distilling 
tanacetogen  dicarboxylic  acid  with  soda-lime 
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TANAOETOPHORONE. 


(Semmler,  B.  25,  3350).  An  oil,  smelling  like 
camphor-phorone.  Eeacts  with  hydroxyl-amine. 

TANGHININ  a,H„08  2aq.  [182°]. 
[«]d  =  —  67°.  Obtained  from  the  kernels  of 
Tanghinia  venenifera  of  Madagascar  (Arnaud, 
G.  B.  108,  1255;  109,  701).  Crystals  (from  al- 
cohol), V.  si.  sol.  water,  si.  sol.  ether.  Cardiac 
poison.  Eesinified  by  dilute  acids.  Baryta- 
water  at  180°  forms  C-Hj^Ou. 

TANNIN.  TANNIC  ACIDS.  Under  the 
above  names  are  included  a  large  series  of  com- 
pounds, occurring  in  the  vegetable  kingdom,  of 
different  constitutions,  many  of  which  have  been 
very  imperfectly  studied.  Their  chief  character- 
istics are  their  astringent  taste  and  property  of 
giving  a  dark-blue  or  green  colouration  with  iron 
salts  and  a  precipitate  with  a  solution  of  gela- 
tin. They  all  reduce  solutions  of  the  noble 
metals,  and  absorb  oxygen  in  presence  of  alkalis. 
They  are  all  aromatic  derivatives,  and  yield  on 
fusion  with  potash  either  pyrogallol  or  pyro- 
catechin.  In  some  cases  they  have  been  syn- 
thetically prepared  from  these  phenols  and  their 
derivatives,  but  in  many  cases  the  tannin 
appears  to  exist  in  the  plant  as  a  glucoside  and 
attempts  at  a  synthetical  production  have  proved 
futile.  Schiii  (B.  15,  2590)  prepared  some  of 
the  tannins  synthetically,  and  concluded  that 
they  were  anhydro-  compounds  of  gallic  andpro- 
tocatechuic  acids  respectively.  Etti  {A.  186, 
332)  and  others  have  also,  for  example,  syn- 
thetically prepared  catechutannic  acid  by  heat- 
ing pyrocatechin  with  water  or  alkalis.  Gallo- 
tannic  acid  was  formerly  believed  to  be  a  glucos- 
ide, but  subsequent  investigation  showed  that 
the  amount  of  sugar  present  was  variable,  and 
Schiff  {A.  170,  43)  finally  proved  that,  although 
existing  in  the  plant  as  a  very  unstable  glucoside, 
when  it  was  isolated  it  had  the  constitution  of 
an  anhydro-  acid  formed  by  the  removal  of  one 
molecule  of  water  from  two  molecules  of  a  tri- 
oxy-benzoic  acid.  He  considered  that  in  gallo- 
tannic  acid  the  anhydride  was  formed  thus : — 
C,H2(OH)3CO.O.CeH2(OH).,COOH,  whilst  C.  Etti, 
who  has  similarly  investigated  the  tannins  of 
the  formulas  C,,H,g08  and  CjoK^DOg  has  proved 
that  they  also  are  not  glucosides,  and  regards 
them  as  derivatives  of  a  ketonic  acid  of  the 
formula  C6H„(OH)3.CO.C„H(OH)3COOH.  It 
would  appear,  then,  possible  to  define  the  tannic 
acids  as  mono-carboxyl  acids  formed  by  con- 
densation from  two  molecules  of  poly-oxy-ben- 
zoic  acids  and  which  exist  as  unstable  glucosides 
in  plants.  The  ease  with  which  gallotannic 
acid  is  hydrolysed  renders  it  probable  that  the 
difference  in  constitution  between  Schifi 's  and 
Etti's  formula  does  actually  exist,  and  renders 
it  possible  to  subdivide  the  tannins  into  these 
two  groups  so  soon  as  the  different  tannins  have 
been  re-examined  from  this  point  of  view.  The 
ketonic  character  of  the  tannins  was  established 
by  Etti  through  noting  that  they  reacted  with 
phenyl-hydrazine  and  hydroxylamine. 

The  origin  of  tannin  in  plants  has  given 
rise  to  much  debate.  According  to  Waage  {Ph. 
1890 ;  Phar.  Centr.  1891,  247)  its  formation  is 
similar  to  that  of  the  conversion  of  glucose  into 
starch.  The  plant  removes  one  molecule  H^O 
from  glucose  for  reserve  purposes,  and  if  under 
favourable  circumstances  three  molecules  H2O 
can  be  removed,  a  body  having  the  composition 


of  a  triketohexamethylene  would  be  produced 


CajCOCHjCOCHjCO.  This  constitution  corre- 
sponds to  the  secondary  form  of  phloroglucin. 
It  is  probable  that  the  phloroglucin  combines 
with  the  CO2  in  the  nascent  state  produced  by 
the  respiration  of  the  plant,  and  is  thus  con- 
verted into  a  carboxylic  acid  (gaUic  acid) ;  two 
molecules  of  this  acid  by  the  removal  of  another 
molecule  of  water  would  then  form  tannin.  Light 
and  chlorophyll  are  necessary  for  the  production 
of  tannin. 

Westermaier  {B.  B.  1887,  127-143)  showed 
that  with  experiments  made  with  Quercus  pedun- 
culata  the  tannin  migrates  downwards  through 
the  bark  and  the  pith.  Starch  is  always  present, 
and  it  is  probable  that  the  starch  only  migrates 
in  the  form  of  tannin.  The  leaves  of  Bumex 
patentia  and  Rheum  rhaponticum  give  both  the 
starch  and  the  tannin  reactions.  Schultze 
(A.  a.  14,  525-526  ;  B.  C.  18,  137),  by  micro- 
chemical  observations,  also  supports  the  view  of 
Sachs  and  Heberland  that  the  leaves  of  ever- 
greens contain  tannin  as  a  winter  reserve  ma- 
terial. Tannin  and  starch  only  rarely  occur 
simultaneously  in  the  same  cells.  When  the 
cells  are  rich  in  starch  they  contain  a  smaller 
amount  of  tannin,  and  vice  versd. 

In  the  case  of  leaves  containing  fatty  oils  and 
tannin,  the  cells  which  contain  the  oil  are  free 
from  tannin,  and  cells  containing  no  oil  are 
free  from  starch.  Kraus  (B.  C.  330-334)  also 
notes  that  the  formation  of  tannin  in  leaves 
depends  on  the  presence  of  light  and  COj,  but 
beUeves  that  it  acts  more  as  a  protecting  agent 
either  to  prevent  the  plant  from  being  eaten  or 
rotting  than  as  a  reserve  material.  He  points 
out  that  as  fallen  leaves  contain  as  much  tannin 
as  they  did  during  their  best  time  of  growth, 
the  leaf  tannin  is  of  no  value  to  the  plant. 
Heckel  a.  Schlagdenhaulien  (Ph.  July  1892)  note 
that  the  protecting  leaf  buds  of  certain  species  of 
gardenia  contain  a  resinous  substance  which  on 
analysis  gives  figures  resembling  cinchotannic 
acid.  Both  the  gardenias  and  the  cinchonas 
belong  to  the  same  order  of  plants  (c/.  Cross  a. 
Bevan,  C.  J.  41, 106  ;  Gardiner,  Ph.  [3]  14,  588  ; 
Braemer,  Les  Tawwoides,  Toulouse,  1890 ;  Biisgen, 
C.  C.  1890,  397). 

Classification. — No  satisfactory  classification 
of  these  bodies  exists.  Wagner  (Fr.  5,  1)  divides 
them  into  pathological  and  physiological  tannins. 
The  former  are  chiefiy  glucosides,  and  precipitate 
gelatin,  yield  gallic  acid  when  hydrolysed  with 
dense  sulphuric  acid,  and  when  heated  alone 
form  pyrogallol.  The  physiological  tannins,  on 
the  other  hand,  form  leather,  and  on  distillation 
yield  pyrocatechin.  The  old  classification  into 
iron-blueing  and  iron-greening  tannins  is  found 
now  to  be  untenable,  as  the  presence  of  acids 
and  salts  modifies  the  colour  which  the  tannins 
produce  with  FeClj,  and  the  purity  of  many  of 
the  tannins  examined  by  the  earlier  investi- 
gators cannot  be  guaranteed. 

Reactions.  —  The  oxidation  of  gallic  and 
tannin  acids  by  nitric  acid  of  moderate  dilution 
yields  oxalic  acid  and  two  acids,  probably  tri- 
oxy-glutaric  and  trioxy-butyric.  The  acetyl  o- 
quercitannic  acid  yields  the  same  acids  on  oxida- 
tion (B5ttinger,  A.  257,  248-252).  Metallic  Na 
does  not  reduce  gallic  acid  in  absolute  alcohol, 
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but  tannic  acid  similarly  treated  undergoes 
simple  hydrolysis,  the  yield  of  gallic  acid 
amounting  to  60  p.c.  of  the  weight  of  tannin. 
No  reduction  products  could  be  prepared  (Bot- 
tinger,  A.  258,  252-260).  Ammonia  and  zinc- 
dust  at  60°  convert  both  acids  into  benzoic 
acid.  Dilute  H.,S04  and  Zn  also  form  benzoic 
from  gallic  acid"(Guignet,  C.  R.  113,  200-201). 

The  action  of  heat.  Most  tannins  begin  to 
blacken  at  120°,  and  at  160°  decomposition  into  I 
metagallic  acid,  and  either  pyi'ogallol  orpyrocate- 
chin,  takes  place.  Those  which  yield  pyrogallol 
usually  also  form  a  '  bloom  '  on  leather,  and  give 
a  blue  colour  with  FeClj.  This  class  includes 
galls,  sumac,  chestnut,  and  oak  bark.  The  pyro- 
catechin-yielding  tannins  do  not  form  a  '  bloom ' 
on  leather,  give  green  compounds  with  FeClj,  and 
include  hemlock,  catechu,  rhatany,  and  man- 
grove (Trimble,  The  Tannins,  1892). 

The  products  of  the  action  of  heat  on  the 
tannins  are  best  obtained  by  allowing  the  heat- 
ing to  take  place  on  the  material  suspended  in 
glycerin  (1  g.  in  5  c.c.  glycerin).  After  heating 
to  200°  for  30  minutes,  dilute  with  water,  and 
extract  with  ether.  The  ethereal  extract  contains 
either  pyrogallol  or  pyrocatechin.  The  tannin 
must  be  freed  from  gallic  acid  and  catechin 
before  subjecting  it  to  this  test  by  previous  ether 
extraction  of  the  aqueous  solution. 

The  action  of  dilute  acids.  2  p.c.  absolute 
HCl  at  100°  in  sealed  tubes  decomposes  the 
tannins  ;  insoluble  ellagic  acid,  anhydrides,  or 
phlobaphenes  separate,  and  the  filtrate  contains 
gallic  acid,  glucose,  and  unaltered  tannin. 
Glucose  should  be  removed  from  the  tannin  by 
repeated  lead  acetate  precipitation  before  this 
treatment,  or  the  amount  of  glucose  before  and 
after  hydrolysis  may  be  determined  by  Fehling's 
solution  (Wehmera.  Tollens,  A.  243,  327). 

The  action  of  alkalis.  The  pyrocatechin- 
yielding  tannins  on  heating  with  alkali  yield 
protocatechuic  acid,  and  either  phloroglucin  or 
acetic  acid.  The  pyrogallol-yielding  tannins 
form  galhc  and  ellagic  acids  (20  g.  with  150  c.c. 
of  KHO  solution,  sp.gr.  1-2  for  3  hours  are  con- 
venient quantities  (Trimble,  The  Tannins). 

The  tannins  in  the  bark  of  oak,  chestnut, 
horsechestnut,   fir,   i&c,   are    precipitated  in 
brominated  condition  by  bromine  water  ;  tannin, 
sumach  tannin,  and  oak  wood  tannin  are  not  so 
precipitated  (Bottinger,  A.  240,  330).  From 
oak  tannin,  Bottinger,  by  treating  with  acetic  I 
anhydride,  has  formed  an  acetyl-o-compound  of  ' 
the  formula  C,,,H,ACjO„,  and  from  it  two  bromo- 
derivatives  C,5H,„BrAcO„  and  C^H.Br.AcOg  (B. 
20,  761-766).    A  benzoyl-o-derivative  has  also 
been  obtained  from  tannin  by  treatment  with 
cone.  NaOHAq  and  benzoyl  chloride  (Bottinger, 
A.  254,  370).    The  same  author  has  attempted 
to  prepare  cyanhydrins,  but  without  success. 
Well-dried  tannic  acid  heated  with  anhydrous 
HCN  in  sealed  tubes  yielded  only  an  amide  of  j 
gallic  acid.     Treated  with  hydroxylamine  no 
oxim  was  formed,  but  only  gallic  acid  (A.  259,  ' 
132-136).    With  pure  tannin  phenyl-hydrazine, 
however,   forms    derivatives    which    do    not  ! 
crystallise,  CO.,  and  N  being  evolved  at  the 
same  time.     The  tannins  experimented  upon  | 
were  extracts  of  sumach,  divi  divi,  oak  wood,  oak 
bark  and  pine  bark  ;  the  dry  precipitates  con- 
tained phenyl-hydrazine  derivatives  of  tannic  | 


and  gallic  acids,  osazones  of  dextrose  and  laevu- 
lose,  and  caramel  (A.  259, 125-132  ;  A.  256,  342). 

Tannin  solutions  are  very  unstable,  under- 
going hydrolysis  into  gallic  acid  on  standing. 
The  hydrolysis  into  gallic  acid  is  almost  quanti- 
tative when  the  acid  is  dissolved  in  cone.  H,_,S04 
and  then  water  added  (Bottinger,  A.  254,  373). 
When  heated  with  KHSO^  and  glycerin  to  119°- 
200°  and  the  melt  extracted  with  water,  a  residue 
is  left  soluble  in  absolute  alcohol  which  contains 
two  new  acids  of  the  composition  Ci4H|.,0,Aq 
and  called  hydrotannic  and  isotannic  acids  re- 
spectively. The  former,  which  is  the  less  soluble 
in  alcohol,  forms  with  ACoO  a  tetra-acetyl-  com- 
pound while  the  iso-  acid  forms  a  brown  tri- 
acetyl-  compound  (C.  /.  1892,  181). 

Preparation  of  tannic  acid  for  pharmaceu- 
tical purposes.  Pelouze  in  1834  first  suggested 
the  extraction  of  tannic  acid  from  galls  by  per- 
colation with  ether,  and  this  method  is  still  in 
use.  The  powdered  galls  are  placed  in  a  closed 
percolator  with  commercial  ether  containing 
alcohol  and  water.  The  ethereal  layer  contains 
gaUic  and  ellagic  acids,  together  with  resins  and 
fats  and  a  small  portion  of  the  tannic  acid  ;  the 
lower  aqueous  solution  contains  nearly  pure 
tannic  acid.  The  percolation  is  stopped  when 
the  lower  layer  ceases  to  increase  in  volume. 
The  B.  P.  method  consists  in  taking  the 
damp  galls,  macerating  with  commercial  ether, 
and  expressing  through  muslin  (Leconnet  a. 
Domini).  The  purest  acid  is  obtained  when  10 
pts.  powdered  galls  are  allowed  to  stand  two 
days  covered  in  a  percolator  with  a  mixture  of 
12  pts.  ether  and  3  pts.  alcohol.  At  the  end  of 
this  time  the  isercolation  is  commenced  until  10 
pts.  are  obtained.  One-third  its  volume  of  water 
is  then  added,  and  the  mixture  well  agitated. 
The  aqueous  layer  contains  nearly  pure  tannic 
acid,  and  is  evaporated  rapidly  in  vacuo.  The 
commercial  acid  is  known  under  the  names  of 
ether-tannin,  alcohol-tannin,  or  water-tannin, 
according  to  the  method  of  extraction  adopted 
on  a  large  scale. 

Purification. — Petroleum  ether  percolation 
removes  fat,  wax,  and  some  of  the  colouring 
matter.  Solution  in  water  removes  resin,  and, 
after  deoantatiou,  sodium  chloride  precipitates 
the  acid.  Trimble  adds  lead  acetate  to  the 
aqueous  solution  to  precipitate  colouring  matter, 
filters,  and  extracts  with  acetic  ether.  The  acid 
is  re-dissolved  in  water,  and  extracted  with  ether 
to  remove  the  last  traces  of  gallic  acid,  and  the 
aqueous  solution  finally  dried  in  vacuo. 

Detection. — 1.  Dilute  H„S04  or  HCl  precipitates 
cone,  solutions. — 2.  FeCl3,a  blue  or  green  precipi- 
tate destroyed  by  long  boiling,  sol.  weak  mineral 
acids. — 3.  Lime-water  precipitates  the  Ca  salt. 
4.  Cinchonine  sulphate  precipitates  white  cin- 
chonine  tannate. — 5.  Gelatin  forms  leather  and 
albumen  also  gives  a  precipitate.  Alum  and 
NH4CI  render  the  precipitation  more  complete. 
6.  An  alcoholic  solution  of  thymol,  followed  by 
cone.  H.SOj,  yields  a  rose-coloured  turbid  solution 
(pyrogallol  violet ;  gallic  acid  gives  no  colour : 
Saul,  Ph.  [3]  17,  387).— 7.  Iodine  in  presence  of 
neutral  salts  gives  a  purple  colouration  (Nasser). 
8.  Acetate  of  lead  acidulated  with  acetic  acid 
ppts.  tannic  and  not  gallic  acid  (Guyard,  Bl.  2,  41, 
336). — 9.  NH4CI  and  NH3  give  a  white  precipitate 
rapidly  becoming  red,  gallic  acid  a  red  coloura- 
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tion  only. — 10.  CI  water  and  NH,  give  a  red 
colouration  both  with  gallic  and  tannic  acids. — 

11.  KsFeCys  gives  a  similar  reaction  (Eawson, 
C.  N.  59,  52-53).~12.  In  plants,  Moll  {A.  a. 

12.  496)  detects  tannins  micro-chemioally  by 
treatment  with  7  p.c.  copper  acetate  for  some 
days,  then  cuts  sections,  treats  with  a  drop  of 
0'05  p.c. ferricacetate,washeswith  water  and  then 
alcohol  to  remove  chlorophyll,  and  mounts  in 
glycerin  and  looks  for  blue  or  green  stain. —  | 

13.  KCN  gives  a  green  colouration  with  tannin 
and  none  with  gallic  acid. — 14.  K^Cr.jO,  gives  a 
brown  pp.  with  most  tannins. — 15.  Saturated 
solutions  of  NaCl,  CaCL,  KOAc,  and  a  number  of 
other  salts  ppt.  tannins  from  solution. — 16.  Cone. 
H.SOj  dissolves  the  dry  tannins  with  a  yellow  i 
colour,  and  on  heating  forms  dark-red  rufigallio 
acid  and  then  black  metagallic  acid. — 17.  HNO3  | 
forms  a  yellow  colour,  and  finally  oxidises  them 
to  oxalic  acid. — 18.  As^O^  heated  with  the  dry 
tannins  converts  most  into  ellagic  acid. — 
19.  Most  tannins  are  ppd.  by  the  alkaloids. 

Estimation  of  tannic  acid.  The  methods 
devised  for  the  estimation  of  tannic  acid  in 
vegetable  extracts  are  very  numerous,  and  may 
be  grouped  under  the  following  heads  : — 

1.  Gelatin  or  hide-powder  absorption. 

2.  Titration  with  permanganate. 

3.  Precipitation  with  metallic  salts. 

4.  Methods  not  included  in  the  above. 
For  details  of  these  various  processes,  vide 

Proctor,  Textbook  of  Tanning ;  Trimble,  Tlie 
Tannins ;  Thorpe's  Dictionaey  op  Applied 
CHmiisT'RY,and'Ridea},ChemicalNotes  on  Modem 
Tanning;  The  Assay  of  Tanning  Materials  ; 
Industries,  vol.  xi.  pp.  19,  139,  451.  The  two 
methods  most  generally  employed  are  the  hide- 
powder  method  and  Lowenthal's  permanganate 
process. 

The  hide-powder  method  is  conducted  as 
follows.  A  weighed  quantity  of  the  material  is 
extracted  with  water  and  made  up  to  a  known 
volume.  100  c.c.  of  this  solution  is  then 
evaporated,  dried,  and  weighed  to  give  the  total 
sohds  present  in  the  extract.  Another  portion 
of  the  same  solution  is  agitated  with,  aspirated, 
or  filtered  through  hide  powder,  and  the  total 
solids  left  in  100  c.c.  of  the  solution  again  deter- 
mined. The  difference  gives  the  quantity  of 
tannic  acid  or  matter  which  combines  with 
gelatin  per  100  c.c.  of  the  solution  [Fr.  24,  271). 

The  modified  Lowenthal's  process,  which  is 
now  official  in  Germany,  requires  a  standard 
solution  of  permanganate  whose  indigo  value  is 
known.  A  measured  volume  of  the  tannin  solu- 
tion, together  with  a  known  volume  of  indigo 
solution,  is  then  titrated  with  the  permanganate 
solution.  Another  equal  volume  of  the  tannin 
solution  is  then  agitated  with  hide  powder  or 
shaken  with  a  gelatin  and  alum  solution  and 
filtered,  and  the  filtrate,  after  indigo  solution  of 
known  amount  has  been  added,  is  titrated  with 
the  permanganate  solution.  The  difference  in 
the  quantity  of  permanganate  consumed  is  a 
measure  of  the  tannic  acid  present.  The  various 
tannins  of  commerce  have  different  perman- 
ganate values ;  it  is,  therefore,  necessary  to 
standardise  the  permanganate  for  different 
tannin  materials  (Lowenthal,  Fr.  16,  33  ;  Kath- 
reiner,  Fr.  18,  113;  Simaud,  Fr.  22,  595; 
Schroeder,  Fr.  25, 121). 


Gallotannic  acid  C,,H,(,06.  Occurs  in  gall 
nuts  and  sumach. 

Constitution. — 
C,H,(OH),.CO.O.C„H,(OH),.COOH    (Schifi',  A, 
170,  43  ;  Paul  a.  Kingzett,  C.  J.  33,  217). 

Solubility. — Sol.  acetone,  glycerin,  and  oils  ; 
insol.  CS._„  CHClj,  petroleum,  and  CgHg. 

Compounds. — With  gelatin  contains  16*5  p.c. 
nitrogen  =  34  p.c.  tannin  (Bottinger,  A.  244,  227). 
(For  other  nitrogen  values  of  gelatin-tannin 
comiJounds  in  leather,  v.  Eideal  a.  Trotter, 
S.  C.  I.  1891.)  Penta  -  acetyl  -  compound 
C,H.,(OAcO)3CO.O.C,H„(OAcO).,COOH  [137°]. 
(Bottinger,  B.  17,  1504). 

Actio7i  of  heat. — At  215°  it  forms  pyrogallol, 
CO,,  and  a  trace  of  metagallic  acid  CgHjO,. 
Strong  heating  at  240°-250°  forms  chiefly  meta- 
gallic acid  (Pelouze,  A.  10,  159).  Cold  HNO3 
forms  oxalic,  trioxyglutaric,  and  trioxybutyric 
acids  (Bottinger,  A.  257,  248).  Boiling  with 
KHO  forms  tannomelanic  acid  C^HjOj ;  cold 
KHO  and  air  form  tannoxylic  acid  C.HgOs 
(Btichner,  A.  53,  373).  Hydrolysed  by  dil. 
H.,S04  to  gallic  acid.  Ferments  also  form  gallic 
acid  (van  Tieghem,  C.  R.  65,  1092). 
Oak  bark.  Tannic  acid  CuHi^Og. 
Preparation. — The  bark  is  extracted  with 
alcohol,  and  the  extract  agitated  with  acetic  ether 
and  ether.  Evaporate  off  ether,  separate  the 
preciijitate  of  ellagic  acid,  and  from  residue  sepa- 
rate gallic  acid  from  the  tannic  acid  by  acetic 
ether  and  ether, 
j  Properties. — Keddish-white  powder.  Sol.alco- 
!  hoi  and  acetic  ether.  SI.  sol.  ether  and  water, 
j  Heated  to  130°-140°C.  it  forms  an  anhydride 
CajHjiiO,,  which  is  si.  sol.  water ;  sol.  alcohol 
and  alkalis,  and  with  cone.  H._,SO.,  gives  a  second 
anhydride  Cj^HosOis.  Heated  with  cone.  HCl  it 
evolves  CH3CI,  gives  also  the  iodoform  reac- 
tion. On  dry  distillation  it  forms  pyrocatechin. 
Fused  with  KOHyields  protocatechuicacid,  pyro- 
catechol,  and  traces  of  phlorogluoin  (Etti,  M. 
1880,  262-278).  When  boiled  with  ether  the 
above  anhydrides  form  a  third  anhydride 
C3,H,,„0,5  {M.  1883,  512).  Other  anhydrides 
analysed  by  Etti  are  C^H^^O,,,  CjuH^^Oig, 
CjoH340,„  and  Cj„H3.,0,i.  Forms  two  hydrates 
(Lowe,  C.  J.  40,  901).' 

Salts.  With  Ca,  Ba,  and  Pb  ;  analysed  by 
Etti  and  Lowe  (I.e.). 

Derivatives. — Oak-red  CijHujOslaq  (Grabow- 
ski,A.  145,  2) ;  CasH^gO,,  (Bottinger,  A.  240,  341). 
Bottinger  has  prepared  various  bromo-,  acetyl-, 
■  and  benzoyl-  derivatives  [I.e.)  (Kochleder,  A. 
63,  205  ;  Bottinger,  A.  202,  270 ;  B.  14, 
1598 ;  Lowe,  Fr.  20,  210 ;  Etti,  M.  4,  514 ; 
Grabowski,  A.  145,  2). 

Fraxitannic  acid  Co^Hg^Oi^.  In  ash-leaves. 
Forms  an  anhydride  C^gHjoOij,  a  benzoyl-  com- 
i  pound  C.,bH,,sO,3(OB3)j,  an  acetyl-  compound 
C.,jH,,(0Ac)40,„,  a  bromacetyl-  compound 
C2sH"23(OAc)4Br30,„2aq,  and  a  similar  nitro- 
compound. On  heating  with  Ba(OH),  it  forms 
protocatechuic  acid  and  other  products.  On 
heating  to  100°  it  loses  1  mol.  H,0,  forming  an 
anhydride  C.^gHj^Oij  (Gintl  a.  Keinitzer,  M.  3, 
745  ct  segi.). 

The  following  table  gives  the  source  of  the 
principal  tannins  vfhich  have  been  investigated, 
and  references  to  the  papers  in  which  a  descrip- 
tion will  be  found. 
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TANSY  OIL. 


TANSY  OIL.  The  essential  oil,  obtained  by 
distillation  of  the  tansy  (Tanacctum  vulgare), 
contains  1  p.c.  of  a  terpene  C,oH,e  (155°-160°), 
26  p.c.  of  an  alcohol  C,„HisO,  and  70  p.c.  of 
'  tanacetyl  hydride  '  C|„H,|;0  (Bruylants,  /.  Ph. 
[4]  26,  393 ;  B.  11,  449 ;  c/.  Persoz,  C.  B.  8, 
433).  Tanacetyl  hydride  Oi„H,sO  (195°-196°), 
S.G.  4  -918,  V.D.  5-1,  is  converted  by  H^SO^  into 
cymene.  It  reduces  ammoniacal  AgNOj,  form- 
ing a  mirror.  NaHSOj  forms  crystalline 
CiiiHisNaSOj.  Split  up  by  water  into  the  parent 
substances. 

TANTALATES  v.  Tantalum,  acids  or,  and 

THEIE  SALTS,  p.  639. 

TANTALUM.  Ta.  At.  w.  c.  182  (exact  value 
not  known).  Mol.  w.  not  known.  Ta  has  not 
been  isolated. 

Occurrence. — Tantalates  occur  in  a  few  rare 
minerals,  generally  associated  with  niobates ; 
tantalite  contains  from  35  to  75  p.c.  TajOj, 
columbite  from  13  to  36  p.c,  yttrotantalite  from 
6  to  47  p.c,  and  a  mineral  from  Western 
Austraha,  recently  analysed  and  called  stihio- 
tantalite,  c.  52  p.c,  Ta^Os  (Goyder,  C.  J.  63, 
1076). 

History. — A  short  account  of  the  researches 
that  led  to  the  identification  of  two  distinct 
oxides  in  tantalite  is  given  in  the  article  Nio- 
bium (vol.  iii.  p.  505).  Marignac  (C.  B.  60,  234, 
1355)  gave  the  formula  TaoOj  to  oxide  of  Ta, 
-which  had  been  represented  by  Eose  as  TaO,. 
Deville  determined  the  V.D.  of  the  chloride, 
and  deduced  the  molecular  formula  TaClj  (0.  B. 
56,  891).  By  heating  Na.,TaF-  with  Na,  H.  Eose 
(P.  99,  69)  obtained  a  black  powder,  probably  a 
mixture  of  Ta  and  oxides  of  Ta.  Berzelius  (P. 
4,  6)  also  obtained  very  impure  Ta;  Marignac 
{Ar.  Sc.  1868)  failed  to  isolate  approximately 
pure  metal. 

Preparation  of  impure  Ta. — Very  finely- 
powdered  tantalite  is  fused  with  three  times  its 
weight  of  KHSOj,  in  an  iron  or  platinum  cru- 
cible, until  completely  dissolved.  After  cooUng, 
the  fused  substance  is  powdered  and  treated  with 
boiling  water,  whereby  sulphates  of  K,  Fe,  and 
Mn  are  dissolved  out ;  the  insoluble  portion  is 
washed,  and  then  digested  with  yellow  ammo- 
nium sulphide,  whereby  sulphides  of  Sn  and  W 
are  dissolved,  and  FeS  remains  mixed  with 
TajOj  and  NbjOr,.  The  residue  is  washed 
thoroughly,  and  digested  vrith  HClAq  to  remove 
FeS,  and  the  portion  insoluble  in  HClAq  is 
thoroughly  washed  with  boiling  water  until  it  is 
white.  The  mixture  of  Ta„05  and  NbjO^  thus 
obtained  is  dissolved  in  HFAq  in  a  platinum 
dish,  the  solution  is  heated  to  boiling,  and  a 
quantity  of  KHFo  is  added  equal  to  one-fourth 
of  the  weight  of  mixed  Tn^O^  and  Nb^Oj  used  ; 
the  liquid  is  evaporated  until  1  g.  of  the  mixed 
oxides  is  present  in  about  7  cc.  and  allowed  to 
cool ;  the  prismatic  crystals  of  K._,TaF,  that 
separate  are  washed  with  cold  water  until  the 
washings  give  a  yellow  pp.,  without  any  shade  of 
red,  after  standing  for  two  hours  with  tincture 
of  galls.  The  K„TaF,  thus  obtained  is  heated, 
in  a  platinum  dish,  with  rather  more  than  its 
weight  of  pure  cone  K.SOj,  whereby  KHSOj, 
HF,  and  Ta^O,,  are  formed ;  the  HF  is  removed 
by  heat,  and  the  KHSO4  by  repeated  washing 
-with  water  (Berzelius,  P.  4,  6 ;  cf.  H.  Eose,  P. 
144,  64,  72). 


Lawrence  Smith  {Am.  5,  44)  recommends  to 
warm  5  g.  of  very  finely  powdered  tantalite, 
dried  at  150°,  in  a  platinum  basin  with  a  little 
water  and  8  to  10  cc.  very  cone  HFAq,  to  filter 
when  reaction  is  completed,  add  a  little  water 
to  the  filtrate  and  evaporate  nearly  to  dryness, 
to  warm  with  excess  of  cone  pure  HoS04,  and, 
after  the  acid  has  been  almost  wholly  removed 
by  heating,  to  place  the  residue  in  c.  500  cc. 
dilute  HNOsAq  (L.  M.,  C.  N.  51,  289,  304),  and 
boil  until  Ta„05  and  NboOj  are  ppd.  By  dissolv- 
ing in  HFAq,  adding  KHFo,  and  proceeding  as 
described  above,  Ta.Oj  is  obtained  free  from 
Nb,0,. 

The  pure  TaoO^  obtained  by  one  of  the  pre- 
ceding methods  is  dissolved  in  HFAq,  in  a 
platinum  vessel,  the  solution  is  heated  to  boiling, 
and  70-3  pts.  by  weight  of  KHF,  are  added  for 
100  pts.  Ta,0.  used.  The  solution  is  evaporated 
and  allowed  to  cool ;  the  crystals  of  K,TaF.  are 
washed  with  a  little  cold  water,  dried,  mixed 
with  c.  half  their  weight  of  potassium,  and  heated 
in  an  iron  crucible,  the  mixture  of  KoTaF,  and 
K  being  covered  with  KCl.  The  contents  of  the 
crucible,  after  cooling,  are  added,  little  by  little, 
to  water ;  the  black  powder  that  separates  is 
washed  with  water,  and  then  with  dilute  alcohol 
and  dried  (Berzelius,  P.  4,  6).  The  black 
powder  is  probably  a  mixture  of  Ta  and  oxides 
of  the  metal.  Berzelius  found  that  100  pts. 
took  up  17  pts.  0  when  heated  in  air,  100  pts. 
pure  Ta  requu-e  22  pts.  0  to  form  Ta^O..  H. 
Eose  (P.  99,  69)  obtained  a  black  powder — proba- 
bly Ta  mixed  with  oxides — by  reducing  Na^TaF, 
by  heating  with  sodium. 

Properties  and  Reactions. — The  black  powder 
obtained  by  Eose  was  a  good  conductor  of  elec- 
tricity :  it  glowed  when  heated  in  the  air,  and 
slowly  formed  Ta^O^ ;  it  was  insoluble  in  acids, 
except  in  HFAq,  by  which  it  was  slowly  dis- 
solved; heated  in  a  stream  of  CI  it  burnt  to 
TaClj.  Oxidation  was  effected  by  molten  alkalis 
or  alkali  carbonates.  The  S.G.  of  a  specimen 
containing  c.  40  p.c  acid  sodium  tantalate  was 
c.  10-8 

The  at.  w.  of  Ta  was  determined  by  Marignac 
{A.  140,  153  ;  Suppl.  4,  351  [1865])  by  decom- 
posing K,TaF,  and  (NH4)oTaF,  by  H.SO^,  and 
determining  the  quantities  of  Ta^Oj  and  KjSOj 
produced.  The  values  obtained  varied  from 
180-1  to  185-2.  H.  Eose  in  1856  (P.  99,  80) 
analysed  TaClj  by  decomposing  by  water,  ppg. 
Tao05.a;H20  by  NH^Aq,  and  estimating  CI  in 
the  filtrate.  His  results  showed  marked  discre- 
pancies. 

Ta  is  metallic  in  its  physical  properties,  so 
far  as  may  be  judged  from  the  impure  speci- 
mens that  have  been  prepared.  TaJJ^  dissolves 
in  HFAq,  probably  forming  TaF^.  No  salts  are 
known  to  be  formed  by  replacing  the  H  of  an 
oxyacid  by  Ta.  In  all  the  salts  of  Ta  that  have 
been  isolated,  other  than  the  haloid  compounds, 
Ta  forms  part  of  the  negative  radicle.  Ta  is 
the  fifth  member  of  the  even-series  family  of 
Group  V. ;  it  is  closely  related  to  Nb,  and  less 
closely  to  N,  P,  V,  As,  Sb,  Di,  Er,  and  Bi.  The 
only  compound  of  Ta  whose  V.D.  has  been  de- 
termined is  TaClj ;  in  this  molecule  the  atom  of 
Ta  is  pentavalent  {v.  Nitrogen  geoup  0?  ele- 
ments, vol.  iii.  p.  571). 

Detection  and  Estimation. — Tantalum  com- 
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pounds  form  potassium  tantalate  when  fused 
with  KOH,  and  the  fused  mass  dissolves  in 
•water.,  Tlie  product  obtained  by  fusion  with 
NaOH  dissolves  in  water  to  a  clear  liquid  only 
after  NaOH  has  been  removed  by  washing,  as 
sodium  tantalate  is  insoluble  in  much  NaOHAq. 
Addition  of  acid  to  an  aqueous  solution  of  an 
alkali  tantalate,  followed  by  boiling,  ppts. 
Ta.O,-,.xH;0  more  or  less  completely.  By  adding 
HClAq  to  a  solution  of  an  alkali  tantalate,  and 
placing  zinc  in  the  solution,  no  blue  colour  is 
produced  (c/.  Niobium,  detection  of,  vol.  iii.  p. 
506).  According  to  Levy  (C.  R.  103,  1074),  an 
amethyst  colour  is  produced  by  adding  a  very 
small  quantity  of  Ta^O,;  to  a  solution  of  resorcin 
in  H,^SO,,Aq.  Ta  is  estimated  as  Ta.,05 ;  the 
process  is  sufficiently  indicated  under  Prepara- 
tion. 

Tantalum,  acids  of,  and  their  Salts.  Ta.Oj 
reacts  with  molten  alkalis,  and  alkali  carbonates, 
to  form  salts  which  may  be  regarded  as  derived 
from  various  hydrates  of  Ta„0-.  Two  hydrates 
are  obtained,  Ta,0,.2H,0  and  2Ta,05.3H,,0,  by 
decomposing  TaCl^  by  a  little  water,  and  by 
fusing  Ta.Or,  with  KHSO4  and  washing  with 
water  {v.  T.iNTALUJi,  oxides  and  hydrated 
OXIDES  or,  p.  GIO).  The  first  of  these 
hydrates  may  be  called  prjiotantalic  acid 
H.|Ta,0,,  corresponding  with  H,|P,0, ;  and  the 
second  may  be  formulated  HuTa,,0,3.  The 
tantalates  that  have  been  examined  do  not  seem 
to  be  derived  from  either  of  these  compounds, 
but  from  the  hypothetical  acids  HTaOj,  corre- 
sponding with  HPO3  and  HNO3,  and  H,,Ta„0„ 
(  =  3Ta.05.4H.p).  Tantalates  are  not  produced 
hj  neutralising  Ta^O^.a-'H,©,  but  by  fusing  Ta.^Oj 
with  alkalis,  or  by  double  decomposition  from 
alkali  salts. 

TANTALATES.  The  tantalates  belong  to  the 
forrnKTa-.O^.T/MO,  where  M  =  (NH.,)„,  Mg,  Hg,,  K., 
Ago,  or  Na, ;  of  those  that  have  been  .fairly 
fully  examined,  some  correspond  with  the  meta- 
phosphates  and  meta-niobates  M'XO^,  and 
others  belong  to  the  more  complex  form 
MigTasOia.  Some  of  the  alkali  tantalates  dis- 
solve slightly  in  water,  the  other  tantalates  are 
insoluble.  Fluotantalates  and  fluoxijtantalatcs 
are  also  known  (v.  infra).  The  tantalates 
have  been  investigated  chiefly  by  H.  Eose  (P. 
100,  417)  and  Marignac  (Bl.  [2]  6,  111,  118). 

Ammonium  tantalate.  A  pp.  is  obtained 
hy  adding  NH,C1  to  solution  of  NasTa,,0,5.«H,,0, 
tut  the  composition  of  the  pp.  is  not  known 
with  certainty. 

Magnesium  tantalate.  By  adding  MgSO^Aq 
to  solution  of  Na„Ta50|g.xH„'0  a  crystalline  pp. 
was  obtained  which,  after  drying  at  100°,  had 
the  composition  Mg|Ta,,0,5,.9H.,0.  A  crystalline 
Mg  tantalate  was  obtained  by  Joly  (C.  B.  81, 
20(3,  126(5)  by  fusing  Ta^O^  with  MgCL. 

Mercurous  tantalate.  A  brown,  amorphous 
compound,  perhaps  Hg8TasO,5,.a;H„0,  is  formed 
by  adding  HgNO^Aq  to  solution  "in  water  of 
Na,Ta„0,„..rH.,0. 

Potassinm  tantalates.  (1)  K(,Ta50|<,.lGH„0; 
this  salt  is  obtained  by  fusing  Ta„05  with  KOH, 
dissolving  in  water,  and  crystallising.  (2) 
KTaOj :  thissalt, 2:)otassium  metatantalatc, 
is  formed  by  heating  the  other  tantalate,  alone 
or  with  (NH,)2C03,  and  then  treating  with  water. 

Silver  tantalate.     The  yellowish  white  pp. 


obtained  by  adding  solution  of  a  salt  of  Ag  to 
solution  of  Na8Taa6|„.a;H._,0,  and  drying  at  100°, 
has  the  composition  AggTa,.0|,,.3H20. 

Sodium  tantalates.  The  meta-salt 
NaTaOs  is  obtained  by  fusing  Ta^O^  with 
Na.CO,,  and  washing  with  water.  A  salt  of  the 
composition  NanTai;0|,|.a:H;0  (;r  =  25  and  30)  is 
prepared  by  fusing  Ta.Os  with  NaOH,  dissolving 
in  water,  and  crystallising. 

Flitotantalates.  (Tantalifluorides.)  These 
salts  may  be  regarded  as  compounds  of  TaFj 
with  metallic  fluorides,  or  as  metallic  deriva- 
tives of  the  hypothetical  acid  H._,TaF,  ;  they 
are  prepared  by  dissolving  Ta^Oj  in  HFAq, 
adding  metallic  fluorides,  and  crystallising  ; 
some  of  them  are  formed  by  dissolving  Ta^Oj 
and  a  metallic  oxide  in  HFAq  (Marignac,  4.  C/i. 
[4]  9,  276  ;  Berzelius,  P.  4,  6). 

Ammonium  fluotantalatc  (NHj)TaF,  is  ob- 
tained by  evaporating  a  solution  of  NH^F  in 
solution  of  TaFj  in  HFAq,  and  evaporating  ; 
the  salt  is  crystalline  and  easily  soluble  in 
water. 

Copper  fluotantalatc  CuTaF,  forms  blue, 
deliquescent,  rhombic  prisms ;  it  is  prepared 
by  dissolving  CuO  and  T&.f)^  in  excess  of  HFAq, 
and  evaporating. 

Potassium  fluotantalatc  K.TaF.  forms  white 
needles  by  dissolving  KHF.an  solution  of  Ta^jOj 
in  HFAq,  evaporating,  and  crystallising  from 
hot  water.  The  salt  is  very  slightly  soluble  in 
cold  water,  but  dissolves  easily  in  hot  water. 
On  long  boiling,  K,TaF.Aq  gives  a  white  pp., 
probably  having  the  composition  K^Ta^OrF,, 
(  =  2TaF5.Ta,0,.4KF).  By  dissolving  K,TaF,  in 
warm  4  p.e.  H„0.Aq  with  a  little  HFAq  and 
allowing  to  cool,  Piccini  [Zcit.  filr  anoi-g.  Chemie, 
2,  21)  obtained  crystals  of  the  fluoxy  tantalate 
K,TaO,F,.H,,0  ( =  Ta0^3.2K'F.H,0). 

Sodium  fluotantalatc  Na,,TaF,.Ho0 ;  ob- 
tained, as  white  crystals,  by  dissolving  Na/TagO,, 
in  HFAq,  evaporating,  and  drying  at  100°  the 
salt  that  separates. 

Zinc  fluotantalatc  ZnTaF..7H.,0  ;  a  deli- 
quescent salt,  obtained  by  dissolving  ZnO  and 
TaoOj  in  excess  of  HFAq  and  crystallising. 

Tantalum,  alloys  of.  By  heating  K^TaF,  with 
Al,  and  washing  with  HClAq,  Marignac  (P.  100, 
145)  obtained  a  grey  powder,  S.G.  7-02.  By 
heating  to  whitness,  in  a  carbon  crucible,  a 
mixture  of  Ta^.O^  and  iron  filings,  an  alloy  of 
Ta  and  Fe  was  obtained  resembling  pig  iron 
(Gahn,  BerzeUus  a.  Eggertz,  S.  16,  437). 

Tantalum,  bromide  of,  TaBrs.  A  yellowish, 
crystalline  compound,  obtained  by  heating  a 
mixture  of  dry  Ta.^Oj  and  C  in  vapour  of  Br,  and 
removing  excess  of  Br  by  a  long-continued 
stream  of  dry  CO,  ;  decomposed  by  v?ater  to 
HBrAq  and  Ta.,Oj.a-H,,0  (H.  Eose,  P.  90,  456 ; 
99,  75).  The  conditions  of  preparation  are 
similar  to  those  in  making  TaCl,  (2-  v.). 

Tantalum,  carbide  of.  By  heating  TaN  (v. 
Tantalum  nitride)  with  C  to  the  melting- 
point  of  steel,  N  is  given  off  and  the  nitride  is 
partly  converted  into  brass-yellow  coloured 
TaC,  (Joly,  Bl.  [2]  25,  206). 

Tantalum,  carbonitride  of.  Joly  {Bl.  [2]  25, 
206)  obtained  a  substance,  to  which  he  gave  the 
formula  lOTaC.TaN,  by  very  strongly  heating  a 
mixture  of  Ta^O^  with  C  and  soda. 
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Tantalum,  chloride  of,  TaCl^.  Mol.  w.  c.  359 
(not  determined  with  great  accuracy,  as  at.  w.  of 
Ta  is  doubtful).  V.D.  185  at  3G0°  (Deville  a. 
Troost,  C.  R.  64,  294).  Melts  at  211°,  and  boils 
at  242°  at  753  mm.  pressure  (D.  a.  T.,  I.e.). 
Only  one  chloride  of  Ta  has  been  isolated. 

Preparaticm. — About  5  g.  pure  dry  Ta,.fi^  is 
mixed  with  a  considerable  excess  of  dry  sugar 
or  starch,  and  the  mixture  is  completely  charred 
by  heating  in  a  closed  crucible ;  the  charred 
mass  is  broken  into  small  pieces,  which  are 
heated  to  redness  and  placed,  while  red  hot,  in 
a  rather  wide  tube  of  hard  glass  that  is  quickly 
heated  to  redness  while  a  stream  of  thoroughly 
dried  COj  is  passed  through  it  as  long  as  any 
trace  of  moisture  is  given  off  from  the  contents 
of  the  tube ;  the  tube  is  then  allowed  to  cool, 
the  current  of  dry  CO.,  being  maintained  ;  when 
the  tube  is  cold  a  stream  of  dry  CI  is  passed 
through  it,  and  when  every  part  of  the  appa- 
ratus is  filled  with  CI  (but  not  until  then)  the 
contents  of  the  tube  are  heated.  TaClj  forms 
immediately  behind  the  carbonaceous  matter,  as 
a  pale-yellow  solid ;  when  the  reaction  has  entirely 
ceased  and  CO  is  no  longer  evolved,  the  TaClj 
may  be  sublimed  into  another  part  of  the  tube, 
a  plentiful  stream  of  dry  CI  being  maintained 
during  the  process.  If  sublimation  is  attempted 
before  the  whole  of  the  T&„0^  has  been  chlorinated, 
a  part  of  the  TaClj  is  decomposed  by  the  CO, 
with  re-formation  of  Ta.^Oj.  If  there  should  be 
any  air  in  the  tube  during  the  process  a  white 
suljUmate  is  formed  which  is  probably  an  oxy- 
chloride  (H.  Eose,  P.  90,  456  ;  99,  75).  Should 
the  Ta.iOj  used  contain  any  W0.„  the  sublimate 
obtained  is  reddish ;  by  gently  heating,  the 
greater  part  of  the  red  WOCl^  may  be  removed, 
as  it  is  more  volatile  than  TaCL,. 

Demarcjay  obtained  TaClj  by  passing  vapour 
of  CCl,,  over  Ta-.O^  heated  to  redness  (C.  B.  104, 
11). 

Properties  and,  Beacticms. — Pale-yellow  pris- 
matic needles,  melting  at  211°,  and  boiling  at 
242°  under  the  pressure  of  753  mm. ;  begins  to 
vaporise  at  144°  ;  V.D.  185  at  360°  (DeviUe  a. 
Troost,  C.  B.  64,294).  Decomposes  in  ordinary 
air,  giving  off  HCl  and  becoming  covered  with  a 
crust  of  crystalline  T&„0^.  Decomposed  entirely 
by  water  to  HClAq  and  Ta^O^.^H^O.  Cone. 
H2SO4  causes  evolution  of  HCl,  and  forms 
a  somewhat  turbid  solution  from  which 
TajOj.a-HjO  separates  on  boiling ;  by  adding 
water  to  "this  solution,  and  boiHng,  the  whole 
of  the  Ta  is  precipitated  as  TlaJ^^xKoO.  Cone. 
HClAq  reacts  similarly  to  H„S6.p  but  only  a  por- 
tion of  the  TajOu.sHjO  is  ppd.  on  adding  water 
and  boiling.  TaClj  is  partly  dissolved  by  heat- 
ing with  KOHAq.  TaCl^  is  soluble  in  absolute 
alcohol ;  H„SO  ,Aq  does  not  ppt.  TajO^.^HjO 
from  this  solution. 

No  double  compounds  of  TaCh,  with  KCl  or 
NaCl— similar  to  those  of  TaFj— have  been  ob- 
tained. 

Tantalum,  fluoride  of.  TaP^-aHjO  dissolves 
in  HFAq  ;  neither  boUing,  nor  adding  HjSO^Aq 
to  the  solution,  ppts.  Ta^Oj.  The  solution  in 
HFAq  gives  off  vapours  on  evaporation  that  pro- 
bably contain  TaFs ;  by  evaporating  at  a  low 
temperature,  Eose  obtained  crystals  that  dis- 
solved easily  in  water,  and  were  partly  vaporised 
when  heated,  leaving  some  TajOj  (P.  90,  456 ; 
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99,  75).  By  evaporating  in  vacuo  a  solution  of 
Ta.,05..TH„0  in  HPAq,  Marignac  obtained  a 
white  amorphous  mass — probably  an  oxyfluoride 
—and  then  small  crystals  that  were  likely 
TaF,. 

TaF5  combines  with  some  metallic  fluorides, 
looming  fluotantalates  (q.v.,  p.  639). 

Tantalum,  haloid  compounds  of.  The  only 
haloid  compounds  of  Ta  that  have  been  isolated 
are  TaClj  and  TaBr^.  The  former  has  been 
gasified,  and  the  formula  is  molecular.  TaF^ 
also  probably  exists  in  solution  of  l&.fir^.x'R^O  in 
HFAq.  There  is  no  reaction  between  I  and  Ta^Oj 
mixed  with  C  even  at  a  very  high  temperature. 
TaClj  and  TaBrj  are  readily  decomposed  by 
water,  with  formation  of  Ta205.a;H,0  and  HXAq. 
Double  compounds  of  TaFj  with  some  metaUie 
fluorides  are  known ;  they  belong  to  the  form 
M'^^TaF.  (v.  FluotautaijAtes).  Oxyhaloid  com- 
pounds probably  exist,  but  none  has  been  iso- 
lated with  certainty. 

Tantalum,  nitrides  of.  TaCl;  absorbs  NHj 
at  the  ordinary  temperature ;  by  heating  the 
product  in  NH3,  Joly  (Bl.  [2]  25,  206)  obtained 
an  amorphous,  yellow  solid,  to  which  he  gave 
the  formula  TajN^.  By  heating  this  yellow  soUd 
to  redness  in  very  dry  NH3,  a  black  solid  was  ob- 
tained which,  after  washing  with  water  and 
drying,  had  the  composition  TaN.  This  black 
solid  conducts  electricity  ;  heated  in  air  it  burns 
to  Ta.^Oj ;  NH3  is  given  off  by  the  action  of 
molten  KOH ;  it  is  insoluble  in  acids,  except  in 
a  mixture  of  HFAq  and  HNOjAq  (Joly,  I.e. ;  c/. 
H.  Eose,  P.  100,  166). 

Tantalum,  nitrocarbide  of ;   v.  Tantalum 

CAEBONITRIDE,  p.  639. 

Tantalum,  oxides  and  hydrated  oxides  of. 

The  oxide  Ta.,Oj  has  been  isolated,  and  also  a 
hydrate  of  this  oxide  Ta20j.2H,0,  and  probably 
also  another  hydrate  2Ta203.3H.,0.  The  exist- 
ence of  another  oxide,  TaOj,  is  doubtful. 

Tantalum  pentoxide  Ta^Oj.  (Tantalic  an- 
hydride. Tantalie  oxide.)  The  preparation  of 
this  compound  from  tantalite  is  described  at  the 
the  beginning  of  this  article  under  Preparation 
of  tantalum  (p.  638).  TaoO^is  also  obtained  by  de- 
composing TaClj  by  water,  or  by  adding  H2S04Aq 
to  solution  of  a  tantalate  and  boiling,  and 
then  heating  the  Ta-.O^.-rH^O  thus  ppd.  Ta,.fi^ 
is  a  white  powder ;  it  has  not  been  fused ;  by 
heating  with  boric  acid  or  microcosmic  salt  in  a 
porcelain  oven  it  is  obtained  in  rhombic  prisms 
(Ebelmen,  A.  Ch.  [3]  33,  34 ;  Nordenskjold  a. 
Chydenius,  J.  1860.  145).  S.G.  c.  7-6  (Marignac, 
Ar.  Sc.  1868  ;  Deville,  C.  B.  56,  894).  TajO,  is 
insoluble  in  acids  except  HFAq;  after  being 
very  strongly  heated,  it  is  insoluble  in  HFAq. 
Ta.,05  dissolves  in  molten  alkalis,  also  in  molten 
KHSO4  {v.  Tantalates,  p.  639). 

Hydkates  of  tantalum  pentoxide.  By  de- 
composing TaClj  by  water,  'I!a,„0^.xH..,0  is  ob- 
tained, which,  after  very  thorough  washing  with 
water,  then  with  NHjAq  to  remove  adhering 
HCl,  and  finally  with  water,  and  drying  at  100°, 
gives  off  from  6  to  7'8  p.c.  water  when  heated  to 
redness.  The  formula  2Ta205.3H,0  requires  5-7 
p.c.  HoO,  and  the  formula  TaoO-.H.O  requires 
7-5  Tp.c.  HjO.  It  is  doubtful  whether  one  or  more 
than  one  definite  hydrate  exists  in  this  pp. 
When  SO2  is  passed  into  a  solution  of  NagTasOig 
a  pp.  of  TajOj.aHjO  is  obtained,  which,  when 
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thoroughly  washed  and  dried  at  100°,  is  said 
to  be  TaA-2H0  =  HJa,0,  (H.  Kose,  P. 
100,  417).  Strong' acids,  such  as  H,.SO^,  HNOj, 
and  HCl,  ppt.  TajOj.i'H.O  apparently  in  combi- 
nation with  the  acid  used  as  i^recipitant  from 
solutions  of  alkali  tantalates;  weak  acids  ppt.  in- 
soluble alkali  tantalates. 

Tantalum  DIOXIDE  TaOj.  {Tan  talum  tetroxide 
[Ta,_.0.,].)  The  isolation  of  this  oxide  is  doubtful. 
Berzelius  obtained  a  brown  powder  by  heating 
Ta.;0-,  to  redness  in  a  carbon  crucible  ;  it  was  not 
dissolved  by  any  acids,  not  even  by  a  mixture  of 
HNOjAq  and  HPAq ;  when  strongly  heated  in 
air  it'gave  Ta.O-,  (P.  4,  20). 

Tantalum,  oxyfluoride  of.  The  white  pow- 
der formed  by  decomposing  K.TaP,  by  boiling 
water  may  be  an  oxyfluoride,  according  to 
Blarignac  (A.  Ch.  [4]  9,  276). 

Tantalum,  salts  of.  No  salt  has  been  isolated 
by  replacing  the  H  of  acids,  except  HCl  and  HF, 
by  Ta.  When  alkali  tantalates  are  decomposed 
by  strong  acids  such  as  HCl,  HNO„  or  H._,SOj, 
the  ppd.  TajOj.xHoO  retains  some  of  the  acid 
used  as  precipitant ;  compounds  of  Ta205  with 
these  acids  are  perhaps  formed. 

Tantalum,  sulphide  of.  By  strongly  heating 
Ta^Oj  in  CS_,  vapour,  also  by  heating  to  redness 
a  mixture  of  vapour  of  TaCL,  and  H^S,  a  yellowish 
black  solid  is  obtained,  which  has  the  composi- 
tion TaSo  according  to  Berzelius  (P.  4,  6;  V.  alsoH. 
Eose,  P.  99,  575).  Roasted  in  air,  this  solid  gives 
Ta..,0^;  heated  in  CI  it  produces  TaCl^  and  S.jCL; 
cone.  HNOjAq  oxidises  it  to  Ta.,05.a:H.,0  and 
H^SO,Aq.  TaSj  does  not  combine  with  alkali 
sulphides  (R.,  I.e.) ;  fused  vrith  KOH,  it  forms 
K„S  and  potassium  tantalates.      M.  M.  P.  M. 

"  TARCHONYL  ALCOHOL  C5„H,„,,0  (?).  Ob- 
tained from  the  leaves  of  Tarclionanthus  cam- 
phoratus  by  extracting  with  alcohol  (Canzoneri 
a.  Spica,  G.  12,  227).  Silvery  scales,  insol. 
water  and  ether.  Converted  by  PCI5  into  a 
chloride  [70°]  crystalhsing  in  small  plates  (from 
alcohol). 

TARCONINE  v.  vol.  iii.  p.  496. 

TARNINE  V.  vol.  iii.  p.  497. 

TARTARIC  ACID  C^H,0,  i.e. 
C0,H.CH{0H).CH(0H).C6,,H.  Dextro-tartaric 
acid.  Di-oxy-succinic  acid'.  [135°].  S.G.  1-764 
(Scbiff,  A.  lis,  189)  ;  1-74  (Buignet,  J.  1861, 15); 
1 1-7594  (Perkin).  S.  115  at  0°  ;  132  at  15°  ;  343 
at  100°  (Leidie,  Fr.  22,  269  ;  C.  R.  95,  87  ;  cf. 
Schiff,  J.  1859,  41;  Maisch,  /.  1865,  392). 
S.  (alcohol)  25-6  at  15°.  S.  (ether)  -4  at  15° 
(Bourgoin,_BZ.  [2]  29,  244;  A.  Ch.  [5]  13,  400). 
[a]n  =  15-06  — -ISlp  in  a  p  per  cent,  solution 
(Landolt,  B.  6,  1075 ;  Lippmann,  B.  24,  3300). 
H.F.  372,000  (Von  Reohenberg).  Heat  of  solu- 
tion: -3454  at  9°  (Pickering,  G.  J.  51,  376). 

Occurs  free  or  as  K  or  Ca  salt  in  grape-juice,- 
tamarinds,  unripe  mountain-ash  berries,  madder- 
root,  potatoes,  -Jerusalem  artichokes,  sorrel,  gher- 
kins, mulberries,  pine-apples,  black  pepper,  the 
leaves  of  Ghdidonium  majus,  the  bulbs  of  Scilla 
viaritima,  in  beet-juice,  and  in  many  other 
plants. 

Formation. — 1.  Mostly  together  with  racemic 
acid,  by  oxidation  of  saccharic  acid,  dextrose, 
cane-sugar,  milk-sugar,  starch,  gum  arable,  and 
sorbin  by  nitric  acid  (Dessaignes,  A.  Suppl.  2, 
242 ;  Hornemann,  1863,  381  ;  Kiliani,  A.  205, 
175).— 2.  By  the  action  of  sodium-amalgam  on 
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an  alcoholic  solution  of  oxalic  ether  (Debus, 

A.  166,  124;  G.  J.  24,  376).  The  product  is 
Ijrobably  inactive  tartaric  acid. 

Preparation. — Powdered  chalk  is  added  to  a 
boiling  solution  of  cream  of  tartar ;  the  filtrate 
is  ppd.  by  calcium  chloride,  and  both  pps.  decom- 
posed by  the  proper  quantity  of  boiling  dilute 
H„SO<.  The  filtrate  from  CaSO,,  is  evaporated 
to  crystallisation.  It  may  be  purified  by  satura- 
ting with  CaCOj,  digesting  with  ZnCL,,  and 
decomposing  the  zinc  salt  by  H,S  (Picinus,  Ar. 
Ph.  [3]  14,  310). 

Properties. — Monoclinic  prisms,  with  hemi- 
hedral  facets;  a:6:c  = -785:1: -805  ;  j8=79°  43'. 
Dextrorotatory,  the  rotation  being  dependent  on 
the  concentration  of  the  solution,  and  being  also 
greatly  affected  by  the  presence  of  alcohols,  acids, 
and  other  substances  in  the  solution  (Landolt, 

B.  13,  2329  ;  Biot,  /.  1850,  169  ;  Pribram,  M.  9, 
485  ;  B.  22,  6 ;  Long,  Am.  S.  36,  351 ;  Thomsen, 
J.  pir.  [2]  35,  145).  Sodium  molybdate  in  the 
proportion  of  Na.,MoO,  to  2CjH,.0^  increases  the 
rotation  37  times,  while  ammonium  molybdate 
(1  mol.)  increases  the  rotation  of  tartaric  acid 
(3  mols.)  56  times  (Gernez,  C.  B.  104,  783 ;  105, 
803).  Lithium  and  magnesium  molybdate  also 
increase  the  rotation.  Sodium  tungstate  also  in- 
creases the  rotation,  the  maximum  efiect  being 
22  times  (Gernez,  C.  R.  106,  1527  ;  108,  942). 
Crystals  of  tartaric  acid  are  strongly  iiyro-electric. 
An  aqueous  solution  of  tartaric  acid  is  ppd.  by 
baryta,  lime,  and  lead  acetate.  Potassium  salts, 
when  the  solution  is  not  too  dilute,  form  a  crys- 
talline pp.  of  KCiHjOg;  the  formation  of  the 
pp.  being  promoted  by  rubbing  the  sides  of  the 
vessel  with  a  glass  rod  and  by  the  addition  of 
alcohol.  CaClo  ppts.  CaA'„  from  neutral  solutions 
of  tartrates  ;  the  ppn.  is  hindered  by  ammonium 
salts.  Calcium  tartrate  dissolves  in  KOHAq  and 
is  re-ppd.  in  gelatinous  form  on  boiling.  Reduces 
ammoniacal  AgNOj,  forming  a  mirror;  the  solu- 
tion then  contains  oxalic  acid  (Glaus,  B.  8,  950). 
Tartaric  acid  prevents  the  ppn.  by  alkalis  of  the 
oxides  of  Al,  Bi,  Ni,  Co,  Cr,  Cu,  Fe,  Pb,  Pt,  and 
Zn,  even  on  boiling  (Aubel  a.  Ramdohr,  A.  103, 
33  ;  Grothe,  J.  pr.  92,  175).  1  mol.  acid  pre- 
vents the  ppn.  of  1  mol.  Cu(OH).,.  A  solution  of 
tartaric  acid,  coloured  by  a  drop  of  K^CrO^, 
gradually  becomes  colourless  (difference  from 
citric  acid)  (Salzer,  B.  21,  1910).  A  saturated 
solution  of  potassium  bichromate  is  slowly  turned 
coffee-brown  by  tartaric  (but  not  by  citric)  acid 
(Cailletet,  C.  C.  1879,  14).  Boiling  alkaline 
KMn04  is  turned  green,  and  finally  brown,  by 
tartaric  acid,  but  only  green  by  citric  acid.  De- 
colourises KMuO^  in  acid  solution.  WhenH.SO, 
is  present,  twice  as  much  KMnO,,  must  be  added 
to  produce  a  permanent  red  colour  as  when  it  is 
absent,  for  in  the  latter  case  MnC^H^O,;  is  formed 
(Fleischer,  B.  5,  350).  Tartaric  acid  gives  an 
odour  of  burnt  sugar  when  heated  till  carbonised. 
A  crystal  added  to  cone.  H0SO4  containing  1  p.c. 
resorcin  gives  a  red  colour  on  warming  (differ- 
ence from  citric  and  maleic  acids)  (Mohler,  Bl. 
[3]  4,  728). 

To  detect  small  quantities  of  tartaric  acid  in 
presence  of  citric  acid.  Add  about  1  g.  citric 
acid  to  a  20  p.c.  solution  of  molybdate  of  am- 
monia (1  c.c),  then  two  or  three  drops  of  a  dilute 
solution  of  HoO.,,  and  heat  for  three  minutes  on 
the  water-bath.    If  the  citric  acid  is  pure  the 
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solution  remains  yellow.  If  O'l  p.c.  or  more  of 
tartaric  acid  is  present,  the  liquid  become  blue 
(Crismer,  Bl.  [3]  6,  23). 

Reactions. — 1.  Melts  at  135^,  changing  to 
the  isomeric  metatartaric  acid.  The  metatar- 
taric  acid  may  be  reconverted  into  tartaric  acid 
by  boiling  with  water  (Grosjean,  C.  J.  43, 334). — 
2.  At  140°-150°  water  is  eliminated  and  ditar- 
trylic  acid  CgHijO,,  is  formed.  On  further 
heating  soluble  tartaric  anhydride  (tartrelic 
acid),  and  then  insoluble  tartaric  anhydride,  are 
formed.  On  further  heating  the  products  of 
distillation  (from  250  g.)  are  pyruvic  acid  (9  g.), 
pyrotartaric  acid  (2  g.),  formic  acid  ('4  g.),  resins, 
aldehydes  and  volatile  acids  (2  g.),  and  tarry 
bodies  (3  g.)  (P.  Liebermann,  B.  15,  428). 
'  Dipyrotartracetone  '  Cfi^fio  (230°),  a  colour- 
less liquid,  with  aromatic  odour,  is  among  the 
products  of  the  distillation  of  tartaric  acid.  It 
combines  with  bromine  (Bourgoin,  C.  R.  86, 
674).— 3.  By  heating  tartaric  acid  (10  pts.)  with 
water  (1  pt.)  at  175°  it  is  converted  into  racemic 
acid  and  inactive  tartaric  acid.  At  165°  there 
is  a  greater  yield  of  the  inactive  acid  (Jung- 
fleisch,  J.  1872,  515).  Heated  with  more  water 
at  150°  it  yields  CO,  and  pyrotartaric  acid 
(Wedard,  G.  C.  1888,'  889).— 4.  Potash-fusion 
yields  acetic  and  oxalic  acids. — 5.  Oxidation  by 
CrOs,  KMnO„  PbO^  or  MnO.,,  and  H,S04  yields 
CO2  and  formic  acid.  The  rate  of  oxidation  has 
been  studied  by  Krutwig  (Z.  P.  C.  2,  787).  By 
slow  oxidation  by  HNO3  tartronic  acid  may  be 
obtained. — 6.  Reduced  by  HI  and  P  to  malic 
and  succinic  acids. — 7.  PCI5  forms  chloro-fumaric 
chloride. — 8.  FeSOj  at  100°  yields  iso-arabic 
acid  CsHjoOs,  a  thick  dextrorotatory  syrup, 
[a]i,  =  20°,  yielding  the  salts  CaA'„  9aq,  CajOA'oSaq, 
PbA'„,  and  Pb.,A'o02  (Ballo,  B.  22, 750).— 9.  CfeZomZ 
forms  CsHiCljOs  [124°],  crystallising  from  chloro- 
form in  small  needles,  insol.  water,  sol.  warm 
alcohol  and  ether  (Wallach,  A.  193, 46).— 10.  On 
submitting  tartaric  acid  to  electrolysis  and  treat- 
ing the  syrupy  mass  with  phenyl-hydrazine, 
glyoxal-osazone  [160°]  and  glyoxal-carboxylic 
osazone  [218°]  are  obtained  (Friedel  a.  Combes, 
Bl.  [3]  3,  770).— 11.  On  adding  powdered  tar- 
taric acid  to  fused  glucose  tartaric  glucoside  is 
obtained  (Guyard,  Bl.  [2]  41,  291 ;  cf.  Berthelot, 
A.  Ch.  [3]  54,  78). — 12.  m-Amido-bemoic  acid  a,t 
160°  forms  '  tartrylo-dibenzamic '  acid  CigHigNjOg 
i.e.  (C02H.C6H,.NH.CO).,C2H2(OH).,,  a  colourless 
powder,  insol.  water,  sol.  hot  alcohol.  Its 
alkaline  salts  form  yellow  solutions  in  which 
Cu(0Ac)2  ppts.  C,8H„(CuOH)2N,08.  On  heating 
to  190°  it  yields  the  anhydride  CjsHnNjO,,  a 
greenish-yellow  powder,  converted  by  an  alco- 
holic solution  of  aniline  into  tartranil  dibenzamic 
CO 

acid        <^02H.CbH4.N<;^jj  (-jjj^Qg^  (.Qj^jjpj^ 

[200°]  (Schiff,  A.  232,  156  ;  G.  16,  28).  Another 
product  of  the  action  of  tartaric  acid  on  m- 
amido-benzoie  acid  is  '  tartryl-benzamic  '  acid 

C02H.CH(0H).CH(0H).C0.NHC,H,.C0„H, 
which  crystallises  from  water  in  pale-yellow 
aggregates,  yields  an  acetyl  derivative  and  an 
anhydride  ' tartranbenzamic '  acid  C,,HgNO„, 
crystallising  from  water  in  green  plates,  forming 
C,,H;BaNOs  and  C,,H,CuNOe,  and  converted  at 
210°  in  '  benzamtartridic  '  acid  by  dehydration. 
A  warm  alcoholic  solution  of  aniline  converts 
'  tartranbenzamic  '  acid  into  'tartranilbenzamic' 


acid  [245°],  which  yields  an  acetyl  derivative 
[198°].  '  Tartryl-benzamic  '  acid  heated  with  dry 
amido-benzamide  at  140°  forms  the  compound 
C,H,(OH)„(CO.NH.C,H,.CONH2)2,  a  white 
powder,  insol.  water,  si.  sol.  alcohol,  and  yield- 
ing C.sHijCuNjO,  aq.— 13.  Glycerin  at  100° 
yields  the  compounds  C3H5(OH)„.O.CjH505  and 
C3H5(OH)(OC^H.O.),  (Desplats,  'j.  1859,  500). 
Glycerin  at  140°  gives  C,,H|jO|„  and  CijHjjO,,. — 
14:.  Erythrite  at  100°  forms  C,„H,sO,4,which  gives 
Ca3(C„H,50„)„3aq  (Berthelot,  A.  Ch.  [3]  54, 84). 
15.  Qucrcite  at  120°  forms  C.„H320;,  which  gives 
CajCj^H^^O,  2aq.  —  16.  PinUe  at  120°  forms 
CjoHjsOjs,  which  gives  Ca3C3„H3„035. — n.Mannite 
at  120°  forms  C3„H3i;035,  which  yields 
Mg,04(C3„H3o035)  30aq  and  Ca3C3„H3„035  6aq.— 
18.  Diilcite  forms  CnHjdOij,  which  gives 
Ca(C,4H,gO,5)2  4aq.  —  19.  PJienyl  hydrazine 
(2  mols.)  at  140°  forms  Ci^HisN^Oi  i.e. 
C2H,02(CO.N2H„Ph)2[226°]  (Billow,  A.  236,196) ; 
[c.  240°]  (Fischer  a.  Passmore,  B.  22,  2734), 
crystallising  from  alcohol  in  plates. 

Estimation. — Methods  for  estimating  tartaric 
acid  have  been  described  by  Scheurer-Kestner, 
C.  R.  86,  1024  ;  Berthelot,  Fr.  3,  216  ;  Vogel  a. 
Braun,  Fr.  7,  149  ;  Kissel,  Fr.  8,  409  ;  Fleischer, 
Fr.  12,  328  ;  Oliveri,  G.  14,  453  ;  Piccard,  Fr. 

21,  424;  C.  Schmitt  a.  Hiepe,  Fr.  21,  539; 
Amthor,  Fr.  21,  195  ;  Nessler  a.  Barth,  Fr.  21, 
60;  22,  159;  Kayser,  Fr.  22,  123;  23,  29; 
Musset,  Fr.  24,  279;  Ferrari,  Fr.  24,  279; 
Warington,  C.  J.  28,  25  ;  Grosjean,  C.  J.  35, 
341 ;  Klein,  Fr.  24,  379 ;  Borntrager,  Fr.  25, 
327  ;  26,  699  ;  Gantter,  Fr.  26,  714  ;  Von  Lorenz, 
Fr.  27,  8  ;  Philips,  Fr.  29,  577  ;  Goldenberg,  Fr. 

22,  270  ;  Heidenhain,  Fr.  27,  681 ;  Weigert,  Fr. 

23,  367  ;  Haas,  C.  C.  1888,  1045 ;  Ward,  Ph. 
[3]  19,  380. 

Salts  (Berzelius,  P.  19,  305 ;  36,4;  A.Ch. 
[2]  67,  303  ;  Werther,  /.  pr.  32,  383  ;  Dumas  a. 
Piria,  A.  Ch.  [3]  5, 353 ;  De  la  Provostaye,  A.  Ch. 
[3]  3,  129).— (NH,).,A".  [a]i,=  33-7°  in  a  1-2  p.c. 
solution  (Sonnenthal,  M.  12,  603).  Efflorescent 
monoclinic  prisms,  v.  sol',  water  ;  a:b:c  = 
•868:l:l-244a  =  88°9'.  Give  off  NH3  in  air.  Yield 
succinic  acid  on  fermentation  (Koenig,  (?.11,180). 
— (NH4)HA".  [a]i>  =  25-7°  (Landolt).  Minute 
[  laminse,  si.  sol.  cold  water.  Forms  with  ammonium 
'  malate  (NH4)HA"(NHj)C,H505,  crystallising  m 
!  prisms,  S.  9  (Pasteur,  J.  1853,  415).— K„A"J;-aq. 
[a]D  =  25-5°  in  a  2  p.c.  solution.  S.  133  at"2° ; 
158  at  23°  (Osann).  V.  si.  sol.  hot  alcohol. 
Monoclinic  crystals  ;  a:6:c  =  •402:1:1-109  ; 
o  =  75°12'.— KHA".  Cream  of  tartar.  [a]i,  =  22° 
in  a  '4  p.c.  solution.  100  g.  solution  contain 
•369  + -000569!;-  grammes  at  t°  (Blarez,  C.  B. 
112,434,808).  S. -25  at  0°; -4  at  10°; -55  at  20°; 
I  1-13  at  40°  (Chancel,  C.  R.  60,  408;  c/.AUuard, 
C.  R.  59,  500).  Obtained  by  crystallisation  of 
argol,  which  is  deposited  during  vinous  fermen- 
tation. Trimetric  crystals;  a:6;c  = -712:1: -737. 
Insol.  alcohol.- Na^A"  2aq.  [a]^  =  31°  in  a  1  p.c. 
solution  (Sonnenthal ;  cf.  Thomsen,  J.  pr.  [2] 
34,  80 ;  35,  145).  S.  29  at  6° ;  44  at  24° ;  66 
at  42-5°  (Osann).  Trimetric  prisms ;  a:bx 
=  •770:1: -337.  V.  sol.  hot  water,  insol.  alcohol. 
— NaHA".  [a]D  =  24-3°  in  a  1-3  p.c.  solution  (S.). 
— NaHA"aq  (Dumas  a.  Piria,  A.  44,  80).  S.  11 
in  the  cold;  55  at  100°.  Minute  crystals,  \vith 
hemihedral  facets.  Insol.  alcohol.  —  Li^A". 
[a]a  =  37-5°  in  a  -7  p.c.  solution  (S.).  Deliques- 
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cent. — LiHA"  IJaq.  Small  crystals,  v.  sol.  water 
(Dulk,  Schw.  J.  64,  180,  193;  A.  2,  47).— 
IjiHA"aq.— LijH.A"4Te0  2aq.  Needles  (Klein, 
A.  Ch.  [6]  10,'  118  ;  C.  R.  102,  47).  — 
Hydroxylamine  salt  (NH40)„A".  Very  thin 
plates  (Lossen,  A.  &yJiJZ.6,  2.33).— NH,NaA"4aq. 
Trimetric  crystals,  with  hemihedral  facets,  iso- 
jmorphous  with  KNaA"  4aq  ;  a:b:c  =  •823:1:  -420. 
[o]j  =  26°.  [o]d  =  32-7°  (Landolt).  S.  26  at  0° 
(Pasteur,  J.  1849,  309).  —  LiNaA"  2aq.  — 
Na,A",,TeO  2aq.  —  K,A"TeOaq.  —  (NHJKA". 
Monociinic  crystals,  isomorphous  with  K,A". 
Give  off  NH.,  in  air.  V.  sol.  water.  [o]d  =  31° 
(L.). — KLiA"aq. — KNaA"4aq.  Bochelle  salt. 
S.  30  at  3°,  66  at  26°  (Osann).  Heat  of  solution 
-  6290  at  15°.  The  heat  of  solution  of  KNaA" 
is  -2989  (Pickering,  C.  J.  51,  351).  Large 
trimetric  prisms,  with  hemihedral  facets.  Melts 
at  70°-80°  in  its  water  of  crystallisation,  and 
becomes  anhydrous  at  215°  (Fresenius,  A.  53, 
234).  [a]i,  =  29-7°  (L.).  Molecular  rotation: 
Long,  Ajn.  S.  36,  351.— KA'^TeO  (dried  at 
100°). — EbHA".  Trimetric  prisms,  isomorphous 
with  the  c£esium  salt;  a:6:c  = -726:1: -695  (J.  P. 
Cooke,  Am.  S.  [2]  37,  70).  S.  1-18  at  25°  ;  11-7 
at  100°  (Allen,  Am.  S.  [2]  34,  367).— NaEbA"4aq. 
Isomorphous  with  Rochelle  salt  (Piccard,  1862, 
125).— Cs.,A".  Trimetric  prisms.  S.  10  at  25°  ; 
100  at  100°.— TLA"  laq.  [a]  =  4-8°  in  a  5  p.e. 
solution  at  20°.  SI.  sol.  water  and  alcohol. — 
TIHA".  [a]  =  12°  in  a  1  p.c.  solution  at  20°. 
Small  fiat  prisms  (De  la  Provostaye,  A.  Ch.  [3] 
3,  129  ;  Kuhlmann,  J.  1862,  188).— TlNaA"4aq. 
At  20°  [a]  =  0°  in  a  5  p.c.  solution  and  6-5°  in 
.a  20  p.c.  solution.— TlLiA"aq.    [a]  =9-5°  in  a 

5  p.c.  solution  at  20°.— TIKA".    [a]  =  10°  in  a 

6  p.c.  solution  at  20°.— T1(NH,)A".  [a]  =  10° 
in  a  5  p.c.  solution  at  20°. — BaA".  White 
amorphous  pp.,  becoming  crystalline.  S.G.  ~i 
2-973  (Clarke,  Am.  2,  174).— BaA" aq  (Dulk). 
S.  (amorphous)  1-2  ;  (crystalline)  -077  (Vogel  a. 
Eeischauer,  rJ.  1859,  288).  K,BaA"2  2aq.  Pow- 
der, si.  sol.  water. — Na^BaA",  2aq.  Needles,  si. 
sol.  water,  more  soluble  in  a  solution  of  Eochelle 
salt.  Ppd.  on  mixing  a  solution  of  Eochelle 
salt  with  Bad,.— BaA"TeO  (dried  at  100°).— 
SrA"  4aq.  Monochnic  prisms.  S.  •!  at  16°.  S.G. 

1-966  (Clarke).— SrA"  3aq  (Marignae,  Arm.  M. 

[5]  15,  280).— (NH,)„SrA"a2aq.  Thin  plates.— 
K,,SrA"2aq.— Na,,SrA"a-aq.— CaH.,A".,.  S.  -71  at 
15-6°.  Trimetric  crystals. — CaA"  4aq.  Occurs 
in  grapes.  Ppd.  as  white  crystaUine  powder  on 
adding  CaCl„  to  a  solution  of  K.A".  Small  tri- 
metric prisms.  a:b:c  =  -872:1:  -908  (Anschlitz,  A. 
226,  191).  S.  -016  at  15°  :  -3  at  100°  (Mohr, 
1865,  393).  Forms,  with  calcium  malate,  the 
double  salt  CaA"CaC^H405  6aq,  crystallising  in 
needles,  S.  1-25  at  17°  (Ordonneau,  Bl.  [3]  6, 
262).— MgA"4aq.  S.  -8  at  16°.  [a]i,  =  36°.— 
MgjC^H,,0, 3aq.  S.  -024.  Ppd.  by  adding  NH, 
to  a  solution  of  MgA"  (Mayer,  A.  101,  166).— 
MgNa^A-'aOaq.— MgK„A"8aq.— MgH^",.  S.  2 
at  16°.-BeA"3aq  (Atterberg,  Bl.  [2]  21,  162).— 
BeK„C<H..O,,  3aq.  Prisms  (Toczyuski,  Z.  1871, 
277).— K(SbO)A"iaq.  Tartar  emetic.  Prepared 
by  boiling  Sb.,03  (3  pts.)  with  cream  of  tartar 
(4  pts.)  and  water.  Oetahedra  ;  a:b:c 
=  -956:1:1-054.  [a]  =  141°  in  a  4  p.c.  solution  at 
20°.  S.G.  2-6.  Efflorescent.  At  200°  it  be- 
comes K(SbO)C,H,0,.    S.  5  at  8°  ;  8  at  21°  ;  52 


at  100°.  -05  to -Ig.  produce  vomiting.  Its  solu- 
tion reddens  litmus,  and  gives  a  crystalline  pp. 
of  K(SbO)A"  with  alcohol.  Its  solution  is  ppd. 
by  mineral  acids,  by  alkalis,  and  by  H^,S.  HgCI. 
is  reduced  by  it  to  calomel.  Heat  of  formation  : 
Guntz,  G.  Pi,.  104,  699.  Volumetric  estimation 
of  Sb  in  tartar  emetic  (Dunstan  a.  Boole,  Ph.  [3] 
19,  385).  — K(SbO)A"H,A"2iaq.  Efflorescent 
prisms.  Alcohol  added  to  its  aqueous  solution 
ppts.  tartar-emetic,  leaving  tartaric  acid  in  solu- 
tion (Knapp,  A.  32,  76).— K(SbO)A"3KHA". 
Mammellated  groups  of  needles,  v.  sol.  water. — 
j  (K(SbO)A"),NaNO,  (Martenson,  1869,  539).— 
Na(SbO)A"  iaq.  Trimetric,  hygroscopic  prisms ; 
a:6:c  = -922:1:1-08.  —  (NajA")32Sb(OH),3aq. 
Amorphous,  v.  sol.  water  (Clarke  a.  Evans,  B.  16, 
2385).  —  NH,(SbO)A"4aq.  —  NH,(SbO)A"2iaq 
(Berhn,  A.  64,  359).— Eb(SbO)A"  iaq.  Isomor- 
phous with  tartar-emetic  (Grandeau,  A.  Ch.  [3] 
67,  155).— Tl(SbO)C^HAaq.  [a]  =  100°  in  a 
2  p.c.  solution  at  20°  (Long,  A7n.  S.  [3]  38,  264). 
— Ag(SbO)A"aq.  Crystals  (J.  P.  Cooke,  Am.  S. 
[3]  19,393).— Ba(SbOA")„2iaq.—Cd(SbOA")2aq. 
Converted  at  200°  into  Cd'(SbOC^H,.0,).,  (Schiff, 

A.  104,  328).  —  (Ca(SbOA"),)^Ca(N63),,24aq. 
Crystallises  from  a  solution  of  tartar-emetic 
mixed  with  calcium  nitrate  in  trimetric  forms 
(Marignae,  Ann.  M.  [5]  15,  280).— Sr(SbOA"),. 
Hexagonal  crystals.  —  Sr2(SbOA")„(N03)2 12aq. 
Very  soluble  crystals  (Kessler,  P.  75,  410). — 
Pb(SbOA"),4aq.  —  Be3Sb,(C,H,0,.)3.  — 
Sb(HA")34aq.  Needles,  v.  sol.  water  (C.  a.  E.). 
— Sb.,A"3  0aq. — (SbO)HA"aq  (Clarke  a.  Stallo, 

B.  13,  1788).— (SbO)HA"  (Guntz,  C.  R.  104, 
850).— CjH.O^SboOjaq.  Vi^hite  granular  pp., 
formed  by  adding  alcohol  to  a  solution  of  SboO,, 
in  aqueous  tartaric  acid  (Berzelius).  Converted 
by  heat  into  SbOC^H.O,.— (C,H,0„),Sb,.036aq 
(Pehgot,  .4.  Ch.  [.3]  20,  289).— (C,H30,i)..Sb.,0, 
(dried)  (P.).  —  (C,H,0,).,Sb.,0,H..O.  Crystals 
(Guntz,  .4.  Ch.  [6]  13,  396).— Berberine  salt 

C.  ,„H„NO,(SbO)A"  (Stenhouse,  /.  1863,  452).— 
Brucine  salt  C,.,H.,-N,0(SbO)A".— Quinine 
salt  C,„H,,5N,0,(SbO)A"  (Clarke,  B.  15,1540).— 
Atropine  salt  C,.H.^N03(SbO)A" 2aq. — Ani- 
line salt  CjH.N(SbO)A".  Long  white  prisms. 
S.G.  1-89  at  '11°.— NH,(AsO)A"Jaq.  Large 
efflorescent  trimetric  crystals ;  a\b:c  =  -876:1:  -694. 
Got  by  dissolving  As.,0.,  in  NH,,HA"  (Mitscher- 
lich ;  Werther,  J.pr.  32i  409).— K(AsO,,)A"  2iaq. 
Got  by  dissolving  arsenic  acid  in  a  solution  of 
cream  of  tartar  (Pelouze,  A.  Ch.  [3]  6,  63). — 
(Sr(AsOA"),)oNHjN03l2aq.  Large  trimetric 
crystals  (Marignae). — Bi;A"3  6aq.  Small  crys- 
tals, decomposed  by  water  (Schneider,  P.  88, 
55).— K(BiO)C,H,.0„  (Schwarzenberg,  A.  61,  244). 
— Bi.,K(BiO)(C,H.,0,).,  (Frisch,  J.  1866,  401).— 
K(B6)A"  (dried  at  i00°).  Potassium  borotar- 
trate.  Amorphous  mass,  v.  sol.  water,  insol. 
alcohol.  At  100°  it  becomes  K(BO)CjH,0-,. 
Purgative,  [a]  =  58°  in  a  20  p.c.  solution  at  20^. 
— K..(BO)C,H,0„--K,(BO).AHA,-— Na(BO)A". 
— Na,.(B0)C,H30e.— Na„(Bb)„C^H„Os  (Duve,  /. 
1869,   540).   —    K,,(B6).,CjH.,0,Na(B0)A".  — 

j  Ba(B0)C^H30,.— Ba(BO),C,H,0,-— PbA".  S.G. 

I       4-012  (Clarke,  Am.  2, 174).  White  crystalline 

pp.,  V.  sol.  HNO3.— Pb  .CjH  .Oj  aq  (Erdmann,  A. 

21,  14).  Insol.  water,  v.  sol.  KOHAq.  — 
;  Pb3(C,H30„)„.  —  Ce.A",  9aq  (?).  —  Th„K,.A"3.  — 
I  CuA"3aq.  S. -06  in  the  cold  ;  -3  at  100°.  Light- 
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green  powder.-  CuA"4NH3  (Schifi,  A.  123,  46). 
— (H(NH,)A").,(HgO)33H20  (Harff,  Brandes' 
Arch.  5,  259  ;  Burckhardt,  ibid.  [2]  11,  257).— 
(KHA")4HgCL6aq.-K2NiA"2  (dried  at  110°). 
Efflorescent,  apple-green  crystalline  powder 
(Fabian,  A.  103,  248).— CoCl(HA"),5NH3  2Aaq 
(Jorgensen,  J.  pr.  [2]  18,  239).— ZnA"2aq 
(Schiff,  A.  125,  146).— Zn^CiKPsAaq.  Powder, 
insol.  water. — Cr(OH) A".  Violet  flakes,  turning 
dark-blue  over  H^SO^  (Schiff,  A.  125,  145).  At 
220°  it  yields  CrC,H.,Oe.— K(CrO)A"3iaq  (Mala- 
guti,  C.  R.  16,  457).— (UrO„)A"3aq  (P61igot,  A. 
66,  231).  —  K„(UrO.)A"2  '(dried  at  200°).— 
(SbO)2(UrO„)A"„  8aq.— SnA".  Minute  crystals. 
-  -K(FeO)A"4  or  5aq.  Prepared  by  digesting 
cream  of  tartar  with  water  and  Fe(0H)3.  Brown 
scales,  red  by  transmitted  light.  Acids  ppt.  from 
its  solutions  a  basic  salt,  sol.  excess.  — 
NH^(FeO)A"4  (or  5)  aq.  —  Fe^^'V  —  FeA". 
Formed  by  boiling  tartaric  acid  with  water  and 
iron  wire  (M6hu,  N.  J.  P.  40,  267).  Minute 
crystalline  powder.  S.  -877  at  15-6°  (Dulk,  A. 
2,  62).— K(MnO)A"4aq  (Descamps,  Z.  1870, 
317). — AgjA".  Amorphous  curdy  pp.  got  by 
adding  AgNOj  to  a  cold  solution  of  Eochelle  salt. 
Crystallises  from  a  warm  solution  in  white 
scales.  Nearly  insol.  water.  Its  ammoniacal 
solution  deposits  Ag  on  warming  (Liebig  a.  Eed- 
tenbacher,  A.  38, 132  ;  Erdmann,  J.  pr.  25,  604). 
— AgHA"  (Perkin,  C.  J.  51,  369).  MonocHnic 
tables. 

Ethylene-diamine  salt 
GiBifi^(N„B.eC.M,).    Dextrorotatory.  Leaflets, 
V.  sol.  water.    The  acid  salt  is  si.  sol.  water,  S. 
3  at  15°,  and  the  solution  is  dextrorotatory 
(Colson,£Z.  [3]  7,  808). 

Mono-methyl  ether  MeHA".  Formed  by 
boiling  tartaric  acid  with  MeOH  (Gu6rin,  A.  22, 
248).  Prisms.— KMeA".—BaMe2A".,aq  (Dumas 
a.  P61igot,  A.  Ch.  [2]  61,  200;  [3]  5,'373). 

Di-methyl  ether  Me.,A".  [48°].  (280° 
i.V.).  S.G.  (liquid)  1-340.  [a]i,  =  2-454  at  18° 
(Anschiitz  a.  Pictet,  B.  13,  1176;  18,  1399); 
=  2-14  (Phillips  a.  Guye,  C.B.  110,  714).  Yields 
an  acetyl  derivative  [103°]  \a\-o  =  —14°  and  adi- 
benzoyl  derivative  [o]d=  —88-8°. 

Mono- ethyl  ether  EtHA".  [90°]. 
Formed  by  dissolving  tartaric  acid  in  boiUng 
alcohol  (G. ;  Marian,  N.  J.  T.  13,  2, 43  ;  Tromms- 
dorff,  N.  J.  T.  24,  1,  11 ;  Gu6rin,  A.  Ch.  [2] 
62,  67).  Very  deliquescent  prisms. — NaEtA". 
Powder,  si.  sol.  alcohol  (Mulder,  B.  8,  370).— 
KEtA".  S.  106°  at  23-5°.  Colourless  trimetric 
prisms  ;  a:6:c  =  -288:1: -417.— Ca(EtA")2  5aq.— 
Ba(EtA")2  2aq.  S.  38  at  23°  ;  128  at  100°.— 
Pb(EtA")2.— Cu(EtA"),,  6aq.  Blue  silky  efflores- 
cent needles. — AgBLA".  Prisms. 

Di-ethyl  ether  Et^A".  (280°  i.V.) ;  (233° 
cor.  at  197  mm.).  S.G.  if  1-2097;  If  1-2019. 
[a]D  =  9  at  18°  (Anschutz  a.  Pictet,  B.  13,  1176) ; 
7-22  at  12°;  8-02  at  20°  (Perkin,  C.  J.  51, 
363).  M.M.  8-766  at  14-8°.  Liquid  miscible 
wth  water  (Demondesu-,  A.  80,  301).  Sodium 
forms  C02Et.CH(ONa).CH(OH).C02Et  and 
C0„Et.CH(0Na).CH(0Na).C02Et,  the  latter 
being  converted  by  EtCl  into  a  deposit  and  a 
liquid,  part  of  which  is  soluble  in  alcohol  and 
ether  and  part  insoluble  in  alcohol  and  ether 
(Mulder,  B.  T.  C.  8,  375;  9,  238;  10,  171;  cf. 
Cohn,  B.  20,  2003).  The  soluble  product  mixed 
with  alcoholic  CuCL  and  poured  into  water  forms 


a  pp.  crystalhsing  in  light-green  needles,  sol. 
alcohol  and  ether,  insol.  water  and  CuCuHojOn. 
Tartaric  ether  is  converted  by  treatment  with 
gaseous  HCyO  into  aUophanyl-tartaric  ether 
NH:2.CO.NH.CO.O(C^H3Et,05)  [188°],  which  is 
m.  sol.  hot  water  and  alcohol. 

Acetyl  derivative  of  the  ether 
C02Et.CH(0Ae).CH(0H).C0JEt.    Formed  from 
the  ether  and  AcCl,  the  mixture  becoming  hot 
(Perkin,  G.  J.  20, 146).  Heavy  oil,  si.  sol.  water, 
insol.  saline  solutions.    Neutral  to  litmus. 

Di-acetyl  derivative  of  the  ether 
CO.,Et.CH(OAc).CH(OAc).CO.,Et.  [67°].  (292°) 
(Pictet,  jS.  14, 2790) ;  (230°  at  100  mm.).  Formed 
by  heating  tartaric  ether  with  AoCl  at  100°(Perkin ; 
WisUcenus,  A.  129,  187).  Prisms  (from  water), 
V.  si.  sol.  water.    Slowly  saponified  by  KOHAq. 

Acetyl-beneoyl  derivative  of  the 
ether  C02Et.CH(OAc).CH(OBz).CO,J5t.  Formed 
by  heating  the  mono-benzoyl  derivative  of  the 
ether  with  AcCl  at  150°  (Perkin).    Heavy  oil. 

Mono-benzoyl  derivative  of  the 
ether  C02Et.CH(0H).CH(0Bz).C0JEt.  [64°]. 
Formed  by  heating  the  ether  with  BzCl  at  100°. 
Prisms,  si.  sol.  hot  Aq.  Saponified  by  alcoholic 
potash  yielding  C.,H2(0H)(0Bz)(C0.,Et).C0.,K, 
C,H,(0H)(0Bz)(C0.,k)2,  and  finally,  potassium 
tartrate.  C,H.(OH)(OBz)(C02Et).C02H  forms 
tufts  of  needles,  si.  sol.  water. 

Di-henzoyl  derivative  of  the  ether 
[a]i,=  -60°  (Phillips  a.  Guye,  C.  B.  110,  716). 

Di-n-propyl  ether  Pr,A".  (303°  i.V.). 
S.G.  ^  1-1392.  [a]c  =  13-77  at  18°  (A.  a.  P.) ; 
=  12-44  (P.  a.  G.). 

Di-isopropyl  ether  Pr^A".  (275°).  S.G. 
22  1-130.  [a]i,  =  14-89  at  20°  (Pictet,  J.  1882, 
856).  Liquid. 

Di-isobutyl  ether  (Pr.CH.,).A.".  [68°]. 
(324°).     S.G.  1-015.     [o]d="19-9°  (P.). 

Yields  a  dibenzoyl  derivative  [a]D=  —42°. 

Isoamyl  ether  (C5H,,)HA".  Formed  by 
digesting  tartaric  acid  (160  pts.)  with  isoamyl 
alcohol  (88  pts.)  at  130°  (Balard,  A.  Ch.  [3]  12, 
309 ;  Breunhn,  A.  91,  314).  Nodular  mass,  with 
very  bitter  taste. — KC5H,,A"aq.  Crystalline. — ■ 
NaC^H.iA".  Nodules.  —  Ba(C,H„A")2  2aq  : 
pearly  plates  (from  water). — Pb(C5H|,A")„. — 
Ca(C,H„A")„.— AgCiHi.A".    Tufts  of  needles. 

Bi  -acetyl  derivative  C^H.^^O^  i.e. 
C0„H.CH(0Ac).CH(0Ac).C02H.  [0]^=  -23-14 
(Phillips  a.  Guye,  G.  B.  110,  716).  Formed 
slowly  from  the  anhydride  by  the  action  of  water. 
Hard  deliquescent  crystals  (containing  3aq),^ 
melting  at  68°.  V.  sol.  water,  alcohol,  and  ether, 
si.  sol.  benzene.  Lffivorotatory.  Its  salts  form 
lasvorotatory  solutions  (Colson,  Bl.  [3]  7,  806 ; 
C.  B.  114,  417).  Converted  into  tartaric  acid 
by  hot  KOHAq. — KHA"  :  crystalline  powder. — 
BaA"  :  slender  dehquescent  needles. — CaA". — 
CuA". — Ag,A":  white  crystalline  mass. — 
Ethylene'-diamine  salt  C8H808(N2HeC2HJ. 
Lsevorotatory.    V.  sol.  water. 

Anhydride  of  the  di-acetyl  deriva- 
tive CsH^O,.  [127°].  Formed  by  heating  tar- 
taric acid  with  AcCl  (Ballik,  Sitz.  W.  29,  26 ;. 
Pilz,  Sitz.  W.  44  [2]  7  ;  Perkin,  C.  J.  20,  149). 
Slender  needles  (from  benzene).  Dextrorota- 
tory. 

Benzoyl  derivative  C^-^^fi^  i.e. 
C02H.CH(OH).CH(OBz).C02H.      Formed  by 
heating  tartaric  acid  with  benzoic  acid  at  150® 
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(Dessaignes,  /.  Ph.  [3]  32,  47).  Minute  crystals, 
V.  sol.  water,  si.  sol.  alcohol. — AgjA" :  white  pp. 

Di-h  emoyl  derivative  C,sH,,08  i.e. 
CO,H.CH(OBz).CH(OBz).CO.H.  [90°]. 
[a]])  = —116°  in  alcohol.  Formed  by  dissolving 
its  anhydride  in  hot  water.  Needles  (contain- 
ing aq).  Converted  by  heat  into  a  crystalline  sub- 
stance melting  at  132°. 

Anhydride  C,8H,„0,.  [174°].  [a]D  =  143° 
in  acetone  at  18°.  Formed  by  heating  tartaric 
acid  with  BzCl.  Small  needles,  insol.  cold  water, 
sol.  alcohol,  benzene,  and  alkalis.  Dextro- 
rotatory. 

Di-nitroxyl-  derivative 
C0jH.CH(N0,).CH(N03).C0,H.  Nitrotartaric 
acid.  Formed  by  dissolving  tartaric  acid  (1  pt.) 
in  HNO3  (4i  pts.),  and  stirring  with  an  equal 
volume  of  H^SO^  (Dessaignes,  A.  82,  362;  89, 
339).  The  crystals  are  dried  and  crystallised 
from  ether  (Kekul^,  A.  221,  245).  Silky  prisms, 
decomposed  by  hot  water,  forming  oxalic  and 
tartronic  acids,  G0„,  and  NO.  Alcohol  contain- 
ing HNO2  forms  di-oxy-tartaric  acid.  Ammo- 
nium sulphide  reduces  it  to  tartaric  acid. — - 
(NHJHA".— Ag.A"  aq.  V.  sol.  water.— Et,A". 
[46°].  S.G.  1-278.  Formed  by  dissolving 
tartaric  ether  in  a  mixture  of  HNO3  and  H.SO, 
and  ppg.  with  water. 

Amide  C.,H^O,,(CO.NH,),,.  Formed  by  pass- 
ing NH3  into  an  alcoholic  solution  of  the  ether, 
or  of  its  di-acetyl  derivative  (Demondesir,  A.  80, 
303;  Pasteur,  C.  R.  35,  176;  Grote,  A.  130, 
202  ;  Kuhemann,  B.  20,  3366).  Trimetric  crys- 
tals (from  water),  v.  e.  sol.  water.  Dextrorota- 
tory. 

Amic  acid  C,H-N05  i.e. 
CO,H.CH(OH).CH(OH).CO.NH,.  Formed  by 
passing  NH.,  over  tartaric  anhydride  moistened 
with  alcohol  (Laurent,  Compt.  Chim.  1845,  153). 
Formed  also,  together  with  tartaric  acid,  by 
heating  tartaric  ether  with  NH^Aq  at  100^ 
(Grote).  Syi'up.— CaA'„  6aq  :  tetrahedra,  v.  sol. 
water.— Pb3(CjH,N0,).,.--BaA',  8aq.— EtA'. 

Anilide  C,H,6,,(C0.NHPh),,.  [250°]. 
Formed  by  boiling  anihne  with  tartaric  acid 
(Polikier,  B.  24,  2959).  Pearly  scales,  insol. 
water,  si.  sol.  other  solvents.  Yields  mono-,  di-, 
and  tri-acetyl  derivatives,  melting  at  227°,  216°, 
and  137°  respectively. 

Phenyl-amic  acid  C|(,H||NOr  i.e. 
CO,H.CH(OH).CH(OH).CO.NHPh.  [180°]. 
Formed  by  boihng  the  phenyhmide  with  NH3Aq 
(Arppe,  A.  93,  352).  Plates,  v.  sol.  water  and 
alcohol. — BaA'o :  spangles,  m.  sol.  hot  water. — 
AgA' :  white  powder,  v.  si.  sol.  water. 

Phcnyliviide  C,(,H„N04  i.e. 

CH(0H)'C0^^^^-  ^'ormed,  together 

with  the  anihde,  by  heating  tartaric  acid  with 
aniline  at  150°.    Pearly  plates,  v.  sol.  water. 

Di-o-tolnide  C.,H,0.,(CO.NH.C,H.,Me)„. 
[183°].  White  plates,  insoL  water  (Bischoff, 
B.  23,  2049).  Ac,0  at  140°  yields  a  di-acetyl 
compound  [222°]. 

Di.p-toluide  C,,H  ,0,(CO.NH.C,H.,Me),. 
[264°].  Got  by  heating  2)-toluichne  with  tartaric 
acid  at  185°.  Silky  needles  (from  alcohol). 
Converted  by  AcoO  into  a  di-acetyl  derivative 
[202°]. 

Hijdr aside  C,H,(OH),(CO.NH.NH,),. 
[183°].    Formed  from  tartaric  ether  and  hydra- 


zine hydrate  (Von  Eothenburg,  B.  26,  2057). 
Needles,  si.  sol.  alcohol.  Converted  by  benzoic 
aldehyde  into  C,,H,(0H),(C0.N,H:CHPh)2  [225°], 
crystallising  in  yellowish  plates  (from  alcohol). 

Laevo-  tartaric  acid 
C0,H.CH(0H).CH(0H).C02H.  Anti-tartaric 
acid.  [170°].  When  a  solution  of  racemic  acid 
is  divided  into  two  equal  parts  and  one  is 
neutrahsed  by  ammonia  and  the  other  by  soda, 
and  the  solutions  mixed  and  allowed  to  evapo- 
rate, hemihedral  crystals  of  Na(NHj)C,H,Og  are 
obtained.  Half  of  these  crystals  have  the 
hemihedral  faces  oppositely  situated  to  those  of 
the  other  half  ;  and  on  carefully  selecting  the 
two  kinds  of  crystals  (the  solutions  of  which 
exhibit  equal  and  opposite  action  on  polarised 
light),  ppg.  their  solutions  by  lead  nitrate,  and 
decomposing  the  lead  salts  by  H.,S  or  H^SO,, 
solutions  are  obtained  which  on  evaporation 
yield  crystals,  the  one  of  dextro-  and  the  other 
of  laevo-  tartaric  acid  (Pasteur,  A.  Ch.  [3]  28,  56). 
If  in  a  solution  of  sodium  ammonium  racemate 
of  S.G.  1-26  a  crystal  of  the  dextro-  salt  be  put  on 
one  side  and  one  of  the  Isvo-  salt  be  put  on  the 
other  side  of  the  vessel,  the  two  salts  wUl  crys- 
talUse  separately  (Jungfleisch,  J.  Ph.  [5]  5, 
346).  The  separation  of  sodium  ammonium 
racemate  into  the  dextro-  and  Iffivo-  tartrates 
does  not  take  place  if  the  solution  is  heated  to 
118°  in  a  sealed  tube  and  allowed  to  crystaUise 
without  access  of  air  (Bichat,  Bl.  [2]  46,  54). 
According  to  Wyi'ouboff  [C.  R.  102,  627),  the 
sphtting  up  of  the  sodium  ammonium  racemate 
depends  upon  strength  of  solution  and  tempera- 
ture only. 

Laivo-tartaric  acid  is  exactly  like  dextro- 
tartario  acid  in  solubility  and  S.G.  Its  crystals 
are  like  the  reflection  of  those  of  the  dextro- 
acid.  The  two  acids  are  oppositely  pyro-electric. 
Solutions  of  the  Itevo-  acid  exhibit  an  effect  on 
light  equal  and  opposite  to  that  produced  by 
solutions  of  the  dextro-  acid  of  like  strength. 
When  cone,  solutions  of  equal  quantities  of  the 
dextro-  and  Isevo-  acids  are  mixed,  heat  is  given 
out  and  racemic  acid  separates.  The  salts  of 
the  Iffivo-tartaric  acid  have  the  same  amount  of 
water  of  crystallisation,  and  the  same  crystal- 
Une  form  as  the  salts  of  dextro-tartaric  acid. 
They  exhibit  opposite  hemihedry,  opposite  rota- 
tion, and  are  oppositely  pyro-electric.  Differ- 
ences are  observed  between  the  compounds  of 
the  two  acids  with  optically  active  substances. 
Acid  ammonium  (active)  malate  combines  with 
acid  ammonium  dextro-  (but  not  1;bvo-)  tartrate. 
Cinchonine  la;vo-  tartrate  C|,|H2,N.,OC.,HgOg  con- 
tains aq,  while  the  dextro-tartrate  contains  4aq. 

Di-methijl-ether  Me,,A".  [48°].  (160° 
at  16  mm.).  Ltevorotatory  (Anschiitz,  B.  18, 
1398  ;  A.  247,  112). 

Di-acetyl  derivative  of  the  di- 
methyl ether 

CO„Me.CH(OAc).CH(OAo).CO,,Me.  [103°]. 
[o]d=  —  1'3  (in  a  3-6  p.c.  solution  in  alcohol  of 
S.G.  -826).  Formed  by  heating  Me.,A"  with 
AcCl.  Monoclinic  plates  (from  benzene)  ; 
a:6:c  =  l-052:l:l-007;  0  =  87°  54'.  On  mixing 
with  the  corresponding  dextro-  compound  it  forms 
the  isomeric  racemic  compound  [86°]. 

Amide  C,,H404(NH._,)2.  Combines  with  the 
amide  of  active  malic  acid,  forming  needles,  S. 
more  than  33. 
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Kacemic  acid  C^HgOg.  Paratartaric  acid. 
[206°]  (Bisehoff,  B.  22,  1812).  S.G.  (of  H„A") 
I  1-778;  (of  H.,A"aq)  1-687  (Peikin,  C.  J. 
51,  366).  S.  (of  H^")  8-16  at  0° ;  18  at  20° ; 
137-8  at  100°.  S.  (of  H^A"  aq)  9-23  at  0°  ;  20-6 
at  20° ;  184-9  at  100°  (Liedie,  C.  R.  95,  87). 
Heat  of  solution  at  9°:  -5675  (for  H.A")  ; 
-7065  (for  HjV"aq)  (Pickering,  C.  J.  51,  367). 
H.C.  (for  H„A")  1,851,190  (Ossipoff,  C.  B.  108, 
1105).  H.F.  (for  HjA"  aq)  278,400.  Acid  potas- 
sium racemate  either  occurs  sometimes  in  crude 
argol,  or  is  produced  therefrom  in  the  purifica- 
tion processes  (Kestner ;  Jungfleisch,  C.  B.  85, 
805).  On  crystallisation  of  cream  of  tartar, 
acid  potassium  racemate  remains  in  the  mother- 
liquor. 

Constitution. — Assuming  racemic  acid  to  be 
a  compound  of  the  dextro-  and  la3vo-tartaric 
acids,  its  formula  must  be  at  least  (CjHgOg)2. 

Formation. — 1.  By  mixing  solutions  of  dex- 
tro- and  Isevo-  tartaric  acids.— 2.  By  heating 
tartaric  acid  (30  g.)  with  water  (4  c.c.)  for  30 
hours  at  176°  (Jungfleisch,  Bl.  [2]  18,  203).— 
3.  By  heating  the  dextro-  or  laavo-  tartrate  of 
quinine  or  cinchonine  at  170°  (Pasteur,  A.  72, 
164 ;  84,  157  ;  88,  211).— 4.  By  heating  tartaric 
ether. — 5.  By  heating  inactive  tartaric  acid  at 
200°  or  by  boiling  it  with  HClAq  (Dessaignes, 
Bl.  1865,  i.  34). — 6.  By  oxidation  of  fumaric 
acid  by  aqueous  KMn04  (Kekul6  a.  Anschiitz,  B. 
13,  2150;  A.  226,  191 ;  cf.  Tanatar,  5.12,2293). 
7.  By  the  action  of  HNO3  on  Isevulose,  mucic 
acid,  and  inulin ;  and,  together  with  tartaric 
acid,  by  the  action  of  HNO.j  on  milk  sugar,  cane 
sugar,  saccharic  acid,  dulcite,  and  mannite  (Car- 
let,  B6p.  Chim.  pure,  2,  345  ;  4, 17  ;  Hornemann, 
J.pr.  89,  283). — 8.  Together  with  inactive  tar- 
taric acid  by  boiling  silver  di-bromo-succinate 
with  water  (Perkin  a.  Duppa,  C.  J.  13,  102 ; 
Pasteur,  A.  Suppl.  2,  242 ;  Jungfleisch,  Bl.  [2] 
19,  198). — 9.  By  boiling  silver  iso-di-bromo-suc- 
cinate  with  water  (Demuth  a.  Meyer,  B.  21,  268). 
10.  By  boiling  glyoxal  with  dilute  HCy  and 
HCl  (Schoyen,  A.  132,  168 ;  Strecker,  Z.  [2]  4, 
216). — 11.  By  the  action  of  zinc-dust  (2  mols.) 
and  dilute  HOAc  (3  mols.)  on  glyoxylic  acid 
(1  mol.)  at  100°  (Genviesse,  Bl.  [3]  7,  225  ;  C.  B. 
114,  555). — 12.  From  piperic  acid,  sorbic  acid, 
and  CHO.CH:CH.CH:CH.CO.,H  by  careful  oxi- 
dation with  dilute  KMnOj  below  4°  (Doebner,  B. 
23, 2374). — 13.  By  heating  a  solution  of  desoxalic 
acid  (Lowig,  J.  1861,  605 ;  Klein,  J.  pr.  [-2]  20, 
167). 

Preparation. — Sodium  ammonium  racemate, 
got  from  the  mother-liquor  from  which  cream  of 
tartar  has  separated,  is  treated  exactly  in  the 
same  way  as  cream  of  tartar  in  the  preparation 
of  tartaric  acid.  The  small  opaque  needles  of 
racemic  acid  can  be  separated  by  handpicking 
from  the  large  transparent  crystals  of  tartaric 
acid. 

Properties. —  Triclinic  crystals  (containing 
aq);  a:6:c  = -484:1: -806  ;  a=120°;  3  =  96°  19'; 
7  =  76°  5'  (De  la  Provostaye,  A.  Ch.  [3j  3,  131). 
Slightly  efflorescent.  Gives  off  aq  at  100°.  Less 
soluble  than  tartaric  acid.  In  dilute  solutions 
of  racemic  acid  the  lowering  of  the  freezing-point 
is  the  same  as  with  an  equal  weight  of  tartaric 
acid  (Eaoult,  Z.  Ph.  2,  186).  Absorption  of  a 
solution  of  racemic  acid  by  filter  paper  does  not 
separate  the  dextro-  and  lajvo-  acids  (March- 


lewski,  B.  26,  983).  A  solution  of  racemie 
acid  is  ppd.  by  CaSOj  (unlike  tartaric  acid). 
Calcium  racemate  is  insol.  acetic  acid  (un- 
like calcium  tartrate).  NH^Cl  does  not  hinder 
the  ppn.  of  calcium  racemate.  When  heated 
above  200°  racemic  acid  yields  the  same  products 
as  tartaric  acid.  By  various  ferments  {e.g.  Peni- 
cillium  glaucum)  racemic  acid,  when  free  or  as 
acid  ammonium  salt,  is  converted  into  tartaric 
acid  (Pasteur ;  cf.  E.  Mulder,  B.  T.  C.  1,  231). 
A  solution  in  HNO3  (S.G.  1-52)  poured  into  half 
its  volume  of  H.,S04  deposits  the  crystalline 
C,Tl2(O.N02)2(CO.,H),  (Dessaignes,  J.  Ph.  [3]  32, 
46).  AcCl  converts  racemic  acid  into  di-acetyl- 
racemic  anhydride  C,H,(OAc)2C.,03  [123°].  Ea- 
cemic  acid  and  its  salts  are  inactive  to 
light. 

Salts  (Fresenius,  A.il,  1;  53,  230).— 
(NHj)jA".  Trimetric  prisms  ;  a:b:c  =  -509:1:  -847. 
V.  sol.  water,  nearly  insol.  alcohol.  Give  off 
NH3  in  air.— (NH,)HA".  S.  1  at  20°;  less  sol. 
boiling  water.  Monoclinic  prisms.  Eeddens 
litmus. — K,A"  2aq.  Six-sided  tables.  S.  103  at 
25°.  Nearly  insol.  alcohol.— KHA".  S.  -66  at 
19° ;  -7  at  100°.  Insol.  alcohol.— K(NHJA". 
Striated  prisms.— Na.A".  S.  38  at  25°.  Trime- 
tric prisms.  Insol.  alcohol. — NaHA"aq.  S.  9 
at  19°.  Monoclinic  prisms  (from  water).  Ppd. 
from  aqueous  solution  by  addition  of  alcohol. — 
Na(NHJA"aq.  S.G.  1-740  (Wyruboff,  A.  Ch.  [6] 
9,  229).— NaKA"  4aq.  S.  47  at  6°  (Fresenius,  A. 
53,  230). — NaKA"3aq.  Monochnic  crystals 
(Wyrubolf,^.  Ch.  [6]  9, 232).— EbA".— CaA"4aq. 
Acicular  prisms  (Anschiitz,  A.  226,  191). — 
BaA"2iaq.  S. -05.  Crystalline  pp. — SrA"4aq. 
— TIA"'  (De  la  Provostaye,  A.  126,  79).  — 
LiTlA"  2aq  (Wyruboff).— NaTlA"  2aq.  S.  26  at 
26°.— MgA"  5aq.  S.  -85  at  19°.— CdA"  (Schiff, 
A.  104,  326).  -  PbA"  (dried  at  100°).— Pb.C^HA 
(Krug,  J.  1861,  367).  —  CuA"  2aq.  Pale-bl'ue 
needles,  sol.  alkalis  and  solution  of  NaoC03. — 
NaXuC4H->0,;  4aq.  —  MnA"  aq.  —  NiA"  5aq.  — 
NHj(AsO)A"Aaq.  S.  9-4  at  15°.  Efflorescent 
crystals.— K(AsO)A"  l^aq.  S.  13  at  16°.  De- 
composed by  hot  water  with  liberation  of  As.,03. 
— Na(AsO)A"2iaq.  S.  7  at  19°.  Non-efflorescent 
white  crystals"  (Werther,  J.  pr.  32,  385).— 
K(SbO)A"^aq.  Monoclinic  prisms.  —  Ag,A". 
Shining  scales,  less  sol.  Aq  than  silver  tartrate. 

Mo  no-methyl  c  i  /t  e  )■  MeH  A".  Formed  by 
evaporating  racemic  acid  with  MeOH  (Gu6rin- 
Varry,  A.  Ch.  [2]  62,  77;  A.  22,  252).  Eect- 
angular  prisms,  v.  e.  sol.  cold  water.  Decom-- 
posed  by  hot  water  into  the  parent  substances. 
— KMeA"|aq.  Prisms.— Ba(MeA")2  4aq.  Mono- 
clinic prisms. — AgMeA".  Pp. 

Di-methyl  ether  McjA".  [85°]..  (282'» 
i.V.).  Formed  by  methylation  of  racemic  acid, 
and  also  by  mixing  equal  weights  of  the  di- 
methyl ethers  of  the  liBvo-  and  dextro-tartario 
acids  (Anschiitz  a.  Pictet,  B.  13, 1178  ;  18, 1397  ; 
A.  247,  116).  Monoclinic  crystals  ;  optically  in- 
active. Yields  a  di-acetyl  derivative 
C2H2(OAc),(C02Me),,  [86°]  in  trimetric  crystals ; 
a:b:  'c  =  -8095:1:  -6728.  This  compound,  examined 
by  Eaoult's  method,  has  the  same  molecular 
weight  as  the  di-acetyl  derivative  of  di-methyl 
tartrate. 

Mono-ethyl  ether  EtHA".  Deliquescent 
prisms,  v.  sol.  alcohol.  Inactive  to  light.— 
KEtA"  aq.— Ba(EtA")2  2aq.— AgEtA".  Prisms. 
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Di-ethyl  ether 'Et.A.".  (233°  cor.  at  197 
mm.)  S.G.  iS  1-2098  ;  3  1-2021.  M.M.  8-759  at 
15-5°  (Perkiii,  C.  J.  51,  364).  Yields  an  oily 
acetyl  derivative  and  a  di-acetyl  derivative 
C„H.(OAc).,(CO.,Et),„  [51°]  (230°  at  100  mm.). 
BzCl  forms  C.,H„(OH)(OBz)(CO.,Et),.  [57°].  The 
compound  C,,H,(OEt),(CO,,Et),  (147°  at  15  mm.) 
is  formed  from  di-bromo-succinic  ether  [58°]  and 
NaOEt  (Michael,  J.  pr.  [2]  40,  234).— Ag.,A".— 
AgHA".  Monoclinic,  a:b:c  =  -721:1:  -869  ;  y8  =  70° 
10'. 

Inactive  tartaric  acid 

CO.,H.CH(OH).CH(OH).CO„H.  Mesotartaric 
acid.    [140°- 143°].    S.  125  at  15°. 

Formation. — 1.  By  heating  cinchonine  tartrate 
or  racemate  for  several  hours  at  170°  (Pasteur, 
A.  88,  212).  The  product  is  mixed  with  CaCL, 
which  pjjts.  calcium  racemate,  and  the  filtrate 
slowly  deposits  calcium  inactive  tartrate. — 2.  By 
boiling  tartaric  or  racemic  acid  for  400  hours 
with  HClAq  (Dessaignes ;  Pasteur,  Bl.  1862, 
107).— 3.  By  heating  tartaric  acid  (30  g.)  or 
racemic  acid  with  water  (4  c.c.)  for  2  days  at 
165°.  Separated  by  means  of  its  very  soluble 
acid  K  salt  (Jungfleisch,  Bl.  [2]  19,  101).— 4.  A 
product  of  the  action  of  HNO3  on  sorbin  (Des- 
saignes, C.  B.  55,  769),  erythrite  (Przybytek,  B. 
17,  1412  ;  Bl.  [2]  43,  126)  and  glycerin.— 5.  By 
oxidation  of  laevulose  (Kiliani,  B.  14,  2530). — 
6.  By  oxidation  of  phenol  by  alkaline  KMnO^  at 
0°  (Doebner,  B.  24,  1755).— 7.  A  product  of  the 
action  of  moist  Ag.,0  on  di-bromo-succinic  acid. 
8.  By  the  action  of  nitrous  acid  on  di-amido- 
succinic  acid  (Lehrfeld,  B.  14,  1819).— 9.  By 
oxidation  of  maleic  acid  by  alkaline  KMn04 
(Kekule  a.  Auschiitz,  B.  14,  713). 

Properties. — Prisms  (containing  aq).  Loses 
its  aq  at  100°  ;  at  200°  it  yields  pyi'otartarie 
and  racemic  acids.  Prolonged  boiling  with 
HCl  aq  converts  it  into  racemic  acid  (Des- 
saignes). The  conversion  is  also  effected  by 
heating  the  acid  with  a  little  water  at  175°. 
The  ether  is  converted  by  AcCl  into 
C,H,(0Ac),(C0„Et)2  [48°],  crystallising  in  silky 
needles. 

Salts  KHA".  Needles.  S.  12-5  at  19°.— 
EbHA"  4aq.  —  Eb.A"  aq.  —  EbNaA"  2J-aq.  — 
CaA"  3aq.  S.  -17"  at  100°.  S.  (HOAc)  -028 
at  18°;  -085  at  100°.— PbA"  aq  :  amorphous 
pp.  —  ZnA"2aq  (dried  at  110°).  —  TIHA". — 
T1,,A".— NaTlA"  2^aq.— Ag,,A"  aq  :  white  pp. 

Metatartaric  acid  (C,H„b„).c.  A  deliquescent, 
glassy  mass,  v.  sol.  water,  obtained  by  melting 
tartaric  acid  (Braconnot,  A.  Ch.  [2]  68,  299  ; 
Erdmann,  A.  21,  9  ;  Laurent  a.  Gerhardt,  A. 
70,  848).  It  is  sometimes  formed  when  a 
solution  of  tartaric  acid  is  evaporated  over  a 
water-bath  (Grosjean,  C.  J.  43,  334).  Converted 
by  boiling  water  into  tartaric  acid. 

Salts.— (NH:|)HA".  Minute  needles.  More 
soluble  than  the  acid  ammonium  tartrate.  Its 
solution  is  ppd.  by  CaCL  and  NHjAq  only  when 
highly  concentrated.  CaA"  4aq.  Minute  len- 
ticular grains,  sol.  dil.  HClAq,  converted  by 
boiling  water  into  calcium  tartrate. 

Ditartaric  acid  C^H,„0,,.  An  anhydride  of 
tartaric  acid'  got  by  heating  tartaric  acid  at  170° 
tUl  it  is  no  longer  ppd.  by  lime-water  (Fremy,  A. 
19,  197;  29,  142;  78,  297).  Amorphous  and 
very  deliquescent.  Sol.  alcohol,  insol.  ether. 
Its  salts  are  amorphous,  v.  sol.  water,  and  ppd. 


by  alcohol.  They  are  converted  into  meta- 
tartrates,  and  finally  into  tartrates,  by  boiling 
water.— CaA". -BaA".— PbA".— CuA".-  Ag^A". 
V.  sol.  water  (Schiff,  A.  125,  129). 

Ethyl  ether  Et,A".    Eat-Uke  solid. 

Tartrelic  acid  C^H^Oj.  Soluble  tartaric 
anhydride.  Formed  by  quickly  heating  small 
quantities  of  tartaric  acid  till  the  fused  mass 
swells  up.  Yellowish  deliquescent  mass,  sol.  water, 
forming  an  acid  solution,  from  which  CaCL  ppts. 
CaA'j  as  an  amorphous  mass,  which  becomes 
crystalline  on  adding  alcohol.  Tartrelic  acid  is 
converted  into  tartaric  acid  by  boiling  water. 

Insoluble  tartaric  anhydride  C^H^Os. 
Formed  by  heating  tartaric  acid  for  some  time 
at  150°  and  exhausting  the  product  with  cold 
water.  Powder,  insol.  water,  alcohol,  and  ether. 
Converted  by  hot  water  into  tartaric  acid. 

TAETRONIC  ACID  C-jEjOj  i.e. 
CH(OH)(CO,H)„.    Oxy-vialonic  acid.    Mol.  w. 
120.    [187°].    Heat  of  solution  -4331  (Gal  a. 
Werner,  Bl.  [2]  46,  803). 

Formation. — 1.  By  spontaneous  decomposi- 
tion of  nitro-tartaric  acid  in  aqueous  solution 
(Dessaignes,  C.  B.  34,  731  ;  38,  44).— 2.  By  the 
reduction  of  mesoxalic  acid  by  sodium-amalgam 
(Baeyer,  J.  1864,  641).— 3.  By  the  action  of 
Ag._,0  on  bromo-malonic  acid  (Petrieff,  B.  11, 
414). — 4.  By  boiling  chloro-malonic  ether  with 
KOHAq,  the  yield  being  25  p.c.  of  the  theoretical 
amount  (Conrad  a.  Bischofi',  A.  209,  222). — 
5.  From  di-bromo-pyruvic  acid  and  baryta- 
water  at  40°  (Grimaux,  B.  10,  903).^6.  From 
glyoxylic  acid  by  treatment  with  KCy,  the  re- 
sulting nitrile  being  saponified  (Bottinger,  B.  14, 
729). — 7.  A  product  of  the  action  of  alkaline 
cupric  solution  on  glucose  (Claus,  Z.  [2]  5,  152  ; 

A.  147,  114). — 8.  By  slow  oxidation  of  glycerin 
(Sadtler,  B.  8,  1456  ;  Campani  a.  Bizzari,  G.  12, 
1). — 9.  By  heating  sodium  carboxy-tartronate 
(Gruber,  B.  12,  514). 

Preparation. — 1.  By  boiling  the  di-nitrate  of 
tartaric  acid  (20  g.)  with  alcohol  (60  g.  of  S.G. 
•925)  (Demole,  B.  10,  1778).— 2.  By  warming 
tri-chloro-lactic  ether  CCl.,.CH(OH).COoEt  with 
a  10  p.c.  solution  of  NaOHAq  (5  mols.),  neu- 
tralising with  HOAc  and  ppg.  with  BaCL  (Pinner 

B.  18,  752,  2852). 

Properties. — Prisms  (containing  ^aq),  v.  sol. 
water  and  alcohol,  si.  sol.  ether.  After  drying 
at  100°  it  loses  its  water  of  crystallisation  and 
becomes  v.  sol.  ether.  Massol  (C.  R.  114,  422) 
obtained  anhydrous  crystals  [155°].  Decomposed 
by  fusion,  yielding  CO,  and  glycolide  C0H2O2. 
Eeduced  by  HIAq  to  malonic  acid. 

Salts.— Na,,A"  (dried  at  100°).  V.  sol. 
water.  —  K,A"  aq.  —  (NH,)„A".  Needles.  — 
"  (NHj)HA''.  Yields  glyeollic  amide  on  heating. 
— BaA"  2aq.  Micro-crystalline  powder,  v.  si.  sol. 
water  (Pinner). — BaA"  aq  (G.).— CaA"2^aq  (P.). 
— CaA"aq  (C.  a.  B.).— CdA".— PbA"  (dried  at 
120°).— MnA".— Ag.,A".  Needles  (from  hot  Aq). 

Ethyl  ether  Et.,A".  (c.  224°).  Heavy 
oil  (Freund,  B.  17,  786  ;  Pinner). 

The  acetyl  derivative  CH(OAc)(CO.>Et), 
(c.  161°  at  60  mm.),  S.G.  1-131,  is  formed 
from  bromo-malonic  ether  and  KOAc  in  EtOH 
at  50°  (Conrad  a.  Briiokner,  B.  24,  2997).  Br 
converts  it  into  mesoxalic  ether  C(0H).,(C02Et)., 
[57°]. 
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Amide  CH(OH)(CO.NH,)„.  [196°].  Sis- 
sided  plates,  m.  sol.  hot  water. 

Amic  acid  C02H.CH(0H).C0.NH,.  [160°]. 
Formed  by  boiling  sodium  dialurate  with  water 
(Menschutkin,  A.  182,  82).  Needles,  si.  sol. 
cold  water.  Converted  by  nitrous  acid  into 
glycolho  acid. — KA'  aq. — BaA',  aq. — PbA',  ^aq. 
Needles,  v.  sol.  hot  water. — AgA'.  Needles. 

Phenyl  derivative  CH(OPh)(C02H)3. 
Formed  by  saponification  of  its  ether 
CH(0Ph)(C0,JSt)2  {230°-240°  at  60  mm.),  which 
is  got  from  bromo-malonic  ether,  phenol,  and 
NaOEt  (C.  a.  B.).  At  196°  it  forms 
CH,(OPh).CO.H. 

TAETRONYL-TTREA  v.  Dialdkic  acid. 
TAURINE  C,H,NS03  i.e. 
CH„(NH2).CH2.S03H.  Amido- ethane  sulphonic 
acid.  Mol.  w.  126.  S.  6-5  at  12°.  H.F.  185,700 
(Berthelot  a.  Matignon,  A.  Ch.  [6]  22,  182).  Ob- 
tained by  the  action  of  acids  and  alkalis  on  tau- 
rocholic  acid  (Gmelin,  Tiedemann  a.  Gmelhi's 
Die  Verdauung,  1,  43 ;  Demarcjay,  A.  27,  286 ; 
Dumas  a.  Pelouze,  A.  27,  292  ;  Kedtenbacher, 
A.  57,  170 ;  Strecker,  A.  65,  132 ;  67,  34 ;  91, 
101).  Occurs  in  the  free  state  in  putrid  bile 
and  in  the  muscles  of  the  oyster,  in  shark's 
blood,  in  the  liver,  spleen,  and  kidneys  of  the 
ray,  and  in  the  lungs  of  oxen  (Valenciennes  a. 
Fremy,  C.  B.  41,  735;  Stadeler  a.  Frerichs ; 
Cloetta,  A.  99,  289).  Formed  also  by  heating 
/3-chloro-ethane  sulphonic  acid  with  NHjAq  at 
100°  (Kolbe,  A.  122,  33),  and  by  the  action  of 
SO,  on  vinylamine  (Gabriel,  B.  21,  2667).  Pre- 
pared by  evaporating  ox-bile  with  dilute  HCl  at 
100°,  decanting  from  a  resin,  allowing  to  crys- 
tallise, and  re-crystallising  from  water.  It  may 
be  purified  by  means  of  the  lead  salt. 

Properties. — Transparent  crystals,  m.  sol. 
■water,  insol.  alcohol.  Neutral  to  litmus.  Not 
melted  below  240°.  Converted  by  nitrous  acid 
into  isethionic  acid  (Gibbs,  A^n.  S.  [2]  25,  30). 
Decomposed  by  potash-fusion. 

Salts. — NaA'.  Very  deliquescent  (Lang,  BZ. 
[2]  25, 180).— CaA'„.  Slender  needles,  v.  e.  sol. 
water. — PbA'j.  Needles,  v.  e.  sol.  water. — 
Pb3A'j(0H)„.— CdA'j.— HgA'o.— Hg,A',0  (Engel, 
Bl.  [2]  23,  532).— AgA'. 

Benzoyl  derivative  NHBz.C3H4.SO3H. 
Formed  by  heating  /u-phenyl-thiazole  tetrahy- 
dride  with  HCl  and  bromine-water  (Gabriel  a. 
Heymann,  B.  23,  159).  Syrup.— AgA'.  Spheri- 
cal groups  of  plates. 

Phthalyl  derivative 
{Cs'H.fi„):li^.CIL,.CB.„_.SO,B..      Got  by  oxidising 
di-phtlialimido-di-ethyl-disulphide  with  HNO3 
S.G.  1-25)  (Gabriel,  B.  24,   1116).  Crystals 
containing  l|aq),  sol.  EtOAc.    Tastes  bitter. 

Imide  C^B.,<:^Qy.    [45°-50°].  Prepared 

from  ;3  -  ehloro  -  ethane  -  sulphonic  chloride 
CHjCl.CHj.SOjCl  by  treatment  with  ammonia 
(James,  C'  J.  49,  491).  Solid,  resembling  gum 
arable  ;  bitter  in  taste.  V.  si.  sol.  cold,  v.  sol. 
hot,  water,  insol.  alcohol  and  ether.  Ppd.  HgO 
appears  to  form  the  compound  (C„HjS02N).,Hg. 
Ethyl -taurine  v.  Ethyl-ajmido-ethane  shl- 

PHONIC  ACID. 

Methyl-taurine    v.  Meihyl-amido-ethane 

BUIiPHONIC  ACID. 

TAUEOCHENOCHOLIC  ACID  C^^H^NSOj. 
Occurs  as  K  and  Na  salts  in  goose-bile  (Heintz 


a.  Wislicenus,  P.  108,  547 ;  Otto,  A.  149,  192). 
Amorphous,  sol.  water  and  alcohol.  Decomposed 
by  boiling  with  baryta  or  potash  into  taurine 
and  chenocholic  acid. — NaA'aq  (dried  at  110°). 
Small  tables.  Its  aqueous  solution  gives  pps. 
with  CaCl2,  AgNOa,  S'^d  lead  subacetate,  but  not 
with  lead  acetate. 

TAUROCHOIIC  ACID  C.sH^jNSO,.  Occurs  as 
Na  salt  in  the  bile  of  most  animals  (Strecker,  A. 
67,  30;  70,  169;  Hufner,  J.  pr.  [2]  19,  302; 
Copeman  a.  Winston,  J.  Physiol.  10,  213).  Ob- 
tained byppg.  with  lead  acetate,  filtering  from  lead 
glycocholate,  and  ppg.  lead  taurocholate  by  lead 
subacetate.  Deliquescent  silky  needles,  v.  sol. 
water  and  alcohol,  m.  sol.  ether.  Dextrorotatory, 
[a]D  =  25°  (Hoppe-Seyler,  Arch.  Path.  Anat.  15, 
126).  Boiling  water  sphts  it  up  into  taurine  and 
cholic  acid.  Antiseptic,  and  ppts.  albumen  com- 
pletely from  its  solutions  (Maly,  M.  4,  89). 

Salts.— NaA'  (dried  at  120°).  Ppd.  by  alco- 
hol in  an  amorphous  state,  rendered  crystalline 
by  ether. — KA'.    Needles,  resembling  wavellite. 

TAUROCYAMINE  C3H3N3S03  i.e. 
NH:C(NH,).NH.CH,.CH2.S03H.  [226°].  S.  4  at 
21°.  Formed  by  heating  taurine  with  cyan- 
amide  (1  mol.)  and  water  at  110°  (Engel,  B.  8, 
1597  ;  Dittrich,  J.pr.  [2]  18,  63).  Small  white 
prisms,  v.  sol.  water,  insol.  alcohol  and  ether, 
j  From  cold  water  it  crystallises  with  aq. 
t  TAXINECjjH^^NOio.  [82°].  Obtainedfromthe 
I  leaves,  twigs,  and  fruit  of  the  yew  (Taxus  baccata) 
i  by  extracting  with  ether  (Lucas,  Ar.  Ph.  [2]  85, 
145  ;  Van  der  Harst,  B.  T.  C.  3,  279  ;  Marm6, 
Bl.  [2]  26,  417 ;  Hilger  a.  Brande,  B.  23,  464). 
The  ethereal  solution  is  quickly  shaken  with 
acidulated  water,  and  the  solution  ppd.  by 
NH3Aq.  Crystalline.  Gives  off  aromatic  fumes 
on  melting.  V.  si.  sol.  water,  v.  sol.  alcohol  and 
ether,  insol.  benzene.  Cone.  H.SO^  gives  a  deep 
purple  ;  Frohde's  reagent  a  reddish- violet  colour. 
Gives  yellow  pps.  with  sodium  phosphomolyb- 
date,  I  in  KI,  and  potassium  bismuth  iodide. 
Insol.  alkalis.  The  salts  crystallise  with  diffi- 
culty.—Salts  :  B'HCl.— B'2H,S04.— B'^^PtCle- 
— B'HAuCl^.— B'EtL 

TECTOQUINONE.  [171°].  Obtained  from 
teak  resin  or  by  the  distillation  of  teak  wood 
(Komanis,  G.  J.  Proc.  4,  116).  Amber-yellow 
crystals,  sol.  alcohol.  Eeduced  by  zinc-dust  and 
HOAc  to  C,5,H.„.  Yields  a  nitro-  derivative  and 
a  bromo-  derivative  [165°]. 

TELLTTRATES.  Salts  of  telluric  acid, 
H2Te04  (q.v.,  p.  649).  The  normal  tellurates  of 
mQUOvalent  metals  have  the  composition 
M.,Te04.a;H20 ;  there  are  also  acid  tellurates 
MilTe04.a;H20 ;  and  two  classes  of  tetratellu- 
rates,  (1)  M2'Te40i3.a;H^0,  which  are  soluble  in 
water  when  M  is  an  alkali  metal,  and  (2) 
M2Te40,3,  which  are  insoluble  in  water.  The 
hydrated  tetratellurates  may  berepresented  as  acid 
ditcllurates  derived  from  the  hypothetical  acid 
B.„Te„0,;  thus  K2Te40,3.4H20  =  2KHTe20;.3H,0. 
Some  acid  salts  may  be  represented  as  derived 
from  hypothetical  ditelluric  acid,  e.g. 

PbTcjO,  (  =  PbTe04.Te03). 

The  normal  alkali  tellurates  are  obtained  by 
saturating  H2Te04  with  MOHAq  or  MfiO^Aq 
and  crystallising.  Alkali  acid  tellurates,  and 
hydrated  tetratellurates,  are  obtained  by  inter- 
actions of  acids  with  the  normal  tellurates  ;  anhy- 
drous (insoluble)  tetratellurates  of  the  alkali 
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metals  are  formed  by  heating  the  acid  tellurates  ; 
thus  6KHTeO,  =  K„Te,0,3  +  2K,TeO,  +  3H,,0. 
Most  of  the  other  tellurates  are  obtained  from 
the  alkali  salts  by  double  decomposition. 

The  alkali  tellurates,  other  than  those  of  the 
form  MoTejO,3,  are  soluble  in  water;  most  of  the 
other  tellurates  are  insoluble  or  sparingly  soluble 
in  water.  Tellurates  generally  dissolve  easily  in 
HClAq ;  the  solutions  are  not  ppd.  by  water, 
but  on  boiling  the  solutions  become  yellow,  give 
off  CI,  and  then  yield  a  pp.  of  HoTeO,  on  addition 
of  water.  Acidulated  solutions  of  tellurates  are 
slowly  decomposed  by  H.^S,  probably  with  ppn. 
of  TeS.,  {v.  Tellurium  sulphides,  p.  6.55).  So- 
lutions of  tellurates  are  slowly  reduced  by  SO^, 
more  quickly  on  heating,  with  separation  of  Te. 
When  tellurates  are  heated  to  redness  they  give 
off  0  and  form  tellurites  ;  heated  with  KoCOj 
and  charcoal,  they  give  K„Te. 

The  tellurates  have  been  examined  chiefly 
by  Berzelius  {P.  32,  .577)  ;  and  some  of  them 
also  by  Oppenheim  (J.pr.  71,  267). 

Potassium  tellurates.  The  normal  salt 
K,TeO,,.  5aq  is  obtained  by  dissolving  H„TeOj 
and  K.COj,  in  the  ratio  HoTeOj:K.,C03,  in  hot 
water  and  crystallising ;  also  by  dissolving 
H,TeO,|  in  excess  of  KOHAq,  heating,  and  al- 
lowing to  cool  slowly.  Crystallises  in  rhombic 
prisms,  isomorphous  with  K,S04  (Handl,  /. 
1861.  266).  The  crystals  become  moist  in  air 
and  fonn  KHTeO^.  tcaq  and  K^COj.  The  acid 
salt  2KHTeOj.  3aq  separates  on  adding  to 
KjTeO^Aq  sutHcient  H..SOjAq,  or  other  strong 
acid,  to  remove  half  the  potassium ;  the  salt  is 
crystallised  from  hot  water.  This  salt  is  sUghtly 
soluble  in  cold  water,  but  much  more  soluble  in 
hot  water ;  when  heated  it  is  converted  into 
K,,Te04  and  K^Te^Ois.  The  tetratelhirate 
K,Te,0,3  is  obtained,  as  a  yellow  powder,  by 
heating  2KHTe04. 3aq  below  redness  and  wash- 
ing out  KjTeO,  in  water.  ILTejOu  is  insoluble 
in  water,  also  in  HClAq  or  HNOjAq  except  after 
prolonged  boiling.  The  hydrated  tetratelhirate 
K2Te,|0,.,.4H,0 — which  may  also  be  regarded 
as  an  acid  ditcllurate  2KHTe.,0,.3H;0  —  is 
formed  by  adding  H.^SO^Aq,  or  another  strong 
acid,  to  K,TeO,Aq  in  quantity  to  remove 
6K  from  4K.,Te04  (4K,TeO,Aq  +  3H,S0,Aq  = 
K,Te,0,3Aq  +  3H,0  -i-  3K,,S0jAq),  and  '  crystal- 
lising. The  salt  is  fairly  soluble  in  cold  water  ;  it 
is  partly  decomposed  to  KHTeO^  and  H„TeO_,Aq 
by  repeatedly  crystallising  in  aqueous  solution. 

The  following  tellurates  have  been  described 
(Berzelius,  I.e. ;  Oppenheim,  I.e.) :  Ammonium 
salts  (NH,)jTeO„  (NH,),Te,0„  (NH,)„Te40,3, 
obtained  by  ppg.  solutions  of  the  corresponding 
salts  of  K  or  Na  with  NH^Cl.  Barium  salts 
BaTeO,,.  3aq,BaH,(TeO ,),.  2aq,  BaTe^O,,,  obtained 
by  ppn.  Cadmium  salt  CdTeO,,,  obtained  by 
ppn.  Calcium  salt  CaTeO,,  obtained  by  ppn. 
Lead  salts  PbTeO.,,  PbTe,©,,  PbTe,0,3,  by  ppn  ; 
a  basic  salt  is  also  said  to  exist.  Silver  salts 
Ag._,Te04,  and  several  basic  salts  a!Ag,0.2/Te03. 
Sodium  salts  Na,TeO.,.a;aq,  NaHTeOi-iraq, 
NaHTe.,0,..Taq,  and  ISfa^Te^Ou,  obtained  simi- 
larly to  the  potassium  salts.  Tellurates  of  Al, 
Cr,  Co,  Cu,  Fe,  Li,  Mg,  Mn,  Hg,  Ni,  and  Sr  have 
also  been  described,  but  only  very  superficially. 

M.  M.  P.  M. 

TELLURHYDRIC  ACID  H„Te  ;  v.  Hydrogen 
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TELLURIC  ACID  H  .TeOj ;  crystallises  from 
solutions  as  H,,Te04.2H,0. 

Formation.— \.  By  oxidising  Te  by  aqua 
rcgia. — 2.  K.TeO^  is  formed  by  the  interaction 
of  CI  with  K.TeOsAq,  also  by  fusing  TeO,.  with 
KNO3  or  KCIO3. 

Preparation. — 1.  A  mixture  of  TeO..,  KCIO3, 
and  KOH,  in  the  ratio  TeO.,:2KC103:2KOH  is 
thoroughly  fused ;  the  fused  mass  is  dissolved 
in  water  and  BaCLAq  is  added  ;  the  pp.  of  BaTeO^ 
is  purified  by  recrystallisation  from  hot  water, 
and  is  then  dried  at  100° ;  the  dry  BaTeO  ,  is 
mixed  with  its  own  weight  of  water  and  one-fourth 
its  weight  of  cone.  H.,80„  and  heated  till  decom- 
position is  complete,  when  BaSO^  is  removed  by 
filtration,  and  the  filtrate  is  evaporated  at  100° 
to  the  crystallising  point ;  the  crystals  that  sepa- 
rate are  dried,  powdered,  washed  repeatedly 
with  alcohol  to  remove  H.^SOj.and  recrystallised 
from  water  (Oppenheim,  J.  pr.  71,  267).  Ber- 
zehus  (P.  28,  392;  32, 1)  fused  TeO,  with  an  equal 
weight  of  K.JCO3  or  Na.^COj,  dissolved  in  water, 
added  KOH  equal  to  the  weight  of  TeO.,  used, 
passed  in  CI  until  the  liquid  smelt  strongly 
thereof,  ppd.  by  BaCl.,Aq,  and  proceeded  as  de- 
scribed above. — 2.  Ted.,  is  dissolved  in  HNO,,Aq, 
the  solution  is  boiled  with  PbO.,  and  filtered, 
Pb  is  ppd.  from  the  filtrate  by  R^SO^Aq,  the 
filtrate  from  PbSO^  is  evaporated  to  dryness  at 
100°,  the  residue  is  digested  with  alcohol  and 
ether  to  remove  H,SO,„  and  is  then  crystallised 
from  hot  water  in  vacuo  (Becker,  A.  180, 
257). 

Properties  and  Reactions. — H„Te04.2H._,0  is 
obtained  by  slow  crystallisation  in  white,  mono- 
clinie  crystals,  resembling  gypsum,  S.G.  2-9999 
at  25-5°  (Clarke,  Am.  S.  [3]  16, 401).  When  ob- 
tained by  rapid  evaporation  H2Te04.2H.>0  ap- 
pears as  a  glassy  solid.  Heated  to  c.  130° 
H.TeO,  is  obtained  ;  decomposition  begins  at  a 
little  above  160°  to  TeO^  andH.O,  and  at  c.  180° 
Te03  begins  to  decompose  to  TeO.,  and  O,  this 
decomposition  being  complete  at  c.  350°  (Wills, 
C.  J.  35,  704).  H.,Te04  has  S.G.  3-425  at  18-8° 
(Clarke,  I.e.).  H.,TeO,,.2H,,0  is  slightly  soluble 
cold  water  ;  it  is  dissolved  fairly  easily  by  boil- 
ing water  ;  soluble  in  acid  and  alkali  solutions  ; 
almost,  if  not  quite,  insoluble  in  alcohol. 
H.jTeOj  dissolves  very  slowly  in  boiling  water. 
Aqueous  solutions  of  H.TeO^  have  a  metallic, 
not  a  sour,  taste ;  they  very  slightly  redden 
litmus.  Thomsen  (Th.  2,  277)  gives  the  fol- 
lowing H.F.:  [Te,O^Aq]  =  98,380  ;  [TeO-Aq,0] 
=  21,200.  H,_,TeO.,  dissolves  graduaHy  in  hot, 
fairly  cone.  HClAq,  with  evolution  of  CI  and 

'  formation  of  H.^TeOjAq.  H„TeO|Aq  is  not  re- 
duced by  passing  H.,S  into  it,  but  if  the  solu- 
tion is  saturated  with  H.,S  and  kept  in  a  warm 
place,  in  a  closed  flask,  for  some  time,  the  liquid 

]  becomes  brown,  and  flakes,  probably  of  TeS3  (v. 
Tellurium  sulphides,  p.  655),  are  deposited. 

H„TeO,Aq  reacts  with  alkalis  to  form  salts 
M.,Te04  and  MHTe04 ;  salts  of  the  forms 
MHTcO,  and  M.,Te40,3  are  also  kno^vn  {v.  Tel- 
lurates, p.  648)."  M.  M.  P  M. 

TELLURIDES.  Any  compound  of  Te  with  a 
single  element  more  positive  than  itself  is  called 
a  telluride.  Tellurides  of  the  heavier  metals 
are  generally  formed  by  melting  the  metals  with 
Te,  also  by  passing  H.,Te  into  solutions  of  salts 
of  the  metals ;  tellurides  of  K  and  Na  are  formed 
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by  heating  TeO.  with  K^CO^  or  Na^COs  and 
charcoal ;  many  tellurites  and  tellurates  give 
tellurides  when  heated  in  a  current  of  H.  Te 
ppts.  tellurides  of  Cu,  Ag,  and  some  other  metals, 
by  boiling  solutions  of  salts  of  these  metals  with 
Te  (Parkmann,  C.  C.  1862.  814).  Tellurides  of 
K  and  Na  dissolve  in  water  with  a  red  colour  ; 
this  colour  is  due  either  to  polytellurides  or  to 
the  presence  of  traces  of  oxides  according  to 
Demar(;ay  {Bl.  [2]  40,  99).  Berthelot  a.  Fabre 
(C.  B.  105,  92)  obtained  colourless  solutions  of 
alkali  tellurides  by  passing  pureHjTe  into  solu- 
tions of  alkalis  ;  a  trace  of  0  produced  a  red 
colour  and  separated  Te.  Tellurides  react  with 
HClAq  giving  off  H.,Te;  they  are  oxidised  to 
tellurites  by  HNOgAq,  and  to  tellurites  and  tel- 
lurates by  aqiia  regia.  Warmed  in  CI  tellurides 
give  metallic  chlorides  and  TeClj. 

Tellurides  of  Sb,  As,  Bi,  Au,  Fe,  K,  Ag,  and 
Na  are  mentioned  under  these  metals  (c/. 
Brauner,  C.  J.  55,388).  M.  M.  P.  M. 

TEILUKITES.  Salts  of  tellurous  acid 
HjTeO^  {q.  v.,  p.  650).  The  normal  and  acid 
tellurites  of  monovalent  metals  belong  to  the 
forms  MoTeOa  and  MHTeO^.  Some  salts  are 
also  known  containing  relatively  more  of  the 
acidic  radicle ;  these  may  be  formulated  as 
MjO.a^TeO.,  where  a;  is  2  and  4 ;  or  they  may 
be  regarded  as  MoTeO^.ajTeO,,,  where  a;  is  1  and 
3 ;  or  finally  these  hyperacid  salts  may  be 
looked  on  as  RLTe^Os  and  M^Tefi^ — that  is,  as 
derivatives  of  the  hypothetical  acids  H.,Te,05 
and  H,,Te,0,,. 

Tellurites  are  ge;ierally  formed  by  heating 
together  basic  oxides  and  TeO.,  in  the  proper 
proportions ;  some  tellurites  of  the  heavier  metals 
are  obtained  by  ppn.  from  solutions  of  alkali 
tellurites.  Tellurites  of  the  alkali  metals  dis- 
solve readily  in  water  ;  those  of  the  alkaline 
earth  metals  are  less  soluble  ;  the  others  are  in- 
soluble in  water.  Most  tellurites  dissolve  in 
HClAq,  forming  yellow  solutions  which  do  not 
give  off  CI  on  heating;  this  reaction  distinguishes 
them  from  tellurates  {v.  p.  649).  Solutions  of 
tellurites  in  a  little  HClAq  deposit  H.^TeOj  on 
dilution.  Most  tellurites  are  fusible,  and  crys- 
tallise on  cooling ;  the  hyperacid  alkali  tellu- 
rites form  colourless  glass-like  solids  after  fusion. 
By  strongly  heating  with  charcoal  and  KfiO^ 
most  tellurites  give  Iv,>Te. 

Tellurites  of  potassium.  The  normal  salt 
E.,TeO,,  and  the  acid  salt  KoTeO^.TeO., 
( =  K,Te,,05  or  K„0.2TeO.,)  are'  prepared  by  fusing 
TeOj  with  KoCOg  in  the  proper  proportions. 
K.TeO^  melts  at  a  red  heat ;  dissolves  slowly  in 
cold  water,  more  quickly  in  boiling  water  ;  the 
aqueous  solution  has  an  alkaline  taste  and  re- 
action, and  is  decomposed  by  the  CO^  in  the  air. 
K.,0.2Te02  melts  below  redness,  and  solidifies 
again  to  a  transparent,  colourless,  crystalline 
mass  ;  dissolved  by  boiling  water,  and  the  solu- 
tion on  cooling  deposits  K,0.4Te02.  The  telra- 
tellurite  or  hyperacid  tellurite  K.,0.4TeO.,.4H20 
(  =  K2TeO,.3TeO„.4H„0  or  K„Te^0;.4H„0)  is  pre- 
pared by  boiling  H^TeOjAq  with  K^CO,,  and  fil- 
tering at  100° ;  the  salt  is  deposited  on  cooling 
in  microscopic  six-sided  prisms  and  tablets. 
This  salt  reacts  with  cold  water  to  give  a  solu- 
tion of  K.TeOj  and  K.He.fi,  and  a  gelatinous  pp. 
of  HjTeOj ;  when  heated"  4H„0  is  given  off,  and 
K20.4Te02  remains  as  a  salt  which  melts  at  a 


moderate  red  heat  and  solidifies  on  cooling  to  a. 
colourless  glass. 

The  tellurites  have  been  examined  chiefly  by 
Berzelius  {P.  32,  577  ;  v.  also  Oppenheim,  J.pr. 
71,  267).  Salts  of  the  following  metals  have 
been  isolated,  but  many  have  been  studied  in  a 
very  superficial  way :  Al,  NH^,  Ba,  Cd,  Ca,  Or, 
Co,  Cu,  Fe,  Pb,  Li,  Mg,  Mn,  Hg,  Ni,  Ag,  Na,  Sr, 
and  Zn.  M.  M.  P.  M. 

TELLUKIUM.  Te.  At.  w.  c.  125  {v.  infra). 
Mol.  w.  c.  250  {v.  infra).  Melts  at  c.  455° 
(Carnelley  a.-WiUiams,  C.  J.  37,  125).  Boils  at 
c.  1390°  (Deville  a.  Troost,  C.  R.  91,  83).  S.G. 
6-2549  at  0°  (after  compression) ;  6-2322  at  0° 
(uncompressed)  (Spring,  B.  B.  6,  854) ;  6-2549 
at  18-2°  (after  melting  in  H)  (Pi<iwoznik,  C.  C. 
1892.  ii.  962  ;  for  further  data  v.  Clarke's  Table  of 
Specific  Gravities  [2nd  ei.]  10).  V.D.  ate.  1390° 
to  c.  1440  °  =  130  (Deville  a.  Troost,  C.  B.  56, 891). 
S.H.  (21°  to  51°,  crystalline)  -0475  (Kopp,  T. 
1865.  71) ;  (at  98°,  crystalline)  -0483 ;  (at  98°,, 
after  distillation  in  S0„)  -0518  (Fabre,  A.  Ch.  [6] 
14,  101).  C.E.  (linear,' at  0°)  -00001675  (Fizeau, 
C.  B.  68,  1125).  E.C.  -000777  at  19-6  (Ag  at 
0°  =  100)  (Matthiesen,P.  103,  428) ;  conductivity 
increases  slightly  when  light  falls  on  Te ;  the 
increase  is  very  much  less  than  in  the  case  of 
Se  {v.  Adams  a.  Day,  Pr.  24,  163;  25,  113). 
E.C.  decreases  slightly  to  c.  100°-140°,  and  then 
increases  to  200° ;  on  cooling  after  fusion  E.C. 
decreases  regularly  and  markedly ;  the  following 
values  are  given  by  Exner  (P.  158,  625)  -0035  at 
200°,  -00286  at  20°  (after  fusion),  -000435  at  20° 
(after  very  slow  cooling  from  fusion).  Te 
crystallises  in  rhombohedra;  a:c  =  1:1-3298  ;  it 
is  isomorphous  with  S  and  Se  {v.  Muthmann,. 
Z.  P.  G.  8,  396).  For  emission-spectrum  v. 
Pliicker  a.  Hittorf  {Pr.  13,  153) ;  Thalen  ;  Salet 
(A.  Ch.  [4]  28, 51) ;  Ditte  (C.  B.  73,  622) ;  Hartley 
a.  Adeney  (T.  1884  [1]  117).  For  absorption- 
spectrum  of  vapour  of  Te  v.  Gernez  (C.  B.  74,. 
1190).    H.C.  [Te,O^Aq]  =  98,380  {Th.  2,  278)._ 

Historical. — Examining  a  mineral  contain- 
ing gold  from  the  Seven  Mountains  in  1782 
Miiller  von  Eeichenstein  suspected  the  presence 
of  a  new  metal  {Abhand.  einer  Privatgesellschaft 
in  Buhmen).  He  sent  a  specimen  of  the  mineral 
to  Bergmann,  who  said  that  it  contained  a  metal 
which  was  not  the  same  as  that  in  blende.  In 
1798  Klaproth  received  some  of  the  mineral  from 
M.  von  R.,  and  isolated  the  characteristic  ele- 
ment, to  which  he  gave  the  name  tellurium  (from 
tcllus  =  the  earth)  (K.,  Beiirdge  zur  chem.  Kennt- 
niss  der  Miner alklirper,  3,  1  ;  cf.  Grcll's  Ann. 
1798.  91 ;  and  G.  A.  12,  246).  The  compounds 
of  Te  were  more  fully  examined  by  Berzelius 
(S.  6,  311  ;  34,  78  ;  P.  8,  411 ;  28,  392  ;  32,  1, 
577). 

Occurrence. — Te  is  found  native,  in  small 
quantities,  and  in  a  few  localities — chiefly  in 
Hungary  and  Transylvania,  and  in  Virginia, 
U.S.;  it  generally  accompanies  Au  and  Ag; 
specimens  have  been  obtained  with  97-98  p.c. 
Te.  Tellurides  are  also  found  in  small  quantities 
in  Hungary,  Mexico,  California,  Bolivia,  and 
some  other  places  ;  in  considerable  quantities 
in  Colorado ;  these  are  generally  compounds 
of  Te  with  Bi,  Ag,  Pb,  Bi  and  S,  Ag  and 
Au,  Au,  Pb  and  Sb ;  tellurite  (or  tellurium- 
ochre)  containing  TeOg  is  found  in  small  quan- 
tities in  the  Seven  Mountains  {v.  G.  Eose,  P. 
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18,  64  ,•  Eammelsberg,  J.  M.  1874.  30  ;  Burkait, 
/.  M.  1873.  47(3;  Silliman  a.  Marvine,  Am.  S. 
[3]  8,  25  ;  Mathewson,  J.  M.  1866.  U3  ;  Geiitb, 
/.  M.  1875.  188,  314). 

Formation. — 1.  By  passing  SO..intoH.,TeO.Aq; 
HoTeO^Aq  +  2S0,,  +  H.O  =  2H,Sd.,Aq  +  Te.  Also 
by  ppg.  solution  of  TeCl^  in  dilute  HClAq,  or  of  a 
Te  compound  in  HoS04Aq,  by  an  alkali  sulphite. 
2.  By  reducing  a  boiling  solution  of  (NH|)._,TeOjAq 
by  grape  sugar  (Stolba,  J.  1873.  214).— 3.  By  de- 
composing K„TeAq  by  air  or  oxygen  {v.  Op))en- 
heim,  /.  pr  71,  267  ;  81,  308  ;  Himly,  J.  1877. 
213). — 4.  By  ppn.,  by  means  of  zinc,  from  solu- 
tions of  Te  compounds  in  HoSO^Aq  {v.  Lowe, 
J",  pr.  60,  163). 

Preparation. — There  are  several  methods  of 
preparing  crude  Te  from  the  minerals  that  con- 
tain it.  Native  bismuth  telluride  is  made  into  a 
paste  with  oil  and  K,CO.„  and  gradually  heated 
to  whiteness  in  a  covered  crucible  ;  K_,Te  is  ex- 
tracted from  the  fused  mass  by  boiling  water, 
and  tlie  solution  deposits  Te  on  standing  in  air. 
Or  the  mineral  containing  Te  is  powdered  and 
treated  with  dilute  HClAq;  the  insoluble  matter 
is  gradually  added  to  three  times  its  weight  of 
cone.  HjSO.i,  and  heating  is  continued  until  SO., 
ceases  to  be  given  off ;  the  solid  that  forms  on 
cooling  is  dissolved  in  water  containing  a  little 
HCl ;  the  solution  is  filtered  from  AgCl,  Te  is 
ppd.  from  the  filtrate  by  zinc,  and  undissolved 
zinc  is  removed  by  digestion  with  dilute  HClAq. 
For  details  and  other  methods  v.  Berzelius  (P. 
8,411;  28,392);  Lowe  (-7.  ^jr.  60,  163) ;  Wohler 
(4.84,69);  Oppenheim(J.|ir.81,308);  Schnitzer 
(D.  P.  J.  211,  484,  492);  Schwarz  {D.  P.  J.  186, 
29). 

To  prepare  pure  Te,  Brauner  (C.  J.  55,  382 ; 
cf.  M.  10,  411)  recommends  to  digest  the  crude 
material  with  HClAq  in  a  large  flask,  and  to 
oxidise  by  HNO.,Aq  added  little  by  little  till  the 
solid  matter  becomes  white,  to  evaporate  several 
times  with  cone.  HClAq  (to  remove  HNO.,),  and 
then  to  dilute  cautiously  with  water,  taking  care 
not  to  add  enough  water  to  ppt.  H,Te03  along 
with  any  PbCL  which  may  come  down.  He  then 
adds  some  saturated  SO;,Aq,  warms  to  60°-70°, 
and  ppts.  Te  by  passing  SO.,  into  the  warm  solu- 
tion. The  Te  thus  obtained  generally  contains 
a  little  copper  and  lead  seleuides.  The  pp.  is 
dried  and  fused  in  small  portions  with  KCy ;  the 
fused  mass,  which  contains  K._,Te,  is  dissolved  in 
water,  from  vfhich  air  has  been  removed,  in  a 
stoppered  flask;  the  liquid  is  allowed  to  clear 
(there  is  generally  a  small  pp.  of  tellurides  of  heavy 
metals  mixed  with  a  trace  of  Te)  and  is  then 
poured  off,  and  a  current  of  air  is  passed  through 
it,  whereby  Te  is  ppd.  The  Te  is  dried,  placed 
in  a  porcelain  boat,  which  is  introduced  into  a 
wide  tube  of  hard  glass  surrounded  by  wire  gauze, 
and  distilled  in  a  current  of  pure  dry  H.  (For  a 
method  of  purification  based  on  the  ppn.  of  Te 
from  (NH.,)./reOjAq  by  grape  sugar,  v.  Stolba,  J. 
1873.214.) 

Prrrpcrties. — As  prepared  by  sublimation  in 
H,  tellurium  is  a  white,  shining,  crystalline,  very 
brittle  solid,  unchanged  by  exposure  to  au\ 
During  distillation  in  H,  Brauner  (I.e.)  noticed 
that  some  H.,Te  was  formed,  and  was  decomposed 
with  deposition  of  needle-shaped  crystals  of  Te, 
some  of  which  were  1  centim.  in  length.  The 
crystals  of  Te  are  hexagonal  rhombohedra,  iso- 


morphous  with  S  and  Se  {v.  Muthmann,  Z.  P.  C. 
8,  396).  By  allowing  K.TeAq  to  decompose  in  air, 
H.  Eose  obtained  six-sided  prisms  with  rhombo- 
hedral  summits  (P.  21, 443 ;  cf.  Fabre  a.  Berthelot, 
C.  R.  104,  1405).  Amorphous  Te  is  obtained  as 
a  brown  powder  by  ppg.  H..TeO.,Aq  by  SO., ;  on 
warming,  the  amorphous  variety  changes  to  the 
crystalline,  giving  off  a  large  quantity  of  heat 
(F.  a.  B.,  I.e.).  Te  that  has  been  melted  and 
cooled  quickly  seems  to  contain  both  the  crys- 
talline and  the  amorphous  varieties.  According 
to  Fabre  (.1.  Ch.  [6]  14,  100),  both  varieties 
have  practically  the  same  S.H.  at  c.  100^  Te 
melts  at  c.  455°  and  boils  at  c.  1390°;  the 
vapour  is  golden  yellow.  Heated  in  air  it 
burns  with  a  brilliant  blue-green  flame  to  white 
clouds  of  TeOj,  which  are  poisonous  ;  the 
smell,  like  that  of  decaying  radishes,  that  is 
noticed  on  burning  impure  Te  is  due  to  the 
oxidation  products  of  Se,  which  is  commonly  pre- 
sent in  specimens  of  crude  Te.  Te  dissolves  in 
very  cone,  boiling  KOHAq,  forming  a  red  liquid 
that  contains  KoTeO.,  and  K._>Te  ;  on  allowing  to 
cool,  or  on  adding  water,  the  whole  of  the  Te 
separates.  HClAq  is  without  action  on  Te ; 
cone,  hot  HoSO^  dissolves  it  slightly,  but  the  Te 
separates  on  dilution;  when  heated  strongly 
with  cone.  H.,SOj  Te  dissolves  to  H.TeO.,  with 
evolution  of  SO.,.  Te  dissolves  in  S63,  forming 
TeSO.,.  Cone.  jaNO,,Aq  forms  a  solution  of 
H.TeOj ;  aqiia  regia  forms  H„TeO.,  and  some 
H.^TeOj.    Molten  KNO3  produces  K.TeOj. 

In  its  physical  properties  Te  approaches  the 
metals,  and  especially  resembles  Sb.  In  its 
chemical  properties  Te  is,  on  the  whole,  non- 
metallic  ;  but  the  oxide  TeO.,  combines  with 
certain  anhydrides  of  strong  acids  to  form  salt- 
like compounds,  and  the  oxide  TeO  is  said  to 
dissolve  in  H.SOjAq,  forming  Te(SOj).,.  Te  is 
closely  related  to  Se,  and  less  closely  to  S ;  it 
shows  distinct  analogies  with  Cr,  Mo,  W,  and 

U  (i).  O.XTGEN  GEODP  OF  ELEJIENTS,  VOl.  ill.  p.  705, 

and  CHROMinH GROUP  of  elements,  vol.ii.  p.  168). 
The  atom  of  Te  is  divalent  in  the  gaseous 
molecules  TeH^  and  TeCL,  and  tetravaleut  in 
the  gaseous  molecule  TeCl.,. 

Atoiiiie  lucight  of  telluriimi.  The  at.  w.  of 
Te  was  determined  by  Berzelius  in  1812,  1818, 
and  1832  by  oxidising  Te  by  HNO.,Aq  and 
weighing  the  TeO..  produced  ;  he  obtained  values 
varying  from  127-9  to  128-5  (P.  8,  24  ;  28,  395 ; 
32,  16).  In  1857  von  Hauer  analysed  KjTeBi-g, 
and  obtained  values  from  126-5  to  128-1 
{W.A.B.  25,  135).  In  1879  Wills  determined 
the  weight  of  TeO._,  obtained  by  oxidising  Te  by 
HNO.,Aq  and  by  aqua  rcgia,  and  he  also  made 
analyses  of  K.TeBr^ ;  his  results  varied  from 
126-i  to  129-3  '(C.  J.  35,  704).  In  1883  Brauner 
obtained  numbers  varying  from  124-94  to  125-4, 
by  oxidising  Te  to  TeO.,,  by  converting  Te  and 
TeO.,  into  (TeO..).,SO,„  and  by  synthesising  Cu  ,Te 
[J.  R.  1883.  [1]"4'33  ;  abstract  in  P.  16,  3055).'ln 
1889  Brauner  made  a  very  careful  revision  of 
the  at.  w.  of  Te  (C.  J.  55,  382) :— (i.)  by  oxidising 
Te  to  TeO.,  he  obtained  values  varying  from 
124-48  to  127-28  ;  (ii.)  by  converting  TeO.,  into 
(TeO..).,S03,  the  numbers  varied  from  124'-7  to 
129  (one  result  gave  135-9) ;  (iii.)  by  conversion 
of  Te  into  (TeO.J.SO.,,  the  numbers  varied  from 
124-3  to  129-7  ;  (iv.)  by  syntheses  of  tellurides  of 
Ag,  Cu,  and  Au,  the  numbers  varied  from  125-7 
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to  129-9 ;  (v.)  by  analysis  of  TeO,,  tlie  value 
127'2  was  obtained,  but  only  one  satisfactory 
analysis  was  made ;  (vi.)  by  analyses  of  TeBr^ 
the  numbers  varied  from  127-27  to  127-31.  The 
results  obtained  by  analysing  TeBr^  were  more 
concordant  than  any  obtained  by  the  other 
methods ;  but  the  value  127-3  is  almost  -75  imits 
greater  than  the  at.  w.  of  iodine  ;  hence  it  seems 
as  if  the  at.  w.  of  Te  is  greater  than  that  of  I. 
But  if  this  is  so,  Te  must  be  separated  from  S, 
Se,  and  the  chromium  metals,  which  are  placed 
in  Group  VI.  in  the  periodic  arrangement  of  the 
elements  ;  and  Te  must  be  placed  either  with 
the  halogens  in  Group  VII.  (I  being  put  into 
Group  VI.),  or  this  element  must  find  a  place 
in  Group  VIII.  (I  remaining  in  Group  VII., 
and  an  empty  place  being  left  in  Group  VI., 
Series  7).  The  chemical  properties  of  Te 
show  that  it  belongs  to  the  same  group  as  S 
and  Se  ;  and  the  chemical  properties  of  I  make 
it  impossible  to  place  that  element  elsewhere 
than  with  F,  CI,  and  Br. 

Is  telluriiim  a  Iwmogeneous  body  ?  Bather 
than  doubt  the  applicability  of  the  periodic  law, 
Brauner  made  the  hypothesis  that  tellurium  is 
not  a  homogeneous  body,  but  that  it  contains  an 
admixture  of  foreign  substances.  He  dissolved 
Te,  and  ppd.  in  fractions  by  SO^,  fused  the  frac- 
tions with  KCy,  dissolved  in  water,  and  ppd. 
fractionally  by  a  current  of  air  ;  he  then  distilled 
each  fraction  in  H,  and  converted  it  into  TeBr^, 
and  analysed  each  fraction.  The  values  thus 
obtained  for  the  at.  w.  of  Te  were  almost 
identical,  the  mean  being  127-33.  Pure  TeO^ 
was  then  dissolved  in  HClAq,  and  the  solution 
was  ppd.  in  eight  fractions  by  ammonia ;  the 
filtrate  from  the  eighth  fraction  was  ppd.  by  SO, 
in  presence  of  HCl Aq  ;  after  boiling  oii  SO.^  from 
the  filtrate  from  the  ninth  fraction,  the  liquid 
was  saturated  with  H„S,  and  the  TeO.,  in  solution 
was  obtained,  converted  into  Te,  and  this  con- 
verted into  TeBrj  -,  the  at.  w.  thus  obtained  (in 
three  experiments)  was  127-32,  the  three  experi- 
ments agreeing  extremely  well.  Te  was  then 
fused,  but  not  distilled,  in  a  current  of  H  ;  it  was 
then  converted  into  TeBr^,  which  was  freed  from 
TeBr„  by  fractional  sublimation  invacuo,v/it}iox\t 
converting  the  TeBr^  into  vapour,  and  analysed ; 
the  values  obtained  for  the  at.  w.  of  Te  differed 
very  much,  ranging  from  128-5  to  137-4.  From 
these  results  Brauner  concluded  that  '  if  tel- 
lurium, obtained  by  any  process  of  fractionation 
whatever,  be  subjected  to  distillation  in  a  current 
of  hydrogen,  and  the  tetrabromide  be  prepared 
from  this  by  sublimation  in  a  vacuum,  its 
analysis  always  gives  the  same  atomic  weight 
for  tellurium.  ...  If,  however,  the  tellurium  be 
only  fused  in  a  current  of  an  indifferent  gas,  and 
the  tetrabromide  be  not  sublimed,  higher  num- 
bers will  be  obtained.  ...  It  is  therefore  very 
probable  that  on  distilling  tellurium  in  a  current 
of  hydrogen,  and  the  tetrabromide  in  a  vacuum, 
one  constituent  of  tellurium  escapes  partly,  the 
presence  of  which  in  the  last  cases  renders  the 
atomig  weight  higher.'  Brauner  prepared  TeBrj 
by  fusing  TeBr,,  with  excess  of  Te,  and  subhming 
either  in  vacuo  or  in  a  current  of  GO.^;  the 
analyses  of  different  specimens  of  TeBr.,  showed 
percentages  of  Br  varying  from  54-658  to  55-14 ; 
the  percentage  of  Br  calculated  for  Te  =  127-32 
is  55-6.    Brauner  concluded  that  '  tellurium  is 


not  a  simple  substance.'  This  conclusion  is  still 
held  by  B.  to  be  correct.  In  a  private  communi- 
cation (January  1894)  he  says  :  '  I  consider  Te 
to  be  a  mixture  of  two  elements  that  cannot  be 
separated  by  ordinary  chemical  means,  not  even 
by  fractionation.  It  cannot,  however,  be  shown 
that  the  at.  w.  of  Te  is  about  125,  for  all  attempts 
I  have  made  in  this  direction  have  failed  com- 
pletely. All  atomic  weight  determinations  made 
by  me,  and  others,  giving  values  higher  or  lower 
than  127-3  are  due,  partly  to  impurities,  but  in 
most  cases  to  some  undetected  source  of  error.' 

Molecular  weight  of  tellurium.  Deville  a. 
Troost  (C.R.  56,  891)  found  the  V.D.  of  Te 
between  c.  1390°  and  c.  1440°  to  be  130  ;  this 
gives  the  mol.  w.  of  c.  260.  As  the  at.  w.  of  Te 
is  not  known  with  certainty,  it  is  not  possible  at 
present  to  correct  the  value  deduced  for  the 
mol.  w.  from  the  determinations  of  V.D.  The 
gaseous  molecule  of  Te  is  diatomic. 

Reactions  and  Combinations. — 1.  Heated  in 
air,  or  oxygen,  Te  is  burnt  to  TeO,. — 2.  Heated 
in  excess  of  chlorine  TeCl^  is  produced ;  with 
bromine  TeBr^  is  produced ;  with  iodine  the 
product  is  TeL. — 3.  Te  and  sulphur  can  be 
melted  together  in  all  proportions  ;  it  is  doubtful 
whether  definite  compounds  are  formed  or '  not 
(v.  TELLUEruM  SULPHIDES,  p.  655).  Tc  and 
sclenion  can  also  be  melted  together  in  all  pro- 
portions ;  no  definite  compound  has  been  iso- 
lated.— 4.  Nitric  acid  forms  H.TeOj ;  according 
to  Klein  a.  Morel  {Bl.  [2]  43,  198),  cold  HNOjAq 
first  forms  4Te02.N„05.a;aq  (v.  Tellukidm 
DIOXIDE,  p.  655).  Aqua  regia  produces  a  mix- 
ture of  H,,Te03  and  H,,Te04.— 5.  Te  dissolves  in 
hot  cone,  potash  solution,  forming  a  red  solution 
that  contains  K^Te  and  K^TeOj ;  on  addition 
of  water  Te  separates  (2K2TeAq  +  KoTeOjAq 
=  3K20Aq+ 3Te). — 6.  Fusion  with  potassiimi 
nitrate  produces  KjTeO^. — 7.  Fusion  v.'ith  potas- 
sium carbonate  produces  a  mixture  of  K.Te  and 
KjTeOg.' — 8.  Te  dissolves  in  sulphur  ti-ioxide, 
forming  TeSOj  {v.  thio-oxide  under  TELLUErDSi 
OXIDES,  p.  655). 

Detection  and  Estimation.  —  Free  Te  is 
readily  detected  by  fusing  with  charred  cream  of 
tartar  and  dissolving  in  water,  whereby  a  red 
solution  is  obtained  that  deposits  Te  in  dark- 
brown  flakes  on  standing  in  air.  Tellurous  acid 
and  tellurites  dissolve  in  dilute  HClAq,  and 
addition  of  water  ppts.  white  HoTeOj ;  SO^  ppts. 
Te  from  solutions  of  tellurites  in  dilute  HClAq 
or  HNOjAq.  Solutions  of  tellurates  in  acids 
give  no  pps.  with  water ;  solutions  in  HClAq 
give  off  CI  on  boiling,  being  reduced  to  tellurites, 
and  are  then  ppd.  by  water.  For  a  test  for  Te 
based  on  the  formation  of  red  TeSOj  by  passing 
TeH.,  into  H,_,SOjAq  v.  Divers  a.  Shimos6,  C.  J. 
43,  329.  Te  is  generally  estimated  by  ppg.  the 
element,  from  solution  of  HjTeOj  or  a  tellm-ite, 
by  alkali  sulphite,  SOj,  or  grape  sugar  (Kastner, 
abstract  in  C.  J.  29,  440 ;  cf.  Donath,  abstract 
in  C.  J.  60,  242).  In  C.  J.  59,  238,  Brauner 
describes  a  method  for  the  volumetric  estima- 
tion of  Te  by  KMnO^Aq. 

Tellurium,  acids  of ;  tellurhydrie  acid 
H.,Te  (vol.  ii.  p.  727) ;  tellurous  acid  HoTeOj 
(this  vol.,  p.  056) ;  telluric  acid  HjTeO,  (this 
vol.,  p.  649).  The  existence  of  the  potassium 
salt  of  HCNTe  is  probable  {v.  Tellukoctanides, 
vol.  ii.  p.  353). 
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Tellurium,  alloys  of.  The  compounds  of  Te 
with  metals  are  sometimes  classed  with  the 
more  definite  alloys  (v.  Tellukides,  p.  (549). 

Tellurium,  antimonides  of,  v.  Antimony  ; 
Combinations,  No.  7,  vol.  i.  p.  283. 

Tellurium,  arsenides  of,  v.  Arsenic  ;  Com- 
binations, No.  6,  vol.  i.  p.  303. 

Tellurium,  bromides  of.  Two  bromides  have 
been  isolated,  TeBr.,  and  TeBr4 ;  both  are  formed 
by  the  direct  combination  of  Te  and  Br.  The 
bromides  can  be  sublimed,  under  reduced  pres- 
sure, without  change.  The  V.D.  of  neither  has 
heen  determined ;  but,  from  the  analogy  of 
TeCI,  and  TeCl^,  the  formute  are  probably 
molecular. 

Tellukium  dieromide  TeBr.,.  Formula  pro- 
bably molecular,  from  analogy  of  TeCL.  Pre- 
pared by  fusing  TeBr^  with  excess  of  powdered 
Te,  and  subUming  either  in  vacuo  or  in  a 
current  of  dry  CO.,.  A  blackish-green  crystalline 
mass  ;  obtained  in  steel-grey  needles  by  slow 
subhmation  (Brauner,  C.  J.  55,  410).  Melts 
c.  305°,  and  boils  c.  343°  (Carnelley,  Melting-  and 
Boilijig -point  Tables,  1,  21).  TeBr.,  is  very 
hygroscopic ;   it  is  decomposed  by  water  to 

H.  ,Te03Aq  and  HBrAq.  Dissolves  in  tartaric 
acid  solution,  forming  TeBr^  and  Te  (Brauner, 

I.  C.). 

Tellurium  tetrabromide  TeBr4.  (Telluric 
hromicle.)  Formula  probably  molecular,  from 
analogy  of  TeClj.  Prepared  by  shaking  together 
powdered  Te  and  Br,  in  the  proportion  Te:4Br, 
warming  in  a  current  of  dry  CO,,  and  then  sub- 
liming in  vacuo  (for  details  and  description  of 
apparatus,  v.  Brauner,  C.  J.  55,  396).  Forms  a 
crystalhne  crust,  which  is  tiery  red  when  hot 
and  orange  coloured  when  cold.  S.G.  ^t°  =  4-31 
(Brauner,  I.e.,  p.  407).  Melts  at  c.  380°,  and 
boils  at  414°-427°,  according  to  Carnelley  a. 
Wihiams  (C.  J.  35,  563  ;  37,  125).  Dissolves  in 
a  little  water  without  change  ;  on  dilution  a 
colourless  liquid  is  obtained,  containing  HBr 
and  HoTeO.j ;  crystals  are  obtained  by  evapo- 
rating over  H.,SO.„  and  are  said  by  Berzelius  to  be 
TeBr.j.xHoO.  By  adding  AgNOjAq  to  a  solution 
of  TeBr^  in  tartaric  acid,  Brauner  (C.  J.  55, 
398)  obtained  AgBr  and  also  crystalline  scales 
probably  (CjHj05).,.Ag,.O.TeO.,.  2aq  ;  this  com- 
pound is  called  by  B.  tellurium-silver  tartar 
emetic  {cf.  Klein  a.  Morel,  C.  E.  100,  1140). 
TeBr4  forms  double  salts  with  alkali  bro- 
mides. The  salt  TeBr4.2KBr  (  =  K2TeBr,.)  is 
prepared  by  dissolving  the  proper  quantity  of 
KBr  in  water,  adding  Te,  running  in  Br,  shaking 
till  the  Te  is  dissolved,  filtering,  and  evaporating 
at  100°  (WUls,  C.  J.  35,  711 ;  cf.  von  Hauer, 
W.  A.  B.  25,  135).  Dark-red,  opaque,  lustrous 
crystals;  orthorhombic,  a:6:c  =  l:l-4901:l-3658 
(W.,  I.e.) ;  cf.  Wheeler  (Am.  S.  [3]  45,  267),  where 
some  other  salts  of  the  form  M.,TeBrg  are  de- 
scribed. 

Tellurium,  chlorides  of.  Two  compounds 
are  known,  TeCl.,  and  TeCl, ;  both  have  been 
gasified,  and  the  formulas  of  both  are  molecular. 
The  chlorides  are  formed  by  the  direct  combina- 
tion of  their  elements. 

Tellurium  dichlokide  TeGl,.  Mol.  w. 
c.  196.  Powdered  Te  is  heated  in  a  distillation- 
flask  in  a  stream  of  CI  until  the  Te  is  com- 
pletely converted  into  TeCl^ ;  Te  is  added  equal 


in  weight  to  the  original  quantity  used,  the 
whole  is  heated  for  a  little  time,  an  inverted 
condenser  being  attached  to  the  flask,  and  the 
TeOLis  then  distilled  off  at  320°-330°  (Michaelis, 
B.  20,  2488).  TeCL  is  a  black,  amorphous  solid, 
melting  at  175°  (M.,  I.e.)  to  a  black  liquid ; 
Carnelley  a.  Wilhams  give  m.p.  as  209°  (C.  J. 
37,  125).  Boils  at  327°  (C.  a.  W.,  I.e.).  The 
vapour  of  TeCU  is  reddish,  and  gives  a  charac- 
teristic absorption-spectrum  (M.,  I.e.).  V.D.  at 
440°,  in  vapour  of  N,  =98-2  (M.,  I.e.).  The 
vapour  becomes  yellowish  in  presence  of  air  or 
O  ;  TeO„  and  TeClj  are  formed,  and  after  con- 
tinued heating  these  react  to  produce  TeOCl., 
(M.,  I.e.).  TeCI,  absorbs  moisture  when  exposed 
to  the  air,  but  does  not  fume  ;  on  addition  of 
much  water  H.,Te03  is  formed ;  HClAq  forms 
Te,  and  TeO,  which  remains  dissolved  in  the  acid 
(M.,  I.C.). 

Tellurium  tetrachloride  TeCl,.  (Telluric 
chloride.)  Mol.  w.c.  269.  Powdered  Te  is  heated, 
in  a  distillation  flask,  in  a  stream  of  dry  Ci 
until  the  solid  becomes  pale  yellow,  when  it  is 
distilled  in  a  stream  of  dry  CO.,  (Michaelis,  B. 
20,  1780).  TeClj  is  a  colourless,  crystalline 
solid,  melting  at  214°,  and  boiling  without  de- 
composition at  380°  (M.,  I.e. ;  Carnelley  a.  Wil- 
liams give  the  m.p.  as  224°  [C.  J.  37,  125],  and 
the  b.p.  as  414°  [C.  J.  35,  563]).  V.D.  131  at 
440°,  125  at  530°  (M.,  I.e.).  The  vapour  of  TeCl, 
shows  no  absorption-spectrum  (M.,  B.  20,  2488). 
TeCl,  dissolves  without  change  in  dilute  PIClAq. 
It  deliquesces  ,in  the  air,  cold  water  ppts.  an 
osychloride,  and  H._,TeO.)  is  also  formed ;  boiUng 
water  dissolves  TeCl^,  and  H.^TeOa  separates  on 
cooling. 

TeCl^  combines  with  alkali  chlorides  to  form 
salts  TeCl4.2MCl  =  MoTeCl^ ;  these  salts  are  best 
obtained  by  adding  MClAq  to  a  slight  excess  of 
TeCl,  dissolved  in  dilute  HClAq  and  crystallising 
(v.  Wheeler,  Am.  S.  [3]  45,  267).  The  salts 
crystallise  in  regular  yellow  octahedra,  without 
water.  Weber  (P.  104,  422)  described  a  com- 
pound TeCl4.3AlCl.„  obtained  by  melting  together 
TeCk,  and  AICI3.  'TeCl4  absorbs  NH.„  forming  a 
greenish-yellow  solid  that  is  unchanged  in  an 
and  has  the  composition  TeCl4.2NH3  (Espen- 
schied,  A.  113,  101). 

Tellurium,  Huorides  of.  Only  one  fluoride 
of  Te  has  been  isolated.  The  formula  TeF4  is 
probably  molecular,  from  the  analogy  of  TeCl4. 

Tellurium  tetrafluoride  TeP4.  (Telluric 
fluoride.)  Prepared  by  dissolving  HfleO^  in 
HFAq,  evaporating  at  100°  to  a  syrup,  allowing 
to  cool,  separating  the  white  nodules  that  are 
formed,  and  heating  in  a  Pt  basin  (Hogborn,  Bl. 
[2]  35,  60).  If  carbonate  or  hydroxide  of  an 
alkali  metal,  or  of  Ba,  is  added  to  the  solution 
of  H.,TeO.,  in  HFAq  before  evaporation,  double 
salts'  ot  the  forms  TeFj.MiF  and  2TeF4.M"F,. 
are  obtained ;  these  salts  are  decomposed  by 
water  (H.,  I.e.). 

Tellurium,  haloid  compounds  of.  These 
compounds  belong  to  the  forms  TeX.,  and  TeX4, 
where  X  =  CI,  Br  or  I ;  the  only  fluoride  that 
has  been  isolated  is  TeF4.  The  chlorides  TeCL, 
and  TeCl4  have  been  gasified,  and  the  formula 
are  molecular ;  the  formula  of  the  other  haloid 
compounds  are  also  probably  molecular.  An 
iodide  containing  more  I  than  Tel4 — perhaps 
Tel„,  corresponding  with  SI„ — may  exist  in  the 
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solution  of  HoTeOs  in  HIAq.  No  compound 
corresponding  with  S„C]„,  Se,Cl.,,  Se^Bro,  and 
SeJ,  lias  been  isolated.  The  haloid  compounds 
of  Te  are  more  stable  towards  heat  than  the 
corresponding  compounds  of  Se  or  S.  The 
haloid  compounds  of  Te  are  decomposed  by 
•water,  giving  H^TeO,  and  HXAq  ;  cold  water  is 
said  to  ppt.  an  oxychloride  from  TeClj.  The 
compounds  TeXj  combine  with  the  haloid  com- 
pounds of  the  alkali  metals  to  form  salts 
M„TeX,. ;  when  X  =  F  the  salts  are  said  to  be  of 
the  form  MTeF^. 

Tellurium,  hydride  of,  TeH,  v.  Htdkogen 

TELLTJEIDE,  Vol.  ii.  p.  727. 

Tellurium,  iodides  of.  Two  iodides  have 
been  isolated,  TeL,  and  Telj ;  a  third — perhaps 
Telg — may  exist  in  the  solution  of  H^TeOj  in 
HIAq.  Tel^  is  formed  by  directly  combining 
Te  and  I ;  Tel^  is  obtained  by  digesting  HoTeOa 
with  HIAq. 

Tellubium  di-iodide  Telo.  Prepared  by 
gently  warming  a  mixture  of  powdered  Te  and 
excess  of  I ;  may  be  sublimed  as  a  black,  crystal- 
line crust ;  when  strongly  heated  I  is  given  off. 
Not  changed  by  water,  hot  or  cold  (Berzelius, 
Lehrbuch,  5th  edit.,  3,  1139). 

Tellueium  TETRA-ioDiDE  Tel4.  (Telluric 
iodide.)  Obtained  by  digesting  powdered 
H,TeO:,  with  HIAq  in  a  closed  flask,  whereby 
hard  black  granules  are  formed.  Melts  when 
heated,  and  gives  off  I.  Boiling  water  causes 
decomposition,  probably  forming  an  oxyiodide. 
If  a  solution  of  HjTeOj  in  HIAii  is  evaporated 
over  H,_,S04  and  CaOoHj  in  vacuo,  lustrous 
prisms  are  obtained  that  are  perhaps  a  com- 
pound of  Tel,  and  HI  (B.,  Z.c).  By  dissolving 
alkali  iodides  in  Tel,  dissolved  in  dilute  HIAq, 
and  crystallising,  black  salts  of  the  form  MjTeIg 
are  formed  in  regular  octahedra  ;  the  potassium 
salt  contains  2H.,0  and  crystallises  in  monoclinic 
forms  (Wheeler, '^Ht.  S.  [3]  45,  267). 

Tellurium,  oxides  of.  Three  oxides  have 
been  isolated,  TeO,  TeO„,  and  TeO^.  TeO  is 
probably  slightly  basic ;  TeO,  is  the  anhydride 
of  the  weak  acid  H.TeOj,  but  it  also  shows 
feebly  basic  properties ;  TeOj  is  a  very  weak 
acidic  oxide.  None  of  the  oxides  has  been 
gasified  ;  aU  are  known  in  the  solid  state  only. 
An  oxide  of  Te  and  S,  TeSO,,  is  also  known. 

Tellurium  monoxide  TeO.  This  oxide  was 
prepared  in  1883  by  Divers  a.  Shimos6  (C.  /. 
43,  319).  It  is  obtained  by  long-continued 
heating  TeSOj  to  180°-230°  in  vacuo  until  SO^ 
ceases  to  be  given  off,  powdering  the  residual 
solid,  digesting  it  with  water  containing  a  little 
NajCOj,  washing  with  hot  water,  then  with 
alcohol,  and  drying  in  a  steam  oven.  TeO  is  a 
black,  amorphous  solid,  with  a  slight  brown 
shade,  showing  a  graphitic  lustre  when  pressed 
■with  a  hard  body.  It  is  unchanged  in  air,  but 
when  heated  it  burns  to  TeO., ;  when  strongly 
heated  in  vacico  TeOj  and  Te  are  formed.  TeO 
is  scarcely  affected  by  cold  KOHAq ;  boiling 
KOHAq  decomposes  it,  giving  Te.  SO3,  even  if 
boiling,  scarcely  acts  on  TeO.  The  oxide  dis- 
solves in  hot  H„SO,Aq  ;  D.  a.  S.  say  that  the 
solution  deposits  Te(SO|).,  on  cooling,  but  no 
analyses  of  the  crystals  that  separate  are  given ; 
Magnus  (P.  10,  491)  gave  this  formula  to  the 
product  of  the  interaction  of  Te  with  hot  cone. 


HjSOj.  Heated  in  HCl  gas  TeCU  is  formed. 
TeO  is  slowly  reduced  to  Te  by  SO... 

Telldeium  dioxide  TeO.,.  (Telhirous  oxide. 
I  Tellurous  anhydride.) 

Occurrence. — As  tellurite  or  tellurium  ochre, 
in  the  Seven  Mountains. 

Formation. — 1.  Te  is  heated  in  the  air. — 2. 
By  decomposing  a  boiling  solution  of  TeCl,  in 
;  HClAq  by  boiling  water.— 3.  By  heating  H^TeOj. 
4.  By  oxidising  Te  by  HNO^Aq,  and  heating 
the  solution. — 5.  According  to  Hilger  (A.  171, 
[  211)  by  heating  Te  with  HoSOj,  SO,  is  evolved 
j  and  TeOs  separates  on  cooling. 
I       Preparation. — Powdered  Te  is  dissolved  in 
j  warm  HNOjAq,  S.G.  1-25,  and  the  solution  is 
i  heated  somewhat  above  20°  ;  below  8°  HoTeOj 
separates,  between  8°  and  20°  both  TeO,  and 
j  H^TeO.,  are  formed,  and  the  solid  that  forms 
'  from  the   solution  above   20°  is  TeO,  only 
\  (Klein  a.  Morel,  Bl.  [2J  43,  198).    By  allowing 
!  the  solution  of  Te  in  HNOjAq  to  stand  for  some 
hours,  and  then  adding  some  alcohol,  TeO,  is 
obtained  in  crystals  (Oppenheim,  J.  pr.  71,  267  ; 
cf.  Berzelius,  P.  28,  392). 

Properties.  —  A    white,  crystalline  solid  ; 
melts  at  a  red  heat  to  a  transparent,  yellow 
liquid,  which  on  cooUng  forms  a  white  crystal- 
line mass,  giving  oS  so  much  heat  that  the 
solid  glows  feebly.    TeO,  may  be  sublimed  in  a 
slow  stream  of  air.    Clarke  [Am.  S.  [3]  14,  285) 
gives  S.G.  as  6-7559  at  12-5°.    As  obtained  from 
a  solution  of  Te  in  HNO^Aq,  TeO,  forms  quad- 
ratic octahedra  ;  S.G.  5-65  to  5-68  at  0°  (K.  a.  M., 
I.e.).    As  obtained  by  heating  H,Te03  tUl  all 
water  is  removed  and  the  residue  melts,  Te0.j 
j  forms  orthorhombic  needles ;  S.G.  5-88  to  5'91 
j  at  0°  (K.  a.  M.,  I.e.).   Freshly-prepared  TeO,  has 
i  no  taste,  but  after  a  time  it  acquires  a  disagree- 
I  able  metallic  taste  (BerzeUus,  P.  28,  392).  It 
'  does  not  redden  litmus  paper.    It  is  almost  in- 
j  soluble  in  water ;  1  pt.  dissolves  in  150,000  pts. 
1  of  water  (K.  a.  M.,  I.e.).    TeO^  is  very  shghtly 
soluble  in  most  acids  ;  it  is  more  soluble  in 
HClAq  (v.  infra.  Reactions,  No.  3).  Dissolves 
readily  in  solutions  of  caustie  alkaUs,  but  in 
alkali  carbonate  solutions  and  in  ammonia  only 
after  long-continued  boiling.     TeO.^  does  not 
formH.,Te03  by  reacting  with  water,  but  as  it  is 
obtained  by  heating  this  acid  it  may  be  called 
1  tellurous  anhydride. 

Reactions  and  Combinations. — 1.  Keduced  to 
Te  by  heating  in  hydrogen  to  the  temperature 
whereat  Te  vaporises. — 2.  Easily  reduced  to  Te 
i  by  heating  with  carbon. — 3.  TeO.^  absorbs  hydro- 
'  gen  chloride,  giving  off  much  heat  and  forming 
:  compounds  TeO,.xHCl.    At  — 10°,  after  satura- 
j  tion  with  HCl,"  the  compound  TeO.,.3HCl  is 
I  formed ;  on  slightly  warming  HCl  is  given  off, 
and  Te0...2HCl  remains,  and  does  not  change 
when  heated  to  90°  ;  on  heating  more  strongly, 
;  TeOClj  is  formed  (Ditto,  A.  Ch.  [5]  10,  82). 
Hydrogen  brotnide  is  also  absorbed  by  TeO, ;  by 
saturating  TeOj  with  HBr  at  —15°,  a  black 
solid,  resembling  I,  and  having  the  composition 
TeO._,.3HBr,  is  formed  ;  this  compound  begins  to 
decompose  at  —40°,  above  this  temperature 
TeO,.2HBr  is    produced,  which  remains  un- 
changed to  c.  300°,  at  which  temperature  it  de- 
composes to  TeOBr,  and  HjO  (D.,  I.e.).  Hydrogen 
iodide  and  hydrogen  fluwide  are  also  absorbed 
by  TeO.,,  but  the  products  have  not  been  ex- 
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aminecl. — 4.  Tellurites  (q.  v.,  p.  650)  are  formed 
by  dissolving  TeO.j  in  caustic  alkali  solutions,  or 
by  fusing  TeOn  with  alkali  carbonates. — 5.  A 
compound  of  TeO._,  with  sulphuric  anhydride 
2TeO.,.S03 — sometimes  called  basic  tellurium 
sulphate — is  formed  by  dissolving  TeOj  in 
hot  HoSOj  diluted  with  3  to  4  times  its  weight 
■of  water,  and  evaporating ;  it  crystallises  in 
rhombic  tablets,  somewhat  soluble  in  cold  dilute 
H,SOjAq  (Klein,  C.  B.  99,  320).— 6.  A  compound 
with  nitric  anhydride  2(4TeO„.N.,05).3H.,0  is 
described  by  Klein  a.  Morel  {Bl.  [2]  43,  'l98), 
as  obtained,  in  rhombic  needles,  by  dissolving 
TeO.  in  moderately  cone.  HNO,Aq,  and  also 
by  dissolving  Te  in  excess  of  HNO^Aq,  S.G. 
1-15  to  1-35,  and  evaporating  at  a  gentle 
heat.  This  compound — which  is  sometimes 
described  as  basic  tellurium  nitrate — is 
decomposed  at  c.  330°,  giving  off  N  oxides  and 
leaving  TeO.^;  with  much  hot  water  it  gives 
a  pp.  of  TeO.,. — 7.  A  compound,  probably 
TeO,„Ag20.(C^H|Or,).j.  2aq,  is  formed  by  dissolving 
TeO„  in  HBrAq,  adding  tartaric  acid,  and  ppg. 
by  AgNOjAq  {v.  Brauner,  C.  J.  55,  398;  cf. 
Klein  a.  Morel,  C.  B.  100,  1140). 

Telldridm  trioxiije  TeO;,.  (Telluric  oxide. 
Telluric  anhydride.)  Obtained,  as  an  orange- 
yellow,  crystalline  mass,  by  heating  K^TeO^  {v. 
Telluric  acid,  p.  649)  to  somewhat  above  160°. 
If  the  temperature  becomes  too  high  some  of 
the  TeOs  is  decomposed  to  TeO^  and  0 ;  it  is  ad- 
visable, therefore,  to  digest  the  residue  with  cold 
HClAq  (to  remove  any  TeO.,),  to  wash  out  HCl 
by  water,  and  to  dry  at  100°.  TeOj  is  not 
changed  by  cold,  nor  by  boiling,  water ;  nor  is  it 
acted  on  by  cold  HClAq,  by  hot  or  cold  HNO.,Aq, 
nor  by  dilute  KOHAq.  Very  cone,  boiling 
KOHAq  slowly  dissolves  TeO„  forming  K.,TeO,.  i 
TeOj  dissolves  in  boihng  HClAq,  01  is  slowly 
given  off,  and  H.,TeO.|  is  formed  in  the  solution 
{v.  Berzelius,  P."  28,  '392).  Clarke  {Am.  S.  [3] 
14,  286)  gives  S.G.  of  Te03  as  5  0704  at  14-5°. 

Tellurium  thio-oxide  TeSO,.  {Tellurium 
sulphoxide.  Tellurium-sidphur  trioxide.)  This 
compound  is  obtained  by  dissolving  pure  Te  in 
pure  SOj,  and  warming  after  a  time  to  c.  30°, 
pouring  off  SO3,  and  drying  in  vacuo  (Weber, 
J.pr.  [2]  25,  218;  for  description  of  apparatus, 
and  details,  v.  Divers  a.  Shimos6,  C.  J.  43,  323). 
TeSOj  is  a  red  amorphous  solid,  melting  at  30°. 
When  pure  it  remains  unchanged,  in  a  sealed 
■tube,  for  months  (D.  a.  S.,  I.e.).  The  colour 
gradually  changes  to  brown  by  heating  to  35° ; 
the  change  is  instantaneous  at  90°.  The  pro- 
duct, which  is  a  brown  solid,  has  the  composi- 
tion TeS03  (D.  a.  S.,  I.e.).  At  e.  180°  SO.,  is 
given  off  and  black  TeO  remains  (D.  a.  S.,  I.e.). 
TeS03  is  not  acted  on  by  SO3 ;  it  dissolves  in 
H._,SO,Aq,  giving  an  amethyst-red  solution  ;  water 
decomposes  it  to  H.,Te03,  TeO,  Te,  HoSOjAq, 
and  H.SO.Aq  (D.  a.  S.,  I.e.). 

TeSOj  may  perhaps  be  regarded  as  tellurium 
sulphite. 

Tellurium,  oxyacids  of,  H.,Te03,  v.  Telld- 
Eors  ACID  (p.  656)  ;  H,TeO,,  v.  Telluric  .iciD  (p. 
649). 

Tellurium,  oxybromide  of,  TeOBr.,.  A  pale- 
yellow  solid  ;  obtained  by  heating  Ted.,.2HBr  {v. 
Tellurium  dioxide  ;  Beactions,  No.  3,  p.  654) 
above  300°.  Melts  at  red  heat,  forming  a  very 
dark-coloured  liquid,  which  gives  off  almost 
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black  vapour  with  partial  decomposition  to  TeO., 
and  TeBr,  (Ditte,  A.  Ch.  [5]  10,  82). 

Tellurium,  oxychloride  of,  TeOCL.  Pre- 
pared by  heating  Te02.2HCl  {v.  Tellurium  di- 
oxide ;  Beactions,  No.  3)  to  above  90°.  Very 
similar  to  TeOCI.,  (Ditte,  A.  Ch.  [5]  10,  82).  De- 
composed at  fairly  high  temperature  to  TeO, 
and  TeCl,. 

Tellurium,  oxyiodide  of.  According  to  Ber- 
zelius {Lehrbuch  [5th  edit.]  3,  1141),  a  greyish- 
brown,  heavy  powder  is  formed  by  digesting 
Tel^  with  boiling  water,  and  this  powder  is  pro- 
bably an  oxyiodide  of  Te ;  no  analyses  are 
given. 

Tellurium,  salts  of.  No  compounds  have 
been  prepared  by  directly  replacing  the  H  of 
oxyacids  by  Te.  According  to  Divers  a.  Shimos6 
{C.  J.  43,  319),  Te(SO,),  is  formed  by  dissolving 
TeO  in  hot  H,SO|Aq  and  cooling,  but  no  analyses 
are  given  ;  Magnus  (P.  10,  491)  gave  the  formula 
Te(SO,,).,  to  the  product  of  the  interaction  of 
Te  and  hot  cone.  H.SO,.  The  compounds 
2TeO.,.S03and  2(4TeO._,.N.,05).3aq  are  sometimes 
called  basic  tellurium  sulphate  and  basic  tellu- 
rium nitrate  respectively  ;  the  compound  TeS03 
(v.  supra,  Tellurium  thio-oxide)  may  perhaps  be 
looked  on  as  tellurium  sulphite ;  and  a  compound, 
probably  TeO,.Ag,0.(CiH,05)2.  2aq,  is  called  tel- 
lurium-silver tartar  emetic  {v.  Tellurium  di- 
oxide ;  Beactions,  Nos.  5,  6,  and  7,  supra). 

Tellurium  silver  tartar  emetic  v.  Tellurium 
DIOXIDE  ;  Beactions,  No.  7,  supra. 

Tellurium,  sulphides  of.  Berzelius  (P.  8, 
411)  described  two  sulphides,  TeS._,  and  TeSj, 
corresponding  with  the  oxides  TeO,,  and  TeOj. 
According  to  Becker  {A.  180,  257),  CS.,  removes 
almost  all  the  S  from  these  supposed  compounds. 
B.  concludes  that  the  substances  described  by 
Berzelius  are  not  definite  compounds  ;  he  thinks 
that  compounds  of  Te  and  S  are  probably  formed 
by  passing  H.^S  into  TeOj^q  and  TeOjAq.  As 
the  substances  obtained  by  Berzelius  seem  to 
have  very  definite  properties,  they  are  shortly 
described  here. 

Tellurium  disulpiiide  TeS.,.  A  dark-brown 
pp.  formed  by  passing  H.^S  into  HTeO.,Aq,  or 
into  an  acidified  solution  of  an  alkali  tellurite ; 
softens  when  heated  and  cools  to  a  grey, 
somewhat  lustrous  mass ;  gives  off  S  when 
strongly  heated.  TeS.,  reacts  as  an  acidic  sul- 
phide, forming  compounds  .rMS.TeS,,  where  M 
=  (NH,).,,  Cd,  Li.,,  Fe,  Mg,  Pb,  K.,,  Na„  Zn,  &c. 
The  thiotellurites  of  the  alkali  metals  are  best 
obtained  by  saturating  aqueous  solutions  of  the 
tellurites  with  H.^S,  and  crystallising  in  vacuo  ; 
the  thiotellurites  of  alkaline  earth  metals  are 
formed  by  boiling  the  sulphides  of  these  metals 
with  TeS.,  and  water ;  the  thiotellurites  of  the 
heavy  metals  are  obtained  by  ppn.  from  solu- 
tions of  the  alkali  salts  (Berzelius,  P.  8,  411). 

Tellurium  teisulphide  TeS;,.  A  blackish 
grey,  lustrous  solid ;  formed  by  saturating 
H^.TeO.|Aq  with  H.^S,  and  allowing  to  stand  for 
some  time  in  a  closed  vessel  in  a  warm  place. 
Thiofcllurates  of  the  alkali  metals,  a'MoS.TeS,, 
are  formed  by  saturating  M.,Te04Aq  with  H.^S 
{v.  Oppenheim,  J.pir.  71,  267). 

Tellurium,  sulphoxide  of,  v.  Tellurium  tuio- 
oxide,  supra. 

Tellurium,  thio-oxide  of,  v.  supra. 
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Tellurium,  thio-  salts  of,  v.  Tellueium  disul- 
PHiDE,  p.  655 ;  and  Tellurium  trisulphide,  p. 
655.  M.  M.  P.  M. 

TELLUROCYANIDES  v.  vol.  ii.  p.  353. 

TELLUKOTJS  ACID  HoTeOj. 

Formation. — 1.  By  dissolving  Te  in  HNOjAq, 
S.G.  1'25,  and  at  once  ppg.  by  water ;  if  the 
solution  is  left  for  some  time  before  adding  water 
the  pp.  is  Te02. — 2.  By  decomposing  TeCl4  by 
cold  water. 

Prejjaration. — TeO„  is  fused  with  an  equal 
weight  of  K2CO3  or  Na^COj  as  long  as  CO,  is 
given  off ;  the  tellurite  thus  formed  is  dissolved 
in  water,  and  HNO^Aq  is  added  until  the  liquid 
has  a  very  distinctly  acid  reaction ;  the  floccu- 
lent  pp.  thus  produced  is  allowed  to  remain  in 
contact  with  the  liquid  for  some  hours,  and  is 
then  thoroughly  shaken  up  with  the  liquid,  a 
little  HNOjAq  being  added  if  the  acid  reaction 
disappears  during  this  process  ;  the  pp.  is  then 
washed  with  ice-cold  water,  and  dried  at  the 
ordinary  temperature  (Berzelius,  P.  28,  392  ;  c/. 
Oppenheim,  J.  ]pr.  71,  267).  The  solution  of  the 
alkali  tellurite  in  HNOjAq  may  be  decomposed 
by  adding  water,  but  this  must  be  done  at  once, 
as  after  standing  water  ppts.  TeOj. 

Properties  and  Reactions. — A  white,  light, 
amorphous  solid,  with  a  bitter,  metallic  taste. 
Eeddens  litmus  paper.  Dissolves  slightly  in 
cold  water ;  when  the  aqueous  solution  is  heated 
to  c.  40°  TeO,  separates.  When  slightly  heated 
gives  TeOj  and  H^O.  HoTeOj  dissolves  in  many 
acids ;  from  the  solution  in  HClAq,  water  or 
alkalis  ppts.  H.,Te03 ;  the  solution  in  HNOjAq 
gives  a  pp.  of  TeO,  on  addition  of  water  after 
standing  for  some  time.  From  the  solution 
in  HoSOiAq  and  HNOjAq  the  compounds 
2Te02'.S03  and  2(4Te02.N205).  3aq  have  been 
obtained  {v.  Tellurium  dioxide;  Reactions, 
No.  5  and  6,  p.  655).  HoTeOj  forms  tellurites 
(q.  v.,  p.  650).  Thomsen  {th.  2,  278)  gives 
[Te,O^H=0]  =  77,180.  M.  M.  P.  M. 

TELLUEIUM,  Organic  Compounds  of. 

Methyl  telluride  Me.,Te.  (82°).  Formed  by 
distilling  K,Te  with  BalSO^Me)^  (Wohler  a. 
Dean,  A.  93,  233  ;  Heeren,  Dissertation,  Gottin- 
gen,  1861).  Pale-yellow,  mobile,  heavy  oil,  with 
persistent  alliaceous  smell.  Oxidised  by  HNO3 
to  Me^TeOHNOs,  crystallising  in  prisms. — ■ 
MeoTeHOAe.  Transparent  cubes,  v.  sol.  water. 
Its  solution  gives  with  HCl  a  pp.  of  MejTeClj 
which  crystaUises  in  long  prisms  [97'5°]. — 
Me^TeBrj  [89°].  Prisms.— (Me.,Te)2H2C03.  DifB- 
cult  to  crystallise. — Formate  MeaTeCHjOo. 
Deliquescent  needles. — Me2Tel2.  Formed  by 
heating  Te  with  Mel  at  80°  (Demarpay,  Bl.  [2] 
40,  100).— (Me2Te)2H2C204.— Me2TeO.  Got  from 
MejTeC^  and  Ag^O.  Deliquescent  crystalline 
mass,  alkaline  to  litmus. — MejTeOCL.  Got  from 
the  chloride  and  NHjAq.  Short  prisms  (from 
alcohol).  —  (Me2Te)20Br2.  —  (Me2Te)2H2S04. 
Cubes,  V.  sol.  water,  insol.  alcohol. 

Methyl-iodide  Me3TeI.  Crystalline,  si. 
sol.  water.  Converted  by  moist  AgoO  into  an 
alkaline  base  which  yields  (Me3TeCl)2PtCl4. 

Ethyl  telluride     vol.  ii.  p.  519. 

TEMPLINOIL.    An  essential  oil  obtained 
from  fir  cones  (Fliiekiger,  J.  1855, 642 ;  Berthelot, 
/.  Ph.  [3]  29,  38).    Colourless,  becoming  green- 
ish-yellow in  air.    Boils  at  155°-177°.  S.G. 
•862.     Yields  on  rectification  a  Isevorotatory 
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terpene  (172°)  S.G.  -856.  HNO3  (i  vol.)  and  al- 
cohol (i  vol.)  yield  terpin  hydrate  C,„H,d0.,  aq 
[118°]  (250°)  S.  9  at  100°.  Alcohol  and  HCl 
yield  crystalline  C,„HibHC1  and  C,oHi52HCl 
[55°]. 

TERACONIC  ACID  C^HjoO^  i.e. 
CMe2:C(C02H:).CH,,.C02H.  Propylidene-succinic 
acid.  [163°].  Formed  in  small  quantity  by 
distilling  the  isomeric  terebic  acid  (Geisler,  A. 
208,  50).  Na  and  NaOEt  convert  terebic  ether 
into  sodium  ethyl  teraconate  (W.  Eoser,  B.  15,, 
293).  Formed  also  by  treatment  of  the  ether 
C02Et.CBrPr.CH2.C02Et  with  alcohoHc  potash 
(Schleicher,  A.  267,  130).  Crystals,  sol.  alcohol 
and  ether,  v.  sol.  cold  water.  Above  163°  it 
yields  HoO  and  an  anhydride.  Cone.  HBrAq 
at  0°  forms  terebic  acid. 

Salts. — BaA". — CaA".  Pp.,  v.  si.  sol.  water. 
• — Ag^A".    Needles,  m.  sol.  water. 

Mono-ethyl  ether 'EitRA.".  Oil.  Decom- 
poses Na2C03,  forming  crystalline  NaEtA",  a 
solution  of  which  gives  with  AgNOj  a  pp.  of  the 
unstable  AgEtA". 

Di-ethyl  etherMA".    (255  i.V.).  Oil. 

TERACRYLIC  ACID'  C^H,,©..  (218°  i.V.). 
A  product  of  the  distillation  of  terpenylie  acid 
(Fittig  a.  Krafft,  B.  10,  521,  1659,  1740  ;  A.  208, 
79  ;  Amthor,  J.  pr.  [2]  42,  389).  Liquid,  smell- 
ing like  valeric  acid,  si.  sol.  and  lighter  than 
water.  Yields  acetic  acid  on  fusion  with  potash. 
Fuming  HBr  forms  C,Hi3Br02,  which  gradually 
splits  up  into  HBr  and  heptolactone  CjH.jX)„. — 
CaA',  oaq.    Prisms  or  needles. — AgA' :  needles. 

Ethyl  ether  mA'.    (191°).    Fruity  oil. 

TERBIUM.  Tr.  At.  w.  not  determined  with 
certainty  ;  probably  c.  162  (v.  infra). 

The  examination  of  gadolinite,  a  rare  Swedish 
mineral,  by  Mosander,  Cleve,  and  others  made 
probable  the  existence  therein  of  at  least  seven 
earths,  to  one  of  which  the  name  terbia  was 
given  (v.  Erbium,  vol.  ii.  p.  456,  where  the  his- 
tory of  these  earths  is  stated  more  fully,  with 
references  to  original  memoirs).  It  is  stUl  very 
doubtful  whether  the  substance  called  terbia  is- 
a  homogeneous  body  or  a  mixture  of  more  than 
one  compound  (c/.  Metals,  barb,  vol.  iii.  p.  242). 
Delafontaine  {A.  Gh.  [5]  14,  238)  prepared 
an  orange-yellow,  earthy  compound,  which  he 
regarded  as  pure  terbia,  from  samarskite, 
by  a  long  process  of  fractional  ppn.,  first  by 
K2S04Aq,  then  by  oxalic  acid,  and  finally  by 
formic  acid  (c/.  Marignac,  A.  Ch.  [5]  14,  247  ;. 
Cleve,  Bl.  [2]  31, 197). 

Terbia  Tr203  is  described  as  an  orange-yellow 
amorphous  solid ;  when  heated  in  H  for  some 
time  it  becomes  white.  Tr203  dissolves  in  acids, 
forming  salts  of  the  type  Tr.,X3,  where  X  = 
SO4,  CO3,  2NO3,  &c.  The  emission  spectrum  of 
terbia  has  been  mapped  by  Eoscoe  a.  Schuster 
(C.  J.  41,  283).  The  at.  w.  of  Tr— the  supposed 
element  has  not  been  isolated — was  determined 
by  Delafontaine  to  be  113-5  ;  Marignac  found  the 
value  148*5  ;  Lecoq  de  Boisbaudran  found  163-1, 
161-4,  and  by  later  work  159-5  (C.  B.  102,  395  ; 
111,  474).  M.  M.  P.  M. 

TEREBENE  v.  Terpenes. 

TEREBENTHENE  v.  Terpenes. 

DITEEEBENTHYL  C.,„H3„.  V.D.  4-6.  (345°). 
S.G.  iS  -9688.  [a]D  =  59°.  '  A  product  of  distilla- 
tion of  colophony  (Eenard,  C.  R.  105,  865  ;  106, 
856).    Oil,  resinified  by  air.  KMnOi  oxidises  it 
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to  propionic,  acetic,  and  formic  acids  and  COo. 
Cold  fuming  HNO.,  forms  C,„H,,(N0,,)3,  a  yellow 
powder,  sol.  alcohol  and  ether.  Br  in  CS,_,  at 
— 10°  forms  CjHjiiBr,,,  which  on  heating  yields 
diterebenthyleiae  C.,„H„8  (347°)  S.G.  is  •9821, 
whence  Br  forms  CogHojErj.  HNO3  produces 
C,,oH,,(NO„),„  and  H,SO/ forms  aoH^SO^H,  all 
amorphous  solids.  Bromine-water  gives  rise  to 
C._.„H.,|Br,;,  a  brown,  amorphous  solid.  Gaseous 
HCl  passed  into  the  ethereal  solution  forms 
C,,„H,„^HC1.  HoSOj  yields  0„„H,„SO:,H,  which 
is  sol.  water,  alcohol,  and  ether,  forming 
fluorescent  solutions.  Diterebenthyl  passed 
through  a  red-hot  tube  forms  H,  C.Hj,  CjHg, 
pentane,  hexane,  hexylene,  hexinene,  heptinene, 
cymene,  and  other  hydrocarbons. 

TEREBENTILIC  ACID  C,H,„0„.  [90°].  (250°). 
Got  by  passing  the  vapour  of  the  hydrate  of  oil 
of  turpentine  C,oH,g2H.,0  over  soda-lime  at  400° 
(Personne,  A.  100,  253';  cf.  Hempel,  A.  180,  86). 
Crystalline  powder,  sol.  hot  water,  v.  sol.  alcohol 
and  ether.  May  be  sublimed. — AgA'.  CrystalUne. 

TEREBENTIC  ACID  C<,H|,05.  Got  by  di- 
gesting oil  of  turpentine  with  oxide  of  lead 
(Weppen,  A.  41,  294).    Crystals  (from  alcohol). 

TEREBIC  ACID  G,H,„0^  i.e. 
CMe,  <^CH(CO,H^N^(^^_  ^_  ^^g^  [176°]. 

H.C.v.  766,  642  (Ossipoff,  C.  B.  108,  812).  S. 
(ether)  2-856  at  35°  (Amthor,  J.  pr.  [2]  42,  385). 
Formed  by  the  action  of  nitric  acid  on  oil  of 
turpentine  (Bromeis,  A.  37,  297  ;  Eabourdin, 
Ph.  [3]  6,  185 ;  Cailliot,  A.  Ch.  [3]  21,  27 ; 
Svanberg  a.  Eckmann,  J.  pr.  66,  220  ;  Mielck,  A. 
180,  47  ;  Bredt,  A.  208,  37 ;  Erdmann,  A.  228, 
179).  Formed  also  by  oxidising  pinol  (Wallach, 
A.  253,  256  ;  259,  317).  Terebic  acid  is  perhaps 
identical  with  oxyhexie  acid  (Gorboff,  J.  B. 
1887,  605).  Monoclinio  crystals  (from  alcohol), 
si.  sol.  cold,  V.  sol.  hot  water.  V.  sol.  alcohol 
and  ether.  Not  attacked  by  fuming  HNO3.  Split 
up  by  water  at  150°  into  C0,_,  and  pyi'oterebio 
acid.  On  boiling  with  H0SO4  (2  pts.)  and  water 
(1  pt.)  it  is  converted  into  the  lactone  of  oxy- 

isohexoic  acid  GMe,<^Q  q-q_^CH,,  CO.,  being 

evolved.  On  distillation  it  yields  pyro- 
terebic  (hexenoic)  acid,  oxy-isohexoic  lactone, 
and  a  little  teraconic  acid.  On  heating  for  15 
hours  at  160°  with  excess  of  a  saturated  solution  of 
baryta  it  is  converted  into  acetone  and  succinic 
acid  (Frost,  A.  226,  363).  Fuming  HIAq  yields 
CH,,i'i-.CH,.CO,H.  Alkalis  form  salts  of  dia- 
terebic  acid,  of  which  terebic  acid  is  the  lactone. 

Salts. — NHjA' :  very  soluble  prisms. — 
KA'^aq.  — NaA'Jraq. — BaA'._,2aq  :  amorphous.  — 
AgA'.    Prisms,  v.  sol.  water. 

Ethyl  ether  EtA'.  (274°  i.V.).  S.G. 
IS  l-lll.  Formed  from  terebic  acid,  alcohol,  and 
HCl.  Dilute  NaOH  dissolves  it,  forming  mono- 
ethyl  diaterebate ;  on  cautious  acidification  the 
ether  separates  again,  but  only  after  warming 
(Ekmann).  Sodium  dissolves  in  its  ethereal 
solution,  giving  off  hydrogen  and  forming  the 
sodium  salt  of  acid  ether  of  teraconic  acid  {q.  v.). 
Alcoholic  NaOEt  acts  in  the  same  way,  excess 
forming  a  white  pp.  of  disodic  teraconate. 

Diaterebic  acid 
CMe,(OH).CH(CO.,H).CH„.CO,H.      The  salt 
BaA"  3aq  is  foirmed  by  boiling  terebic  acid  with 
excess   of  baryta-water.    It   crystallises  from 
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alcohol,  but  on  acidification  at  once  yields  the 
lactone,  terebic  acid.  AgNOj  added  to  a  solu- 
tion of  the  Ba  salt  ppts.  Ag.,A''. — CaA"  3aq. — 
CaA".— PbA"  3aq.— Pb3A"2(OH),  aq. 

Ethyl  ether  Et.A".  'Formed  from  Ag.A" 
and  EtI.  Oil.  Converted  by  acetyl  chloride  into 
CMe..(OAc).CH(CO,Et).CH2.C02Et,  an  unstable 
oil. 

jS-Bromo-terebic  acid  CjHj^rO.,  i.e. 

CMe,<^^^'^>CH,.    [151°].    Formed  by 

adding  Br  (1  mol.)  to  powdered  teraconic  acid 
(1  mol.)  covered  with  water  (Frost,  A.  226,  303). 
Large  crystals,  m.  sol.  CS.j,  v.  si.  sol.  chloroform 
and  benzene.  Decomposed  by  boiling  with  water 
into  HBr  and  terebilic  acid  CjH^O^.  Eeduced 
by  sodium-amalgam  to  terebic  acid. 

Beferences. — Chloro-     and  Oxy-terbbio 

ACID. 

TEEEBILEWIC  ACID  C^H^O^  i.e. 

CMe,<Q(^^-^^CH  (?)  [169'].    Formed  by 

heating  a-chloro-terebie  acid  at  200°  (Roser,  B. 
15,  296  ;  A.  220,  261)  and  by  evaporating  /3- 
chloro-terebic  acid  with  water  (Frost,  A.  226, 
370).  Small  prisms  or  needles  (from  water),  v. 
sol.  alcohol  and  ether.  Crystallises  from  alcohol 
or  cone.  HBrAq  in  trimetrie  forms;  a:b:c  = 
•809:1: -858.  Maybe  sublimed.  Excess  of  KOH 
forms  the  diaterebilenate  KoCjHgOj,  but  this 
splits  up  on  warming  with  water  into  KOH  and 
potassium  terebilenate.  Does  not  combine  with 
Br  or  HBr.  Sodium-amalgam  reduces  it  to  terebic 
acid. — CaA'o. — AgA'.  Prisms. 

Beferencc. — Chloeo-teeebilenio  acid. 

TERECHRYSIC  ACID  C.HA-  A.  product 
of  the  action  of  HNOj  (S.G.  1-2)  on  turpentine 
(Cailliot,  A.  64,  376).  Orange-red  crystals,  v.  e. 
sol.  water,  alcohol,  and  ether. — PbA" :  crystals. 

TERELACTOKE  G,B.S>.  i.e.  C^'B.^<^q.  [12°]. 

(210°  i.V.).  Formed  by  the  action  of  boiling 
water  on  di-bromo-isohexoic  acid  derived  from 
pyroterebic  acid  and  Br  (Geisler,  A.  208,  47). 
Mobile  liquid,  sol.  water.  Boiling  baryta-water 
converts  it  into  amorphous  Ba(Cj;H,,03).,,  which 
is  sol.  water  and  deposits  BaCOj  on  boiling. 

TEREPHTHALIC  ACID  CsH„0,  i.e. 
C,H,(COoH).,.  p-Phthalic  acid.  Mol.  w.  166. 
H.C.p.  770,900.  H.C.v.  771,200.  H.F.  188,100 
(Stohmann,  J.pr.  [2]  40,  139). 

Formation. — 1.  By  the  action  of  HNO,  on 
oil  of  turpentine  (Cailliot,  A.  Ch.  [3]  21,  28;  De 
la  Eue  a.  Hugo  Miiller,  A.  121,  86 ;  Schreder,  B. 
7,  704  ;  cf.  W.  C.  Williams,  B.  6,  1094).— 2.  By 
the  oxidising  action  of  chromic  acid  mixture  on 
^-xylene  (Beilstein,  A.  133,  32;  137,  301), 
cuminic  acid,  cumiuic  aldehyde,  cymene  (Hof- 
mann,  A.  97,  197),  p-toluie  acid  (Beilstein  a. 
Yssel,  A.  137,  308),  di-ethyl-benzene,  and  amyl- 
toluene  (Fittig,  .4.  141,  167).  —  3.  By  the 
action  of  boiling  dilute  HNO,  on  cymene  and  on 
terpenes  (Schwauert,  A.  132,  257;  Homeyer, 
Ar.  Ph.  [3]  5,  326).— 4.  By  oxidation  of  o-ethyl- 
toluene  by  aqueous  KMnO,  (Claus  a.  Pieszcek,  B. 
19,  3083). — 5.  By  fusing  potassium  p-sulpho- 
benzoate  with  sodium  formate  [Eemsen,  B.  5, 
379). — 6.  From  its  nitrile,  which  is  obtained  by 
distilling  KiFeCy^  with  potassium  benzene  p- 
disulphonate  (Garrick,  Z.  1869,  551), p-chloro- 
benzeue  sulplionate  (Noltiug,  B.  8,  1113),  or  p- 
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bromo-benzene  sulphonate  (Irelan,  Z.  1869, 164  ; 
Earth  a.  Senhofer,  A.  174,  242  ;  Limpricht,  A. 
180,  88). — 7.  The  semi-nitrile  is  also  formed  by 
the  action  of  a  hot  solution  of  cuprous  potassium 
cyanide  upon  ^-diazobenzoic  acid  (Sandmeyer, 
B.  18, 1497).— 8.  By  heating  p-di-bromo-benzene 
with  chloroformic  ether  and  1  p.c.  sodium- 
amalgam  at  110°  and  saponifying  the  product 
(Bonz,  B.  18,  2305).— 9.  By  the  action  of  5  p.c. 
KMnOi  on  an  oil  (258°-263°)  which  remains  as 
a  residue  in  the  manufacture  of  aniline  and 
toluidine  (Hell  a.  Eockenbach,  B.  22,  505). 

Preparation. — 1.  Br  (2  mols.)  is  added  to 
boiling  p-xylene  (100  g.),  and  the  resulting 
G^i(C3.fii)2  decomposed  by  alcoholic  KOAc  on 
the  water-bath.  After  evaporating  the  alcohol 
the  CjH4(OAc)2  is  extracted  with  ether,  and 
oxidised  by  adding  4-5  litres  of  10  p.c.  KMnO, 
to  its  solution  in  water  (1  litre)  and  NaOH  (500  g. 
of  S.G.  1-22).  Finally  more  KMnO^  is  added 
till  the  solution  remains  violet,  the  solution  kept 
at  100°  for  3  hours,  filtered,  and  ppd.  by  HCl 
(Baeyer,  .4.  245,  139). — 2.  By  oxidising  j)-xylene 
with  chromic  acid  mixture  (Beilstein,  A.  133,  41). 
3.  From  ^-toluidine  by  Sandmeyer's  reaction, 
the  resulting  p-toluic  acid  being  oxidised  by 
KMn04  (Baeyer  a.  Herb,  A.  258, 1). 

Properties. — White  crystalline  powder,  nearly 
insol.  water,  alcohol,  ether,  chloroform,  and 
HOAc.  Sublimes  without  previous  fusion.  Does 
not  yield  an  anilide  on  boiling  with  aniline 
(Michael  a.  Palmer,  B.  19,  1376).  It  is  ppd. 
from  its  salts  by  phthalic  acid.  Yields  benzene 
when  distilled  with  slaked  lime.  Keduced  by 
sodium -amalgam  in  a  current  of  C0„  to  the 

01  (1,4)-  dihydride.  If  CO,  be  not  used  the 
product  is  the  A^'^  or  (3,  6)-  dihydride,  which  is 
also  get  by  boiling  the  (l,4)-dihydride  with 
NaOHAq  (Baeyer,  A.  269,  153 ;  cf.  Mohs,  Z.  [2] 
3,  68).  The  (1,4) -dihydride  gives  benzoic  acid 
on  oxidation  by  MnO,,  and  dQute  H2SO4,  while 
the  (3,6) -dihydride  forms  terephthalic  acid 
(Baeyer,  4.  269,  182).  By  heating  its  alkaline 
solution  with  sodium-amalgam  terephthalic  acid 
is  reduced  to  a  tetrahydride,  and  this  is  further 
reduced  by  HIAq  at  240°  to  a  hexahydride 
(Baeyer,  B.  19,  1805). 

Salts.  —  (NHj),^".  Small  crystals.  — 
CaA"  3aq.  S.  -08  at  6°.— BaA"  4aq.  S.  -28  at 
5°.— SrA".    S.  -19  at  17°.— Ag.,A".  Curdy  pp. 

Mono -methyl  ether  MeHA".  [c.  230°]. 
Formed  by  the  action  of  cone.  H^SO,  or  alcohoUc 
potash  on  the  di-methyl  ether  (Baeyer,  A.  245, 
141).    Needles,  sol.  NajCOjAq  and  hot  water. 

Di-methyl  ether  Me^A".  [140°].  S.  -3 
at  100°.  H.F.  172,300  (Stohmann,  J.pr.  [2]  43, 
2).  Formed  by  heating  the  acid  with  PCI5  on 
the  water-bath  and  pouring  the  product  into 
methyl  alcohol.  Trimetric  plates ;  a:h:c  = 
■843:1:3-083.  Insol.  cold  water,  si.  sol.  hot 
MeOH,  m.  sol.  EtOH. 

Di-ethyl  ether 'EUk".    [44°].  Prisms. 

Propyl  ether  FijC".    [31°].  Needles. 

Isopropyl  ether  FrJ^".    [56°].  Plates. 

n-Butyl  ether  {CiR„).A".  Liquid. 

Isobutyl  ether  (CH„Pr).,A".  [52-5°]. 
Needles,  v.  sol.  ether  (Berger,  B.  10,  1742). 

Isoamyl  ether  {CrJB.^^)J^.".    Pearly  scales. 

Phenyl  ether  Ph^A".  [194°]  (Baeyer, 
A.  258,  44).  Formed  from  the  chloride  and 
phenol.  Leaflets. 


Chloride  C,H,(C0C1),.    [78°].  (259°). 

Amic  acid  CJi^(C6'<iB..,).C0^B..  [214°]. 
Formed  from  p-diazo-benzoic  acid  by  Sand- 
meyer's reaction  (Sandmeyer,  B.  18,  1498). 
Minute  plates  (from  water),  m.  sol.  cold  water. 

Amide  C^B.,(C01^iB.„)^.  Formed  from  the 
chloride  and  NHjAq.  Amorphous. 

Nitrile  C^B.^(C^)„.  [220°]  (Luckenbaeh,  B. 
17,  1428).  Formed  from  the  amide  and  PjOj. 
Got  also  by  distilling  calcium  bromo-benzene 
2>-sulphonate  with  K^FeCy^.  Cone.  HIAq 
forms  CeH4(CI,.NH,,)2  (Biltz,  B.  25,  2543). 

r  cistrans  A^  ^  or  (1,4)-  Dihydride 

CO„H.CH<;^|[:^^>CH.CO„H.     S.  -3  in  the 

cold.  H.F.  182,600  (Stohmann,  J.  pr.  [2]  43, 
538).  Formed  by  reducing  terephthalic  acid  in 
a  current  of  CO.,  by  sodium-amalgam  (Baeyer, 
A.  251,  257  ;  269',  153).  Monoclinic  prisms  (from 
EtOAc) ;  a:h:c  =  •982:1:1-019  ;  ^  =  78°  2'.  M.  sol. 
ether.  Not  attacked  by  sodium-amalgam  in  the 
cold.  Unites  with  bromine  (4  atoms).  Trans- 
formed into  the  Ai.^  isomeride  by  boiling  with 
water,  and  into  the  aL^  acid  by  boiling  with 
NaOHAq.  Alkaline  KMnO^  re-oxidises  the  acid 
to  terephthalic  acid.  A  warm  solution  of  the 
acid  readily  reduces  AgNOj.  On  warming  with 
aqueous  cupric  acetate  it  gives  off  CO,  and 
forms  a  white  pp.  which,  on  adding  HOAc  and 
warming,  yields  Cu„0,  the  liquid  then  contain- 
ing benzoic  acid.  'The  (3,6),  (3,4),  and  (2,3) 
isomerides  do  not  reduce  AgNOj  and  cupric 
acetate.  The  Ba  salt  crystallises  in  plates,  and 
is  V.  sol.  water. 

Methyl  ether  U&.A".  [77°].  Yields  a  di- 
and  a  tetra-bromide.  Br  in  CHCI3  forms  a  di- 
bromide  [170°]  and  a  tetrabromide  [98°]. 

Di-phenyl  ether  Vh„k".  [146°].  Formed 
from  the  chloride  and  phenol  at  100°.  Small 
crystals,  si.  sol.  alcohol,  ether,  and  ligro'in. 

Tcis  A2.5  or  (1,4)-  Dihydride 

COM.CR<^^^yC{COM)B..    Extracted  by 

ether  from  the  mother-hquor  from  which  the 
preceding  isomeride  has  separated.    Closely  re- 
sembles its  cistrans  isomeride,  but  the  cis  acid 
and  its  salts  are  the  more  soluble. 
Ai'6  or  (3,4)-  Dihydride 

CO^.CH<;p|  •^^^C.CO.H.    S.  -042  in  the 

cold.  H.F.  185,300.  Formed  by  boiling  the 
(1,4)-  dihydride  with  water,  and  obtained,  there- 
fore, by  reducing  terephthalic  acid  with  sodium- 
amalgam  (Baeyer,  A.  245,  142 ;  251,  257  ;  269, 
148).  Converted  into  the  (3,6)-  acid  by  NaOHAq. 
Sodium-amalgam  in  the  cold  reduces  it  to  the 
A-  tetrahydride. — BaA"  4aq.  Trimetric  crystals  ; 
a:h:c  =  -319:1:  -352  (Baeyer  a.  Herb,  A.  258,  22). 

Methyl  ether  Ue.,A".  [40°]. 

Ai.^  or  (3,6)-  Dihydride 

CO,H.O'^^g--^^  >C.CO,a.  S.  -0059  in  the 

cold.  H.F.  191,900.  Formed  by  reduction  of 
terephthalic  acid  in  alkaline  solution  by  sodium- 
amalgam  (Baeyer,  .4.  245,  142).  Got  also  by 
boiling  the  (1,4)- dihydride  with  NaOHAq.  Slen- 
der needles  (from  water),  almost  insol.  ether. 
Much  resembles  terephthalic  acid.  On  sub- 
limation it  is  partially  converted  into  terephthalic 
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acid.   Immediately  oxidised  by  KMnOj.  Forms 

CH(CO,H)<^|^;^™'>CH.CO,H  by  uniting 

with  HBr.  Sodium-amalgam  in  the  cold  re- 
duces it  to  a  slight  extent,  forming  the  two 
isomeric  A-  tetrahydrides. — BaA"4aq.  Crystals, 
resembling  its  A^'S  and  A^'^  isomerides. 

Mono-methyl  ether  MeHA".  [225°]. 
Got  from  Me.,A"  and  alcoholic  potash.  Needles 
(from  hot  water). 

Di-methyl  ether  Me,A".  [130°].  H.F. 
172,700.  Formed  from  the  dihydride  by  suc- 
cessive treatment  with  PClj  (2  mols.)  and 
MeOH.  Monoclinie  plates  (from  EtOAc) ; 
a:6:c  =  l-52:l:2-79  ;  /3  =  c.  74°.  SI.  sol.  water, 
m.  sol.  hot  alcohol,  v.  e.  sol.  ether.  Br  in 
CHCL,  yields  a  dibromide  C,H„Br,,(CO,,Me),> 
[90°]  and  a  tetrabromide  [150"].    Excess  of  Br 

yields  CO,Me.C,HeBr<^^^  [188°].    HBr  forms 

C,H„Br.,(CO.,H),.  which  yields  C^HgEr^CCMe)., 
[166°]. " 

Di-phenyl  ether 'Ph.A".  [191°].  Formed 
by  treating  the  chloride  with  phenol  (Baeyer  a.  ' 
Herb,  A.  258,  31).     Small  scales  (from  hot  : 
MeOH),  si.  sol.  ether. 

Ai.i*  or  (5,6)-  Dihydride 

COjH.C^^g--^g->C.CO,H.     S.  -0053  in  the 

cold.  Formed  by  the  action  of  alcoholic  potash 
on  the  dibromide  of  the  A-  tetrahydride  and  on 
the  tetrahydride  of  di-bromo-terephthalic  acid 
got  by  bromination  of  the  hexahydride.  Unites 
with  hydrogen    bromide    (2  mols.)  forming 

C0,H.CH<^^^^;^^^.>CH.C0,;H.  Easily  re- 
duced by  Zn  and  HOAc  and  by  sodium-amalgam 
to  the  two  A-  tetrahydrides.  Boiling  water  con- 
verts it  into  the  (3,4)-  isomeride.  Boiling  | 
NaOHAq  forms  the  (3,6)-  isomeride. — BaA"  4aq. 
Needles  (from  hot  water). 

Methyl  ether  Me„A".  [85°].  Monoclinie 
plates;  a:&:c  =  2-241:l:3-591 ;  3  =  87°  13'.  Slowly 
converted  by  HBr  into  (2, 3) -di-bromo-tere- 
phthalic acid  hexahydride,  which  is  reduced  by 
zinc-dust  and  acetic  acid  to  the  A-  tetrahydi'ide 
of  terephthalic  acid.    Yields  a  dibromide  [64°]. 

Di-phenyl  ether  Ph,A".  [175°].  Large 
needles  (from  MeOH),  si.  sol.  cold  alcohol. 

A'  or  (3,4,5,6)-  Tetrahydride. 

CH(COJI)<;;^^--^^  ^C.CO,H.    [above  300°]. 

S.  -102  at  16°  ;  -83  at  100°.  H.F.  214,200  (Stoh- 
mann,  J. pr.  [2]  43,  5).  Formed  by  boiling  a 
solution  of  terephthalic  acid  (1  pt.)  in  NaOHAq 
for  twenty  hours  with  gradual  addition  of  4  p.c. 
sodium-amalgam  (100  pts.)  (Baeyer,  B.  19, 
1805  ;  4.  245,  160  ;  258,  32).  Prisms,  more  sol. 
water  than  terephthalic  acid  or  its  dihydrides. 
Combines  with  HBr  and  with  Br  (1  moL).  Im- 
mediately reduces  alkaline  KMnO^,  yielding  oxalic 
acid. — BaA"  S^aq.  M.  sol.  cold  water.  Eeduced 
by  HIAq  at  240°  to  the  hexahydride.— Ag,A". 
Amorphous. 

Methyl  ether  Me.A".  [39°].  H.F.  196,200. 
Plates.  Its  ethereal  solution  shows  blue  fluor- 
escence and  gives  a  fugitive  rose-red  pp.  with 
NaOEt.  HBr  gives  CeH„Br(CO„H)„  whence 
-Me.A"  [95°].  Bromine  forms  C,H„Br.,(CO.Me), 
[81°].  -  ■ 

Di-ph  e  nyl-ether  'eh.A".  [145°].  Formed 


from  the  acid  by  successive  treatment  with 
PCI,  and  phenol.    MonocUnic  crystals  ;  a:b:c  = 
2-824:l:2-470,  m.  sol.  cold  alcohol  and  ether, 
r  cistrans  A"  or  (1,4,5,6)-  Tetrahydride 

CH(CO,H)<^^-:^^=>CH.CO„H.         [c.  220°]. 

S.  '17.  Formed  by  reducing  A^.^  dihydride  and 
also  the  dibromide  of  the  A^'^  dihydride.  Oxi- 
dised by  KMnO^  in  the  cold  to  succinic  acid  and 
a  soluble  acid  [150°].  Alkaline  K.,FeCys  gives 
terephthalic    acid.     Yields  three  dibromides 

CH(C0,H)<C||3^-Cgj,^,>CH.C0,H.  [171°]. 

[51°],  and  [94°].  The  Ba  and  Cd  salts  are  more 
sol.  water  than  those  of  the  A'  isomeride. 

Methyl  ether  Me  A",    [c.  3°]. 

Amide.    Dimetric  needles  ;  a:c  =  l:2'151. 

Diphenyl  ether  Ph_A".  Formed,  in  two 
modifications  [107°]  and  [c.  190°]  by  the  succes- 
sive action  of  PCI5  and  phenol  (Baeyer  a.  Herb, 
A.  258,  39).  The  modification  [c.  190°]  proba- 
bly is  a  mixture  containing  the  A^  isomeride. 

Dibenzyl  ether  (C,B.,).A".  [48°].  From 
Ag.A"  and  benzyl  chloride. 

'r  cis  A-  or  (1,4,5,6)-  Tetrahydride.  [150°- 
155°].  S.  2-7  in  the  cold.  Formed,  together 
with  the  cistrans  isomeride,  by  reducing  the  A^'^ 
dihydride  by  sodium-amalgam  in  the  cold.  The 
Ba,  Cd,  and  Ag  salts  are  amorphous.  This  acid 
and  the  cistrans  isomeride  are  converted  into 
the  A^  isomeride  by  boiling  with  NaOHAq. 

r  cistrans  Hexahydride 

CO,H.CH<^y--^y->CH.CO,H.    Fumaroid  or 

stable  modification. '  [300°].  S.  -086  at  16° ;  1-3 
at  100°.  H.F.  236,500  (Stohmann,  J.  pr.  [2]  43, 
7).  Formed  by  heating  the  tetrahydride  with 
HIAq  for  6  hours  at  about  240°  (Baeyer,  B.  19, 
1806;  245,  170;  251,  257).  Formed  also  by 
heating  ethyl  butane  tetracarboxylate  with 
NaOEt  and  ethylene  bromide  at  100°  ;  the  pro- 
duct being  hydrolysed  and  heated  at  220°  tiU 
evolution  of  CO.,  ceases  (Mackenzie  a.  Perkin, 
juu.,  C.  J.  61,  174).  Prepared  by  reducing  the 
hexahydride  of  bromo-terephthalic  acid  with 
zinc-dust  and  HOAc.  Small  prisms,  sol.  hot 
water.  May  be  sublimed.  Not  oxidised  by  cold 
alkaline  KMnO,.  Br  (2  mols.  at  100°)  forms 
C,.H<,Br(CO.ja).,  [71°],  and  a  maleic  isomeride 
[205°].  Treatment  with  PCI5  followed  by  Br  at 
150°  forms  C,H,Br,,(C0,H)2  in  a  fumaroid  modi- 
fi.cation  which  yields  Me.A"  [150°]  and  a  maleic 
modification  which  yields  MeA"  [68°]  and  an 
anilide  [200°].  The  K  and  Ba  salts  are  v.  sol. 
water ;  the  Ca  salt  is  si.  sol.  water. 

Methyl  ether  MeA".  [71°].  S.  -6  at 
100°.  H.F.  218,100.  Exhibits  no  fluorescence. 
Volatile  with  steam. 

Diphenyl  ether  VKA".    [151°].  Needles. 

r  cis  Hexahydride 

C02H.CH<^^--^^=>C(C0,H)H.     Maleic  or 

labile  modification.  [162°].  H.F.  237,400. 
Formed  by  reducing  the  very  soluble  hexa- 
hydride of  bromo-terephthalic  acid  with  zinc- 
dust  and  HOAc.  Plates  (from  water),  v.  sol. 
alcohol  and  ether.  Changes  on  heating  with 
HClAq  at  180°  into  its  isomeride.  Its  Ba  salt 
and  methyl  ether  do  not  crystallise. 

References.— ETi.ouo-,  Chloi;o-,  Niteo-,  and 
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C,;H,{CH0).,[1:4].  [116°].  (247°).  S.  1-7  at 
100°.  Formed  by  boiling  C„Hj(CH,.Cl).,  or 
C„H^(CH,Br).,  (1  pt.)  witli  lead  nitrate  (1  pt.)  and 
water  (20  pts.)  (Grimaux,  C.  B.  83,  825  ;  Low, 
A.  231,  363).  Formed  also  by  the  action  of 
fuming  HNOj  on  di-w-bromo-p-xylene  (Low,  B.  j 
18,  2072),  and  by  boiling  C,H,(CHC1.,)„  with 
water  (Colson  a.  Gautier,  Bl.  [2]  45,  'g',  508). 
Obtained  from  CH.,(OH).C„H^.CH,OEt  by  suc- 
cessive treatment  with  PCI3  and  water  (Colson, 
Bl.  [2]  42,  152). 

Preparatioyi. — ^9-Xylene  (Ipt.)  is  heated  with 
Br  (6  pts.)  at  140°  to  200°  with  inverted  con- 
denser. The  crystalline  tetra-a>-bromo-sylene 
[169°]  thus  obtained  is  heated  with  three  times  its 
weight  of  HjSO^  (S.G.  1-825  at  120°-130°),  the 
isroduct  poured  into  water,  and  the  needles  that 
separate  recrystallised  from  water  (Honig,  M.  9, 
1153). 

Properties. — Long  needles,  v.  si.  sol.  hot 
water  and  cold  ether,  v.  sol.  alcohol.  Slightly 
volatile  with  steam.  Dissolves  in  25  pts.  of 
saturated  aqueous  NaHSOj  at  45°. 

Reactions. — 1.  Oxidised  by  chromic  acid 
mixture  to  ^-aldehydo-benzoic  acid  and  then  to 
terephthalic  acid. — 2.  Cone.  NaOHAq  forms 
terephthalic  acid,  w-oxy-toluic  acid,  and  di-cu- 
oxy-xylene. — 3.  KNOj  and  excess  of  H2SO4  at 
110°  form  nitro -terephthalic  aldehyde. — 4.  Cold 
cone.  NHjAq  forms  tri-^j-aldehydo-hydrobenz- 
amide  (C|;H,,(CHO).CH)3N2,  a  crystalline  powder, 
insol.  water,  alcohol,  and  ether,  yielding  on  oxida- 
tion by  KMnO,  crystalline  N2(CH.C,H,.CO.,H)3 
(Oppenheimer,  B.  19,  574). — 5.  Dry  or  alcoholic 
NH3  forms  crystahine  C,H,(CH:NH)2.— 6.NaOAc 
and  Ac.,0  give  p-aldehydo-cinnamic  acid. — ■ 
7.  Acetone  and  dilute  NaOH  give  a  white  pp.  of 
C,H,(CH:CH.C0.CH3),,  which  crystalUses  from 
ether-acetone  in  matted  needles  [156°],  insol. 
water  and  alcohol,  and  gives  a  deep-red  solu- 
tion in  cone.  HoSOj.  An  intermediate  body  is 
C,H„(CH(0H).CH...C0.CH,),.— 8.  NPhMe,  and 
ZnCl2formC„H4(CHO).CH'(d8HjNMe2)2,theleuco 
derivative  of  the  aldehyde  of  malachite  green. — 
9.  Cold  cone,  aqueous  KCy  added  to  a  cold  saturated 
alcoholic  solution  of  the  aldehyde  ppts.  amor- 
phous C,,;H,„04,  which  probably  has  the  formula 
CsH,(CH0).CH(0H).C0.C,H,(CH0)  [170°-174°]. 
This  body  reduces  cold  ammoniacal  AgN03, 
forming  a  mirror.  It  also  reduces  warm  Fehling's 
solution  and  combines  with  phenyl-hydrazine. 
KMnO,  oxidises  it  to  benzoin  di-^-carboxylic 
acid.  NaOHAq  dissolves  it,  forming  benzoin 
di-p-carboxylic  acid,  di-w-oxy-p-xylene,  and  other 
bodies  (Oppenheimer,  B.  19,  1814). 

Phenyl-hydrazide  [230°]. 

Oxim  C,H,(CH:N0H)2.  [200°].  Formed 
from  the  aldehyde  and  an  alkaline  solution  of 
hydroxylamine  (Westenberger,  B.  16,  2994). 
Crystalline,  v.  sol.  alcohol  and  ether,  si.  sol. 
water.  Yields  C,H,(CH:NOEt)„  [55°]  and 
C8H,(CH:N0Ac).  [155°]. 

Reference. — Nitro-tebephthalic  aldehtde. 

TEREPHTHALIC  AMIDINE  CsH,„N4  i.e. 
C,H,(C(NH).NH.,)„.  The  salt  B"2HC1,  formed 
by  digesting  terephthahc  imido-ethyl  ether 
with  alcohohc  NH„  is  crystalline,  and  yields 
B"H,PtCl,;  (Luckenbach,  B.  17,  1436). 

TEREPHTHALOPHENONE    v.  Phthaio- 

PHENONE. 


TEEPENES  C,„H,5 ;  also  Sesquiterpenes  C^^B...^, 
and  Polyterpenes  (C,(|H,g)„.  The  greater  number 
of  these  hydrocarbons  exist  ready  formed  as 
constituents  of  essential  oils  secreted  by  plants. 
Others  are  produced  from  the  natural  terpenes 
by  the  action  of  heat  or  of  chemical  agents.  A 
dihydrocymene  isomeric  with  the  natural  terpenes 
has  been  obtained  synthetically  from  methyl- 
isopropyl  succino-succinie  ester  and  the  homo- 
logous dihydroparaxylene  and  dihydrobenzene 
by  corresponding  processes  (Baeyer,  B.  25,  1840, 
2122  ;  26,  232).  The  natural  terpenes  are  gene- 
rally optically  active  Hquids,  with  right-  or  left- 
handed  rotatory  power.  The  only  exception  is 
the  racemic  compound  dipentene  (g.  v.).  The  fol- 
lowing isomerides  are  known  : — 

1.  Pinene.  This  includes  two  varieties,, 
australene  or  dextropinene  and  terebenthene  or 
Iffivopinene.  American  spirit  of  turpentine  con- 
sists chiefly  of  dextropinene.  (156°).  [o]j=-i-21-5 
(Berthelot,  A.  83,  105  ;  88,  345,  110,  367,  Suppl. 
ii.  226).  S.G.  ^  =  -8765;  |  =  -8586;  |]  =  -827S 
(Tilden,  unpuhl.  expts.).  French  turpentine  oil 
consists  almost  wholly  of  Isvopinene.  (156'5°). 
[a]j=  -40-32.  S.G.  5  =  -8767  ;  1^|  =  -8619  (Kiban, 

C.i?.  78,  788;  79,  314).  It  is  also  present  in 
oil  of  rosemary  (Bruylants,  J.  1879,  944),  oil  of 
lemon  (Tilden,  Ph.  [3]  9,  654),  sage  and  juniper 
(0.  J.  31,  554),  thyme  and  anise  (Briihl,  B.  21, 
156),  and  other  essential  oils. 

For  production  and  properties  of  turpentine 
oils  V.  Oils,  essential,  Thorpe's  Dictionary  of 
Applied  Chejustbt. 

Different  specimens  of  the  pinenes,  both 
dextro-  and  Isevo-,  obtained  by  fractional  distilla- 
tion from  turpentine  exhibit  considerable  varia- 
tions in  then-  rotatory  power.  An  optically  in- 
active liquid  has  been  obtained  by  Wallach  {A. 
258,  343)  from  pinene  nitrosochloride  by  treat- 
ment with  aniline,  whereby  a  diazo-  compound  is 
formed,  which  with  the  neighbouring  chlorine 
atom  gives  rise  to  diazobenzenechloride  and  re- 
generates the  hydrocarbon 
-CCl-C.NO-  H-H.,NC,H5 

= -CCi-C(N:NC,H3)- -fH.O  and 
-CCl-C(N:NCsH,)-  =  -C=C- -hCINAH-,- 
The  hydrocarbon  thus  obtained  boils  at  155°- 
156°,  has  a  density  -858  at  20°,  a  refractive 
index  for  D  1-46553  at  21°,  and  is  supposed  to 
be  identical  in  constitution  with  the  pinenes.  It  is 
apparently  not  resolvable  into  a  mixture  of 
dextro-  and  lasvo-  pinenes,  but  with  nitrosyl 
chloride  and  other  reagents  it  behaves  in  the 
same  manner  as  pinene. 

Dry  pinene  unites  with  one  molecule  of 
dry  hydrogen  chloride,  forming  a  crystalline  com- 
pound formerly  called  artificial  camphor  [125°], 
which  appears  quite  saturated,  as  it  is  unacted 
upon  either  by  excess  of  hydrogen  chloride  or 
bromine.  The  hydrochloride  prepared  from  dex- 
tropinene is  dextrorotatory,  while  that  from  Iffivo- 
pinene  is  tevorotatory.  The  compound  is  very 
stable ;  it  may  be  distilled  almost  without  change, 
mere  traces  of  hydrogen  chloride  being  evolved ; 
and  it  is  unacted  upon  by  aqueous  solutions  of  the 
alkalis,  except  at  high  temperatures  under  pres- 
sure. Heated  with  sodium  stearate,  benzoate, 
or  acetate,  or  with  alcoholic  potash,  it  loses  the 
elements  of  hydrogen  chloride  and  yields  solid 
camphene  (v.  Camphene  ,  infra) .    In  the  presence 


TEEPENES. 


661 


of  water,  alcohol,  ether,  or  acetic  acid,  pinene 
takes  up  two  mols.  of  hydrogen  chloride,  pro- 
ducing a  compound  of  different  character  [50°], 
which  on  the  application  of  heat  is  readily  split  up 
into  hydrogen  chloride  and  a  mixture  of  liquid 
hydrocarbons  (v.  Dipentene,  infra).  Nitrosyl 
chloride  passed  into  a  solution  of  pinene  in 
chloroform  at  — 10°  yields  a  compound 
C,„H,„N0C1  [103°],  which  is  ppd.  as  a  white 
crystalline  powder  on  the  addition  of  alcohol 
(Tilden,  C.  J.,  June  1875).  The  same  com- 
pound is  formed  by  adding  hydrochloric  acid  to 
a  cooled  mixture  of  the  terpens  with  amyl 
nitrite  and  glacial  acetic  acid  (Wallach,  A.  245, 
•245).  The  uitrosochloride  gently  heated  with 
alcoholic  potash  yields  a  nitroso-  compound, 
€,„H„NO  [129°]  (Tilden).  For  crystallography 
V.  Story-Maskelyne  (G.  J.,  June  1875,  and  Phil. 
Mag.}.  Nitrosopinene  unites  with  two  atoms  of 
bromine,  forming  a  crystalline  dibromide,  which 
decomposes  on  melting  [132°].  Mixed  with  al- 
■cohol  and  nitric  acid  both  pinenes  form  crystal- 
lised terpin  hydrate  C,|,H|„(OH)o.OH.,  (Wiggers, 
A.  33,  358;  57,  247;  Tilden,  C.  J.  33,  217; 
Hempel,  A.  180,  71).  Pinene  dissolved  in  carbon 
tetrachloride  and  mixed  with  bromine  yields  a 
mixture  of  products,  from  which  a  well-defined 
crystalline  dibromide  C,„H,5Br.  [169°-170°] 
may  be  isolated.  On  heating  this  with  aniline 
it  gives  up  hydrogen  bromide,  and  ordinary 
cymene  is  produced.  The  yield,  however, 
amounts  only  to  about  10  p.c.  of  the  bromide 
■employed  (Wallach,  A.  264,  1).  Exposed  to  the 
action  of  air  or  oxygen,  in  sunlight,  the  pinenes 
produce  a  crystalline  compound  C,„H.,fi.; 
i(Sobrero,  C.  B.  33,  66)  which  when  distilled 
with  dilute  acid  yields  a  compound  called  by 
Armstrong  '  Sobrerone '  (Armstrong  a.  Pope,  C.  J. 
59,  311),  which  is  identical  with  one  of  the  pro- 
ducts of  the  action  of  nitrous  acid  on  pinene, 
isolated  by  Wallach  a.  Otto,  and  called  by  them 
'Pinol'  (.4.  253,  249).  Pinene  distilled  with 
bleaching  powder  and  water  yields  a  large 
quantity  of  chloroform.  Picric  acid  has  no 
action  upon  pinenes  in  the  cold,  but  at  the  b.p. 
of  tlie  latter  a  brisk  reaction  sets  in,  and  if  the 
liquid  is  afterwards  allowed  to  cool  a  compound 
is  deposited  in  colourless  scales,  which  on  boiling 
with  alkali  yield  borneol  (Lextreit,  0.  B.  102, 
555  ;  Tilden  a.  Forster,  C.  J.  63,  1388). 

2.  Limonene.  This  compound,  like  pinene, 
occurs  in  two  optically  active  vai'ieties.  Dextro- 
limonene  (175°-176°),  S.G.  ?2  -846,  [a]i,=  +  106-8 
(Wallach,  A.  252,  145)  occurs  in  oils  of  the  fruit 
of  oranges  and  lemons,  also  in  caraway  and  dill, 
&c.  The  most  convenient  source  is  the  essential 
oil  of  sweet  orange.  Citrus  aurantium.  La3vo- 
limonene  is  obtained  from  the  oil  distilled  from 
the  leaves  of  Pimis  sylvestris  and  P.  picea. 
This  oil  occurs  in  the  drug  houses  as  '  Fir- Wool 
oil,'  but  is  now  much  adulterated  with  common 
turpentine,  and  the  commercial  oil  seldom  yields 
more  than  a  small  percentage  of  limonene. 
(175°-176°),  S.G.  =  -846,  [o]„=  -105°  (Wal- 
lach, A.  227,  287,  246,  221).  The  hmonenes, 
treated  with  perfectly  dry  hydrogen  chloride, 
yield  a  liquid  monochloride.  In  the  presence  of 
iilcohol  they  give,  with  excess  of  hydrogen  chlor- 
ide, a  quantitative  yield  of  a  dihydrochloride 
:50°],  identical  with  the  compound  obtained 
from  the  pinenes.    By  the  action  of  nitrosyl 


chloride  (Tilden  a.  Shenstone,  C.  J.  May,  1877), 
or  by  the  use  of  amyl  or  ethyl  nitrite  and  hydro- 
gen chloride  (Wallach),  they  yield  a  crystalline 
nitrosochloride,  which,  whether  formed  from 
dextro-  or  laavo-limonene,  is  always  a  mixture 
of  two  isomerides  separable  from  each  other 
by  cold  chloroform  or  ether.  There  are  there- 
fore four  isomeric  limonene  nitroso-chlorides,  as 
follows : 

FbOM  d.  LIMONENE  I 

o  compound  [103°-104°]  0^=  -(-313° 
i3        „         [105°-106°]  ao=  +240° 
From  I.  limonene  : 

a  compound  [103°-104°]  0^=  -314° 
0        „  [100'"]  Od=-242° 

From  the  nitroso-chlorides  by  the  action  of 
heat  (Tilden  a.  Shenstone),  or  by  boiling  with 
alcohol  (Goldschmidt  a.  Ziirrer,  B.  18,  2220),  is 
produced  an  isonitroso-limonene,  which  when 
made  from  Itevo-limonene  is  identical  in  every 
respect  with  carvoxim  C,„H,,N.OH,  from  carvol, 
extracted  from  oil  of  caraway  (Goldschmidt  a. 
Ziirrer,  B.  18,  1732).  For  a  comparison  of  the 
rotatory  XDOwers  of  the  two  limonenes  and  their 
derivatives,  see  Wallach  {A.  252,  141).  The 
limonenes  are  further  characterised  by  the  for- 
mation of  a  crystaUine  tetrabroraide  [104°-105°] 
by  direct  addition  of  bromine  (Wallach,  A.  227, 
277). 

By  mixing  together  equal  quantities  of  dextro- 
and  la)vo-  hmonenes  an  optically  inactive  mix- 
ture is  obtained,  which  behaves  in  many  respects 
as  a  distinct  hydrocarbon,  and  appears  to  be 
identical  with  dipentene  {q.  v.).  Strong  sul- 
phuric acid  acting  upon  citrene  (fZ-limouene), 
causes  polymerisation,  the  chief  product  being  a 
colophene  (310°-320°)  (Bouchardat  a.  Lafont, 
C.  B.  115,  1083). 

The  oil  of  LicarifeawaZi  contains  a  compound, 
licareol  C|„H|jjO,  from  which  a  hydrocarbon, 
licarene  C|„H|„,  is  obtainable  by  the  action  of 
acetic  anhydride  at  160°  (Barbier,  C.  B.  114, 
674,  and  C.  B.  116,  993,  and  1062).  This  terpene 
appears  to  consist  of  impure  rf-limonene,  as  it 
boils  at  170°-178°,  gives  a  tetrabromide  [103°- 
104°],  forms  a  nitrosochloride,  from  which  carv- 
oxim [72°]  is  formed  by  alcoholic  potash ;  but 
its  specific  rotatory  power  is  low,  [aj^  =  7-51°. 

3.  Sylvestrene  occurs  in  Swedish  turpentine 
(Atterberg,  B.  10,  1206)  and  in  Eussian  turpen- 
tine (Wallach,  A.  230,  245),  in  company  with 
australene  and  other  hydrocarbons  of  higher 
boiUng-point.  (176°-177°).  S.G.  i|  =  -8510 ; 
P  =  -8470.  [a]i,=  +  66-32  (Wallach,  A.  245, 197). 
ihe  odour  of  sylvestrene  differs  from  that  of 
pinene  and  limonene,  and  resembles  the  odour 
of  fresh  fu'wood.  It  forms  a  liquid  monohydro- 
chloride,  and  a  crystalline  dihydrochloride  [72°], 
from  which  the  hydrocarbon  may  be  recovered 
unchanged  by  heating  with  anihne.  Sylves- 
trene also  gives  a  nitrosochloride  [106°-107°], 
which,  by  treatment  with  alcoholic  potash,  yields 
only  oily  products.  The  tetrabromide  crystallises 
in  monocUnic  tables  [135°]  (Wallach,  A.  239,  29). 

4.  Phellandrene.  The  seeds  of  Phellandrium 
aquaticuvi  were  found  by  Pesci  {G.  16,  225)  to 
yield  about  2h  p.c.  of  a  volatile  oil,  consisting 
chiefly  of  a  dextrorotatory  terpene  (171°-172°). 
The  same  hydrocarbon  is  contained  in  the  oil  of 
bitter  fennel,  Fcciiiculuui  viilijare  (Wallach,  A. 
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239,  40),  and  in  the  oil  of  elemi.  Laevo-phel- 
landrene  is  found,  according  to  Wallacli  (A.  246, 
232),  in  the  oil  of  Eucalyptus  amygdalina. 
Phellandrene  is  characterised  by  the  formation 
of  a  nitroso-nitrite  CuHigNjOj.  Pesci  obtains  it 
by  the  action  of  a  nitrite  and  dilute  sulphuric 
acid  upon  the  hydrocarbon.  It  crystallises  in 
needles  [94°],  and  although  obtained  from  the 
dextrorotatory  hydrocarbon  it  rotates  the  plane 
of  polarisation  to  the  left.  [a]D  =  —  183'5° 
(Pesci).  By  reducing  agents  this  compound  is 
converted  into  a  base  C,„H,s(NH,,).,  (209^-214°). 
Ammonia  converts  it  into  nitrophellandrene 
CmHisNOj  and  an  acid. 

5.  Dipentene,  formerly  called  terpUene  or 
terpmylene.  As  already  stated,  this  compound 
is  produced  when  equal  quantities  of  dextro- 
and  laevo-  limonenes  are  mixed  together  (see 
Pentylenes).  It  is  formed  by  heating  isoprene 
to  a  temperature  of  about  300°.  It  is  also  the 
chief  constituent  of  '  isoterebenthene,'  formed 
by  the  action  of  heat  on  lEBvo-pinene.  It  occurs 
among  the  products  of  the  destructive  distilla- 
tion of  caoutchouc.  Dipentene  is  also  produced, 
together  with  terpinene,  terpinolene,  and  ter- 
pineol,  by  the  action  of  sulphuric  acid  or  phos- 
phoric acid  on  terpin,  or  by  the  action  of  sul- 
phuric acid  on  the  pinenes  under  certain  condi- 
tions (Armstrong a.  Tilden,  C.  J.  November,  1879). 
It  is  also  formed  from  the  dihydrochloride  [50°], 
whether  made  from  pinene  or  limonene,  either 
by  the  action  of  heat  upon  the  chloride  alone 
(Tilden,  B.  12,  1133)  or  by  boiling  it  with  a 
mixture  of  sodium  acetate  and  acetic  acid,  or 
with  alcohol  and  aniline  (Wallach).  The  pro- 
ducts thus  obtained  were  formerly  supposed  to 
consist  of  a  single  hydrocarbon,  to  which  the 
name  '  terpilene  '  was  given.  The  hydrocarbons 
known  as  cinene  and  cajeputene  formed  from 
cineol  and  cajeputol  respectively  also  consist  of 
dipentene.  Dipentene  occurs  ready  formed  in 
the  volatile  oil  of  the  camphor  tree,  also  in  oil 
of  elemi  and  m  Kussian  and  Swedish  turpen- 
tines (Wallach,  A.  227,  296,  Ac). 

Dipentene  boils  at  about  176°,  and  has  a 
pleasant  smell  of  lemons.  It  combines  with 
Isromine  forming  a  tetrabromide  [124°],  and 
unites  with  2HC1  forming  a  chloride  [50°],  from 
which  it  may  be  regenerated  by  methods  given 
above.  It  is  to  be  noted,  however,  that  in  all 
cases  more  or  less  isomeric  change  occurs,  and 
the  hydrocarbon,  whether  reproduced  by  heat 
alone  or  by  the  action  of  aniline,  always  contains 
terpinene  and  terpinolene,  beside  cymene  and  a 
small  quantity  of  a  parallinoid  hydrocarbon 
(Tilden  a.  Williamson,  C.  J.  63,  292).  The 
nitrosochloride  C,„H|,jNOCl  yields  an  inactive 
carvoxim  C,„H„NOH  [93°]  {A.  245,  267).  A 
mixture  of  equal  volumes  of  dextro-  and  Iffivo- 
limonene  behaves  in  many  respects  as  though 
it  were  a  distinct  hydrocarbon,  as  it  was  sup- 
posed to  be  previously  to  Wallach's  researches. 
Thus  the  tetrabromide  melts  at  124°,  whUe  the 
limonene  compound  melts  at  104°.  The  inactive 
isonitrosodipentene  or  carvoxim,  melting  at  93°, 
is  formed  by  mixing  together  equal  quantities 
of  leevo-carvoxim  [72°]  from  dextro-limonene  and 
dextro-carvoxim  [72°]  from  Isevo-limonene.  The 
resulting  compound  gives,  by  Eaoult's  freezing- 
point  method,  a  molecular  weight  corresponding 
to  the  simple  formula  C,oH,,NO  (Wallach,  A. 
246,  230). 


Certain  derivatives  of  dipentene  exist  in  two- 
optically  inactive  forms.  When  d-limonene- 
nitrosochloride,  prepared  from  either  dextro-  or 
Isevo-hmonene,  is  warmed  with  an  alcoholic  solu- 
tion of  piperidine,  a  mixture  of  two  crystallisable 
nitrolammes  is  formed  in  each  case,  as  follows  : 

NiTROLPrPEBIDINES  CioHuNONC^Hio,  FROM 
LfflVOLIMONENE  : 

(a)  [93°-94°]  Rhombic,  from  alcohol. 
[a]D  =  -  67-60°.  Hydrochloride 
dextrorotatory. 
(;8)  [110°-111°].  MonocHnic. 
[a]D  =  60-18°.  Hydrochloride 
almost  inactive. 
From  destbolimonene  : 

(o)    [93°-94°].  Rhombic.  [o]d=  4-67-95°. 

Hydrochloride  laivorotatory. 
(;8)  [110°-111°].  Monoclinic. 
[o]p=  -60-48°.  Hydrochloride  (?). 
When  the  two  a-piperidine  bases  [93°-94°]  are 
dissolved  in  petroleum-spirit,  and  the  solutions 
mixed,  an  inactive  nitrolamine  [154°]  is  at  once 
precipitated.  A  second  inactive  compound  [152°] 
is  formed  by  mixing  the  ;8-piperidine  bases 
(Wallach,  A.  252,  123).  Similar  results  have 
been  obtained  by  the  employment  of  aniUne  and 
benzylamine.  The  salts  of  the  bases  thus  pro- 
duced possess  a  rotatory  power  opposite  in  di- 
rection to  that  of  the  free  base.  No  method  is 
at  present  known  of  producing  from  limonene 
active  addition -compounds  with  two  molecules  of 
hydracid.  With  excess  of  hydrogen  chloride  the 
same  inactive  dipentene  dihydrochloride  [50°]  is 
always  obtained.  The  corresponding  dihydrio- 
dide  seems  to  crystallise  in  two  forms  differing 
slightly  in  melting-point  (Wallach,  A.  239,  13). 

6.  Terpinene.  (180°  about).  This  compound 
is  formed,  together  with  dipentene,  by  the  action 
of  acids  upon  pinene  and  terpin,  &c.  It  is  said 
to  occur  in  oil  of  cardamoms  (Ev.  Weber,  A.. 
238,  98).  Terpinene  has  not  been  obtained  in 
an  absolutely  pure  state,  but  is  characterised  by 
forming  a  nitrosonitrite  C,|,H,gN„03  [155°] 
(Wallach,  A.  239,  33).  The  tetrabromide  is 
fluid,  and  it  yields  no  crystalUsable  hydro- 
chloride.   The  nitrosonitrite  by  the  action  of 

bases      yields     nitrolamines  C,„H,5<^^^^ 

[116°-118°],    C,„H,3<JJggg^  [130°-131°],  &c. 

(A.  241,  315). 

7.  Terpinolene.  (185°  about).  This  hydro- 
carbon is  formed  along  with  dipentene  and  ter- 
pinene by  the  action  of  acids  upon  pinene,  &c. 

With  hydrogen  chloride  and  hydrogen  bro- 
mide terpinolene  unites  to  form  the  dipentene 
dihydrochloride  [50°]  and  dlhydrobromide  [64°]. 
It  forms  an  optically  inactive  tetrabromide  which 
crystallises  in  monoclinic  tables  [116°]  but  is 
gradually  converted  at  ordinary  temperatures 
into  a  porcelain-like  mass. 

8.  Fenchene.  A  hquid  isomeride  of  camphor 
(I90°-193°),  obtained  from  oil  of  fennel,  is 
treated  with  alcohol  and  sodium,  by  which  it  iS' 
reduced  to  the  alcohol  C,„H,,OH,  a  colourless 
crystalline  compound.  By  treating  this  with 
phosphoric  chloride  the  chloride  C,(|Hi,Cl  is 
formed,  and  from  this,  by  heating  with  aniHne, 
fenchene  C,„H,s  (158°-160°)  may  be  obtained. 
Penchene  is  optically  inactive.  It  differs  from 
other  terpenes  in  resisting  the  action  of  nitric 
acid  unless  heated  (Wallach,  A.  263, 149). 
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Synopsis  op  Terpenes  and  their  Chief  Derivatives. 
Boiling-points  approximately  stated.    Rotatory  power  +  ,  — ,  or  0. 


Pinene 

Limoiifue 
U7li°) 

Dipentene 
(176°) 

Sylvestrene 
(175°) 

Phellaudreue 
(170°) 

Terpinene 

(iso'=) 

Terpinolene 
(185°) 

Feiiclieue 
(160^) 

+  aud  — 

+  aud  — 

± 

+ 

+  and  — 

0 

0 

0 

saturated 
[125°] 

C  H  HCl 

unsaturated 
liquid 

C  H  HCI 
unsaturated 
liquid 

C  K  HCl 
liquid 

C  H  HCl 
liquid 

[5U°] 

n    XT  OTTp] 

C  H  2HC1 
'°[50°] 

[72°] 

[17U°J 

n  04.01 

C,„H„Br. 

C,„H,„Br^ 
n  ^fi°i 

C,„H„Br^ 

C„H,„Br^ 
r  1 1 1;  -'1 

C,„H„Br, 

C,„H„NOCI 

C,„H„N0C1 
four  isomf ri'lc'S 
[100°  to  106°] 

C,„H„N0C1 
[101°-102°] 

0,„H„N0C1 
[106°] 

0,„H„N,03 
[102°] 

C,oH„N,03 
[166°] 

[122°] 

C  H 

^■°"">\NHC,H, 
[!)3°]a 

P,  „  /NO 
[109°]a 

[71°] 

0,„H,eN,Oj 

[1S7°] 

C,„H,,NO 
[132^] 

C,„H„N.OH 
[72°] 

0,<,H„NOH 
[93°] 

Isoterpenes. 

Camphenes  C,„H,s.  Pinene  monohydroehlor- 
ide  [125°]  was  formerly  described  under  the 
name  '  artificial  camphor,'  from  its  resemblance 
to  camphor  in  appearance  and  to  a  certain  ex- 
tent in  odour.  This  compound  is  remarkably 
stable,  but  may  be  decomposed  by  heating  with 
sodium  stearate  or  benzoate,  with  potassium 
acetate,  with  alcoholic  potash,  or,  better,  with 
a  mixture  of  sodium  acetate  and  alcoholic  soda 
(Briihl,  B.  25, 147).  The  resulting  hydrocarbon 
is  a  camphene  [51°-52°]  (160°),  dextro-  or  laivo- 
rotatory  or  inactive  according  to  the  nature  of 
the  hydrochloride  used  aud  the  reagent  em- 
ployed, though  the  exact  conditions  which  deter- 
mine the  production  of  one  or  other  are  scarcely 
known  (Riban,  A.  Ch.  [5]  6,  353). 

Camphene  is  also  formed  from  bornyl  chloride 
by  the  action  of  alcoholic  potash  (Eiban),  by  the 
action  of  water  and  magnesia  (Kachler,  A.  197, 
8(5),  or  by  heating  with  aniline  to  the  boiling- 
point  of  the  latter  (Wallach,  A.  230,  234) ;  it  is 
also  formed  from  camphor  chloride  and  from 
pinene  hydrochloride  by  the  action  of  sodium 
(Montgolfier,  C.  R.  89,  102).  In  the  last  case  it 
is  accompanied  by  a  liquid  liydrocarbon  (170^), 
C,„H2o,  which  behaves  like  a  paraffin,  and  is 
probably  identical  with  a  liquid  obtained  by  the 
action  of  hydrogen  iodide  on  turpentine  (Berthe- 
lot),  also  by  the  action  of  iodine  (Armstrong  a. 
Gaskell,  B.  12,  175(3)  and  by  the  action  of  sul- 
phuric acid  on  turpentine  (Armstrong,  B.  12, 
1759). 

Camphene  is  also  formed  by  the  action  of 
strong  sulphuric  acid  on  turpentine,  and  consti- 
tutes the  characteristic  ingredient  in  the  liquid 
formerly  known  as  '  terebene  '  (Armstrong  a. 
Tilden,  C.  J.  1879,  733). 

Camphene  closely  resembles  camphor  in 
appearance  and  even  somewhat  in  odour.  It  is 
soluble  in  alcohol,  ether,  and  benzene,  and  crys- 
tallises in  leaflets  from  a  concentrated  solution. 
It  is  incapable  of  combining  with  bromine,  but 
it  forms  a  compound  [157°]  with  hydrogen 
chloride,  which  is  distinguished  from  pinene 
hydrochloride  by  its  instability,  being  rapidly 


decomposed  by  water  with  reproduction  of  cam- 
phene (Riban,  C.  B.  80,  1330).  It  is  also  disso- 
ciated into  camphene  and  hydrogen  chloride 
when  volatilised  (Ehrhardt,  C.  N.  54,  239). 
Camphene  hydrochloride  is  said  to  be  identical 
with  bornyl  chloride  (Kachler  a.  Spitzer,  A.  200, 
340;  V.  also  Briihl,  B.  25,  IGO).  Camphene 
does  not  combine  with  nitrosyl  chloride.  In 
contact  with  bromine  it  is  slowly  attacked,  form- 
ing an  oily  monobromo-  derivative  (230°-240°). 

Oxidised  by  chromic  liquor,  camphene  yields 
camphor,  dextro-,  Isevorotatory  or  inactive  ac- 
cording to  the  character  of  the  camphene. 

By  the  action  of  phosphorus  pentachloride 
on  camphene,  and  subsequent  treatment  of  the 
mass  with  an  alkaline  solution,  salts  of  two  phos- 
phonic  acids  are  formed  (Marsh  a.  Gardner,  C.  J. 
65,  35). 

When  camphene  is  heated  to  about  300°  it  is 
converted  into  liquid  products  which  seem  to  in- 
clude dipentene,  but  have  not  been  sufficiently 
investigated. 

Homologues  of  camphene. 
Ethyl-camphene  obtained  by  the  conjoint 
action  of  sodium  and  ethyl  iodide  upon  cam- 
phor monochloride  C,,|H,jCl,  is  a  colourless 
mobile  liquid  having  a  smell  like  turpentine 
(197-9° -199-9°,  bar.  742-1  mm.).  Isobutyl- 
camphene  is  also  a  liquid  (228°-229°,  bar.  750-4 
mm.)  (Spitzer,  B.  11,  1817). 

Sesqtdterpenes  Ci^Ho,. 
Oils  of  clove,  calamus,  cascarilla,  patchouli, 
and  cubebs  contain  a  hydrocarbon  of  this  com- 
position (Gladstone,  C.  J.  1872),  as  also  do  the 
oils  of  galbanum,  and  savin  and  '  huile  de  cade,' 
a  kind  of  tar  made  by  distillation  of  the  wood 
of  Juniperus  oxyccdrus  (Wallach,  A.  238,  81). 
The  hydrocarbon  obtained  from  cade  or  cubebs 
(274°-275°)  (S.G.  if  =  -921)  forms  the  following 
crystalline  compounds:  C|5H.,,2HC1  [H7°-118°], 
C,",H.,2H:Br  [124°-125°],  C„H,;2HI  [105°-106°]. 
The  hydrocarbon,  especially  when  partially 
resinified  by  exposure  to  the  air,  gives  the  fol- 
lowing characteristic  colour  reaction  :  dissolved 
in  chloroform  or  glacial  acetic  acid  and  then 
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shaken  up  with  a  few  drops  of  strong  sulphuric 
acid,  the  liquid  assumes  an  intense  green  and 
then  blue  colour,  which,  when  heated,  passes  into 
red  (Wallach).  An  attempt  to  prepare  from  iso- 
prene  a  polymeride  of  the  composition  C^^'E^i 
proved  unsuccessful  (Wallach). 

Conimene  C^^B.^,,  a  liquid  (264°)  having  a 
pleasant  odour,  is  obtained  from  the  incense 
resin  (Idea  heptaphylla)  of  British  Guiana 
(Stenhouse  a.  Groves,  C.  J.  1871,  i.  175). 

Polyterpenes  CooHj^,  (£c. 

This  group  includes  (1)  the  constituents  of 
certain  natural  essential  oils  ;  (2)  products 
of  artificial  polymerisation  of  terpenes ;  and 
(3)  caoutchouc  and  guttapercha. 

1.  Oleo-resin  or  so-called  '  balsam '  of  co- 
paiba {Copaifera  Langsdorffli  and  other  species) 
is  a  mixture  of  a  resin  with  an  oil  (250°-260°). 
The  latter  unites  with  water  and  absorbs 
hydrogen  chloride,  with  production  of  a  deep 
violet  colour  but  no  crystalline  hydrochloride. 
A  similar  hydrocarbon  is  obtained  from  Gurjun 
balsam  or  'wood  oil,'  the  product  of  various 
species  of  Dipterocarpus  growing  in  the  East, 
and  from  other  essential  oUs. 

2.  When  turpentine  oil  and  other  terpenes 
are  heated  for  some  time  to  about  300°,  or 
treated  vrith  concentrated  sulphuric  or  phos- 
phoric acid  or  other  agents,  a  large  part  of  the 
hydrocarbon  undergoes  polymerisation.  The 
name  '  colophene  '  was  given  by  Deville  to  the 
less  volatile  portions  of  the  product  obtained  in 
this  manner  from  French  turpentine,  apparently 
under  the  impression  that  it  was  closely  related 
to  the  oil  obtained  by  distillation  of  resin. 
Eesin-oil,  however,  contains  oxygen,  and  ex- 
hibits quite  different  characters. 

Colophene  is  a  yellowish  viscid  fluid,  usually 


fluorescent,  which  begins  to  boil  at  about  300°, 
but  the  distillation  even  under  reduced  pres- 
sure is  attended  by  decomposition.  The  boiling- 
point  continually  rises,  and  even  at  a  tempera- 
ture approaching  dull  redness  a  viscid  residue  is 
left  which  on  cooling  becomes  nearly  soUd 
(Armstrong  a.  Tilden,  C.  J.  Nov.  1879).  The 
portions  which  distil  at  300°  and  upwards  ap- 
pear to  consist  of  saturated  compounds,  for 
they  absorb  mere  traces  of  hydrogen  chloride. 
By  the  action  of  antimony  trichloride  upon  tur- 
pentine a  sohd,  CjjHg,,  is  formed.  This  com- 
bines with  hydrogen  chloride  to  form  two  com- 
pounds C^H^jHCl,  and  C„H„2HC1  (Biban, 
C.  R.  1874,  389). 

3.  Caootchooc  v.  vol.  i.  p.  677.  For  further 
information  concerning  the  products  of  its  de- 
composition by  heat  v.  Pentinenes  (vol.  iii.  p. 
807)  and  Dipentene  (supra). 

Gdttapeecha,  v.  vol.  ii.  p.  658. 

Caoutchouc  is  formed  from  isoprene  by  poly- 
merisation, which  sometimes  occurs  spon- 
taneously under  circumstances  not  fully  under- 
stood (Tilden,  C.  N.,  May  1892). 

Oxidised  compounds  connected  with  terpenes. 

A  considerable  number  of  oxidised  compounds 
are  known  which  are  evidently  closely  connected 
with  the  terpenes,  and  in  many  cases  directly 
derivable  from  them.  Some  of  these,  as,  for 
example,  borneol  and  camphor,  occur  as  natural 
products  in  essential  oils  ;  others,  such  as  terpin, 
are  the  products  of  the  addition  of  water  to  a 
terpene,  or,  like  camphor  and  some  of  its  iso- 
merides,  may  be  formed  from  terpenes  by  oxida- 
tion. These  compounds  are  enumerated  in  the 
following  table,  together  with  the  hydrocarbons 
with  which  they  are  presumably  immediately 
connected. 


Hydrocarbons 


Cymene  C,(,H,4  (ii.  361) 

Pinene  C,oH,5  (v.  supra) 

Dipentene    CjoHu  (v. 
supra) 


Fenchene  C,„H,8  (v. 

supra) 

Camphene  C,„H,6  (v. 

supra) 


Menthene    C,„H,„  (iii. 

202)  "  ^ 

Dihydrocamphene 

CioHis  (v.  Decinene, 

ii.  367) 
Tetrahydrocamphene 

C10H21,  (v.  Decyiene, 

ii.  369,  et  infra) 


Alcohols 


Glycols 


Carveol  CijH.jOH  (i. 
711) 

Myristicol     and  ab- 

sinthol  (v.  infra) 
Terpineol  Cn,H„OH 

(v.  infra) 
Cineol  Ci„H„OH  (ii. 

187).      Syn.  Euca- 

lyptol,  cajeputol 
Fencheol  CioH^OH 

(v.  infra) 
Borneol  CioHi,OH 

(i.  522) 
Geraniol  CioH,.OH 

(ii.  609) 
Linalool  C,oH„OH 

(iii.  146) 


Menthol  C,„H„OH 
iii.  203) 


Sobrerol  C,„H,5(0H). 

(v.  infra) 
Terpin  C,„H,8(OH)2 

(v.  infra) 


Camphene  glycol 
C,„H„(0H)2(z;.w/ra) 


Ketoues  (?) 


Carvol    C,„H,^0  (i. 
711) 

Sobrerone  (pinol) 
C^J1^^0  (v.  infra) 


Fenchone  C,oH,i;0 

(v.  infra) 
Camphor  C,(,H,|jO 

(i.  669) 
Pulegone  CioHigO  (v. 

infra) 
Puleone  C,„H,50  (v. 

infra) 
Tanacetone  or  Thu- 

jone    CjoHijO  (v. 

infra) 
Menthone  CioHisO 

(iii.  204) 
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Cymene  C,„H„  (176°) ;  ii.  361. 

Dipentene  C,„H,6  (176°) ;  v.  supra. 

Fencliene  C,„H,g  (160°)  ;  v.sujira. 

Camphene  Cj^Hij  (160°) ;  v.  supra. 

Menthene  C,„H,<,  (167°) ;  iii.  202. 

Dihydrocamphene  Ci„H,s  v.  Dbcinene,  ii.  367. 
The  liquid  produced,  togetlier  with  the  sohd 
monoliydiochloride,  bypassing  hydrogen  chloride 
into  pinene,  yields  when  treated  with  sodium  a 
mixture  from  which  a  liquid  hydrocarbon  C|„H,8 
(148°-149°),  having  a  smell  of  oranges,  may  be 
separated  by  fractionation,  &c.  (Bouveault,  C.  R. 
116,  1067). 

Tetrahydrocamphene  0-^^20  (Decylene,  ii. 
367).  A  liquid  obtained  by  the  action  of  hydro- 
gen iodide  and  phosphorus  upon  oil  of  turpen- 
tine (Berthelot)  and  another  (160°)  by  action  of 
phosphonium  iodide  on  turpentine  (Baeyer)  have 
this  composition.  The  same  formula  is  ascribed 
by  Armstrong  {B.  12,  1758)  to  a  liquid  (160°- 
170°)  obtained  by  the  action  of  iodine  upon  oil 
of  turpentine  and  upon  camphor,  also  by  the 
action  of  sulphuric  acid  u^Jon  turpentine.  All 
these  products  are  insoluble  in  strong  sulphuric 
acid,  and  resemble  the  paraffins  in  chemical 
characters. 

Carveol  C,„H]5.0H  (219°)  ;  i.  711. 

Terpineol  C,(,H,..OH.  [35°].  (215°-218°). 
Wiggers,  A.  33,  358  ;  57,  247  ;  List,  A.  67,  362  ; 
Tilden,  0.  /.  33,  247,  and  35,  286  ;  Wallach,  B. 
18,  618,  Eef.;  Kannonikoff  a.  Flawitzky,  J.pr.  [2] 
32,  497 ;  Bouchardat  a.  Voiry,  G.  B.  104,  996. 
Dextro-  and  Isevo-terpineol  are  obtained  by  the 
action  of  alcoholic  sulphuric  acid  upon  d-  and 
Z-pinene  respectively,  or  inactive  by  distilling 
terpin  with  very  dilute  sulphuric  or  hydro- 
chloric acid.  Terpineol  as  thus  obtained  is  a 
viscous  liquid,  having  an  odour  of  white  lilac. 
By  fractional  distillation  under  reduced  pressure 
a  portion  is  obtained  (130°-135°  at  40  m.m.), 
which  may  be  crystallised  by  coohng  to  —  50°,  or 
by  the  introduction  of  a  crystal  of  the  same. 
These  crystals  melt  at  30°-32°,  and  boil  undecom- 
posed  at  218°  (Bouchardat  a.  Voiry,  C.  R.  104, 
996).  Terpineol  treated  with  sodium  evolves 
hydrogen,  but  in  consequence  of  its  viscosity  the 
action  soon  ceases.  Contact  with  dilute  acids 
converts  terpineol  into  terpin  hydrate.  Hydrogen 
chloride  and  iodide  react  to  form  C,(,H,sClo  [50°] 
and  C|oH|  J„  [77°]  respectively.  Potassium  hy- 
drogen sulphate  at  200°  produces  dipentene. 
Terpineol  unites  with  two  atoms  of  bromine,  but 
excess  of  bromine  gives  rise  to  dipentene  tetra- 
bromide.  With  phenyl  cyanate  it  yields  phenyl- 
terpinyl-urethane  C,,H5.NH.C0.0C,„H„  [110°]. 
These  and  other  reactions  have  been  repeated 
by  Wallach,  using  crystallised  terpineol  {A. 
275,  103).  Terpineol  oxidised  by  permanganate 
yields  a  substance  C,„H,„03  [121°-122°],  which 
probably  has  the  constitution  of  an  oxyterpin 
C,„H,,(0H)3.  Further  oxidised  by  means  of 
chromic  acid  this  yields  a  crystalline  compound 
C,„H,„03  [62°-63°]  (Wallach,  A.  275,  145). 

Cineol  C,„H,sO  (176°)  ;  ii.  187.  Cineol  appears 
to  contain  no  hydroxyl,  since  it  is  not  acted 
upon  by  metallic  sodium  nor  by  benzoyl 
chloride  at  120°.  It  is  also  unaffected  by 
hydroxylamine  and  by  phenylhydrazine.  Hence 
it  appears  to  be  neither  an  alcohol  nor  a 
ketone.  Its  relation  to  terpineol  (infra)  is 
shown    by  the  fact  that  when  heated  with 


alcohol  and  sulphuric  acid  cineol  is  converted 
into  terpinene  and  terpinoleno  :  also  that  ter- 
jjineol,  and  therefore  also  terpin,  are  partly  con- 
verted into  cineol  by  prolonged  heating  with 
phosphoric  acid.  Cineol  oxidised  by  perman- 
ganate of  potassium  yields  the  potassium  salts 
of  carbonic,  oxalic,  and  cineolic  acids,  with  a 
small  quantity  of  acetic  acid.  Cineol  yields 
45  p.c.  of  its  weight  of  cineolic  acid.  This  com- 
pound forms  well-defined  anhydrous  crystals, 
which  dissolve  in  70  pts.  of  water  at  15°,  and  in 
15  pts.  at  100°.  They  melt  with  decomposition 
at  ig6°-197°. 

Calcium  eineolate  C,oH,^Ca05.4H20  is  soluble 
in  cold  water,  but  is  completely  precipitated  by 
boiling  the  aqueous  solution.  Silver  eineolate 
CidHijAgoOi-HoO  is  soluble  in  both  water  and  al- 
cohol, but  cannot  be  crystallised.  Ethyl  eineolate 
I  C|„H|,,(CjH5)205,  obtained  by  passing  hydrogen 
!  chloride  gas  into  an  alcoholic  solution  of  the  acid, 
!  is  a  colourless  liquid  (155°  under  11-12  mm.). 
By  dry  distillation  eineohc  acid  yields  cineolic 
anhydride,  water,  carbon  dioxide,  and  a  liquid 
which  appears  to  consist  of  a  monobasic  acid 
[A.  246,  265). 

Fencheol  C,„Hj..(OH).  Fenchyl  alcohol 
[40°-41°].  (201°).  (Wallach,  A.  263,  143  ;  272, 
99-125).  S.G.£^^-933  (W.).  [a]:,=  ±  10-36  (W.). 
Dextro-  and  Ifevo-fenchyl  alcohols  are  obtained 
by  the  reduction  with  sodium  and  alcohol  of 
Itevo-  and  dextro-fenchones  respectively,  Con- 
centrated HNO3  oxidises  Z-fenchyl  alcohol  to  d- 
\  feuchone.  PCL,  gives  rise  to  fenchyl  chloride 
C,„H„C1  (84°-8'6°  at  14  mm.). 

Borneol  C|„H,,.OH,  i.  522. 

Geraniol  C,„H„.OH,  ii.  609. 

Linalool  C,„H,j.OH,  iii.  146.  Linalool  is  said 
to  be  convertible  into  the  isomeric  geraniol  by 
treatment  with  acetic  anhydride,  and  saponify- 
ing the  resulting  ester  with  alcohohc  potash 
(Bouchardat,  C.  B.  116,  1253). 

Menthol  C,„H|,(OH),  iii.  20.3. 

Terpin  C,„H,;(OH).,  [104°-105°].  (258°) 
(Wiggers,  A.  33,  358  ;  57,  247  ;  Tilden,  C.  J.  33, 
247  ;  35,  286  ;  Wallach,  A.  230,  225-272).  ffer- 
pin  is  best  known  in  the  form  of  its  hydrate 
C,„H,„0,>.H,0  [116-117°],  a  beautifully  crystal- 
line compound  which  on  heating  to  100°  loses 
i  water  and  leaves  terpin  as  a  vitreous  mass.  Ter- 
■  pin  hydrate  is  readily  obtained  by  shaking  tur- 
pentine oil  with  alcohol  acidified  with  sulphuric 
or  nitric  acid  (Flawitzky,  B.  12,  1022  ;  Tilden, 
C.  J.  33,  247  ;  35,  286),  and  leaving  the  liquid 
to  evaporate.  It  is  an  optically  inactive,  satu- 
rated compound,  slightly  soluble  in  boiling 
water,  soluble  in  alcohol  and  crystallising  in 
rhombic  prisms  (Kammelsberg,  P.  63,  570 ; 
Maskelyne,  P.  il/.  1879).  It  possesses  the  charac- 
ters of  a  glycol  and  with  hydrogen  chloride 
yields  dipentene  dihydrochloride  [50°].  Boiled 
with  water  containing  a  mere  trace  of  mineral 
acid,  terpin  dissolves  with  production  of  ter- 
pineol and  water. 

Camphene  glycol  C,„H„(OH).,.  [192°]  (G. 
Wagner,  B.  23,  2311). 

Formation. — By  the  oxidation  of  camphene 
in  benzene  solution  with  a  1  p.c.  solution  of 
KMnO,  (I.e.). 

Properties. — Colourless  prismatic  needles 
(from  benzene)  very  readily  soluble  in  ether, 
alcohol,   CS2,  and  chloroform.    Exhibits  the 
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same  phenomenon  as  camphor  when  thrown  on 
water.  Sublimes  when  heated  above  100°. 
Melts  when  warmed  with  water,  but  only  dis- 
solves in  it  with  difficulty.  Heated  with  acetic 
anhydride  in  a  closed  tube  at  120°,  the  greater 
part  loses  water,  only  a  small  portion  being  con- 
verted into  the  acetic  ester.  Treatment  with 
dilute  HCl  results  in  the  loss  of  1  mol.  of  H,0, 
giving  rise  to  a  solid  body,  C,oH,gO,  isomeric 
with  camphor,  which  reduces  ammoniacal  AgNOg 
and  reacts  with  hydroxylamine. 

Carvol  C,„H,^0  (228°),  v.  i.  711. 

Fenchone  C,„H„0.  [5°-6°].  (192°-193°) 
(Wallach,4.263,130;  272,102).  S.G.  i2  -9465 
(W.).       44-23  (W.).    Md-h  71-70  and  -66-94. 

Occurrence. — Dextro-fenchone  is  present  in 
fennel  oil,  the  fraction  boiling  between  190°  and 
195°  consisting  almost  exclusively  of  the  ketone, 
together  with  traces  of  anethol ;  derived  from 
Thuja  oil,  fenchone  possesses  Isvorotatory  op- 
tical properties.  D-  and  Z-fenchone  form  a 
series  of  derivatives  which  bear  to  one  another 
a  relation  similar  to  that  subsisting  between 
the  two  tartaric  acids,  and  the  analogy  extends 
to  the  formation  of  racemie  modifications  when 
equal  proportions  of  the  two  classes  of  deriva- 
tives are  mixed  together. 

PrepM-ation. — The  fraction  of  fennel  oil 
boiling  between  190°  and  195°  is  treated  with 
concentrated  HNO3,  the  ketone  remaining  un- 
attacked.  After  being  freed  from  acid  and  dis- 
tilled in  a  current  of  steam,  the  dry  oil  is  cooled, 
and  the  fenchone  crystallises  out. 

Reactions. — With  bromine  in  the  cold,  an 
addition  compound  is  formed,  substitution 
taking  place  if  the  mixture  becomes  heated. 
P2O5,  P.2S5,  and  PCI5  have  the  same  action  upon 
fenchone  as  upon  camphor.  Fenchone  is  dis- 
solved by  cold  concentrated  HCl,  being  thrown 
out  of  solution  on  warming.  HNO3  has  but 
little  action  in  the  cold,  but  in  a  sealed  tube  at 
120°  HON  is  formed  {A.  263,  134).  KMnO, 
oxidises  fenchone  to  a  mixture  of  oxalic,  acetic, 
and  dimethyl-malonic  acids.  D-  and  Z-fenchone 
yield  d-  and  Z-fenchyl  alcohols  respectively  on 
reduction  with  Na  and  alcohol  (v.  Fencheol).  On 
heating  cZ-  and  Z-fenchone  with  ammonium 
formate,  I-  and  d-fenchylamines  respectively 
are  formed.  Fenchone  does  not  react  with 
phenyl-hydrazine  or  with  alkaline  sulphites, 
but  both  varieties  form  oxLms  [161°]  with 
hydroxylamine. 

cZ-Eenchon-oxim  C,„H„NOH  [161°]  (240°) 
loses  water  on  treatment  with  dilute  H2SO4,  an 
unsaturated  dextrorotatory  nitrile  (218°)  being 
formed. 

Z-Fenchon-oxim  C,„H,„NOH  [161°]  behaves 
in  a  similar  manner  on  treatment  with  dilute 
H2SO4.  The  resulting  nitrile  yields  with  potash 
a  Isevorotatory  a-isoxim  CgHis.CONHj  [114°- 
115°]  which  is  readily  converted  by  dilute  HjSOj 
into  the  j3-isoxim  [136°-137°]. 

Camphor  C,„H,„0  (i.  669). 

Menthone  C,„H,80  (206°)  (iii.  204). 

Pulegone  C,„H,60.  (130°-131° under  60  mm.). 
(Beckmann  a.  Pleissner,  A.  262,  1 ;  Wallach,  A. 
272,  122;  Semmler,  B.  25,  3515).  S.G.  ^ 
■9323  (B.  a.  P.) ;  45-55  (B.  a.  P.) ;  [a]^  22-89 
(B.  a.  P.).  Pulegone  is  the  chief  constituent  of 
Spanish  oil  of  pennyroyal  {Mentha  pulegium). 
It  is  a  dextrorotatory  colourless  liquid,  having 


an  odour  of  peppermint,  and  rapidly  becoming 
yellow  on  exposure  to  the  air. 

Reactions. — With  HBr  it  combines  forming  a 
Isevorotatory  ([a]i,=  —  33-8)  addition  compound 
C,„H„O.HBr  [40-5°].  When  heated  with  am- 
monium formate,  Wallach  (A.  272,  123)  failed 
to  obtain  a  base  isomeric  with  fenchylamine 
and  thujonamine,  a  mixture  of  bases  being 
formed.  Slow  oxidation  with  KMnO^  gives  rise 
to  acetone  and  ;8-methyl-adipic  acid  [84-5°]. 
Eapid  oxidation  with  the  same  reagent  yields  a 
7-valero-lacton-7-acetic  acid  (Semmler,  B.  25, 
3516).  Pulegone  combines  with  hydroxylamine 
to  form  pulegonoxim  CjoHigNO.  [157°].  The 
oxim  contains  one  molecule  of  HoO  more  than 
camphoroxim.  It  is  Iffivorotatory  ([o]d  — 83'4) 
I  and  forms  a  hydrochloride  [117°-118°],  a 
I  benzoyl  ester  [137°-138°],  and  an  acetyl  ester 
[149°].  On  heating  its  hydriodide  pulegonamine 
C.oHigO.NH  is  formed. 

Pulegone  hydrobromide  C,„H,^O.HBr  [40-5°] 
is  Isevorotatory ;  it  forms  an  oxim  [38°]  which 
becomes  converted  on  standing  into  normal 
pulegonoxim  [157°].  Pulegone  hydrobromide, 
on  treatment  with  moist  silver  or  lead  oxide, 
loses  HBr,  pulegone  being  regenerated.  Distil- 
lation with  zinc-dust  gives  rise  to  an  oil  which 
resembles  menthone  in  every  respect  but  the 
melting-point  of  its  oxim  (85°  instead  of  59°). 

Constitution. — From  the  results  of  oxidation 
experiments  carried  on  under  various  conditions 
with  KMnO,  Semmler  {B.  25,  3519)  attributes  to 
pulegone  the  constitution : 
Pr 

/\ 

H  Me 

Puleone  is  the  name  given  to  a  compound 
isomeric  with  camphor,  obtained  by  Barbier  (B. 
25,  110c),  from  penn3T:oyal  oil,  described  as 
boiling  at  222°-223°,  and  possessing  the  follow- 
ing physical  properties  :  S.G.  -9482  ;  ^  -9293  ; 
[a]i,-f  29-15.  Its  oxim  C|„H,5.N0H  is  an  oil 
(170°  under  48  mm.)  yielding  a  liquid  anhydride 
I  C,„H,5N  on  treatment  with  diluteHjSOj.  Chromic 
acid  mixture  oxidises  it  to  carbonic,  acetic, 
and  propyl-succinic  [89°-91°]  acids. 

Tanacetone  C,J3.,fi  (195°-196°  ;  84-5  at  13 
mm.),  identical  with  the  thujone  of  Wallach 
{A.  272,  109  ;  Bruylants,  B.  11,  450  ;  Semmler, 
B.  25,  3343,  3519  ;  WaUach,  I.e.).  S.G.  §§-9126 
(S.).    E^  44-54  (S.). 

Tanacetone  occurs  in  tansy,  sage,  wormwood, 
and  thuja  oils.  It  has  ketonic  properties,  and 
possesses  an  optical  rotatory  power  amounting 
to  -I-  38°  30'  in  a  2-dcm.  column. 

Reactions. — Sodium  in  alcoholic  solution  re- 
duces it  to  tanacetyl  alcohol  (92-5°  at  13  mm.). 
With  alkaline  hypobromite  it  yields  bromoform 
and  tanacetogen-dicarboxylic  acid  (113-5°  at  15 
mm.).  Oxidised  with  KMnO,  it  yields  tanaceto- 
carboxyhc  acid,  which  exists  in  two  modifica- 
tions, the  a.  and  /3  thujaketonic  acids  of  Wallach 
(Z.c),  [75°-76°]  and  [78°-79°]  respectively. 
Heated  with  ammonium  formate,  it  gives  tan- 
acetylamine  (198°-199°),  the  same  body  being 
formed  when  tanacetoxim  (see  below)  is  reduced 
\n\h  sodium  and  alcohol.    The  hydrochloride  of 


TEEPENES. 


667 


this  base  on  dry  distillation  yields  tanacetene 
(172^-175°),  a  hydrocarbon  of  the  formula  C,oH„j, 
identical  with  Wallach's  thujene.  Tanacetone 
reacts  with  hydroxylamine  to  form  tanacetoxim 
C,„H,5.N0H  [51-5°]  (135°- 136^  at  22  mm.),  which 
yields  tanacetylamine  on  reduction,  while  treat- 
ment with  dilute  alcoholic  H.S04  converts  it  into 
acymidine  (Pr:NH.,:Me:l:3:4),  which  gives  carva- 
crol  with  nitrous  acid.  Tanacetophorone 
C.Hi.O  (89°-90°  at  13  mm.).  37-6.  When 
tanaeetogen-dicarboxylic  acid  (produced  by  the 
action  of  NaBrO  upon  tanaceto-carboxylic  acid) 
is  heated  with  soda-lime,  tanacetophorone  is 
formed.  It  has  ketonic  properties,  and  combines 
with  hydroxylamine. 

Constitution. — Semmler  (B.  25,  3519)  sug- 
gests for  tanacetone  and  tanacetogen-dicarboxylic 
acid  the  formulffi 


HC 


CH_,.C(Me). 


CH.  —  CB./ 

Tanacetone. 


^C.Ac  and 


Pr 

C.COOH 


CH,— HC.COOH. 

Tauacetoi^eu- 
dioarboxylio  acid. 

SobreroneC,oH,60.  Pinol.  (183°-184°)  (Wal- 
lach,  A.  253,  254  ;  Armstrong,  C.  Proc.  1890, 
100).  S.G.  S!i  -953  (W.)  ;  Md  1-4G9  (W.).  So- 
brerone  is  obtained  from  the  mother-liquors  accu- 
mulated in  the  ijreparation  of  pinene  nitroso- 
chloride;  also  by  boiling  sobrerol  with  dilute 
H.SO^  (Armstrong,  Z.c). 

Bcactions. — It  combines  readily  with  Br  to 
form  a  dibromide  [94°],  from  which,  on  treat- 
ment with  alcoholic  potash,  sobrerone  is  regene- 
rated. Sobrerone  and  its  dibromide  yield  tere- 
bic  acid  [175°-176°]  on  oxidation  with  KMnO.,. 
HNO3  produces  the  same  result.  It  forms  a 
nitroso-chloride  [103°]  which,  by  the  action  of 
bases,  is  readily  converted  into  nitrolamines,  e.g. 
sobrerone-nitrol-piperidine  [154°]  and  sobrerone- 
nitrol-benzyl-amine  [133°-134°].  The  dibromide 
C,„H„O.Br,  [94°]  (143°-144°  at  11  mm.)  yields 
on  treatment  with  alcoholic  potash,  in  addition 
to  sobrerone,  its  glycol-ether  C|„H,gO(OC,H-).. 
[52°-53°].  Sobrerone-glycol-diacetate  is  easily 
obtained  by  heating  the  dibromide  to  150°  with 
lead  acetate  in  glacial  acetic  acid  solution.  When 
heated  at  100°  for  three  hours  with  formic  acid, 
sobrerone  dibromide  is  converted  into  pinene. 

Constitution. — Itsbehaviour  towards  bromine 
and  nitrosyl  chloride  and  its  molecular  refrac- 
tion indicate  the  existence  of  one  ethylene 
hnking,  while  its  indifference  towards  acid  chlor- 
ides, hydroxylamine,  phenylhydrazine  and  H.,S 
render  it  probable  that  the  0-  atom  is  united  to 
two  dilJerent  C-  atoms.  From  these  facts,  and 
from  its  behaviour  on  oxidation,  Wallach  {A. 
253,  259)  assumes  the  constitution 
Pr  H 
/ 


Me 

Sobrerol  C,„H,sO,.  [150°]  (Sobrero,  C.  R. 
33,  66;  Armstrong,  C.  J.  Proc.  1890,  100; 
C.  J.  59,  315).  Sobrerol  is  obtained  by  oxi- 
dising French  and  American  turpentines  in 


sunlight.  It  occurs  in  two  optically  active 
forms,  both  melting  at  150°,  and  on  allowing  a 
mixed  solution  to  crystallise  inactive  sobrerol 
[131°]  separates  out.  When  boiled  with  dilute 
H2SO4  it  loses  1  mol.  of  H.^O,  sobrerone — iden- 
tical with  Wallach's  pinol — being  formed. 

Eucalyptol  C,„H„0  (176°)  (Jahns,  B.  17, 
2941 ;  Bouchardat  a.  Voiry,  C.  R.  lOG,  663). 
Identical  with  cineol,  spicol,  cajeputol,  and  ter- 
pan  (B.  a.  V.). 

Myristicol  C,„H,„0  (224°)  (Wright,  B.  6, 
1320  ;  Gladstone,  C.  J.  23, 147  ;  25,  1 ;  Bruhl,  B. 
21,  471).  S.G.  5i2  -9446  (G.).  46-42  (G.). 
Myristicol  is  a  dextrorotatory  alcohol,  obtained 
from  the  ethereal  oil  of  nutmeg,  Myrisiica  aro- 
matica.  It  yields  a  chloride  with  PC1-,  and  is 
converted  into  cymene  by  the  action  of  ZnCL. 

Absinthol  C,„H„,0  (217°)  (Beilstein  a.  Kupf- 
fer,  B.  6,  1183  ;  Wright,  Z.c.  1320 ;  Gladstone, 
C.  J.  45,  241 ;  Briihl,  B.  21, 471).  S.G.  m  -9128 
(G.).  Ei  44-62  (G.).  Absinthol  is  obtained 
from  oil  of  wormwood,  and  is  dextrorotatory. 
It  is  converted  by  ZnOL  and  PjS^  into  cymene. 
In  what  form  the  oxygen  exists  is  at  present 
unknown. 

Constitution  of  the  terpenes. 

I.  Pinene.  The  following  facts  must  be  taken 
into  consideration : — 

1.  Dry  pinene  combines  with  one  molecule 
of  hydrogen  chloride  to  form  a  saturated  com- 
pound, from  which  hydrogen  chloride  is  with- 
drawn with  difliculty,  the  resulting  hydrocarbon 
being  a  solid  campheue.  Moist  pinene  combines 
with  2HC1,  yielding  dipentene-dihydrochloride. 
This  also  is  saturated.  The  formation  of  both 
these  compounds  is  undoubtedly  attended  by 
isomeric  change,  inasmuch  as  pinene  cannot  be 
recovered  from  either  of  them  ;  but  on  removal 
of  the  elements  of  hydrogen  chloride  a  new 
hydrocarbon  results. 

2.  Pinene  seems  to  combine  with  two  atoms 
or  with  four  atoms  of  bromine,  according  to  the 
method  of  operating.  By  adding  bromine  to  a 
cooled  solution  of  pinene  in  carbon  tetrachloride, 
Wallach  has  obtained  a  crystalline  dibromide 
C,„H|,Br.,  [170°].  The  yield  is,  however,  very 
small,  about  7  p.c.  of  the  hydrocarbon  employed 
{A.  264, 1).  By  shaking  up  a  solution  of  pinene 
in  chloroform,  with  an  excess  of  sodium  hypo- 
bromite,  acidified  with  hydrochloric  acid,  so  as 
to  liberate  the  bromine,  and  immediately  after- 
wards determining  the  unabsorbed  excess  of 
bromine,  Tilden  obtained  results  which  pointed 
to  the  union  of  the  terpene  with  four  atoms  of 
bromine.  The  combination  is,  however,  very 
unstable,  and  hydrogen  bromide  is  soon  evolved 
(C.  J.  53,  882).  Schtschukaroff  finds  that  a 
chloroform  solution  of  pinene  takes  uj},  in  the 
dark,  four  atoms  of  bromine ;  but  the  bromide 
formed  is  unstable,  and  quickly  gives  oft'  hydro- 
gen bromide,  thus  C,„H|fiBr,  =  HBr  +  CmH^Br^ 
(B.  23,  432,  Eef. ;  /.  pr.  47,  191-6). 

3.  Pinene  combines  with  NOCl  to  form  a 
saturated  compound  which  is  not  an  oxim  but 
a  nitroso-  compound,  and  yields  up  the  NO. CI  by 
the  action  of  aniline,  with  liberation  of  an 
optically  inactive  pinene. 

4.  By  addition  of  two  atoms  of  bromine  to 
pinene,  and  subsequently  heating  the  product 
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alone,  or,  better,  with  aniline  (Oppenheim,  B.  5, 
629),  cymene  is  formed. 

5.  In  contact  with  slightly  diluted  mineral 
acids,  or  when  heated  above  its  boiling-point, 
pinene  is  gradually  converted  into  an  optically 
inactive  mixture  of  dipentene  with  terpinene, 
terpinolene,  and  polymerised  terpene  ('  colo- 
phene '). 

6.  When  heated  to  a  temperature  short  of 
visible  redness,  pinene  yields  a  considerable 
quantity  of  isoprene  CjjHg,  together  with  a 
notable  amount  of  meta-xjlene. 

7.  Pinene  submitted  to  oxidation  yields  about 
1  p.c.  of  its  weight  of  p-toluic  or  terephthalie 
acid.  This  is  perhaps  due  to  the  presence  of  a 
little  cymene.  It  must,  however,  be  remembered 
that  the  oxidising  agent  usually  employed  is 
either  nitric  acid  or  acidified  chromic  liquor, 
and  hence  that  the  pinene  is  first  changed  into 
dipentene  or  one  of  the  other  hydrocarbons  re- 
ferred to  above  (5).  When  nitric  acid  is  used 
oxalic  acid  is  the  most  abundant  product,  accom- 

(CH3)j.C.CH(C00H).CH. 
panied  by  terebio  acid            I  I 
0  CO 


and  dimethylfumaric  acid 


CH,C.COOH 


(Otto  a. 

CH3C.COOH 

Beckurts,  B.  18,  826).  By  treatment  with 
chromate  and  sulphuric  acid  pinene  yields  much 
acetic  acid,  together  with  some  terebie  acid  and 

C3H,.CH.CH(COOH).CH2 
terpenylic  acid         |  | 
O  CO 

8.  Natural  pinene  rotates  the  plane  of 
polarisation  to  the  right  or  to  the  left.  It 
therefore  must  be  supposed  to  contain  an 
asymmetric  atom  of  carbon. 

In  order  to  epitomise  these  facts  many  for- 
mulae have  been  proposed.  The  most  important 
fall  under  two  classes — namely,  those  in  which 
pinene  is  represented  as  a  dihydrocymene,  and 
those  in  which  a  cross-  or  para-hnkage  is  assumed. 

Of  the  former  class,  the  first  example  is  the 
formula  given  many  years  ago  by  Oppenheim 
(B.  5,  98)— 

C3H, 
CH 

CH,,/\CH 
C 

CB., 

This  kind  of  formula  is  now  attributed  with 
greater  probability  to  Umonene,  and  it  must  be 
remarked  that  of  the  possible  formula  of  this 
type  there  ai'e  only  four  which  contain  an  asym- 
metric carbon  atom  and  isp-propyl. 


I. 

CH 
CH  •/^CH 

ChI;;^JcH 

c 

CH, 


II. 
C 

ch/^ch 

CH 

CH, 


III. 
C 

CH 
CH3 


CH. 


IV. 

C3H, 
CH 

/\0H 


c 

CH, 


It  has  been  shown  that  cymene,  with  which 
pinene  is  closely  connected,  contains  iso-  and  not 
normal  propyl  (Widman,  lb.  24,  439).  Hence 
pinene  and  its  isomerides  are  believed  also  to  be 
isopropyl  compounds. 

Formulie  containing  cross-  or  para-  linkages 
have  been  proposed  as  follows : — 

Kannonikofi 
(J.pr.  32,  517) 


V. 

C3H, 
C 


CH 
CH 


CH2 
CH, 


C 
CH3 

Wallach 
(B.  24,  1539) 
Til. 

CH 
CH,<^\CH, 


CHl  >'CH 

C 

CH, 


Wallach  {A.  239,  49) 
Colhe  (B.  25,  1108) 

VI. 

C3H, 
C 

CH,<^|CH 

chJ^ch 

CH 
CH3 

Wagner 
(B.  24,  2187) 

VIII. 

C3H7 
CH 

CH,,/\CH 

Cl^  jcH, 
C 

CH, 


II.  Limonene. — 1.  Dry  hmonene  combines 
with  one  molecule  of  hydrogen  chloride,  but 
unlike  the  hydrochloride  derived  from  pinene 
the  resulting  compound  is  optically  active  and 
is  not  saturated,  as  it  combines  with  halogens, 
with  nitrosyl  chloride,  and,  in  the  presence  of 
moisture,  with  a  second  molecule  of  hydrogen 
chloride  (Wallach,  A.  270,  188).  Limonene  in 
the  presence  of  water  or  alcohol  readily  yields 
dipentene  dihydrochloride  [50°],  identical  with 
the  product  formed  from  pinene.  The  dihydro- 
chloride is  optically  inactive. 

2.  Limonene  unites  with  four  atoms  of 
bromine,  forming  a  crystalline  tetrabromide. 

3.  Limonene  unites  with  one  molecule  of 
nitrosyl  chloride.  The  product,  of  which  two 
(stereo  ?)  isomerides  occur,  gives  the  reactions  of 
an  oxim. 

4.  Limonene  readily  yields  abundance  of 
cymene  identical  with  that  which  is  obtained 
from  pinene  (Oppenheim,  B.  5,  628). 

5.  Limonene  is  polymerised  by  heat  much 
less  readily  than  pinene,  and  is  not  convertible 
into  camphene. 

6.  Limonene  vapour  at  a  low  red  heat  yields 
isoprene  in  the  same  way  as  pinene. 

7.  Limonene  oxidised  by  nitric  acid  or  by 
chromate  yields  oxalic,  acetic,  terebie  or  ter- 
penylic acids  according  to  circumstances,  usually 
without  any  trace  of  toluic  or  terephthaUc 
acid. 

8.  Limonene  is  dextro-  or  Issvo-rotatory.  A 
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mixture  of  equal  volumes  of  the  active  hydro- 
carbons constitutes  dipentene,  which,  on  account 
ot  its  peculiarities,  quite  different  from  those  of 
its  components,  was  long  regarded  as  a  distinct 
hydrocarbon. 

The  formula  which  agrees  best  with  the 
characters  of  limoneue  is  either  I.  or  II.  given 
above  (see  Piiiene). 

In  both  of  these  there  is  an  asymmetric 
carbon  atom,  and  as  the  mono-hydrochloride  is 
optically  active  while  the  dUiydrochloride  is  in- 
active, these  compounds  will  probably  be  re- 
IDresented  by  the  following  formula  : — 
Limoueue 
E 
CH 


MouohydrocUloride 
R 


CH„ 


CH 


CH 

ch,,/\gh 

cichIs^Jch 
hc 

E' 


Dihydroobloride 
E 

CH 

CH,^,CHH 


CICH 


CHCl 


HC 
E' 


Limonene  nitrosochloride  deprived  of  the 
elements  of  hydrogen  chloride  yields  a  eonipound 
which  has  been  identified  with  carvoxim.  If 
the  following  formulffi  be  assumed  for  carvacrol 
and  carvol,  the  interrelation  of  these  compounds 
is  obvious. 


Carvacrol 
C3H, 

c 

ch/^,ch 


ch'I^^'c.oh 

c 


CH, 


Carvol 

c 

CH./^'^.CH 

ch''  'co 

CH 

CH3 


Carvoxim 
O3H, 

c 

ch/^ch 

Ch'1^IC:N.0H 

CH 
CH3 

The  corresponding  formula  for  limonene 
should  be  No.  II.,  but  if  that  correctly  represents 
the  constitution  of  the  hydrocarbon,  the  pro- 
duction of  the  nitrosochloride,  or  of  the  oxim 
from  it,  must  be  attended  by  isomeric  change 
involving  a  re-distribution  of  the  hydrogen  and 
of  the  double  linkages.    Thus  : — 


Limonene 
C3H, 

c 

ch/'^^ch 


CH 


CH, 


CH 
CH, 


Nitrosochloride 

c 

CICH/^'^CH 


NOHC'^^'CHj 
CH 


CH, 


Oxim 
C:,H, 

c 

ch/\ch 

NOHcl^^'cH 

CH 

CH,, 

The  oxim  is  optically  active. 

The  very  ready  conversion  of  pinene  into 
dipentene  (  =  limonene)  is  a  point  of  considerable 
importance,  and  it  appears  probable  that  the 
products  formed  by  the  action  of  heat  and  acid 
oxidising  agents  are  in  reality  derived,  not 
directly  from  pinene,  but  from  the  isomeric 
hydrocarbon  into  which  it  is  first  converted. 
The  splitting  up  of  pinene  by  heat  into  iso- 
piene  has  been  regarded  (Wallach,  A.  239,  48  ; 
Collie,  B.  25,  1111)  as  supporting  the  formula; 
already  given  VI.  and  VII.,  in  which  a  para-  or 
cross  linkage  is  adopted.  But  remembering  that 
isop)rene  is  converted  by  polymerisation,  not  back 
again  into  pinene,  but  into  dipentene,  this  evi- 
dence is  of  little  importance.  On  the  other 
hand,  the  difficulties  involved  in  the  assumption 
of  a  cross  link  in  a  cycloid  of  six  carbon  atoms 
are  very  considerable.  In  any  closed  ring  of 
carbon  atoms,  the  stability  of  the  ring  is  easily 
accounted  for  upon  simple  mechanical  principles. 
For  if  we  consider  six  carbon  atoms  situated  at 
the  angles  of  a  regular  hexagon,  and  each  at- 
tracted to  its  two  neighbours  on  either  side, 
whatever  be  the  forces  of  attraction  between 
them  the  resultant  of  those  forces  will  have  the 
effect  of  urging  each  carbon  atom  toward  the 
centre  of  the  figure.  Thus,  if  the  carbon  atom 
a  is  attracted  towards  the  carbon  atom  b  with  a 
force  represented  by  ^j,  and  towards  c  with  a  force 
represented  by^j',  in  the  figure,  the  resultant  of 
these  two  pressures  will  be  r,  which  acts  towards 
the  centre ;  and  so  with  each  of  the  five  other 
atoms. 


This  conception  is,  01  course,  independent  of 
any  hypothesis  concerning  the  fourth  unit  of 
valency,  and  the  formula  has  no  reference  to  the 
well-known  '  centric  '  formula.  The  modern 
hypothesis  according  to  which  the  carbon  atom 
is  supposed  to  be  situated  at  the  centre  of  a 
regular  tetrahedron  while  the  radicles  with 
which  it  is  united  are  placed  at  the  angles  of 
the  same  supplies  no  distinction  between  tlie 
force  and  the  direction  of  the  unit  of  affinity. 
The  difference  of  specific  volume  observed 
between  carbon  compounds  of  the  aromatic  and 
fatty  series  seems  to  indicate  that  carbon  atoms 
in  the  former  are  more  closely  united  together, 
but  it  appears  that  no  compounds  are  known  in 
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which  the  specific  volume  of  carbon  differs  very 
greatly  from  its  normal  value.  Hence  it  ap- 
pears probable  that  the  carbon  atom,  in  uniting 
with  other  atoms,  preserves  a  nearly  constant 
distance  from  them,  and  in  the  figure  above  to 
suppose  that  a  is  combined  with  d  as  firmly  as 
with  6  or  c  requires  the  assumption  that  a  car- 
bon atom  is  capable  of  acting  through  a  distance 
twice  as  great  in  one  case  as  in  another.  If  this 
is  possible,  and  we  imagine  the  force  of  attrac- 
tion between  a  and  d  to  be  as  great  as  between 
a  and  b  or  c,  then,  unless  c  acts  upon  e  and  b 
acts  upon  /  at  the  same  time  with  the  same  force 
the  figure  will  be  changed  from  the  hexagon  to  a 
double  square. 


b 

a 

C 

e 

d, 

£ 

A  compound  of  this  kind  would  be  incapable 
of  many  of  the  changes  which  are  characteristic 
of  pinene,  and  a  second  cross  linkage  between  c 
and  e,  or  between  b  and  /,  wovdd  be  impossible. 
Hence  the  following  formula,  which  are  attri- 
buted by  Wallach  to  nitrosopinene  and  pinyl- 
amiue  cannot  be  accepted  even  if  a  single 
diagonal  is  allowed  in  the  formula  of  pinene. 

Nitrosopinene  liydro- 
cMoride 


Pinene 

C3H7 
CH 

Ch/^CHj 

ch'^^'ch 
c 

CH3 

Nitrosopinene 

CH 
CH.^^CH 

ch'/\Ich 

NO.C 

CH, 


Q3H7 
CH 

CH,<^,CH2 

N, 


CICH 


CH 


NOC 

CH, 
Pinylamine 

C3H7 

CH 

cnpcH 

CH^^CH 

NH^C 
CH, 


Formulae  III.  and  IV.  now  remain  to  b§  con- 
sidered. So  far  as  the  writer  is  aware,  formulfe 
of  this  type  have  not  been  proposed  for  any  of 
the  terpenes.  Nevertheless  there  is  much  to  be 
said  in  favour  of  an  expression  of  this  kind  for 
a  compound  so  unstable  as  pinene,  which  ap- 
pears to  be  incapable  of  withstanding  the  action 
of  heat  or  of  contact  with  any  reagent  without 
isomeric  change.  For  example,  the  conversion 
of  pinene  into  dipentene,  terpinene,  and  terpi- 
nolene  may  be  explained  with  the  minimum 
amount  of  hypothesis  by  the  following  formula, 
in  which  the  tendency  towards  the  conversion  of 
an  unsymmetrical  into  a  symmetrical  molecule 
is  clearly  shovm.  The  question  as  to  the  relative 
positions  of  the  methyl  and  propyl  groups  is 
left  open. 

Pinene         Dipentene      Terpinene    Terpinolene  or 
ayijicuLciio  or  Terpiuolene  Terpmene 

/^\     /\     //\  y\ 


The  conversion  of  pinene  into  dipentene 
through  the  dihydrochloride  is  readily  shown. 


Pinene 

E 
CH 

CH,,/^\CH 


CH^I^IC 


C 


Dipentene 
dihydrocUoride 
E 

CH 

Cai-^^CHH 

chJ^^Ichgi 

CIC 
E' 


Dipentene 
E 
CH 

CH,/\,CH 


Such  a  formula  for  pinene  also  explains  the 
extreme  instability  of  its  tetrabromide. 

III.  Camphene.  Camphene  behaves  towards 
all  reagents — such  as  bromine  and  nitrosyl 
chloride — as  a  saturated  compound,  but  with 
hydrogen  chloride  it  unites,  forming  a  com- 
pound which  in  external  appearance  resembles 
pinene  monoehloride,  but  differs  from  that  com- 
pound by  its  instabiUty.  When  camphene  is 
oxidised  by  chromic  acid  it  yields  camphor,  but 
when  treated  with  permanganate  a  glycol  is 
formed.  This  compound  crystallises  in  odour- 
less small  monoclinic  prisms,  which  sublime  at 
temperatures  above  100°  (192°  ca.).  Its  most 
characteristic  property  is  seen  in  its  reaction 
with  dilute  acids,  whereby  water  is  separated  and 
a  compound  isomeric  with  camphor  formed. 
This  reaction  appears  to  indicate  the  existence 
of  one  ethylenic  bond  in  camphene  (G.  Wagner, 
B.  23,  2307).  Bruhl  (B.  25,  160)  also  finds,  as 
the  result  of  his  latest  determinations  of  the 
molecular  refraction  and  dispersion  of  camphene, 
that  this  hydrocarbon  contains  one  ethylenic 
linkage.  Wallach  {B.  24,  1555)  upon  other 
grounds  appears  to  hold  the  same  view.  Cam- 
phene is,  however,  so  closely  connected  with 
camphor  that  the  constitution  of  the  latter 
compound  when  settled  may  serve  as  a  guide  in 
determining  the  constitution  of  the  former.  The 
formula  for  camphor  given  by  Kekul6  (B.  6,  931) 
was  based  upon  the  supposed  intimacy  of  its 
relation  to  cymene  and  carvacrol. 

C3H, 

CH 


CHj,' 


^CH, 


CH  's;^'CO 
C 

CH3 

There  can  be  no  serious  doubt  of  its  character 
as  a  ketone,  inasmuch  as  it  yields  an  oxim, 
though  it  gives  no  compound  with  NaHSOj ;  but 
the  action  of  dehydrating  agents  upon  camphor 
is  very  complicated,  and  there  can  be  no  doubt  that 
the  production  of  cymene  is  attended  by  iso-  * 
meric  change.  Armstrong  a.  Kipping  (C.  J-,  Jan. 
1893)  have  shown  that  among  the  products  of 
the  action  of  strong  sulphuric  acid  upon  camphor 
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there  is  a  considerable  quantity  of  acetyl- 
orthoxylene  (C„H,Me.Me.Ac,  Me:Me:Ac  =  1:2:4). 
From  observation  of  its  molecular  refraction 
Briihl  (B.  21,  467)  suggests  a  formula  containing 
&  para-  linkage,  either 

C..H, 


CH 
CHJ 


C 


\ 


CO 


CH^ 
CH 


C 
CH, 


CH 
/>CH 

l<Jco 

CH 
CH, 


The  former  of  these  two  formula  has  also  been 
used  by  Wallach  (B.  24,  1555).  These  expres- 
sions are  equivalent  to  representing  camphor  as 
a  derivative  of  tetramethylene. 

A  formula  of  a  different  character  has  been 
suggested  by  Armstrong  a.  Miller  {B.  16,  2260) 
{v.  vol.  i.  p.  670),  and  another  of  somewhat 
similar  type  by  Collie  (B.  25, 1114) : 

Armstrong 
CH., 


CH.' 


^CH 


CHa-OHl^^lCCHj 
CH, 


-CH, 


-CO 


CH3.CH 


Collie 
CH2 

/\CH- 


-CH, 


COl^CH— CH.CH3 
CH^ 

Camphor  by  oxidation  with  nitric  acid  yields 
•camphoric  acid  in  large  quantity,  and  as  the 
characteristic  and  chief  product.  Camphoric 
acid  is  therefore  probably  derived  from  camphor 
by  an  operation  of  a  simple  kind  without  con- 
stitutional disturbance.  The  following  formula 
proposed  by  Collie  {B.  25,  1116)  has  been  shown 
to  possess  a  very  high  degree  of  probability 
(Walker,  C.  J.,  April  1893)  : 

CH3 
CH 

CH,|-^\jCH.COOH 

^^-\/C.(CH3)C00H 
CH, 

This  formula  sufficiently  accounts  for  the 
chief  facts  concerning  camphoric  acid,  viz.  that 
it  is  a  saturated  dibasic  acid,  which  readily 
yields  the  anhydride  by  heating ;  that  it  is 
optically  active,  and  when  treated  with  hydro- 
gen iodide  yields  tetrahydro-  and  hexahydro- 
m-sylene. 

From  this  formula  are  deducible  the  following 
formulse  for  camphor  and  camphene  : 


Camphor 
CH, 
CH 

CH,/\CH.CH, 

"I  \ 
CH,'s^^C(CH3).C0 

CH„ 


Camphene 
CH, 
CH 

CH /\CH 


CH, 


CH, 


CH 

C{CH,)CH 


This  formula  for  camphene  explains  pretty 
well  all  its  relations,  except  its  derivation  from 
pinene,  if  either  of  the  formulte  containing  a 
para-  linkage  be  adopted.  The  chief  objections  to 
such  formulie  are  stated  above. 

J.  Bredt  {B.  26,  3047)  has  recently  proposed 
formula}  for  camphene,  camphor,  and  camphoric 
acid,  which  are  derived  from  a  pentamethylene 
ring. 

Synthesis  of  Terpenes. 

Von  Baeyer  in  a  series  of  papers  has  shown 
that  various  dihydro-  derivatives  of  benzene  and 
its  homologues  may  be  synthetically  produced. 
Starting  with  succino-succinic  ester,  this  com- 
pound, by  treatment  with  dilute  sulphuric  acid, 
yields  diketo-hexamethylene,  and  this,  by  reduc- 
tion with  sodium-amalgam,  gives  the  correspond- 
ing glycol.  This  glycol  possesses  the  characters 
of  a  sugar,  and  has  been  named  chinite  or 
quinite  {B.  25,  1037).  It  occurs  in  two  isomeric 
forms,  which  by  treatment  with  hydrogen  bromide 
yield  two  dibromohexamethylenes.  Both  of  these 
by  heating  with  quinoline  yield  dihydrobenzene 
{B.  25, 1840),  a  liquid  which  has  nearly  the  same 
boiling-point  as  benzene,  but  combines  with 
HBr  and  with  Br.j.  It  also  reduces  perman- 
ganate. By  a  corresponding  series  of  processes 
dihydro-jj-xylene  was  obtained  from  dimethyl- 
succino-succinic  ester  (B.  25,  2122).  Dihydro- 
j)-xylene  (134°  circa)  smells  of  turpentine,  unites 
with  hydrogen  bromide,  but  forms  no  crystallis- 
able  nitrosite. 

In  order  to  produce  a  dihydrocymene  it  is 
necessary  to  start  from  the  methyl-propyl  com- 
pound of  succino-succinic  ester.  This  com- 
pound was  obtained  by  heating  the  sodium 
compound  of  the  monopropyl  ether  with  methyl 
iodide  {B.  26,  233).  Metliyl-isopropyl-dihydro- 
benzene  boils  at  about  174°.  It  smells  like  tur- 
pentine and  resinifies  in  the  air.  It  decolourises 
permanganate  and  unites  with  bromine,  forming 
an  uncrystallisable  bromide.  Although  closely 
resembling  a  terpene,  however,  it  is  obvious  that 
this  hydrocarbon  is  not  identical  with  any 
natural  terpene  known,  containing,  as  it  does,  no 
asymmetric  carbon.  It  may  be  identical  with 
terpinene.  The  relations  of  the  paradibromo- 
hexamethylene,  or  of  its  alkyl  derivatives,  to  the 
corresponding  hydrocarbon  is  shown  in  the 
following  formulas  {B.  25,  1840,  2122)  : 

E    Br  B  R 


CH„ 


C 


CH,  CH., 


CH  CH 


C 


CH 


CH.,'^^yCH2 
C 

W  Br 


CHjs^^  CH 


E' 


CHINCH, 
C 


E' 

W.  A.  T. 

TERPENYLIC  ACID  C,H,,,Oj.  [72°]  (Fittig)  ; 
[58°]  (Wallach).  Formed,  together  with  terebic 
acid,  by  oxidising  oil  of  turpentine  and  other 
terpenes  with  chromic  acid  mixture  (Hempel,  B. 
8,  357  ;  A.  180,  77  ;  Fittig  a.  Krafft,  A.  208,  71). 
Formed  also  by  oxidising  pinol  hydrate  [131°] 
with  KMnO,  (Wallach,  A.  259,  318).  Monoclinic 
prisms  (containing  aq). 

BeactioHS. — 1.  Yields  acetic  acid  and  CO,  on 
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further  oxidation  by  chromic  acid. — 2.  On  dry 
distillation  it  yields  teracrylie  acid  (218°),  a  very 
little  oxy-heptoic  lactone  (212°)  and  other 
bodies  (Amthor,  J.pr.  [2]  42,388).— 3.  Keduced 
by  HI  and  P  to  ;8-isopropyl-glutaric  acid 
(Sehryver,  C.  J.  63,  1344). 

Salts.  —  BaA'o.  Amorphous  powder,  v.  e. 
sol.  water.  Converted  by  boiling  with  baryta 
into  barium  diaterpenylate  Ba(C9H,305)., aq, 
which  separates  in  needles  on  heating  the  cold 
satm-ated  solution  and  is  v.  si.  sol.  water.  On 
adding  an  acid  the  liberated  diaterpenylic  acid 
at  once  changes  to  its  lactone,  terpenyhc  acid. — 
CuA'2  a;aq. — AgA'.  Crystalline  mass.  Silver 
diaterpenylate  AgC,H,305  is  ppd.  by  adding 
AgN03  to  a  solution  of  barium  diaterpenylate. 

Eihijl  ether  EtA'.  [38°].  (30.5°  i.V.). 
Monoclinic  crystals  ;  a:b:c  =  1'051:1:'"381 ; 
j8  =  50°  58'.  V.  sol.  alcohol  and  ether,  si.  sol. 
cold  water.  Sodium  converts  it  into  (a)-  and 
(/6)-diterpodilactone  Cy^,.f)r^. 

(a)-Diterpodilactone  '  C^fi^O^.  [154°]. 
Formed  as  above  (Fittig,  A.  256,  113).  Long 
needles  (from  water),  m.  sol.  alcohol.  Yields 
CaC,5H,,0;  6aq,  Ag^Cj^H.^O,,  and  BaCi^HojO,  6aq 
crystallising  in  monoclinic  prisms  ;  a:h:c  = 
•935:1:  -595  ;  ^  =  65°,'54',  which,  whendecomposed 
by  HCl  and  immediately  extracted  with  ether 
yields  (a)-diterpolactonic  acid  C,5H240„  [160°]. 
This  acid  decomposes  above  160°  into  water  and 
its  lactone. 

(0)-Diterpoailactone  C^r^„„0-^.  [135°].  A 
product  of  the  action  of  Na  on  terpenylic  ether 
(Fittig,  A.  256,  122).  Needles,  m.  sol.  alcohol. 
Converted  by  baryta  into  (/3)-diterpolactonic 
acid  [187°]  and  (iS)-diterpoxylic  acid  CijH^jO,. 
(/3)-diterpolactonic  acid  forms  trimetric  crystals  ; 
o:6:c  = -732:1: -259  and  is  re-converted  by  heat 
into  the  lactone.  (i8)-Diterpoxylic  acid  forras  the 
salts  BaA"3iaq,  CaA",  and  Ag.,A". 

(a)-Diterpylic  acid  CuR^O,.  {a)-Diterpodi- 
lactone  carhoxylic  acid.  [216°].  An  inter- 
mediate product  of  the  action  of  Na  on  terpenylic 
ether.  Needles,  m.  sol.  alcohol.  Converted  by 
boiling  HClAq  or  by  heating  above  216°  into 
(a)-diterpodilactone. 

TERPILENE  v.  Tbrpenes. 

TEEPILENOL  C,„H„0.  [c.  32°].  (c.  130° 
at  50  mm.).  S.G.C.-95.  H.C.  (inactive)  113,318  ; 
(active)  102,923  (Louguinine,  C.  B.  107,  1165). 
Got  by  saponification  of  the  terpilene  acetates 
C,|jH,|jHOAc  or  terpilene  formates  C,„H,r,CH„0., 
by  alcoholic  potash  (Lafont,  A.  Ch.  [6]  15,  205). 
Crystals,  insol.  water,  v.  sol.  oil  of  turpentine, 
alcohol,  and  ether.  Boils  with  decomposition  at 
220°.  Occurs  in  several  forms  varying  in  their 
action  on  polarised  light. 

Reactions.— 1.  HCl  forms  C,„H„2HC1  [48°], 
which  is  inactive  even  if  the  terpilenol  were 
active. — 2.  Alcohol  and  HNO3  give  C,„H.,.>03 
[104°]. — 3.  Phthalic  anhydride  forms  terpileae 
C,„H,5.— 4.  Ac„0  at  100°  forms  the  acetyl  de- 
rivative or  terpilene  acetate. 

Acetyl  derivative  C,(,H^OAc  or 
C,„H„HOAc.  (220°).  S.G.  2  -971.  V.D.  6-6. 
Obtained  by  heating  terpilene  with  HOAc  at 
150°.  Liquid  (Bouchardat  a.  Lafont,  G.  B.  102, 
1555). 

Forinyl  derivative  C,„H|70.CH0. 
[a]c= -69°25'.  S.G.  2-999.  Formed  from  oil 
of  turpentine  and  cold  formic  acid  (Lafont,  C.  B. 


106,  140).  By  heating  with  water  at  100°  65  p.c. 
of  the  ether  is  saponified. 

TERPIN  V.  Tekpenes. 

TERPINEOL  V.  Tebpenes. 

TEEPYLONIC  ACID  Cj,H,,06.  [135°].  A 
product  of  the  oxidation  of  turpentine  by  chromic 
acid  mixture  (Sehryver,  0.  J.  63, 1328).  Needles, 
V.  e.  sol.  water,  m.  sol.  ether.  Differs  from 
camphoronic  acid  in  electrical  conductivity. 

TETANINE  v.  Ptomaines. 

TETRADECANAPHTHENE  C„H,,.  (241° 
cor.).  S.G.  2  -839.  Occurs  in  petroleum  from 
Baku  (Markownikoff  a.  Oglobhn,  J.  B.  15,  339). 

71-TETRADECANE  C14H30.  Dihepti/l.  [4-5°]. 
(253°).  S.G.  f  -775  ;  -768.  Formed  by  heat- 
myristie  acid  with  HI  and  P  (Krafft,  B.  15, 
1700).  Got  also  by  the  action  of  Na  on  w-heptyl 
iodide  (Krafft,  B.  19,  2223  ;  Sorabji,  C.  J.  47, 
37). 

i?e/erence. —Dl-BEOMO-TETEADECANE. 

TETRADECENOIC  ACID  ChH-.O^  i.e. 
C8H,3.CH:C(C5H„).CO,,H.  Amylhexylacnjlic 
acid.  Formed  by  the  action  of  alcoholic  potash 
on  oenanthol  (Perkiu,  B.  15,  2803;  16,  211). 
Liquid,  boiling  in  vacuo  at  275°  to  280°. 

TETEADECENOIC  ALDEHYDE  C^.mfi  i.e. 
CH3[CH,,],CH:C(CHO)[CH,]4CH3.  (278°).  S.G. 
If  -849.  Formed  by  the  action  of  alcoholic 
potash  or  of  ZnCU  on  cenanthol  (Perkin,  C.  J. 
43,  47).  Oil,  no't  solid  at  -20°.  Forms 
crystalline  C|4H,^ONaHS03.  Yields  hexoic 
and  heptoio  acids  on  oxidation. 

TETEADECENYL  ALCOHOL  C^H^sO, 
(282°).  S.G.  i}  -852.  Formed  by  reducing  the 
preceding  aldehyde  with  sodium-amalgam 
(Perkin,  B.  15,  2808).  It  is  also  a  product  of 
the  action  of  sodium-amalgam  on  a  solution  of 
oenanthol  in  HOAc  (Perkin,  C.  J.  43,  68).  Oil. 
May  be  reduced  to  Ci^Hj^O. 

Acetyl  derivative  C,,H.,,OAc.  (285°- 
290°).  S.G.  -868.  Combines  with  Br  (2 
atoms). 

TETEADECINENE  Ci,H.,„  i.e.  CMe:C.C„H,3. 
[6-5°].  (134°  at  15  mm.).  S.G.  -8064  ;  ^-f 
•8000.  Formed  from  tetradecylene  bromide  and 
alcoholic  potash  at  150°  (Krafft,  B.  17, 1372  ;  25, 
2249). 

TETEADECOIC  ACID  C^H  .^Oo  i.e. 
C,H„.CH(C,H,3).C0oH.     (300°-3i0°).    Got  by 
the  action  of  moist  Ag,,0  on  the  corresponding 
aldehyde  (Perkin,  C.  J.  43,  74).  Liquid,  not  solid 
at  -10°. 

Tetradeeoic  acid  v.  Myristio  acid. 

Beferencc—OxYTETBABBCoiG  acid. 

TETEADECOIC  ALDEHYDE  C^H,,©  i.e. 
C5H,,.CH(C,H,5).CH0.  [30°].  (267°).  S.G. 
|§  -827.  A  product  of  the  action  of  Na  on  an 
ethereal  solution  of  oenanthol  (Perkin,  C.  J.  43, 
71).  Tables,  v.  sol.  alcohol.  Eeduces  am- 
moniacal  AgNOs.  Yields  heptoie,  hexoic,  and 
acetic  acids  on  oxidation. 

Isomeride  v.  Mtkistic  aldehyde. 

TC-TEIEADECYL  ALCOHOL  C,,H3„0.  [38°]. 
(167°  at  15  mm.).  S.G.  f  •8153.  Formed  by 
reducing  myristic  aldehyde  (Krafft,  B.  16,  1720). 

Acetyl  derivative  CnH^gOAc.  [13°]. 
(176°  at  15  mm.). 

Tetradecyl  alcohol  C5H„.CH(C,H,5).CH.,0H. 
(270°-275°).  S.G.  if  -8368.  Formed  by  re- 
ducing the  corresponding  aldehyde  or  the  aide- 
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hyde  C||H,„0  (Perkin,  B.  15,  2811 ;  C.  J.  43,  7G). 
Liquid,  solidifying  at  —10°. 

Acetyl  derivative  C|,H,„,OAc.  (c.  278°). 
S.G.  i5  -856.    Oil,  not  solid  at'-  10°. 

M-TETEADECYLENE  C^.U^s  i.e. 
CH„:CH.C,„H25.     [-12°].     (127°  at  15  mm.) 
S.G'.  2  -7^52  ;       .7745_    Formed  by  distilling 
tetradecyl  palmitate  at  500  mm.  (Krafft,  J3.  16, 
3021).  Liquid. 

Bromide  v.  Di-bkomo-tetradecane. 

TETRADECYLENE  GLYCOL  v.  £>i-iso-BUTYL 

PINACONE. 

TETEADECYL-MALONIC  ACID  C^Hj.Oj 
i.e.  C„H,„CH(CO,H).,.  [118°].  Formed  by 
boiling  its  nitrile  with  alcoholic  potash  (Hell  a. 
Jordanoff,  B.  24,  988).  White  powder  (from 
HO  Ac),  insol.  water,  v.  si.  sol.  ether,  si.  sol. 
cold  alcohol.  At  150° -170°  it  is  split  up  into 
CO,  and  palmitic  acid. — Ag„A"  :  white  pp. 

'Amide  C,^H,,<,.CH(C0„H)(C0NH2).  Pearly 
scales.    At  c.  140°  it  yields  palmitic  amide. 

Nitrite  C„H,K,.CH(CO,,H).CN.  [76°]. 
Formed  by  heating  ^-bromo-palmitic  ether  with 
alcoholic  KCy.    Silky  plates  (from  HOAc). 

M-TErHA-ICOSANE  C„,H,„.  [51°].  (243°  at 
15  mm.).  S.G.  -763  ;  %'  -748.  Formed  by  the 
action  of  HI  and  P  on  C,,H3j.CCl,.C,.H|3  made 
from  the  ketone  obtained  by  distilling  barium 
stearate  with  barium  heptoate  (Krafft,  B.  15, 
1718). 

TETRA-ICOSOIC  ACID  agH^.COJI.  [72-5°]. 

Occurs  in  the  soap  got  by  heating  carnaiiba 
wax  with  aqueous  NaOH  (Stiircke,  A.  223,  307). 
Crystalline  powder,  v.  sol.  hot  alcohol. — PbA',. 
[111°].    Sol.  toluene  and  hot  HOAc. 

TETRAZOLE  N^^g  ^g.    [155°].  Formed 

by  treating  amido-phenyl-tetrazole  carboxylic 
acid  with  alkaline  KMnO,  followed  by  HNO3 
(Bladin,  B.  25,  1412).  Plates  (from  toluene). 
Keddens  blue  litmus. 

TETRAZYL-HYDRAZINENH,.NH.C^^~j^. 

[199°].  Formed  from  amido-tetrazotic  acid  by 
diazotisation  and  reduction  by  SnCL  (Thiele,  A. 
273,  155).  Yellowish  crystalline  aggregates, 
V.  sol.  hot  water.  — B"2HC1.     [176°].  Aceto- 

acetic  ether  forms^Me!NH/'''^-^^NH.I  [^^''"^ 
crystallising  in  needles. 

TETRIC  ACID  C,„H,,Oa  i.e. 

CH,:C(OH).CMe<;^Q  Q'-*>CMe.C(0H):CH2 

(Nef,  A.  266,  92)  "or  CH3.CO.C(C02H):CH,.. 
Acetyl-acrylic  acid.  [189°].  (262°).  S.  1-5  a't 
14°.  Electrical  conductivity  :  Walden,  B.  24, 
2027.  Got  by  heating  CHj.CO.CMeBr.COjEt  at 
100°,  but  not  by  heating  the  isomeric  acid 
CHJBr.CO.CHMe.CO,Et  (Nef;  cf.  Pawloff,  B.  16, 
486).  Formed  by  successive  action  of  bromine 
and  alcoholic  potash  onmethyl-acetoacetic  ether 
(Demargay,  G.  B.  87,  351 ;  88,  126).  Triclinic 
prisms  (from  water),  v.  sol.  hot  water,  alcohol, 
and  ether.  Gives  a  violet-red  colour  with 
FeClj.  PCI5  gives  rise  to  several  compounds 
boiling  between  169°  and  185°  which  take  up 
chlorine  forming  C5H.Cl,0  (Pawloff,  Bl.  [2]  45, 
181;  C.  B.  97,  99).  Demarpay  obtained  oily 
G,H,C1.,0  (?)  which  united  with  CI  and  Br  form- 
ing C,,H,C1,0  [48°]  and  C^H^CLBr^O  [67°]. 
liesinified  by  dilute  HClAq  at  150°.  Potash- 
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fusion  gives  formic  and  propionic  acids.  Dis- 
tillation with  lime  forms  methyl  ethyl  ketone 
Sodium-amalgam  has  no  action. 

Salts. — (NHj)2A".  Crystals,  v.  sol.  water. 
— NajA"  6aq. — KjA". — ^BaA"  3aq.  Needles,  v.e. 
sol.  water. — BaA"  2aq. — Ba2(0H).jA".  SI.  sol. 
water.  —  CaA"2aq.  —  MgA"10aq.  —  ZnA"  aq. — 
CuA". — Ag2A".    Needles,  si.  sol.  water. 

Ethyl  ether^^^^J^^^^^yOil).  [30°]. 

(180°  at  70  mm.)  (Moscheles,  B.  21,  2607). 

Amide  [212°].    Got  by  heating 

the  acid  with  alcoholic  NH  ,. 

TETROLE  CYANURAMIDE  v.  Nitrile  of 
Pyeeole  cabboxyijIC  acid. 

TETROLIC  ACID  CjH,0,  i.e.  CH,.C:C.C0,H. 
Butyrolic  acid.  ■  Mol.  w.  *84.  [77°].  (203°). 
Formed  by  boiling  0-chloro-crotonic  acid  or  3- 
chloro-iso-crotonic  acid  with  dilute  X30tash 
(Geuther,  Z.  1871,  245  ;  Friedrich,  A.  219,  343  ; 
Kahlbaum,  B.  12,  2338).  Formed  also  by  the 
action  of  Na  and  CO.,onallyIene  chloride  (Pinner, 
B.  14,  1081). 

Preparation. — From  acetoacetic  ether  and 
PCI5,  the  product  being  freed  from  POCl,  by 
heating  to  115°,  mixed  with  water,  and  freed  from 
chloro-crotonic  acid  by  distillation  with  steam. 
The  residue  is  treated  with  alcoholic  potash 
(Fittig  a.  Clutterbuck,  A.  268,  96  ;  cf.  Friedrich, 
A.  219,  322). 

Properties. — Plates  (from  ligroin).  May  be 
sublimed.  V.  e.  sol.  water,  alcohol,  and  ether. 
Not  reduced  by  sodium-amalgam  to  crotonic 
acid  (F.  a.  C. ;  cf.  Aronstein,  B.  22,  1181). 
Slightly  volatile  with  steam. 

Beactions. — 1.  Br  forms  di-bi'omo-crotonic 
acid  [120°],  which  is  reduced  by  sodium-amalgam 
to  tetrolic  acid.  Bromine  also  yields  C4HjBr.,0.,. 
[97°]  (Pinner). — 2.  HBr  forms  bromo-crotonic 
acid  [91°]. — 3.  Heated  with  cone.  KOHAq  it 
forms  acetone. — 4.  Fuming  HClAq  at  15°  in  a 
few  weeks  converts  it  into  i3-cliloro-crotonic  acid 
[94-5°].— 5.  Boiling  with  Na  and  MeOH  yields 
butyric  acid  (A.). — 6.  Chlorine  forms  04H4Clj02. 

7.  On  heating  with  tofZiue  in  CHCI3  in  sealed  tubes 
it  yields  di-iodo-crotonic  acid  (B.  26,  843). — 

8.  Split  up  at  211°  into  CO,  and  allylene.— 9. 
KMnOj  forms  acetic  acid. 

Salts. — NaA'.  Crystalline. — KA'  (dried  at 
100°).  Prisms  (from  alcohol).  —  NH,A'.  — 
LiA'  aq.  — MgA',  3aq.  —  BaA',  3aq.  —  CaA'„  3aq. 
Small  needles. — ZnA'„2aq  (Lagermark,  J.  R. 
12,  290).  —  ZnA'„2aq'  (Fittig).  Groups  of 
prisms.— CdA'2  4aq. — PbA'jaq.  S.  1-5  in  92  p.c. 
alcohol  at  20°. 

Chloride  C4H1OCI.  Fuming  liquid,  car- 
bonised by  heat.  Quickly  decomposed  by  water 
(Lagermark,  Bl.  [2]  35,  171). 

DI-TETROLUREA  v.  Cabbonyl-pykrol. 

TETROLE-URETHANE  v.  Ethyl  ethyl  of 
Pyrrole  cabboxylic  acid. 

TEUCRIN  C,|H,,0„  or  C,,,H„gO„.  [230°].  A 
glucoside  occurring  in  Teucriiun  fracticans,  a 
plant  used  in  Sicily  as  febrifuge.  Extracted  by 
I  alcohol  (Oglialoro,  G.  9,  440  ;  13,  498).  Slender 
yellow  prisms.  Boiling  dilute  nitric  acid  forms 
anisic,  tartaric,  and  oxalic  acids.  Boiling  dilute 
H,SO.,  yields  glucose  and  a  yellow  insoluble 
residue. 

TEWFIKOSE.  [o]i,  =  53-1°.  A  sugar  occur- 
ring  in  the  milk  of  the  Egyptian  buffalo  {Bos 
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hubalus).  Yields  glucose  on  hydrolysis  (Pappel  I 
a.  Kichmond,  C.  J.  57,  759),  v.  Sugabs. 

THALICTEINE.  Macrocarpine.  Occurs  in 
Thalictrum  inacrocarpum  (Hanriot  a.  Doassans, 
Bl.  [2]  34,  83).  Yellow  needles,  insol.  water, 
sol.  alcohol  and  ether.  Kesembles  aconitine, 
but  is  less  poisonous. 

THALLIN  V-  Oxi-QDiNoiiiNE. 

THALLIUM.  Tl.  At.  w.  203-64.  Mol.  w. 
407-28  as  gas  at  c.  1700°  (v.  infra).  Melts  at 
293-9°  (Crookes,  C.  J.  17,  123 ;  cf.  Lamy,  A.  Ch. 
[3]  67,  385).  Boils  at  full  red  heat.  S.G.  pressed 
11-88,  cast  11-81,  in  wire  11-91  (Crookes,  I.e. ;  cf. 
Lamy,  I.e. ;  Werther,  J.  pr.  91,  385  ;  de  la  Kive, 
C.  B.  56,  588).  V.D.  232-7  at  1636°,  203-7  at 
1728°  (Biltz  a.  V.  Meyer,  B.  22,  725).  S.H. 
•0325  (Lamy,  I.e.) ;  -0335  (17°-100°)  (Eegnault, 
A.  Ch.  [3]  67,  437).  C.E.  (hnear)  -00003021  at 
40°,  -00003135  at  50°  (Fizeau,  C.  B.  68,  1125). 
E.G.  5-225  at  0°  (Hg  at  0°  =  1)  (Benoit,  P.M.  [4] 
45,  314  ;  cf.  Matthiessen,  P.  118,  431).  H.C. 
[TP,0]=  42,240  (Th.  3,  354).  Latent  heat 
of  fusion  c.  1040  for  203-6  g.  (Heycock  a. 
Neville,  C.  J.  65,  35).  The  characteristic 
green  line  of  the  emission  spectrum  has  the 
wave-length  5347  according  to  Huggins  {T.  1864. 
139),  5349-6  according  to  Mascart  {Ann.  de 
Vicol.  norm.,  4,  7  [1867]),  and  5349-5  according 
to  Thalen  {Ditermin.  cles  long,  d'oncle  des  rales 
mitalliqiies  [Upsala,  1868]).  Concerning  the 
emission  spectrum  of  Tl  v.  also  Crookes,  Pr.  12, 
536;  Nickl^js,  C.  B.  58,  132  ;  Kirchoff  a.  Bunsen, 
A.  155,  230,  366  ;  Lockyer  a.  Eoberts,  Pr.  23, 
344 ;  Liveing  a.  Dewar,  Pr.  27,  132  ;  Hartley  a. 
Adeney,  T.  1884.  104  ;  Becquerel,  C.  B.  99,  376  -, 
"Wilde,  Pr.  53,  369. 

Historical. — In  1861  Crookes  was  preparing 
Se  from  the  flue-dust  of  a  sulphuric  acid  manu- 
factory at  Tinkelrode  in  the  Harz  mountains, 
when  on  distilling  the  impure  Se  he  obtained  a 
residue  which  showed  a  marked  single  green 
line  in  the  spectrum  ;  this  line  was  not  known  to 
belong  to  the  spectrum  of  any  element,  hence 
Crookes  supposed  that  the  impure  Se  contained 
a  new  element.  Crookes  isolated  the  element 
towards  the  end  of  1861,  and  called  it  thallium 
(from  Sa\K6s  =  a  green  bud)  (v.  C.  N.  3, 193,  303). 
Lamy  {A.  Ch.  [3]  67,  385)  noticed  a  new  green 
line  in  the  spectrum  of  a  leaden  chamber  deposit 
about  the  same  time  as  Crookes  was  investigating 
the  cause  of  the  line  he  had  observed ;  in  1862 
Lamy  isolated  a  specimen  of  the  metal  which 
Crookes  had  obtained  a  few  months  before. 

Occurrence.  ■ —  Never  uncombined.  Com- 
pounds of  Tl  are  widely  distributed,  but  only  in 
very  small  quantities.  The  sulphide  occurs  in 
minute  quantities  in  many  specimens  of  copper 
jn/rites  and  iron  pyrites  (v.  Crookes,  C.  J.  17, 
112;  Lamy,  I.e.;  Wohler,  A.  142,  263;  Car- 
stanjen,  J.  pr.  102,  65  ;  Gunning,  Ar.  N.  3,  86) ; 
also  in  native  sulphur  from  Liijari  and  Spain. 
Compounds  of  Tl  are  found  in  small  quantities 
in  many  ores  of  As,  Bi  and  Hg,  and  in  prepara- 
tions from  these  ores;  also  in  commercial  Se 
and  Te,  probably  as  selenide  and  telluride  (v. 
Crookes,  I.e. ;  Eoppler,  Avi.  S.  [2]  35,  420  ;  Hera- 
path,  Ph.  4,  302;  Werther,  J.  pr.  89,  129). 
Some  specimens  of  lepidolite  contain  small 
quantities  of  Tl  compounds  (v.  Schrotter, 
W.  A.  B.  48  (ii.)  734  ;  50  (ii.)  268).    A  Swedish 


mineral  called  crookesite  was  found  by  Norden- 
skjold  to  contain  from  16-3  to  18-55  p.c.  Tl  as 
selenide,  along  with  selenides  of  Cu  and  Ag  {Bl. 
[2]  7,  409).  Small  quantities  of  TlCl  are  found 
in  some  mineral  springs  and  in  the  saline  de- 
posits from  such  springs  {v.  Bottger,  J.  pr.  89, 
378 ;  90,  22  ;  96,  294).  Traces  of  Tl  alum  have 
been  found  accompanying  the  double  sulphates 
of  Cs,  Li,  and  Eb  in  alumite  from  the  island  of 
Volcano  (Cossa,  Acad,  dei  Lincei  [3]  2).  Small 
quantities  of  Tl  compounds  have  been  noticed  in 
carnallite,  sylvine,  and  kainite  (Schramm,  A. 
219,  374).  Many  specimens  of  commercial  sul- 
phuric and  hydrochloric  acids  contain  traces  of 
Tl  compounds  (v.  Crookes,  I.e.). 

Formation. — (Crookes,  I.e. ;  or  T.  1872.) — 1. 
By  reducing  TLCO3  by  fusion  with  KCN.— 2.  By 
electrolysis  of  TLCOj  covered  with  water.— 3. 
By  electrolysis  of  TI.SOj.  —  4.  By  heating 
TljC.^Oj  in  a  covered  crucible. — 5.  By  ppg.  by 
zinc  from  solution  of  a  thallous  salt  to  which 
excess  of  NHjAq  or  NaOHAq  has  been  added. 

Preparation. — The  most  economical  source 
is  the  flue-dust  from  sulphuric  acid  manufac- 
tories where  pyrites  or  sulphur  containing  Tl 
compounds  has  been  used.  Many  specimens  of 
flue-dust  contain  no  Tl  compounds  ;  in  some 
specimens  8  p.c.  Tl  has  been  found,  but  only  in 
a  very  few  does  the  quantity  amount  to  -25  p.c. 
Tl  (Crookes).  After  having  been  heated  to  dull 
redness,  to  remove  any  HCl,  the  dust  is  well 
stirred  in  wooden  tubs  with  its  own  weight  of 
boiling  water  and  allowed  to  settle  for  12  hours ; 
the  liquid  is  siphoned  off,  and  the  residue  is 
again  stirred  with  boiling  water  and  let  settle ; 
the  mixed  liquids  are  ppd.  by  a  considerable 
excess  of  cone.  HClAq  ;  the  pp.,  which  is  crude 
TlCl,  is  well  washed  on  a  calico  filter  and 
squeezeddry.  About68  lbs.  crude  TlCl  were  thus 
obtained  from  3  tons  flue-dust  (Crookes,  T. 
1872).  The  crude  TlCl  is  heated  with  its  own 
weight  of  pure  cone.  HoSOj  in  a  Pt  dish  till  all 
HCl  and  most  of  the  H^SOj  are  removed ;  the 
TIHSO4  is  dissolved  in  c.  20  times  its  weight  of 
water,  the  solution  is  nearly  neutralised  by 
CaCO,,,  filtered,  ppd.  by  cone.  HClAq,  and  the 
TlCl  so  obtained  is  well  washed,  and  is  then 
boiled  for  a  few  minutes  with  (NHj)2SAq ;  the 
pp.  of  T1,S  is  filtered  off,  well  washed  with 
water  containing  H.,S,  and  dissolved  in  dilute 
HoSOjAq ;  the  solution  is  boiled  to  remove 
HoS,  ammonia  is  added  in  slight  excess,  and 
after  boiling  the  solution  is  filtered  and  crys- 
tallised ;  (NH4),S04,  being  much  more  soluble  in 
water  than  TI2SO4,  remains  in  solution  when 
TI2SO4  crystallises  out. 

If  small  quantities  of  Tl  are  to  be  prepared 
from  TloSOj,  the  salt  is  dissolved  in  c.  20  times 
its  weight  of  water,  the  solution  is  acidulated 
with  H^SOj,  and  electrolysed,  Pt  electrodes  being 
used.  If  large  quantities  of  Tl  are  to  be  pre- 
pared, TLSO.,  is  placed  in  a  deep  porcelain  dish 
(holding  about  4|-  litres)  and  covered  with  water 
(c.  3  kilos  Tl.jSOj  are  used  at  a  time)  and  plates 
of  pure  zinc  are  arranged  vertically  around  the 
sides  of  the  vessel ;  heat  is  applied,  and  the 
whole  of  the  Tl  separates  in  a  few  hours  as  a 
spongy  mass  easily  detached  from  the  zinc  by 
shaking.  The  spongy  Tl  is  washed  several 
times,  pressed  by  the  fingers,  and  then  fused 
with  KCy  in  a  porcelain  crucible  to  get  it  into  a 
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lump  (for  details  v.  Crookes,  I.e. ;  v.  also  Gun- 
ning, J.  2)r.  105,  343). 

Crookes  {I.e.)  gives  several  methods  for  pre- 
paring pure  Tl.  If  the  starting-point  is  com- 
mercial TloSOj,  he  recommends  to  dissolve  this 
salt  in  water,  to  saturate  the  cold  solution  with 
pure  H..,8,  filter,  heat  to  boiling,  and  pour  into 
boiling,  dilute,  pure  HClAq  ;  to  filter  while  hot, 
and  allow  to  cool ;  to  wash  the  TlCl  that  crystal- 
lises out,  by  decantation,  till  the  washings  are 
free  from  H^SOj,  and  to  purify  by  re-crystallising 
twice  from  water.  The  TlCl  thus  obtained  is 
dried,  mixed  with  pure  Na.^CO^,  and  projected,  in 
small  successive  portions,  into  molten  pure  KCy 
in  an  unglazed  porcelain  crucible  ;  reduction  to 
metal  is  rapid.  After  cooling,  the  contents  of 
the  crucible  are  treated  with  water,  the  ingot  of 
Tl  is  boiled  for  some  time  in  water,  dried,  and 
fused  over  a  spirit  lamp  (coal-gas  should  not  be 
used  on  account  of  the  S  compounds  in  it)  in  an 
unglazed  porcelain  crucible,  with  free  access  of 
air  and  frequent  stirring  with  a  piece  of  unglazed 
porcelain,  to  facilitate  oxidation,  and  the  metal 
is  poured  into  a  porcelain  mould. 

Properties. — A  white  metal  without  any  tinge 
of  blue ;  when  fused  under  coal-gas,  liquid  Tl  is 
exactly  like  Hg  ;  may  be  highly  polished  by 
rubbing  under  water  ;  very  soft,  may  be  cut  with 
the  nail,  or  scratched  by  lead.  Less  tenacious 
than  lead ;  does  not  become  brittle  between 
—  18°  and  its  m.p. ;  very  malleable,  Lamy  (A. 

Ch.  [3]  67,  385)  says  that  plates  ^j—  mm.  thick 

can  be  obtained;  can  be  squeezed,  but  not  drawn, 
into  wire ;  very  inelastic.  Tl  crystallises  very 
easily  in  octahedral  forms  ;  it  crackles  like 
tin  when  bent ;  a  wire  of  Tl  seems  amorphous 
when  prepared,  but  under  water  it  soon  becomes 
crystalline.  Tl  quickly  tarnishes  in  air ;  the  film 
of  oxide  formed  protects  the  mass  of  metal.  The 
metal  may  be  kept  unchanged  for  years  under 
water  that  has  been  deprived  of  air  {v.  Bottger, 
D.  P.  J.  197,  374).  Tl  melts  easily  (at  294°) 
without  first  becoming  pasty ;  it  expands  con- 
siderably before  melting  is  complete,  and  con- 
tracts much  on  cooling.  Tl  boils  below  white 
heat ;  it  may  be  distilled  in  a  current  of  H. 
Pieces  of  the  metal  may  be  welded  together  by 
pressure  at  the  ordinary  temperature.  Tl  is 
nearly  as  diamagnetic  as  bismuth.  Tl  gives  an 
intense  green  colour  to  a  non-luminous  flame 
{v.  infra,  Detcctimi).  Heated  in  air,  Tl  readily 
burns  to  T1„0  ;  it  combines  with  S,  Se,  P,  CI, 
Br,  I,  (fee,  when  heated  with  these  elements  ;  it 
dissolves  in  solutions  of  most  acids  (v.  Reac- 
tions). The  compounds  of  Tl  are  very  poison- 
ous, producing  symptoms  like  those  of  lead 
poisoning. 

The  at.  w.  of  Tl  has  been  determined  (1)  by 
ppg.  CI  as  AgCl  from  TlCl  by  AgNO,Aq  (Lamy, 
A.  Ch.  [3]  67,  385  [1862] ;  Hebberling,  A.  134, 
11  [1865]);  (2)  by  ppg.  I  from  Til  by  AgNO, 
(Werther,  pr.  92,  136  [1864]) ;  (3)  by  con- 
verting TI.SO,,  into  BaSO,  (Lamy,  I.e.;  Hebber- 
ling, I.e.)  ■  (4)  by  converting  Tl  into  TING, 
(Crookes,  T.  1873. 277) ;  (5)  by  determining  S.H. 
of  Tl  (Lamy,  I.e. ;  Eegnault,  A.  Ch.  [3]  67,  437 
[1862]) ;  (6)  by  determining  V.D.  of  TlCl  (Roscoe, 
Pr.  27,  426). 

The  mol.  w.  of  Tl  in  the  gaseous  state  is 
double  the  at.  w. ;  in  other  words,  the  gaseous 


1  molecule  is  diatomic  (Biltz  a.  Meyer,  B.  22,  725). 
Eamsay  (C.  J.  55,  521)  determined  the  depres- 
sion produced  in  the  vapour  pressure  of  Hg  by 
dissolving  Tl  in  that  solvent ;  assuming  that 
equal  volumes  of  dilute  solutions  contain  equal 
numbers  of  molecules,  and  that  the  mol.  w.  of 
liquid  Hg  is  200,  the  results  obtained  by  R.  indi- 

j  cated  the  molecule  of  Tl  dissolved  in  Hg  to  be 

I  monatomic. 

i       Tl  is  distinctly  a  metallic  element ;  no  com- 
pounds have  been  isolated  wherein  Tl  certainly 
forms  part  of  the  negative  radicle,  although  there 
are  indications  of  the  existence  of  such  compounds 
!  {v.  Thallium  dioxide,  p.  680)  ;  the  compounds 
which  TlBr^,  TlCl,,  and  Til,  form  with  alkali 
halides  may  contain  Tl  in  the  negative  radicles. 
Tl  is  the  last  element  in  the  odd-series  family  of 
Group  III. ;  this  family  comprises  Al,  Ga,  In, 
and  Tl.    The  element  Tl  also  shows  marked  re- 
!  semblances  to  the  alkali  metals ;  and  in  its 
I  physical  properties  it  is  more  like  lead  than  any 
other  element.    The  position  assigned  to  Tl  by 
the  periodic  classification  of  the  elements  clearly 
indicates  the  relations  between  this  element  and 
other  elements.  The  relations  of  Tl  (III.-ll)  to 
Al  (III.-3)  should  be  similar  to  those  of  Hg  (II._ 
11)  to  Mg  (II.-3),  and  also  similar  to  those 
between  Pb  (IV.-ll)  and  Si  (IV.-3).    The  re- 
I  semblances  between  the  compositions  and  pro- 
'  perties  of  the  oxides  of  Hg  and  Mg  on  the  one 
I  hand,  and  of  the  oxides  of  Pb  and  Si  on  the 
other  hand,  are  shown  only  in  the  highest  oxides 
I  of  these  elements  :  there  is  Hg.,0  but  no  Mg„0, 
j  there  is  PbO  but  no  SiO;  HgO  and  MgO  are 
I  basic,  PbO^,  and  SiO,  are  feebly  acidic.  Never- 
j  theless  Hg  and  Pb  form  lower  oxides  than  HgO 
and  PbOj ;  these  lower  oxides,  Hg._,0  and  PbO, 
j  are  basic  ;  Hg._,0  feebly,  and  PbO  strongly,  basic, 
i  Hence  it  is  likely  that  the  resemblances  between 
;  the  oxides  of  Tl  and  Al  will  be  shown  in  the 
highest  oxides.   This  supposition  is  confirmed  ; 
TLO.,  and  AhO.,  are  basic,  forming  salts  MoXj, 
where  X  =  the  radicle  of  a  dibasic  acid  ;  these 
oxides  are  more  basic  than  PbO.j  and  SiO,,  but 
less  basic  than  HgO  and  MgO.    As  Hg  and  Pb 
form  lower  oxides  than  HgO  and  PbO,^,  and  these 
lower  oxides  are  more  basic  than  HgO  and  PbO.., 
so  Tl  will  likely  form  an  oxide  lower  than  TLO3, 
and  this  oxide  will  be  more  basic  than  Tl.^O., ; 
Tl  forms  the  strongly  basic  oxide  TLO.  Then 
consider  the  position  of  Tl  in  series  11.  Con- 
!  sider  the  oxides  of  the  members  of  this  series  : 
the  lower  oxides  Hg\,0,  PbO,  and  Bi„0.j  are  basic  ; 
the  higher  oxides  HgO,  PbO^,  and  Bi^Oj  pass 
from  basic  (HgO)  to  feebly  acidic  (PbO.^  and 
Bi.O-)  ;  therefore  it  is  probable  that  the  higher 
oxide  of  Tl  will  be  less  basic  than  HgO,  but  that 
it  will  not  be  acidic  ;  TLO^  is  a  feebly  basic 
oxide. 

If  the  chlorides  of  series  11  are  considered, 
the  position  of  Tl  in  III.-ll  is  seen  to  be  justi- 
fied :  HgO  gives  HgCL,  which  can  be  gasified 
unchanged,  PbO._,  gives  PbCl,,  which  is  very 
easily  decomposed  by  heat,  no  chloride  corre- 
sponding with  Bi.jOj  has  been  isolated  ;  therefore 
Tl.>Oj  will  probably  give  a  chloride  more  stable 
towards  heat  than  PbClj,  but  less  stable  than 
HgCL.  TICI3  is  decomposed  by  heating  to  c. 
80°  into  TlCl  and  CI.  Hg,0  gives  HgCl,  PbO 
gives  PbCl,,,  and  Bi^O.,  gives  BiClj,  and  these 
chlorides  can  all  be  gasified  unchanged  ;  there- 
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fore  the  chloride  of  Tl  corresponding  with  Tl.,0 
■will  probably  not  be  decomposed  by  heat ;  TlCl 
has  been  gasified  unchanged.  The  relations 
between  the  elements  Hg,  Tl,  Pb,  Bi,  and  Mg, 
Al,  Si  may  be  summarised  in  the  expressions 
Tl  :  Hg  :Pb-=Al  :  Mg  :  Si;  and  Tl :  Hg  =  Pb  :  Tl 
=  Bi  :  Pb.  (For  a  further  working  out  of  the 
relations  of  Tl,  v.  Mendeleeff,  C.  N.  1880.  2 ;  v. 
also  Alkalis,  metals  of  tee,  vol.  i.  p.  114  ;  and 
Earths,  metals  of  the,  vol.  ii.  p.  424.)  The 
atom  of  Tl  is  monovalent  in  the  gaseous  mole- 
cule TlCl ;  the  V.D.  of  no  other  compound  of  Tl 
has  been  determined. 

Eeactions  and  Combinations. — 1.  Exposed 
to  air  or  oxygen,  a  film  of  TUO  is  at  once  formed ; 
when  heated  in  air  or  0  to  somewhat  below  red- 
ness (c.  300°)  Tl  burns  to  TLO3,  and  at  a  higher 
temperature  this  gives  T1,0  and  0  (Lamy,  A.  Ch. 
[3]  67,  385).  Moist  oso'ne  acts  on  Tl  giving 
TIO3H3.—  2.  A  compact  piece  of  Tl  does  not  de- 
compose boiling  water,  decomposition  begins  at  a 
red  heat ;  but  spongy  Tl,  as  ppd.  by  zinc,  dissolves 
in  water  forming  TlOHAq. — 3.  Tl  dissolves  in 
solutions  of  most  acids,  forming  thallous  salts 
TLX,  where  X  =  201,  2NO3,  SO,,  &c.— 4.  Tl  com- 
bines with  s  ulphur  and  selenion  (v.  sulphides  and 
selenides). — 5.  Forms  alloys  with  many  metals 
{v.  alloys). — 6.  Forms  compounds  with  antimony 
and  arsenic  {v.  antimonide  and  arsenide). — ■ 
7.  A  phosphide  is  formed  by  heating  Tl  in  vapour 
oi  phosphorus  (v.  phosphide). — 8.  Combines  with 
chlorine,  bromine,  and  iodine,  when  heated  with 
these  elements  (v.  chlorides,  bromides,  and 
iodides). — 9.  Tl  "p^is.fhe  noble  metals,  also  copper, 
lead,  and  mercury  from  solutions  of  salts  of 
these  metals  (Keid,  C.  N.  12,  242). 

Detection  and  Estimation. — Tl  is  best  de- 
tected by  the  intense  green  colour  which  the 
metal  and  its  compounds  give  to  the  non-lumi- 
nous flame  of  the  Bunsen  lamp ;  according  to 
Lamy  (I.e.)  mgm.  can  be  detected  by  the 
use  of  the  spectroscope  ;  if  induction  sparks  are 
used  it  is  said  that  ao  oou  000  ™g°^-  ''^n  be  detected 
(Cappel,  P.  139, 628).  Tl  is  generally  estimated 
as  Til  or  TLSOj ;  it  can  also  be  determined 
volumetrically  by  KMnOjAq  (Wilhn,  Z.  1803. 
479). 

Thallium,  alloys  of.  Several  alloys  of  Tl 
were  prepared  by  Carstanjen  in  1867  {J.  pr.  102, 
82)  by  heating  the  metals  together.  Many  of  the 
alloys  are  soft,  and  most  of  them  readily  tarnish  in 
the  air  ;  the  alloy  with  \  pt.  Sb  is  fairly  hard ;  and 
those  with  Bi  and  Pb,  Bi  and  Cd,  and  Bi  and  Sn 
are  hard  and  brittle.  Alloys  are  described  with 
Al,  Sb,  Cd,  Cu,  Pb,  Mg  (t).  also  Mellor,  C.  N.  19, 
245),  Hg  {v.  also  Crookes,  I.e.,  and  Eegnauld, 
C.  B.  64,  60),  K,  Na,  and  Zn  ;  also  with  Bi  and 
Cd,  Bi  and  Pb,  and  Bi  and  Sn. 

Thallium,  antimonide  of.  A  hard,  grey,  crys- 
talline solid  was  obtained  by  fusing  together 
Tl  and  Sb  in  the  ratio  Tl  :  Sb  ;  with  cold  dilute 
H^SO^Aq  the  substance  gave  off  SbHj  (Carstan- 
jen, I.e.). 

Thallium,  arsenide  of.  Carstanjen  (I.e.)  ob- 
tained a  white,  crystalline,  soft  substance  by 
fusing  Tl  and  As  in  the  ratio  Tl  :  As ;  with  cold 
acids  AsH,  was  formed. 

Thallium,  bromides  of.  The  compounds 
TlBr  and  TlBrj  have  been  isolated,  and  also  two 
compounds  the  simplest  formulsB  of  which  are 


TljBr.,  and  TlBi\.  As  none  of  the  bromides  has 
been  gasified,  the  formulas  are  not  necessarily 
molecular ;  but  from  the  analogy  of  TlCl,  the 
formula  TlBr  probably  represents  the  composi- 
tion of  the  gaseous  molecule  of  this  compound. 

Thallous  beomide  TlBr.  {Thallium  mono- 
bromide.)  Tl  reacts  very  slowly  with  Br. 
Thallous  bromide  is  obtained,  as  a  white  pp., 
by  adding  HBrAq  or  solution  of  a  bromide  to 
solution  of  a  thallous  salt ;  almost  insoluble  in 
water  (Willm,  A.  Ch.  [4]  5,  28).  TlBr  melts  at 
458^  to  a  brownish-yellow  liquid,  which  solidifies 
to  a  yellow  solid  (Carnelley,  C.  J.  33,  278). 
Thomsen  gives  H.P.  [Tl.Br]  =  41,290  {Th.  3, 354). 

Thallic  bromide  TlBrj.  (Thallium  tri- 
bromide.)  Prepared  by  adding  Br  to  TlBr  sus- 
pended in  water  until  solution  is  effected,  and 
evaporating  in  vacuo.  IYBt,  forms  a  yellow, 
crystalUne  solid ;  it  is  very  deliquescent,  becom- 
ing gradually  brown  and  giving  off  Br.  Very 
soluble  in  water,  also  in  alcohol.  Eeduced  to 
TlBr  by  SO  Aq  and  other  reducing  agents  (Wilhn, 
I.e.).  Thomsen  gives  H.F.  [Tl,Br^Aq]  =  56,450 
{Th.  3,  354).  TlBrj  combines  with  NH,  to  form 
TlBr3.3NH3 ;  a  white  solid  that  gives  off  NH3  and 
Br  at  100°,  and  when  more  strongly  heated 
leaves  TlBr  (W.,  I.e.).  Also  combines  with  NH^Br 
and  KBr,  forming  TlBrj.NH^Br  and  TlBrs.KBr.  2aq 
(W.,  I.e. ;  Nickl^s,  C.  B.  58,  537).  Eammelsberg 
(P.  146,  597)  described  2TlBr3.3KBr.  3aq. 

Thallium  dibbomide  TlBrj  (or  TlBr.TlBrj 
=  Tl,JBrj).  Obtained  in  long,  yellow,  needles 
by  adding  TlBr  to  boiling  TlBiv^iq,  in  the 
ratio  TlBr:TlBr3,  and  cooling.  Not  decom- 
posed at  100°  ;  water  forms  TlBr3Aq  and  TloBrj 
{v.  infra)  (W.,  I.e.). 

Thallium  sesquibeomide  TljEr,,  or 
TlBr3.3TlBr  =  TljBr6.  {Thallo-thallic  bromide.) 
Orange-red  hexagonal  leaflets ;  obtained  by 
adding  HBrAq  to  a  mixture  of  a  thallous  and  a 
thallic  salt  in  solution  ;  also  by  adding  TlBr  to 
TlBr.|Aq,  or  by  adding  a  little  water  to  TlBr.^ 
(3TlBrj  +  Aq  =  TlJBr,  +  TlBr3Aq)  (W.,  I.e.). 

Thallium,  chlorides  of.  Tl  and  CI  combine 
to  form  at  least  four  compounds  :  TlCl,  TIjClj, 
TlCl.,  and  TICI3. 

Thallous  chloride  TlCl.  Mol.  w.  239-01. 
Melts  at  427°  (Carnelley,  C.  J.  33,  277).  Boils 
at  708°-719°  (C.  a.  Wilhams,  C.  J.  33,  284). 
S.G.  7-02,  after  fusion  (Lamy,  /.  15,  184).  V.D. 
at  830°  to  1025°  =  117-8  (Koscoe,  Pr.  27,426). 
S.  -19  at  0°,  -27  at  16°,  -28  at  16-5°,  1-6  at  63° 
(Hebberhng,  A.  134,  15).  H.F.  [T1,C1]  =  48,580  ; 
[Tl,Cl,Aq]  =  38,480  {Th.  3,  354). 

Formation. — 1.  By  heating  Tl  in  CI,  keeping 
the  Tl  in  excess. — 2.  By  boiling  powdered  Tl  in 
HClAq,  and  dissolving  the  film  of  TlCl  that 
forms  in  much  boiling  water. — 3.  By  adding 
SOAqto  TlCljAq. 

Preparation.  —  HClAq,  or  solution  of  a 
chloride,  is  added  to  the  solution  of  a  thallous 
salt ;  the  white  curdy  pp.  that  forms  is  washed 
with  cold  water,  dissolved  in  a  large  quantity  of 
boiling  water,  and  the  salt  that  separates  as  the 
solution  cools  is  purified  by  two  or  three  re- 
crystallisations  from  boiling  water  (Crookes,  C.  J". 
17,  112). 

Properties  and  Beactions. — A  white,  crystal- 
line solid ;  resembling  PbClj,  but  separating 
from  solution  in  hot  water  in  smaller  and  less 
shining  crystals  than  PbCl,.    Becomes  slowly 
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violet  coloured  when  exposed  to  light  (Hebber- 
ling,  A.  134,  15).  Melts  at  427°  to  a  clear  yellow 
liquid,  which  solidifies  to  a  white  crystalline 
mass.  "Very  slightly  soluble  in  water  {v.  supra) ; 
less  soluble  in  water  containing  a  little  HCl ;  in- 
soluble in  alcohol ;  insoluble  in  ammonia ; 
soluble  in  hot  Na  .COjAq,  KOHAq,  or  Na,,SOjAq. 
Hot  cone.  sidpJmric  acid  forms  TLSOj  and  HCl ; 
oxidisers  such  as  ClAq,  aqua  regia,  KMnO|Aq 
and  HCIAq,  form  TICI3,  TloCl.,,  or  TICL  {v.  these 
chlorides).  TlCl  is  reduced  to  Tl  by  zinc  and 
sulphwic  acid,  also  by  adding  ahiminium  to 
TlClAq  at  90°  (Cossa,  Acad,  dei  Lincei  [3]  2). 
Fusion  with  sodium  hydrogen  sulphate  produces 
TLSO^  (Krause,  D.  P.  J.  217,  323;  Nietzki, 
D'P.  J.  219,  262). 

Combinations. — 1.  With  platinic  chloride 
to  form  2TlCl.PtCl^  ( =  TLPtClJ  ;  obtained,  as  a 
pale-yellow,  crystalline  jaowder,  by  mixing 
solutions  of  TlCl  and  PtClj ;  this  salt  is  ex- 
tremely insoluble  in  water,  one  part  dissolving  in 
15,585  parts  water  at  15°,  and  in  1948  parts 
boiUng  water  (Crookes,  I.e.).— 2.  With  mercuric 
chloride,  to  form  TlCl.HgCl._> ;  white  lustrous 
needles,  separating  from  a  hot  solution  of  TlCl 
in  HgCLAq;  all  HgCl,,  is  removed  at  200° 
(Carstanjen,  J.  pr.  102,  141;  Jorgensen,  J.pr. 
[2]  6,  82). — 3.  With  ferric  chloride  to  form 
3TlCl.FeCl., ;  small  red  prisms ;  obtained  by 
adding  TlCl  to  a  hot  solution  of  FeCl^  in  HCIAq, 
and  crystallising  the  red  pp.  from  hot  cone. 
HCIAq  ;  decomposed  to  its  constituent  salts  by 
water  (Wohler,  A.  144,  350).— 4.  With  chromic 
chloride,  to  form  STlCl.CrCl.;  {v.  Neumann,  A. 
244,  328). — 5.  According  to  Lejaierre  a.  Lachaud 
(C.  B.  113,  190),  a  cone,  solution  of  chromium 
trioxide  reacts  with  TlCl  to  form  small  red 
prisms  of  CrO^.TlCl  [CrO,(OTl)Cl],  which  are 
decomposed  by  water  to  TlCl  and  CrO^Aq. 

Thallic  chloride  TlClj.  Mol.  w.  not  cer- 
tainly known  ;  from  analogy  of  AICI3,  GaClj,  and 
InCl),  the  formula  TICI3  is  probably  molecular. 

Formation. — 1.  By  heating  TlCl  with  hot 
aqua  regia  and  evaporating  the  solution  in  CI 
(WiUm,  A.  Ch.  [4]  5,  28).— 2.  By  dissolving 
freshly  ppd.  TlO-.Hj  in  HCIAq,  addmg  HN03A(i, 
and  evaporating  in  CI. — 3.  By  heating  TlCl  at  its 
melting-point  in  CI ;  it  is  doubtful  whether  the 
product  is  pure  TICI3,  or  contains  also  TlCl,  or 
TLClg  (Lamy,  I.e.). 

Preparation. — CI  is  passed  into  water  con- 
taining TlCl  in  suspension  until  a  little  of  the 
solution  ceases  to  give  a  turbidity  with  PtCl^Aq ; 
excess  of  CI  is  removed  by  a  stream  of  CO.^,  and 
the  solution  is  evaporated  in  vacuo.  Crystals  of 
TICI3.H..O  separate,  which  lose  water  at  c.  40° 
(Werther,  J.  pir.  91,  385). 

Properties  and  Reactions.  —  The  hydrate 
forms  large  colourless  prisms  ;  the  dehydrated 
salt  is  a  white  crystalline  solid.  Werther  {I.e.) 
also  obtained  a  hydrate  2TICI3.I5H..O  from  a 
solution  of  TICI3  prepared  as  described.  CI 
begins  to  be  given  off  at  c.  50°  to  60°  ;  at  100° 
a  mixture  of  TlCl  and  chlorides  intermediate 
between  TlCl  and  TICI3  remains  (Werther,  I.e. ; 
Lamy,/.c.).  TICI3  is  very  deliquescent;  itdissolves 
very  easily  in  water.  Thomson  gives  [Tl,CP,Aq] 
=  89,250  (Th.  3,  354).  On  diluting  a  cone, 
aqueous  solution  considerable  quantities  of 
TIO3H3  and  HCIAq  are  formed.  Eeducing  agents, 
such  as  SO,,,  form  TlCl. 
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Combinations. — 1.  With  avunonia  to  form 
TICI3.3NH3  (Willm,  A.  Ch.  [4]  5,  28).  A  white, 
crystalline  powder.  Obtained  by  passing  NHj 
over  TICI3 ;  by  adding  an  alcoholic  solution  of 
NH3  to  TICI3  suspended  in  absolute  alcohol ;  or 
by  boiling  TIO3H3  with  cone.  NH^ClAq,  pijg.  by 
NH3Aq,  washing  with  alcoholic  ammonia,  then 
with  absolute  alcohol,  and  drying  in  vacuo. 
The  compound  is  unchanged  in  air  ;  water 
forms  NH.ClAq  and  TLO3 ;  when  heated  NH3, 
NHjCl,  and  N  are  given  off  and  TlCl  remains. 
Dissolves  in  HCIAq,  forming  TlCl3.3NH,Cl.— 
2.  With  ammonium  cJdoride  to  form 
TlCla.SNH.Cl ;  obtained  by  adding  NH^Cl  to  a 
solution  of  TIO3H3  in  HCIAq,  and  evaporating  in 
vacuo ;  large,  white,  quadratic  crystals,  pro- 
bably with  2H.,0  (Bammelsberg,  P.  146,  597  ;  v. 
alsoNickl^;s,  J.P7i.[4]  1,25).— 3.  Compounds  with 
potassium  chloride,  casium  cliloride,  and  rubi- 
dium chloride,  T1CL,.3MC1.  a'aq,  have  been  ob- 
tained (v.  Bammelsberg,  I.e.,  also  W.  10,  709  ; 
Godetfroy,  Zeit.  des  allgemein.  ostcrr.  Apotlie- 
fc«w.l880.No.9;  Neumann, 244, 348;  Willm, 
I.e.).  Neumann  (I.e.)  also  describes  a  compound 
of  TICI3  with  beryllium  chloride.— A.  Willm  (I.e.) 
describes  a  compound  with  cupric  chloride, 
2TICI3.CUCI.,.— 5.  According  to  Nickl(^s  (C.  B. 
58,  537)  TICI3  forms  a  compound  with  ether  and 
hydrochloric  acid,  to  which  he  gives  the  com- 
position TlCl3.Et,0.HCl.H.^0  ;  it  is  described  as  a 
yellow  fuming  liquid. 

Thallium  bichloride  TICL,  (or  TlCl.TlClj 
=  TLCIJ.  Lamy  (A.  Ch.  [3]  67,"402)  obtained  a 
yellow,  slightly  hydroscopic,  easily  fusible  solid, 
to  which  he  assigned  the  composition  TICL,  by 
heating  Tl  and  TlCl  in  a  stream  of  CI  so  that 
the  product  always  remained  liquid,  and  allow- 
ing to  cool  when  saturated ;  the  substance  gave  off 
Ci,  and  TloClj  remained. 

Thallium  sesquichloride  TL.CI,  ;  or 
TICI3.3TICI  =  Tl.Cl,.  (Thallothallic  'chloride.) 
Formed  by  heating  dry  TICI3  somewhat  above 
100°  as  long  as  CI  is  given  off  ;  the  brown  liquid 
cools  to  a  clear  yellow,  crystalline  mass  (Lamy, 
I.e.,  p.  403).  Also  formed  by  the  direct  combina- 
tion of  CI  with  molten  Tl  (L.,  I.e.) ;  also  by  ppg. 
a  solution  containing  a  thallous  and  a  thallic 
salt  by  HCIAq  (Willm,  I.e.).  Also  obtained  by 
dissolving  Tl  or  TlCl  in  aqua  regia,  evaporating, 
heating  till  Ci  ceases  to  be  given  off',  and  crystal- 
lising from  water  slightly  acidified  with  aqua 
regia  (Lamy,  I.e.  ;  Crookes  a.  Church,  C.  N.  8, 1). 
According  to  Werther  (J.  pr.  91,  390)  the  product 
of  this  reaction, dried  at  100°, is  a  mixture  of  com- 
pounds of  TlCl  and  TICL,,  besides  TI.Cl,.  TL.Cls 
crystallises  in  yellow,  hexagonal  leaflets ;  un- 
changed in  air ;  melting  between  400°  and  500° 
to  a  dark-brown  liquid  that  solidifies  with  much 
contraction,  forming  a  yellowish  mass  with  S.G. 
5-9  (Lamy,  I.e.).  Very  slightly  soluble  in  water; 
S.  -26  at  15°,  -29  at  17°,  1-9  at  100°  (Crookes  ; 
Hebberling,  A.  134,  21).  The  solution  is  said  to 
show  the  reactions  both  of  thallous  and  thallic 
compounds.  Heated  above  500°  CI  is  given  off ; 
heating  in  H.,S  ijroduces  TLS,  S,  and  HCl 
(Hebberling,  I.e.).  Heating  in  NH,,  produces 
TlCl,  NH,C1,  and  N  (Crookes  a.  Church,  C.  N.  8, 
1).  TLCL.  reacts  with  KOHAq  to  form  TIO3H3, 
1  TlCl,  and  KCl. 

Other  thallo-th.\llic  chlorides.  Accord- 
I  ing  to  Werther  (/.  i^'-  91,  390),  two  compounds 
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besides  TljClj  are  obtained  by  evaporating  TlCl 
in  aqua  regie,  heating  till  CI  ceases  to  be  given 
off,  crystallising  from  water  slightly  acidified 
with  aqica  regia,  and  drying  at  100°.  To  these 
compounds  W.  gives  the  formulae  3TlC1.4TlCl.j 
=  T1,C1, .  and  TICI.I5TICI3  =  Tl„Cl,s. 

Thaliium,  cyanide  of ;  v.  vol.  ii.  p.  347. 

Thallium,  ferrocyanide  of;  v.  vol.  ii.  p.  337. 

Thallium,  fluorides  of.  Only  one  fluoride  of 
Tl  has  been  isolated  with  certainty;  there  are 
indications  of  the  existence  of  another. 

Thailous  fluoride  TIF.  Formula  probably 
molecular,  from  analogy  of  TlCl.  Prepared  by 
dissolving  TLCO3  in  HFAq,  evaporating  to  dry- 
ness, heating  gently  to  remove  HF,  and  crystal- 
lising from  water ;  forms  white,  lustrous,  regular 
octahedra  (Biichner,  /.  pr.  96,  404).  TIF  is  also 
said  to  be  formed  as  a  white  sublimate  by  heating 
TljO  in  HF  gas  (Kuhlmann,  C.  B.  58,  1037). 
Sol.  in  water  ;  S.  =  80  at  15°,  and  increases  with 
increase  of  temperature ;  solution  in  water  has 
alkaline  reaction  ;  somewhat  sol.  in  alcohol.  A 
hydrate  T1F.H,,0  forms  in  monoclinic  crystals 
by  evaporating  a  solution  of  TLO  or  TUCOj  in 
HFAq ;  it  is  deliquescent,  and  acts  on  glass 
(Kuhlmann,  I.e. ;  Willm,  A.  Ch.  [4]  5,  5).  A 
convpoundioithfluorhydricacid,TlF.H.F  =  TIHF.^, 
is  obtained  by  evaporating  a  solution  of  TIF  in 
HFAq  over  H.^SOj.  Decomposed  above  100°  to 
TIF  and  HF.  V.  sol.  water ;  S.  =  100  at  ordinary 
temperature  ;  the  solution  has  an  acid  reaction 
(Biichner,  I.e.). 

Thallio  fluoeide.  By  digesting  TIO3H3 
with  HFAq,  and  also  by  adding  HFAq  to 
Tl(N03).,Aq,  Willm  {A.  Ch.  [4]  6,  5)  obtained  a 
dark  olive-green  solid,  becoming  brown  when 
heated,  and  melting  to  an  orange-yellow  liquid 
that  became  white  on  cooling,  insoluble  in 
water  and  in  cold  HClAq.  This  substance  was 
probably  thallic  fluoride,  or  perhaps  a  thallo- 
thallie  fluoride ;  no  analyses  are  given. 

Thallium,  hydride  of.  Herapath  (Ph.  4, 
302)  supposed  that  a  compound  of  Tl  and  H 
existed ;  but  Crookes  (C.  J.  17,  132)  failed  to 
obtain  any  compound  either  by  the  interaction 
of  an  acid  with  Tl-Zn  alloy,  or  by  heating  Tl  in 
a  stream  of  H  ;  the  escaping  H  burnt  with  a 
green  flame,  but  this  was  found  to  be  due  to 
particles  of  Tl  carried  by  the  stream  of  H. 

Thallium,  hydroxides  of.  Tl  forms  three 
compounds  with  O  and  H,  namely,  TIOH,  T10.,H 
(or  TIO.OH),  and  TIO3H3. 

Thallous  hydroxide  TIOH.  [Hydrated 
tJiallous  oxide  Tl20.H,,0.)  Mol.  w.  not  known 
with  certainty.  Thomsen  (Tit,.  3,  354)  gives 
H.F.  [T1,0,H]  =  56,915  ;  [Tr-,0,H-0]  =  45,470 ; 
[TPO,H-0]  =  3,230. 

Formation. — 1.  By  dissolving  Tl  in  water 
containing  air,  and  evaporating. — 2.  By  decom- 
posing TloSO^Aq  by  BaOAq,  filtering,  and  eva- 
porating.— 3.  By  the  interaction  of  CaOAq  and 
TLjCjCjAq. — 4.  By  dissolving  T1.,0  in  water  and 
evaporating. 

Preparation. — 1.  Tl  ppd.  by  zinc  is  allowed 
to  oxidise  in  warm,  moist  air,  and  the  oxide  is 
dissolved  in  boiling  water  ;  these  operations  are 
repeated  till  a  saturated  hot  solution  is  obtained, 
and  this  solution  is  evaporated  a  little,  filtered 
from  any  TI.COj  that  may  have  separated,  and 
allowed  to  crystallise  (Crookes,  C.  J.  17,  132). — 
2.  TLjSOjAq  is  mixed  with  the  proper  quantity  I 
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of  BaOAq,  and  the  solution,  filtered  from  BaSO,, 
is  crystallised  in  vacuo  ;  this  method  is  tedious, 
and  there  is  much  difficulty  in  getting  rid  of  all 
BaO. — 3.  Thin  plates  of  Tl  are  suspended  over 
a  shallow  dish  containing  absolute  alcohol, 
within  a  bell-jar  from  which  air  has  been  ex- 
hausted, and  pure  O  is  passed  into  the  jar,  the 
temperature  being  kept  at  20°-25°  ;  after  seve- 
ral hours  or  days,  CjHjTlO  is  formed  as  an  oil 
in  the  dish ;  excess  of  alcohol  is  removed  by 
heating  to  100°  ;  a  little  water  is  added,  whereby 
TIOH  is  ppd.;  the  pp.  is  drained,  and  exposed 
to  warm  dry  air  till  all  water  and  alcohol  are 
removed  (Lamy,  A.  Ch.  [3]  67,  385). 

Properties  and  Reactions.  —  Pale-yellow, 
prismatic  crystals.  At  100°  in  air,  or  m  vacuo 
over  HjSOj  at  the  ordinary  temperature,  the 
crystals  become  black  from  formation  of  T1„0, 
without  altering  their  crystalline  form.  Easily 
soluble  in  water;  Thomsen  (Th.  3,  354)  gives 
[T10H,Aq]  =  -  3,155.  The  solution  in  water 
resembles  KOHAq  and  NaOHAq  in  its  proper- 
ties ;  it  is  strongly  alkaline,  absorbs  COj,  ppts. 
heavy  metals  as  hydroxides  or  oxides,  feels 
soapy  to  the  touch,  stains  the  skin,  neutralises 
acids,  &o.  The  solution  absorbs  a  little  O  on 
heating ;  when  evaporated  to  dryness  and  the 
residue  re-dissolved,  a  little  TLOj  generally  re- 
mains. 

Thallic  hydroxides.  Two  thallic  hydroxides 
are  known,  TIO.OH  and  TIO3H3. 

I.  Monohydrated  thallic  oxide,  TIO.OH  = 
Tl203.H,0.    Mol.  w.  not  known  with  certainty. 

Formation. — 1.  By  ppg.  TlCljAq  by  alkali 
and  drying  at  100°  (Lamy,  4.  Ch.  [3]  67,  385).— 
2.  By  passing  ozonised  air  through  TlOHAq 
(Schonbein,  J.pr.  93,  35). — 3.  By  the  action  of 
H,O.Aq  on  Tl;  according  to  Weltzien  (A.  138, 
129)"a  mixture  of  TIOH  and  TIO.OH  is  thus  ob- 
tained.— 4.  Various  oxidisers — e.g.  KMnOjAq, 
hypochlorite  solutions,  &c. — convert  TIOH  into 
TIO.OH  (Schonbein,  I.e.). — 5.  By  electrolysing  a 
neutral  or  ammoniacal  solution  of  TL,(S0j)3 
or  T1(N03)3;  the  hydroxide  separates  on  the  posi- 
tive (Pt)  electrode  (Flemming,  J.  Z.  1869.  292). 

P7-eparation. — TlCl^Aq  is  ppd.  by  a  slight  ex- 
cess of  KOHAq  or  NH.,Aq,  the  pp.  is  thoroughly 
washed,  and  dried  at  100°  (Lamy,^.  Ch.  [3]  67, 
397 ;  Crookes,  C.  J.  17, 132  ;  Werther,  J.  pr.  91, 
388).  The  air-dried  pp.  has  the  composition 
TIO.OH  (Carnelley  a.  Walker,  C.  J.  53,  88). 

Properties  and  Reactions. — A  brown  powder  ; 
insoluble  in  water  and  dilute  alkali  solutions. 
Heated  to  c.  60°  begins  to  lose  water ;  completely 
dehydrated  at  115°,  according  to  Werther  (J.  pr. 
91,  385),  but  the  residue  contains  some  Tl.,0, 
as  well  as  TLO3  (c/.  Birnbaum,  A.  138,  133). 
According  to  Carnelley  a.  Walker  [C.  J.  53,  88), 
dehydration  is  complete  at  230°,  and  the  residue 
is  TLO3,  which  is  stable  to  360°.  Dissolves  in 
HClAq,  forming  TICI3 ;  in  cone,  acid  CI  is  given 
off  and  some  TlCl  is  produced.  Dissolves  in  dilute 
HoSO.Aq  ;  with  cone,  acid  some  0  is  given  off. 
Dissolves  in  SO.,Aq,  ASoOjAq,  hot  tartaric  acid 
solution,  and  boiling  oxalic  acid  solution,  in  each 
case  forming  a  salt  of  Tl^O.  TIO.OH  dissolves 
in  warm  cone.  NH^ClAq,  giving  off'  NH3  and 
forming  TICI3.3NH3;  on  adding  water  TL.Os  is 
ppd.  as  a  black  powder  (Willm,  A.  Ch.  [4]  5,  5). 

II.  Trihydrated  thallic  oxide,  T10,,H3  = 
T1.,03-3H,,0.    Formed,  as  light-brown,  lustrous, 
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microscopic,  hexagonal  plates,  by  dissolving 
TIO.OH  in  molten  KOH,  fusing  for  some  time, 
cooling,  washing  with  hot  water,  then  with 
alcohol,  and  drying  at  100°.  Insoluble  in  water. 
Not  decomposed  at  3i0°  ;  soluble  in  dilute  acids 
(Carnegie,  C.  N.  60,  113). 

Thallium,  iodides  of.  Tl  combines  directly 
with  I.  At  least  two  compounds  are  known  : 
Til  and  TLI3 ;  T1I.„  and  probably  one,  or  perhaps 
more  than  one,  other  compound  of  Til  and  TII3, 
seem  also  to  exist. 

Thallods  iodide  Til.  {Thallium  mono- 
iodide.)  Mol.  w.  not  known  with  certainty,  but 
formula  Til  is  probably  molecular  from  analogy 
of  TlCl. 

Formation.  —  1.  By  heating  together  Tl 
and  I  in  the  ratio  T1:I. — 2.  By  adding  KIAq  to 
solution  of  a  thallous  salt. 

Preparation. — KIAq  is  added  to  a  dilute 
solution  of  a  thallous  salt,  and  the  yellow  pp.  is 
thoroughly  washed  with  water  and  dried  at  100°  1 
(Lamy,  A.  Ch.  [3]  67,  405;  Crookes,  C.  J.  17, 
137). 

Properties  and  Reactions. — A  citron-yellow 
powder  ;  melts  at  439°  (Carnelley,  C.  J.  33,  278),  , 
and  boils  at  800°-806°  (C.  a.  Wilhams,  C.  J.  33, 
284).  S.G.  7-072  at  15-5°,  after  fusion  7-0975  | 
at  14-7°  (Twitchell,  Clarke's  Table  of  Spec. 
Grav.  [2nd  edit.]  35).  Very  slightly  soluble  in 
water.  Determinations  of  solulsility  vary  con- 
siderably ;  Werther  {J.  pr.  92,  130)  says  that 
1  pt.  requires  20,000  pts.  water  to  dissolve  it  at 
15°,  and  Crookes  (I.e.)  gives  solubility  as  1  in 
4450  of  water  at  15°  (i;.  also  Hebberling,  A.  134, 
16).  Crookes  says  Til  is  somewhat  more  soluble, 
Hebberling  says  it  is  decidedly  less  soluble,  in 
KIAq  than  in  water. 

When  heated  to  c.  190°  Til  becomes  red,  and 
when  it  melts  a  red  liquid  is  formed  which 
solidifies  to  a  red  crystalline  mass  having  the 
composition  Til  (Hebberling,  I.e.,  p.  18)  ;  the 
red  variety  is  also  obtained  by  crystallising  from 
hot  KOHAq  (Willm,  A.  Ch.  [4]  5,  28)  ;  also  by 
crystallising  from  hot  KC.HjO.Aq  (Werther,  I.e.). 
The  red  form  of  Til  is  produced  by  adding 
KIAq  to  a  warm  cone,  solution  of  a  thallous 
salt  (Hebberling,  I.e.,  p.  10).  Ked  Til  crystallises 
in  octahedral  forms  (W.,  I.e.).  The  red  variety 
slowly  changes  on  keeping  to  the  yellow  form. 

When  freshly  ppd.  yellow  Til  is  exposed  to 
the  sun's  rays  it  becomes  green  and  crystalline 
without  any  change  in  composition.  The  green  i 
variety  of  Til  is  somewhat  more  soluble  in  hot 
water  than  the  yellow  form ;  it  crystallises  from 
hot  water  in  green  microscopic  crystals  that  are 
very  refractive.  The  green  variety  changes 
slowly  to  the  yellow  on  keeping  ;  the  change  is 
hastened  by  heating  in  water  containing  I  or  KI, 
but  not  by  heating  with  pure  water.  When 
stronglyheated,  green  Til  becomes  red  {v.  Knosel, 
B.  7,  576,  893). 

Tll  is  decomposed  by  warm  HN03Aq,  with 
separation  of  I.  It  is  dissolved,  without  I  being 
separated,  by  ClAq  or  aqiiaregia;  Willm  (Z.c.) 
supposes  that  an  iodochloride  is  formed.  Fusion 
with  KCN  produces  Tl  (Werther,  I.e.). 

Thallic  iodide  TII3.  This  compound  has 
not  been  isolated  with  certainty.  By  treating 
Tl  with  an  ethereal  solution  of  I,  Nickl^s  (C  R. 
68,  537)  obtained  a  brown  liquid  from  which 
brown  needles  gradually  separated.    These  crys- 


tals may  have  been  TII3 ;  no  analyses  are 
given. 

Double  salts  of  Til,  with  alkali  iodides  have 
been  prepared  by  digesting  Til  with  solutions  of 
I  and  alkali  iodides  in  ether ;  these  salts  have 
the  composition  Tll3.MI.xH.,0,  where  M  =  NH^ 
and  K  (v.  Nickles,  J.  Ph.  "[4]  1,  25;  Willm, 
A.  Ch.  [4]  5,  5  ;  Eammelsberg,  P.  146,  597).  A 
compound  TlI.j.CuIj.SNHj  is  described  by  Jor- 
gensen  (J.jm:  [2]  6,  82). 

Thallium  sksqdi-iodidb  TI2I3  or  T1I.,.3T1I  = 
Tljl„.  (Thallothallic  iodide.)  Black,  lustrous 
needles  ;  insoluble  in  water,  slightly  soluble  cold 
alcohol,  decomposed  by  boiling  alcohol ;  decom- 
posed slowly  at  ordinary  temperature,  quickly 
on  heating  ;  obtained  by  long-continued  heating 
yellow  Til  with  excess  of  lAq  (Knosel,  B.  7,  576, 
893). 

Other  thai.lo-thallic  iodides.  By  evapora- 
ting a  solution  of  Til  in  HIAq,  in  presence  of  I, 
at  70°,  small,  brown,  rhombic,  crystals  were  ob- 
tained by  .Jorgensen  (Z.c).  The  composition  of 
the  crystals  is  represented  by  .J.  as  6TII.TII3,  or 
perhaps  5TII.TII3.  The  same  compound  is  said 
to  be  obtained  by  digesting  Til  with  an  ethereal 
solution  of  I.  Heating  to  c.  100°  drives  off  I, 
and  leaves  yellow  Til ;  boiling  alcohol,  and  also 
KIAq,  withdraws  I,  forming  Til. 

Thallium,  oxides  of.  Two  oxides  have  been 
isolated,  TL_,0  and  T1„0.,;  there  is  evidence  in 
favour  of  the  existence  of  a  third  oxide,  probably 
TIO,,. 

Thallous  oxide  T1.>0.  (Thallium  monoxide.) 
Mol.  w.  not  known  with  certainty.  [Tr-,0]  = 
42,240  (Th.  3,  354).  Prepared  by  heating  Tl  in 
air  to  not  above  100°  (to  prevent  formation  of 
TI2O3) ;  also  by  heating  TIOH  to  100°  out  of  con- 
tact with  air  ;  also  by  heating  TL.Oa  to  full  red- 
ness. A  black  powder;  melting  at  c.  800°  to  a 
dark-yellow  liquid,  which  acts  on  glass,  forming 
a  silicate  of  Tl.  TLO  absorbs  moisture  from  the 
air,  forming  TIOH  ;  it  dissolves  easily  in  water, 
forming  a  strongly  alkaline  solution  of  TIOH  (v. 
TiLVLLous  hydroxide,  p.  678).  Soluble  in  abso- 
lute alcohol,  forming  C._,H;,.0T1,  a  colourless, 
heavy  oil  (S.G.  3-55)  ;  this  oil  is  decomposed 
by  a  little  water  with  separation  of  TIOH  (v. 
Thallous  hydroxide,  Preparation,  No.  3,  p.  678). 
(Crookes,  C.  J.  17,  128;  Lamy,  A.  Ch.  [3]  67, 
385).  TLO  is  reduced  to  Tl  by  heating  to  red- 
ness in  H,  or  in  CO,  or  with  Mg  (Winkler,  B. 
23,  788). 

Thallic  oxide  TloO.,.  Mol.  w.  not  known 
with  certainty.  Prepared  by  ppg.  a  thallic  salt 
with  KOHAq  or  NHjAq,  washing  the  pp. 
thoroughly,  drying,  and  heating  it  to  c.  260° 
(Crookes,  I.e.,  p.  132).  Also  formed  by  burning 
Tl  in  air  to  a  little  below  redness ;  at  a  lower 
temperature  the  product  is  chiefly  T1._,0,  and  at 
a  full  red  heat  Tl^O.,  is  decomposed  to  TLO  and 
O  (Lamy,  Z.c).  T1..0.,  is  also  formed  by  passing 
an  electric  current  (from  a  couple  of  Grove  cells) 
through  neutral  TLSO.,Aq,  using  Pt  electrodes ; 
Tl  deposits  on  the  negative  electrode,  and  Tl^O^ 
forms,  as  a  brown  cake,  on  the  positive  electrode  ; 
the  HoSOjAq  formed  should  be  neutralised  from 
time  to  time  by  NH.,Aq  (Crookes,  I.e.).  For 
other  methods  of  formation  v.  Wohler  (A.  146, 
263,  375),  and  Willm  (.4.  Ch.  [4]  5,  19).  T1,0, 
is  a  brownish-black  solid  ;  insoluble  in  water. 
Melts  at  c.  760°  (?)  (Carnelley  a.  O'Shea,  C.  J. 
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45,  409).  Gives  off  0  at  a  full  red  heat,  forming 
TljO.  Dissolves  in  hot  H.,S04Aq,  forming 
TljSO^Aq  and  giving  off  0.  Soluble  cold  HClAq, 
forming  TlCljAq,  and  some  TlCl  with  evolution 
of  CI.  Takes  fire  in  dry  H,S,  forming  TLS,, 
(Carstanjen,  /.  pr.  102,  65).  A  mixture  of 
TI2O3  and  S  takes  fire  when  struck  (Bottger, 
J.2)r.  90,  27).  Keduced  by  heating  in  H  or  CO 
to  T1..0,  and  then  to  Tl.  Tlf).^  absorbs  NH, 
when  heated  in  that  gas  ;  no  definite  compound 
has  been  isolated.  For  compounds  with  H„0  v. 
Thallic  hydkoxides,  p.  678). 

Thailium  dioxide  (?T10,,).  When  a  rapid 
stream  of  CI  is  passed  into  cone.  KOHAq,  hold- 
ing freshly  ppd.  TIO.OH  in  suspension,  a  violet- 
coloured  solution  is  obtained ;  mineral  acids 
added  to  this  solution  form  thallous  salts,  and 
give  off  0,  or  CI  with  HClAq.  Carstanjen  {J.pr. 
101,  55)  supposed  the  violet  solution  to  contain  a 
thallate  of  potassium.  Piccini  {O.  17,  450)  ob- 
tained a  violet  pp.  by  adding  Ba(N03).,Aq  to  the 
violet  solution ;  analyses  of  this  pp.  were  not 
satisfactory,  but  the  results  indicated  that  an 
oxide  of  Tl  of  the  composition  TIO..  is  formed  by 
the  method  described.  Piccini  says  that  the 
same  violet  solution  is  obtained  by  electrolysing 
30  p.c.  KOHAq,  using  a  plate  of  Tl  as  anode ; 
also  by  digesting  1  pt.  KOH  with  4  pts.  KCIO, 
in  water,  and  adding  TLSOj. 

Thallium,  phosphide  of.  No  compound  of  Tl 
and  P  has  been  isolated  with  certainty.  According 
to  Crookes  {C.  J.  17,  135),  the  black  substance 
formed  by  passing  P  hydride  into  ammoniacal 
TlgSOjAq  is  a  phosphide  of  Tl.  Carstanjen 
(J.  pr.  102,  80)  failed  to  obtain  a  phosphide  by 
reducing  Tl.,PO.i  by  C  or  H,  or  by  heating  the 
elements  together.  Flemming  {Bl.  [2]  10,  35) 
noticed  that  a  thin,  black  coating  formed  on 
molten  Tl  when  pieces  of  P  were  thrown  on  to 
it ;  by  heating  solution  of  a  thallous  salt  with  P 
in  a  sealed  tube,  he  obtained  a  black  solid, 
perhaps  a  phosphide,  and  also  a  phosphite  and 
hydride  of  P  (c/.  AVillm,  A.  Ch.  [4]  5,  5). 

Thalliam,  platino-cyanide  of;  v.  vol.  ii.  p. 
345. 

Thallium,  salts  of.  Two  series  of  salts  are 
formed  by  replacing  the  H  of  acids  by  Tl ; 
thallous  salts,  Tl^X,  and  thallic  salts,  TL.X,, 
where  X  =  SO3,  CO.,,  2NO3, 210.,,  §  PO4,  &c.  The 
chief  thallous  salts  of  oxyacids  are  arsenates, 
carbonates,  chlorate  and  perchlorate,  chromate, 
dicJiromate  and  trichromate,  dithionate  and 
trithionate,  Jiypophosphite,  iodate  and  period- 
ate,  molyhdates,  nitrate,  phosphates,  selenite 
and  selenates,  silicates,  sulphates  and  sulphite, 
tellurate,  thiosulphate.  The  principal  thallic 
salts  are  arsenate,  iodate  and  periodate,  nitrate, 
■phosphates,  sulphates  (v.  Carbonates,  Nitrates, 
Sulphates,  &c.).  Several  double  salts  of  both 
series  are  also  known. 

Thallium,  salts  of  oxyacids  of.  No  com- 
pounds of  this  kind  have  been  isolated  with 
certainty,  but  there  is  evidence  in  favour  of  the 
existence  of  salts  of  the  hypothetical  thallic  acid, 
probably  analogous  to  plumbates  {v.  Thallium 
DIOXIDE,  supra). 

Thallium,  selenides  of.  Tl.Se  has  been 
isolated  ;  another  selenide,  perhaps  TljSe^,  pro- 
bably exists. 

Thallous  selenide  Tl^Se.  Mol.  w.  '  not 
known.    Obtained  by  fusing  the  elements  toge- 


ther in  the  ratio  2Tl:Se  (Willm,  A.  Ch.  [4]  5,  5 ; 
Carstanjen,  J.  pr.  102,  79)  ;  also  by  ppg. 
TLCOjAq  by  HjSe  (Kuhlmann,  Bl.  [2]  1,  330). 
A  grey,  lustrous,  crystalline  solid  ;  melting  at  c. 
340°  (Kuhlmann,  I.e.).  Dissolves  in  H.SO^Aq 
and  HClAq,  giving  off  H.Se. 

Thallic  selenide  (?TLSe3).  By  fusing  the 
elements  together  in  the  ratio  2Tl:3Se,  Carstan- 
jen {I.e.)  obtained  greyish-black  prismatic  crys- 
tals, resembling  Sb ;  not  acted  on  by  dilute 
HoSOjAq  ;  decomposed  by  hot  cone.  H.^SO^,  with 
separation  of  Se  and  evolution  of  SO^.  The 
composition  of  this  substance  has  not  been  deter- 
mined. 

Thallium,  silicofluoride  of,  TLSlP^-  Ob- 
tained by  dissolving  TLCOj  in  HoSiFgAq,  and 
evaporating.  Colourless,  regular,  octahedra 
(Werther,  J.  pr.  91,  385).  According  to  Kuhl- 
mann (BZ.  [2]  1,330),  the  crystals  are  TUSiFe.H.O. 
Easily  soluble  in  water.  Volatile  without  decom- 
position, according  to  Kuhlmann  (I.e.). 

Thallium,  sulphides  of.  TLS  and  TLSj  have 
been  isolated,  and  also  probably  more  than  one 
compound  of  these  two  sulphides. 

Thallous  sulphide  TL,S.  Mol.  w.  not 
known. 

Formation. — 1.  By  fusing  the  elements  toge- 
ther in  the  ratio  2T1:S  (Carstanjen, /.  pr.  102, 
76). — 2.  By  ppg.  an  alkaline  solution  of  a  thal- 
lous salt  by  H„S. — 3.  By  ppg.  slightly  acidified 
TI.SO^Aq  by  H^S  (Hebberling,  A.  134,  11).— 
4.  By  heating  an  alkaline  solution  of  a  thallous 
salt  with  NaoS.,03  (C,  I.e.). 

Preparation. — A  cold,  fairly  cone,  aqueous 
solution  of  TLSO4  is  acidulated  with  a  trace  of 
H.SOjAq,  and'  saturated  with  H^S,  and  the 
bluish-black  pp.,  consisting  of  microscopic  crys- 
tals, is  washed  with  H.SAq  and  dried  over  H2S04 
(Hebberling,  I.e.). 

Properties  and  Reactions. — Prepared  byppn. 
from  slightly  acidulated  TLSO.Aq,  Ti.,S  forms 
very  minute,  blue-black,  lustrous  tetrahedra; 
prepared  by  heating  together  Tl  and  S  it  is  a 
black,  crystalline,  brittle  solid  ;  prepared  by 
ppn.  from  alkaline  solutions  it  is  a  black  amor- 
phous solid.  When  the  amorphous  solid  is 
dried,  and  strongly  heated,  it  melts,  and 
solidifies  on  cooling  to  a  black  crystalline  mass. 
After  melting,  S.G.  is  8-0  (Lamy,  /.  15,  185). 
H.F.  [Tr-,S]  =21,660  (Th.  3,354).  Moist  ppd. 
TLS  oxidises  in  air  to  TLSO4.  On  long  con- 
tinued heating  TLS  is  completely  decomposed 
(Lamy,  I.e.).  TLS  is  insoluble  in  solutions  of 
alkalis,  alkali  sulphides,  carbonates,  and  cyanides ; 
!  it  dissolves  readily  in  H,SO,Aq  and  HNOoAq,  and 
less  readily  in  HClAq.  ]3y  ppg.  from  a  very 
dilute  solution  of  a  thallous  salt,  and  dialysing, 
Winssinger  (Bl.  [2]  49,  452)  obtained  a  reddish- 
brown  aqueous  solution  of  colloidal  Tl^S. 

Combination. — By  passing  H^S  into  TLSOjAq 
containing  As.O^Aq,  and  acidulated  with  dilute 
H,S04Aq,  Gunning  (Ar.  N.  3,  86)  obtained  a  red 
pp.  of  TloS.AsjS, ;  the  same  compound  was  ob- 
tained by  mixing  a  solution  of  As^Sj  in  NH.,Aq 
with  an  ammoniacal  solution  of  a  thallous  salt. 
Heat  decomposes  the  compound  into  its  consti- 
tuent sulphides ;  alkali  solutions  dissolve  out 
As-.Ss,  leaving  T1,S. 

Thallic  sulphide  T1.,S.i.  Obtained  as  a 
black,  amorphous,  easily  fusible,  solid,  by  melt- 
ing Tl  with  excess  of  S,  and  removing  uncom- 


THEBAINE. 


681 


bined  S  by  heating  out  of  contact  with  air  (Car- 
stanjen,  J.  pr.  102,  65).  Below  12°  Tl.S^  is  hard 
and  brittle  ;  above  12°  it  is  so  soft  that  it  may 
be  drawn  out  like  pitch.  It  dissolves  in  warm 
dilute  H„SOjAq  without  separation  of  S.  Strecker 
(/.  pr.  [2]  2,  162)  obtained  a  lustrous,  brown- 
black  pp.  by  passing  H.^S  into  a  solution  of  a 
thallic  salt  mixed  with  sodium  tartrate  and  ex- 
cess of  NH,,Aq,  followed  by  boiling  ;  this  pp.  was 
TLSj  according  to  Strecker.  When  H.S  is  passed 
into  an  aqueous  solution  of  a  thallic  salt,  the 
pp.  is  a  mixture  of  TloS  and  S.  TLSj  combines 
with  potassium  and  sodium  sulplddes,  forming 
TLS3.K2S  and  Tl,S,.Na.,S.  These  compounds  I 
are  obtained  by  fusing  together  1  pt.  TLSO,, 
6  pts.  S,  and  9  pts.  K2CO3  or  Na.,CO.,,  and 
washing  the  fused  mass  with  water.  The  K 
compound  is  more  stable  than  the  compound  of 
Na ;  when  heated  it  melts,  and  then  gives  off  S, 
leaving  K.,S  and  ThS  ;  it  is  not  changed  by 
water  or  alkali  solutions,  but  is  decomposed  by 
mineral  acids  (v.  Schneider,  A.  135,  215  ;  cf. 
Kriiss,  B.  19,  2738).  These  compounds  may  be 
regarded  as  KTIS.,  and  NaTlSj,  that  is,  as  salts 
of  a  hypothetical  thio-thallic  acid. 

Thallo-thailic  sulphides.  By  adding 
(NH,).,SAq  to  a  solution  of  T1,C1,,  a  black  pp. 
is  obtained  which  is  more  fusible  than  TLS,  and 
after  melting  solidifies  to  large  greyish-black 
prisms.  This  pp.  contains  Ti  and  S.  Similar 
substances  are  formed  by  heating  together  TLS 
and  TloSj,  and  by  melting  Tl  with  more  S  than 
2T1:S,  and  less  than  2T1:3S;  Carstanjen  (J.  pi: 
102,  65)  gave  the  formulas  5TL,S.3Tl„S3  =  Tl|sS,„ 
and  Tl2S.TLS;|  =  TlS  to  compounds  obtained 
in  this  way.  By  heating  TI,S;,.Na.jS  (v.  supra) 
with  water,  Schneider  (A.  135,  2i5)  obtained 
a  compound  to  which  he  gave  the  formula 
Tl,S.2Tl2S3  =  Tl,S,. 

Thallium,  sulphocyanide  of ;  v.  vol.  ii.  p.  352. 

Thallium,  thiosalts  of.  The  compounds  of 
TLS3  with  K.,S  and  Na.^S  may  be  regarded  as  K 
and  Na  thiothallates  (v.  Thailic  sulphide, 
supra).  M.  M.  P.  M. 

THALLIUM  ETHIDE  TlEt.    Has  not  been 
obtained  in  the  free  state. 

Ethijlo-chloride  TlEt„Cl.  S.  2-7G  in  the 
cold;  3-37  at  92°.  S.  (alcohol)  -33  at  78°. 
Formed  from  TICI3  and  ZnEt,,  in  ether  (Hart- 
wig,  A.  176,  257).  Scales  (from  water),  explodes 
feebly  at  190°,  yielding  TlCl.  Keacts  with  silver 
salts  forming:  TlEt^NOj,  S.  5-67  at  70°,  ex- 
ploding at  236°.— (TlEt,)„SO„  S.  65-4  in  the  cold  ; 
87'3  at  90°  ;  exploding  at  205°  and  converted  by 
Bal,  into  TlEt.I,  S.  -1,  exploding  at  195°.— 
(TlEtj)3P0j,  S.  23-7  in  the  cold;  20-7  at  75°, 
exploding  at  189°. — TlEt„OAc  crystallising  in 
needles  [212°]  (245°), exploding  if  rapidly  heated. 

Ethylo-hydroxide  TlEt.OH.  S.  15-1  in 
the  cold  ;  8  at  88°.  Formed  from  (TlEto).,SO^ 
and  baryta.  Silky  needles  (from  water).  More 
sol.  cold  than  hot  water,  forming  an  alkaline 
solution.  Does  not  unite  with  C0„,  but  forms 
the  above  salts  with  other  acids. 

THAPSIC  ACID  C„H3„0,.  [124°].  Obtained 
from  the  root-bark  of  Thapsia  garganica.  The 
bark  is  extracted  with  etlrer,  which  leaves  on 
evaporation  an  amber-coloured  resin.  The  resin 
dissolves  in  potash  with  evolution  of  heat,  and 
the  solution,  on  acidification,  yields  a  neutral 
resin,  ji-octoic  acid  and  thapsic  acid.  The 


alkaline  solution  on  standing  deposits  potassium 
thapsate  (Canzoneri,  G.  13,  514).  White  scales 
(from  alcohol),  nearly  insol.  water  and  benzene, 
sol.  alcohol  and  ether. 

Salts. — K.A"a;aq.  Prisms. — BaA''  (dried 
at  120°).    Crystalline  pp. — Ag.jA"  :  amorphous. 

Anhydride  C|,-H..,03.  [71°].  Crystalline 
powder  (from  benzene). 

Anilide  C„H.,,0..(NHPh)„.  [163°]. 
THEBAINE  C,,H..,NO.,.  [193°].  S.G.  1-8. 
[a]j  =  -  219°  in  97  p.c.'alcohol  at  15°  ;  =  -230° 
in  CHCI3 ;  S.  (ether)  •?  at  10°  ;  S.  (isoamyl  alco- 
hol) 1-67  in  the  cold ;  S.  (benzene)  5-27  in  the 
I  cold  (Kubly,  J.  1866,  823).  Occurs  in  opium  to 
the  extent  of  about  -6  p.c.  (Pelletier,  J.  Ph.  21, 
569  ;  Couerbe,  A.  Ch.  [2]  59,  155  ;  Kane,  A.  19, 
9  ;  Anderson,  A.  86,  179  ;  Hesse,  B.  3,  367  ;  A. 
153,  47 ;  176,  196).  Prepared  by  treating  the 
aqueous  extract  of  opium  with  Na.jCO.,  or  lime, 
exhausting  the  filtrate  with  ether,  agitating  the 
ether  with  dilute  acetic  acid,  and  pouring  the 
acid  liquid  into  dilute  KOHAq.  The  pp.  is  col- 
lected after  24  hours,  wai'med  with  dilute  alcohol 
and  dilute  HOAc  is  added  till  just  acid.  The 
alcohol  is  evaporated  off  at  50°,  papaverine  and 
narcotine  removed  by  filtration,  and  thebaine 
acid  tartrate  ppd.  by  adding  powdered  tartaric 
acid  to  the  filtrate.  The  tartrate  is  re-crystallised 
from  water  (Hesse,  A.  Suppl.  8,  262).  Thebaine 
may  also  be  obtained  by  adding  NaOAc  to  a 
solution  of  the  hydrochlorides  of  the  opium  al- 
kaloids, allowing  to  stand,  filtering,  evaporating, 
again  filtering,  and  adding  sodium  salicylate. 
After  24  hours  thebaine  salicylate  crystallises 
(Plugge,  Ar.  Ph.  [3]  24,  993  ;  25,  343). 

Properties. — Colourless  leaflets  (from  dilute 
alcohol)  or  prisms  (from  cone,  alcohol).  Tasteless. 
Alkaline  in  reaction.  Very  poisonous.  Begins  to 
sublime  at  135°  ;  at  160°  the  sublimate  contains 
needles,  cubes,  and  prisms  (Blyth).  V.  sol. 
alcohol  and  chloroform.  Ppd.  by  alkahs  and 
alkaline  carbonates,  the  pp.  being  slightly  soluble 
in  NH.,Aq  and  lime-water.  Cone.  H.SO,  gives  a 
deep-red  solution.  Boiling  dilute  H_,SO^  converts 
it  into  thebenine  and  thebai'cine.  Hot  cone. 
HClAq  at  90°  yields  MeCl  and  morphothebaine 
(Howard,  B.  17,  527).  HIAq  gives  Mel  (2  mols.) 
(Howard  a.  Eoser,  B.  19,  1597).  Bromine-water 
forms  C,;,H.„BrN03,  a  flocculent  pp.  converted  by 
excess  of  Br  into  CjgHojBrjNO.),  a  yellow  pp. 
Solutions  of  its  salts  give  a  pp.  of  the  dichromate 
on  adding  K^Cr.O,. 

Salts. — B'HClaq.  Large  trimetric  prisms. 
S.  6-3  at  10°.  [a]j-  =  - 108-32  +  l-iZp.  — 
B'.HjPtClij  2aq.  Amoi'ishous  pp.,  quickly  chan- 
ging to  orange  prisms.  Decomposed  by  boiling 
water  (O.  De  Coninck,  Bl.  [2]  45,  131).— 
B'.,H,C,0j6aq.  S.  103  at  10°.— B'H.CO^aq.  S. 
2-3  at  20°.— B'C4H„0„aq.  Prisms,  very  soluble 
in  hot  alcohol.  S.  -77  at  20°.  — Meconate 
B'oCjHjO,  Gaq.  White  prisms  (from  alcohol). — 
B'^H,,FeCy,  (Plugge,  Ar.  Ph.  [3]  25,  793). 

Methylo-iodide  B'Mel.  Crystallises  from 
alcohol  in  prisms  (containing  EtOH),  m.  sol. 
water. 

Ethylo-chloride  B'EtCl.  Needles. 
Ethylo -iodide  B'Etl.     Needles  (from  al- 
cohol) (Howard,  B.  17,  527). 

Bcnzylo-chloride  B'C;H,C1.  Crystals. 
Morpho-thebaineCpHi-Ojist  [191°].  Obtained 
by  heating  thebaine  with  strong  aqueous  HCl  or 
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HBr,  MeCl  (or  EtCl)  being  split  off ;  the  yield 
being  50  p.c.  of  the  thebaine.  Yellowish  crystals. 
Soluble  in  alcohol,  ether,  and  benzene,  sparingly 
in  water.  It  dissolves  in  HoSO^  to  a  colourless 
solution. 

Salts. — B'HCl.  Small  glistening  crystals, 
sol.  water,  insol.  alcohol. — B'HBr :  fine  silky 
needles. — B'HN03  2aq:  small  white  crystals,  v. 
sol.  water  and  alcohol. — B^H^SOjTaq  :  small 
crystals,  v.  sol.  water,  insol.  alcohol.  The 
oxalate  is  a  sparingly  soluble  amorphous  pp. 
The  picrate  is  a  yellow  pp.  which  melts  under 
water.  Insoluble  pps.  are  produced  with 
potassium  ferrocyanide,  ammonium  molybdate, 
HgCl,KJ.,,  KoCr„0,,  and  bismuth-potassium 
iodide. 

Acetyl  derivative  C,,H,6A.c03N.  [183°]: 
glistening  plates  (Howard,  13.  17,  529). 

Ethylo-iodide  ''B'Etl.  Crystallises  from 
acetic  acid. 

Methylo-iodide  B'Mel.  Dimetric  tables, 
insol.  alcohol,  sol.  HOAc. 

Benzylo-chloride  xB'CjH,Cl.  Needles,  m. 
sol.  water,  si.  sol.  alcohol  (Howard  a.  Eoser,  B.  19, 
1596). 

Thebenine  C|f,H,,,N03.  Formed  by  boiling 
thebaine  with  HClAq  (S.G.  1-04)  (Hesse,  A.  153, 
69).  Amorphous.  Insol.  benzene  and  ether,  si. 
sol.  boiling  alcohol.  Cone.  H.,SO,  forms  a  blue 
solution.  V.  sol.  KOHAq.— IS'HCl  3aq.  S.  1. 
Plates. — B'.,H„HgCl.,  2aq.  Very  long  efdorescent 
prisms.— B'jHjSOj  2aq.  Plates,  insol.  cold  water. 
— B'HjCjO^  aq.    Prisms,  si.  sol.  hot  water. 

Theba'icine.  Formed  by  boiling  thebaine  or 
thebenine  with  cone.  HClAq  (Hesse).  Yellow 
amorphous  pp.,  insol.  ether,  benzene,  and  water, 
si.  sol.  hot  alcohol,  v.  sol.  KOHAq.  Cone.  H^SO^ 
forms  a  dark-blue  solution.  The  salts  are  resin- 
ous. 

Theine  v.  Caffeine. 

THEOBROMINE  CjHsN^O^  i.e. 

/NMe.C:CH.NMe  ,^  ,  ^i- 
CO<N=c.NH.CO  •  1^°- 
inethyl-xanthine.  S.  -062  at  17°  ;  '7  at  100°. 
S.  (alcohol)  -02  at  17°  ;  -2  at  78°.  S.  (ether) 
•006  in  the  cold  ;  -17  at  35°.  S.  (boiling  CHCl^) 
1.  Occurs  in  the  seeds  of  Theobroma  cacao  to 
the  extent  of  1-3  to  4-6  p.c.  (Woskresensky,  A. 
41,  125  ;  Glasson,  A.  61,  335  ;  Keller,  A.  92,  71 ; 
Eochleder,  A.  71,  9  ;  79,  124  ;  Strecker,  A.  118, 
151).  Formed  by  heating  the  lead  salt  of 
xanthine  C,,H.,PbN40„  (4  pts.)  with  Mel  (5  pts.) 
for  twelve  hours  at  130°  (Fischer,  B.  15,  454 ; 
A.  215,  311).  Prepared  by  ppg.  the  aqueous 
extract  of  the  seeds  with  lead  acetate,  filtering, 
removing  excess  of  lead  by  H,SO„  adding  MgCOj, 
evaporating  to  drjmess,  and  extracting  with  alco- 
hol (Dragendorff,  Ar.  Ph.  [3]  13, 1).  Got  also  by 
freeing  cacao  from  oil  by  pressure,  adding  slaked 
lime,  and  extracting  with  80  p.c.  alcohol  (Schmidt 
a.  Pressler,  A.  217,  287). 

Properties. — Minute  trimetric  crystals,  si. 
sol.  hot  water,  alcohol,  and  ether.  Tastes  bitter. 
At  134°  it  begins  to  subhme  ;  at  170°  (Blyth)  or 
290°  (S.  a.  P.)  it  yields  a  crystalline  sublimate. 
Very  slowly  attacked  by  pure  HNO3  (Franchi- 
mont,  R.  T.  C.  6,  223).  Not  attacked  by  boiling 
KOHAq.  Its  salts  are  more  or  less  easily  de- 
composed by  water.  Ammoniacal  AgN03  gives 
a  gelatinous  pp.  which  dissolves  on  warming, 
and  deposits,  on  boiling,  crystaUine  CjH,AgNj02 


(Strecker).  Theobromine  is  ppd.  by  sodium 
phosphotungstate  (Wolfram,  C.  J.  36,  406  ;  Fr. 
18,  346). 

Reactions. — 1.  Yields  methyl-parabanic  acid 
on  oxidation  by  CrOa.— 2.  KCIO3  and  HClAq 
at  50°  yield  methyl-alloxan  and  methyl-urea 
(Fischer,  A.  215,  304).  Chlorine-water  yields 
amalic  acid. — 3.  Will  not  combine  with  Mel  to 
form  a  methyloiodide.  But  in  presence  of  dilute 
alcoholic  KOH  it  reacts  with  Mel,  forming 
caffeine,  even  in  the  cold ;  better  at  100°.  But 
the  reaction  is  never  complete,  some  theo- 
bromine being  decomposed. — 4.  Cone.  HCl  has 
no  action  below  200°.  At  250°  it  decomposes  it, 
producing  formic  acid,  carbonic  acid,  ammonia, 
methylamine  and  sarcosine,  C.HsNjO^-t- 6H„0 
=  2c6j  -f  NMeH,-f  2NH3  +  C3H,N0o  +  CH,,0., ;  the 
NH3  and  NMeH,  occur  in  the  proportion  in- 
dicated by  the  formula  (Schmidt,  A.  217,  298). 
Boiling  aqueous  Ba(OH)„  effects  in  40  hours  the 
same  decomposition. — 5.  HNO3  forms  COj, 
methyl-parabanic  acid  and  methylamine,  but  no 
ammonia. 

Salt  s. — B'HCl  aq.  Eosettes  of  needles. — 
B'HBraq.  Tables.  —  B'^HftCl^  4aq.  — 
B'„H,PtCl6  5aq.  —  B'HAuClj.  —  B'.HNOj.  — 
B'HOAc. — BjHJg.  Nearly  black  prisms,  de- 
composed by  alcohol  (Jorgenssen,  Z.  [2]  5, 
675).— B'HAg(N03).,.  Silvery  needles,  v.  si.  sol. 
water.  -  C,H.AgNAliaq.—Ba(C,H.N402).,(dried 
at  105°).  Got  by  adding  theobromine  to  baryta- 
water  (Maly  a.  Andreasch,  M.  4,  379).  Needles 
(from  hot  water). 

Bromo-theobroinineC,H;NjO^,Br.  From  theo- 
bromine and  bromine  (Fischer,  A.  215,  305). 
Crystalline  powder.  SI.  sol.  hot  water.  Sol. 
HCl,  but  reppd.  by  water.  Sol.  aqueous  NaOH, 
not  in  NH3.  Does  not  give  an  ethoxy-  derivative 
with  alcoholic  KOH  (unlike  bromo-cafi'eiue). 
After  warming  with  ammonia  it  gives  with  am- 
moniacal AgNOj  a  silver  salt  that  can  be  con- 
verted by  EtI  into  bromo-ethyl-theobromine 
CjHgEtNjOoBr,  whence  alcoholic  KOH  forms 
eth  -  oxy  -  ethyl  -  theobromine  C;HcEtN,0,(OEt) 
[153°]  as  needles.  Boiling  HCl  converts  this 
into  EtCl  and  oxy  -  ethyl  -  theobromine 
C;HgEtN40._,(0H),  whence  bromine  and  alcohol 
form  the  di-ethyl  derivative  of  tri-oxy-di-hydro- 
ethyl-theobromineC,H„EtN40,,(OH)(OEt),[152°]. 
This  body  on  treatment  with  hot  dilute  HCl 
gives  methylamine  and  apo-ethyl-theobro- 
mine  (?) ;  and  with  chlorine  at  — 10°  forms  hypo- 
ethyl-theobromine  C^H^NjOa  [142°]. 

Methyl-theobromine  is  Caffeine. 

Ethyl-theobromine  C.H,EtN,,0...  [above  270°]. 
Formed  from  C,HAgN,6o  and  EtI  (Philips,  B.  9, 
1308).  Small  crystals,  m.  sol.  hot  water.  Weak 
base. 


„^/NH.C:CH  .NMe 
^^■\N=C.NMe.CO  ' 


[264°].    Occurs  in  alco- 


holic extract  of  tea,  from  which  it  may  be 
separated  by  means  of  its  Ag  salt  (Kossel,  B.  21, 
2164).  Monoclinic  tables  (containing  aq,  v.  e. 
sol.  warm  water  and  very  dilute  ammonia.  May 
be  sublimed.  When  evaporated  with  chlorine- 
water  it  yields  a  scarlet  residue,  which  is 
coloured  violet  by  NHjAq.  Mel  converts  its  Ag 
salt  into  caffeine.  KCIO3  and  HClAq  yield  di- 
methyl-alloxan. 


THIENYL  ETHYL  KETONE. 
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Sal  t. — AgC,H;N|0.,  ^aq.  Amorphous  pp., 
which  may  be  crystallised  from  NH^Aq. 

THETINES.  A  name  given  by  Crum- 
Brown  and  Letts  to  compounds  of  the  form 
CO.,H.CH,.SE,..OH      or      their  anhydrides 

CO^O  '  '^'li6re  E  is  a  hydrocarbon  radicle;  v. 

Dl-ETHTL-THETINB  and  Dl-METHYL-THETINE. 

THEVETIN  C5,H,,0,,4  3aq.  [170°].  S. '8  at 
14°.  a=  —  85-5°.  A  poisonous  glucoside  occur- 
ring in  the  kernels  of  Tlievetia  ncre'ifolia  (Bias, 
J.  1868,  708  ;  De  Vrij,  B.  T.  C.  3, 167  ;  Warden, 
Ph.  [3]  12,  417).  Crystalline  powder,  v.  sol.  hot 
water  and  alcohol,  insol.  ether.  Sol.  acids  and 
alkalis.  Lffivorotatory.  Cone.  H.,S04  gives  a 
dirty-brown  colour.  Decomposed  by  boiling 
dilute  HClAq  into  glucose  and  theve resin 
C48H,(|0|,2aq,  a  white  powder  [140°],  v.  si.  sol. 
cold  water,  sol.  alkalis. 

THIACETIC  ACID  v.  Thio-acetic  acid. 

THIALDINE  C,H,,NS.,  i.e. 


NH<^^gJ^j®-g>CHMe.    Mol.  w.  163.  [43°]. 

Formed  by  passing  H,,S  for  four  hours  into  a  solu- 
tion of  aldehyde-ammonia  (1  pt.)  in  water  (1.5 
pts.),  and  a  little  NH^Aq  (Wohler  a.  Liebig,  A.  61, 
2  ;  Hofman,  A.  103,  93  ;  Brusewitz  a.  Cathander, 
J. ^jr.  98, 315).  Monoclinic  crystals  (from  ether- 
alcohol).  May  be  distilled  with  steam.  V.  sL 
sol.  water,  v.  sol.  alcohol,  v.  e.  sol.  ether.  Boil- 
ing dilute  H.,SO,  forms  thio-acetic  aldehyde. 
KMnO,  forms'CH,,.CH(SO,K).,  (Guareschi,  B.  11, 
1384,  1692).  Boiling  AgNO^Aq  forms  aldehyde. 
Mel  in  ether  forms  crystalline  CuHi^MeNS.J 
(Hofmann,  A.  103,  93).  I  in  KI  forms  amor- 
phous (CHMe),,S.,  (Fassbender,  B.  20,  460). 

Salts. — B'HCl.  Prisms,  v.  sol.  water. — 
B'HBr.— B'HL— B'HNO,,.— B'H.,SO,,.  Prisms.— 
B'HjPOj  aq.    Needles,  v.  sol.  water. 

THIAZOLE  N^^^;|jj.  (116-8°  cor.).  S.G. 

i£  1-1979  ;  i|  1-1998.  Formed  by  the  action  of 
boiling  alcohol  on  the  diazo-  compound  of  amido- 
thiazole,  obtained  from  di-chloro-di-ethyl  oxide 
and  thio-urea  (Hantzsch  a.  Popp,  B.  21,  2.582  ; 

A.  250,  274).  Formed  also  from  N<ch"-CH 
and  the  corresponding  /u-bromo-thiazole  by  re- 
duction with  zinc-dust  and  HOAc  (Sohatzmann, 
A.  261,  12).  Mobile  liquid,  very  volatile,  hygro- 
scopic, and  highly  refractive.  Miscible  with 
water,  alcohol,  and  ether.  Insol.  KOHAq. 
Smells  like  pyridine.  Neutral  in  reaction. — 
Salt  s.— B'.PI.,PtCl6  2aq. -B' HAuCl ,.  [250°].— 
B'C„H,N,0,.  [151°].  —  B'HHgGl3.  [104°].  — 
B'HgCL.    [204°].    Crystalline  pp.,  si.  soL  water. 

^-Amido-tMazole  ^'^q^j  Tliiazo- 
Ihic.  Thiazylamine.  [90°].  Formed  by  the 
action  of  chloro-acetic  aldehyde  on  thio-urea 
(Traumann,  A.  249,  36).  Prepared  by  boiling 
■CH,,Cl.CHC1.0Et  (1  pt.)  with  thio-urea  (1  pt.)  and 
water  (5  pts.).  Yellowish  plates,  si.  sol.  water, 
alcohol,  and  ether.  Strong  base. — B'HCl  aq. 
Needles.— B',H,,PtCl,.    Yellow  tables. 

Acetyl  derivative.    [203°].  Needles. 

THIAZOLE-TRIAZOLE  (so  called) 

CH"^^jj  ^'^^CH.    Formed  by  the  action  of 

HClAq  on  methyl-nitroso-imido-thiazoline  (Niif, 
A.  265, 123).    Liquid,  v.  sol.  water.    Alkaline  ; 


reduces  Fehling's  solution.  Nitrous  acid  repro- 
duces nitroso  -  methyl  -  imido  -  thiazoline.  — ■ 
B'HCl  2aq.    [220°].    Needles.— B'HBr  2aq. 

THIENONE  is  Di-thienyl  ketone. 

DITHIEN YL  CsH.S,  i.e.  C.H.S.C.H^S.  [83°]. 
(260-'  cor.).  Formed  on  passing  thiophene 
through  a  red-hot  tube  (Nahnsen,  B.  17,  789, 
2197).  Plates  (from  alcohol).  Cone.  H.SO, 
gives  a  reddish-brown  solution  with  deep-green 
fluorescence.  On  warming  with  isatin  and 
H.JSO4  it  gives  a  violet-blue  colour. 

Sulphonic  acid  C8H5S.,(S03H).  Got  by 
heating  with  H,SO,,  (20  pts.)  at  100°.  Yields  a 
crystalline  BaA'„  aq. 

Reference. — Hexa-bromo-dithienyl. 

THIENYL-ACETIC  ACID  C^H.,S.CH,,.CO,H. 
[76°].  Formed  from  C,H3S.CH(0H);C0„H  [115°], 
HIAq,  and  P  (Ernst,  B.  19,  3281).  Crystalline, 
sol.  hot  water,  alcohol  and  other. — Ba'A,  (dried 
at  130°).    Crystals.— AgA'  :  pp. 

Befcreiice. — Oxy-thienyl- acetic  acid. 

THIENYL-ACRYLIC  ACID  C-H,-SO„  i.e. 
C,H,S.CH:CH.CO,,H.  [138°].  Formed"  by 
boiling  thiophenic  aldehyde  with  NaOAc  and 
Ac,,0  (Biedermann,  J3.  19,  1855).  Needles  (from 
water),  sol.  hot  water  and  alcohol.  FeCl,  gives 
an  amorphous  orange  pp. — AgA'  :  white  pp. 

THIENYLAMINE  v.  Amii>o-thiophexe. 

THIENYL-BROMO-ETHANE  v.  Bkomo- 
thienyl-ethane. 

THIENYL-BROMO-ETHYLENE  v.  Bromo- 
thienyl-etiitlexe. 

THIENYL  BROMO-METHYL  KETONE 
C.iHjS.CO.CH.Br.  M-Broino-acetothicnone. 
Formed  by  adding  Br  (2  at.)  to  thieuyl  methyl 
ketone  (1  mol.)  dissolved  in  CS._,  (Brunswig,  B. 
19,  2891).  Pungent  yellow  oil,  may  be  distilled 
in  vacuo.  V.  sol.  alcohol  and  ether.  Solidified 
by  cold.  Alcoholic  NHj  forms  a  deep-blue  colour. 
Oxidised  to  (a) -thiophenic  acid  [126-5°].  Aniline 
yields  C4H,S.C0.CH,,NHPh  [80°]. 

Thienyl  di-bromo-methyl  ketone 
C,H,S.C0.CHBr,,.  [c.  0°].  Formed  from  thienyl 
methyl  ketone  and  Br.     Pungent  oil,  almost 
insol.  ligroin. 

(/3)-THIENYL-CARBIN0L  C,H,S.CH.,0H. 
(207°  cor.).  Formed  by  shaking  (/8)-thiophenic 
aldehyde  with  aqueous  potash  (Biederniann,  B. 
19,  639).  Liquid.  HCl  forms  C^HjS.CH.Cl,  a 
pungent  oil  boiling  with  partial  decomposition 
at  115°. 

THIENYL  CHLORO-ETHANE   v.  Chloko- 

THIENYL-ETnANE. 

THIENYL-CHLOaO-ETHYLENE  v.  Chloro- 

THIENYL-ETnYLEXE. 

(a)-THIENYL  CHLORO-METHYL  KETONE 

C4H3S.CO.CH,,CI.  [47°].  (259°  cor.).  Formed 
by  chlorination  of  thienyl  methyl  ketone  (Peter, 
is.  18,  539).  Pungent  white  crystals.  Yields 
(a)-thiophenic  acid  on  oxidation. 

THIENYL-ETHYL-AMINE  C,jH„NS  i.e. 
C4H3S.CHMe.NH,.  (186°).  Got  by  reducing 
the  oxim  of  thienyl  methyl  ketone  in  alcoholic 
solution  by  adding  sodium-amalgam  and  HOAc 
(Goldschmidt  a.  Schulthess,  B.  20,  1700). 
Liquid,  sol.  water.  Absorbs  C0,_,  from  the  air. — 
B'HOAc.    Needles,  v.  e.  sol.  water. 

Beiisoi/l  derivative.    [95°].  Needles. 

THIENYL  ETHYL  KETONE  C4H3S.CO.C,H,. 
Propiothicnone.  (228°  cor.).  Formed  from  pro- 
piouyl  chloride,  thiophene,  and  AICI3  (Krekeler, 
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B.  19,  677).  Liquid.  Hot  cone.  H.SO^  forms 
propionic  and  thiophene  (a)-sulphonic  acids 
Chromic  acid  mixture  yields  (a)-thiophenic  acid 

Oxim  CjajS.CEtiNOH.  [56°]. 

THIENYL  DIETHYL  PHOSPHINE 
(CjH3S)PEt,.    (225°).    Formed  from  thienyl- 
clrloro-phosphine  and  ZnEtj  in  ether  (Sachs,  B. 
25,  1517). 

Ethylo-iodide  (CjH3S)PEt,I. 

Methylo-iodide  (C,H.,S)PEt,MeI.  [122°]. 
White  powder,  v.  sol.  water  insol.  ether. 

THIENYL-GLYCOLLIC  KClDv.  Ost-thienyl- 

ACETIC  ACrD. 

(a)-THIENYL-GLYOXYLIC  ACID 

C.  H.SO.aqi.e.  C^H,S.CO.CO,H.  [91°].  Formed 
by  oxidising  thienyl  methyl  ketone  with  alkaline 
KMnO^  (Peter,  B.  18,  537  ;  Biedermann,  B.  19, 
637  ;  Bradley,  B.  19,  2115).  Formed  also,  to- 
gether with  thiophene  (a)-carboxylic  acid,  by 
oxidation  of  (a)-ethyl-thiophene  by  alkaline 
KMn04.  Crystals  (containing  aq,  possibly  as 
C4H3S.C(OH),.CO,H),  V.  sol.  warm  water.  Melts  at 
59°  when  hydrated.  May  be  extracted  by  ether 
from  its  aqueous  solution.  If  a  drop  of  crude 
benzene,  followed  by  HjSO^,  be  added  to  its  solu- 
tion in  HO  Ac,  a  brown  colour  is  formed,  which  on 
addition  of  more  H^SO^  passes  through  blue-green, 
green,  violet,  red,  and  bluish-violet  to  blue. 

Bcactions. — 1.  On  heating  it  sijlits  up  into 
CO2  and  thiophenic  aldehyde. — 2.  On  heating 
with  di-methyl-aniUne  and  ZnCl.,  it  yields  the 
leuco-base  of  a  green  dye  C,H.,S.CH(CBHjNMe2)2. 
— 3.  PCI5  forms  thiophenic  chloride. 

Salts.  —  BaA'„  aq.  Slender  efflorescent 
needles,  v.  sol.  water. — CaA'.,  2aq. — CuA'.,  2aq. — 
ZnA'.,2aq. — AgA'aq:  amorphous  pp.,  probably 
C,H,S.C(OH)„.CO.,Ag. 

Methyl  ether  MeA'.    [28- 5°] . 

Ethyl  ether  EtA'.    (265°  uncor.).  Oil. 

Amide  C,B.,S.CO.CO.NH,.  [88°].  Needles, 
almost  insol.  water,  v.  sol.  alcohol  and  ether. 

Oxi7n  C4H,S.C(N0H).C0,,H.  [146°]. 
(Hantzsch,  B,  24,  48).  Slender  white  needles. 
Exhibits  Liebermann's  reaction  (Bradley,  B.  19, 
2119). — BaA'o  l^aq. — AgA' :  amorphous  pp. — 
MeA'.  [105°].  "  Converted  by  NaOMe  and  Mel 
into  Uquid  C4H3S.C(NOMe).CO,Me.  —  EtA'. 
[123°].  Needles. 

Acetyl  derivative  of  the  oxim.  [87°]. 

Phenyl  - hydra  zide 
C4H,S.C(N,HPh).C0,,H.     [165°].  Deep-yellow 
needles  (from  ether). 

Reference. — Nitbo-thientl-glyoxtlic  acid. 

THIENYL  HEXYL  KETONE  C,,H,„SO  i.e. 
C,,H,S.C0.C,H,3.  (304°  cor.).  Formed  from 
thiophene,  heptoyl  chloride,  and  AICI3  in  ligroin 
(Schleicher,  B.  19,  664).  Yellow  oil,  yielding 
(a) -thiophenic  acid  on  oxidation.  Cone.  H.^SO^ 
forms  thiophene  (a)-sulphonie  and  heptoie  acids. 

Oxim  [49°].    Crystals  (from  alcohol). 

THIENYL-INDOLE  C,,H„NS  i.e. 

^>i^K^yO.G,B..,S.  [162°].  Formed  by  heat- 
ing the  phenyl-hydrazide  of  thienyl  methyl 
ketone  with  ZnCl.,  (Brunck,  A.  272,  201).  Light- 
yellow  needles,  insol.  water,  v.  sol.  ether,  m.  sol. 
alcohol.  Colours  pine-wood,  moistened  with 
HCl,  bluish-violet.  Yields  C.^HsBr^NS  [278°] 
and  C„H,CH(C,„H,NS),  [245°].  —  B'C.H^NjO,. 
[137°].  Dark  red  plates,  v.  sol.  alcohol. 
J^itrosamine  C,2Ha(N0)NS.  [241°]. 


DI-THIENYL  KETONE  (C,H,S)„C0.  [88°]. 
(326°  uncor.).  Formed  from  thiophene,  COCL, 
and  AICI3.  Obtained  also  by  distilling  calcium 
o-thiophenate  (Gattermann,  B.  18,  3012). 
Needles  or  plates,  sol.  alcohol. 

Phenyl-hydrazide  [137°]. 

THIENYL  MEECAPTAN(C4H.,S).SH.  (166°). 
Got  by  reducing  thiophene  (o)-sulphinic  acid 
with  zinc  and  HClAq  (Biedermann,  B.  19, 1616). 
Got  also  in  small  quantity  from  succinic  acid 
and  P2S5  (V.  Meyer  a.  Neure,  B.  20,  1757). 
Stinking  oil,  volatile  with  steam. — AgS.C^HjS. 

Acetyl  derivative  (C^H,S).SAc.  (231°). 

Methyl  ether  (C4H3S)SMe.  (186°). 

DI-THIENYL  MEIHANE  CsH^S.,  i.e. 
CH3(C,H3S),.  (267°).  Got  by  adding  H,SO,  to 
a  solution  of  thiophene  and  methylal  in  HOAc 
(Peter,  B.  17,  1345).  Oil,  smelling  like  oranges. 
Volatile  with  steam.  Gives  a  red  colour  with 
isatin  and  H.SOj. 

(a)-THIENYL  METHYL  KETONE  C,H,SO 
i.e.  CjH3S.CO.CH3.  Acetothienone.  (213°  cor.). 
S.G.  #1  1-167.  Formed  from  thiophene,  AcCl, 
and  AICI3  (Peter,  B.  17,  2643  ;  Biedermann,  B. 
19,  636 ;  Bradley,  B.  19,  2115).  Formed  also 
from  C4H3(HgCl)S  and  AcCl  (Volhard,  A.  267, 
178).  Liquid,  smelling  like  acetophenone.  Gives 
a  blue  colour  with  isatin  and  H2SO4.  Oxidised 
by  KMnOjto  (a)-thienyl-glyoxylic  and  thiophenic 
acids.  Mercuric  chloride  and  NaOAc  form  the 
compound  (CH3.CO.C,H3S)HgCL  crystallising 
in  white  needles.  Oxalic  ether  (1  mol.)  and 
NaOEt  give  C,H3S.C0.CH,.C0.C0„Et  [42°], 
which  forms  large  yellow  crystals,  converted  by 
boiling  ■  alcoholic  hydroxylamine  hydrochloride 

into  the  compound  C^HaS.C'^^^"^'^^-''^*  or 

COJIt.C^^^^^-^^^^^  crystalhsing  in  colour- 
less needles  [48°]  (Angeh,  B.  24,  232). 

Oxim  C,H,S(NOH).  [112°]. 

Phenyl-hydrazide  C,H,S(N2HPh).  [96°]. 

Reference. — Bkomo-,    Chlobo-,    Iodo-,  and 

NiTEO-THIENYL  METHYL  KETONE. 

THIENYL  PHENYL  -  AMIDO  -  METHYL 
KETONE  C4H3S.CO.CH.,.NHPh.  [80°].  Formed 
by  mixing  CjH,S.CO.CH..Br  with  anihne  in  al- 
cohol (Brunswig,  B.  19,  2892).  Plates.  Yields  a 
nitrosamine  C4H3S.CO.CH...NPh(NO)  [81°],  and 
acetyl  derivative  CHjS.CO.CHo.NPhAc  [142°]. 

THIENYL  PHENYL  KETONE 
CHaS.CO.C.Hj.  [55°].  (0.  300°).  Formed  by 
the  action  of  AICI3  on  a  mixture  of  thiophene 
and  BzCl  (Comey,  B.  17,  790).  Formed  also  by 
heating  C,H3(HgCl)S  with  BzCl  at  100°  (Volhard, 
A.  267, 179).  Long  needles  (from  dilute  alcohol), 
insol.  water.  Gives  a  blue  colour  on  heating 
with  isatin  and  HjSOj.  Yields  thiophene  and 
benzoic  acid  on  heating  with  soda-lime. 

Oxims  C,H3S.CPh:N0H.  Hydroxylamine 
forms  two  stereo-isomeric  (?)  oxims  [93°]  and 
[114°]  (Hantzsch,  B.  23,  2332  ;  24,  59). 

THIENYL-PHENYL-METHANE 
CH,Ph.C,H3S.  (265°).  Formed  by  the  action 
of  H2SO4  on  a  mixture  of  thiophene  and  benzyl 
alcohol  dissolved  in  HOAe  (Peter,  B.  17,  1346). 
Liquid  with  fruity  smell,  volatile  with  steam. 
Gives  a  red  colour  with  isatin  and  H.^SOj. 

Thienyl-di-phenyl-methane  CHPhj.CjHjS. 
[63°].  (330°- 340°).  Formed  from  thiophene, 
di-phenyl-carbinol,  and  PjO^  (Levi,  B.  19, 1624). 
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Plates  (from  alcohol)  or  needles  (from  ligroin), 
V.  sol.  HOAc,  alcohol,  and  ether.  Crystallises 
from  cold  benzene  in  needles  Ci-HnSC^Hj  [48°]. 

THIENYL  ISOPKOPYL  KETONE 
CjH.,S.CO.CHMe,.  (232°  cor.).  Formed  from 
isobutyryl  chloride,  thiophene,  and  AICI3 
(Krekeler,  B.  19,  675).  Liquid.  Yields  (a)- 
thiophenic  acid  on  oxidation.  Fuming  HoSO., 
reacts  with  formation  of  the  sulphonic  acid 
C.,H,(SO,H)S.CO.CHMe,,  which  yields  the  salts 
BaA'2,  PbA'„,Taq,  and  is  converted  by  phenyl-hydra- 
zine into  C,H„(S03N2HjPh)S.C(N,HPh).CHMe,, 
crystallising  from  hot  water  in  plates. 

Oxim  C,,H3S.C(N0H).CHMe.,.  [108°].  Pearly 
plates  (from  dilute  alcohol). 

THIENYL    STYRYL    KETONE  v.  Stybyl 

THIENYL  KETONE. 

THIENYL  BISULPHIDE  (CjH3S),,S2.  [56°]. 
Formed  by  atmospheric  oxidation  of  a  solution  of 
thienyl  mercaptan  in  alcoholic  NHj  (Meyer  a. 
Neure,  B.  20,  1757).  Needles. 

THIENYL  SULPHOCYANO  -  METHYL 
KETONE  CH„(SCy).CO.C,,H,S.  [88°].  Formed 
from  CHjBr.CO.C^HjS  and  KSCy  in  alcohol 
(Brunswig,  B.  19,  2893).  Plates  (from  ether),  si. 
sol.  water  and  ligroin,  m.  sol.  alcohol. 

DI-THIENYL-THIOPHENE  C,SH.(C,SH,).,. 
[147°].  (357°).  V.D.  8-6.  One  of  the  products 
of  the  passage  of  benzene  and  sulphur-vapour 
through  a  red-hot  tube  (Renard,  C.  E.  112,  49). 
Yellowish  needles  (from  alcohol),  m.sol.  benzene. 
HoSO,  forms  a  rose-coloured  solution,  turned 
violet  and  finally  blue  on  heating.  Fuming  HjSO., 
at  120°  forms  a  trisulphonic  acid,  which  yields 
(C,JE5S3(S03)3)2Ca3  as  an  amorphous  powder,  v. 
sol.  water.  Fuming  HNO3  at  160°  forms 
C,„H,S„0,,  [313°],  crystallising  in  white  plates,  v. 
si.  sol.  "benzene.  Br  forms  CjoHjEraSj  [282°],  and 
amorphous  C|„H„Br^S3. 

THIENYL'  TOLYL  KETONE  C.jH.oSO  i.e. 
CeH.,Me.CO.CiH.,S.  Formed  from  0  -  toluic 
chloride,  thiophene,  and  AlCl,  (Ernst,  B.  19, 
3279).    Oil.    Yields  an  oily  oxim. 

THIO-.  This  prefix  is  employed  to  denote 
the  I'eplacement  of  0  by  S.  Most  inorganic  salts 
of  thio-  acids  are  described  under  the  heading  of 
the  oxy-  salts  ;  thus  tliio-carhonates  are  described 
under  Cmbonates.  In  some  cases  thio-  salts  are 
described  under  the  heading  of  the  characteristic 
element  of  the  salts :  tJiio-arsenates  are  to  be  found 
under  Arsenic.  Certain  thio  -salts  are  described 
under  headings  placed  in  their  strictly  alpha- 
betical position  ;  for  instance,  Thiosdlphates. 
Thiocyanides  are  described  as  Sdlphocyanides. 

The  folloioing  addition  should  be  made  to  the 
sub-article  Thio-oxyobthophosphates  (p.  147). 
By  heating  metallic  chlorides  or  sulphides  with 
excess  of  P.^Ss  Glatzel  has  prepared  a  number  of 
tetrathio  -  oxyorthophosphates,  i.e.  salts  of  the 
hypothetical  acid  H3PS,,  {Zeit.fUr  anorg.  Chcmie, 
4,  186).  These  salts  are  crystalline — generally 
green  to  black  in  colour  ;  they  are  burnt  in  air, 
giving  off  SO, ;  some  are  decomposed  to  sulphides 
and  PjSj,  but  the  mercuric  and  arsenic  salts  dis- 
til unchanged  when  heated  out  of  contactwith  air. 
These  salts  are  insol.  in  dilute  acids ;  they  are 
decomposed  by  strong  acids.  G.  isolated  the 
thiophosphates  of  Sb,  As,  Bi,  Cd,Cu(ous),Fe(ous), 
Pb,  Mn,  Hg(ic),  Ni,  Ag,  Tl,  Sn(ous),  and  Zn  ;  he 
could  not  obtain  the  salts  of  Ca,  K,  Na,  or  Sr. 

M.  M.  P.  M. 


THIOACETAMIDE  CH3.CS.NH0.  [108°]. 
Formed  from  aeetonitrile  and  H,S  (Bernthsen,  4. 
192,  46),  and  from  acetamide  andP„S5  (Hofmann, 
B.  11,  340).  Monoclinic  plates,  v.  sol.  water  and 
alcohol,  m.  sol.  ether.  HgO  forms  HgS.  AgNOj 
gives  Ag,S.  CuSO.,  and  Pb(0Ac)2  give,  on  boiling, 
CuS  and  PbS.  HgCl,  forms  a  crystalline  com- 
pound. a>  -  bromo  -  acetoacetic  ether  forms 
CH3.C(NH).S.CH.,.C0.CH2.C0,Et  [94°],  and 
f    11     q /CMe:N 

nnaiiy  i^<^(.^  :C.CH,.C02Et  (239°),  the  ether 
of  methyl-thiazyl-acetio  acid  [121°]  (Steude,  A. 
261,  36).  The  ether  melting  at  94°  is  converted 
by  warming  with  water  into  the  compound 
CH3.C0.S.CH„.C0.CH3.C0„Et  (155°  at  15  mm.), 
whence  H.,SO,  forms  an  acid  C.HsSO..  [168°]. 

THIO-ACETIC  ACID  CM.SO  i.e.  CH3.CO.SH. 
Mol.  w.  76.  (93°).  S.G.  ^  1-074.  Prepared  by 
distilling  acetic  acid  with  P,,S,,  (Kekul6,  A.  90, 
311;  Ulrich,  A.  109,  272 ; 'Kekule  a.  Linne- 
mann,  A.  123,  273).  Obtained  also  from  AcCl 
and  KSH  (Jacquemin  a.  Vosselmann,  J.  1859, 
354),  by  heating  lead  acetate  with  Na„S..O.j 
(Prohde,  Z.  1866,  543),  and  by  the  action"  of 
KSH  on  an  alcoholic  solution  of  PhSAc  (Kekule, 
Z.  [2]  3, 196).  Colourless  liquid,  turning  yellow 
on  keeping.  Smells  like  acetic  acid  and  H.,S. 
Not  solid  at  —  17°.  M.  sol.  warm  water,  v.  sol.  al- 
cohol and  ether.  Violently  attacked  by  fuming 
HNO3.  PCI,  yields  AcCl,  PSCI3,  and  HCl. 
Its  neutral  solutions  give  pps.  with  AgNO,  and 
HgCL,  which  quickly  turn  black.  Molten  ZnCl, 
forms  CMeiSj-CMe  [225°],  which  may  be  crystal- 
lised from  hot  alcohol  (Bongartz,  B.  19,  2182). 
HCl  passed  into  a  mixture  of  thio-acetic  acid 
and  benzoic  aldehyde  forms  (CH3.CO.S)2CHPh 
[148°],  crystallising  from  hot  ether  in  slender 
needles. 

Salts. —KA'.  Crystals,  v.  sol.  water  and 
alcohol. — NaA'  |aq.— BaA',  3aq.  —  SrA'„  2aq. — ■ 
CaA'„  2aq. — PbA',.  Silky  needles  (from  hot 
water  or  alcohol).  Quickly  decomposes,  with 
separation  of  PbS. 

Methyl  ether  MeA'.  (96°).  Formed  by 
heating  AcBr  with  Me.,S  at  100°  (Cahours,  Bl. 
25,  562;  Wallach  a.  Bleibtreu,  B.  12,  1062). 
Formed  also  from  AcCl  and  Pb(SMe),  (Ober- 
meyer,  B.  20,  2920). 

Ethyl  ether  EtA'.  (116°  i.V.).  Formed 
from  AcCl  and  NaSEt  (Saytzeff,  Z.  [2]  4,  642 ; 
Beckmann,  J.pr.  [2]  17,  461).  Formed  also  from 
PhOAo  and  NaSEt  (Seiffert,  J.  pr.  [2]  31,  468). 
Colourless  liquid,  with  alliaceous  odour.  Oxi- 
dised by  AgMnO,,  to  acetic  acid  and  ethane  sul- 
phonic acid. 

n-Propyl  ether  PrA'.  (136°). 

Isopropyl  ether  PrA'.  (126°). 

Isobutyl  ether  CH,PrA'.  (149°). 

Anhydride  v.  Acetyl  sulphide. 

Thio-acetic  acid  CH3.CS.OH. 

Amide  v.  Thioacetamide. 

Anilide  CH,,.CS.NHPh.  [75°].  Formed 
from  CHj.CChNPh  and  H,,S  (Leo,  B.  10,  2134) 
Prepared  by  heating  acetanilide  with  P.jS^  at 
100°  (Hofmann,  B.  11,  339  ;  Jacobsen,  B.  19, 
1071).  Yellowish  needles  (from  water).  Sul. 
NaOHAq  and  reppd.  by  acids.  On  oxidation 
with  alkaline  KiFeCy^  it  yields  ethenyl-amido- 
phenyl  mercaptan.  Mel  forms  CgH^NSMel  or 
(CH3.CS.NPhMe)HI  [139°],  which  yields  an 
aqueous  solution  from  which  AgNOj  at  once 
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ppts.  Agl,  and  -which  is  converted  by  AgCl  into 
C^HgNSMeCl,  whence  (CsH.NSMeC^^PtCl^  may 
be  got  (Bernthsen,  A.  192,  56).  Na'OEt  forms 
CH:3.C(SNa):NPh,  whence  Mel  yields  the  ether 
CH3.C(SMe):NPh  (245°)  (Wallach  a.  Bleibtreu, 
B.  12,  1061 ;  13,  529),  which  is  decomposed  by 
Mel  at  100°  into  methyl  thioacetate  and  methyl- 
aniline.  NaOEt  and  EtBr  yield  the  correspond- 
ing CH3.C(SEt):NPh,  a  heavy  oil,  insol.  alkalis, 
split  up  by  warm  HClAq  into  thioacetic  ether 
and  aniline.  '  Ethyl-iso-thioacetanilide  '  yields 
(C,„H,3NS),H,PtCl,. 

Methyl  anilide  CH3.CS.NMePh.  [59°]. 
(290°).  Formed  from  AcNMePh  and  P.^S^  (Wal- 
lach, B.  13,  528).  Monoclinic  tables,  v.  sol. 
alcohol. 

o-Toluide  CH.,.CS.NHC-H,.  [68°].  Yields 
CH3.C(SEt):NCeH.,Me  (262°),  an  oil  which  reacts 
with  bases  forming  amidines  and  EtSH. 

p-Toluide  [132°].    Yields  oily 
CH3.C(SEt):NC,H,.  (273°)  (Wallach  a.  Wiisten, 
B.  16,  147). 

Xylidide  CH3.CS.NHC„H3Me,.  [80°]  (G.) ; 
[95°]  (Jacobsen).  Formed  by  heating  acetyl- 
xylidiue  with  PoSj  on  the  water-bath  (Gudeman, 
B.  21,  2551). 

^-Ctiviidide  CH3.CS.NHC,,H„Me3.  [114°]. 
Prisms  (Jacobsen  a.  Elley,  B.  22,  9'07). 

{a).Naphthalide  CH3.CS.NHC,<,H,.  [96°]. 
Tables.  Formed  from  naiahthyl-acetamidine 
and  CSj  (Bernthsen  a.  Trompetter,  B.  11,  1760). 

(0)-Nai)hthalide.  [146''].  Needles  or  plates 
(Jacobsen,  B.  21,  2627).    Oxidised  by  li^eCj^ 

to  C,„H,<^^CMe  [81°]. 

Tri-thio-ortho-acetic  acid  CH3.C(SH),,. 

Ethyl  ether  CH3.C(SEt)3.  Formed  from 
mercaptan,  CHCI3,  and  NaOH  at  100°  (Laves, 
B.  25,  354).  Brownish  liquid.  Oxidised  by 
KMn04  and  H.,SOi  to  the  trisulphone. 

Benzyl  'ether  CH3.C(SC,H,)3.  [46°]. 
Formed  from  benzyl  mercaptan,  CHCI3,  and 
(2  p.c.)  NaOHAq  (Laves).  Crystals,  v.  sol. 
CHCI3,  m.  sol.  alcohol. 

THIO-ACETIC  ALDEHYDE.  On  passing 
IljS  into  an  aqueous  solution  of  aldehyde,  crude 
thioacetic  aldehyde  separates  as  an  oil,  which 
sohdities  at  —  8°,  and  then  melts  at  —  2°.  This 
oil  [V.D.  60  (H  =  1)]  is  a  mixture  of  thioacetic 
aldehyde  and  its  polymerides,  and  may  be  repre- 
sented, in  a  state  of  vapour,  as  C.JI|S  +  C^^„Q^ 
(Pinner,  B.  4,  258;  Klinger,  S."9,  1893;  iO, 
1877  ;  11,  1023).  On  distillation,  or  on  passing 
HCl  through  the  liquid,  it  is  converted  into  the 
polymeric  tri-thio-tri-acetic  aldehyde. 

Tri-thio-tri-acetic  aldehyde  CjHi.Sj.  Mol. 
w.  180.  [46°].  V.D.  89-7  (calc.  90)  (Hof- 
mann,  B.  3,  589;  Z.  [2]  6,  699).  Formed  by 
passing  H.,S  into  an  acid  solution  of  aldehyde 
(Khnger  ;  'cf.  Weidenbusch,  A.  66,  152  ;  Crafts, 
G.  B.  64,  1279).  Formed  also  from  paraldehyde 
and  H„S.  White  needles,  sol.  alcohol  and  ether. 
Smells  like  garlic.  AgNOj  added  to  its  alco- 
holic solution  forms  crystalhne  C„H,oS32AgN03. 
Chlorine  forms  ethylidene  chloride  (Pinner,  A. 
179,21).  KMnO,  oxidises  it  to  CH3.CH(S03H)2 
and  oxysulphides,  including  C,H|,S303  [217°], 
which  crystallises  from  hot  water  in  needles 
(Guareschi,  A.  222,  301).  Zinc  permanganate 
produces  C^Hi^SaOj,  which  does  not  melt  below 


245°,  C.H.^SjO,  [112°-116°i,  and  C.Hi^SsOi 
[228°-231°]  {cf.  Baumann,  B.  26,  2074). 

(a).Tri-thio-tri-acetic  aldehyde  C^HijSj  i.e. 

CHMe<;g^^^jg>S.   [102°].    (247°).   V.D.  6 

(air  =  l).  Formed  by  the  long-continued  action 
of  HjS  on  a  mixture  of  equal  parts  of  water,  cone. 
HClAq  and  aldehyde.  Longprisms  (from  acetone). 
Eeduced  by  HI  to  Et.,S.,.  Oxidised  by  KMnO^ 
to  C,H,„S304  [284°]   (S.  1  at  100°;  -116  at 

20°),  and  C,B,,,S30,  or  C,,H,<|^--^=g^>S0„, 

which  softens  at  340°  and  is  converted  by 
Mel  into  C,Hi3S30,  [302°].  Yields  crystalhne 
C,H,„S3AgN03  and  C,H,„S33AgN03. 

(/8)-Tri-thio-tri-acetic  '  aldehyde  CsH,.,S3. 
[126°].  (247°).  V.D.  6-0.  Formed  by  the  ac- 
tion of  AcCl  or  H2SO4  on  its  (a)- isomeride.  Pre- 
pared by  passing  H.,S  into  a  mixture  of  aldehyde 
(1  pt.)  and  alcohol  previously  saturated  with 
HCl  (3  pts.)  (Baumann  a.  Fromm,  B.  22,  2600  ; 
26,2074).  Long  needles  (from  alcohol).  Oxidised 
by  KMn0.i  to  the  same  sulphones  as  the  (a)- 
isomeride.  Eeacts  with  Mel,  yielding  SMe3l. 
Distillation  with  Cu  forms  (f'-butylene.  Forms 
crystalline  C,H,.S3AgN03  andC,H,„S33AgN03. 

(7)-Tri-thio-acetic  aldehyde  CsH,„S3.  [76°]. 
(242°).  Formed,  together  with  C5H9NS3,  by 
boiling  thialdine  sulphocyanide  with  water 
(Marckwald,  B.  19,  1827;  20,  2817).  Needles 
(from  alcohol),  insol.  water,  v.  sol.  ether  and 
CS,.  Volatile  with  steam.  Sol.  cone.  H^SOj 
and  reppd.  by  water.  When  mixed  with  EtI 
(4  pts.)  and  left  for  some  weeks  it  suddenly 
changes  to  a  crystalline  mass  of  the  (j3) -iso- 
meride. C„H,,S33AgN03.  Plates,  v.  sol.  water. 
Yields  AgjS  on  boiling  with  alcohol. 

'  Di  -  thialdehyde  thiocarbimide  ' 
CsHjNSj.  [138°].  Formed  as  above.  Needles, 
m.  sol.  ether.  Yields  C^H^NSaAgNOa  v.  sol. 
water,  and  (C5H9NS3),PtCl,. 

Di-thio-acetic  orthoaldehyde.  Ethyl 
ci/ier  CH3.CH(SEt)o.  Formed  by  passing  HCl 
into  a  mixture  of  acetic  aldehyde  and  EtSH 
(Baumann,  B.  18,  884).    Mobile  oil. 

THIOACETIC  ANHYDKIDE  v.  Acetyl  sul- 
phide. 

THIO-ACETONE  '<CH3.CS.CH3.  A  product 
of  the  action  of  H,S  on  acetone,  and  formed  also 
when  CMe„(SEt)„'is  heated  above  160°  (Bau- 
mann a.  Fromra,  B.  22,  2592).  Volatile  oil, 
with  very  persistent  and  disagreeable  smell.. 
Unstable. 

Duplo-thioacetone  C,H„S,  i.e.  S<^^^g->S. 

V.D.  5-08  (calc.  5-11).  (184°  cor.).  Formed  by 
heating  acetone  with  P..S.^  at  125°  ( Wislicenus,  Z. 
[2]  5,  324;  Autenrieth,  B.  20,  375).  Formed 
also  by  heating  tri-thio-tri-acetone  at  200°  for 
some  time  (Fromm  a.  Baumann,  B.  22,  1043). 
Oil.  Its  alcoholic  solution  gives  a  white  pp. 
with  HgCL.  Eeduced  by  sodium-amalgam  to 
isopropyl  mercaptan  ( Spiring,  Bl.  [2]  40,  69). 
Oxidised  by  a  5  p.c.  solution  of  KMnO,,  to  the 

disulphone  SO„<^^^jg->SO.,  [220°-225°]. 

Tri-thio-tri-acetone  C9H,sS3  i.e. 

S<cSJg;|>CMe,.   [24°].    (130°  at  15  mm.). 

Formed,"  together  with  C.^HosS.,  [171°],  by  pass- 
ing H2S  into  a  cooled  mixture  of  acetone  and 
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cone.  HClAq  (Fromm  a.  Baumann,  B.  22,  1037, 
2597).  Needles  (from  alcohol)  ;  insol.  water,  v. 
sol.  alcohol  and  ether.  Boils,  with  much  de- 
composition, at  225°-230°.  Gives  a  white  pp. 
with  HgClo  and  a  yellow  pp.  with  lead  acetate. 
Potassium  permanganate  and  H^SOj  yield  the 

trisulphone  SO,<^^jg--gQ-^>CMe,,   [302°]  and 

S<CMe:.la>CMe.  [208°]. 

Duplo-di-thio-acetone  (Me^CS,.),.  [98°]. 
(c.  243°).  Formed  from  acetone  and  yellow 
ammonium  sulphide  in  the  cold  (Willgerodt,  i?. 
20,  2467).  Dimetric  crystals,  a:c  =  1:  -868,  insol. 
water.    Partially  decomposed  on  distillation. 

Di-thio-orthacetone.  Di-etliyl  ether 
CMe,,(SEt),,.  Acetone-ethyl-mercaptol.  (191°). 
Formed  by  passing  dry  HCl  into  a  mixture  of 
acetone  (1  pt.)  andmercaptan  (2  pts.)  (Baumann, 
B.  18,  887).  Liquid. 

Di-phanyl    ether    CMe,,(SPh),, ;    v.  Di- 

PHENYL-PEOI'YLIDENE  DISULI'HIDJO. 

THIOACETONURAMIC  ACID  v.  Acetonyl 

THIOCARBAMATE. 

THIO  -  ACETOPHENONE  C„H,.CS.CH3. 
[119-5°].  Formed  by  the  action  of  alcoholic 
ammonium  sulphide  on  acetophenone  (Engler, 

B.  11,  930).  Colourless  leaflets  or  needles, 
insol.  water,  si.  sol.  alcohol,  v.  sol.  ether.  May 
be  sublimed. 

THIO-ACETYL-TOLUIDINE  v.  Toluidc  of 
Thio-ai'etic  acid. 

THIO-ALLOPHANIC  ACID.    Ethyl  ether 

C,  H,N,SO,  i.e.  NH.,.CO.NH.CO.SEt.  [180°]. 
Formed  by  heating  urea  with  Cl.CO.SEt  at 
80°-90°  (Peitzsch  a.  Salomon,  J.pr.  [2]  7,477). 
Pearly  needles  (from  water),  v.  si.  sol.  cold 
water  and  alcohol.  Aqueous  NH^  at  100°  forms 
biuret  and  mercaptan.  Boiling  baryta-water 
gives  allophanic  acid  and  mercaptan.  Aniline 
yields  di-phenyl-biuret  and  mercaptan. 

Isoaviyl  ether  NH.,.CO.NH.CO.SC.H„. 
[176°].  Needles  (Schone,  J.  pr.  [2]  32,  251). 
AcCl  yields  an  acetyl  derivative  [85°]. 

Phenyl  ether  [218°]  (Gattermann,  A. 
244,  43). 

Isothio-allophanic  ether  NH^.CS.NH.CO.Et. 

[170°-175°].  Formed  by  the  action  of  thio-urea  on 
COCl.CO,,Et  (Peitzsch,  B.  7,  896).  Prisms  (from 
alcohol). 

Di-thio-allophanic  ether  NH  ..CS.NH.CO.SEt. 
Formed  from  KSCy,  alcohol,  and  HCl  (Blan- 
kenhorn,  J.  pr.  [2]  16,  358).  Pearly  prisms, 
insol.  cold  water,  sol.  hot  ether.  Alcoholic  NH,, 
at  150°  forms  thio-urea.  Baryta-water  yields 
mercaptan,  CO.,,  and  thio-urea. 

DI-THIO-AMMELIDE  C,H,N,S.,  i.e. 
C,N,(NH,)(SH).,.  S.  -3  at  100°.  Formed  by  boil- 
ing pseudosulphocyanogen  C3HN.JS.J  with  KSH  or 
ammonium  sulphide  solution  (Jamieson,  A.  59, 
339  ;  Ponomareff,  J.  B.  8,  222).  Small  needles, 
nearlyinsol.  cold  water,  alcohol  and  ether,  v.  sol. 
aqueous  ammonium  sulphocyanide.  Acid  in  re- 
action, decomposing  carbonates. 

Reactions. — 1.  Yields  cyanuric  acid  when 
heated  with  HClAq.— 2.  NH.Aq  forms  melamine 
CjHijN,,  by  heating  in  a  sealed  tube. 

Salt  s.— NaHA"  li  aq.  Tables.— KHA"  2aq. 
White  prisms,  v.  e.  sol.  water  and  alcohol. — 
MgH,A".,6aq.  —  CaH„A".,2aq.  —  BaH.,A",,6aq.— 
BaH"A"J5aq.    Monociinic  crystals,  si.  sol.  cold 


'  water. — SrH^A".^4aq.— AgHA".    Flooculent  pp., 
insol.  water. 

Methyl  ether  a,N,(NH,,)(SMe)o.  [200°]. 
Formed  by  heating  C.,iSf.,(SMe).,  with '  alcoholic 
NH3  for  five  hours  at  100°  (Hofmann,  B. 
18,2756).  Trimetric  tables,  v.  si.  sol.  water,  v. 
sol.  alcohol.  Boiling  cone.  HClAq  forms  MeSH, 
cyanuric  acid,  and  NHj. — B'HAuCl,.  Needles. 

Ethyl  ether  Et,,A".  [112°].  Formed  by 
heating  tri-thio- cyanuric  ether  with  alcohol  NH,, 
at  180°  (Klason,  J.  pr.  [2]  33,  298).  Trimetric 
prisms.    Converted  by  acids  into  ammehde. 

Isoamyl  ether  {C,^^^).,k".  [82°]. 
f  Di  -  thio  -  methyl  ammelide  di- methyl 
ether  Cy3(NHMe)(SMe)„.  [175°].  Formed  by 
heating  Cy.,(SMe)3  with  'aqueous  NMeH.,  (Hof- 
mann, B.  is,  2761).  Needles  or  prisms  (from 
dilute  alcohol). 

THIO-AMMELINE  C.H.N^S  i.e. 

C(SH)^J5;CgJJ.)^N.    S.  -77   at    100°  (K.)- 

Formed  by  adding  HCl  to  an  aqueous  solution 
of  dicyan-diamide  and  ammonium  sulphocyanide 
at  100°  (Eathke,  B.  18,  3106  ;  20,  1059 ;  23, 
1675).  Formed  also  from  C,,N3(NH„)„C1  and  KSH 
(Klason,  J.  pr.  [2]  33,  296)  and  'by  heating 
4'-sulphocyanogen  with  cone.  NH^Aq  at  100° 
(Ponomareff,  C.  R.  80,  1384).   Needles,  si.  sol. 
hot  water,  v.  sol.  acids  and  alkalis.     Yields  a 
canary-yellow  pp.  on  boiling  with  ammoniacal 
CuSOj.  Cone.  HClAq  at  130°  yields  cyanuric  acid, 
j  H„S,  andNHj.  Ethylenebromide forms  crystalline 
!  Cj'HjN^SHBr.     Cone.   NH,,Aq  at  200°  forms 
j  melamine.    Boiling  NaOHAq  yields  ammeline. 

Ammoniacal  silver  nitrate  ppts.  C^HjN.SAg  and 
I  CjHjNjSAg,.  Bromine  added  to  a  solution  of 
thio-ammeline  in  HBrAq  forms  S.,(C,,N.,(NH._,).,)„, 
'  which  dissolves  in  alkalis,  and  is  split  up  by 
boiling  with  acids  into  ammeline,  thio-ammeline, 
and  S. 

SaZ  i's.—B'HNOj.  Needles.— B',,H,S0,,3aq. 
— B'„H.,C.,0^aq.    Needles,  v.  si.  sol.  cold'  water. 

Methyl  ether  MeA'.  [268°].  Formed  by 
heating  tri-methyl  tri-thiocyanurate  for  five 
hours  with  cone,  alcoholic  NH, at  100°  (Hofmann, 
B.  18,  2757).    Tables  (from  water).— B'.,H„PtClj. 

Ethyl  ether  EtA'.  [165°]. 

Isoamyl  ether  CjH„A'.  [178°]. 

ii(?/t'renc('.— Tki-phenyl-thio-ammelime. 

THIO -ANILINE  v.  Di-amido-di-phenyl  sul- 
phide. 

THIOANISOIC  ACID  (so  called)  C,„H,.,SO,. 
Got  by  boiling  anethol  with  HNO3  (S.G.  1-1),  dis- 
tilling the  product  and  shaking  the  fraction  215°- 
245°  with  cone.  NaHSO.,Aq  and  some  alcohol 
(Stadeler  a.  Wachter,  A.  116,  163).  Crystalline 
(containing  2aq),  v.  e.  sol.  water,  alcohol,  and 
ether. — NH,A'aq. — NaA'aq.  S.  15  in  the  cold. — 
BaA'.,3aq.  S.  8-5  in  the  cold.— CaA'„2aq.— 
MgA'.,  5aq. — AgA'.    Plates,  m.  sol.  water. 

THIOBENZAMIDE  v.  Amide  of  Thiobenzoic 

ACID. 

(a)-THIO-BENZOIC  ACID  C,H,.CO.SH.  Mol. 
w.  138.    [c.  24°]. 

Formation. — 1.  From  BzCl  and  alcoholic 
K.,S  (Engelhardt  a.  Latschinoff,  Z.  [2]  4,  353).— 
2.' By  boiling  EtOBz,  PhOBz,  and  Bz.O  with 
alcoholic  KSH. 

Properties. — Yellow  oil  or  white  crystalline 
mass  with  unpleasam  smell,  volatile  with  steam. 
!  Decomposed  by  distillation.    V.  sol.  alcohol  and 
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ether.  Its  solutions,  when  exposed  to  air,  de- 
posit crystals  of  BZoSj.  Nitric  acid  also  oxidises 
it  to  benzoyl  disulphide.  A  neutral  solution 
gives  with  CuSOj  a  greenish-yellow  pp.,  turning 
bright  red  ;  the  pp.  then  containing  BzjS„. 

Salts. — KA'.  Large  prisms  (from  alcohol), 
V.  sol.  water. — NaA'. — BaA',  xa,q.  Laminae  (from 
alcohol). — PbA'„. — AgA'.    Yellowish-white  pp. 

Methyl  ether  C^Hj.COSMe.  (232°). 
Formed  from  Pb(SMe)„and  BzCl  (Obermeyer,  B. 
20,  2922). 

Ethyl  ether 'Etk'.  (243°).  Formed  by  the 
action  of  BzCl  on  Pb(SEt).,  in  presence  of  ether 
(Tiitscheff,  Peter sh.  Acad.  Bull.  5,  295),  and  got 
also  by  boiling  AgA'  and  EtI,  and  from  PhOBz 
and  NaSEt  (Seiffert,  J.  pr.  [2]  31,  471).  Oil, 
with  unpleasant  smell,  sol.  alcohol  and  ether. 
BoiUng  alcoholic  KOH  forms  KOBz  and  KSEt. 
AlcohoHc  KSH  yields  KSBz  and  KSEt.  Oxidised 
by  AgMn04  to  benzoic  and  ethane  sulphonic  acids 
(Beckmann,  J.pr.  [2]  17,  464). 

Isoamyl  ether  C,H„A'.  (271°). 

Phenyl  ether  P'hS.Bz.  [.56°].  Formed 
from  phenyl  mercaptan  and  BzCl  (Schiller  a. 
Otto,  S.9,  1685).    Needles  (from  benzene). 

Di-nitro-phenyl  ether  CeH3(N02).vA.'. 
[113°].  Formed  from  (a)-chloro-9)i-di-nitro- 
benzene,  alcoholic  KSH,  and  BzCl  (Willge- 
rodt,  B.  18,  328).    Needles  (from  alcohol). 

Benzyl  ether  C,H,A'.  [39-5°].  Formed 
from  benzyl  mercaptan  and  BzCl  (Otto  a.  Liiders, 

B.  13,  1285).  Triclinic  crystals,  yielding 
PhCHo.SO^H  on  oxidation. 

p-Toiyl  ether  C,H,A'.    [75°]  (S.  a.  0.). 

Anhydride  v.  Benzoyl  sulphide. 

(;3)-Thio-benzoic  acid  CgHj.CS.OH.  Formed 
by  boiling  thiobenzoic  aldehyde  with  nitric  acid 
(S.G.  1-3)  (Fleischer,  A.  140,  2.34).  Needles 
(containing  ^aq),  sol.  alcohol  and  benzene.  More 
sol.  hot  water  than  benzoic  acid.  When  heated 
strongly  it  blackens  without  melting. — BaA'2  4aq. 
Small  nodules,  v.  sol.  water  and  ppd.  by  alcohol. 

^wiicZeCsHj.CS.NH,.  Thiobenzamide.  [116°]. 
Formed  by  passing  HoS  into  an  alcoholic  solution 
of  benzonitrile  containing  a  little  NH„  and 
heating  on  a  water-bath  (Cahours,  C.  R.  27, 329  ; 
Bernthsen,  B.  10,  1241 ;  A.  192,  49 ;  Gabriel  a. 
Heymann,  B.  23, 157).  Formed  also  by  heating 
benzylamine  (2  mols.)  with  S  (1  mol.)  at  180° 
(Wallach,  A.  259,  304).  Long  needles  (from  hot 
water).  Decomposed  by  HgO,  yielding  HgS  and 
benzonitrile.  Sodium-amalgam  acting  on  its 
alcoholic  solution  forms  amorphous  thiobenzoic 
aldehyde,  benzonitrile,  benzylamine,  and  benzoic 
aldehyde.  Iodine  added  to  its  alcoholic  solution 
reacts  with  formation  of  di-benzenyl-azo-sulphim 

C,  H,.C<^^^^C.G,H5,    crystallising     in  long 

colourless  needles  [90°]  converted  by  boiling 
H.,SO^  into  a  base  CnH,,N2  [71°],  which  yields 
B';H.,PtCl,  (Hofmann,  B.  2,  645  ;  B.  25,  1587  ; 
Wanstrat,  B.  6,  335).  Zinc  and  HCl  reduce  thio- 
benzamide in  alcoholic  solution  to  benzylamine. 
Hydroxylamine  forms  C„H,.C(N0H).NH2. 
Ethylene  bromide  at  100°  forms  the  compound 
C2H,(S.C(NH)C„H5),2HBr  [233°]  decomposed  by 
boiling  water  into  "C2H|(SBz),  (Gabriel  a.  Hey- 
mann, B.  24,  783).  Chloral  (1  mol.)  forms,  on 
warming,  a  compound  CpHgCljNSO  or 
C6H,.CS.NH.CH(OH).CCl3  (?)    crystallising  in 


silky  plates  [104°],  si.  sol.  water,  v.  sol.  alcohol 
(Spica,  G.  16,  182). 

An  Hide  C„H,.CS.NHPh  or  CsH,.C(SH)  :NPh. 
Thiobenzanilide.  [102°].  Formed  by  the  action 
of  P2S5  (1  pt.)  on  benzanilide  (2pts.),  and  by 
heating  phenyl-benzamidine  or  s-di-phenyl- 
benzamidine  CPh(NPh)(NPhH)  with  H,S  or  with 
CS2  (Bernthsen,  B.  11,  503  ;  A.  192,  31).  Formed 
also  by  passing  H,S  into  a  solution  of 
CsHj.CChNPh  in  benz'ene  (Leo,B.  10,  2133),  and 
from  benzophenone  oxim  and  P^Sj  (Dodge,  A. 
\  264,  184).  Obtained  by  heating  benzyl-aniline 
I  (1  mol.)  with  S  (2  at.)  at  220°  as  long  as  H,S 
escapes  (Wallach,  A.  259,  301).  Thin  prisms 
(from  EtOAc),  nearly  insol.  boiling  water,  v.  sol. 
alcohol  and  ether.  V.  sol.  KOHAq.  Converted 
into  benzanilide  by  heating  with  dry  PbO  or 
I  with  alcoholic  potash  at  150°.  Yields  benzenyl- 
o-amido-phenyl-mercaptan  on  dry  distillation,  on 
heating  with  S,  and  also  on  treatment  in  alkaline 
solution  with  KjFeCyg  (Jacobsen,  B.  19,  1068). 
Hydroxylamine  yields  CeH5.C(N0H).NHPh. 

o-Toluide  C,H5.CS.NHC„H4Me[l:2].  [86°]. 
Formed  by  melting  BzNHCsH^Me  with  PjSj 
(Stieglitz,  B.  22,  3160).  Yellow,  six-sided  prisms 
(from  benzene).  Hydroxylamine  in  alcohol  forms, 
on  heating,  C,H5.C(N0H).NHCjHj  [147°],  crys- 
tallising in  needles. 

pi-ToliUde.  [129°].  Formed  in  like  manner 
(Miiller,  B.  22,  2405),  and  also  by  the  action  of 
H^S  on  CgHs.CChNCjH,  (Leo,  B.  10,  2134  ; 
Plitzinger  a.  Gattermann,  B.  22,  1065),  and  by 
heating  ^-tolyl-benzamidine  with  CSj  (Bernth- 
sen a.  Trompetter,  B.  11,  1759).  Long  yellow 
needles,  insol.  water,  v.  sol.  alcohol,  ether,  and 
NaOHAq. 

Xylide  CsHj.CS.NHC.HjMe^.  [90°].  Formed 
by  heating  the  benzoyl  derivative  of  (4,2,1)- 
xylidine  with  P^Sj  (Gudeman,  B.  21,  2552). 
Small  needles   (from  alcohol).     Oxidised  by 

KjFeCys  to  oily  C,H2Me2<^g^CPh. 

Di-phenyl-amide  CsH^.CS.NPhj.  [151°]. 
Triclinic  crystals  (Bernthsen,  A.  192,  37). 

(a)  Naphthalide  v.  vol.  iii.  p.  474. 

Di-thio-benzoic  Acid  C^Hj.CS.SH.  Formed 
by  adding  an  alcoholic  solution  of  K,S  to 
CeHs.CCla  (Engelhardt  a.  Latschinoff,  Z.  [2] 
4,  455  ;  Klinger,  B.  15,  862).  Heavy,  red  oil,  v. 
sol.  alcohol  and  ether.  Its  dilute  ethereal  solu- 
tion is  crimson.  Eesinifies  when  exposed  to  air. 
— PbA'j.  Thin  orange-red  needles  (from  alcohol 
or  xylene).- — HgA'j.  Golden  plates  (from  alcohol). 
— AgA'.    Brown  pp.,  insol.  water  and  benzene. 

References.  —  Oxs-xhio-benzoio  acid  and 
Amido-thio-benzamide. 

(o) -THIO-BENZOIC  ALDEHYDE  C.H^.CHS. 
Benzylidene  sulphide.  Formed  by  passing 
H.,S  into  an  alcohohe  solution  of  benzoic 
aldehyde  (Laurent,  4.  Ch.  [3]  1,  292;  Klinger, 
B.  9,  1896 ;  15,  863  ;  Bottinger,  B.  12,  1056), 
or  of  hydrobenzamide  (Cahours,  C.  22.25,457). 
White  amorphous  powder,  softening  at  85°,  de- 
composed at  a  higher  temperature.  Insol.  water 
and  cold  alcohol,  v.  e.  sol.  benzene  and  chloro- 
form. Does  not  combine  with  KHSO3  or  HCy. 
Potash-fusion  yields  benzyl  mercaptan.  On 
heating  with  copper  it  forms  CuS  and  s-di-phenyl- 
ethylene.  Alcoholic  KSH  on  heating  forms 
Ph.CS.SK  and  di-benzyl  disulphide.  Thiogly- 
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collie  cacid  forms  C,H5.CH(S.CH,.C0,H),.  [124^ 
(Bongartz,  B.  21,  479). 

(/3)-Thio-benzoic  aldehyde  (CeH-,.CHS):r. 
[22.5°].  Formed  from  the  (a)-  iaomeride  by- 
treatment  with  AcCl,  EtI,  or  a  little  iodine  in 
benzene  (Klinger,  B.  10,  1877).  Prepared  by 
passing  H.^S  into  a  mixture  of  benzoic  aldehyde 
and  alcoholic  HCl  (Baumann  a.  Fromm,  B.  22, 
2604).  Needles.  Crystallises  from  benzene  as 
(C,H„S)3C^H„  and  gives  off  its  benzene  at  130°- 
140°.  V.  sol.  hot  HOAc,  m.  sol.  alcohol.  On 
heating  with  copper-powder  it  yields  CuS  and 
di-phenyl-ethylene.  An  oily  compound 
(CjH5S),fl;S  is  formed,  together  with  benzyl  di- 
sulphide  and  di-thio-benzoic  acid,  by  the  action 
of  alcoholic  KSH  on  benzylidene  chloride 
(Klinger,  B.  15,  864).  This  compound  yields 
benzoic  acid  on  treatment  with  dilute  HNO,. 

(7)-Thio-benzoic  aldehyde  C.H^CHS.  [167°]. 
Occurs  in  the  benzene  mother-liquor  in  the  pre- 
paration of  the  (/3)-  isomeride  (B.  a.  F.).  Small 
pointed  needles,  much  more  sol.  benzene  and 
chloroform  than  the  (/3) -modification,  si.  sol. 
alcohol  and  ether.  Its  crystals  do  not  contain 
benzene  of  crystallisation.  By  adding  iodine  to 
its  solution  in  benzene  it  is  changed  to  the 
(fi)-  isomeride. 

Thio-benzoic  orthaldehyde  G„H:..CH(SH)„. 

Methi/l  ether  C,B.,.CTI(SMe).t  Formedby 
passing  HCl  into  a  mixture  of  benzoic  aldehyde 
and  MeSH  (Bongartz,  B.  21,  487).  Oil.  Oxi- 
dised by  KMnO^  to  C,H..CH(SO.,CH3)2  [163°]. 

Ethyl  ether  C^'H.yCB.iSm)^.  Oil  (Bau- 
mann, B.  18,  885). 

p-Bromophenyl  ether 
C„H^.CH(SC,HjBr),.   [80°].  Silky  needles  (Bau- 
mann, B.  18,  885). 

Reference. — Niteo-thio-benzoic  aldehyde. 

THIO-BENZOPHENONE  C.H^.CS.CsH-,. 
Formed  by  heating  CSCU  (5g.)  with  benzene 
(25  g.)  and  AICI3  (9  g.)  (Bergreen,  B.  21,  337). 
Eeddish-brown  oil,  v.  sol.  ether,  benzene,  and 
hot  alcohol.  Decomposed  by  distillation.  Ee- 
acts  with  hydroxylamine,  forming  Ph2C:N0B[ 
and  with  phenyl-hydrazine,  with  production  of 
CPh,:N„HPh. 

fhio  -  henzophenone  (CSPh„)^.  [146-5°]. 
Formed  from  CCl^Ph.  and  KoS  (Engler,  B.  11, 
922).  Small  white  needles.  Converted  by  CrO., 
and  HOAc  into  henzophenone.  Does  not  react 
■with  hydroxylamine  or  phenyl-hydrazine. 

THiO-BENZOYL-(a)-NAPHTHYLAMINE  v. 
vol.  iii.  p.  474. 

THIOBENZPINACONE  C^H^.S,.  i.e. 
CPh,(SH).CPh,,(SH)  or  "OPh,,H.S.S.CPh,,H. 
[151°].  Formed  from  henzophenone  by  the 
action  of  alcoholic  ammonium  sulphide  (Engler, 
B.  11,  922)  or  P^S,  (.Japp  a.  Koschen,  C.  J.  49, 
479),  and,  together  with  thiobenzophenone,  by 
the  action  of  KSH  on  C,;H,,.CC1,,.C,,H3  (Behr,  B. 
5,  970).  Formed  also  by  the  action  of  alcohohc 
KSH  on  (C„H,),CHC1,  and  of  P.Sj  on  di-phenyl- 
carbinol.  Slender  needles  (from  alcohol),  v.  sol. 
CS,.  In  alcoholic  solution  it  is  converted  by 
finely-divided  copper  into  tetra-phenyl  -  ethane 
CHPh,.CHPh,. 

THIO-BIURET  C.H-NjOS.  Formed  by  boil- 
ing carbimido-urea  ('  amidodicyanic  acid  ') 
with  ammonium  sulphide  (Wunderlich,  B.  19, 
452).  Needles  (containing  aq).  Sol.  hot  water 
and  alkalis,  v.  si.  sol.  ether.    Gives  a  white  pp. 
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with  copper  salts.  By  ammoniacal  AgNOj  it  is 
converted  back  into  carbimido-urea. 

THIO-BUTYRIC  ACID  C,H,SO  i.e. 
CH3.CH,.CH,,.C0.SH.  (130°).  Formed  by  dis- 
tilling butyric  acid  with  P^S,  (Ulrich,  A.  109, 
280).  Liquid  with  disgusting  smell,  v.  si.  sol. 
water,  v.  sol.  alcohol. — PbA'„.  Small  crystals 
(from  hot  water). 

Thio-isobutyric  acid.    Methyl  ether 
C^HioSO  i.e.  Pr.CO.SMe.  (c.  142°).    V.D.  67-5. 
Formed  from  Pb(SMe)o  and  isobutyryl  chloride 
(Obermeyer,  B.  20,  2922).  Oil. 

THIO-ISOBUTYRIC  ALDEHYDE  PrCHS. 
(70°-90°).  A  product  of  the  action  of  S  on 
isobutyrie  aldehyde  at  180°  (Barbaglia,  O.  18, 
85).  Oil. 

(a)-THIO-CARBAMIC     ACID  NH^.CO.SH. 

This  acid,  set  free  by  adding  acids  to  a  solu- 
tion of  its  ammonium  salt,  splits  up  at  once  into 
COS  and  ammonia.  The  ammonium  salt 
NH„.CO.SNHj  is  prepared  by  passing  gaseous 
COS  into  alcoholic  NH3  (Berthelot,  J.  1868, 160) 
or  into  NHjAq  at  0°  (Schmidt,  B.  10,  191; 
Kretzschmar,  J.pr.  [2]  7,  474).  It  forms  colour- 
less crystals,  v.  e.  sol.  water,  m.  sol.  alcohol, 
insol.  ether.  The  dry  salt  becomes  yellow  in  air, 
forming  ammonium  sulphocyanide.  The  dry 
salt  forms  thio-urea  when  heated  in  a  sealed 
tube  at  135°.  Thio-urea  is  also  formed  when 
Pb(0H)2  is  added  to  its  cold  aqueous  solution. 
HgO  forms,  in  the  cold,  ammonium  cyanate 
(Fleischer,  B.  9,  438).  Water  at  100°  forms 
NH^SH  and  (NHJHCO3.  FeCl,  gives  a  red 
liquid,  and  finally  a  red  pp.  (Mulder,  A.  168, 
228). 

Methxjl  ether  NH,.CO.SMe.  [c.98°]. 
Formed,  together  with  a  small  quantity  of  the  (;8)- 
isomeride,  by  adding  HCl  to  a  solution  of  potas- 
sium sulphocyanide  in  boiling  MeOH  (Blanken- 
horn,  /.  pr.  [2]  16,  375).  Monoclinic  prisms 
(from  ether).  Decomjjosed  by  alcoholic  NHj 
into  MeSH  and  urea.  Aniline  at  100°  forms 
MeSH,  s-di-phenyl-urea  and  NH3. 

Ethifl  ef/jei- NH„.CO.SEt.  [102°]  (Pinner, 
B.  14,  i083);  [108°]  (F.).  Formed  in  Uke 
manner  (B.)  and  also  by  passing  NH3  into 
Cl.CO.SEt  (Salomon,  J.  pr.  [2]  7,  256)  and  by 
the  action  of  EtBr  on  NH,,.CO.SNH,  (Fleischer, 
B.  9,  991).  Plates,  v.  sol.  hot  water,  alcohol, 
and  ether.  Decomposed  at  150°  into  mercaptan 
and  cyanuric  acid.  PjO^  converts  it  into  ethyl 
sulphocyanide. 

Isoamyl  ether  CO(NH„).SC,H„.  [107°]. 
From  C0(SC5H,,)C1  and  NH3  (Schone,  J.pr.  [2] 
32,  247).  Glittering  plates  (from  ether).  Sol. 
hot  water,  but  decomposed  by  boiling  water. 
Gives  amorphous  pps.,  insol.  water,  alcohol,  and 
ether  with  AgN03,  HgCL  and  PtCl^. 

Reactions. — Alcoholic  NH^  forms  urea  and 
amyl  mercaptan.  —  2.  Alcoholic  KOH  forms 
KXO3,  NH,,  and  amyl  mercaptan. — 3.  Heated 
with  aniline  it  forms  NHj,  HSC^H,,,  and  di- 
phenyl-urea. 

(/3)-Thio-carbaniic  acid  NH^.CS.OH. 

Methyl  e^/ier  NH,.CS.OMe.  [43°]  .  Formed 
by  the  action  of  alcoholic  NH3  on  MeO.CS.SMe 
or  on  MeO.CS.SEt  (Salomon,     pr.  [2]  8, 115). 

Ethyl  fi7ierNH.,.CS.0Et.  Xantliogenamide. 
[38°].  Formed  by  the  action  of  NH3  on  santho- 
genic  ether  EtS.CS.OEt,  on  MeS.CS.OEt,  and  on 
(EtO.CS).,S.,  (Debus,  A.  72,  1  ;  75,  121  ;  82,  253; 
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Chancel,  J.  1851,  513  ;  Salomon  a.  Maintz, 
/.  'pr.  [2]  8,  114).  Monoclinic  prisms,  si.  sol. 
water,  miseible  with  alcohol  and  ether.  De- 
composed on  distillation  into  mercaptan  and 
cyanic  acid.  Boiling  KOHAq  resolves  it  into 
alcohol  and  potassium  sulphocyanide.  P2O5 
forms  ethyl  sulphocyanide  (Conrad,  J.  pr.  [2] 
10,  34).  Nitrous  acid  passed  into  water  con- 
taining xanthogenamide  in  solution  forms 
crystalline  C,iH,<,NjSO.,.  CuSO^  foUowed  by 
HClAq  ppts.  CaHjNOSCuCl  as  a  white  crystalline  \ 
powder,  nearly  insol.  water,  sol.  hot  alcohol,  i 
Compounds  of  CuCl  with  2,  3,  and  4  mols.  of 
xanthogenamide  may  be  obtained.  KI  added  to 
a  boiling  alcoholic  solution  of  (C.|HjN0S)3CuCl 
forms  crystals  of  (C3H,n6S)„CuI  and 
(C3H,NOS)3CuI.  Compounds  (C3H,NdS).,3CuSCy 
and  CaHjNOSCuSCy  may  alsobeprepared  (Debus). 
Isovaleric  aldehyde  in  presence  of  HCl  and  alco-  ' 
hoi  forms  C,H3.CH(NH.CS.OEt)2[108°]  (Bischoff,  i 
B.  7,  1083).  /3  -  lodo  -  propionic  acid  forms 
Na.CO.S.CHo.CH^.COoH  [147-5°],  which  yields 
CaA'2  3aq,  BaA'2  2aq,  and  Ag,A"  (Langlet,  B.  24, 
3849).     ;3-Iodopropionic  acid  and  AojO  yield 

sinapane  propionic  acid  CO<^j^-g|-  ^q-^CHj 

[159°],  V.  sol.  hot  water,  converted  by  HgO  into 
the  mercaptide  of  yS-thiolactic  acid. 

Isobutyl  ether  NH,.CS.0CH2?r.  [36°]. 
Tables  (from  alcohol  or  ether)  (Mylius,  B.  5, 
976;  Blankenhorn,  J.pr.  [2]  16,  380). 

Isoamyl     ether     NH2.CS.OC-H,,.  Oil 
(Johnson,  C.  J.  5.242). 

Di-thio-carbamic  acid  NHj.CS.SH.  Mol.  w. 
93.  The  ammonium  salt  NH,.CS.SNH.,  is 
formed  by  passing  NH3  (from  150  pts.  NH4CI) 
into  95  p.c.  alcohol  (600  pts.)  containing  OS., 
(96  pts.)  (Mulder  a.  Bettink,  /.  pr.  103,  178  ; 
c/.  Zeise,  A.  48,  95  ;  Debus,  A.  73,  26).  It  is 
also  formed  by  heating  (NHJ2CS3.  On  gradu- 
ally adding  HClAq  to  a  cooled  cone,  solution  of  i 
the  ammonium  salt  the  free  acid  separates  as 
colourless  needles,  v.  sol.  water,  alcohol,  and 
ether  ;  acid  in  reaction.  An  alcohoUc  solution  of 
the  acid  gradually  decomposes  into  CS,  and  the 
NH4  salt.  An  aqueous  solution  of  the  acid  de- 
composes on  heating  into  H2S  and  HCyS.  The 
di-thio-carbamates  also  split  at  100°  into  HoS 
and  sulphocyanides.  An  alcohohc  solution  of 
iodine  decomposes  NH„.CS.SNHj,  forming 
EtNCS  and  EtNH,  (Hofmann,  Z.  [2]  5,  671). 
Ammonic  di-thio-carl)amate  treated  with  HCl 
and  solution  of  I  gives  crystals  of  the  bisulphide 
S,(CS.NH2)2  (Klason,  J.  pr.  [2]  36,  62).  FeClj 
added  to  a  solution  of  the  NH,  salt  gives  a  black 
pp.  turned  white  by  excess.  AgNOg  gives  a 
yellow  pp.,  turning  black.  A  solution  of  alde- 
hyde forms  carbothialdine  NH2.CS.SN(C2HJ,. 
Benzoic  aldehyde,  isovaleric  aldehyde,  and 
acrolein  form  analogous  bodies. 

Salts . — NHjA'.  Deliquescent  lemon-yellow 
prisms.  On  heating  with  KOHAq  it  forms  KjS, 
KSCy,  and  NH3. — CuA'„.  Yellow  powder,  insol. 
water. — PbA'j.  White  pp.,  blackening  on  boiling 
with  water. — ZnA'j :  white  pp. 

Ethyl  ether  NH,,.CS.SEt.  Mol.  w.  121. 
[42°].  Formed  by  passing  H^S  under  pressure 
into  ethyl  sulphocyanide  at  100°  (Jeanjean,  J. 
1866,  501 ;  Salomon  a.  Conrad,  J.pr.  [2]  10,  29). 
Trimetric  crystals  (from  ether),  insol.  water,  v.  e. 
Sol.  alcohol.    Alcoholic  NH3  or  KOHAq  in  the 


cold  forms  mercaptan  and  ammonium  sulpho- 
cyanide. 

Isopropyl  ether  NH,.CS.SPr.  [97°]. 
Trimetric  plates  (Gerlich,  A.  ll8,  82). 

Acetyl  derivative  of  the  ethyl  ether 
NHAc.CS.SEt.  [123°].  Formed  by  heating 
thio-acetic  acid  with  ethyl  sulphocyanide  (Chan- 
laroff,  B.  15,  1987).  Yellow  needles  (from  alco- 
hol), V.  sol.  hot  water.  Decomposed  by  distilla- 
tion into  thio-acetic  acid  and  ethyl  sulpho- 
i  cyanide.  Boiling  baryta-water  forms  mercaptan 
'  and  acetic  acid.  Hot  dilute  HClAq  forms 
NH2.CS.SEt. 

Isothiocarbamic  ether  v.  Di-ETHTL-(a)-THio- 
CABBONATE.  Amide. 

THIO -CARBAMIDE  v.  Thio-ukea. 
THIOCARBAMYL  SULPHIDE  CJE^N^Sj  i.e. 
(NHj-CS^jS  (?)  Very  unstable  oil,  got  by  adding 
;  HCl  to  its  ammonium  salt.  Quickly  decom- 
poses into  CS„,  sulphur,  HjS,  and  ammonium 
sulphocyanide.  The  ammonium  salt 
C2H2(NHj)2N2S3  is  a  product  of  the  action  of 
CS2  on  alcoholic  NH3  in  the  cold  (Zeise,  B.  J.  4, 
98 ;  Hlasiwetz  a.  Kachler,  A.  166,  137).  It 
forms  colourless  prisms,  v.  sol.  water,  m.  sol. 
alcohol,  si.  sol.  ether.  The  moist  salt  slowly 
decomposes  into  H^S  and  ammonium  sulpho- 
cyanide. The  cupric  salt  CuG,H2N2S3  is 
canary-yellow. 

Thiocarbamyl  disulphide  C„HjN,S3  i.e. 
(NH,,.CS),,S2.  Formed  by  the  action  of" CI  on  a 
solution  of  the  ammonium  salt  of  the  preceding 
body,  and  on  ammonium  di-thio-carbamate 
(Debus,  A.  73,  27).  Pearly  plates,  v.  sol.  hot 
alcohol,  insol.  water.  Decomposed  by  boiling 
water  into  CS2,  ammonium  sulphocyanide, 
and  S. 

THIOCARBIMIDES.  Mustard  oils.  Com- 
pounds EN:CS.  Essential  oil  of  mustard  is 
i  allyl  thiocarbimide.  They  are  formed  by  the 
action  of  CSCI2  on  primary  amines  (Rathke, 
A.  167,  218),  and  by  the  action  of  aqueous 
HgClj  on  the  dithiocarbamates  ENH.CS.SNH3E 
obtained  by  heating  primary  amines  with  CS2and 
alcohol  or  ether  (Hofmann,  B.  1,  171 ;  2,  452  ; 
7,  811;  8,  106;  Eudneff,  J.  B.  10,  188). 
Blethyl  sulphocyanide  is  partially  converted  into 
methyl  thiocarbimide  by  heating  at  180°.  Allyl 
sulphocyanide  changes  to  the  mustard  oil  on 
boiling.  Thiocarbimides  are  also  got  by  distil- 
ling alkyl  cyanates  with  P2S5  (Michael  a.  Palmer, 
Am.  6,  258).  The  thiocarbimides  are  pungent 
oils.  They  are  reduced  by  Zn  and  HClAq  to 
amines  and  CH2S,  whereas  sulphocyanides  yield 
HCy,  mercaptans,  and  other  products.  Amines 
convert  thiocarbimides  into  thio-ureas ;  thus 
aniline  combines  with  phenyl  thiocarbimide, 
forming s-di-phenyl-thio-urea.  Alcoholic  potash, 
or  alcohol  at  100°  forms  thio-carbamic  ethers 
NHE.CS.OEt  (Hofmann,  B.  2,  117 ;  Schiff,  B. 
9,  1316).  Water  at  200°,  or  HClAq  at  100°, 
forms  amine,  C0„,  and  H2S,  while  with  sulpho- 
cyanides it  yields  EtjS,  CO2,  and  NH3.  Cone. 
HjSOj  forms  amine  and  COS.  HNO3  forms 
amine  and  COj ;  whereas  with  the  isomeric 
sulphocyanides  it  forms  a  sulphonic  acid.  Hy- 
droxylamine  unites  with  thiocarbimides,  forming 
oxy-thio-ureas  NHE.CO.NH.OH  (Tiemann,  B. 
22,  1939).  Chlorine  unites  with  PhN:CS,  form- 
ing unstable  (PhNCS)2Cl2,  whence  boiling  water 
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forms  (PhNCS)20  [118°],  crystallising  in  yellow 
needles  (Helmers,  B.  20,  780). 

THIOCARBIMIDO-ACETIC  ACID  C.H.NSO^ 
■i.e.  CH„(N:CS).CO.,H.  Formed  by  boiling  thio- 
hydantoin  with  HClAq  (Volhard,  J.  pr.  [2]  9,  6), 
and  by  boiling  isoamyl  sulphooyano-acetate  with 
fuming  HClAq  (Claesson,  B.  10,  1352  ;  Heintz, 
A.  136,  232).  Trimetric  plates,  v.  e.  sol.  hot 
water.  Oxidised  by  HNO^  to  H.SOj  and  oxalic 
acid.  Weak  acid. — BaA'._,  aq.  Four-sided  prisms, 
si.  sol.  cold  water.  Benzoic  aldehyde  and 
NaOHAq  (1  mol.)  react,  forming  the  compound 
CHPh:C(CO,,Na).S.CO.NH,,  which  crystallises 
with    livaq  and  is   converted   by  HCl  into 

^^^Q>C:CHPh  [242°]  (Andreasch,  ill.  10,73). 

THIOCARBIMIDO-BENZOIC    ACID   v.  m- 

Amido-benzoic  acid. 

THIOCABBONIC  ACID. 

Thiocarbonates  v.  vol.  i.  p.  703.  The  thio- 
carbonic  ethers  that  have  not  been  treated  of  in 
former  articles  are  described  below. 

Methyl  thiocarbonates  v.  vol.  iii.  p.  399. 

Methyl  iso-dithiocarbonate  CO(SMe),. 
(109°).  Formed  by  warming  methyl  sulpho- 
cyanide  with  H„S04  (Schmitt  a.  Glutz,  B.  1, 
106). 

Ethyl  thiocarbonates  v.  vol.  ii.  p.  520. 
Ethylene  thiocarbonates  v.  vol.  ii.  p.  493. 
Ethylene      di-ethyl  di-thio-di-carbonate 

C„H,(S.CO..Et).,.  Formed  by  heating  C.,H,Br.. 
with  KS.Cb.,Et  in  alcohol  (Welde,  J.  pr.  '[2]  15^ 
52).  Thick  oil,  converted  by  alcoholic  potash 
into  C„H,(SH).,  and  KO.CO,Et. 

Isobutyl  di-thio-carbonic  acid  CK,Pr.O.CS  .H. 

Salts. — NaA'.  Formed  from  C^H.iONa  and 
CS.j.  Yellowish  white  needles,  v.  e.  sol.  water 
and  alcohol.— KA'.  Needles  (from  alcohol). 
S.G.  1-371  (Clarke,  B.  11,  1505).  Chlorine 
gas  passed  into  its  aqueous  solution  forms  oily 
(CH.,?rO.CS)„S„  (Mylius,  B.  5,  976). 

Ethyl  ether  EtA'.  (228'). 

Isobutyl  ether  CH.Pr.O.CS.SCK.Pr. 
(249°).    S.G.  iS  1-009  (Mylius,  5.  5,  975). 

Isoamyl  ether  CH,Pr.O.CS.SC,Hi,. 
(265°-270°)  (Mylius). 

Isoamyl  di-thio-carbonic  acid 
CjH,,.O.CS.SH.    Oil,  with  unpleasant  smell. 

Salts. —KA'.  Formed  from  fusel  oil,  KOH, 
and  CSo  (Balard,  A.  Ch.  [3]  12,  307  ;  Erdmann, 
J.pr.  31,  4  ;  Desains,  A.  Ch.  [3]  20,  505  ;  John- 
son, C.  J.  5,  142).  Gives  a  lemon-yellow  pp. 
with  CuSOj. — PbA'j.  Plates.  Iodine  forms  oily 
(C,H„O.CS),S,. 

Di-isoamyl  s-di-thio-carbonate  CO(SC,H,,)„. 
(2sl°)  (Schmitt  a.  Glutz). 

Cetyl  di-thiocarbonate  v.  vol.  i.  p.  728. 

Iso-butyl-tri-thio-carbonic  acid  C,,H.,S.CS.,H. 
Formed  from  C,,HgSNa  and  CS.,  (Mylius,  B.  6, 
316).  TheNa  salt  crystallises  in  yellow  needles,  v. 
sol.  alcohol  and  ether. 

Isobutyl  ether  (C,H,,S),,CS.  (287°).  Got 
by  heating  aqueous  K.CS;,  with  isobutyl  iodide. 
Yellow  oil  with  faint  odour. 

Di-isoamyl-tri-thiocarbonate  (C,H||S),,CS. 
(247°).  S.G.  -88  (Husemann,  A.  126,  297).  Oil, 
with  unpleasant  smell. 

Di-allyl  tri-thio-carbonate  (C,H.S),.CS. 
(170^-175°).  S.G.  -94.  Formed  from'  allyl 
iodide  and  Na,CS.j  in  the  cold  (Husemann,  A. 


126,  269).  Pungent  yellow  oil,  with  offensive 
odour. 

THIOCARBONYL  -  ACETOACETIC  ETHER 

CS:CAo.CO,Et.  [156°-162°J.  Formed  from  thio- 
carbonyl  chloride  and  acetoacetic  ether  (Ber- 
green,  B.  21,  347).  Yellow  needles,  si.  sol.  ether 
and  ligroin. 

THIO  -  CARBONYL  -  DI- AMIDO-DI-BENZOIC 
ACID  V.  5»-Amido-benzoic  acid. 

THIOCAEBONYL  -  BENZOYL  -  ACETIC 
ETHER  CS:CBz.COjEt.  [164°].  Formed  from 
CSCL  and  benzoylacetic  ether  (Bergreen,  B.  21, 
351).    Yellow  needles,  sol.  alcohol-chloroform. 

THIO-CARBONYL  CHLORIDE  v.  SulpJio- 
chloride  of  Caiibon. 

Thio-carbonyl  tetrachloride  v.  Per-chloro- 

MEinTL-jrEKCAPTAN. 

THIO  -  CARBONYL  -  ETHYL  -  o  -  AMIDO- 

PHENOL    C,H,<^-^^'>CS.     [112°].  (above 

300°).  Formed  from  ethyl-o-amido-phenol  and 
CSClj  (Seidel,  J.  pr.  [2]  42,  419,  457).  Insol. 
water  and  dilute  NaOHAq,  ni.  sol.  cold  alcohol. 
HClAq  at  170°  forms  ethyl-amido-phenol,  CO2, 

and  H.,S.    PCI5  yields  C,H,<;q^CC1. 

THIO  -  CARBONYL  -  METHYL  -  AMIDO- 

PHENOL    C,H^<^^Q  ®>CS.     [128°].  (above 

300°).  Formed  by  the  action  of  CSCL,  on  methyl- 
o-amido-phenol  (Seidel,  J.  pr.  [2]  42,  452). 
Needles,  insol.  water,  si.  sol.  cold  alcohol. 

THIO  -  CARBONYL  -  DI  -  (/3)  -  NAPHTHYL  - 

THIO  -DREA  C.„H,.N<^^j^'^^>S.  [152°]. 

Formed  from  di-(/3) -naphthyl-thio-urea  and 
CSCL  in  benzene  (Freund  a.  Wolf,  B.  25,  1466). 
Stellate  groups  of  needles,  m.  sol.  hot  benzene. 
Melts  at  152^  with  evolution  of  gas,  forming  a 
solid  melting  at  224°. 

THI0-CAIIB0NYL-DI-2>T0LYL-THI0-UREA 

C,H,.N:C<^^^'-^')>CS.  [109°].  Formed  from 

di-2>tolyl-thio-urea  [172°]  and  CSCL  in  ether 
(i'\'eund  a.  Wolf,  B.  25, 1405).  Yellowish  needles, 
v.  sol.  hot  alcohol  and  ether.  Converted  by  HgO 
into  carbonyl-di-tolyl-thio-urea  [112°]. 

THIOCHRONIC  ACID  C,H„S,0|,  i.e. 
C,.(0H)(S0jH)(S0jH),.  Formed  by  adding  tetra- 
chioro-quinone  to  a  cone,  solution  of  KoSOj 
(Hesse,  A.  114,  313  ;  Graebe,  A.  140,  40).  Yellow 
trimetric  prisms,  v.  sol.  hot  water,  insol.  alcohol. 
Coloured  brownish -red  byFeCl3.  Reduces  AgNOj. 
Converted  into  hydroquinone  disuljihonic  acid 
by  heating  with  water  at  135°,  or  by  boiling  with 
HClAq. 

Euthiochronic  acid  C^^HjS.O,,  i.e. 
C|,(0H)„0„(S0.|H)2.  Di-oxy-quiiwne  disiiJphonic 
acid.  Formed  by  boiling  thiochronic  acid  with 
KOHAq.  Deliquescent  yellow  needles,  v.  sol. 
water  and  alcohol.  Eeduced  by  tin  and  HClAq 
to  C.-H^S^Oio,  which  yields  NaA"  2aq  and 
K.A"  2aq,  which  are  re-oxidised  in  aqueous  solu- 
tion by  air  to  euthiochronates. — Na.jA'~aq  (dried 
at  150°). — K|A'>'  2aq.  Minute  lemon  -  yellow 
prisms,  v.  sol.  water. — KjEA'^aq.  Small  orange- 
red  four-sided  prisms. — Ba2A''4aq.  Ochre- 
yellow  pp. — AgjA'"  :  amorphous  pp. 

(a)  -  THIO  -  CINNAMIC  ACID  CgH^SO  i.e. 
CbH,CH:CH.C0.SH.  Formed  from  oinnamoyl 
chloride  and  Pb(SEt)2,  the  resulting  oily  ether 

Y  Y  2 
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being  boiled  with  alcoholic  KSH  (Engelhardt,  Z. 
[2]  4,  359).— KA'.  Ci-ystalline. 

(/3)-Thio-cinnamic  acid.  Amide  CgHjS.NH^. 
[112°].  Formed  by  passing  H.^S  into  a  solution 
of  cinnamio  nitrile  in  alcoholic  NH,  (Kossum,^. 
18U6,  362  ;  Kruss,  B.  17,  1768).  Golden  plates. 

(a)-THIO-CINNAMIC  ALDEHYDE  (CnHsS)^. 
[167^].  Formed  by  passing  H,S  into  oil  of 
cinnamon  dissolved  in  alcoholic  HCl  (Baumann 
a  Fromm,  B.  24,  14.52).  Crystalline,  v.  e.  sol. 
benzene,  si.  sol.  alcohol. 

(;8)-Thio-cinnamic  aldehyde  (CgHsS),.  [213°]. 
Formed  at  the  same  time  as  the  (a)-isomeride. 
Prisms,  v.  si.  sol.  cold  benzene  and  alcohol. 

Thio  -  cinnamic  orthaldehyde.  Phenyl 
ether  C,H,CH:CH.CH(SPh).,.  [81°].  Formed 
by  passing  dry  HCl  into  a  mixture  of  cinnamic 
aldehyde  and  phenyl  mei'captan  (Baumann,  B. 
18,  885).    Needles  (from  ligroin). 

p-Bromo-phenyl  ether 
CHPh:CH.CH(S.CsH4Br),.  [107°].  Needles  (from 
alcohol  or  ether). 

Gly collyl  ether 
CHPh:CH.CH(S.CH.,.CO,H),.  [143°].  Formed 
from  cinnamic  aldehyde  and  thioglycoUic  acid 
(Bongartz,  B.  21,  481).  Plates  (from  water). 
Zinc-dust  in  alkaline  solution  converts  it  into 
CHPh:CH.CH,,.S.CH,.CO,H  [77°],  crystalhsing 
from  dilute  alcohol  in  plates. 

TEI-THIO-CITKIC  ETHER  C3H50(C0.SEt)3. 
Formed  from  tri-phenyl  citrate  and  NaSEt  in 
presence  of  ether  (Seiffert,  J.  pr.  [2]  31,  470). 
Oil,  smelling  like  mercaptan. 

/CH:CH 

THIO-COUMARIN     C,R,<(       \    .  [101°]. 

\0  .CS 

Formed  by  heating  equal  parts  of  coumarin  and 
PjSs  at  120°  ;  the  yield'  is  50  p.c.  Also  by  heating 
o-coumaric  acid  with  P^S^.  Long  yellow  needles, 
V.  sol.  alcohol,  ether,  and  benzene ;  insol.  water. 
Sublmiable.  By  heating  with  aqueous  alcoholic 
KOH  it  is  reconverted  into  coumarin.  Unlike 
coumarin  it  readily  reacts  with  hydroxylamine 
and  with  phenyl-hydrazine  (Tiemann,  B.  19, 
1661). 

THIO-CRESOL  v.  Tolyl  mercaptan. 
THIO-CEOCONIC  ACID  C^HAS,  probably 

^*^^C(0H)'C0  ■  saturating  a  warm 

solution  of  potassium  croconate  treated  with  2 
mols.  of  HCl,  with  H,,S. — BaA"  2aq  :  brownish- 
yellow  amorphous  pp.,  v.  sol.  dilute  HCl,  which 
after  some  time  changes  to  reddish  -  brown 
crystals  with  violet  retlex,  insol.  dilute  HCl 
(Nietzki  a.  Benkiser,  B.  19,  299). 

THIO-CUMINIC  ACID.  Amide  C,„H„NS 
i.e.  CHj.C.Hj.CS.NH^.  Formed  by  passing  H^S 
into  a  solution  of  cuminic  nitrile  in  alcoholic 
NH,  (Czumpelik,  B.  2,  185).  Needles,  v.  sol. 
hot  alcohol.  Converted  in  alcoholic  solution  by 
iodine  into  C2„H,„N2S  [45°]  crystallising  in 
prisms  (Wanstrat,  B.  6,  322). 

THIODICYANDIAMIDINE  v.  Guanyl  thio- 

UKEA. 

THIOCYANIC  ACID  v.  Sulphoctanic  acid. 

THIOCYANO-  V.  Sulphocyano-. 

DI-THIO-CYANUEIC  ACID  Cy3(SH).,(0H)aq. 

Preparation. — An  alcoholic  solution  of  KCyS 
is  mixed  with  the  calculated  quantity  of  HCl, 
filtered  from  KCl,  and  evaporated  at  40°.  The 
residue  is  extracted  with  strong  NH3Aq  and 


BaClj  is  added  to  the  filtrate.  The  barium  salfe 
gradually  separates  in  globular  crystals  (Klason, 
J.pr.  [2]  33,  121).    Yield,  very  small. 

Properties. — White  scales  (from  hot  water). 
Sol.  NaOHAq.  A  solution  of  the  potassium  salt 
gives  pps.  %vith  AgNOj,  HgCl,,  and  Pb(0Ac)2. 

Reactions. — 1.  Cone.  HCl  at  130°  gives  cyan- 
uric  acid  and  H._,S. — 2.  Cold  KMnOjAq  and  hot 
HNO.jAq  form  cyanuric  acid. — 3.  Iodine  forms 
(H0Cy3).^S^  as  a  white  crystalline  powder. 

Salts. — KHjA'".  Silvery  mass  of  micro- 
scopic prisms. — "BaHA"'2aq. 

Tri-thio-cyanuric  acid  Cy3(SH)3.  Formed 
by  warming  powdered  C3N3CI,  (1  mol.)  with  cone, 
aqueous  KSH  (4  mols.)  (Hofmann,  B.  18,  2196 ; 
Klason,  /.  pr.  [2]  33, 116).  Minute  prisms,  when 
ppd.  from  dilute  solutions ;  amorphous,  from 
cone,  solutions.  Nearly  insol.  hot  water,  alcohol 
and  ether.  Not  decomposed  at  200°.  Fed., 
gives  no  colour  in  solutions  of  the  acid,  but  in 
cone,  solutions  of  the  K  salt  it  gives  a  white  pp. 
and  a  yellow  solution. 

Reactions. — 1.  HClAq  at  130°  gives  cyanuric 
acid  and  H,S.— 2.  Alkaline  KMnO<  at  20°  gives 
cyanuric  acid. — 3.  Warm  HNO3  forms  cyanuric 
acid. — 4.  At  360°  it  gives  off  CS,  and  some 
HCyS  and  leaves  melem  CgHgNij. 

S  al  t  s.— K3A"'3aq.— K5HgA"'4  6aq.— NaHjA'". 
Crystals,  v.  sol.  water. — BaHA"'3aq.  Yellow 
crystals,  ppd.  by  addition  of  BaClj  and  NHjAq. — 
BaH^A"',_,2aq.  Prisms, m.  sol.  water. — SrHA'"  5aq. 
— CaHA"'5aq.    Prisms,  m.  sol.  water. 

Methyl  ether  Me^A'".  [189°].  Got  by 
heating  methyl  sulphocyanide  with  a  few  drops 
of  HClAq  at  100°  (Hofmann,  B.  13, 1351 ;  18, 2197, 
2755,  2774 ;  19,  2065).  Hexagonal  crystals.  An 
alcohohc  solution  of  ethylamine  at  100°  forms 
Cy3(NHEt)(SMe).,  [114°]  while  at  140°  it  yields 
Cy3(NHEt).,SMe  [84°].  Alcoholic  NH3  forms,  in 
like  manner,  Cy3(NH2)(SMe)2and  Cy3(NH.,)„SMe. 

Ethyl  ether 'Et.A'".  [27°].  (350°).  Formed 
from  CyjClj  and  NaSEt.  Colourless  tablets  (from 
HOAc)  converted  by  alcoholic  NH3  at  180°  into 
Cy3(NH„)(SEt),,  [112°]  (crystallising  in  trimetric 
forms;  a:6:c  = -669:1: '391,  v.  sol.  ether),  accom- 
panied by  Cy,(NH2)„(SEt)  [165°],  which  is  insol. 
ether  (Klason,  J.  pr.  [2]  33,  298). 

Amyl  ether  (C^HiJaA'".  Oil.  Yields 
Cy3(NH,)(SC,H„),  [82°]  and  Cy3(NH,),SC,H„ 
[178°]. 

Phenyl  ether  Fh^k'".  [97^].  Prisms  (from 
HOAc). 

p-Tolyl  ether  {C-'H.),A"'.  [114°]. 
THIO-DI-ETHYL-ANILINE  v.  Tetra-ethyl- 

DI-AMIDO-DI-PHENYIi  SULPHIDE. 

THIO-ETHYL-COITMARIN  C,H^<;Q^=^g*. 

[94°].  Formed  by  heating  (a)-ethyl-coumarin 
with  P2S5  at  120°  (Aldringen,  B.  24,  3462). 
Yellowish-red  plates,  sol.  alcohol.  May  be  sub- 
limed. 

THIO-ETHYLENE  GLYCOL  v.  Ethylene 
mercaptan. 

THIO-FORMIC  ACID  H.CO.SH  (?)  [120°]. 
Formed  by  the  action  of  HjS  on  lead  formate 
(Wohler,  A.  91,  125;  Limpricht,  A.  97,  361), 
but  not  from  P^S^  and  formic  acid  (Hurst,  A. 
126,  68).  Small  transparent  crystals  (from 
alcohol)  with  alliaceous  odour,  insol.  water. 
May  be  sublimed.  According  to  Nicol  (Pr.  E. 
10,  425)  a  solution  of  thioformic  acid,  got  from 
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PbA'o  and  H^S,  rapidly  decomposes,  yielding 
formic  acid. 

Salts.— H.CO.SK.  Formed  from  CHCL,  and 
alcoholic  K,S  (Nicol,  T.  E.  29,  531).  Needles, 
sol.  water  and  alcohol,  nearly  insol.  dilute  alco- 
hol. AgNOj  added  to  its  aqueous  solution  forms 
a  white  pp.,  turning  black  on  standing.  HNO3 
yields  S  and  formic  acid.  HgO  also  gives  formic 
acid.— (H.CO.S),Pb. 

Anilide  H.CS.NHPh.  Tldoformaiiilide. 
[137°].  Formed  from  dry  phenyl  carbamine  and 
HoS  (Hofmann,  B.  10,  1095, 1238).  Formed  also 
by  passing  dry  H.,S  over  di-plienyl-formamidine 
NPh:CH.NHPh  at  150°  (Bernthsen,  A.  192,  35). 
Prepared  by  warming  formamidine  (5  pts.)  with 
P„Sj  (3  pts.),  the  yield  being  CO  p.c.  of  the  theo- 
retical (Hofmann,  B.  11,  338).  Thin  plates 
(from  water),  partially  decomposed  on  distilla- 
tion into  H.,S  and  phenyl  carbamine.  Its  solu- 
tion tastes  bitter.  Decomposed  by  hot  KOHAq 
into  aniline,  H.,S,  and  formic  acid.  Heated  in  a 
sealed  tube  at  i80°  it  yields  C,jH,.,N.,S  [140°]  v. 
sol.  alcohol  (Nicol,  B.  15,  211).  NaOlit  and  EtBr 
yield  oily  CH(SEt):NPh  (c.  235°)  (Wallach  a. 
Wiisten,  B.  16,  145). 

o-Toluide  H.CS.NHC,H,  [96°].  Got  by 
heating  formyl-toluide  with  P0S5  (Senier,  C.  J. 
47,  762). 

p-Toluide.    Yellow  needles. 

Xylide  HCS.NHC.H^Me,.  [105°].  Small 
needles  (from  alcohol)  (Gudeman,  B.  21,  2549). 

Thio-orthoformic  acid.  Ethyl  ether 
CH(SEt).i.  Formed  by  boiling  chloroform  with 
aqueous  NaSEt  (Gabriel,  B.  10,  186  ;  Claesson, 
J.  pr.  [2]  15,  174).  Oil,  with  nasty  smell,  partly 
decomposed  on  boiling.  Oxidised  by  HNO,  to 
€thane  sulphonic  acid.  Fuming  HClAq  yields 
formic  acid  and  mercaptan 

Benzyl  ether  CaiSCB.,).,.  [98°].  Formed 
from  NaSC.H,  and  chloroform  (Dennstedt,  B. 
11,  2265).    White  crystals. 

Phenyl  ether  CH(SPh)3.  [39-5°].  Tri- 
metric  tables.  Oxidised  by  potassium  perman- 
ganate to  PhS.CH(SO.,Ph)„  [176°]  (Laves,  B.  23, 
1416  ;  25,  347). 

Reference. — Chlorofobhic  acid. 

THIO-FORMIC  ALDEHYDES 

Thio-formic  paraldehyde  (CH.,S)3.  Methyl- 
ene sidphide.  Mol.  w.  138.  [216°].  V.D.  5-08 
(obs.). 

Formation. — 1.  By  heating  Na._,S  with  methyl- 
ene iodide  (Husemann,  ^4.  126,  293).— 2.  By  re- 
ducing CS,.  with  Zn  and  HClAq  (Girard,  A.  100, 
306). — 3.  By  the  action  of  HoS  on  formic  alde- 
hyde or  trioxj'methylene. 

Preparation. — By  saturating  a  mixture  of 
formic  aldehyde  (2  vols.)  and  cone.  HClAq 
(4  vols.)  with  H,S  (Baumann,  B.  23,  67). 

Properties. — Prisms,  smelling  Uke  onions. 
Insol.  cold  water,  si.  sol.  alcohol  and  ether,  m. 
sol.  benzene  and  CSj.  May  be  sublimed.  Oxi- 
dised by  KMnO,  to  a  trisulphone  and  also 
C.,H,;S305  crystallising  in  colourless  needles. — 
Forms  :  C,H„S,2AgN03.  —  C,H,S3AgN03  faq.  — 
C,H,,S3HgCl,..-  (C,,H,S3)32PtCl„.  —  (C3H,S,).,PtCl, 
(Hofmann,  B.  2,  152  ;  3,  584  ;"  Ghard,  C.  R.  70, 
625). 

Thio-formic  orthaldehyde. 

Ethyl  ether  CH„(SEt)„.  (184°)  (C.)  ; 
(180  )  (F.).  S.G.  2i!-987".  Formed  from  CH,L 
and  NaSEt  (Claesson,  J.pr.  [2]  15,  176).  Liquid 


with  unpleasant  smell.  Oxidised  by  HNO3  to 
ethane  sulphonic  acid.  KMnO,  and  H.,SO, 
yield  CH..(SO,C..H,),.  (Fromm,  A.  253,  155). 

Thio-formic  metaldehyde  (CH^S),,.  [176°]. 
Formed,  as  a  white  amorphous  substance,  on 
warming  an  aqueous  or  alcoholic  solution  of 
hexamethyleue-amine  saturated  with  H.^S  (Wohl, 
B.  19,  2344).  Lisol.  most  solvents.  Decom- 
posed when  heated  above  its  melting-point. 

Di-thio-formic  paraldehyde  (C.,H^S.,0)„  aq. 
Dithioglyceric  aldehyde.  [82°].  (180°-18'5°). 
Formed  by  passing  H.S  into  a  solution  obtained 
by  electrolysis  of  dilute  glycerin  (Kenard,  A.  Ch. 
[5]  17,  307).  Amorphous  waxy  mass,  sol.  warm 
water,  insol.  alcohol  and  ether. 

(a)-THIO-FUEFURALI)EHYDE  (C5H,,S0)3. 
[128°].  Formed,  together  with  the  (/3)-isomeride, 
by  passing  H.,S  into  a  solution  of  furf uraldehyde 
(10  g.)  in  alcohol  (100  c.c.)  and  HClAq  (20  c.c.) 
at  -5°  (Baumann  a.  Fromm,  B.  24,  3593). 
Crystals,  v.  e.  sol.  alcohol  and  chloroform,  insol. 
water. 

(0)-Thio-furfuraldehyde  (C5H,S0)3.  [229°]. 
Needles,  v.  si.  sol.  alcohol,  v.  sol.  chloroform. 

Thio-furfuraldehyde  (C^H^SO),,  [«  =  20to  24]. 
Mol.  w.  (by  Raoult's  method)  2182.  Formed  by 
mixing  an  alcoholic  solution  of  furfuraldehyde 
with  alcoholic  ammonium  sulphide  (Cahours,^. 
69,85;  B.a.F.).  White  crystalline  powder,  softens 
at  80°  and  is  melted  at  91°.  Thiofurfuraldehyde 
is  decomposed  by  warm  aniline,  yielding  furfural- 
dehyde and  H.,S  (Schiff,  B.  19,  2153). 

THIO-GLYCERIN  v.  Glycerin. 

THIO-GLYCOL  v.  Ethylene  mercaptan. 

THIO-GLYCOLLIC  ACID  CH,(SH).C0,n. 
Sulphydro-acetic  acid. 

Formation. — 1.  By  reducing  the  compound 
C1S0.,.CHC1.C0C1  witii  tin  and  PIClAq  (Siemens, 
B.  6,  659).— 2.  By  adding  CH.Cl.CO  .H  (1  mol.) 
to  cone.  KSHAq  (2  mols.)  (Claesson,  A.  187, 
113). — 3.  By  the  action  of  H.S  on  glyoxylic  acid 
in  presence  of  Ag„0  (Bottinger,  A.  198,  215). — 
4.  By  boiling  thiohydantoin  with  baryta- 
water  (Andreasch,  B.  12,  1385). — 5.  Together 
with  HSCy,  by  the  decomposition  of  rhodanic 
acid  CgHgNSoO  with  baryta-water  (Ginsberg  a. 
Bondzynski,      19,  113). 

Properties. — Oil,miscible  with  water,  alcohol, 
and  ether.  Decomposes  when  quickly  heated. 
Very  dilute  FeCl3  gives  a  fugitive  indigo-blue 
colour,  changed  by  a  few  drops  of  NH  ,Aq  to  darl; 
red  and  then  to  violet.  Excess  of  FeCl,  oxidises 
it  to  di-sulphido-di-acetic  acid  So(CH,„CO.jH)„, 
which  is  also  readily  formed  by  atmosplieric 
oxidation  of  the  alkaline  solution.  A  solution  of 
the  K  salt  added  to  CuSO,i  gives  a  bluish-black 
pp.  reduced  by  further  addition  of  the  K  salt  to 
the  white  cuprous  salt  Cu,(S.CH.,.CO,,H),,.  HCl 
passed  through  a  mixture  of  thiogiycoUic  acid 
and  acetoacetic  ether  gives  rise  to  crystalline 
CO,,Et.CH,.CMe(S.CH,,.CO,,H)„  [96°]  (Bongartz, 
B.  21,  485).  Acetyl-propionic  acid  forms,  in 
like  manner,  CO,H.CH,.CH,.CMe(S.CH,.CO,H), 
[154°].  Aldehydes  react,  forming  the  compound 
CE.H(S.CH2.C0._,H)o,  compounds  which  are  pro- 
duced either  on  standing,  on  warming,  or  on  treat- 
ment with  ZnCI.ordryHCl  (Bongartz,  i?.19, 1931; 
21,  479).  Such  compounds  obtained  by  using 
acetic,  benzoic,  cinnamic,  o-oxy-benzoie,  and  0-, 
VI-,  and  2)-nitro-beuzoio  aldehydes  melt  at  108°, 
124°,  146°,  148°,  123°,  130°,  and  162°  respec- 
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lively.  Thioglycollic  acid  reacts  with  ketones 
in  presence  of  ZnClj  or  HCl,  forming  acids 
CRE'(S.CH2.C02H)., :  such  compounds  obtained 
from  acetone,  acetophenone,  and  benzoplienone 
melt  at  135°,  139°,  and  164°  respectively. 

Salts.  —  KHA"aq  (from  water).  — KHA" 
(from  alcohol).  Decomposes  K„CO.„  forilning 
CH2(SK).C0.,K.— BaA"  3aq  :  crystalline  pp.— 
Ba±i,,A"2 :  gummy.— CdA".—Hg(S.CH,,.CO.,H).,. 
Needles  or  flat  prisms,  v.  sol.  hot  water  and 
alcohol.— Hg„(S.CH2.C0„)jBaH,.  Minute  crys- 
tals.—Hg3(S.CH,.C02)6AlH3.  — "Hg.,MnH.,A",.  — 
HgPbA'V— HgA'".— PbA".— Bi(HA")3.  [c  33°]. 
Yellow  pp.— Cu.,H,A",.  White  pp.— CuoBaA",,.— 
Ag,A".— Ag,(NH,)A"(N03).— Ag,HgA",,. 

Ethyl  ether  EtA'.  Formed  by  boiling 
thioglycollic  acid  with  alcohol  and  a  little 
H2SO4  (Claesson,  A.  187,  116).  Oil  with  nasty 
smell.  Slowly  decomposed  by  boiling  into  HjS 
and  S(CHo.C02Et)2.  Alcohohc  HgCl,  ppts. 
ClHg.S.CHj.CCEt,  converted  by  excess  of  the 
ether  into  Hg(S.CH.,.C02Et)2  (Wislicenus,  A. 
146, 145). 

Eth%jl  derivative  CH„(SEt).CO.,H. 
Formed  by  mixing  CH,Cl.c6.,Et  with  NaSEt 
and  alcohol  (Claesson,  B.  8,  120).  Liquid,  v.  sol. 
alcohol  and  ether,  m.  sol.  water.  Decomposed 
by  heat,  but  may  be  distilled  with  steam. — 
KA'.— BaA'.,.  —  CaA'.,.— MgA'.,  3aq.  —  ZnA'.,2aq. 
— OdA'2  aq.  '[85°].— CoA',  2aq.  [90°].— NiA'„2aq. 
■ — CuA'22aq. — AgA'aq.    Crystalline  pp. 

Ethyl  ether  of  the  ethyl  derivative 
CH„(SEt).CO,Et.  (188°).  S.G.  ^  1-0469.  Oil. 
Converted  by  EtI  at  120°  into  crystalline 
CH2(SEt.J).C0.,Et. 

Ethyl  ether  of  the  isoamyl  deri- 
vative CH„(SC,Hi,).CO..Bt.  (230°).  S.G.  4 
•9797.    Oil.  " 

Phenyl  derivative  v.  Phenyl-thio-gly- 

COLLIC  ACID. 

Benzyl  derivative  CH,Ph.S.CH,„CO,H. 
[59°].  Formed  from  CH,C1.C0.,H  and  benzyl 
mercaptan  (Gabriel,  B.  12,  1641).  Flat  tables. 
Yields  EtA'  (275°-290°)  and  the  amide 
CH2Ph.S.CH2.CONH2  [97°]  crystallising  in  flat 
plates. 

Phenyl-phenyl  derivative 
C,H,Ph.S.CH,,.CO.,H.     [170°].  Crystals. 

A  mide  CH„(SH).CO.NH,.  A  product  of  the 
passage  of  H„S  "through  an  alcoholic  solution  of 
chloro-acetamide  containing  a  little  NH3 
(Schulze,  Z.  1865,  73).    Groups  of  small  prisms. 

Ethyl  derivative  of  the  amide 
CH„(SEt).C0NH2.       [44°].       Formed  from 
CH2(SEt).C0.,Et  and  ammonia.    Thin  prisms. 

Beference. — NiTKoso-THio-GLYcoiiLic  acid. 
THIO-GLYCOLLICORTH ALDEHYDE.  Ethyl 
derivative  of  i e/S/ier  CH.,(SEt).CH(OEt).,. 
(169°).  Formed  from  CH„Cl.CH(OEt)„  and 
NaSEt  (Autenrieth,  B.  24,  162).  Volatile  in 
steam. 

Phenyl  derivative  of  the  ethyl  ether 
CH,(SPh).CH(OEt).>.  (273°).  Got  in  like  manner. 

THIO-HYDANTOIC  ACID  C^H^N.-SO^,  i.e. 
NH.,.CS.NH.CH.,.CO.,H  or 

NH,].C(NH).S.CH„.Cb.,H.  Formed  by  heating 
sodium  chloro-acetate  in  aqueous  solution  with 
thio-urea  (Maly,  A.  189,  380).  Crystalline 
powder,  si.  sol.  water,  v.  sol.  acids  and  alkalis. 
Decomposed  by  heat.     Converted  into  thio- 


hydantoin  by  warming  with  NajCOjAq  or 
HClAq. 

THIOHYDANTOiN  C,H^N,SO  Le. 
PQ/NH.CH,  „/SNH.CH' 
*='^<NH.CO    "'^  C<NH-CO  • 

Formation. — 1.  By  heating  thio-urea  with 
chloro-acetic  acid  or  chloro-acetamide  (Volhard, 

A.  166,  383  ;  Mulder,  B.  8,  1264 ;  Maly,  A.  168, 
133  ;  B.  10,  1853  ;  Claesson,  B.  10,  1352).— 2.  By 
heating  thioglycollic  acid  (2  mols.)  with  cyan- 
amide  (1  mol.)  in  aqueous  solution  (Andreasch, 

B.  13,  1421  ;  M.  1,  442). 

Preparation. — Thio-urea  (50  g.)  dissolved  in 
water  (500  c.c.)  is  mixed  with  chloro-acetic  acid 
(62  g.)  in  water  (50  c.c),  heated  to  90°,  cooled, 
and  mixed  with  the  calculated  quantity  of  NaOH 
(Andreasch,  M.  8,  414). 

Properties. — Long  needles  (from  hot  water), 
insol.  alcohol  and  ether.  Decomposes  about 
200°.  Since  it  cannot  be  desulphurised  by  HgO, 
Liebermann  {A.  207,  132)  suggests  that  it  does 
not  contain  the  group  CS. 

Beactions. — 1.  C/iZorme  passed  into  its  cooled 
solution  in  HClAq  forms  thio-oxy-hydantoin 
(Kramps,  B.  13,  788).— 2.  Br  forms  di-bromo- 
thio-hydantoin.  —  3.  KCIO3  and  HCl  yield 
CjHjKN.SO,,  crystallising  in  monoclinic  tables,, 
S.  1-7  at  22°  ;  23-3  at  100°,  converted  by  nitrous 
acid  into  SO3H.CH2.CO0H,  and  by  baryta-water 
into  sulpho-acetic  acid  and  urea  (Andreasch,  B^ 
13, 1423 ;  M.  4, 131).— 4.  Baryta-water  forms  thio- 
glycollic acid  and  dicyandiamide.  —  5.  Boiling 
HClAq  forms  thiocarbimido-acetic  acid. 

Salts.— AgAH2N..SO.—B'2H.,S04.  Plates. 
— B'HNOj.— B'HCL— B'H,C„0^  aq.  Prisms.— 
B'.,H,PtCi^.— B'CsHjNjO,.  Minute  yellow  needles. 

References. — Di-bkomo-    and  Niteoso-thio- 

HYDANTOIN. 

DI-THIO-HYDEOQiriNONE  C,H,(SH)2.  [98°]. 
Formed  by  reducing  benzene  ^-disulphonic 
chloride  with  tin  and  HClAq  (Korner  a.  Mon- 
selise,  G.  0,  142).  Formed  also  from 
(CgHJNH,)).,S.j  by  diazotisation,  treatment  with 
potassium  xanthate,  and  saponification  of  the 
product  with  alcoholic  potash  (Leuckart,  J.  pr. 
[2]  41, 205).  Six-sided  plates,  slowly  oxidised  by 
air. 

THIO-ISATYDE  v.  Is.iiYDE. 

THIO-LACTIC    ACID  CH3.CH(SH).C0.,H. 

o- Sulphydro-prop ionic  ac id. 

Formation. — 1.  From  a-chloro-propionic  acid 
and  KHS  (Schacht,  A.  129,  1 ;  Loven,  J.  pr.  [2] 
29,  368).— 2.  By  the  action  of  H.S  on  silver  a- 
chloro -propionate  or  silver  pyruvate  (Bottinger, 
4.188,320;  B.  9,  404, 804, 1061 ;  11,1561;  IS, 
486). 

Preparation. — By  saturating  a  solution  of 
pyruvic  acid  with  HjS,  and  adding  cone.  HClAq 
and  zinc  (Loven). 

Properties. — Syrup,  miscible  with  water,  alco- 
hol, and  ether.  May  be  distilled  iri  vacuo.  Its 
odour  is  unpleasant.  FeClj  gives  a  transient 
indigo  colour,  and  then  oxidises  it  to  sulphido- 
dipropionio  acid.  CuSO.,  gives  a  violet  solution  j 
a  smaller  quantitj  of  CuSO^  ppts.  the  cuprous 
salt.  Cobalt  acetate  and  air  gives  a  brown 
colour. 

Salts. — BaA'.,  (at  130°).  Gummy  mass. — 
Hg(S.CHMe.CO.,H).,.  —  Hg(S.CHMe.C0,K)2  a;aq. 
Hg(S.CHMe.C02)2Ba  2iaq.  —  AgS.CHM'e.CGjH, 
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^Bi(S.CHMe.C0..H)3.  —  Pt(S.CHMe.CO.,H)„.  — 
CuS.CHMe.COoH.    Yellow  pp.— PbC,H,6,S. 

Ethrjl  ether  EtA'.    Oil.  Yields 
CuS.CHMe.CO„Et  as  a  yellowish  powder. 

THIO-DILACTYLIC  ACID  v.  Solphibo-di- 

PEOPIONIC  ACID. 

THIO-MALIC  ACID  CH^SOj.  Formed  from 
bromo-succinic  acid  and  aqueous  KSH  at  110° 
(Carius,  A.  129,  6).  Deliquescent  mass,  oxidised 
by  dilute  HNO.,  to  sulpho-succinic  acid. — BaA". 
— Ag  .A".    Bulky  pp.,  readily  blackening. 

THIO-MESITOL  v.  Tri-metiiyl-phenyl  mee- 

CAPTAN. 

THIO-DI-METHYL-ANILINE     v.  Tetka- 

METHYL-DI-AMIDO-DI-PHENYL  SULPHIDE. 

THIO-METHYL-COUMARILIC  ETHER 

C,2H,„S0,  i.e.   C6H,<^^Q®^C.C0.SEt.  [91°]. 

Formed  from  methyl-coumarilic  ether  and  P.jS^ 
(Hantzsoh,  B.  19,  2400).  Yellow  needles  (from 
alcohol),  V.  sol.  ether. 

THIO-(a)-METHYL-C0UMARm  C,„H,SO  i.e. 

C,H,<Q^-^g^®.    [122°].    Formed  by  heating 

(a)-methyl-coumarin  with  P.,S5  at  120°  (Aldrin- 
gen,  B.  24,  3460).  Yellow  needles,  insol.  water, 
V.  sol.  alcohol.  Converted  by  alcoholic  potash 
into  (a)-niethyl-coumarin. 

THIO  -  METHYL -DI- PHENYL -AMINE  v. 
Methtl-i3iipo-di-phenyl  sulphide. 

THIO-METHYL-URACIL     C3H6N,SO  i.e. 

CS<^THCQ*^>CH  (?).  S.  -054  at  21°.  Formed 

by  the  action  of  alcoholic  potash  on  the  needles 
which  separate  after  some  days  from  a  solution 
of  thio-urea  (1  mol.)  and  acetoacetic  ether  (1  mol.) 
in  alcohol  to  which  a  little  HCl  has  been  added 
(Nencki  a.  Sieber,  J.iw.  [2]  2.5,72  ;  List,^.  236, 

1  ;  Behrend,  B.  19,  219).  Plates,  v.  si.  sol.  ether. 
Decomposed  at  280°. 

Beactions. — 1.  The  K  salt  reacts  with  EtI 
forming  C^H^N.SOEt  [145°],  and  with  Mel 
forming  C^H^NoSOMe  [220°],  which  yields 
C6H.AgN„S0.  —  2.  Chloro-acetic  ether  forms 
aH;N.,s6(CH.,.C0„Et)  [143°],  which  yields 
C,H,NJS0(CH2.C0.H)  [204°].  —  2.  Br  forms 
metiiyl-uracil,  and  finally  di-oxy-methyl-uracil.  CI 
acts  in  like  manner,  forming  CjHgCLN^.O^.— 3.  On 
warming  with  lead  hydrate  in  strongly  alkaline 
solution  it  is  converted  into  methyl-uracil. 
Cone.  HClAq  at  150°,  cone.  NHgAq  at  150°,  and 
Ac.,0  at  185°  also  form  methyl-uracil. 

'Salts.  —  C.H^Ag^NjSO.  —  C^H^CuNaSO. 
—  (G,H.N„SO)„Hg.  —  C,H5N.,NaS0  2aq.  — 
C^H-NJiSO  iaq^ 

THiONAMIC  ACID.  H.  Kose  (P.  33,  235  ; 
42,  415)  found  that  SOj  and  NH^  combined  in 
equal  volumes,  when  dry  NH,  was  mixed  with 
excess  of  dry  SO,,,  to  form  a  yellowish  white 
solid,  which  quickly  decomposed  in  solution,  or 
moist  air,  giving  (NH.,).,S04  ^-^d  ammonium  salts 
of  other  sulphur  oxyacids.  Eose  concluded  that 
the  substance  was  SO.^.NHj  from  the  fact  that 
it  was  formed  by  combining  equal  volumes  of  the 
two  gases  ;  if  this  empirical  formula  is  accepted 
the  compound  may  be  SO„.NH,.H  orSO.OH.NR,. 
When  dry  S0._,  was  mixed  with  excess  of  dry 
NH.,,  Eose  found  that  1  vol.  SO.,  combined  with 

2  vols.  NH3 ;  the  product — an  amorphous,  white 
solid— may  be  SO.,.NH,.NHj  or  SO.ONH,.NH.,. 

M.  M.  P.  M. 


THIONAMIDE.  By  passing  NH3  into  cooled 
S..CI2  Schiff  (A.  102,  111)  obtained  a  white  solid 
which  was  decomposed  by  warm  water  to 
(NHJ,SO,Aq.  The  solid  contained  NH^Cl ; 
Schiff  regarded  it  as  a  mixture  of  this  salt 
with  SO(NH.)„ ;  he  did  not  attempt  to  separate 
the  supposed  thionamide  from  NH4CI. 

M.  M.  P.  M. 

{a)-THIO-NAPHTHOIC  ACID. 

Amide  C,„H,.CS.NH„.  [126°].  Formed 
from  (a) -naphthoic  nitrile  and  alcoholic  ammo- 
nium sulphide  at  30°-35°  (Hofmann,  B.  1,  40  ; 
Bamberger,  B.  21,  54).   Crystals,  v.  sol.  alcohol. 

Tetrahydride  of  the  amide 

^^-■Qg-^CfHj.CS.NH,.    Formed  by  digesting 

a  solution  of  tetrahydride  of  (a)-naphthonitrile 
in  alcoholic  ammonia  saturated  with  H._,S  for 
some  days  at  30°-40°  (Bamberger  a.  Bordt,  B. 
22,  629).    Dark-yellow  oil. 

(0)-Thio-naphthoic  acid.  Amide 
C,„H,.CSNH,.    [149°].    Formed  from  (£t)-naph- 
thonitrile  and  ammonium  sulphide  at  35°-40° 

I  (Bamberger  a.  Bookmann,  i3.  20,  1115).  Needles, 
V.  sol.  alcohol.  Dissolves  in  hot  water,  being 
slowly  converted  into  the  nitrile. 

THIO-NAPHTHOL  v.  Naphthyl  mbkcaptan. 
THIO-DI-NAPHTHYL- AMINE  v.  Imido-di- 
naphthyl  sulphide. 

THIONATES.  Salts  of  the  thionie  acids 
(q.  v.,  p.  698).  Four  series  of  thionates  are 
known  ;   a  fifth  probably  exists  :   M„S.,Ob  =  di- 

,  thionates ;  M.^S^O,,.  =  trithionates  ;  M^SjO,;  =  tetra- 

I  thionates  ;  M2S506  =  pentathionates ;  and  pro- 
bably M.S^Ou  =  hexathionates.  '^^^  thionates 
are  formed  by  the  action  of  alkalis  on  the  liquid 
obtained  by  passing  H._,S  into  saturated  SO^Aq  ; 

:  also  by  the  oxidation  of  sulphites,  thiosulphates, 
and  mixtures  of  these,  and  in  other  reactions 
{cf.  Thionic  ACIDS,  p.  698).  For  general  quali- 
tative reactions  of  thionates  and  thiosulphates  v. 
Debus  {C.  J.  53,  298). 

DITHIONATES,  MhS.O^,  M^^8„0„  and 
M"i,(S,,0„)3.  (Hyposulphates.)  The  alkali  salts 
are  formed  by  the  interaction  of  a  dilute  solu- 
tion of  I  in  KIAq  and  dilute  NaHSOjAq  (Spring 
a.  Bourgeois,  Bl.  [2]  46,  151  ;  Sokoloff  a.  Matt- 
scheffski,  B.  14,  2058) ;  also  by  the  reaction  of 
KMnO.,Aq  on  thiosulphates  in  acetic  acid  solu- 
tion, or  on  sulphites  or  trithionates  (Honig  a. 

,  Zatzek,  M.  4,  738  ;  Fordos  a.  G61is,  Ph.  [3] 
36,  113).  The  Ba  salt  is  formed  by  pas.sing  SO., 
into  water  holding  MnO.,  in  suspension,  filtering, 
and  adding  BaOAq  (for  more  details  v.  Dithionic 
ACID,  p.  698) ;  most  of  the  other  dithionates 
are  obtained  by  the  interaction  of  BaS^OjAq 
and  sulphates ;  several  have  been  prepared  by 
digesting  H;S.,0,Aq  vidth  metallic  hydroxides. 
The  dithionates  are  sol.  water ;  the  salts  of 

'  the  alkali  and  alkaline  earth  metals  are  not 
readily  decomposed  either  in  solution  or  as 
solids  ;  solutions  of  most  of  the  other  salts  are 
decomposed  by  heat,  giving  oft  S0„  (v.  Kliiss,  A. 
246,  179,  284  ;  Geuther,  4.226,  232). 

I  Dithionates  give  off  SOo  when  heated  to  red- 
ness, leaving  normal  sulphates ;  thus  M._,S.p,; 
=  SO,, 4-M„S0,  ;  this  reaction  is  characteristic  ; 
so  also  is  the  reaction  of  H,;SOjAq  or  HClAq 
with  boiling  solutions  of  dithionates,  whereby 
H,,SOjAq  is  formed  and  SO,,  is  given  off,  without 

1  separation  of  S. 
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Ammonium  dithionate  (NH,)„S,0„.  Ob- 
tained by  decomposing  the  Ba  salt  in  solution  by 
(NHj).,SO^Aq,  filtering  and  crystallising.  S.G. 
l-70i  (Topsoe,  0.  C.  4,  76).  Kliiss  {A.  246,  179, 
284)  gives  formula  2Am2S,Og.aq,  and  says  the 
salt  crystallises  in  monochnic  needles.  Very 
sol.  water ;  insol.  alcohol.  Aqueous  solution 
may  be  boiled  without  change.  Forms  double 
salts  with  AmCl  (Fock  a.  Kliiss,  B.  24,  3017) ; 
also  with  the  dithionates  of  Al,  Cd,  Co,  Cu,  Fe, 
Mn,  Ni,  and  Zn  (K.,  I.e.). 

Barium  dithionate  BaSoO^.  2aq.  Formed  by 
passing  SOj  into  water  at  c.  0°  holding  coarsely - 
powdered  MnOj  in  suspension,  till  the  MnOj  is 
dissolved  (MnO.,  +  SO.,  +  Aq  =  MnSO^Aq  ;  and 
also  MnO,  +  2802 +  Aq  =  MnS„OBM)- filtering  if 
necessary,  adding  BaOAq  to  alkaline  reaction 
(MnSAM  +  BaO,H.Aq  =  BaS.AM+Mn02H2), 
filtering  from  MnO,!!,,  evaporating,  and  recrystal- 
lising  from  water  (c/.  Stas,  Chem.  Proport.  117).  i 
White  prisms;  S.  24-75  at  18°,  90-9  at  100°, 
100-6  at  102°  =  b.p.  of  saturated  solution;  insol. 
alcohol.  The  crystals  effloresce  in  air,  losing 
2Ii.,0  ;  a  hydrate  with  4H„0  is  obtained  by  slow 
evaporation  (v.  Heeren,  P.  7,  55 ;  Gay-Lussac, 
A.  Ch.  [2]  10,  312 ;  Baker,  C.  N.  36,  ^03  ;  cf. 
Spring  a.  Bourgeois,  Bl.  [2]  46,  151.  For  crys- 
talline form  V.  Senarmont,  J.  1857.  142 ;  Eam- 
melsberg,  P.  58,  295  ;  von  Lang,  W.  A.  B.  45 
[2]  27).  Sohiff  {A.  105,  239)  described  double 
salts  with  MgS.,0„  and  Na^SjO^  (cf.  Kraut,  A. 
118,  95);  Bodlander  (Chem.  Zeit.  14,  1140) 
described  a  double  salt  with  Kb,,S,Og ;  and 
Kliiss  (A.  246, 179,284)  double  salts  with  AgjS^ 
and  T1„S,,0,. 

Many  of  the  other  dithionates  are  prepared 
from  the  Ba  salt. 

Potassium  dithionate  KjS.p,;.  Prepared 
from  a  solution  of  the  Ba  salt  by  adding  an 
equivalent  quantity  of  KoSO,,  in  solution,  warm- 
ing, filtering,  and  evaporating ;  also  by  boiling 
KoSOjAq  with  MnO^  filtering,  and  separating  i 
from  KjS04  by  fractional  crystallisation  (K,SO., 
is  much  less  sol.  water  than  K,_,S„Og).  White, 
hexagonal  crystals  ;  unchanged  in  air  ;  decrepi- 
tates when  heated  and  then  gives  oS  SO,  and 
leaves  K,SO,, ;  S.G.  2-277  (Topsoe,  Bl.  [2]  19, 
246).  The  crystals  rotate  the  plane  of  polarisa- 
tion of  light ;  an  aqueous  solution  is  optically 
inactive  (Pape,  P.  139,  224).  S.  c.  6  at  ordinary 
temperature,  c.  66  at  100° ;  insol.  alcohol 
(Heeren,  P.  7,  55). 

Sodium  dithionate  Na,S.,Ou.  2aq.  Prepared 
similarly  to  the  K  salt.  Also  formed,  accord- 
ing to  Bunte  (B.  7,  646),  by  heating  Na.Et.S.,03 
for  some  time  at  100°  (Et^S,  distils  off).  Large, 
lustrous,  rhombic  prisms ;  unchanged  in  air ; 
S.G.  2-175  at  11°  (Baker,  C.  N.  36,  203).  S.  47-6 
at  16°  ;  90-9  at  100° ;  insol.  alcohol.  Solution 
is  slowly  reduced  by  sodium-amalgam  to 
Na,,S03Aq  (Spring,  B.  7,  1161).  Kraut  (A.  117, 
97)  described  a  hydrate  with  6H,0. 

Dithionates  of  the  following  metals  have 
also  been  described  (the  figures  indicate  the 
references)  :  Al  (1)  (3) ;  Be  (3) ;  Bi  (3) ;  Cd  (1) 
(2)  (4) ;  Ca  (1)  (4)  (5)  ;  Cr  (3) ;  Co  (1)  (2)  (3)  (4) ; 
Cu  (3)  ;  Fe  (1)  (3)  (4)  ;  Pb  (1)  (4)  (5)  ;  Li  (2) 
(4)  ;  Mg  (1)  (4)  (5) ;  Mn  (4) ;  Hg  (1)  (2)  (3) ;  Ni 
(2)  (4)  (5)  ;  Rb  (6) ;  Ag  (1)  (2)  (4)  (5)  ;  Sr  (2) 
(4);  Tl  (3);Sn  (3);  U  (3) ;  Zn  (1)  (2)  (4). 
(1)  Heeren,  P.  7,  72,  171 ;  (2)  Eammelsberg, 


P.  58,  298  ;  (3)  Kliiss,  A.  246, 179,  284 ;  (4)  Top- 
soe, C.  C.  4,  76  ;  (5)  Baker,  C.  N.  36,  203  ;  (6) 
Piccard,  J.  pr.  86,456. 

TRITHIONATES  Mi^SsOs  and  MuSjO^.  The 
alkali  salts  are  formed  by  digesting  cone. 
MHSOjAq  with  S  at  50°-60°  (eMHSO^Aq-h  2S 
=  2M2S30,Aq  +  MoSoOjAq  +  3H,0)(Pelouze,4.C/t. 
[3]  79,  85) ;  also  by  heating  dilute  MHSO^Aq, 
or  keeping  the  solution  for  a  long  time  in  a 
closed  tube  (Saint-Pierre,  G.  R.  62,  632)  ;  by 
passing  SO,  into  M,S,0,Aq  (2M„S.,03Aq-)-3S02 
=  2M,S306Aq  +  S);  bypassing  SO^  into  M,SAq 
(Chancel  a.  Diacon,  J.  pr.  90,  35 ;  Rathke, 
J.  pr.  95,  11) ;  by  the  interaction  of  I  and 
a  mixture  of  iVLSOj  and  M,S,03".in  solution 
(M,S03Aq  -f-  M,S  AAq  +  L  =  M^SjOeAq  +  2MIAq) 
(Spring,  B.  7,  1157)  ;  by  the  interaction  of  boil- 
ing water  on  AgKSoOj  or  HgNa,(S,0.|)2,  whereby 
K,S30gAq  or  NaoSjOeAq  is  formed,  along  with 
Ag„S  or  HgS  (Spring,  I.e.) ;  by  reacting  on 
MjSOaAq  with  S,C1,  (Spring,  B.  6,  1108) ;  by  de- 
composing M,S.,03Aq  by  a  non-oxidising  acid, 
e.g.  by  H,S04  (Spring  a.  Levy,  Btill.  de  I'Acad. 
roy.  de  Beige,  42,  108)  ;  by  heating  (NHj),S0, 
with  P„S„  Spring  (B.  7,  1158)  obtained  a  little 
(NHj)„S30s,  along  with  much  (NH,,),S,03,  some 
NHj  polysulphides,  and  P  compounds  ;  £.2830^  is 
also  obtained  from  Wackenroder's  solution. 

The  trithionates  are  soluble  in  water ;  they 
very  readily  decompose ;  heated  with  water 
they  give  off  SO,,  deposit  S,  and  form  sulphates 
in  solution.  Addition  of  excess  of  CuSOjAq  to 
solution  of  a  trithionate  causes  ppn.  of  CuS  and 
evolution  of  SO,  (Spring,  B.  6,  1108). 

Selenotrithionates  M,SeS,0|;  are  described 
as  dithio-trisclenates  under  Selenates  (p.  434). 

Potassium  trithionate  £,830^.  A  cone,  solu- 
tion of  K,S,03  is  formed  by  dissolving  the  salt 
in  8  pts.  water  and  1  pt.  alcohol  till  the  alcohol 
separates  from  the  aqueous  solution ;  SO,  is 
passed  into  this  solution  at  25°-30°,  solid 
K,S,03  being  added  from  time  to  time,  till  the 
liquid  is  yellow  and  smells  of  SO, ;  the  crystals 
that  separate  are  dissolved  in  water  at  60°-70°, 
the  solution  is  filtered  from  S,  mixed  with  eight 
times  its  volume  of  84  p.o.  alcohol,  warmed 
gently,  and  allowed  to  crystallise  (Plessy,  A.  Ch. 
[3]  20,  162 ;  for  other  methods  of  preparation 
V.  Langlois,  A.  Ch.  [2]  79,  77 ;  Eathke,  J.  1864. 
164  ;  Chancel  a.  Diacon,  C.  B.  56,  710).  White 
rhombic  needles  (Baker,  C.  N.  36,  203).  Very 
sol.  water,  insol.  alcohol.  Aqueous  solution 
gives  KoSOjAq,  SO,,  and  S  when  heated.  Debus 
(C.  J.  53,  313)  found  thatK,S306Aqslowlychanges 
at  the  ordinary  temperature,  giving  K,SO.,Aq, 
KaSjOjAq,  and  KjSjOeAq  without  separation  of 
S."  According  to  C.  a.  D.  (I.e.),  K^SjOjAq  inter- 
acts with  K,S,Aq  to  give  only  K,S,0.,Aq  ;  with 
H,S  the  products  are  K,SO.,Aq,  K,S,b3Aq,  and  S 
(Debus,  C.  J.  53,  329).  Sodium-amalgam  reacts 
readily, producing  feNaSjOj  and  KNaSOj  (Spring, 
B.7,1161). 

The  other  trithionates  that  have  been  iso- 
lated are  those  of  Ba  (Kessler,  P.  74,  253) ; 
Pb  (K.,  I.e. ;  Chancel  a.  Diacon,  C.  B.  56,  710) ; 
Na  (K.,  I.e. ;  Rathke,  J.  pr.  95,  13 ;  Vilhers,  C. 
B.  106,  1356) ;  and  Zn  (Pordos  a.  G61is,  A.  Ch. 
[3]  22,  66). 

TETRATHIONATES  M'^S^O^  and  M"Sp«. 
The  alkali  salts  are  formed  by  triturating  M,S,03 
with  I,  adding  a  little  water  and  pouring  into 
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alcohol  (von  Klobukoff,  B.  18,  1869  ;  Eliasberg, 

B.  19,  322  ;  Fock  a.  Kltiss,  B.  23,  2429) ;  the 
Pb  salt  is  formed  by  the  prolonged  interaction  of 
I  and  PbS.,0.j,  also  bj  the  interaction  of  H^SOjAq 
and  a  mixture  of  PbS.Pj  with  PbO._,  (Chancel  a. 
Diacon,  /.  pr.  90,  55)  ;  tetrathionates  are  also 
formed,  according  to  Spring  a.  Levy  (Bull,  cle 
I' Acad.  roy.  de  Beige,  42, 108),  by  the  interaction 
of  tliiosulphates  and  ferrous  or  cuprous  salts, 
KMnOjAq,  hypochlorites,  or  KCIO3  dissolved  in 
H,.SO.|Aq.  1LS4O6  is  obtained  by  neutralising 
Wackenroder's  solution  by  KCH^O.,  {v.  Debus, 

C.  J.  53,  278  ;  c/.  Curtius  a.  Henkel,  J.  pr.  [2] 
37,  137).  The  tetrathionates  are  e.  sol.  water, 
but  insol.  alcohol ;  aqueous  solutions  are  gene- 
rally decomposed  on  evaporation. 

Potassium  tetrathionate  KoS40„.  Formed 
by  adding  I,  little  by  little,  to  cone.  KoSjO.jAq  till 
a  permanent  reddish-brown  colour  is  produced, 
dissolving  the  crystals  that  separate  in  warm 
water,  filtering  from  S,  adding  alcohol  till  the 
pp.  that  forms  is  re-dissolved,  and  allowing  to 
crystallise  (Kessler,  P.  74,  253).  Spontaneous 
decomposition  of  cone.  K-.S^OiAq  gives  K.,S40a 
and  S  (Debus,  G.  J.  53,'  311).  Perfectly  dry 
KjSjO,;  can  be  kept  unchanged  in  a  dry  atmo- 
sphere ;  but  in  ordinary  air,  after  a  time,  S0._,  is 
formed ;  an  aqueous  solution  of  K._,S.|Os  slowly 
changes  to  K.,S,0„Aq,  K.SjO^Aq,  K,SO,Aq,  and 
SO,  (D.,  i.e.).  '  BrAq  reacts  to  form  H.SOjAq,  S, 
and  IG3r ;  but  if  the  BrAq  is  added  very  gradu- 
ally the  S  that  is  formed  combines  with  residual 
K^S.Os  to  form  K.SjOg ;  similarly,  if  a  little  ICSO^ 
is  added  to  K^S^OgAq,  and  H^S  is  then  passed 
in,  KoSOj  and  S  are  formed,  and  the  S  combines 
with  unchanged  K^SjO^  to  form  KoSjO,,  (D.,  i.e. 
p.  315).  Sodium-amalgam  forms  KNaS.O^Aq 
(Spring,  B.  7,  1161). 

The  other  tetrathionates  that  have  been  iso- 
lated are  those  of  Ba  (Lewes,  C.  J.  39,  09; 
Fordos  a.  G61is,  A.  Ch.  [3]  22,  66 ;  Curtius  a. 
Henkel,  J.  pr.  [2]  37,  137) ;  Cd  (Kessler,  P.  74, 
253)  ;  Cu  (Chancel  a.  Diacon,  C.  B.  56,  510)  ; 
Fe  (F.  a.  G.)  ;  Pb  (K. ;  C.  a.  D.) ;  Na  (K. ;  von 
Klobukotf,  B.  18,  1869)  ;  Sr  (K.) ;  and  Zn  (F. 
a.  G.). 

PENTATHIONATES  W.,^fi,  and  M"S,0,. 
Wackenroder,  in  1845  (A.  60,  189),  asserted 
that  the  liquid  formed  by  passing  H„S  into 
SO„Aq  contained  pentathionic  acid  H.,SjO,; ; 
other  chemists  confirmed  his  results,  and  jsre- 
pared  a  few  salts  of  the  acid  (y.  Lenoir,  A.  62, 
253  ;  Fordos  a.  G61is,  A.  Ch.  [3]  22,  66  ;  Kessler, 
P.  74,  257  ;  Ludwig,  Ar.  Ph.  [2]  85,  9  ;  Chancel 
a.  Diacon,  C.  B.  56,  710).  At  a  later  time  the 
existence  of  pentathionates  was  denied,  chiefly 
by  Spring  (B.  12,  2254;  13,  924;  15,  2618),  but 
upheld  by  Kessler  (B.  13,  424  ;  v.  also  Takat- 
mat-iu  a.  Smith,  B.  13,  1976).  In  1881  Lewes 
(C.  J.  39,  68)  seemed  to  have  isolated  BaS^Og 
and  KjSjOi;,  but  Spring  failed  to  confirm  his  re- 
sults. Shaw,  however  (C.  J.  43,  357),  repeated 
Lewes's  experiments,  and  obtained  K„S.,0,;.  In 
1888  Debus  (C.  J.  53,  278)  made  an'  elaborate 
investigation  of  Wackenroder's  solution,  and 
prepared  KoSjO^  therefrom.  Curtius  a.  Henkel 
(J.  pr.  [2]  37,  137)  assert  that  Wackenroder's 
solution  contains  acid  tetrathionates,  in  which 
the  ratio  of  S  to  Ba  is  greater  than  4S:Ba,  and 
that  these  have  been  mistaken  for  pentathionates. 
But  Debus's  exiseriments  seem  to  have  settled 


the  dispute  in  favour  of  the  existence  of  penta- 
thionates. Ammoniacal  AgNO^Aq  gives  very  dis- 
tinct brown  colouration,  followed  by  a  black  pjD. 
with  pentathionates  ;  this  reaction  distinguishes 
them  from  salts  of  other  S  oxyacids  (v.  Debue, 
I.e.,  p.  297). 

Potassium  pentathionate  2K2S.O5. 3aq. 
Debus  (C  J.  53,  294)  prepared  this  salt  from 
Wacke7ir Oder's  solution  (v.  p.  698)  by  adding 
16-66  g.  KC„H,0..  (previously  fused)  to  43  c.c.  of 
the  solution  of  'S.G.  1-343 ;  the  KC  .H^O,  was 
dissolved  in  as  little  water  as  possible  acidu- 
lated with  a  few  drops  of  acetic  acid ;  the  solu- 
tion was  placed  in  a  large  flat  dLsh  in  a  current 
of  air  until  the  liquid  had  evaporated  ;  the  crys- 
talUne  residue  (weighing  26  g.)  was  repeatedly 
pressed  between  filter-paper,  and  then  dissolved 
in  50  c.c.  water  +  1  c.c.  H.SOj,  at  40°  ;  the  minute 
quantity  of  S  that  separated  (c.  -005  g.)  was 
filtered  oft',  and  the  filtrate  was  allowed  to  crys- 
tallise in  a  flat  dish.  The  crystals  that  sepa- 
rated (18-75  g.)  were  a  mixture  of  K^S^Og  and 
K2S50„ ;  they  were  dried  by  placing  them  on 
blotting  paper,  and  the  crystals  of  pentathionate 
were  jjicked  out  (5-75  g.  were  obtained),  crystal- 
lised twice  from  water  acidulated  with  a  little 
HoSOjAq,  and  dried  over  H^SOj.  The  crystals 
of  pentathionate  form  four-sided  rhombic  plates, 
or  six-sided  star-like  plates ;  those  of  tetra- 
thionate form  six-sided  prisms,  with  pyramids 
only  on  one  end,  and  with  the  side  on  which 
they  rest  much  developed.  Lewes  (C.  J.  39,  75) 
described  three  salts  :  K..Sfi^,  K„S,,0„-H..O,  and 
K,,S30„.2H,0  ;  Debus's  salt  was  2K.,S50',.3H20. 
According  to  Fock  a.  IQiiss  (B.  23,  24'28),  this  is 
the  only  salt  that  exists  (c/.  D.,  I.e.,  p.  297).  The 
salt  can  also  be  obtained  by  passing  H.,S  into 
K.,S,,0,Aq  acidulated  with  H.SO^Aq  (D.,'Z.c.,  p. 
315). 

Crystals  of  2K,S30,.3H,,0  begin  to  decom- 
pose, when  kept  in  a  stoppered  bottle,  after  a 
month  or  so,  giving  eventually  a  yellow,  pulpy 
mass  of  ICS^Ob,  S,  and  water  ;  the  decomposi- 
tion is  caused  by  water  in  the  interstices  of  the 
crystals.  By  powdering  finely,  washing  with 
dilute  alcohol,  and  placing  over  H^SOj,  Debus 
I  {I.e.  p.  295)  kept  the  salt  unchanged  for  two  or 
I  three  years.  2K.jS5Ou.3H3O  dissolves  in  c.  2 
,  jjarts  water,  forming  a  clear,  neutral  solution, 
which  soon  decomposes  with  separation  of  S 
and  formation  of  K^S^OsAq  (D.,  I.e.,  p.  311)  ; 
addition  of  a  drop  of  dilute  KOHAq  to  the  solu- 
tion causes  separation  of  S  (p.  291) ;  H^S  ppts. 
much  S,  and  K.,S.,0„  and  Ii„S.,03  are  formed  in 
the  solution  (p."  328) ;  SO,  'produces  K.SaOgAq 
and  KoS203Aq  (p.  332)  ;  the  salt  is  insoluble  in 
alcohol. 

;       Barium  pentathionate  BaSjO,).  3aq  ;  obtained 
j  by  Lewes  (C.  J.  39,  68)  by  partially  neutralising 
Wackenroder's  solution  by  BaOAq,  crystallising 
I  over  H,,SO.|,  pouring  off  from  BaSjOg,  and  again 
crystallising. 

Copper  pentathionate  CuSjO,;  4aq  ;  obtained  by 
Debus  {I.e.,  p.  300)  in  blue,  prismatic  crystals, 
by  adding  Cu(CoH30j2-A-q  to  Wackenroder's 
solution  and  allowing  to  evaporate.  Debus 
probably  obtained  ziiie  pentathionate,  but  not 
in  a  pure  state  {I.e.,  p.  299). 

HEXATHIONATES.  By  adding  KC.HjO  .Aq 
to  the  mother -liquor  from  KoS^O^  and  K.^S^Og 
{v.  supra),  evaporating  in  a  current  of  air,  dis- 
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solving  in  water  ■with  a  little  H.,SO,|Aq,  allowing 
to  evaporate  in  portions,  and  collecting  the 
crystals  separately,  Debus  (C.  J.  53,301)  obtained 
a  salt  in  which  the  ratio  of  S  to  O  was  ahnost 
6S:60,  as  required  h'j  potassium  hexathionate. 

M.  BI.  P.  M. 

THIONESSAL  v.  Tetea-phbnyl-thiophenb. 

THIONIC  ACIDS.  The  acids  H^S^Og,  where 
a;  =  2,  3,  4,  5,  and  probably  6,  are  generally 
called  thionic  acids,  and  are  distinguished  as  di-, 
tri-,  &c.,  thionic  acid.  The  acids  are  known  only 
in  aqueous  solutions ;  most  of  these  solutions 
readily  oxidise  to  IIjS04Aq.  Dithionic  acid  is 
produced  by  the  action  of  certain  oxidisers  on 
H^SOsAq  ;  dithionates  are  formed  by  oxidising 
sulphites  and  thiosulphates ;  trithionates  are 
formed  when  mixtures  of  sulphites  and  thio- 
sulphates are  oxidised,  also  when  SOoAq  inter- 
acts with  alkali  thiosulphates ;  tetrathionates 
result  by  the  action  of  certain  oxidisers  on  thio- 
sulphates. These  processes  may  be  represented 
diagrammatically  as  follows  (the  actual  re- 
actions are  much  more  complex)  : 

(1)  2H2SO,^q-i-0  =  H,SAAq  +  H20; 

(2)  2M2S03Aq  +  O  =  M„8„0,Aq  +  M.,0  ; 
M2S,0,Aq  +  30  =  M.S^O^Aq ; 

(3)  M^SO.Aq  +  M.,S.,03Aq  +  O  =  M^SjO.Aq  -I-  M,0 ; 
2M2S.,03Aq  -I-  3'SO^q  =  2M.,S3d,Aq  +  S  ; 

(4)  2M2S„03Aq  +  0  =  M.,SAAq  +  M„0. 

After  passing  HoS  for  a  long  time  into  nearly 
saturated  H^SO^Aq,  the  solution  contains 
H2S3O5,  much  HoSjOg,  HoSjOg,  and  probably 
HjSsOs,  along  with  HjSO.,,  dissolved  colloidal 
S,  and  a  little  S  in  suspension.  This  solution  is 
known  as  Wackenrode7-'s  solution  (Wackenroder, 
A.  60,  189  [1845]).  It  has  been  examined  by 
many  chemists ;  a  very  thorough  investigation 
was  made  by  Debus  in  1888  (C.  53,  278; 
where  references  will  be  found  to  other  memoirs). 
The  solution  examined  by  Debus  was  prepared 
by  passing  a  slow  current  of  H„S  into  480  c.o. 
nearly  saturated  SOjAq  at  a  little  above  0°  for 
two  hours,  keeping  in  a  stoppered  bottle  for 
forty-eight  hours  at  the  ordinary  temperature, 
passing  in  H.,S  for  two  hours,  after  forty-eight 
hours  again  passing  in  H.,S,  and  repeating  these 
treatments  until  the  liquid  no  longer  smelled  of 
SO.,  after  standing  for  a  couple  of  hours  at  the 
ordinary  temperature  (about  two  weeks  were  re- 
quired before  the  action  was  completed).  The 
liquid  thus  obtained  contains  a  large  quantity 
of  S,  partly  as  a  hard  brittle  solid,  partly  as  a 
soft  and  gummy  mass,  and  partly  in  suspension 
in  minute  particles  which  pass  through  filter 
paper ;  the  liquid  remains  milky  after  filtration, 
and  does  not  become  clear  on  standing  for  two 
or  three  weeks  (regarding  the  variety  of  S  in 
solution,  V.  SuLPHUK,  Allotropic  forms  of,  p. 
608).  Debus  {I.e.,  p.  348)  thinks  that  the  pro- 
duct of  the  direct  interaction  of  SO.,Aq  and 
H,SAq  isH^S^O^  _(3S0,Aq  +  H.,SAq  =  H„S,06Aq)  ; 
that  part  of  this  H,S.,06  reacts  with  excess 
of  SOjAq  to  form  HaS^O^Aq  and  H^SoO^Aq 
(?  H^S^O^Aq  -I-  H^SOjAq  =  HoS^O^Aq  -1-  H^S^OsAq), 
and  that  part  of  the  H„S40eAq  reacting  with 
H  SaOgAq  forms  HjSjOgAq 
(?  H^S^O^Aq  -I-  H,,S,03Aq  =  H^S^O^Aq  +  H^SOaAq) 
(D.,  I.e.,  p.  333)  ;  that  the  H^S  reacts  with 
H^S  jO^Aq  to  form  H„0  and  S,  part  of  the  S  com- 
bining, as  it  is  formed,  with  HjSjO^Aq  to  form 
HjSiOsAq,  HjSjOeAq  and  HjSsO^Aq,  and  part 


remaining  in  solution  as  colloidal  S.  If  HoS  is 
passed  into  Waokenroder's  solution,  more 
HjSsOg  is  formed  ;  and  if  the  passage  of  H,S 
is  continued  untU  all  reaction  ceases  the 
thionic  acids  are  decomposed,  and  the  final 
products  are  S  and  H.,0,  so  that  the  equation 
SO,Aq-f2H„SAq  =  3S-F2H„OAq  correctly  repre- 
sents the  interaction  of  SO^Aq  with  HoSAq  so 
far  as  the  final  products  are  concerned  {v.  D.,  I.e., 
p.  351). 

Solutions  of  the  thionic  acids  more  or  less 
rapidly  decompose,  the  final  products  being 
HoSOjAq,  SO.Aq,  and  S ;  oxidisers  such  as 
CI  or  HNOjAq — in  some  cases  air  is  sufficient — 
convert  them  into  H^SO^Aq ;  reducers,  such  as 
Na  amalgam,  produce  H2S203Aq,  sometimes 
also  H,S03Aq,  and  in  some  cases  HjSAq. 
None  of  the  acids  has  been  isolated  apart  from 
water ;  salts  of  all  are  known  {v.  Thionates, 
p.  695).    The  acids  are  all  dibasic. 

Eegarding  the  constitution  of  the  thionic 
acids  V.  Mendel6eff,  B.  3,  870 ;  Michaelis,  A.  170, 
31 ;  Spring,  B.  6,  1108 ;  Debus,  0.  /.  53,  351. 

DiTHONic  ACID  H2S206Aq.  (Hyposulphuric 
acid.)  A  solution  of  this  acid  is  formed  by 
suspending  coarsely-powdered  MnOj  in  water, 
and  passing  in  SO,  while  the  liquid  is  kept  at 
c.  0° ;  filtering,  adding  BaOAq  to  alkaline  re- 
action, and  filtering  from  BaSO^  and  MnOjHj ; 
evaporating,  crystallising  out  BaS.,Og.  2aq,  and 
decomposing  this  salt  in  solution  by  the  equiva- 
lent quantity  of  Il2S04Aq  ;  filtering  from  BaSO^, 
and  evai^orating  in  vacuo  till  a  hquid  of  S.G. 
1-347  is  obtained  (Mn02  +  2S02Aq  =  MnSAM; 
MnOo -f  SO^Aq  =  MnS04Aq)  (Spring  a.  Bourgeois, 
Bl.  [2]  46,  151).  If  evaporation  is  continued 
beyond  this  concentration,  HjSOjAq  and  SO, 
are  formed  ;  the  same  decomposition  occurs  when 
HoSoO^Aq  is  evaporated  by  heat.  H2S205Aq 
is  reduced  by  Zn  and  HClAq  to  HBSOgAq  at  0° 
(Otto,  A.  147,  187);  it  is  oxidised  to  H^SO^Aq 
by  CI,  HNO3,  KCIO3  and  HCl  &c. ;  it  slowly 
oxidises  in  air  {cf.  Dithionates,  p.  695).  Thom- 
sen  {Th.  2,  259)  gives  the  following  heats  of 
formation  of  H.,S..O„Aq  :— [S^O^Aq]  =  211,080  ; 
[2S0-,0,Aq]  =  68,920  ;  [2S0'Aq,0]  =  53,520  ;  for 
the  heat  of  oxidation  of  H,>S.,0,.Aq  to  H^SOjAq 
he  gives  (S.,05Aq -H  0  =  2S03Aq)  [S^O"^Aq,0] 
73,740. 

Tkithionic  acid  HoSjO^Aq.  A  dilute  solu- 
tion of  this  acid  is  formed  by  decomposing 
K2S30^Aq  by  the  equivalent  quantity  of 
H'C104Aq  or  H-.SiPjAq,  and  filtering  from 
KCIO,  or  K,SiF;  (Langlois,  C.  B.  10,  461;  62, 
842  ;  Kessler,  P.  74,  250).  The  dilute  solution 
cannot  be  evaporated,  even  in  vacuo,  without 
partial  decomposition,  with  formation  of  SO, 
and  S ;  when  heated  it  rapidly  changes  to 
HjSOjAq,  SO,,  and  S.  The  dilute  solution  is 
colourless  and  odourless,  and  has  a  sour  and 
bitter  taste  {cf.  Trithionates,  p.  696).  The  K 
salt,  from  which  the  acid  solution  is  obtained, 
may  be  prepared  by  dissolving  ILS.^j  in  water 
containing  one-eighth  part  of  alcohol,  adding  the 
salt  till  the  alcohol  separates  from  the  aqueous 
solution,  passing  in  SO,,  with  addition  from  time 
to  time  of  a  little  K^SjOj,  temperature  being  kept 
at  25°-30°,  till  the  "liquid  is  yellow  and  smells 
of  SO,,  setting  aside  till  crystals  separate,  and 
re- crystallising  from  warm  water  (filtering  from 
separated  S)  (Plessy,  A.  Ch.  [3]  11,  182). 
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Tetkathionic  acid  H^SjO^Aq.  PbS^O^Aq  is 
decomposed  by  the  equivalent  quantity  of 
H.SOjAq  (not  by  H;,S,  which  reacts  with 
H„S40,,),  and  the  filtrate  from  PbSOj  is  concen- 
trated on  the  water-bath,  and  then  in  vacuo 
over  K.SOj  (Fordos  a.  Gelis,  C.  R.  115,  920). 
PbS^Os  may  be  prepared  by  pouring  a  solution  of 
2  pts.  Na^SjOj-SHoO  in  much  warm  water  into  a 
dilute  warm  solution  of  3  pts.  lead  acetate,  and 
thoroughly  washing  the  pisd.  PbS.jOj  with  warm 
water,  adding  water  enough  to  partially  dissolve 
the  PbSoOj,  then  adding  1  pt.  I,  and  letting 
stand  for  some  days,  with  frequent  shaking, 
filtering  from  Pbl.„  evaporating  and  crys- 
UUising   (2PbS,03  +'2I  +  Aq  =  PbS,0„Aq  +  Pbl,,). 

HoS  iOgAq  is  colourless  and  odourless ;  it  has 
a  sour  taste.  Dilute  HjSjO^Aq  may  be  boiled 
without  change,  but  the  cone,  solution  decom- 
poses to  H.^BOjAq,  SO.,,  and  S.  Dilute  HClAq  or 
HoSOjAq  does  not  interact  with  cold  H,S.,O^Aq  ;  ! 
on  warming  H.S  is  given  off ;  HNOjAq  or  CI 
rapidly  oxidises  H.S|0,Aq  to  H.^SO^Aq  (cf. 
Tetkathionates,  p.  696).  Thomsen  {Th.  2, 
262)  gives  the  following  data  for  H.F.  :— 
rS',OsAq]  =  192,430  ;  [2S0'-,S-,0,Aq]  =  50,270  ; 
[2S0-Aq,S-,0]  =  34,870  ;  [2S-0-Aq,0]  =  53,490. 

Pentathionic  acid  HoSjOgAq,  and  Hexa- 
THioNic  ACID  HoSuOi-Aq.  These  acids  very  pro- 
bably exist  in  Wackenroder's  solution  {v.  supra, 
p.  698),  as  salts  of  H.,S50„,  and  probably  also  of 
H.3S|;0s,  have  been  obtained  from  that  solution ; 
solutions  of  the  acids  have  not  been  isolated 
[v.  Pentathionates,  p.  697,  and  Hexathionates, 
p.  697).  M.  M.  P.  M. 

THIONINE.  Thegroup^^— — g;^NH 

i.e.     C,H3(NH„)<^|^C,H3:NH    (Bernthsen  a. 

Goske,  B.  20,  931). 

THIONOL  C,,H,NSO,i...g-^^§A>o. 

Formed  by  heating  imido-di-phenyl  sulphide 
with  dilute  H.SOj  at  150°-160°  (Bernthsen,  A. 
230,  188).  Brownish-red  powder,  which  acquires 
green  lustre  on  rubbing.  Insol.  cold  water,  sol. 
acids  and  alkalis,  forming  a  violet  solution.  Yields 
di-oxy-imido-diphenyl  sulphide  (q.v.)  on  reduc- 
tion.—B'„H.,S04.  Green  needles. —B'BaO  (dried  at 
100°).  P'lates  with  green  lustre.— B'Ag.O  (dried 
at  100°).    Brown  amorphous  pp. 

THIONOLINE    v.  OXY-AUIDO-imDO-DIPHENYL 
SULPHIDE. 

THIONUEIC  ACID  C^H.N.SO,  i.e. 

CO  <;^,y-^^>CH.NH.S03H.    Formed  by  the 

simultaneous  action  of  NH.,  and  SO^  on  alloxan 
in  aqueous  solution  (Liebig  a.  Wohler,  A.  26, 
268,  314,  331).  Formed  also  by  warming  uitroso- 
barbituric  acid  with  ammonium  sulphite  (Baeyer, 
A.  127,  210).  Crystalline  mass  of  needles,  v.  sol. 
water.  Decomposed  by  boiling  water  into  uranil 
and  H.jSO.,.  Keduces  ammouiacal  AgNO^  to  a 
mirror.— (NH|).,A"aq.  Four-sided  tables,  si.  sol. 
cold  water.  At  200°  it  yields  (NHJ.SO^  and 
xanthinine  (Finck,  A.  132,  298).— (NH,)HA". 
White  needles.  —  CaA".    Prisms.— PbA"  aq. 

THIONYL-171-AMIDO-BENZOIC  ACID 
S0:N.C„ri4.C0.,H. 

Methyl  ether  MeA'.  [57°].  (212°  at  100 
mm.).    Formed  from  methyl  m-amido-benzoate 


and  socio  (Michaelis,  A.  274,  250).  Yellow 
orystalliue  mass,  v.  sol.  ether  and  benzene. 

Ethyl  ether  EtA'.  Oil. 

THIONYL  -  DIAMIDO-  DI-PHENYL-ETHYL- 
ENE  C,H,(C„H,.N:S0),.  [202°].  Formed  from 
di-amido-stilbene  and  SOCL  (Michaelis,  A.  274, 
265).    Pied  needles,  m.  sol.  benzene  and  CHCLj. 

THIONYL-AMIDO-PHENOL.  Ethyl  de- 
rivative C,iH,(OEt).N:SO.  [32°].  (220°  at 
200  mm.).  Formed  from  ^;-amido-pheuetol  and 
SOCL,  (Michaelis,  A.  274,  246).  Light-yellow 
needles,  v.  sol.  ether.  Slowly  decomposed  by 
water. 

THIONYL-AMYLAMINE  SO:NC,H,,.  (87°  at 
60  mm.).  Formed  from  amylamine  (103  ")  in 
ether  and  SOGl,  (MichaeUs,  A.  274,  191).  Oik 
decomposed  by  water. 

THIONYL-ANILINE  C,H,N:SO.  (200°).  S.G. 
i-  1-236.  Formedfrom  anilinein  benzene  solution 
andSOCl,,(Michaelis, 5.23, 3480; 24, 745).  Liquid 
with  peculiar  odour,  sol.  alcohol.  Converted  by 
alkalis  into  aniline  and  sulphite.  Chlorine  forms 
tri-chloro-aniline  [78°].  Cone.  HClAq  also  forms 
aniline  and  SO.,.  The  compound  C„H.Br,)N:SO 
[76°]  is  formedfrom  tri-bromo-aniline iu benzene 
and  SOCL,.  The  compounds  [1:2]C,H,C1.N:S0 
[-8°],  [i:3]  C,.H,CLN:SO  (233°)  and  [1:4] 
C,H,C1.N:S0  [36°]  (237°)  are  formed  in  like 
manner,  o-,  and  2'-  Thionyl-bromo-anilines 
melt  at  4°,  32°,  and  61°  respectively  (Michaelis. 
A.27i,  221).  Thionyl-tetra-bromo-aniline  melts 
at  78°.  Thionyl-^j-iodo-anihne  [54°]  and  [4:2:1] 
C„H.,I,,.N:SO  [74°]  are  also  crystalline. 

Bcfercnce. — Nitro-thionyl- aniline. 

THIONYL  BEOMIDE  SOBr„  v.  Sulphur  oxy- 

BEOMIDES,  p.  617. 

THIONYL-ISOEUTYLAMINE  C,H„NSO  i.e. 
CHMe,.CHj.N:SO.  (116°).  Formed  from  SOCL, 
and  isobutylamine  in  ether  (Michaelis,  A.  274, 
191).    Liquid,  with  pleasant  smeU. 

THIONYL  CHLORIDE  SOCL  v.  Sulphur 

OXYCHLORIDES,  p.  617. 

THIONYL-CUMIDINE  C,H,Pr.N:SO.  (158°). 
Got  from  SOCL,  and  the  cumidine  obtained 
from  isopropyl-benzene  by  nitration  and  reduc- 
tion (Michaelis,  A.  274,  239).  Oil,  not  decom- 
posed by  boiling  water. 

Thioiiyl-4'-cumidine  C^H.,Me;,.N:SO.  [-10°]. 
(246°).    Oil,  V.  sol.  alcohol  and' ether. 

THIONYL-ETHYLAMINE  EtN:SO.  (73°). 
Formed  by  adding  SOCL_,  to  an  ethereal  solution 
of  ethylamine  cooled  below  0°  (Michaelis,  B. 
24,  756). 

THIONYL-MESIDINE  C,.H.,Me,.N:SO. 
[-11°].  (241°).  S.G.  1-121.  Volatile  with 
steam  (Michaelis,  A.  274,  240). 

THIONYL-METHYLAMINE  MeN:SO.  (59°). 
Liquid  (Michaelis,  A.  274,  187). 

THIONYL-METHYL-ANILINE 
SO(C,H,.NHMe).,.  [154°].  Formed  from  SOCl^ 
and  methyl-aniline  in  ethereal  solution  in  pre- 
sence of  A1C1.J  (Michaelis  a.  Godchaux,  B.  23, 
3019).  Colourless  needles,  v.  sol.  alcohol. 
Yields  anitrosamine  SO(C„H,,.NMe.NO)„.  [171°]. 

THIONYL-(a)-NAPHTKYLAMINE  ' 
C,„H;.N:SO.  [33°].  (226°  at  100  mm.).  Formed 
from  (a)-naphthylamine  in  benzene  and  SOClj 
(Michaelis,  A.  274,  253).  Keddish  yellow  needles, 
slowly  converted  by  water  into  uaphthylamine 
sulphite. 
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TMouyl-(/3)-naplithylamme  [63°].  Needles. 
The  thionyl  derivative  of  bromo-(/3)-naphthyl- 
amine  [63°]  melts  at  118°. 

THI0NYL-o-lfITR0-ANILINEC„H,N.,SO3t.e. 
C„H^(NO,).N:SO.  [G2°],  the  m-  compound  melts 
at  63°,  while  the  jp-isomeride  melts  at  70° 
(Michaelis,  A.  274,  225). 

THIONYL-NITRO-MESIDINE  CgHioN^SOa 
i.e.  C,HMe,(N02).N:S0.  [77°].  Got  from  nitro- 
mesidine  [74°]  (Michaelis,  A.  274,  241).  Light 
yellovf  needles,  v.  e.  sol.  benzene. 

Thionyl-di-nitro-mesidine.  [127°].  Formed 
from  di-nitro-mesidine  [193°]. 

THIONYL-NITKO-NAPHTHYLAMINE 
C,„H,(NO,).N:SO.    Nitro-naphthylamines  [191°] 
and  [119°]  yield  thionyl  derivatives  melting  at 
89°  and  135°  respectively  (Michaelis,  4. 274,  268). 

THIONYL-WIXEO-TOLUIDINE  C,H,N,SO, 
i.e.  C,H3Me(N0,,).N:S0.  The  compounds  from 
(2,l,4)-nitro-toluidine  [75°]  and  (3,l,4)-nitro- 
toluidine  [114°]  melt  at  44°  and  39°  respectively 
(Michaelis,  A.  274,  232). 

DI-THIONYL-PHENYLENE-DIAMINE 
C5Hj(N:S0).,.  The  vi-  andjp-  compounds  melt  at 
44°  and  116°  respectively  (Michaehs,  A.  274, 261). 

THIONYL-PHENYLETHYL-AMINE 
PhCHj.CHj.NiSO.  (172°  at  25  mm.).  Liquid, 
decomposed  by  water  into  SOo  and  base.  SO., 
jiassed  into  its  ethereal  solution  forms  amorphous 
PhCH„.CH„.NH.SO„H,  whence  benzoic  aldehyde 
yields"  PhCH„.CH.;N(SO.,H).CHPh.OH  [114°] 
(Michaehs,  B.  26,  2167). 

THIONYL-PHENYL-HYDRAZIME  v.  Action 
of  SOCL  on  Phenyl-hydeazine. 

THIONYL-PHENYL-PROPYLAMINE 
CH2Ph.CH,.CH2.N:SO.  Formed  from  phenyl- 
propylamine  hydrochloride  and  SOCh  (Michaelis 
a.  Jacobi,  B.  26,  2161).  SO.,  passed  into  its 
ethereal  solution  forms  the  amorphous  compound 
iNfH(S0.,H).C3H„Ph,  which  reacts  with  benzoic 
aldehyde  forming  S0,H.N(CHPh.0H).C3H,Ph 
[106°]. 

THIONYL-PROPYLAMINE  PrN:S0.  (104°). 
Smells  like  bleaching-powder  (Michaelis,  A.  274, 
190). 

XHIONYL-TOLUIDINE  C,H,Me.N.S0. 
Formed  from  toluidine  and  SOCl.,.  The  o-  com- 
pound is  liquid  (184°  at  100  mm.).  The  m-  com- 
pound is  liquid  (220°).  The  p-  isomeride  [7°] 
(c.  224°)  may  be  crystallised  by  cooling  (Michaelis 
a.  Herz,  B.  23,  34S2 ;  24,  763  ;  A.  274,  231). 
The  thionyl  derivatives  of  (3,1,4)-  and  (5,1,2)- 
bromo-toluidines  melt  at  47°  and50° respectively. 

THIO-ORCm  C,.H,,Me(SH).,.  [36°].  Formed 
by  reducing  C,,H.,Me(SO.,Cl).,  with  tin  andHClAq 
(Gabriel,  B.  12,  1640).— PbC,H„S,. 

THIONYL-XYLIDINE  C,HsMe..N:SO.  The 
(1,2,4)- compound  [-9°]  (131°  at  20  mm.), 
(1,3,4)-  compound  (238°),  and  (1,4,2)-  isomeride 
[-8°]  (119°  in  vacuo)  are  all  oily  (Michaelis,  A. 
274,  237).  Thionyl-fluoro-xylidine  (144°  at  45 
mm.)  is  also  an  oil. 

THIO-OXALIC  ACID.  Ethyl  ether 
C,H,„S03  i.e.  CO.,Et.CO.SEt.  (217°  cor.).  S.G.  2 
1-146.  Formed  by  the  action  of  Cl.CO.CO.,Et  on 
mercaptan  (Morley  a.  Saint,  C.  J.  43,  400). 
Colourless  liquid  with  faint  odour  like  garhc. 
Decomposed  by  KOHAq  into  mercaptan,  alcohol, 
and  oxalate.  Alcoholic  KOH  (1  mol.)  forms 
EtSH  and  CO.,Et.CO.,K.  Water  slowly  decom- 
poses it,  forming  oxalic  acid,  alcohol,  and  mer- 


captan. Dry  NH3  forms  mercaptan  and 
CO^Et.CONm. 

(^)-Tliio-oxalic  acid  NH„.CS.CO.B.  The  salt 
C.jH.,KNSO.,  is  formed  by  the  action  of  cold 
cone.  KOHAq  on  the  ethers.  It  crystallises  in 
needles,  v.  sol.  water  and  decomposed  by  evapo- 
rating.   The  free  acid  is  unstable. 

Amide  of  the  methyl  ether 
NH.,.CS.CO.,Me.    [86°].    Formed  by  passing  dry 
H.,S'  into  Cy.COoMe  (Weddige,  J.  pr.  [2]  7,  79  ; 
9,  133;  10,  193).     Light-yellow  crystals,  sol. 
water,  alcohol,  and  ether. 

Amide  of  the  ethyl  eiJier  NH.,.CS.CO„Et. 
Mol.  w.  133.  [64°].  Formed  in  like  manner. 
Lemon-yellow  crystals.  Ke-converted  by  boiling 
with  alcohol  and  Pb(OH)^,  into  cyanoformic 
ether.  Methylamine  and  ethylamine  form  the 
crystalline  compounds  C0(NHMe).CS.NH2  and 
CO(NHEt).CS.NH„  respectively. 

Aviide  of  the  isobutyl  ether 
NHo.CS.CO.,CjH,.    [58°].    Lemon-yellow  crys- 

tSilS   si   sol  W3it6r 

hi'-amidc  CO(NH._,).CS.NH.,.  Formed  from 
CO.,Et.CS.NH„  and  alcoholic  ammonia  (Weddige, 
J.  pr.  [2]  9,  137).  Lemon-yellow  needles  (from 
alcohol),  si.  sol.  water. 

Di-thio-oxalic  acid.  Ainide 
CS(NH.,).CS(NH..).  Hydrogenruheanide.  Mol.w. 
120.  Formed,  together  with  yellow  Cy.CS.NH.,, 
by  combination  of  cyanogen  with  H.,S  (Wohler, 
P.  3,  177  ;  Volckel,  A.  38,  315).  Formed  also  by 
passing  cyanogen  into  an  alcoholic  solution  of 
I  NaSH  and  ppg.  by  HCl  (Wollner,  J.  pr.  [2]  29, 
129 ;  Ephraim,  B.  22,  2305).  Prepared  by 
passing  H.^S  into  an  ammoniacal  solution  of 
CUSO4  which  has  been  decolourised  by  KCy 
(Formanck,  B.  22,  2655).  Small  yellowish-red 
crystals,  si.  sol.  water,  sol.  alcohol  and  ether. 
Dilute  KOHAq  forms  oxalic  acid,  cone.  KOHAq 
forms  KCy  and  KCyS.  Boiling  HClAq  forms 
oxalic  acid.  Mel  and  MeOH  at  160°  form 
SMejL  Alcoholic  hydroxylamine  hydrochloride 
(2  mols.)  forms  C.,(NH.,).,(NOH).,  and  H^S. 
Benzoic  aldehyde,  acting  on  a  boiling  solution, 
forms  a  compound  [209°]  which  is  apparently 

CHPh<^|^C.C^^>CHPh  (Ephraim,  B.  24, 

1027).— PbCjHjNoSj :  orange  pp.  (Wallach,  B. 
13,  528).    Yields  PbS  on  boiling  with  water. 

Anilide  CS(NHPh).CS(NHPh).  [133°]. 
Formed  from  oxanilide  by  successive  treatment 
with  PCI,  and  H.S  (Wallach,  B.  13,  527).  Golden 
plates. 

Di-methyl-di-amide 
CS(NHMe).CS(NHMe).  [140°].  Formed  from 
thiocyanic  acid,  alcohol,  and  methylamine 
(Wallach,  A.  262,  360).  Yellow  crystals,  si.  sol. 
alcohol.  Converted  by  NaOEt  and  propyl 
chloride  into  C(NMe)(SC3H.).C(NMe)(SC3H,) 
(170°-175°). 

Di-ei7i7/Z-di-amideCS(NHEt).CS(NHEt). 
[58°].  Formed  in  like  manner.  Yellowish-red 
crystals,  insol.  water.  Converted  by  NaOEt  and 
EtI  into  C(NEt)(SEt).C(NEt)(SEt)  (126°-129°). 

Di-amyl-di-amide 
CS(NHC,H,„).CS(NHC,H,„).      [60°].  Formed 
from  thiocyanic  acid,  alcohol,  and  amylamine 
(Wallach,  A.  262,  362).    Ked  prisms. 

Di-benzyl-diamide 
CS(NHCH,Ph).CS(NHCH,Ph).  [115°].  Formed 
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from  tliiocyanic  acid,  alcohol,  and  benzylamine. 
yellowish-red  crystals,  si.  sol.  warm  alcohol. 

Hexa-thio-ortho-oxalic  acid.  Ethyl  ether 
C..(SEt)c.  Formed  from  CClg  and  NaSEt 
(Claesson,  J",  pr.  [2]  1.5,  212).    Heavy  oil. 

THIO-OXY-  V.  SULPHYDKO-. 

THIO-PARABANIC  ACID.    Methyl  deri- 
vative v.  Methyl-thio-pa-RAbanic  acid. 
Allyl  derivative  C^HuNoSO,  i.e. 

CS<^Sj^'-£9^C0.       Oxalyl  -  thio  -  sinaminc. 

[90°].  Formed  by  warming  the  dicyanide  of 
allyl-thio-m-ea  with  dilute  H^SO^  (Maly,  Z.  1869, 
2G0).    Lemon-yellow  needles,  m.  sol.  cold  water. 

THIOPHENE  C,H,S  i.e.  S^^^;^^.  (84° 

cor.).  V.D.  3-0  (calc.  2-9).  S.G.  ^2  1-062 ; 
i  1-0884  ;  V  1-0705  (E.  Schiff,  B.  18,  1601). 
S.V.  84-9.  41-4  (Nasini  a.  Scala,  G.  17,  70). 

H.O.p.  670,900  (Berthelot  a.  Matignon,  C.  B.  Ill, 
10;  Bl.  [3]  4,  252).  H.F.- 14900.  Critical 
temperature  317°  (Pawlewski,  B.  21,  2141). 
Critical  pressure  47-7  atmospheres.  Occurs  in 
coal-tar  benzene  to  the  extent  of  about  "5  p.c. 
(V.  Meyer,  B.  16,  1471). 

Formation. — 1.  In  small  quantity  bypassing 
acetylene  through  boiling  sulphur  (V.  Meyer  a. 
Sandmeyer,  B.  16,  217G). — 2.  By  heating  suc- 
cinic anhydride  with  P.jSj. — 3.  By  heating  sodium 
succinate  with  P.,S.|,  the  yield  being  50  p.c.  of 
the  theoretical  amount  (Volhard  a.  Erdmann, 
B.  18,  454).  It  is  not  formed  by  heating 
s-di-bromo-succinic  acid  with  R.Sj  or  P..S5 
(Ossipoff,  J.  R.  20,  245).— 4.  By  heating  ery- 
thrite  with  P-.S^  (Paal  a.  Tafel,  B.  18,  688).— 
5.  From  its  (a)-carboxylic  acid,  which  is  ob- 
tained by  heating  mucic  acid  with  BaS  (Paal  a. 
Tafel,  B.  18,  456). — 6.  In  small  quantities  by 
passing  EtoS  through  a  red-hot  tube  (Meyer,  B. 
18,  217). — 7.  In  small  quantities  by  passing 
ethylene,  coal-gas,  or  ligroin-vapour  over  heated 
iron  pyrites. — 8.  In  small  quantities  by  heating 
P.^S5  with  crotonic  acid,  with  «-butyric  acid,  with 
paraldehyde,  or  with  ether  (Meyer). 

Isolation. — 20  pts.  commercial  '  pure  '  benz- 
ene is  shaken  for  four  hours  with  1  pt.  of 
H^SOj.  The  acid  is  diluted  with  two  or  three 
times  its  weight  of  water  and  treated  at  once 
with  steam.  Nearly  pure  thiophene  passes  over. 
Yield,  about  'd\  p.c.  by  volume  of  the  H^SO^ 
used  (Schulze,  B.  18,  497). 

Properties. — Liquid  with  faint  odour,  not 
decomposed  below  335°.  Not  solid  at  —  20°. 
Greatly  resembles  benzene.  Oxidised  by  HNO3 
with  great  violence.  On  shaking  with  isatin 
and  H„SO,  it  yields  a  blue  colouring  matter 
(indophenine).  Not  affected  by  boiUng  with 
sodium.  Benzene  that  contains  thiophene  gives 
a  bright-blue  colour  to  H.^SO.,  containing  nitrous 
acid.  Thiophene  (10  g.)  shaken  with  alcohol 
(100  g.),  cold  saturated  HgCl,  solution  (1,000  g.), 
and  NaOAc  (70  g.)  dissolved  in  water  (130  g.) 
forms  a  white  pp.  containing  C4H5(HgGl)S, 
which  crystallises  from  alcohol  in  white  plates 
[183°],  and  C,,H.,(HgCl)..S,  a  white  powder,  insol. 
alcohol  (Volhard",  A.  267,  172).  The  compound  [ 
C^H3(HgCl)S  is  converted  by  AcCl  into  o-thienyl 
methyl  ketone  and  by  I  into  di-iodo-thiophene. 
Thiophene  combines  with  CHPh^  and  with  di- 
bromo-di-(/8)-naphthyl  oxide  (Liebermann,  B.  I 
26,  853).  1 


Reactions. —  1.  Chloral  and  H.,SO,  yield 
CCI,.CH(C,H.,S).,.  —  2.  BzCl  and  AlCl^  form 
thienyl  phenyl  ketone.  —  3.  Phemjl-glyoxylic 
acid  and  HjSO^  form  C,,,H,,NSO,,  which  dissolves 
in  chloroform  with  crimson,  and  in  H,SOj  with 
purple  colour. — 4.  CI  and  Br  yield  chloro-  and 
bromo-  derivatives. — 5.  H.^S04  forms  a  brown 
solution  containing  a  sulphonic  acid,  and  slowly 
decomposes  the  thiophene,  forming  H„S,  SOj 
and  an  amorphous  pp. — 6.  H.^SO^  and  KNOj 
fomi  a  compound  called  '  nitroso-dithiophene  ' 

HO.N<;;^'^-g>0  (?),  ppd.  by  water  as  a  dark 

insoluble  powder  (Liebermann,  B.  20,  3231). — 
7.  Passed  wdth  PCI3  through  a  red-hot  tube  it 
foi-ms  C4H,S.PCL  (218°)  which  is  decomposed  by 
water  into'C,H.,S.P(OH)„  [70°]  and  is  converted 
by  01  into  C4H3S.PCI4,  which  is  converted  by  SO., 
into  C.H^S.POGl,  (259°)  and  by  water  into 
C4H3S.PO(OH).,  [159°]  (Sachs,  B.  25,  1514).— 8. 
Diazobcnzene  chloride  and  AICI3  forms  (0)- 
phenyl-thiophene  [57°]  (Mohlau  a.  Berger,  B. 
26,  2001). 

References. — Amido-,  Bromo-,  Di-beoiio-di- 
NITRO-CHLORO-,  Tki-chloko-nitro-,  I0DO-,  lODO- 
NITR0-,  and  NiTEO-  thiophene. 

THIOPHENE  (a)-CARBOXYLIC  ACID 

CjH^SO.^  i.e.  ^"xc^cQ  H)-CH'    Thiophene  '  /8  '- 

carboxylic  acid.  [126-5°].  (260°  cor.).  H.F- 
85,400.  H.C.p.  591,900  (Stohmann,  J.pr.  [2]  43, 
12).  Formed  by  adding  sodium-amalgam  to  a 
mixture  of  Cl.CO.,Et  with  (o)-iodothiophene,  with 
di-iodo-thiophene,  or  with  di-bromo-thiophene 
(Nahnsen,  B.  17,  2192  ;  18,  2304  ;  Bonz,  B.  18, 
2306).  Formed  also  by  heating  mucic  acid  with 
BaS  for  6  hours  at  205°,  the  yield  being  12  p.c. 
of  the  theoretical  (Paal  a.  Tafel,  B.  18,  456). 
Obtained  by  oxidation  of  (a)-ethyl-thiophene 
(Schleicher,  B.  18,  3017),  of  (a)-propyl-thiophene 
(Euffi,  B.  20,  1740),  of  thienyl  methyl  ketone 
(Peter,  B.  17,  2645;  18,  542),  and  of  thienyl 
ethyl  ketone  (Ernst,  B.  20,  518)  with  alkahne 
KMnO^. 

Properties. — Slender  white  needles  (from 
water)  or  long  flat  needles  (by  sublimation),  v. 
sol.  hot  water,  si.  sol.  cold,  v.  e.  sol.  alcohol  and 
ether,  m.  sol.  chloroform,  si.  sol.  ligroin.  Gives 
a  blue  colour  on  warming  with  isatin  and  H.iSO^ 
(indophenine  reaction).  Yields  thiophene  on 
distilling  with  lime.  Yields  a  di-bromo-  deriva- 
tive [211°]. 

Salts.-BaA'„2aq.  Small  crystals.  S.  22-19 
at  14-5°.— CaA'.,3'aq.  S.  18-5  at  18-5°.— ZnA'„ 
(dried).  S.  14  at  15°.-PbA'„  (dried)  -5  at  18-5°!! 
— AgA' :  plates  or  needles.    S.  -195  at  11°. 

Ethyl  ether  EtA'.  (218°  cor.).  S.G.  ^ 
1-1155.    Liquid,  smelhng  like  benzoic  ether. 

Chloride  C.HjS.COCl.  (190°  uncor.). 
Liquid,  smelling  like  benzoyl  chloride. 

Amide  C.HjS.CONH...  [174°]  (Meyer,  A. 
236,  210).  Prisms,  m.  sol.  ether.  Phenyl  thio- 
carbimide  forms  C^HaS.CO.NH.GO.NHPh. 
[206°] 

Anilide  CjHjS.CONHPh.  [140°].  Formed 
by  the  action  of  phenyl  cyanate  on  thiophene  in 
presence  of  AICI3  (Leuchart  a.  Schmidt,  B.  18, 
2340).    Iridescent  plates. 

Amidoxim  C,H3S.C(N0H).NH,.  [92°], 
Formed  by  the  action  of  hydroxylamine  on  the 
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nitrile  (Meyer,  A.  236,  213).  Long  prisms  (from 
benzene). 

Nitrila  (192°)  (D.) ;  (200°  cor.)  (Peter,  B.  18, 
543).  Formed  by  distilling  thienyl-glyoxylic 
acid  with  aqueous  hydroxylamine  (Douglas,  B. 
25,  1311). 

Tetrahtjdride  g^Cg(CQ2H).gH,_   j-^^o-j^  ! 

H.F.  114,900.  H.C.p.  700,400,  Formed  by  re- 
ducing the  acid,  in  alkaline  solution,  with  sodium-  i 
amalgam  (Ernst,  B.  19,  3278 ;  20,  518).  Plates  I 
or  needles  (from  ligroin),  v.  e.  sol.  water  and 
alcohol,  V.  sol.  ether.  Volatile  with  steam. 
Much  decomposed  on  distillation.  Reduces 
ammoniacal  AgNOj.  Salts. — CaA'jSaq.  Crys- 
talline, sol.  water.  —  AgA'.  M.  sol.  water. 
Methyl  ether  MeA'.  (c.  206°).  Ethyl 
ether  EtA'.  Liquid. 

Thiophene  (;8)-carbo2ylic  acid 

^"VCH-CCOH-  (y)-Thiophenic  acid.  [136°]. 
S.  -44  at  17°.  Formed  by  the  action  of  alkaline 
KMn04  on  (0)-methyl-thiophene  (Muhlert,  B.  18, 
3003)  or  (/3)-ethyl-thiophene,  the  yield  being 
about  8  p.c.  (Damsky,  B.  19,  3284).  Needles 
(from  water),  sol.  ether,  votatile  with  steam. 
Oives  the  indophenine  reaction! — CaA',  ^aq.  S.  [ 
(of  CaAy  7-92  at  14-5°.— BaA'.  (dried).'  S.  11-54  j 
at  17°. — AgA'.  Needles  or  plates,  v.  si.  sol.  Aq. 

Amide  C^HjS.CONH..  [178°].  Converted 
by  phenyl  cyanate  into  O4H3S.CO.NH.CO.NHPh. 
[206°]. 

TMophene  '  a '-carboxylic  acid.  [118°]. 
(258°  cor.).  This  is  a  mixture  of  the  (a)-  and 
(fi)-  acids.  It  is  got  by  saponifying  the  mixed 
nitrile  which  is  formed  by  distilling  a  mixture  of 
potassium  thiophene  {a)  and  (;8)  sulphonates  with 
KCy  (V.  Meyer,  B.  16,  2174 ;  18,  2315  ;  Bonz, 
B.  18,  2308).  Formed  also  by  oxidising  a  mix- 
ture of  (a)  -methyl-thiophene  (2  pts.)  and  (0) 
methyl-thiophene  (3  pts.)  and  by  slow  evapora- 
tion of  an  aqueous  solution  of  the  mixed  thio- 
phene carboxylic  acids  in  the  cold  (Egli,  B.  18, 
548  ;  V.  Meyer,  B.  19,  2891 ;  A.  236, 221).  Vola- 
tile with  steam.  Can  be  separated  into  the  (a)- 
and  (/3)-  acids  by  crystallisation. 

Thiophene  dicarboxylic  acid 

S<cf^^:6?;0,H)-  [270°].  Formed  by  oxi- 
dising  the  corresponding  di-methyl-thiophene 
with  alkaline  KMnO.,  (Griinewald,  B.  20,  2586). 
Formed  also  by  oxidising  (j3)-methyl-thienyl 
methyl  ketone  (Gerlach,  A.  267,  153).  Long 
needles  (from  water),  v.  e.  sol.  ether.  Not  vola- 
tile with  steam.  Eesorcin  at  200°  forms  a  fluor- 
escein which  exhibits  yellowish -green  fluor-  j 
escence  in  alkaline  solution. — PbA''. — BaA". 
Crystals,  si.  sol.  cold  water.— Ag.,A".   White  pp. 

Methyl  ether  Me.,A".    [59-5°].  Plates. 

Thiophene  dicarboxylic  acid 
q/C(CO,,H):CH 
^\C(COjH):CH- 

Formation. — 1.  By  oxidation  by  alkaline 
KMnOj  of  di-methyl-thiophene  from  coal  tar 
(Messinger,  B.  18,  567),  from  (a)-ethyl-thienyl 
methyl  ketone,  from  (a)-ethyl-thiophene  (a)-earb- 
oxyhc  acid  (Schleicher,  B.  18,  3020),  from 
methyl-thienyl  methyl  ketone  (Demuth,  B.  18, 
3025),  and  from  (a) -methyl-thiophene  carboxylic 
acid  (Levi,  B.  19,  656). — 2.  By  saponifying  its 
nitrile,  which  may  be  got  by  fusing  potassium 


thiophene  disulphonate  with  KCy  (Jaekel,  B.  19, 
191). — 3.  By  saponifying  its  ether  which  is  got 
by  the  action  of  sodium-amalgam  on  a  mixture 
of  di-bromo-thiophene  and  ClCO^Et  (Bonz,  B. 
18,  2306). 

Properties. — Crystalline  powder,  v.  si.  sol. 
cold  water,  sol.  ether.  Not  melted  at  300°. 
Does  not  give  the  fluorescein  reaction. 

Salts.  —  BaA"aq.  Crystalline,  v.  si.  sol. 
cold  water. — CaA"  3aq. — Ag.A"  :  white  pp. 

Methyl  ether  MeJJ'.  '[145°]  (J.);  [147°] 
(S.) ;  [151°]  (D.).    Whi'te  needles  from  alcohol. 

Ethyl  ether  Et,A.".  [47°]  (J.);  [52°] 
(S.).    Long  needles  (from  alcohol). 

Nitrile  C.H.SCy.,.    [92°].  Crystals. 

Tetrahydride  S<gH(CO^)-?H,_  ^.g^o 

cor.].  Formed  by  reducing  the  acid  in  alkaline 
solution  by  sodium-amalgam  (Ernst,  B.  19, 
3275).  Plates,  v.  sol.  water,  sol.  ether.  Ee- 
duces  hot  ammoniacal  AgNOj.  Hot  cone. 
H,SO.,  evolves  CO  (1  mol.). — BaA"  :  scales. — 
Ag.jA"  :  white  powder. — Me2A".  Oil. 
Thiophene  dicarboxylic  acid 

^^0^0  Wj-GK^^'  ^7  oxidation  of 

the  corresponding  di-methyl-thiophene  by  alka- 
line KMnO^  (Zelinsky,  B.  20,  2022).  Needles, 
si.  sol.  cold  water.  Decomposes  and  partially 
sublimes  at  280°,  v.  sol.  hot  water. — AgjA". 

Methyl  ether  Me.A.".    [121°].  Plates. 

Ethyl  ether    Et^A".  [36°]. 

Thiophene  tri-carboxylic  acid  C4SH(C02H)3. 
Formed  by  oxidation  of  di-methyl-thienyl  methyl 
ketone  with  KMnO^  (Messinger,  B.  18,  2302). 

Methyl  ether  Me^k'".  [118°]  Plates,  v. 
sol.  alcohol  and  ether. 

References. — Beomo-  and  Iodo-  thiophene 

CAKBOXYLIC  ACID  and  NiTRO-THIOPHBNIC  ACID. 

THIOPHENE  GEEEN  C.,,H^,N„S.  The  leuco- 
base  C4SH3.CH(OH)(C,H4NMe2)2is"got  by  heating 
thiophenic  aldehyde  with  di  -  methyl  aniline, 
ZnCl.,,  and  a  httle  alcohol  at  100°  (Levi,  B. 
20,  613).  It  crystallises  in  needles  [93°], 
and  is  readily  oxidised  to  thiophene  green 
C4SH3.C(OH)(C,H4NMe.,).„  which  is  an  oil  and 
forms  the  salts  (C,,H,.,N,S),,ZnCl2  2aq,  B'H^SO,,, 
B'„3H„C204  2aq,  and  B'2C„H3N30„  crystaUising 
in  scales  with  coppery  lustre. 

leuco-thiophene  green  v.  TEiKA-MDsiHyL-Di- 

AMIDO-DI-PHENYL-THIENYL-METHANE. 

THIOPHENE  (a)-SULPHmiC  ACID 

C4H3S.S02H.  [67°].  Formed  by  the  action  of 
zinc-dust  on  an  alcoholic  solution  of  thiophene 
sulphonic  chloride  (Weitz,  B.  17,  800).  Needles, 
V.  sol.  water,  alcohol,  and  ether.  Gives  the  in- 
dophenine reaction. — BaA'j  2aq.  White  plates, 
V.  sol.  water. — ZnA'2  3aq. — AgA'.  Crystalline  pp. 

THIOPHENE  'a'-SULPHONIC  ACID 
C4H3S.SO3H.  Formed  by  shaking  thiophene 
(20  g.)  dissolved  in  ligroin  (2,000  c.c.)  with 
H„S04  (300  c.c.)  for  2  hours  (V.  Meyer  a.  Kreis, 
B.'ie,  2172;  Biedermann,  B.  19,  1615).  Deli- 
quescent mass.  Yields  thiophene  on  distillation. 
It  is  doubtless  a  mixture  of  the  (a)  and  ifi)  acids. 
— NaA' aq. — BaA',  3aq. — Ca A'j. — PbA'.  aq.  Very 
soluble  powder. — AgA'  3aq.  Plates  (Weitz,  B. 
17,  796). 

Ethyl  ether  EtA'.  Oil. 

C/iZorifZe  C4H3S.SO2CI.  [28°].  (above200°). 
Oil  or  colourless  crystals. 


DI-THIO-PHTHALIC  ACID. 
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Amide  C,H3S.C0NH„.    [142°]  (Langer,  B. 
17,  1568).  Needles  (from  water). — 
C.,H,,S.CO.NHAk.    Pearly  scales. 

Anilidc  C.HaS.CONHPh.  [96°]. 

Thiophene  (/3)-sulphonic  acid 

S  XCH'C^O  H '  I^oruie*!  ^1  the  action  of 
Sodium-amalgam  on  di-bromo-thiophene  (fi)- 
sulphonic  acid,  which  is  got  by  sulphonation  of 
di-bromo-thiophene  (Langer,  B.  17,  1567  ;  18, 
553).  Obtained  in  like  manner  from  iodo- 
thiophene  sulphonic  acid,  and  from  tri-bromo- 
thiophene  sulphonic  acid  (Kosenberg,  B.  18, 
1776).  Crystalline  solid,  v.  sol.  water.  Gives  a 
blue  colour  with  isatin  and  H.,SO|. — BaA'.,. 

Chloride  C,H.,S.S0,C1.'  [43°].  Plates,  v. 
sol.  ether,  insol.  ligroin. 

Amide  C.H.S.SO.NH^.    [148°].  Tables. 

Thiopheae  disulphonic  acid  C,H.S(S03H)2. 
Formed  by  reduction  of  di-bromo-thiophene 
'j8 '- di  -  sulphonic  acid  by  sodium  -  amalgam 
(Langer,  B.  18,  654,  1114  ;  Rosenberg,  B.  18, 
3030).    Crystalline,  v.  sol.  water.— BaA"  2iaq. 

Chloride  C,H..S(S0„C1)„.   [149°].  Scales. 

Amide  C,H,S(Sb,NH2),,.  [c.280°].  Needles. 

Thiophene  disulphoaic  acid  C|H,S(SO,jH)„. 
Formed  by  reducing  iodo-thiophene  (a,8)-di- 
sulphonic  acid  with  sodium-amalgam  (Langer, 
B.  18,  500). 

Amide  C^H,S(SO,,NH„),.  [142°].  Plates. 
Gives  the  indophenine  reaction. 

Thiophene  disulphonic  acid  €41128(80311)2. 
Formed  from  lead  thiophene  sulijhonate  and 
fuming  HjSOj  (Jaekel,  B.  19,  185,  1068). 
Crystalline,  v.  sol.  water  and  alcohol. — K2A"aq  : 
prisms,  v.  sol.  water. — Na,A"3aq.  Needles,  v. 
sol.  water. — BaA"  3aq.  Flat  prisms,  si.  sol. 
water. — CuA"4aq.    Blue  needles. — Ag.,A". 

Chloride  C,H2S(S02C1)2.  [77-5°]".  Needles 
(from  ether). 

Amide  C,H,S(S02NH2)2.  [211-6]. 

References. — Di-bromo-,  Iodo-   and  Niteo- 

THIOPHENE  SULPHONIC  ACID. 

THIOPHEKIC   ACID  v.  Thiophene  cabb- 

OXYLIC  ACID. 

THIOPHENIC  ALDEHYDE  C^H^S.CHO. 
(198°  cor.).  S.G.  31  1-215.  Formed  by  distilling 
(a)-thienyl-glyoxylic  acid  (Biedermann,  B.  19, 
637,  1853).    Formed  also  by  the  action  of  HjS 

on  CHC1<^^Q--^Q=  (Hantzsch,  B.  22,  2838). 

Oil,  smelling  like  benzoic  aldehyde.  Oxidised 
by  air  to  thiophene  (a)-carboxylic  acid. 

Oxim  C,H3S.CH(N0H).  Thiophene  synal- 
doxim.  [128°].  Needles  (from  ether).  Con- 
verted by  NaOHAq  into  thiophene  carboxylic 
nitrite  (Hantzsch,  13.  24,  47).  Yields  an  acetyl- 
derivative  [75°-80°].  NaOMe  and  Mel  inMeOH 

yield  C,SH3.CH<^^^^®  [120°],  crystallising  in 

tables  ;  converted  by  dilute  H^SO.,  into  the  alde- 
hyde and  (;3)-methyl-hydroxylamine  (Gold- 
schmidt  a.  Zanoli,  B.  25,  2588).  Phenyl  cyanate 
in  ether  forms  C.SHj.CHiNO.CO.NHPh  [70°], 
crystallising  in  needles. 

Oxim  CiHjS.CH-.NOH.  Thiophene  anti- 
aldoxim.  Formed  by  the  action  of  hydroxyl- 
amine  hydrochloride,  NaOPIAq  and  Na2C03  on 
the  aldehyde  (Goldschmidt  a.  Zanoli,  B.  25, 
2590).  Converted  by  phenyl  cyanate  into 
O  SH,,.CH:NO.CO.NHPh  [144°],  whence  NaOH 


forms  C,SH,.CH:N.NHPh  [46°].  o-Tolyl  cyanate 
forms  CjHjS.CHiNO.CO.NH.C.H,  [66°J. 

Phenyl  hydrazide  C,SH3.CH:N„HPh. 
[134-5°].   Needles  (from  alcohol). 

THIOPHfiNIC  IMIDO-ETHYL  ETHER 
C4H3S.C(OEt):NH.  The  salt  B'HCl  is  formed 
by  the  action  of  dry  HCl  on  the  uitrile  of 
thiophene  carboxylic  acid  (Douglas,  B.  25,  1312). 
It  is  crystalline,  and  is  converted  by  hydroxyl- 
amine  into  C,,H3S.C(0Et):N0H  [67°]. 

THIOPHENINE  is  Amido-thiophenb. 

THIOPHENOL  v.  Phenyl  mercaptan. 

THIOPHENURIC  ACID  C.H^NSOs.  [172°]. 
Excreted  in  the  urine  of  rabbits  after  injection 
of  sodium  thiophene  (a) -carboxylic  acid  (.Taff6  a. 
Levi,  B.  21,  3458).  Prisms,  resembling  hippuric 
acid  (from  water),  v.  si.  sol.  ether,  v.  sol.  alcohol. 
Split  up  by  boiling  baryta-water  into  glycocoll 
and  thiophene  (a) -carboxylic  acid. — BaA'2  2aq. 
Needles,  v.  sol.  water. — CaA'„a'aq. — AgA'. 

THIO-PHENYL-ACETIC '  ACID.  Amide 
C,H5.CH2.CS.NH„.  [98°].  Formed  by  heating 
phenyl-acetamide  (3  pts.)  with  P^Sj  (2  pts.),  and 
also  by  allowing  a  solution  of  phenyl-acetonitrile 
in  alcoholic  ammonium  sulphide  to  stand  for  some 
days  (Bernthsen,  B.  11,  503  ;  A.  184,  292).  Tri- 
metric  crystals  (from  alcohol),  decomposed  on 
distillation  into  H.S  and  C.H-.-CH^.CN. 

Reactions. — 1.  Boiling  NH^Aq  forms  phenyl- 
acetamide. — 2.  HgO  forms  phenyl-acetonitrile. — 
3.  Zn  and  HClAq  form  phenyl  -  ethyl  -  amine 
(Colombo  a.  Spica,  B.  8,  821).  —  4.  Benzoic 
aldehyde  forms  oily  C„3H2.,N„S2  (?) — 5.  Sodium- 
amalgam  forms  Ph.CH.,.C;H.,NH„  and  a  com- 
pound C.,_,H,,NS„  [108°].— 6.  iodine  added  to  a 
hot  alcoholic  solution  forms  C,,H„N.,S  [42°].— 
7.  Mel  forms  (CH.,Ph.C(NH).SMe)HI  [139°], 
which  gives  rise  to  "(C5,H,,NS).,H.,PtCl6.— 8.  EtI 
forms  (C,oH,3NS)HI  [116°],  which  is  v.  e.  sol. 
water,  and  yields,  on  treatment  with  NaOHAq, 
the  free  base  CH,Ph.C(NH).SEt,  which  is  an  oil 
that  quickly  decomposes  into  mercaptan  and 
phenyl-acetonitrile.  The  salts  (C,„H|,,NS)HC1 
[c.  120°],  B'„H2PtCl„  [below  130°],  and  B'HBr 
are  crystalline. — 9.  Aniline  forms  the  compound 
CH.,Ph.C(NH„):NPh. 

THIO  -  PHENYL  -  ALLOPHANIC  ACID  v. 

PhENYL-THIO-ALLOPHANIC  ACID. 

THIO  -  DI  -  PHENYL  -  AMINE  v.  Imido-di- 
phenyl  sulphide. 

THIO  -  PHENYL  -  CARBAMIC    ACID  v. 

Phenyl-thio-caeeamic  acid. 

THIO  -  DI  -  PHENYL   KETONE  v.  Tmo- 

BENZOPHENONE. 

THIO  -  DI  -  PHENYL  -  METHYL  -  AMINE  v. 

Methyl-imido-di-phenyl  sulphide. 

DI-TIilO-PHTHALIC  ACID  C,H,(C0.8H)2. 
The  salt  K^A"  is  formed  by  dissolving  KSH 
(2  mols.)  in  an  alcoholic  solution  of  phenyl 
phthalate  (1  mol.).  The  free  acid  splits  up  at 
once  into  H,,S  and  thiophthalic  anhydride 
(Schreder,  B.  7,  706). 

(a)  -  Di  -  thio  -  isophthalic  acid.  The  K  salt, 
formed  by  the  action  of  KSH  on  phenyl 
isophthalate,  crystallises  in  yellow  needles. 

Ethyl  ether  Et.,A".  Formed  by  adding 
water  to  the  hydrochloride  of  C^H,(C(NH).SEt)2 
(Luckenbach,  B.  17,  1435).    Small  needles. 

(/3)  -  Di  -  thio  -  isophthalic  acid.  Amide 
C,H,,(CSNH2)2.  [200°].  Formed  by  heating 
isophthalic  nitrile  with  alcoholic  ammoniuin 
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sulphide  (L.).  Needles,  sol.  hot  alcohol.  Ke- 
converted  into  the  nitrile  by  lead  acetate.  Boil- 
ing KOHAq  forms  isopiithalic  acid. 

THIO-PHTHALIC  AUHYDKIDE  C^KfiO^i.e. 

CfiH^^^Q^S.    [114°].   (284°).    Formed  by  the 

action  of  KSH  on  phthalyl  chloride,  or  on 
phenyl  phthalate  (Graebe  a.  Zsohokke,  B.  17, 
1175).  Formed  also  by  the  action  of  As.,S.|  on 
phthalyl  chloride  (Eayman,  Bl.  [2]  47,' 898). 
Plates,  V.  sol.  hot  alcohol,  ether,  and  chloro- 
form, si.  sol.  water.  Volatile  with  steam.  Sol.  al- 
kalis and  converted  by  long  boiling  with  alkalis 
into  phthalic  acid.  Ammonia  forms  phthalimide. 
Eesorcin  and  HjSOj  give  a  thiofluorescein,  the 
alkaline  solution  of  which  is  deep  red  with  green 
fluorescence. 

THIO-PHTHALIDE  C,H^<pQ>S.  [57°]. 

Formed  by  heating  CeH^Cy.CH„.SCy  with  cone. 
HClAq  for  5  hours  at  180°  (Day  a.  Gabriel,  B. 
23,  2480).    Thin  needles  (from  dilute  alcohol). 
THIO-PHTHALIMIDINE  GgH.NS  i.e. 

C,H,<^g_^)>S    or    C,H,Cy.CH,SH.  [62°]. 

Formed  by  warming  o-cyano-benzyl  sulpho- 
cyanide  with  H.jSO^  at  65°  (Day  a.  Gabriel,  B. 
23,  2481).  Formed  also  by  adding  KSHAq  to 
o-cyano-benzyl  chloride  in  alcohol.  Needles, 
which  darken  in  air,  v.  sol.  alcohol  and  ether. 
Boiling  NaOHAq  forms  thiophthalide.  KSH 
added  to  its  alcoholic  solution  forms  C,jH,„S.,, 
crystallising  from  nitrobenzene  in  needles  with 
green  lustre.— B'HGl.  Needles. —B'^HoPtCle. 
Orange  -  yellow  prisms.  —  B'HI.  Needles.  — 
P  i  c  r  a  t  e  :  slender  needles. 

THIOPHTHENE  C,H,S.  i.e. 

(225°  cor.).  Formed  by  distilling  citric  acid 
(1  pt.)  with  P2S3  (2  pts.),  adding  NaOHAq,  and 
distilling  with  steam  (Biedermann  a.  Jacobson, 

B.  19, 2444).  Oil,  not  solid  at  - 10°.  Giv£s  the 
indophenine  reaction.  —  B'GgHjNjOj.  [133°]. 
Yellow  needles,  v.  sol.  alcohol  and  benzene. 

Reference. — Tetka-bromo-thiophthene. 

THIOPHYLLINE  O-HgNA-  [264°].  Occurs, 
in  small  quantity,  in  extract  of  tea  (Kossel,  25. 
21,  2164).  Crystals  (containing  aq),  more  sol. 
water  and  alcohol  than  theobromine,  v.  sol. 
NHjAq.  Forms  salts  with  acids.  On  evapora- 
tion with  chlorine-water  it  leaves  a  scarlet 
residue,  turned  violet  by  NH^Aq. — C.HjAgN^Oj. 
Amorphous,  converted  by  Mel  into  caffeine 

C,  H-MeN,0.,  [229°]. 

(a)  -  THIO-PROPIONIC  ACID  C,H,OS. 
Methyl     ether    CH,.CH2.C0.SMe.  (120°). 
V.D.  51-23.     Formed  from  propionyl  chloride 
and  lead  mercaptide  in  the  cold  (Obermeyer, 
B.  20,  2922). 

()3)-Tliio-propioi]ic  acid  Et.CS.OH.  The 
salt  NaA'aq  formed  by  boiling  propionitrile  with 
alcoholic  ammonium  sulphide  is  crystalline 
(Dupr6,  Bl.  [21  29,  304). 

Amide  EtC(NH).SH.  [42°].  Formed  by 
heating  propionamide  (5  mols.)  with  P^Sj  (1  mol.) 
in  benzene  for  a  short  time  (Hubacher,  A.  259, 
229).    Yellowish  plates,  v.  e.  sol.  benzene. 

THIO-ISOPROPYL-COXTMARIN  Oi^H.^SO  i.e. 

C„H,<^^^^^*^^^').  [81°].  Formed  by  heating 
isopropyl-coumarin  with  P^Sjat  120°(Aldringen, 


B.  24,  3463).  Eeddish-yellow  needles,  sol.  hot 
alcohol,  si.  sol.  ether. 

THIO  -  PEUSSIAMIC  ACIDS.  By  heating 
ammonium  sulphocyanide  there  is  formed,  be- 
sides thio-urea,  dithiodiprussiamic  acid  CgHjNjiS.,, 
a  yellowish-white  powder,  si.  sol.  hot  water;  tliio- 
diprussiamic  acid  CgHgNj^S,  amorphous,  m.  sol. 
hot  water  ;  and  ammonium  dithiotriprussiamate 

C, jH,3N,,S2,  which  crystallises  from  water.  The 
first  acid  gives  no  colour  with  FeCl3,  the  two 
other  bodies  give  a  red  colour.  The  lead  salts  of 
these  acids  dissolve  in  hot  water. 

THIOTETEAPYRIDINE,  so  called, 
C,,„H|sN^S(?).  [155°].  Formed  by  heating  nicotine 
(1  pt.)  with  sulphur  (6  pts.)  at  150°  till  the  mass 
is  chrome-green  (Cahours  a.  Etard,  Bl.  [2]  34, 
452).  Yellow  prisms  (from  alcohol).— B'2HC1.— 
B'HHgClj.— B'H,,PtCl„ :  yellow  amorphous  pp. 

THIO  -  PYEOCATECHIN    v.  Oxy-phenyl 

KERGAPTAN. 

THIO-PYROMUCIC  ACID.  Amide 
CjH3O.CS.NH2.  [127°].  Formed  by  passing  H,,S 
into  a  solution  of  furfuronitrile  in  alcohol-ether 
(Douglas,  B.  25,  1314).    Yellowish  crystals,  si. 
sol.  cold  water,  v.  sol.  alcohol. 

THIO-PYRUVIC  ACID.  The  compound 
(C3H402S)C3H403  [87°]  separates  as  a  powder 
when  H.,S  is  passed  into  pyruvic  acid  (Bottinger, 
A.  188,  325).  It  is  v.  e.  sol.  water  and  is  con- 
verted by  boiling  HIAq  into  CH3.CH(SH).C0.,H. 
Boiling  water  forms  H..S  and  thiopyruvic  acid. 

DI-THIO-RESORCra  C,H,(SH)...  Mol.  w.  142. 
[27°].  (243°).  Formed  bv  reducing  the  sulpho- 
chloride  C,H4(S0„C1).,  w"ith  tin  and  HClAq 
(Patschke,  j.  pr.  [2]  2,  418  ;  Korner,  G.  6,  140). 
Crystals,  smelhng like  some  geraniums.  Pb(0Ac)2 
added  to  its  alcoholic  solution  ppts.  orange 
C5H,S„Pb,  whence  Mel  forms  C(iH,(SMe)2  (278°) 
(Obermeyer,  B.  20,  2927). 

THIO-RUFIC  ACID  Ci.H^S^O,.  Formed  by 
the  action  of  CS^  on  a  mixture  of  NaOEt  and 
acetoacetic  ether  (Norton  a.  Oppenheim,  B.  10, 
701).  Pearly  orange  scales,  nearly  insol.  water. 
— NaA':  brick- red  needles. — CaA'j:  red  needles. 

THIO  SALICYLIC     ACID     v.  Oxy-thio- 

BENZOIG  ACID. 

THIOSINAMINE  v.  Allyl-thio-urea. 
THIO-SUCCINIC     ACID.  Anhydride 

C.,H,<^^g>0.  '  SulphosicccimjV  [31°].  (225°). 

Formed  by  adding  succinyl  chloride  dissolved 
in  benzene  or  CSj  to  an  aqueous  solution  of 
Na„S.  Got  also  by  distilling  succinic  acid 
(100  g.)  with  P,S5  (100  g.)  (Auger,  A.  Ch.  [6] 
22,  333).  White  crystals.  Its  aqueous  solu- 
tion gives  oil  HoS  on  heating.  Phenyl- 
hydrazine    forms  C0.,H.C2H,.C(SH):N.NHPh 

[120°]  andC,JE,<gj^^^^^^>0  [216°],  which  on 

distillation  changes  to  succinyl-phenyl-hydra- 
zine  [155°].  Phenyl-hydrazine  also  produces 
C2Hj(C0.N,,HjPh),,  [219°]  (Zanetti,  C.  C.  1889, 
668).  Sodium-amalgam  forms  CjHsNaSO,, 
converted  by  phenyl-hydrazine  acetate  into 
C0„H.C2H,.CH:N„HPh  [c.  175°]. 

Di  -  thio  -  succinic  acid  C2H4(CO.SH),. 
The  salt  K^A",  got  by  boiling  succinyl-phenol 
with  KSH  in  alcohol,  crystallises  in  minute 
needles,  v.  sol.  water,  alcohol,  and  ether 
(Weselsky,  B.  2,  518).  Its  aqueous  solution  is 
decomposed  by  spontaneous  evaporation.  Acids 
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split  it  up  into  HjS  and  thiosuccinie  anhydride 
{v.  supra). 

Ethyl  ether  C,,H,(CO.SEt)„.  (271°). 
Formed  from  di-plienyl  succinate  (42  g.)  and 
sodium  mercaptide  (30  g.)  in  dry  ether  in  the 
cold  (Seiffert,  J.  pr.  [2]  31,  4G9).  Oil,  smelling 
of  garlic. 

THIO-SUCCINURIC  ACID  C-H.N.SO,.  [211°]. 
Formed  by  heating  succinic  anhydride  with  thio- 
urea at  140°  (Pike,  B.6,  1105).  YeUowish  powder, 
insol.  alcohol  and  ether,  si.  sol.  water  and  HOAc. 
Decomposed  by  alkalis  into  thio-urea  and 
succinic  acid. 

(a)  -  DI  -  THIO  -  TEREPHTHALIC  ACID 
CsH„S,0,'i-«-  C,H,(CO.SH),.  Formed  by  the  action 
of  alcoholic  KSH  on  di-phenyl  terephthalate 
(Schreder,  B.  7,  708).  Amorphous,  v.  si.  sol. 
alcohol. 

(/3)  -  Di  -  thio  -  terephthalic  acid.  Amide 
C,B,(CS.NH,)„.  [203°].  Formed  by  heating 
terephthalic  nitrile  with  alcoholic  ammonium 
sulphide  (Luckenbach,  B.  17,  1430).  Yellow 
amorphous  powder,  insol.  alcohol.  Boiling  with 
lead  acetate  reproduces  the  nitrile. 

THIOSULPHATES.  Salts  of  the  hypothetical 
thiosulphuric  acid  H^SjOa.  These  salts  were 
called  hijposulphites  before  the  isolation  of  the 
true  hyposulphites  (51,8,0^,  p.  .592).  Na^SoO.,.  5aq 
is  still,  however,  commonly  known  as  sodium 
hyposulphite.  Thiosulphates  are  formed  by 
boiling  normal  alkali  sulphites  in  solution  with 
S  ;  (M.SOjAq  +  S  =  JVLS.OjAq)  ;  caustic  alkali 
solutions  and  milk  of  lime  also  give  thiosulphates 
by  boiling  with  S.  Thiosulphates  are  pro- 
duced by  the  action  of  air,  SO.,  or  K.^CnO,Aq 
on  the  alkali  and  alkaline  earth  polysulphides 
in  solution  (M..S-,Aq  +  30  =  M2S.p3Aq-f3S ; 
2M.,S,Aq  +  3S0,Aq  =  2M.,S.,03Aq  -i-  9S  ; 
2M.,S5Aq  +  4M.,Cr  ,0-Aq  +  H.,6 
=  5M.,S.,03Aq  +  4Cr.A  +  2MbHAq  (Dopping,  A. 
46,  172).  Spring  {B.  7,  1157)  by  heating 
(NHj)„S04  with  PoS,  got  a  large  quantity  of 
(NH|)„S203,  along  with  (NH4)2S.t,  and  also  some 
(NHJoSjO,;,  andP  compounds  ;  and  by  the  inter- 
action of  H.,S  and  S0,.NH,.0NH.,  he  obtained 
(NH,,),SA-  A  little  H^S./O^Aq  is  said  to  be 
formed  by  the  interaction  of  steam  and  molten 
S  (Myers,  A.  129,  351). 

The  alkali  salts,  also  the  Ca  and  Sr  salts,  are 
readily  soluble  in  water  ;  many  of  the  others  are 
insoluble  or  only  shghtly  soluble;  the  insoluble 
salts  are  often  obtained  from  solutions  of  the 
alkali  salts  by  double  decomposition.  Thio- 
sulphates are  decomposed  by  heating  strongly  ; 
alkali  salts  leave  a  mixture  of  sulphate  and 
sulphide ;  other  salts  also  give  off  H.,S  and  S. 
Aqueous  solutions  of  thiosulphates  evolve  H.S 
when  boiled,  forming  sulphates,  or  sulphides 
if  the  metal  of  the  thiosulphate  is  ppd.  by  HjS. 

Aqueous  solutions  of  thiosulphates  are  de- 
composed by  dilute  mineral  acids,  with  separa- 
tion of  S  and  evolution  of  SO.,.  Salts  of  the  acid 
used  are  formed,  and  H.,S„0.|Aq,  which  then  de- 
composes to  H.SOjAq  and  S.  This  reaction  has 
been  studied  by  several  chemists  (v.  Berthelot, 
C.  R.  108,  971 ;  Vaubel,  B.  22,  1686,  2703  ;  Vort- 
mann,  B.  22,  2307  ;  Foussereau,  C.R.  104,  1842). 
Colefax  (G.  /.  61,  176)  in  1892  examined  the 
interaction  of  Na,SoO.,Aq  and  acids ;  he  found 
that  when  the  products  of  the  change  are  not 
removed  the  interaction  stops  before  all  the 
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H.SoOjAq  is  decomposed.  C.  determined  the 
eliects  on  the  velocity  and  the  limit  of  the  re- 
action of  concentration,  increasing  the  relative 
mass  of  the  acid  used,  the  nature  of  the  acid, 
temperature,  and  the  jjresence  of  SO^  in  the 
solution  before  acidification  (reference  to  older 
memoirs  are  given  by  C). 

Thiosulphates  are  converted  into  tetrathion- 
ates  by  the  action  of  I ;  oxidisers  such  as  HNO.„ 
KClOa  and  HClAq,  and  KMnO,Aq  produce  sui- 
phates.  According  to  Honig  a.  Zatzek  (M.  4, 
738),  KMn04  in  solution  in  acetic  acid  produces 
dithionates. 

For  the  general  qualitative  reactions  of  thio- 
sulphates compared  with  those  of  thionates  v. 
Debus  (C.  J.  53,  298). 

Selenothiosulphates  M.SeSOa  are  described 
as  Thioselenates,  under  Selenates  (p.  434). 

Constitution  of  thiosulphates.  The  formula 
SOj.OM.SM  is  generally  adopted  for  the  normal 
thiosulphates  of  monovalent  metals  (Odling, 
C.  N.  29,  153  ;  cf.  Schorlemmer,  C.  J.  [2]  7, 
254;  Williamson,  G.  J.  [2]  7,  259).  Some 
chemists,  considering  the  resemblances  between 
thiosulphates  and  sulphites,  have  suggested  the 
^OM 

formula  SO  (v.  Blomstrand,  Die  Chemie 

\O.SM 

derJetztzeit  [Heidelberg,  1869],  258  ;  Buchanan, 
B.  3,  485  ;  Michaehs,  G.  O.  [5th  ed.]  1,  745).  The 
formation  of  thiosulphates  by  boiling  sulphites 
with  S  is  readily  represented  by  either  formula, 
according  as  sulphites  are  regarded  as  SOj.OM.M 
or  SO.OM.OM.  As  the  balance  of  evidence  is  in 
favour  of  the  formula  SO.,.OM.M,  it  is  likely  that 
the  salts  formed  by  adding  S  to  the  sulphites  are 
SO.,.OM.SM.  The  production  of  (NH,).,S,03  by  the 
interaction  of  (NHJ.SOj  and  P-Sj  (Spring,  B. 
7,  1158)  also  confirms  the  formula  SO..OM.SM, 
inasmuch  as  a  thiosulphate  is  produced  in  this  re- 
action from  a  sulphate  (SOo.ONH^.ONHj  giving 
SO.,.ONH,.SNH,).  Spring's  synthesis  of  llRfi, 
from  SO3  and  H.^S — for  the  actual  reaction  carried 
out,  viz.  formation  of  (NH,).,S,03  by  first  com- 
bining SO3  and  NH3,  and  then  interacting  with 
HjS,  is  equivalent  to  the  synthesis  of  H^S^O, 
{v.  S.,  I.e.) — is  also  in  keei^ing  with  the  formula 
SO.,.OM.SM.  By  warming  EtBr  with  Na.,S..O,Aq, 
Bunte  (B.  7,  646)  obtained  the  salt  EtNaS,03. 
This  salt  is  decomposed  by  dilute  acids  giving 
EtSH  andS0,.0H.0Na  ;  when  heated  it  gives  off 
Ei.Sj  and  SO.,,  leaving  Na.,SO,,.  These  reactions 
indicate  that  EtNaS.,03is  SOjNa.EtS  ;  hence  the 
formula  of  Na^S.^j  is  probably  S03Na.NaS.  One 
of  the  Na  atoms  in  Na.^S.^Os  is  then  probably  in 
direct  union  with  an  atom  of  S  ;  and  as  EtNaS  .O.j 
easily  gives  SO.-OH.ONa,  along  with  EtSH, 
it  is  likely  that  the  formula  of  this  salt  is 
SO.,.ONa.SEt,  and  hence  that  the  formula 
for"  Na2S.,03  is  SO,,.ONa.SNa.  The  formula 
SO.,.OH.SH  makes  possible  the  existence  of  two 
isomeric  salts  MM'S.,03,  viz.  SO.„OM.SM'  and 
SO.j.OM'.SM  ;  two  such  salts  are  known  where 
M  =  Na  and  M'  =  K.  (v.  Potassium  thiosulphate, 
p.  706). 

Ammonium  thiosulphate  (NHj)„S.,03.  Obtained 
by  the  interaction  of  (NH4).,C03  and  CaS.,03Aq, 
filtering  and  evaporating  (Rammelsberg,  P.  56, 
298)  ;  white,  rhombic,  deliquescent  leaflets, 
crystallising  with  a:H.,0.  Fock  a.  Kliiss  {B. 
22,   3099;   23,   534)   obtained  the  anhydrous 
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salt  by  reacting  on  SO^Aq  with  (NHJ„Si, 
evaporating  at  a  low  temperature  and  finally 
over  H.SOj,  and  thoroughly  drying  between 
filter  paper  (cf.  Arppe,  A.  96,  113).  The 
anhydrous  salt  is  not  deliquescent  (F.  a.  K.). 
Double  salts  are  described  by  F.  a.  K.  (I.e.; 
also  B.  23,  1753) :  (1)  with  CdSA ;  (2)  with 
MgS,03;  (3)  with  KoSjOj,  the  salt  obtained 
was  SOo.OK.SNH^.  F".  a.  K.  could  not  obtain 
SO.,.ONH,.SK;  (4)  with  CUjSA  and  CuJ,.,  also 
with  Cu.,!,  and  NHJ  (Brun,"C.  B.  114,  667); 

(5)  with  PbSA  (Eammelsberg,  P.  56,  308); 

(6)  with  HgS,03  (E.,  Z.c). 

Barium  thiosulphate  BaSjOj-aq.  A  white 
pp.  obtained  by  mixing  Ba(C,H.jO.,)„Aq  and 
NaoSjO-jAq,  and  completing  ppn.  by  alcohol; 
loses  all  water  at  170°,  at  red  heat  gives 
BaS,  BaSOj,  BaSOj,  and  S  (H.  Eose,  P.  21,437 ; 
Eammelsberg,  P.  56,  295). 

Double  salts.  (1)  With  CdSA  (Pock  a. 
Kliiss,  B.  23,  1753) ;  (2)  with  Cu„SA  (Cohen, 
C.  J.  51,  38) ;  (3)  with  PbSA  (Eammelsberg, 
P.  56,  308). 

Cadmium  thiosulphate  CdSjOj.  2aq  (F.  a.  K., 
B.  23,  534);  double  salts  with  (1)  Na.,S„03, 
(2)  K,S.,03,  (3)  SrS  A  (P-  a.  K.,  B.  23,  i753  ; 
Vortmann  a.  Padberg,  B.  22,  2637). 

Calcium  thiosulphate  CaS203.  6aq.  Formed 
by  mixing  hot  cone,  solutions  of  CaCla  and 
Na.2S.,03,  evaporating  under  60°,  separating  NaCl, 
which  crystallises  first,  and  allowing  to  cool 
(Kessler,  P.  74,  282).  Also  obtained  by  heating 
CaS03  and  S  with  water,  or  by  boiling  milli  of 
lime  with  S,  passing  in  SOj,  and  crystallising 
below  60°  (Herschel,  JV.  Ed.  P.  J.  1,  8,  296 ;  2, 
154).  Forms  large,  clear,  six-sided,  triclinic 
prisms,  that  effloresce  in  air  at  40° ;  S.  100  at 
3°  (H.,  Z.c).  Cone,  solution  gives  CaSOg  and  S 
by  heating  above  60°.  Eammelsberg  (P.  56, 
308)  describes  a  dozible  salt  with  PbSj03. 

Cobalt  thiosulphate  CoS  A-  6aq  (Eammels- 
berg, P.  56,  398;  Fock  a.  Kliiss,  B.  22,  3310). 
A  double  salt  with  Na.jS.Pa  is  described  by 
Vortmann  a.  Padberg  {B.  22,  2637). 

Copper  thiosulphates.  According  to  von 
Hauer  {W.  A.  B.  13,  443)  an  acid  cuprous  salt 
CUvH4(SA)3i  is  obtained,  in  microscopic,  golden- 
yellow  needles,  by  adding  cone.  CuSOjAq  to 
NaoSoOjAq  till  the  Uquid  is  deep  yellow,  and  gently 
warming,  washing  the  pp.  with  water  and  alco- 
hol, and  drying  over  H,S04.  Double  salts  of 
Cu,S,03 :  (1)  with  BaSA  (Cohen,  C.  J.  51,  38) ; 
(2)  with  E,SA  (C,  I'c. ;  Eammelsberg,  P.  56, 
321)  ;  (3)  with  Ag„SA  (C,  I.e.) ;  (4)  with  Na.S.O, 
(Lenz,  A.  40,  99  ;  Siewert,  J.  1866.257  ;  Kessel, 
P.  10,  1677,2000;  Schiitte,  J.  ^r.  70, 249  ;  Vort- 
mann, M.  9,  165). 

Iron  thiosulphate.  The  ferrous  salt 
FeS.Oj.  5aq  was  obtained  by  Vortmann  a.  Pad- 
berg' (B.  22,  2637)  by  rubbing  BaS^O,  with  cone. 
FeSO,,Aq  (the  salts  being  present  in  the  ratio 
of  equal  numbers  of  molecules),  filtering  from 
BaSO^,  adding  a  mixture  of  alcohol  and  ether, 
and  allowing  the  green,  oily  liquid  that  sepa- 
rated to  stand  for  some  days.  Small  green 
crystals ;  very  sol.  water ;  solution  is  decom- 
posed by  boiling,  with  separation  of  FeS.  A 
double  salt  with  Na^SA  is  described  by 
V.  a.  P.  (Z.c).  For  accounts  of  former  attempts 
to  prepare  pure  ferrous  thiosulphate  v.  Fordos 
a.  G6hs  (J.  Ph.  [3]  4,  333) ;  Berthelot  {A.  Gh. 


[5]  2,  58) ;  Vogel  [J.  pr.  8,  102) ;  Koene  (P.  63, 
245,  431) ;  Eammelsberg  (P.  56,  306). 

No  ferric  thiosulpJiate  has  been  isolated. 

Lead  thiosulphate  PbSA-  Obtained  by 
adding  Na.SjOaAq  to  Pb(N03),Aq,  or 
Pb(C2H30o)2Aq,  and  washing  the  pp.  with  cold 
water.  A  white  solid;  very  si.  sol.  water;  sol.  solu- 
tions of  alkali  thiosulphates  (v.  Pape,  /.  1864. 
57 ;  Letts,  C.  J.  [2]  8,  424).  For  reaction  with 
PCI5— giving  PbCL,  HCl,  S0„,  SOCL,,  POCI3  and 
IDrobably  PSCI3 — v.  Buchanan  {B.  3, 485).  Eam- 
melsberg (P.  56,  308)  has  described  double 
salts  with  the  thiosulphates  of  NH^,  Ba,  Ca, 
K  (v.  also  Spring,  B.  7,  1157),  and  Na  (v.  also 
Vortmann  a.  Padberg,  B.  22,  2637). 

Lithium  thiosulphate  LLS,03.  3aq  {v.  Fock  a. 
Kliiss,  B.  22,  3096). 

Magnesium  thiosulphate  MgS203. 6aq.  By 
passing  S0„  into  MgSAq  till  colourless,  boiling 
MgSO,  in  SOoAq  with  S,  or  adding  BaSjOgAq  to 
MgS04Aq  and  filtering,  a  solution  is  obtained 
which  on  evaporation  at  a  low  temperature  gives 
small,  white,  prismatic  crystals  of  this  salt. 
Loses  3H,0  at  170°,  and  gives  off  SO2  and  S  at 
red  heat,  leaving  MgSOj  and  MgO  (Herschel, 
N.  Ed.  P.  J.  1,  8,  296 ;  2,  154 ;  Eammelsberg, 
P.  56,  303;  Fock  a.  Kliiss,  B.  22,  3310). 
Double  salts  (1)  with  (NH,)2SA.  (2)  with 
K,SA  are  described  by  E.  (I.e. ;  v.  also  Kessler, 
P:  74,  256  ;  also  F.  a.  K.,  B.  23,  534). 

Manganese  thiosulphate  MnS.,03. 5aq. 
Formed  similarly  to  FeS,03.  5aq  (Vortmann  a. 
Padberg,  B.  22,  2637).  A  double  salt  with 
Na,,SAis  described  by  V.  a.  P.  (Z.c). 

Mercury  thiosulphates.  Neither  the  mer- 
curous  nor  the  mercuric  salt  has  been  isolated. 
Addition  of  a  thiosulphate  to  solution  of  a  mer- 
curous  salt  ppts.  Hg^S ;  with  a  mercuric  salt,  a 
comiDound  of  HgS  with  the  mercuric  salt  em- 
ployed is  said  to  be  formed  (Eammelsberg,  P.  56, 
314).  Double  salts  oi  mercurous  thiosulphate 
with  (1)  (NH4),S.,03,  (2)  Cu.,S,03,  (3)  Na.,S,03  are 
described  by  Eammelsberg  (Z.c.)  ;  and  a  double 
salt  of  mercuric  thiosulphate  with  K^SjOj  by 
Vortmann  a.  Padberg  (B.  24,  1351). 

Nickel  thiosulphate  NiS,03.  6aq  (Eammels- 
berg, P.  56,  309  ;  Fock  a.  Kliiss,  B.  22,  3310). 
For  a,  double  salt  with  NajSjOj  v.  Vortmann 
a.  Padberg  (B.  22,  2637). 

Platinum  thiosulphate.  Not  isolated  ;  but 
Schottlander  (A.  140,  200)  describes  a  double 
salt  PtSA-3Na.,SA-10aq. 

Potassium  thiosulphate  K^Sfi^.  Obtained 
by  boihng  cone.  KjSOj  with  excess  of  S  ;  or  by 
adding  hot  K„Cr,0,Aq  to  hot  K,S,,Aq,  little  by 
little,  waiting  after  each  addition  till  the 
separated  CrjOj  is  pure  green  in  colour 
(2K2S,,Aq  -t-  4K,,Cr.,0,  Aq  +  H^O 
=  5K2S,63Aq  -I-  2K0HAq  +  iCi.,0,) ; 
(Dopping,  A.  46,  172  ;  Kessler,  P.  74,  274).  In 
either  case  the  filtered  solution  is  evaporated  to 
the  crystallising  point,  and  the  crystals  of 
K,S,,03.a;H,0  are  heated  to  c.  180°.  By  evapo- 
rating at  30°,  thin,  four-sided,  deliquescent  prisms 
are  obtained  of  the  hydrated  salt  3K2S3O3.H2O 
(Eammelsberg,  P.  56,  296  ;  Kessler,  Z.c;  Fock  a. 
Kliiss,  B.  22,  3096).  This  hydrate  is  very  sol. 
water,  but  insol.  alcohol ;  it  loses  all  water  at 
c.  180°  ;  heated  more  strongly  it  decomposes  to 
K„S,  and  K2SO4  (E.,  Z.c).  Other  hydrates  are 
de'scribed  by  D.  a.  P.,  Z.c.  {v.  also  Plessy,  A.  Gh. 
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'[3]  11,  182  ;  F.  a.  K.,  I.e.).  The  final  products  of 
the  actiou  of  SO,,  on  K„S.,0.,Aq  are  K.,S30^-Aq, 
K„S,0,.Aq,  and  K,.S30,Aq'(Debus,  C.  J.  53,  343). 

'  Double  salts.— {1}  with  (NHj),S,,03  (i'ock 
a.  Kliiss,  B.  23,  534) ;  the  salt  obtained  was 
SO,,.OK.SNH„  the  isomeric  salt  SO,.ONHj.SK 
could  not  be  isolated  ;  (2)  with  Bi.,(S.,03).,  (Carnot, 
C.  R.  83,  338)  ;  (3)  with  CdSA  (F."  a.  K.,  B.  23, 
534)  ;  (4)  with  Cu,.S,0,  (Cohen,  C.  J.  51,  38) ; 
(5)  with  HgCy..  (F.  a."K.,  B.  24,  1351)  ;  (6)  with 
HgS  .Oj  (F.  a.  K.,  I.e.) ;  (7)  withPbS.,0.,  (Rammels- 
berg,"  P.  56,  308  ;  Spring,  B.  7,  1157) ;  (8)  with 
Ag.SA  (Cohen,  C.  J.  51,  38 ;  Schwicker,  B.  22, 
1728;describes  KAgS,0.,.NH3).  (9)  With  Na.S.O^ 
two  salts  are  obtained  :  (i.)  SO.,.OK.NaS.  2aq,  by 
the  interaction  of  Am^S  .Aq  and  NaKSO^.  2aq ; 
(ii.)  SOj.SK.ONa.  2aq,  hy  the  interaction  of 
Am.SjAq  and  KNaSO^  {v.  Sulphites,  p.  587) ;  the 
first  salt  melts  at  c.  57"  and  has  S.  =  213-7  at  15°, 
heated  with  EtBr  it  gives  SO,_,.OK.SEt ;  the  second 
salt  melts  at  c.  62°  and  has  S.  =  105'3  at  15°, 
heated  withEtBritgivesSO.,.ONa.SEt(Schwicker, 
B.  22,  1728). 

Silver  thiosulphate  Ag^S.p,.  This  salt  has 
probably  not  been  isolated  pure.  On  adding 
dilute  AgNO;(Aq  to  K.Sp.,Aq  a  white  pp.  is 
formed,  and  is  dissolved  on  shaking ;  addition 
of  more  AgNOjAq  produces  a  greyish,  flocculent 
pp.,  which  is  a  mixture  of  Ag^S.^O^  and  Ag.,S. 
By  treating  this  pp.  with  NH3Aq,  filtering  from 
Ag.jS,  exactly  neutralising  the  filtrate  by 
HNOjAq,  and  quickly  drying  the  white  flocculent 
pp.  that  formed  between  filter  paper,  Herschel 
(N.  Ed.  P.  J.  1,  26,  398  ;  2, 154)  obtained  fairly 
pure  AgoS^Oj.  A  white  powder  ;  slightly  soluble 
water ;  solution  has  a  sweet  taste  ;  decomposes 
readily  to  Ag._,S  and  H,,S04Aq. 

Double  salts.  Ag„0  and  Ag  salts  generally 
dissolve  readily  in  solutions  of  alkali  thiosul- 
phates,  forming  double  salts,  either  of  the  form 
2AgMS,.0.,.aq,  or  of  the  form  Ag.M.,(S.,03)3.2aq 
{Herschel,  I.e.).  (1)  With  (NH  J.S.Ps ;  by  adding 
excess  of  AgCl  to  (NH.|)„S203Aq,  and  washing  the 
■white  crystalline  pp.,  2Ag(NHj)S„03.aq  is  ob- 
tained. Using  less  AgCl  and  ppg.  the  solution 
by  alcohol  produces  Ag,.(NHJ  ,(S.,03)3.2aq  (H., 
I.C.).  (2)  With  Na^Os; 'addition 'of  AgNOjAq, 
drop  by  drop,  with  constant  shaking,  to 
Na^S^OjAq,  till  a  permanent  pp.  begins  to  form, 
followed  by  addition  of  alcohol,  ppts. 
AgoNa.|(So03)3. 2aq ;  the  salt  is  washed  with 
alcohol,  and  dried  in  vacuo  (Lenz,  A.  40,  94)  ; 
when  the  mother-liquor  from  this  salt  is  allowed 
to  evaporate  2AgNaS203.  aq  is  deposited  (Her- 
schel, I.e. ;  cf.  Lenz,  I.e.).  The  second  of  these 
salts  is  much  less  soluble  in  water  than  the 
first ;  it  dissolves  in  Na^S^OjAq,  with  formation 
of  Ag^Naj(So03)3.2aq.  Both  salts  are  decom- 
posed by  boiling  their  aqueous  solutions, 
with  formation  of  Ag„S.  (3)  With  K.SoOj ;  two 
salts  are  known  similar  to  the  sodium  salts. 
Schwicker  (B.  22,  1738)  describes  the  compound 
AgKS;,03.NH3.  Herschel  (I.e.)  obtained  double 
salts  with  CaS.Oj  and  with  SrS.Oj. 

Sodium  thiosulphate  Na  .S.Oj.  5aq. 

Formation. — 1.  By  boiling  Na.SOgAq  with 
S. — 2.  By  passing  SO.^  into  solution  of  sodium 
polysulphides.— 3.  By  the  action  of  SO^  on  soda 
loaste  suspended  in  water,  whereby  CaS-.OaAq  is 
formed ;  followed  by  addition  of  Na.SO  „  filtration 
from  CaSOj,  and  evaporation. 


Preparation. — NajSOj.  .raq  is  dissolved  in  a 
little  water,  the  solution  is  boiled  with  flowers  of 
sulphur  for  a  considerable  time,  and  filtered  ; 
the  clear,  colourless  liquid  is  evaporated  to 
the  crystallising  point,  and  the  crystals  that 
separate  are  purified  by  recrystallisation  from 
water. 

Properties. — Large,  white,  monoclinic  prisms; 
S.G.  1-736  at  10°  (Kopp,  J.  8,  45  ;  cf.  Schiff,  J. 
12,  41 ;  Smith,  Am.  J.  Pliarm.  53,  148).  Melts 
at  45°  in  the  water  of  crystallisation  (Kopp,  J. 
8,  45);  at  48-5°  (Tilden,'C.  /.  45,  268).  The 
crystals  are  dehydrated  by  keex)ing  in  vacuo 
over  H.SOj,  or  by  heating  to  100°.  S.  49-75  at 
0°,  69-"44  at  20°,  104-16  at  40°,  192-3  at  60° 
(Kremers,  P.  99,  50).  An  aqueous  solution  of 
the  salt  is  easily  supersaturated ;  thus  Sohiff 
(A.  113,  350)  dissolved  171  parts  Na.S.A-Saq 
( =  108-9  j)arts  Na.^S.O.,)  in  100  parts  water  at 
19-1°,  and  Kremers  obtained  a  solution  of  217-4 
parts  Na,>S,^03  in  100  parts  water  at  the  ordinary 
temperature.  According  to  Baumhauer  (J.  pr. 
104,  148),  a  supersaturated  solution  may  be 
cooled  to  — 10°  without  crystallising  ;  addition 
of  a  crystal  of  the  salt  causes  rapid  crystallisa- 
tion, with  the  evolution  of  much  heat  {ef.  Par- 
mentier  a.  Amat,  C.  k.  98,  735).  Solution  of 
Na.S.Oj.  5aq  in  water  is  accompanied  by  the  dis- 
appearance of  much  heat ;  Eiidorff  (B.  2,  68) 
says  that  110  parts  Na^S.Pa.Saq  dissolving  in 
100  parts  water  lower  the  temperature  from 
10-7°  to  -8°,  i.e.  through  18-7°.  Schiff  (A.  113, 
350)  gives  the  following  data  for  S.G.  and  com- 
position of  aqueous  solutions  of  NajS.jO3.5aq: — 


S.G.  of 

sol.  Na, 
1-0052  ' 
1-0105 
1-0158 
10211 
1-0264 
1-0317 
1-0370 
1-0423 
1-0476 
1-0529 
1-0639 
1-0584 
1-0695 
1-0751 
1-0807 
1-0863 
1-0919 
1-0975 
11031 
1-1087 
1-1145 
1-1204 
1-1263 
1-1322 
1-1381 


P.c. 

SjOj.  5aq 
1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 


P.c. 

lSIa.S..03 

0-  6'37 

1-  274 

1-  911 

2-  584 

3-  185 

3-  8-22 

4-  459 

5-  096 

5-  733 

6-  371 

7-  008 

7-  645 

8-  282 

8-  919 

9-  556 
10-193 

10-  830 

11-  476 

12-  105 

12-  742 

13-  379 

14-  016 

14-  653 

15-  290 
15-927 


S.G.  ot 

sol.  Na, 
1-1440 
1-1499 
1-1558 
1-1617 
1-1676 
1-1738 
1-1800 
1-1862 
1-1924 
1-1986 
1-2048 
1-2110 
1-2172 
1-2234 
1-2297 
1-2362 
1-2427 
1-2492 
1-2558 
1-2624 
1-2690 
1-2756 
1-2822 
1-2888 
1-2954 


P.c. 

S.O3. 5aq 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
87 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
-49 
50 


P.c. 
Na,S,0, 

16-  5'64 

17-  201 

17-  838 

18-  475 

19-  113 

19-  750 

20-  387 

21-  024 

21-  661 

22-  298 

22-  935 

23-  572 

24-  209 

24-  846 

25-  484 

26-  121 

26-  758 

27-  395 

28-  032 

28-  669 

29-  306 

29-  943 

30-  580 

31-  218 
31-855 


Na  „S„03.5aq  is  insol.  alcohol. 

'A'ccording  to  Jochum  (G.  C.  1885.  642),  a 
trihydrated  salt  Na.jS.jO3. 3aq  is  obtained  by 
adding  alcohol  to  a  saturated  solution  of  the 
ordinary  salt,  removing  the  oily  liquid  that  sepa- 
rates, and  adding  to  it  98  ■p.o.  alcohol.  Accord- 
ing to  Parmentier  a.  Amat  {C.  B.  98,  735), 
Na,,S.,03. 5aq  is  obtained  crystallised  in  needles, 
meiting  at  c.  32°,  by  placing  a  supersaturated 

z  z  2 
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solution  of  the  ordinary  salt  in  a  freezing  mixture 
in  a  closed  vessel. 

Reactions. — 1.  Heat  decomposes  NaoS^Oj ; 
the  change  begins  at  c.  220°  with  separation  of 
S,  at  c.  400°  Na.SO^  and  NajSs  are  formed,  and 
at  a  higher  temperature  more  S  is  given  off,  and 
Na^SO^  and  Na,,S  remain. — 2.  Na^S^OjAq  inter- 
acts with  iodine  in  KIAq  to  form  NalAq  and 
Na,,SjO,Aq;  according  to  ViUiers  (C.  B.  108, 
402)  some  NajSaOg  is  also  formed.  With  a  mix- 
ture of  NaoSO.)  and  NajSoOj  in  solution  I  pro- 
duces NalAq,  Na„S04Aq  and  Na.,S405Aq  (Colefax, 
C.  J.  61,  198,  1083).— 3.  Na^SjOs  is  oxidised  by 
jJotassium  permanganate  solution;  in  alkaline 
solutions  the  oxidation  is  complete  to  NajSOjAq 
according  to  Honig  a.  Zatzek  (If.  4,  738)  ;  Glaser 
(M.  6,  329)  says  that  the  oxidation  is  also  com- 
plete in  neutral  solutions ;  Luckow  {Fr.  32,  53) 
represents  the  oxidation,  on  boiling,  either  in 
neutral,  acid,  or  alkaUne  solution  as  producing 
Na2S04  and  NaoS-.O^,. — 4.  Acids  interact  with 
NajSoOjAq,  forming  Na  salts  of  the  acids,  and 
H^SjOaAq,  which  then  decomposes  to  HjSOjAq 
and  S  ;  when  the  products  are  not  removed  from 
the  solution  the  reaction  stops  before  all  the 
H„S,03  is  decomposed  (Colefax,  C.  J.  61,  176  ; 
and  V.  beginning  of  article  Thiosdlphates,  p. 
705). 

Combinations. — 1.  With  water  (v.  supra. 
Properties). — 2.  With  various  thiosulphates  to 
toim  dozible  salts.  Double  salts  with  CdSoOj, 
CoSA-  FeSA.  PbSjOj,  MnSA,  NiSA- 
T1.,S„03,  and  ZnS.,0.,  are  described  by  Vortmann 
a.  'Padiaerg  {B.  22,  2637) ;  Fock  a.  Kliiss  {B.  23, 
1753)  also  describe  that  withCdSA-  Kammels- 
berg  (P.  56,  308)  prepared  salts  with  PbSA 
and  Hg^SoOj.  For  a  double  salt  with  HgS.,03  v. 
Schwicker  (B.  22,  1728).  For  the  double  "salts 
with  K,S,03  V.  Potassium  thiosdlphate,  double 
salts,  No.'(9)  (p.  707),  and  for  those  with  Ag.,SA 
V.  Silver  thiosdlphate,  double  salts.  No.  (2) 
(p.  707).  Schottliinder  {A.  140,  200)  describes 
a  double  salt  3Na.SA-FtSA'  lOaq. 

Strontium  thiosulphate  SrSA-  ^^1-  Fi'^- 
pared  hke  the  Ba  salt  (Herschel,  N.  Ed.  P.  J.  1, 
26,  398  ;  2,  154  ;  Kessler,  P.  74,  274).  Fock  a. 
Kliiss  (B.  22,  3310)  describe  a  salt  SrS^Oj.  aq. 

Thallium  thiosulphate  TLSoOj.  A  white, 
crystalline  pp.,  formed  by  adding  NaoSoOjAq  to 
fairly  cone.  TlOHAq  (Crookes,  C.  J.  17,  136; 
Hebberling,  A.  134,  11).  For  a  double  salt 
with  Na^SoO^  v.  Werther  (J.  pr.  92,  130) ;  Vort- 
mann a.  Padberg  {B.  22,  2637)  ;  also  Jochum 
(C.  C.  1885.  642). 

Zinc  thiosulphate  ZnSA-  Prepared  by 
double  decomposition  from  ZnSOjAq  and 
BaSAM  («•  Rammelsberg,  P.  56,  295  ;  Fordos 
a.  G61is,  J.  pr.  29,  291).  For  a  compound  with 
NH3  V.  B.  (I.e.).  For  a  double  salt  with 
Na.,S,03  V.  Vortmann  a.  Padberg  {B.  22,  2637). 

M.  M.  P.  M. 

THIOSULPHURIC  ACID  H^SoOjAq.  This 
acid  almost  certainly  exists  in  the  hquid  obtained 
by  adding  a  dilute  weak  acid  to  dilute  NaoS^OjAq, 
the  acid  and  salt  being  mixed  in  equivalent 
quantities  ;  the  HoS^OjAq  soon  begins  to  decom- 
pose to  HjSOjAq  and  S.  Landolt  {B.  16,  2958) 
has  made  an  extensive  investigation  into  the 
conditions  and  time  of  existence  of  H.SoOj  in 
solution.  Thomsen  {Th.  2,  256)  gives  the  thermal 
data;  [SO-Aq,S]  =  -  9310  ;  [SO-,S,Aq]  =  -1610. 


For  the  salts  of  H„S.,03  v.  Thiosulphates. 

M.  M.  P.  M. 

THIOTOLENE  v.  Methyl-thiophene. 

THIO-o-TOLUIC  ACID.  Amide 
CgH^Me.CS.NH,.    [88°].    Formed  from  o-toluio 
nitrile  (Gabriel  a.  Heymann,  B.  24,  786). 

TMo-^-toluic  acid.  Amide.  [168°].  Formed 
by  passing  IEL,S  into  an  alcoholic  solution  of 
^-toluic  nitrile  (Paterno  a.  Spica,  B.  8,  441). 
Yellowish  needles.  Zinc  and  HClAq  yield 
CeH,Me.CH,.NH.,. 

THIO-TOLUiDINE  v.  Di-amido-di-toltl  sul- 
phide. 

THIO  -  p  -  TOLYL  -  DI  -  PHEN  YL  -  D I  -  GU  AN  - 
IDINES  V.  Di-phenyl-di-guanido-di-tolyl  sul- 
phide and  Dl-PHENYL-DI-CAEBIMIDO-TETRA-AlUDO- 

tetba-toltl  bisulphide. 

THIO-TOLYL-DI-PHENYl-THIO-UEEA  v. 
Di-phenyl-di-thioukamido-di-tolyl  sulphide. 

THIO-TJRAmDO-BARBITUIlIC  ACID 

C.HASOs  i.e.  NH,.C(IS[H).S.CH<;^^-^]^>CO. 

Formed  by  the  action  of  thio-urea  on  an  aqueous 
solution  of  chloro-,  bromo-,  or  di-bromo-barbi- 
turic  acid  (Mulder,  B.  12,  2309 ;  Trzcinski,  B. 
16,  1057).  Formed  also  by  heating  alloxan  with 
thio-urea  and  alcoholic  SO.,  at  100°  (Nencki,  B. 
4,  722 ;  5,  451).  Slender  needles,  insol.  water, 
sol.  hot  HClAq.  Converted  by  boihng  KOHAq 
into  thio-dialuric  acid  C^H^N^SOs  l^aq  (?)  which 
yields  KA'aq.  mSO,  (|  pt.)  at  150°-160°  forms 
uro-sulphinic  acid  C5H4N4SO2. 

THIO-URAMIDO-BENZENE  ^J-STJLPHONIC 
ACID.  The  salt  NH,.CS.NH.C6H4.S03K,  formed 
by  heating  potassium  sulphocyanide  with  amido- 
benzene  ^-sulphonic  acid  at  140°,  crystallises 
from  dilute  alcohol  in  aggregates  of  thin  needles 
(Pellizzari,  A.  248,  156). 

w-THIO-URAMIDO-BENZOIC  ACID 
NH,.CS.NH.C6H4.C0.;H.  [187°].  Formed  from 
971-amido-benzoic  acid  and  potassium  sulpho- 
cyanide (Arzruni,  B.  4,  406).  Formed  also  by 
allowing  a  solution  of  m-cyanamido-benzoic 
acid  in  colourless  ammonium  sulphide  to  stand 
for  24  hours  (Traube,  B.  15,  2118).  Needles. 
Converted  by  ammoniaeal  AgNOj  into  m- 
uramido-benzoic  acid.    Not  coloured  by  FeClj. 

^-THIO-URAMIDO-BENZYL-THIO-UREA 
NH2.CS.NH.C,H4.CBL,.NH.CS.NH,.  p-w-di-thi- 
uramido-toluene.  [176°].  Formed  by  heating 
j9-amido-benzyl-amine  hydrochloride  (1  mol.) 
with  potassium  sulphocyanide  (2  mols.)  in 
aqueous  solution  (Amsel  a.  Hofmann,  B.  19, 
1289).    White  needles. 

THIO-UEAMIDO-BUTYRIC  ACID.  Anhy- 
dride   NH:G<;^~^Q^\     [200°].  Formed 

from  a-bromo-w-butyric  acid  and  thio-urea  (An- 
dreasch,  M.  8,  419).    Needles,  v.  sol.  hot  water. 
Thio-uramido-iso-b utyric acid.  Anhydride 

CH^N^SO     i.e.     NH:C<g-gJ^\  [242°]. 

Formed  from  bromo-isobutyric  acid  and  thio- 
urea (Andreasch,  M.  8,  410).  Plates,  si.  sol. 
water.  Oxidised  by  HCl  and  KCIO3  to  urea  and 
a-sulpho-iso-butyric  acid. 

o-THIO-UEAMIDO-CINNAMIC  ACID 
NHo.CS.NH.C„H4.CH:CH.C0.,H.  [236°-239°]. 
Got  by  heating  the  sulphocyanide  of  o-amido- 
cinnamic    acid  C6H4(NH,.HSCy)CH:CH.CO.,H 
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[152°]  at  115°  (Kothschild,  B.  23,  3342).  V. 
sol.  hot  HOAc  and  NH,,Aq. 

a-TMo-ifz-uramido-cinnamic  acid  Cj(|H,|,N„SO., 
i.e.  NH:C(NH,).S.C{CO,H):CHPh.  Formed 
from  benzoic  aldehyde,  thiohydantoin,  and 
NaOHAq  (Andreasoh,  M.  8.  421).  Needles  (from 
alcohol),  decomposed  by  alkalis. 

;8-THI0-i|/-UKAMID0-PR0PI0NIC  ACID 
NH:C(NH,).S.CH,,.CH„.CO,,H.  Formed  by  heat- 
ing /3-iodo-propionic  acid  with  thio-urea  and 
water  and  a  little  NaOH  {Andreasoh,  M.  6,  831). 
Small  pyramids  (containing  2aq),  si.  sol.  cold 
water  and  cold  alcohol.  Decomposed  by  baryta 
into  cyanamide  and  CH,(SH).CH,,.CO,H.  KCIO3 
and  HCl  yield  /3-sulpho-propionic  acid. 

a>p-DI-THIO-URAMIDO-TOLUENE  v.  Thio- 

UKAMIDO-BENZYL-THIO-UBEA. 

DI -THIO-URAMIDO-DI-TOLYL  - 0 -  SUL- 
PHIDE [2:1:4]  S(C,H,Me.NH.CS.NH,).,.  Thio- 
p-tolyl-di-thiurea.  [121°].  Formed  by  evapo- 
rating to  dryness  an  aqueous  solution  of  Ai-p- 
amido-di-tolyl  sulphide,  hydrochloride  and 
ammonium  sulphocyanide  (Truhlar,  J?.  20,  669). 
White  amorphous  powder.  Sol.  alcohol  and 
benzene,  si.  sol.  ether. 

THIO-UREA  CSN„H,  i.e.  CS(NH.,)j  or 
HS.C(NH.,):NH.  Mol.  "w.  76.  [170°].  S.  9  in 
the  cold  (Volhard,  J.  pr.  [2]  9,  13). 

Formation. — 1.  By  heating  dry  ammonium 
sulphocyanide  for  two  hours  at  170°,  cooling  to 
100°,  adding  an  equal  weight  of  water  at  80°, 
filtering,  and  allowing  to  crystallise  (Emerson 
Reynolds,  C.  J.  22,  1;  Claus,  A.  179,  113; 
Smolka  a.  Friedreich,  M.  10,  90).— 2.  By  the 
action  of  tin  and  HCl,  or  of  HI,  on  persulpho- 
oyanic  acid   C,H,,N,S3  (Ghitz,  A.  154,  39).— 
3.  By  passing  dry  H._,S  into  an  ethereal  solution 
of  cyanamide  (Bauniann,  B.  6,  1375). — 4.  By  j 
allowing  a  solution  of  cyanamide,  mixed  with  : 
yellow  ammonium  sulphide,  to  stand  for  a  day  I 
(Baumann,  B.  8,  26). — 5.  From  cyanamide  and  | 
thioacetic  acid. — 6.  Together  with  urea  by  the 
action  of  ammonia  on  COS  (Berthelot,  C.  B. 
94,  1069). 

Properties. — Silky  trimetric  needles,  melting 
at  170".  After  one  fusion  it  melts  at  149° 
(Pratorius,  J.  pr.  [2]  21,  141).  V.  sol.  water, 
nearly  insol.  alcohol  and  ether.  Tastes  bitter, 
not  coloured  by  FeClj.  According  to  Armstrong 
(C.  J.  Proc.  3,  2),  the  molecule  of  thio-urea  is 

as,N,H„. 

Beactions. — 1.  Water  at  140°  forms  ammo- 
nium sulphocyanide.  Alcohol  at  100°  acts  in 
like  manner  (HaUer,  Bl.  [2]  45,  706).— 2.  An 
alcoholic  solution  of  nitrous  ether  quickly  con- 
verts it  into  ammonium  sulphocyanide.— 3.  Pro- 
longed heating  at  170°  also  converts  it  into 
ammonium  sulphocyanide.  At  180°  it  slowly 
forms  guanidine  sulphocyanide  and  ammonium 
tri-thio-carbonate.  Nitrous  acid  gives  off  nitro- 
gen.—4.  KOH  at  100°  slowly  forms  NH3,  KSH, 
K2CO3,  and  a  little  .KCyS.  Alcoholic  potash 
acts  in  like  manner  (Haller,  C.  B.  102,  974). 
H.SO,,  and  HCl  act  in  the  same  way. — 5.  Aqueous 
KMn04  forms  urea  and  other  products  (Maly, 
M.  11,  277).— 6.  Oxidising  agents  (e.g.  H-.O^, 
KXr.,0.,  KNO.,,  KMnO,,  and  iodine)  form 
S.{C(NH.,):NH).,,  which  has  an  insoluble  ni- 
trate (Storch,  M.  11,  452). —  7.  Ammoniacal 
AgNOj  forms  urea  and  Ag„S. — 8.  HgO,  added  to 
a  cold  aqueous  solution,  produces  cyanamide. 


PbO  acts  in  like  manner.  At  100°  the  pro- 
duct is  dicyandiamide  (Hofmann,  B.  2,  605). — 
9.  Accfoacetic  ether  reacts  forming  an  ether 
CjjH,N._,SO(OEt),  which  on  saponification  yields 

^^^NNHCO^^^''^'  ^'  (Behrend, 

B.  19,  219).— 10.  CCI3.COCI  forms  CoHjCljNoSoO,, 
crystallising  in  slender  needles,  m.  sol.  alcohol, 
si.  sol.  water,  v.  si.  sol.  ether ;  converted  by  Br 
into  CCla.SCBr  (McGowan,  C.  J.  49,  191 ;  51, 
669;  J.  pr.  [2]  36,  220).  CCL,.S0,C1  added  to 
an  alcoholic  solution  of  thio-urea  forms  the 
chloride  CloCSN.Hj,  which  is  ppd.  on  adding 
ether,  while  the  filtrate  contains  the  compound 
(CSN,,H,)„(CCl3.S0,),  [125°],  which  is  more  sol. 
alcohol  than  water,  and  gives  with  Br  a  pp.  of 
CClj.SCBr.— 11.  CCl3.S0.,NH.,  in  alcohol  forms 
flat  prisms  of  (CSN,,HJCCl3S0,H  [139°],  m.  sol. 
water  and  ether,  v.  sol.  alcohol,  converted  by 
Br  into  CClj.SOoBr  (M'Gowan,  C.  J.  51,  667  ; 
J.  pr.  [2]  36,  219). — 12.  Chloro-acetone  forms 
(NH,.CS.NH.CH„.C0.CH3)HC1  [126°]  (Paw- 
lewski,  B.  21,  402).  —  13.  ClCO..Et  forms 
(NH,.CS.NH.CO,Et)HCl  [117°].— 14.'CH,C1.0H 
gives  CoH,|N._,S,  a  white  amorphous  powder,  insol. 
water,  nearly  insol.  all  usual  menstrua,  recon- 
verted into  thio-urea  by  HClAq  (von  Hemmel- 
mayr,  M.  12,  89). — 15.  Di-bromo-succinic  acid 
forms  f umaric  acid  on  heating  (Nencki  a.  Sieber, 
J.  p)r.  [2]  25,  74). — 16.  A  hot  cone,  solution  of 
cli-bromo-pyruvic  acid  forms  '  sulphuvinuric 
acid '  C,H.|N„S02,  which  crystallises  with  2aq, 
reduces  Fehling  solution  to  Cu.O  in  the  cold, 
and  to  a  copper  mirror  on  warming,  and  yields 
the  salts  CaA',,  MgA',,  ZnA',  HA'HCl,  HA'HBr, 
and  HA'HN03aq  (N.  a.  S.). — 17.  Bromo-pyruvic 
ether  forms  amido-thiazole  carboxyUc  ether 

Kc(NhJ)^N^^'^*  (Steude,4.261,  30).- 

18.    Bromo-acetoacetic    ether    gives  ^-amido- 

.     T  r,  /CH  C.CHo.CO.Et 

thiazyl-acetic    ether     '^\c(NH  )'N 

[94°],  which  yields  an  acid  [c.  130°],  spht  up  on 
fusion  into  CO^  and  amido-methyl-thiazole 
(Steude).  a  -  Chloro  -  acctoacctic  ether  forms 
C3NSMe(NH,).C0,Et  [175°]  (Ziircher,  A.  250, 
281). — 19.  Thio-urea  heated  with  an  alcoholic 
solution  of  chloro-acetic  acid  and  phenyl-hy- 
drazine forms  C^HgN-jSO  [175°]  (Probst,  J.pir. 
[2]  45,  416). — 20.  Fusion  with  (R)-iodopropionic 
acid  and  a  little  water  forms  CjH„NoSO,  [176°], 
which  crystallises  from  water  in  needles  (con- 
taining 2aq),  si.  sol.  alcohol,  insol.  ether  (An- 
dreasoh, M.  6,  832). — 21.  Di-cliloro-acetic  acid 
forms  thiohydantoin.  a-Bromo-propionic  acid 
forms methyi-thiohydantoin  (206°uncor.)  (Dixon, 

C.  J.  63,  815).— 22.  Aldehyde  heated  in  a  sealed 
tube  with  thio-urea  forms  CSN,H,(CHMe), 
which  is  si.  sol.  ether  and  cold  alcohol,  and  is 
decomposed  by  hot  water  (Reynolds,  C.  N.  24, 
87). — 23.  Succinic  anhydride  at  140°  forms 
C-H^NoSOj  [211°]. — 24.  Citraconic  anhydride  at 
130°  foVms  C.HaN.SOa  [223°]  (Pike,  B.  6, 1104).— 
25.  Acetyl-acetone  and  a  small  quantity  of 
HClAq  form  CH,,(CMe:N.CS.NH,,),HCl  [219°]. 
In  presence  of  excess  of  HCl  the  product 

is  CH,<^^^:^>CS  [210°]  (Evans,  J.  pr.  [2] 

48,  503). 

Salts.— B'HNOa.  Crystalline.  —  B'HCl. 
Formed  from  the  stannous  double  chloride  and 
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H,S.  Crystalline.— B'HI.  Tables.— B'^NH^Cl. 
[154°].  Felted  crystalline  mass  (Eeynolds,  C.  J. 
59, 385).— B',NH,I.  [186°].— B'.JIoPtCle.  Yellow 
prisms,  v.  sol.  water  and  alcohol.  Can  be  dried 
at  100°.— B'^HPtClj.  Got  when  saturated  solu- 
tions of  thio-urea  and  PtCl^  are  mixed.  Dark- 
red  prisms,  insol.  water,  alcohol  and  ether. — 
B'._,AuCl.  Yellow  monoclinic  crystals,  got  by 
adding  AuClj  to  a  saturated  solution  of  thio- 
urea.—B'TlSO^.—B'^CuSO^.  White  silky  needles. 
Got  by  mixing  cone,  solutions  of  thio-urea  and 
CuSOj.— B'5Cu,(S0J  2aq.— B'aCuCl.  Colourless 
dimetric  crystals,  sol.  water,  but  ppd.  by  HCl 
and  KCl.  Alkaline  in  reaction.  Attacked  by 
H.>S  with  difficulty.  Does  not  absorb  CO 
(Eathke,  B.  17,  301).— B'Xu.CL  aq.  Ppd.  by 
adding  CuCl^Aq  to  aqueous  tliio-urea  (Eathke, 

B.  14,  1779  ;  17,  301).  Minute  needles,  insol. 
water. — B'^CuCl.  Flat  needles.  Formed  by 
mixing  the  two  preceding  salts  into  which  it  is 
decomposed  by  water. — B'4HgO. — B'„(HgO)3  3aq. 
Ppd.  by  adding  neutral  Hg(N03)2  to  a  dilute 
solution  of  thio-urea  (Emerson  Eeynolds,  A. 
150,  235;  Kurnakoff,  B.  24,  3956).  Crystalline. 
Loses  thio-urea  on  washing  with  water. — 
B'^HgClj".  large  crystals,  v.  sol.  water. — B'^HgCl, : 
minute  needles,  nearly  insol.  water  (Claus,  B.  9, 
227).— B'Hgl^  (Maly,  B.  9,  173).— B'HgCyS. 
Needles,  decomposed  by  heat  into  dicyandiamide, 
HCy,  and  HgS  (Nencki,  B.  6,  598).-B'.,PbCl2 : 
needles  (Claus,  A.  179,  135).— B'Pb(CyS),.— 
B'oSnCl^. — B'2ZnCL, :  spherical  groups  of  prisms 
(from  water). — B'^CdSO^. — B'^SiBr^  (Emerson 
Eeynolds,  C.  J.  51,  202).-B'2Ag,O  4aq.  Crystal- 
line.—B'AgNO,  (K.).— B'^AgNO^.  [141°].  Silky 
crystals,  sol.  hot  alcohol  (Emerson  Eeynolds, 

C.  J.  61,  249).— B'^gCl.  [171°].  Needles,  m. 
sol.  hot  alcohol.— B'„AgBr.  [121°].— B'.,AgI.— 
B',,AgCy.  [126°].— B'.AgAOj :  needles. 

'Chloride  (C'S^.S-i).G\-  Formed  by  pass- 
ing CI  into  a  cone,  alcoholic  solution  of  thio- 
urea (Claus,  A.  179,  139).  Formed  also  by  the 
action  of  CCLi.SO.Cl,  and  of  ICl,  ICl,,  or  POCI3 
on  thio-urea  (M'Gowan,  C.  J.  49,  191 ;  J.pr.  [2] 
33,  188).  Small  needles,  v.  sol.  water,  m.  sol. 
alcohol,  insol.  ether.  Decomposed  by  alkalis, 
yielding  cyanamide.  Alcoholic  KI  removes  chlor- 
ine, setting  thio-urea  free.  Dilute  HNO3  forms 
crystals  of  (CSN,H,,)2(N03)2,  which  is  si.  sol. 
water,  insol.  alcohol  and  ether. 

Bromide  (CSN2Hj),Br„.  Formed  by  adding 
Br  to  an  alcoholic  or  cold  aqueous  solution  of 
thio-urea ;  in  aqueous  solution  excess  of  Br  pro- 
duces urea  (Claus,  A.  179,  138 ;  M'Gowan, 
C.  J.  51,  378  ;  J.  pr.  [2]  36,  216).  Crystals. 
Its  aqueous  solution  deposits  S  when  heated. 
Sodium-amalgam  reproduces  thio-urea. 

Iodide  (CSN,HJ.J2.  Formed  from  thio- 
urea, I,  and  alcohol  (M'Gowan,  /.  pr.  [2]  33, 
192).  Prisms. 

Methylo-iodide  (CSN,Hj)MeI.  [117°]. 
Formed  slowly  by  combination  of  thio-urea  with 
Mel  in  the  cold  (Bernthsen  a.  Khnger,  B.  11, 
493).  Prisms,  v.  sol.  water  and  alcohol.  AgCl 
gives  the  chloride,  which  forms  the  platino- 
chloride  (B'MeCl).,PtClj  aq. 

Ethylo-chlo'ride  B'EtCl.  Crystals. 

Ethylo-bromide  (CSN.,H,)EtBr.  Hexa- 
gonal plates  (Claus  a.  Siegfried,  A.  179,  145). 
Decomposes  at  100°. 

Ethylo-iodides    (CSN.^HJEtl.  Crystal- 


line. Gives  with  moist  AgjO  a  base.  Boiling- 
aqueous  alkalis  liberate  mercaptan. — B'.,Et.,PtClB, 
(dried  at  100°).  Tables.— B'jEtl.  Needles '(from 
alcohol)  (Claus,  B.  8,  41). 

Benzylo-chloride  (CSN2HJC,H,C1.[168°], 
Formed  from  benzyl  chloride  and  thio-urea. 
Yields  unstable  benzyl-thio-urea  CSNjH^C,!!, 
[72°],  which  decomposes  at  100°  into  dicyan- 
diamide and  benzyl  mercaptan  (Bernthsen  a. 
Klinger,  B.  12,  574).— (CSN2H,C,H,Cl)2PtCl,. 

Compound  with  oxalic  ether 
(CSNjHJjEtAOj.  [150°].    Monoclinic  crystals 
(Nencki,  B.  7,  780).    Decomposed  by  hot  water. 

Compounds  with  amines 
(CSN2H,),NMeH3Br.  [138°].  Formed  from 
methylamine  hydrobromide  and  thio-urea  in 
alcohol  (Eeynolds,  C.  J.  59,  392).  Felted 
crystals — (CSN^HJsNEtjH^Br.  [134°].  Formed 
by  boiling  thio-urea  together  with  diethyl- 
amine  hydro-bromide  and  absolute  alcohol. — 
(CSN.2Hj)3NEt3HBr.— (CSN2Hj)2NEt^I  [135°]. 
Prisms.— (CSN.,Hj),NEt4Br  [160°].  Eectangular 
prisms  (Eeynolds,  C.  J.  59,  388). 

Acetyl  derivative  CSN2H3AC.  Mol.  w., 
118.  [165°].  Formed  by  heating  thio-urea  with 
Ac,0  (Nencki,  B.  6,  598).  Formed  also  from 
thio-acetic  acid  and  cyanamide  (Pratorius,  J.^jr. 
['2]  21,  147).  Prisms  (from  hot  water),  v.  sol. 
alcohol,  m.  sol.  ether. — B'HjPtCls.  Crystalline. 

Propionyl  derivative  (Freytag,  /.  pr. 
[2]  20,  381). 

Benzoyl  derivative  CSNjHjBz.  [170°]. 
Formed  by  warming  thio-urea  (2  mols.)  with 
BzCl  (1  mol.)  (Pike,  B.  6,  755).  Got  also  from 
benzoyl  sulphocyanide  and  NHjAq  (Miguel,  Bl. 
[2]  25,  252).  Needles  (from  alcohol) ;  si.  sol. 
cold  water.    Tastes  bitter. 

o- Oxy-benzoyl  derivative 
NH...CS.NH.CO.C,Hj.OH.     [182°].     S.  (boiling 
alcohol)  7.    Formed  from  salicyl  thiocarbimide 
and  aqueous  NH3  (Miguel,  A.  Ch.  [5]  11,  304). 

THIO-i|/-UEIC  ACID  v.  Thio-ueamido-baebi- 

TUBIC  ACID. 

THIO-VALEEIC  ALDEHYDE  C^Hi^S.  (115°). 
Formed,  together  with  CjH^Sj  [95°],  by  heating 
isovaleric  aldehyde  (23  pts.)  with  S  (9  pts.)  in 
sealed  tubes  at  250°  for  eight  hours  (BarbagUa, 
G.  11,  95  ;  B.  17,  2654).  Oil  with  penetrating 
odour  hke  onions,  sol.  alcohol  and  ether.  Does 
not  combine  with  NaHS03. 

Isomeride  C^HioS.  [69°].  V.D.  (H  =  l) 
50-76.  Formed  by  passing  H„S  into  a  dilute 
aqueous  solution  of  isovaleric  aldehyde.  Fibrous, 
crystals  (from  ether),  insol.  water. 

THIOXENE  v.  Dl-METH-STL-THIOPHENE. 

THIOXYLENOL  v.  Xyltl  mercaptan. 
THIOXYL  METHYL  KETONE  v.  Di-methtl- 

THIENTL  METHYL  KETONE. 

THORIUM  Th.  (Thorinum.)  At.  w.  232. 
Mol.  w.  unknown.  The  m.p.  of  Th  has  not  been 
determined;  it  is  certainly  very  high  (Nilson,i3. 
15,  2541).  S.G.  11-1  at  17°  (N.,  I.e.,  p.  2543). 
S.H.  -02787  (N.,  B.  16,  161).  Crystallises  in 
regular  octahedral  and  hexagonal  forms,  iso- 
morphous  with  Si  (Brogger,  Z.  K.  7,  442  ;  c/. 
Nilson,  B.  15,  2546  ;  16,  162  note).    S.V.S.  20-9. 

Historical. — In  1818  Berzelius  announced 
the  discovery  of  the  oxide  of  a  new  element 
in  a  rare  Norwegian  mineral ;  to  the  metal  of 
this  oxide  he  gave  the  name  thorium  (frora 
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the  Scandinavian  god  Thor).  A  few  years 
later  Berzelius  found  that  the  substance  he  had 
supposed  to  be  a  new  earth  was  really  yttrium 
phosphate.  In  1828,  however, Berzelius  isolated 
a  new  earth  from  another  Norwegian  mineral ; 
he  named  the  new  earth  thoria,  and  the  mineral 
from  which  it  had  been  prepared  he  called 
thorite  (P.  16,  385).  In  1851  Bergemann  dis- 
covered a  new  metal  and  called  it  donarium ; 
but  this  metal  was  shown  to  be  identical  with 
the  thorium  of  Berzelius  by  Damour  (C.  R.  34, 
685),  Berlin  (P.  87,  608),  and  Bergemann  him- 
self (P.  85,  558).  In  1862  Bahr  supposed  he  had 
found  a  new  metal,  which  he  called  waskini,  but 
soon  afterwards  he  recognised  that  the  metal  was 
identical  with  thorium  (P.  119,  572  ;  132,  227). 
The  metal  thorium  was  isolated  by  Berzelius  in 
1828  (P.  16,  385)  ;  it  was  also  obtained  by  Chy- 
denius  in  1861  {Bl.  [2]  1,  130)  ;  and  in  a  state 
of  greater  purity  by  Nilson  in  1882  (B.  15,  2537). 

Occurrence. — Compounds  of  Th  have  been 
found  only  in  very  small  quantities  in  a  few 
localities.  Thorite  from  Lovon  in  Norway  con- 
tains c.  59  p.c.  Th.0.,  according  to  Berzelius ;  an 
orange-coloured  variety  of  this  mineral,  orangite, 
was  found  by  Bergemann  to  contain  74  p.c. 
ThOj ;  Nilson  (P.  15,  2519)  found  from  50  to 
59  p.c.  ThO,_,  in  different  specimens  of  thorite. 
Small  quantities  of  ThO,  have  been  found  in 
specimens  of  pyrochlore,  monazite,  samarskite, 
euxcnitc,  gadolinite,  &n&  orthite.  Several  mine- 
rals containing  Th  have  been  discovered  by  Hid- 
den a.  Mackintosh  in  North  CaroUna  and  Colo- 
rado ;  one  of  these  is  a  silieophosphate  of  Th, 
another  a  silicate  of  Th  and  Y,  another  a  sili- 
cate of  Th  and  U,  and  another  is  a  uranate  of 
Th,  Pb,  and  Y  (4w.  S.  [3]  36,  461 ;  38,  474). 

Formation.  —  1.  By  reducing  ThCl^  or 
2ThCl,.KCl,  by  heating  with  K  (Berzelius,  P.  16, 
385).  —  2.  By  reducing  fused  ThCl4,  or 
2ThCl4.KCl,  by  means  of  Na  (Chydenius,  Bl.  [2] 
1, 1.30  ;  6,  433  ;  Nilson,  B.  15,  2537). 

Picparation. — Powdered  thorite  is  evapo- 
rated with  HCIAq  to  dryness ;  the  residue  is 
heated  to  render  silica  insoluble,  and  treated 
with  water ;  the  solution  is  filtered  and  ppd.  by 
H„S ;  the  filtrate  from  PbS  is  ppd.  by  NH.,Aq, 
and  the  pp.  of  crude  ThO,_,.;rH,,0  is  thoroughly 
washed  and  dissolved  in  HCIAq  ;  Th(C204),  is 
ppd.  from  this  solution  by  H„C„OjAq,  and  the 
pp.,  after  being  thoroughly  washed  with  boiling 
water,  is  decomposed  by  heating ;  the  crude  ThO., 
thus  obtained  is  converted  into  Th(S04).,  by 
treatment  in  a  Pt  basin  with  cone.  H.,S04  after 
being  thoroughly  moistened  with  water.  The 
impure  Th(S04)„  thus  obtained  is  freed  from  acid 
and  water  by  heating,  and  is  dissolved  in  as 
little  ice-cold  water  as  possible  (c.  5  parts  are 
required),  and  the  solution  is  heated  to  c.  20°, 
when  Th(S04)2.9H„0  ppts.  The  Th(S0J,,.9H,0 
is  dehydrated  by  heating ;  the  Th(SO.|).,  is  dis- 
solved in  the  minimum  quantity  of  ice-cold 
water  and  the  solution  is  heated  to  c.  20° ;  the 
crystals  of  Th(S0j).,.9H,,0  that  separate  are  de- 
hydrated, dissolved  in  ice-cold  water,  and  the 
hydrated  sulphate  is  ppd.  by  heating  to  20°. 
This  treatment  is  repeated  a  few  times,  when 
pure  Th(SO,)2.9H,0  is  obtained.  This  method 
of  purifying  crude  sulphate  of  Th,  which  is  given 
by  Nilson  (P.  15,  2521),  depends  on  the  great 
differences  between  the  solubilities  in  water  of 


Th(S04)2  and  Th(S0J..9H„0  ;  the  former,  when 
pure,  is  soluble  in  20-6  parts  water  at  0°,  the 
latter  requires  88  parts  water  at  0°,  and  much 
more  at  20°,  for  solution.  The  sulphates  of  the 
metals  present  in  the  crude  Th(SOj)._,  prepared 
as  described  are  much  more  soluble  in  water  at 
20°  than  Th(S0,).,.9H,0.  For  other  methods  of 
preparing  salts  of  Th  from  thorite  v.  Berzelius 
{I.e.),  Chydenius  [I.e.),  Delafontaine  (Ar.  Sc.  [2] 
18,  343),  and  Cleve  {Bl.  [2]  21,  115). 

To  prepare  Th  from  pure  Th(SO.|)„  Nilson 
(P.  15,  2538)  dissolved  the  salt  in  water,  ppd.  by 
KOHAq  and  boiled,  washed  the  Tha.xHjO 
thoroughly,  dissolved  in  HCIAq  and  reppd.  by 
KOHAq  (to  remove  all  traces  of  H.SOj) ;  he 
thoroughly  washed  the  pp.  by  decantation,  dis- 
solved it  in  HCIAq,  added  KCl,  in  the  ratio 
2ThCl|:KCl,  evaporated  to  dryness  in  a  Pt  basin, 
and  dried  the  residue  by  warming  over  a  flame, 
stirring  constantly,  and  then  powdering  and 
heating  again.  The  dry  double  salt  of  ThCl, 
and  KCl  was  heated  to  redness  in  a  stream  of 
dry  HCl  (prepared  from  cone.  H;SO.,  and  sub- 
limed NH,|C1),  HCl  was  removed  by  a  stream  of 
H,  and  some  of  the  salt  was  transferred  to  a 
cylinder  of  wrought  iron  (fitted  with  a  lid  which 
screwed  on),  in  which  a  layer  of  dry  NaCl  had 
been  placed ;  pieces  of  sodium  were  arranged  over 
the  Th-K  salt  in  the  cylinder,  on  these  was  placed 
another  layer  of  the  Th-K  salt,  and  the  cylinder 
was  thus  nearly  filled  with  alternate  layers  of  Na 
and  the  double  salt ;  the  contents  of  the  cylinder 
were  j^ressed  together  by  a  piston  which  fitted 
into  the  cylinder,  suflicient  dry  NaCl  was  added 
to  fill  the  cylinder,  the  lid  was  screwed  on,  and 
the  apparatus  was  heated  to  full  redness  for 
about  fifteen  minutes  ;  after  cooling,  the  contents 
of  the  apparatus  were  treated  with  cold  water, 
whereby  chlorides  were  dissolved  and  the  excess 
of  sodium  was  converted  into  NaOH  and  dis- 
solved (the  action  is  apt  to  be  explosive) ;  the 
thorium  was  washed  with  water,  then  with  alco- 
hol, and  finally  with  ether,  and  dried  at  100°. 

The  yield  of  thorium  by  this  method  is  almost 
equal  to  that  calculated  from  the  equation.  For 
a  detailed  description  of  the  iron  cylinder  used 
for  reduction  v.  Nilson  a.  Pettersson,  W.  4,  554 
(on  the  prepiaration  of  Be). 

Properties. — Prepared  as  described,  Th  forms 
a  greyish-white,  glistening  powder  ;  the  powder 
consists  of  small,  thin,  six-sided,  crystalline  leaf- 
lets ;  the  larger  crystals  are  as  white  and  lustrous 
as  silver,  the  smaller  are  grey  and  less  lustrous. 
The  crystals  are  somewhat  brittle.  S.G.  at  17° 
11-1  to  11-23  ;  the  latter  number  referring  to  the 
well-crystallised  metal  (Nilson,  P.  15,  2543  ;  16, 
160).  S.H.  (0°  to  100°)  -02787,  hence  at.  heat 
=  6-4  (N.,  P.  16,  161).  Crystallises  in  combina- 
tions of  regular  octahedra  and  hexahedra ;  iso- 
morphous  with  Si  (N.,  I.e.;  and  note,  p.  162). 
S.V.S.  20-9.  The  emission-spectrum  of  Th  has 
been  mapped  by  Thalen  {Ditcrmin.  des  Longueurs 
d'Onde  des  Raies  Mitalliques  [Upsala,  1868]) ; 
the  most  marked  lines  are  three  in  the  indigo  ; 
4393,  4382,  and  4281.  Soret  {Ar.  Sc.  [2]  63, 
59  ;  [3]  4,  94)  found  that  ThCl.Aq  cuts  off  al- 
most the  whole  of  the  ultra-violet  part  of  the 
spectrum. 

Th  is  unchanged  in  air  up  to  100°-120° ; 
when  heated  to  a  higher  temperature  it  burns  to 
ThO,  with  production  of  much  white  light.  Th 
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is  readily  oxidised  by  heating  in  0  ;  on  this  ac- 
count some  of  the  metal  is  ojddised  in  the  pro- 
cess of  preparation  if  the  lid  of  the  cylinder  does 
not  fit  tightly.  Nilson's  experiments  (B.  15, 
2541)  show  that  Th  does  not  melt  at  the  full 
heat  of  a  wind-furnace.  Th  does  not  react  with 
water  ;  it  combines  directly  with  CI,  Br,  I  and 
S.  The  metal  is  slowly  acted  on  by  H2SO4  or 
HNO„  rapidly  by  HClAq  or  agwa  regia  ;  alkali 
solutions  do  not  seem  to  react. 

The  at.  w.  of  Th  has  been  determined  :  (1)  by 
analysing  Th(S04),  and  hydrates  of  this  salt  (Ber- 
zelius,  P.  16,  398  [1829]  ;  Chydenius,  P.  119,  43 
[1861] ;  Delafontaine,  Ar.  Sc.  18,  343  [1863]  ; 
Hermann,  pr.  93,  114  [1864] ;  Cleve,  Bl.  [2] 
21, 116  [1874] ;  Nilson,  B.  15,  2527  [1882] ;  Kriiss 
a.  Nilson,  B.  20, 1665  [1887])  ;  (2)  by  analyses  of 
the  double  Th-K  sulphate  (Berzelius,  I.e.)  ;  (3)  by 
analyses  of  the  acetate,  oxalate,  and  formate  of 
Th  (Chydenius,  I.e.) ;  (4)  by  determining  S.H.  of 
Th  (Nilson,  B.  16,  153  [1883]) ;  (5)  by  finding 
V.D.  of  ThCl,  (Kriiss  a.  Nilson,  B.  20,  1665 
[1887]).    The  mol.  w.  of  Th  is  not  known. 

Th  is  distinctly  metallic  in  its  chemical  re- 
lations ;  the  only  oxide  that  has  been  isolated 
with  certainty,  ThOj,  is  basic,  forming  salts 
ThXj  (X  =  SOj,  2NO3,  &c.).  There  are  indica- 
tions of  the  existence  of  a  higher  oxide  (?  ThoO,). 
Thorium  forms  the  last  member  of  the  even-series 
family  of  Group  IV.  in  the  periodic  classification 
of  the  elements.  The  members  of  this  family  are 
C,  Ti,  Zr,  Ce,  — ,  Th.  The  four  elements  Ti, 
Zr,  Ce,  and  Th  closely  resemble  one  another  in 
their  chemical  properties  ;  they  are  also  similar 
to  the  odd-series  family  of  Group  IV.,  namely. 
Si,  Ge,  Sn,  — ,  Pb.  For  a  general  account  of 
Group  IV.  (and  more  especially  of  C  and  Si)  v. 
Caebon  gkoup  of  elements  (vol.  i.  p.  682) ;  for 
a  description  of  the  even-series  family  (Ti,  Zr, 
Ce,  Th)  V.  Titanium  gkodp  of  elements  (this 
vol.  p.  749) ;  and  for  the  odd-series  family  (Ge, 
Sn,  Pb  ;  Si  being  described  in  vol.  i.  p.  652)  v. 
Tin  group  of  elements  (this  vol.  p.  735). 

The  atom  of  thorium  is  tetravalent  in  the 
gaseous  molecule  ThCl4. 

Reactions  and  Gonibinations  (Nilson,  B.  15, 
2541). — 1.  Heated  in  air,  oxidation  begins  at 
c.  120°,  and  at  much  below  red  heat  the  metal 
burns  brilliantly  to  ThO,. — 2.  Heated  in  a  stream 
of  oxygen,  the  metal  burns  to  ThO„,  with  the 
production  of  dazzling  white  light. — 3.  Th 
burns  to  ThX4  when  heated  in  chlorine,  in 
bromine  vapour,  or  in  vapour  of  iodine.— 
4.  When  heated  with  sulphur  part  of  the  S 
volatilises,  and  when  the  temperature  is  above 
the  b.p.  of  S  combination  occurs  with  production 
of  much  light,  ThS.,  being  formed. — 5.  Accord- 
ing to  Troost  (C.  B.  116,  1227),  Th  combines 
with  carbon,  when  ThOj  is  mixed  with  C  and 
heated  in  COj  in  the  electric  arc  (v.  Carbide, 
wvfra). —  6.  Water  does  not  react  with  Th  at 
any  temperature,  so  far  as  experiments  have 
been  tried.  Nilson  {I.e.)  gives  no  details,  but 
says  '  Thorium  is  not  changed  by  water  under 
any  conditions.' — 7.  Sulphuric  acid  reacts  slowly 
with  Th ;  when  dilute,  the  acid  evolves  H  ;  when 
cone,  and  hot,  SO^is  given  off.— 8.  The  action  of 
nitric  acid  is  slight ;  the  dilute  warm  acid  acts 
very  gradually;  cone,  acid  is  almost  without 
action. — 9.  Hydrochloric  acid  rapidly  dissolves 
Th,  forming  ThCl^,  and  giving  off  H  ;  the  action 


is  most  complete  with  cone.  acid. — 10.  Aqua 
regia  dissolves  Th  easily. — 11.  Alkaline  solu- 
tions seem  not  to  react  with  Th. 

Detection  and  Estimation. — Salts  of  Th  are 
colourless  when  the  acid  is  colourless.  Alkalis, 
and  also  (NHJ^SAq,  ppt.  gelatinous,  white 
Th02.2H20,  insoluble  in  excess  of  the  precipitant ; 
alkali  carbonates  form  a  white  pp.  soluble  in 
excess  ;  solution  in  (NHJ^CO^Aq  becomes  turbid 
at  60°,  but  goes  clear  on  cooling  ;  saturation  of 
a  solution  of  a  salt  of  Th  with  KoSO^  forms 
white  Th(SO,)2.K2S04.2H20,  insoluble  in 
KjSO^Aq,  but  soluble  in  water ;  KjFeCygAq  ppts. 
white  ThPeCyg ;  oxalic  acid  and  alkali  oxalates 
ppt.  white  amorphous  Th(C.,04)2,  insoluble  in 
dilute  acids,  soluble  in  solutions  of  alkali  oxa- 
lates or  NHj.CjHjOo,  especially  on  warming. 

Th  is  generally  estimated  by  ppn.  as 
Th02.2H20  or  Th(C.,04)2,  and  subsequent  conver- 
sion into  ThOj  by  heating. 

Thorium,  bromide  of.  The  gummy,  white 
mass  obtained  by  Berzelius  (P.  16,  385),  by  eva- 
porating a  solution  of  Th02.2H,0  in  HBrAq,  was 
probably  ThBr^.  The  hydrated  salt  ThBr^.  lOaq 
seems  to  have  been  obtained,  from  ThO™.  2aq,  by 
Jannasch,  Locke,  a.  Lesinsky  (Zeit.  f.  anorg. 
Chemie,  5,  283). 

Thorium,  carbide  of.  By  heating  an  intimate 
mixture  of  ThO.,  and  C  in  the  electric  arc,  in  an 
atmosphere  of  CO.,  Troost  (C.  B.  116,  1227)  ob- 
tained a  hard,  brittle  solid,  containing  from  8-2 
to  9'5  p.c.  C,  and  therefore  approximating  to  the 
formula  ThC,  (which  requires  9-38  p.c.  C).  S.G. 
10'15  at  15°;  scratches  glass  slightly;  decom- 
poses cold  water,  giving  off  H  and  strongly  smell- 
ing hydrocarbons  ;  gradually  decomposes  in  moist 
air ;  burns  rapidly  and  brilliantly  when  heated 
to  redness. 

Thorium,  chloride  of,  ThCl^.  Mol.  w.  373-5- 
V.D.  172-2  at  1050°-1270°  (Kriiss  a.  Nilson,  B. 
20, 1671).  This  compound  is  formed  by  heating 
a  mixture  of  ThOj  and  C  in  a  stream  of  dry 
CI ;  the  ThCl4  sublimes  in  white  needles. 
Kruss  a.  Nilson  {B.  20,  1675)  prepared  pure 
ThCl4  by  heating  Th  to  incipient  redness  in  a 
stream  of  dry,  air-free  HCl ;  then  raising  the 
temperature  to  full  redness,  in  order  to  sublime 
a  little  FeCL,  formed  from  the  iron  in  the  thorium 
used ;  and  finally  subliming  the  ThCl4  at  an  in- 
cipient white  heat.  (For  details  of  the  apparatus 
used  V.  Nilson  a.  Pettersson,  J.  pr.  [2]  33,  1  [on 
preparation  of  BeCy). 

ThCl4  crystallises  in  lustrous,  white  needles  ; 
moderately  hj-groscopic,  but  remains  some  hours 
in  the  air  before  deliquescing  (K.  a.  N.,  I.e.). 
Does  not  volatilise  at  c.  420°  (Chydenius,  P. 
119,  43).  The  V.D.  found  by  K.  a.  N.  at  tempe- 
ratures from  1050°  to  1270°  shows  that  the  for- 
mula ThCl4  is  molecular.  K.  a.N.  got  the  value 
142  for  V.D.  at  1400°,  showing  that  dissociation 
had  begun.  Troost  (0.  B.  101,  360)  obtained 
values  for  V.D.  of  ThCl4  at  c.  950°  considerably 
lower  than  those  of  K.  a.  N.  It  is  likely  that 
his  specimen  was  not  pure,  or  that  the  apparatus 
used  contained  traces  of  0  sufficient  to  cause 
decomposition  to  ThOj  and  CI  (K.  a.  N.,  I.e.,  p. 
1674). 

Hydrated  thorium  chloride  ThCl4.8H20  was 
obtained  by  Cleve  in  thin,  white  prisms,  by  con- 
centrating a  solution  of  Th02.2H20  in  HClAq, 
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allowing  to  crystallise,  and  drying  over  HoSOj 
{Bl.  [2]  21,  IIG). 

Double  salts. — ThCl4  combines  with  potas- 
slum  chloride  to  form  2ThCl4,  KCl.lSH.O  ;  ob- 
tained by  mixing  very  cone,  solutions  of  the 
constituents.  Forms  small,  white  crystals ;  v. 
sol.  water,  also  sol.  alcohol ;  dehydrated  by 
heating  in  HCl  (Cleve,  Bl.  [2]  21,  116).  By 
heating  a  dry  mixture  of  ThCl,  and  NH^Cl  in 
HCl,  Chydenius  (Bl.  [2]  1, 130  ;  6,  433)  obtained 
a  compound  with  ammonium  chloride,  which, 
when  crystallised  from  water  in  vacuo,  had  the 
composition  ThCl^.SNHiCI.SH.O  ;  loses  6H,0  at 
100°.  Cleve  {I.e.)  prepared  a  compound  with 
platinic  chloride  Th.Cl,.FtCl,.12K.,0  ;  and  Nilson 
{I.e.)  a  compound  with  platinous  chloride 
2ThCl,.3PtCl2.24H,0. 

Thorium,  ferrocyanide  of,  ThPeCy4.4H20. 
A  white  powder;  prepared  by  adding KiFeCy^Aq 
to  solution  of  a  salt  of  Th  (Cleve,  Bl.  [2]  21, 
116). 

Thorium,  fluoride  of,  ThF,.4H20.  Obtained 
by  adding  HFAq  to  ThCl^Aq ;  the  gelatinous 
pp.  becomes  powdery  after  a  time  (Chydenius, 
Bl.  [2]  1,  130  ;  6,  433).  Loses  H.,0  at  100°,  and 
2HoO  at  140°-200° ;  heated  to  redness  gives 
ThO.,  and  HF.  Berzelius  (P.  16,  385)  obtained 
a  heavy  white  powder  by  heating  ThO.,.2HoO 
with  HFAq.  Combines  with  'potassium  fluor- 
ide ;  Chydenius  (I.e.)  obtained  two  salts, 
{1)  ThFj.KF  by  mixing  ThCl,Aq  with  KHF.A-q, 
(2)  ThF,.2KF.4H,0  by  boiling  ThO,.2H„0  with 
cone.  EHF.,Aq  and  HFAq.  The  isolation  of  a 
third  salt,  VThF.j.SKF.CHjO,  is  doubtful. 

Thorium,  hydride  of.  By  heating  ThOj  with 
excess  of  Mg  powder,  in  a  stream  of  H,  Winkler 
{B.  24,  885)  obtained  a  grey  powder,  which  gave 
off  H  with  dilute  HClAq,  and  burnt  when  heated 
in  O.  Analyses  of  this  powder  gave  72-86  p.c. 
Th,  -50  p.c.  H,  17-57  p.c.  Mg,  and  9-07  p.c.  0. 
Supposing  the  ThO.,,  Mg,  and  H  interacted  in 
accordance  with  the  equation  ThOo  +  2Mg  +  2H 
=  ThH^-i-2MgO,  then,  from  the  quantities  of 
ThO.,  and  Mg  ased,  the  product  would  give  on 
analysis  73-77  p.c.  Th,  -63  p.c.  H,  15-45  p.c.  Mg, 
and  10-15  p.c.  0.  From  these  data  Winkler 
concluded  that  a  hydride,  ThH.,,  was  formed  in 
the  reaction. 

Thorium,  hydroxides  of,  v.  Oxides  and  hy- 

DBATED  OXIDES  {infra). 

Thorium,  iodide  of.  The  white  gummy  mass, 
crystallising  after  a  time,  obtained  by  Chydenius 
{Bl.  [2j  1,  130  -,  6,  433)  by  evaporating  a  solu- 
tion of  Th0„.2H,,0  in  HIAq,  was  probably  ThI,. 
The  substance  goes  brown  in  the  light. 

Thorium,  nitride  of.  By  heating  ThO,  or 
ThCl,  in  NH„  also  by  heating  ThCl.,  and  NHjCl 
in  HCl,  Chydenius  (I.e.)  obtained  a  small  quan- 
tity of  what  he  supposed  to  be  either  a  nitride 
of  Th  or  a  compound  of  the  metal  with  N  and 
H. 

Thorium,  oxides  and  hydrated  oxides  of. 

Besides  the  oxide  ThOj  a  peroxide,  probably 
Th„0„  is  said  to  exist. 

Thokidm  dioxide  ThO.,.  (Thoria.)  Mol.  w. 
not  known.  Obtained  by  ppg.  a  salt  of  Th  by 
alkah,  (NH^J^SAq,  or  KCNAq,  drying,  and 
strongly  heating  ;  also  by  decomposing  Th(C,,0.,).. 
by  heat.  A  fine,  white  powder.  S.G.  10-22  at 
17°  (Nilson,  B.  15,  2536).  S.V.S.  25-87.  S.H. 
(0°  to  100°)  -0548  (N.  a.  Pettersson,  B.  13,  1459). 


By  heating  Th0._,  with  borax  in  a  porcelain  oven, 
Nordenskjold  obtained  the  oxide  in  microscopic 
crystals  isomorphous  with  SnO.,  and  ZrO.,  (P. 
150,  219).  ThO.,  has  not  been  fused;  it  is  not 
reduced  by  heating  with  C,  but  when  mixed  with 
C  and  heated  in  01  the  chloride  ThCl^  is  ob- 
tained. ThOj  does  not  react  with  molten  alkalis. 
It  is  scarcely  acted  on  by  acids  ;  warm  cone. 
HoSO,,,  however,  converts  it  into  Th(S0j3. 

Hydrates  of  thoiuum  dioxide.  The  dihy- 
dratc  ThO,,.2H,0  ( =  ThO^H.,,  thorium  hydroxide) 
is  obtained  by  ppg.  a  solution  of  a  salt  of  Th  by 
an  alkali,  (NH|).2SAq,  or  KCNAq,  washing,  and 
drying  at  100°.  It  forms  a  hard,  white  solid. 
ThO.,.2H20  combines  with  CO.^  in  the  air ;  it 
dissolves  in  acids,  forming  salts  ThX.„  where  X 
=  SO,,,  2NO3,  &c.  Another  hydrate,  4ThO.,.H>0 
( =  ThjO,(OH).,,  thorium  mctahydroxidc)  is  ob- 
tained, according  to  Cleve  (Bl.  [2]  21,  116),  by 
heating  ThO,  (obtained  by  decomposition  of 
Th(C.,04).,)  with  excess  of  HNOjAq  or  HClAq  at 
100°  till  the  acid  is  driven  off,  adding  water,  and 
then  ppg.  the  opalescent  solution  so  obtained  by 
NH3Aq,  washing,  and  drying  at  100°.  This  hy- 
drate is  said  to  be  insoluble  in  dilute  acids. 

Thoeium  peroxide  Th„0,.  An  oxide  with 
this  composition  is  said  to  be  produced  by  add- 
ing H.,0,Aq  and  NH^Aq  to  a  solution  of  a  salt 
of  Th"  (Cleve,  Bl.  [2]  43,  53  ;  Lecoq  de  Boisbau- 
dran,  C.  R.  100,  605). 

Thorium,  oxysulphide  of.  By  strongly  heat- 
ing Th0„,  obtained  from  ThO.,.2H,0,  in  CS., 
vapour,  Chydenius  (Bl.  [2]  1,  130 ;  6,  433)  ob- 
tained a  solid  substance  to  which  he  gave  the 
formula  2ThO.,.ThS2  =  Th30,S.,.  According  to 
'Kxus,^a..y6\k(Zeit.f.anorg.  Chemic,  5,75;  6,49), 
the  compound  obtained  by  heating  ThO^  in  CS., 

I  is  ThOS,  and  the  same  compound  is  formed  by 
heating  2ThCl,.KCl  in  H,S. 

Thorium,  phosphide  of.  By  heating  Th  in 
vapour  of  P,  Berzelius  (P.  16,  385)  obtained  a 

i  dark  grey,  metal-like,  lustrous  solid,  which  was 

'  changed  to  Th  phosphate  by  heating  in  air. 

!       Thorium,  platinocyanide  of, 
Th(PtCy,).,.16H.,0.    Yellow-green,  orthorhombic 
prisms  (Cleve,  Bl.  [2]  21,  116). 

Thorium,  salts  of.  All  the  normal  compounds 
which  have  been  isolated  by  replacing  H  of 
acids  by  Th  belong  to  the  class  ThX.„  where 
X  =  2N63,  2IO3,  SO3,  SO,,  fPO^,  Ac;  basic  salts 
also  exist.  The  chief  salts  of  oxyacids  are 
borate,  carbonate,  chlorate,  chromate,  iodate  and 
periodate,  molybdatc,  nitrate,  oxalate,  phos- 
phates, selenate  and  selcnites,  silicates,  sulphate 
and  sulphite,  and  tartrate. 

Thorium,  silicofluoride  of.  By  treating 
Th0..2H20  with  H.,SiF,Aq,  Cleve  (Bl.  [2]  21, 

I  116)  obtained  a   semi-transparent,  crystalline 

j  solid,  probably  Th(SiP,.)., ;  insol.  in  excess  of 
H^SiFs ;  over  H.,SO,,  gave"off  HF  and  SiF^. 

Thorium,  sulphide  of,  ThS...  Obtained  by 
heating  Th  with  S  ;  excess  of  S  sublimes,  and 
when  the  temperature  passes  the  b.p.  of  S  the 
elements  combine  with  evolution  of  heat  and 
light  (Nilson,  B.  15,  2542  ;  cf.  Berzelius,  P.  16, 
385).  Also  formed  by  heating  ThO.,,  obtained 
from  Th(C.,04)..,  to  white  heat  in  vapour  of  CS, 
(Chydenius^  Bl.  [2]  1,  130 ;  6,  433) ;  but,  ac- 
cording to  Kriiss  a.  Volk  (I.e.),  the  compound 
thus  formed  is  ThOS.    A  black  powder.  Burns 

I  when  heated  in  air,  giving  off  SOo  and  leaving 
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ThOj.  Not  acted  on  by  HClAq  or  HNOjAq ; 
aqua  regia  dissolves  the  compound,  forming 
Th(S04)2.  Molten  KOH  forms  K.,S  and  ThO, ; 
heating  in  CI  produces  ThCl,. 

Thorium,  sulphocyanide  of.  The  salt 
[?  Th(SCy)Jis  obtained,  as  a  viscid  mass,  by  eva- 
porating a  solution  of  Th02.2H20  in  HSCNAq. 
A  solution  of  the  compound  gives  a  pp.  with 
HgCy„,  said  to  be  Th(0H)3SCy.HgCy,.H,0  ;  and 
the  filtrate  is  said  to  give  crystals  of 
Th(OH)(SCy)3.3HgCy.,.12H,0  (Cleve,  Bl.  [2]  21, 
116).  '  M.  M.  P.  M. 

THUJIGENIN  ChHijO,  or  C„^B.^fi,,.  Occurs 
in  small  quantity  in  Frondes  Thvjcs,  the  green 
parts  of  Thuja  occidentalis  (Eoohleder  a.  Kawa- 
Uer,  Sitz.  W.  29, 10).  Minute  needles,  v.  si.  sol. 
water,  sol.  alcohol.  NH^  colours  its  alcoholic 
solution  green.  AcCl  forms  resinous  CuH,iAcO,. 

THUJIN  CjoHj^Ojo.  Occurs  in  the  green 
branches  of  Thuja  occidentalis  (Eochleder  a. 
Kawalier,  Site.  W.  29, 10).  Minute  lemon-yellow 
four-sided  tables,  sol.  alcohol.  Tastes  bitter. 
Its  alcoholic  solution  is  coloured  yellow  by 
alkalis,  is  turned  reddish-brown  by  air,  gives  a 
yellow  pp.  with  lead  acetate,  and  gives  a  dark- 
green  colour  with  FeClj.  Eeduees  ammoniacal 
AgNOj.  Boiling  dilute  HjSO^  turns  it  first 
green,  then  yellow,  and  splits  it  up  into  sugar 
and  thujetin.  Boiling  baryta-water  hydrolyses 
it  in  like  manner. 

Thujetin  C2aH„,0,6.  Yellow  solid,  nearly 
insol.  water,  sol.  alcohol  and  ether.  Not  altered 
by  dilute  HCl  or  H,S04.  Its  alcohohc  solution 
is  turned  a  splendid  bluish-green  colour  by 
NHjAq.  Gives,  in  alcoholic  solution,  a  red  pp. 
with  lead  acetate,  and  a  black  colour  with  PeCl3. 
Boiling  baryta-water  converts  it  into  thujetic 
acid  CjgHjjOia,  which  crystallises  in  minute 
lemon-yellow  needles,  sol.  alcohol  and  ppd.  by 
water. 

(;8)-THUJ0L  is  Tanacetone. 

THUJONE  C,„H„0.    (212°).    S.G.  ^  -9265. 

Occurs,  together  with  the  terpene  C||,H,g  and 
IsBvorotatory  fenehone,  in  the  essential  oil  of 
thuja  obtained  by  distUling  the  ends  of  the 
branches  and  the  leaves  of  Thuja  occidentalis 
with  water  (Schweizer,  A.  51,  398;  Jahns, 
Ar.  Ph.  221,  748  ;  Wallach,  A.  272, 109).  Yields 
an  osim. 

Reactions. — 1.  Whenheated  with  ammonium 
formate  it  yields  a  formyl  derivative  which  on 
saponification  gives  rise  to  'thujoneamine' 
C,„H„.NH2  (199°),  which  forms  the  salts 
B'„H„PtCl6  and  B'HCl.  Thujone-amine  hydro- 
chloride decomposes  on  distillation  into  NH^Cl 
and  thujene  C,„H,„  (c.  173°),  S.G.  ^-84.-2. 
KMnO^  forms  two  '  thu  jaketonic  acids.' — 3. 
Br  forms  C,oH,3Br30  [122°]  (Wallach,  A.  275, 
179). 

(a)-Thujaketonic  acid  C,oH,g03  i.6. 
CH3.C0.C,H,,.C0,JE.    [76°].    S.  c.  2-5  at  100°. 

Transparent  plates.    Yields  an  oxim  [c.  186°]. 

(;8)-Thujaketonic  acid  C,H,,(C0.CH3).C0„H. 
[79°]. _  S.  1-43  at  100°.  Small' matted  needles. 
On  distillation  it  yields  methyl  heptyl  ketone 
(186°)  S.G.  -Sa  -854,  which  gives  i|'-cumene  di- 
hydride  C<jH,,  on  heating  with  ZnCl.,  at  100° 
(Wallach,  A.  275,  166).  Forms  an  oxim  [106°] 
which  crystallises  in  needles.— AgA' :  v.  si.  sol. 
cold  water. 


THULIUM.  This  name  was  given  by  Cleve 
in  1879  to  the  metal  of  a  new  earth  which  he 
announced  to  be  present  in  specimens  of  gado- 
linite  (C.  R.  89,  478).  The  name  thulium  was 
derived  from  Thule,  the  old  name  for  Scandi- 
navia. The  presence  of  the  new  earth  was  more 
or  less  confirmed  by  the  work  of  Nilson  (B.  13, 
1433),  and  of  Soret  (C.  R.  89,  251).  In  1880 
Cleve  said  he  had  isolated  thulia,  and  described 
it  as  a  white  earth,  giving  an  emission  spectrum 
characterised  by  two  bright  lines  5896  and  5306, 
and  forming  solutions  of  salts  which  showed 
two  absorption  bands  6840  and  4645.  To  this 
earth  Cleve  assigned  the  formula  TmjOj,  and  he 
determined  the  maximum  value  of  the  atomic 
weight  of  the  supposed  element  to  be  Tm  =  170-7. 
In  1888  Kriiss  a.  Nilson  declared  that  thulium 
consists  of  two  distinct  elements  {B.  21,  1681). 

The  absolute  homogeneity  of  thulia  has  been 
by  no  means  established  (v.  Metals,  base,  vol. 
iii.  p.  245).  M.  M.  P.  M. 

THYME  OIL.  The  essential  oil  from  garden 
thyme.  Thymus  vulgaris,  contains  Isvorota- 
tory  thymene  C,„H,e  (160°-165°),  thymol 
C,oH,,0  and  a  little  cymene  (Lallemand,  A.  102, 
119;  A.  Ch.  [3]  49,  155).  The  oil  from  wild 
thyme,  Thyvius  serpylliwi,  contains  cymene, 
thymol,  carvacrol,  and  a  phenol  coloured  violet 
by  FeCl,  (Jahns,  Ar.  Ph.  [3]  16,  277 ;  Febre, 
C.  R.  92,  1290  ;  Buri,  Ar.  Ph.  [3]  12,  485). 

THYMO-ACRYLIC    ACID    v.  Oxy-cymyl- 

ACKYLIG  ACID. 

THYMOHYDROaUINONE  v.  Hydhothyuo- 

QUINONE. 

THYMOL  CjoHi^O  i.e.  C.HjMePr.OH  [5:2:1]. 
Mol.  w.  150.  V.D.  75-3  (calc.  75)  (Eykman,  B. 
22,  2757).  [49-5°]  (Keissert,  B.  23,  2242).  (232°). 
S.G.  2  .9941.  c.E.  (0°-10°)  -00085.  S.  -3. 
S.V.  188-9  (Pinette,  A.  243,  46) ;  189-3  (Earn- 
say).  Eqo  =  76-56  (Nasini  a.  Bernheimer,  O. 
15,93).  H.F.p.  (liquid)  69,250  ;  (solid)  -  3768. 
Occurs  in  essential  oil  of  thyme  (Doveri,  A.  64, 
374  ;  Lallemand,  A.  Ch.  [3]  49,  148 ;  A.  102, 
119),  of  horsemint,  Monarda punctata  {ArTpTpe,  A. 
58,  42),  of  Ptychotis  ajowan  (Stenhouse  a. 
Haines,  A.  98,  307;  H.  Miiller,  B.  2,  130)  of 
Monarda  Didyma,  of  Amtni  Copticmn  (Buri, 
Ar.  Ph.  [3]  12,  485),  and  in  the  oil  from  wild 
thyme  (Jahns,  B.  15,  819). 

Formation. — By  boiling  diazo-w-cymene  with 
water  (Widman,  B.  15,  170  ;  19,  245). 

Preparation. — By  extracting  oO.  of  thyme 
with  NaOHAq,  ppg.  by  HCl,  and  reerystallising 
from  HOAe. 

Properties. — Plates  (from  alcohol),  v.  sol. 
alcohol,  ether,  and  HOAc,  v.  si.  sol.  water.  Has 
a  slight  odour  of  thyme  and  a  peppery  taste. 
When  solid  it  is  slightly  heavier  than  water, 
when  liquid  it  is  lighter.  Not  ppd.  by  adding 
water  to  its  alcoholic  solution.  Not  dissolved 
by  NH3Aq,  but  absorbs  NH3,  becoming  liquid, 
but  re-solidifying  after  the  NH3  has  escaped. 
Sol.  KOHAq.  FeClj  does  not  colour  its  aqueous 
solution.  Bromine-water  only  gives  a  milkiness. 
An  aqueous  solution  (1  vol.)  warmed  first  with 
HOAc  (A  vol.)  and  then  with  H.SO^  (1  vol.)  is 
coloured  reddish-violet,  the  solution  showing 
two  absorption  bands  at  E  and  D  (Wolff,  Fr.  22, 
96).  KOHAq  followed  by  I  in  KI  gives  on 
warmmg  a  fugitive  red  tint  (ItalUe,  Fr.  29,  205). 

Estimation  :  Messinger,  B.  23,  2754. 
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Reactions. — 1.    Decomposed    by  distilling 
■with  P2O3  into  propylene  and  7)j-cresol. — 2.  PoS^  I 
yields  cyniene  (Fittica,  B.  6,  938  ;  A.  172,  305). 

3.  Oxidised  by  chromic  acid  to  thymoquinone. — 

4.  PCI5  yields  chloro-cymene.  —  5.  Potash- 
fusion  yields  several  oxy-acids  (Earth,  B.  11, 
567,  1571). — 6.  Iodine  and  potash  yield  a  red 
amorphous  pp.  [110°]  converted  by  heat  or  by 
boiling  water  into  a  yellow  body  [1C5°]  (Messin- 
ger  a.  Vortmann,  B.  22,  2316).— 7.  Boihng 
POCI3  (1  mol.)  acting  on  thymol  (1  mol.)  forms 
liquid  C,„H,30.P0C1,,  (280°-285°)  which  is  con- 
verted by  water  into  liquid  C,oH|30.PO(OH)2, 
which  yields  BaA"  4aq  and  is  decomposed  by 
heat  into  thymol  and  HPO3  (Discalzo,  G.  15, 
279).— 8.  Boiling  POCI3  acting  on  thymol  (2 
mols.)  forms  (C,„H,30)„P0C1  (330°-340°  at  320 
mm.),  a  liquid  which  is  converted  by  water  into 
(C|||H,30).,P0.0H,  which  is  insol.  water  and 
yields  NaA'  [74°]  (Kreysler,  B.  18,  1705)  and 
BaA'„5aq.  S.  -197  at  21°.— 9.  PCI5  (1  mol.) 
acting  on  thymol  (4  mols.)  forms  (C|„H,30)3PO 
[59°]  crystallising  from  alcohol  in  prisms  (E.  a. 
L.).— 10.  SiCl,  forms  Si(0C,„H,3)^  [48°]  (450°) 
crystallising  from  CHCl,  in  prisms  (Hertkorn, 

B.  18,  1693).— 11.   Cl.CO.NH.,  reacts  forming 

C.  HjMePr.O.CO.NH.CO.NH.,  [190°]  (Gatter- 
mann,  A.  244,  44).— 12.  C„H,(NMe,)(NH,)  [1:4] 

forms  indothymol  C,H,,(NMe.,).N<;^«''^-'^®^'^ 

[69-5°]  crystallising  in  needles,  insol.  water  and 
alkalis,  forming  a  blue  solution  in  alcohol,  a 
violet  in  ether,  and  a  green  in  HOAc.  HClAq 
decomposes  indothymol  into  thymoquinone,  di- 
methyl-aniline, and  NH,  (Bayrac,  Bl.  [3]  7,  97). 
13.  Chloral  forms  C,oH,,OC.,HCl30  [130°-134°) 
(Mazzara,  G.  13,  272).— 14.  Chloral,  conc.R.SO^, 
and  HOAc  yield  CCl3.CH(C,„H,„.0H)„  (Jiiger, 

B.  7,  1197).— 15.  Dilute  H,S0,  gradually  added 
to  a  mixture  of  benzoic  aldehyde  (1  mol.)  and 
thymol  (2  mols.)  forms  C,Hj.CH(C,„H,,.0H)., 
[146°]  which  is  sol.  alkalis  and  yields  a 
diacetyl  derivative  [126°]  (Russanoff,  B.  22, 
1943). — 16.  COCL  passed  into  an  aqueous  solu- 
tion of  C,|,H|30Naforms  di-thymyl  carbonate 
(C|(,H,30),,C0  which  crystallises  from  alcohol  in 
needles  [48°]  (above  360°)  and  yields  o-oxy- 
benzoic  acid  when  heated  with  NaOPh  at  180° 
(Eichter,  J.  pr.  [2]  27,  505).  According  to 
Bender  {B.  19,  2268),  di-thymyl  carbonate,  pre- 
pared by  heating  thymyl  ethyl  carbonate  at 
300°,  melts  at  60°.  COCL  also  forms,  as  a  by- 
product, C,„H,30.COC1,  which  is  converted  by 
ammonia  into  C,(,H,.,O.CO.NH„  [131°].— 17. 
Cl.COoEt  acting  in  the  cold  upon  C|„H,30Na 
forms"  CjjH.jO.CO.OEt  (c.  261°),  an  oil  which 
yields  o-oxy-benzoic  acid,  PhOEt,  and  thymol 
when  heated  with  NaOPh  (Eichter).— 18.  Treat- 
ment with  C1CH,.C0„H  and  NaOHAq  produces 

C,  „H,30.CH„.C0,H  [148°]  which  yields  BaA'.,  2aq, 
PbA'.„  AgA',  oily  EtA'  (290°),  and  an  amide  [97°] 
(Saarbach,  J.  pr.  [2]  21,  159  ;  Spica,  G.  10,342). 
19.  a-Chloropropionic  acid  and  KOHAq  yield 
C,„H,30.CHMe.C0,,H  [48°]  (Scichilone,  G.  12, 
50).— 20.  Thymol  (10  g.)  mixed  with  H,S0., 
(70  g.)  containing  nitrous  acid  gives  thymol- 
chroin  CioHj^NjO^,  a  dark-violet  amorphous  body 
which  dissolves  in  alcohol,  ether,  CHCI3,  and 
benzene,  forming  red  solutions  with  pale-green 
fluorescence.  Alkalis  turn  its  alcoholic  solutions 
blue.  Sublimes  at  140°,  giving  off  violet  vapours. 


'  Yields  brown  amorphous  Cj„H.|j,ACjN„05(Brunner 
1  a.  Chuit,  B.  21,  252;  cf.  Liebermann,  B.  7, 
1100). — 21.  By  heating  with  ammonium-zinc 
chloride  it  is  converted  into  thymylamine 
C,„H,3NH,  and  di-thymylamine  (C,„H,.,)„NH.— 
22.  Cyanuric  chloride  converts  sodium  th3rmol 
into  (CioH,3)3C3N303  [151°]  a  yellow  crystalline 
powder,  insol.  water,  si.  sol.  alcohol  (Otto,  B. 
20,  2239).— 23.  Aqueous  KOH  and  K.,S,0,  form 
C,„H,30.S0._,.0K,  which  crystallises  from  alcohol 
in  slender  silky  threads  (Hejonann  a.  Konigs, 

B.  19,  3307).  It  is  oxidised  by  alkaline  KMnO, 
to  oxycuminic  acid  C,H,Pr(OH).CO„H  [4:3:1]. 

Salts.  —  C,(,H,30Na.  Crystalline.  Its 
aqueous  solution  is  ppd.  by  HgCl.,  and  AgN03. — 

C,  „H,30.Hg.HgN03.—C,„H,30.Hg.HgOAc  (Merck, 

G.  P.  48539;  Pharm.  Zeit.  1889,  625).— 
(C,„H,30),HgoO  (Lallemand).— (C,„H,30)3A1.  De- 
composed by  heat  into  propylene  and 
(C„HjMe.0)3Al,  the  m-cresylate  then  splitting 
up  into  alumina,  ?«-cresol,  di-m-tolyl  oxide,  and 
a  body  Ci^H.^O  [200°]  S.  (alcohol)  -17  at  20°  ;  1 
at  78° ;  S.  (benzene)  -93  at  21°  ;  S.G.  -805  ;  V.D. 
208-8,  crystallising  in  pearly  plates  (Gladstone  a. 
Tribe,  C.  /.  39,  9  ;  41,  11). 

Acetyl  derivative  C^^i^Okc.  (245°). 
S.G.  2  1-009. 

Benzoyl  derivative    C,i,H,30Bz.  [32°]. 

H.  F.  90,480  (Stohmann,  J.pr.  [2]  36,  9). 
Methyl    ether  C,oH,30Me.     (216°  cor.). 

S.G.  a  -9531.  C.E.  (0°-10°)  -00083.  S.V.  214-3 
(Pinette,  A.  243,  47).  H.F.p.  61,429  [C,0„ 
=  94,000;  H,.,0  =  69,000]  (Stohmann,/.  pr.  [2] 
35,  26).  Formed  from  thymol,  KOH,  and  Mel 
(Engelhardt  a.  Latschinoff,  Z.  [2]  5,  43). 

Ethyl  ether  C,„H„OEt.  (227°)  (Pinette;  c/. 
Jungfleisch,  Bl.  [2]  4,  17).  S.G.  g  -9334.  C.E. 
(0°-10°) -00089.  S.V.  240.  H.F.p.  68,858  (Stoh- 
mann). Yields  the  ethyl  derivative  of  oxy- 
terep)hthalic  acid  on  oxidation  (Paterno  a. 
Canzoneri,  G.  9,  460).  Decomposes  at  3G0°- 
400°  into  thymol  and  ethylene  (Bamberger,  B.  19, 
1820). 

Propt/Z  ci/ier  C,„H,30Pr.  (243°).  S.G.  2 
•9276.    C.E.  (0°-10°)  -00088.    S.V.  265-5. 

BiUyl  ei/tcr  C,„H,30C^H„.  (258°).  S.G.  g 
•9230.    C.E.  (0°-10°)  -00085.    S.V.  289-2. 

Isoamyl  ether  C,„H,30CH,,.  (238°-243°) 
(E.  a.  L.).  Oil. 

Heptyl  ether  C,„'R,,OC,B.,,.  (307°).  S.G.  g 
•9097.    C.E.  (0°-10°)  -00082.    S.V.  368-7. 

Octyl  ei/ier  C,„H„0C,H„.  (320°).  S.G.  g 
-9026.  C.E.  (0°-10°)  -00075.  S.V.  395-6  (Pinette). 

Ethijlcne  ether  (C,„H,30) AH4.  [99°]. 
Plates  (from  ether)  (Paterno,  G.  5,  13). 

Nitroso-thymol  v.  Oxim  of  Thymoquinone. 
Dithymol  v.  Di-oxy-dicymyl. 
References. — Amido-,  Bkomo-amido-,  Bbomo- 
NITEO-,  Tbi-chloko-,  I0D0-,  loDO-AMJDO-,  and 

NiTRO-THYMOL. 

DI-THYMOL-ETHANE  v.  Di-oxy-di-cymyl- 

ETHANE. 

THYMOL     DICARBOXYIIC  ALDEHYDE 

C,,H,,03  i.e.  C„HMePr(OH)(CHO).,.  [80°]. 
Formed  as  a  by-product  in  the  preparation  of 
thymotic  acid  by  the  action  of  chloroform  and 
NaOH  on  thymol  (Kobek,  B.  16, 2104).  Needles. 
Gives  a  red  colour  with  FeCl3. 

THYMOL  (a)-SULPHONIC  ACID 
C„H,MePr(0H).S03H.    [92°]  (Stebbins,  Am.  3, 
111).    Formed  from  thymol  by  the  action  of 
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THYMOL-SULPHONIC  ACID. 


H„S04  or  Cl.SC.OH  at  50°  (Engelhardt  a. 
Latschinoff,  Z.  1869,  44;  1871,  261).  Pearly 
plates  (containing  aq),  v.  e.  sol.  water.  FeClj 
colours  neutral  solutions  dark-violet.  Yields 
thymoquinone  on  oxidation. 

Salts. — KA' 2^aq.  Efflorescent  tables,  v. 
e.  sol.  water.— NaA' 2iaq.  [167°].— NH,A'  2aq. 
[172°].— CaA'„2aq.  [157°].— BaA'„4aq.  Prisms, 
decomposing  at  100°. — PbA'2  4aq. 

Benzoyl  derivative  C,„H,2(OBz).S03H. 
— KA'  2aq. — CaA'2  4aq. — BaA',  5aq.— PbA'„  6aq. 

Ethyl  derivative  C,(,H,„(OEt)SO,H. 
Formed  from  the  K  salt,  KOH,  and  EtI.— KA'. 
Thin  plates. — BaA'„  3aq.  Plates,  si.  sol.  hot  Aq. 

Isoamyl  derivative  C,(|H,2(OC5H,,).S03H. 
— KA'.    Needles,  v.  sol.  water.— BaA'.,3aq. 

Thymol  (/3)-sulphonic  acid  C,„H,,(0H).S03H. 
Formed  in  small  quantity  by  the  action  of  H^SO^ 
on  thymol. — KA'  aq.  Plates,  si.  sol.  cold  water. 
Coloured  violet-blue  by  FeCl^. 

Thymol  (7)-snlphonio  acid  C,„H,„(OH).SO,H. 
Formed  by  heating  thymol  with  fuming  H2S04 
at  100°  (E.  a.  L.).— KA'aq.  Granular,  v.  sol. 
water. — BaA'.,3aq.  Tufts  of  needles,  more  soluble 
than  the  (a)-isomeride.  Not  decomposed  at 
120°. 

Benzoyl  derivative  C,„H,2(OBz).S03H. — 
KA'  3aq.    Flat  needles,  si.  sol.  cold  water. 

Ethyl  derivative  C,„H,„(0Et).S03H.— 
KA'.  Flat  needles.— BaA'2  3aq.  Six-sided  tables. 

Thymol-sulphonic  acid 

Ethyl  derivative  CjH,,MePr(0Et)S03H 
[1:4:3:6].  Formed  by  boiling  diazo-cymene- 
sulphonic  acid  with  absolute  alcohol. — BaA'.,  3aq : 
white  plates,  sol.  hot  water,  si.  sol.  cold  (Widman, 
B.  19,  247). 

Thymol  sulphonic  acid.  Methyl  deriva- 
tive C,„H,„(0Me).S03H.  Formed,  together  with 
an  isomeride,  by  sulphonation  of  the  methyl 
ether  of  thymol  (E.  a.  L. ;  Paterno  a.  Pisati,  B. 
8,  440).— KA' :  large  tables.— BaA'„3aq.  Nodules, 
V.  sol.  hot  water.    S.  3-94  at  26°. ' 

Thymol  disulphonic  acid  C,„H„(OH)(S03H)2. 
Formed  by  sulphonating  thymol. — K.A"  lAaq. 
Efflorescent  needles  (from  alcohol),  v.  e.  sol. 
water. 

References.  ■ —  Amido-,  Beomo-,  and  Iodo- 
Thymol  sulphonic  acid. 

THYMOQUINONE  C^^B.^fi^i.e.  C,H„MePrO., 
[2:5:4:1].  Mol.  w.  164.  [45-5°].  "  (232°)! 
Formed  by  oxidation  of  thymol  (Lallemand,  J. 
1854,  592),  of  the  methyl  ether  of  thymol 
(Paterno,  B.  8,  440),  of  cymenol  (Carstanjen, 
J.  pr.  [2]  3,  53 ;  15,  410),  of  di-oxy-di-cymyl- 
ethane  (Steiner,  B.  11,  289),  of  carvacrol  p- 
sulphonie  acid  (Glaus,  J.pr,  [2]  39,  356),  and  of 
amido-thymol  (Andersen,  J.  pr.  [2]  23,  172 ; 
Armstrong,  B.  10,  297  ;  Liebermann  a.  Ilinski, 
-B.  18,  3194).  Yellow  crystals,  with  pungent 
odour,  V.  si.  sol.  water,  v.  sol.  alcohol  and  ether. 
Keduced  by  SOj  to  hydrothymoquinone.  K2SO3 
at  60°  forms  crystalline  C,„H,305SK.  Phenyl 
cyanate  forms  C,„H,20:N0.C0.NHPh  [132°], 
crystalUsing  in  large  yellow  needles  (Gold- 
schmidt  a.  Strauss,  B.  22,  3106). 

OxiTJi  C„H.,MePrO(NOH)  or 
C„H2MePr(0H)(N0).  Nitroso  -  thymol.  [162°]. 
Formed  by  the  action  of  nitrous  acid  on  thymol 
(E.  Schiff,  B.  8,  1500 ;  Widmann,  B.  15,  170 ; 
Liebermann,  B.  18,  3194).  Formed  also  by  the 
action    of   hydroxylamine    hydrochloride  on 


thymoquinone  (Goldschmidt  a.  Schmid,  B.  17, 
2061).  Slender  monoelinic  needles,  a:b:c 
=  1-987:1:1-8941  ;  ;8  =  94°  57'  (Panebianco,  G. 
10,  78) ;  si.  sol.  hot  water.  Its  alkaline  solution 
is  red.  Oxidised  by  alkaline  KjFeCyg  to  nitro- 
thymol.  Eeduced  by  tin  and  HCl  to  amido- 
thymol  (Liebermann,  B.  10,  77).  Does  not  react 
with  SO2  (Schmidt,  pr.  [2]  44,  521).  Fuming 
HOI  forms  di-chloro-thymoquinone  and  chloro- 
amido-thymol  (Sutkowski,  B.  19,  2315).  KOH 
andBzCl  form  C,„H,20(N0Bz)  [110°].  Hydi-oxyl- 
amine  (3  mols.)  in  strongly  alkaline  solution 
forms,  in  48  hours,  a  white  substance  which,  if 
ppd.  by  HOAc,  immediately  dissolved  in  dilute 
NaOH,  treated  with  an  equal  weight  of  a  phenol, 
and  exposed  to  the  air,  gives  a  deep-blue  colour 
or  pp.  turned  red  by  acids  (Kehrmann  a.  Mes- 
singer,  B.  23,  2818,  3557). 

Di-oxim  C,„H„N202  i.e.  Ci„H,2(N0H),,. 
Formed  by  boiling  an  alcoholic  solution  of 
nitroso-thymol  (1  mol.)  with  hydroxylamine 
hydrochloride  (2  mols.)  and  partially  neutralis- 
ing with  alkali  from  time  to  time.  Yellowish- 
white  granules,  decomposing  at  235°  without 
melting.  Insol.  water  and  NHjAq,  sol.  KOHAq. 

C  hlorimi  de    C,H2MePr<^^(,j.  Formed 

by  adding  a  solution  of  bleaching  powder  to  a 
cold  acidified  solution  of  the  hydrochloride  of 
j)-amido-thymol  (An-dresen,  J.  pr.  [2]  23,  169). 
Pungent  oil,  volatilising  even  at  15°.  Decom- 
poses at  160°-170°.  Volatile  with  steam.  De- 
composed by  cone.  HClAq  into  chloro-amido- 
thymol  and  mono-  and  di-  chloro-thymoquinone. 
Cone.  HBrAq  behaves  in  a  precisely  similar  way. 
Alcohol  at  140°  converts  the  chlorimide  into  thy- 
moquinone. Cone,  aqueous  SOjreduces  it  in  a  few 
days  to  hydro-thymoquinone.  Eeduced  by  tin 
and  HCl  to  ^-amido-thymol,  considerable  quan- 
tities of  hydrothymoquinone  being  formed  at  the 
same  time. 

Polymeride  [201°].  Formed  by  the  action  of 
daylight  on  thymoquinone  (Armstrong,  B.  10, 
297  ;  Liebermann,  B.  10,  2177  ;  18,  3193).  Silky 
yellow  needles  (from  alcohol),  insol.  ether. 
Changes  to  thymoquinone  on  distillation.  Not 
attacked  bySO;  at  180°,  but  reduced  by  HI  and 
P,  or  in  alcoholic  solution,  by  Zn  and  HOlAq  to 
i  hydrothymoquinone. 

Phenyl  hydrazide  [2^9°].  Insol. benzene. 

Oxim  (C,„H,3N02).r.  [263°].  Crystalline, 
insol.  water.  Eeduced  by  tin  and  HCl  to  amido- 
hydrothymoquinone. 

Dioxim  (C^^B.„^.,0._)j.  [c.  290°].  Powder. 
May  be  reduced  to  di-amido-cymene. 

References. — Di  -  amido-,  Beomo-,  Chloeo-, 
I0D0-,  and  OsY-  thymoquinone. 

o-THYMOTIC  ACID  C„H,  ,03  i.e. 
C,H2Me(C3H,)(0H).C02H[6:3:2:l].  Mol.  w.  194. 
[123°].  Formed  by  the  action  of  CO2  upon 
heated  sodium-thymol  (Kolbe  a.  Lautemann,  A. 
115,  205  ;  Kobek,  B.  16,  2101).  Silky  crystals, 
V.  sol.  alcohol,  ether,  and  benzene,  almost  insol. 
cold  water.  Volatile  with  steam.  Gives  a  deep- 
blue  colour  with  FeClj.  Yields  thymol  when 
distilled  with  baryta.  PCI5  acting  on  the  Na 
salt  forms  thymotide  C„H,202  [187°],  which 
is  reconverted  into  thymotic  acid  by  potash- 
fusion  (Naquet,  Bl.  4,  92). 

p-Thymotic  acid  C„Hn03  i.e. 
CeH2Me(C3H,)(OH).C02H[6:3:4:l].  [157°]. 
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Formed  by  heating  thymol  with  aqueous  NaOH 
and  cel.,  (Kobek).  White  plates,  v.  sol.  alcohol, 
ether,  and  benzene,  insol.  cold  water.  Not 
coloured  by  FeCl3. 

Methyl  derivative 
C,H,Me(C;,H,)(OMe).CO,H.        [137°].  Silky 
needles  (from  dilute  alcohol). — AgA':  pp. 

^-THYMOTIC  ALCOHOL  C,,H,  A  i.e. 
C„H,,Me(G,H,)(OH).CH,OH.  [120°-130°].  Formed 
by  reducing  thymotic  aldehyde  with  sodium- 
amalgam  (Kobek,  B.  IG,  2098).  Amorphous 
powder,  v.  sol.  alcohol  and  ether,  insol.  water. 

TJ-THYMOTIC  ALDEHYDE  C„HnO..  i.e. 
C8H„Me(C,H.)(0H)CH0|  0:3:4:1].  [133°]. 
Formed,  together  with  C,jHMe(C3H,)(OH)(CHO)2 
[6:3:4:.5:1]  [80°],  by  heating  thymol  with  chloro- 
form and  NaOHAq  (Kobek,  B.  16,  2096).  Silky 
needles,  v.  sol.  alcohol,  si.  sol.  hot  water.  On 
heating  with  aniline  it  yields  the  compound 
C,H,Me(C3H,)(0H).CH:NPh  [142°]  crystallising 
in  yellow  needles. 

Methyl  derivative 
C,.H,,Me(C3H,)(0Me).CH0.    (278°).    Formed  by 
methylation  of  the  aldehyde.    Oil,  yielding  an 
anilideC,H,,Me(C3H,)(0Me).CH:NPh  [80°]  crys- 
tallising in  transparent  tables. 

THYMYLAMINE  C,„H„NH„.  (230°).  Formed, 
together  with  di-thymylamine,  by  heating  thymol 
with  ammoniaoal  ZnBr„  or  ZnCU  and  NH|Br 
or  NH,,C1  at  350°-360°,  the  'yield  being 
25  p.c.  (Lloyd,  B.  20,  1260).  Colourless  oil.— 
B'..H,PtCl„ :  yellow  needles. 
'  Acetyl  derivative  C,„H,.,NAc.  [112°]. 

Isomeride  v.  Cakvacbylaminh. 

Di-thymyl-amine  (C„,H,,,).,NH.  (340°-345°). 
Formed  as  above,  the  yield  being  25  p.c.  Oil. 
Its  solution  in  P^SO.,  is  coloured  blue  by  nitrites 
or  nitrates.— B'jHjPtClu. 

Acetyl  derivative   (C,„H,3),,NAc.  [78°]. 

THYMYL  OYANURIC  ACID  v.  Cyanic  acid. 

THYMYL  MEECAPTAN  C,„H,3SH.  Thio- 
thymol.  (231°).  S.G.  -989.  Formed  by  heat- 
ing thymol  with  P„S,-,  (Fittica,  A.  172,  325; 
Bechier,  J.  pr.  [2]  8,  167).  Liquid  with  pungent 
odour.  Oxidised  by  HNO3  to  sulpho-toluic  acid. 
— Hg(SC,oH,3)._,.  Greenish  rhombohedra  [78°]. 
— PbA'._, :  golden  needles  (from  alcohol). 

THYMYL  PHOSPHATE  (C,„H,,,)3P0.,.  [59°]. 
Formed  by  heating  thymol  with  POCI3,  the  yield 
being  75  p.c.  of  the  theoretical  amount  (Kreysler, 
B.  18,  1705).    Colourless  needles. 

THYMYL  SILICATE  (C,„H,3),SiO,.  [48°]. 
(c.  450°).  Formed  by  heating  thymol  with 
SiCl^,  the  yield  being  70  p.c.  of  the  theoretical 
amount  (Hertkorn,  B.  18,  1692). 

TIGLIC  ACID  C,H,0,  i.e.  CH3.CH:CMe.C0.,H. 
Methyl-crotonic  acid.  '  Mol.  w.  100.  [65°]. 
(199°  i.V.)  (Kopp,^.195,84).  Occurs  as  a  glyceryl 
ether  in  croton  oil  (Geuther  a.  Frohlich,  Z.  1870, 
649  ;  Schmidt  a.  Berendes,  A.  191,  94 ;  B.  10, 
835  ;  Ar.  Ph.  [3]  13,  213),  and  as  isoamyl  ether 
in  Eoman  oil  of  chamomile  (Kobig,  A.  195, 
101). 

Formation. — 1.  By  the  action  of  heat  or  of 
cone.  H2SO.,  on  angelic  acid  (Demargay,  B.  9, 
1933). — 2.  By  reducing  the  dibromide  of  angelic 
acid  with  sodium-amalgam  (Schmidt,  A.  208, 
253).— 3.  FromCEtMe(OH).CO,Et  (derived  from 
oxalic  ether,  EtI,  Mel,  and  Z'n)  by  treatment 
with  PCI3  and  saponification  of  the  product 


(Frankland  a.  Duppa,  A.  136,  9).— 4.  By  distil- 
ling CH3.CH(0H).CHMe.C0,H  (Rohrbeck,  4. 188, 
235),  or  by  heating  it  with  HIAq  (Eucker,  A. 
201,  61). — 5.  By  reducing  methyl-acetoacetic 
ether  with  sodium-amalgam  and  heating  the  re- 
sulting CH3.CH(0H).CHMe.C0,H  at  200°  (Wis- 
licenus,  A.  250,  243).— 6.  By  heating  veratrine 
with  alcoholic  potash  (Wright  a.  Luff,  C.  J.  33, 
347). — 7.  By  heating  veratrine  with  cone.  HClAq 
(Ahrens,  B.  23,  2704). 

Properties. — Triclinic  plates,  v.  sol.  hot 
water,  alcohol,  and  ether.  Smells  like  ben- 
zoic acid.  Volatile  with  steam.  Not  attacked 
by  sodium-amalgam.  Forms  with  isovaleric 
acid  the  double  salts  CaA'(C5HgO.,)  4iaq  and 
AgA'C^H,,©,.  "  " 

Reactions. — 1.  Yields  acetic  aldehyde  and 
acid  on  oxidation  with  KMnOj  (Beilstein  a. 
Wiegand,  B.  17,  2261;  Kondakoff,  J.  R.  20, 
523). — 2.  Potash- ftision  gives  propionic  and 
acetic  acids. — 3.  Fuming  HI  forms  an  iodo- 
valeric  acid  [87°]  (Schmidt,  B.  12,  252).— 4.  HI 
and  P  yield  CEtMeH.CO..H.— 5.  Bromine  towns 
C^H^Br^O,  [88°]  (Piickert,  A.  250,  240 ;  Wis- 
licenus,  A.  272,  21 ;  274,  99).— 6.  HOCl  forms  a 
mixture  of  CH3.CH(0H).CClMe.C0.,H  [112°] 
and  CH3.CHCl.CMe(0H).C0.,H  [75°]  (Melikoff, 
Bl.  [2]  47,  166). 

Salt  s.— KA'.— CaA'.,  3aq.  S.  (of  CaA'„)  6-4 
at  17°.— BaA'2  4aq.  S.  (of  BaA'^)  18-5  at  16°.— 
A^A'. 

^  Ethyl  ether  EtA'.    (155°).    S.G.  5 -942. 

Isoamyl     7ter  C,H,,A'.  (205°). 

Reference. — Chloro-tiglic  acid. 

TIGLIC  ALDEHYDE  C,li,0.  Giiaiol.  (118°). 
V.D.  2-92.  Formed  by  distillation  of  gum 
guaiacum  (Deville,  G.  B.  17,  1143  ;  19,  134  ; 
Volekel,  A.  89,  346 ;  Herzig,  M.  3,  118).  Formed 
also  by  heating  acetic  aldehyde  (1  mol.)  with 
propionic  aldehyde  (1  mol.)  and  aqueous  (28  p.c.) 
NaOAc  for  30  hours  at  100°  (Lieben  a.  Zeisel, 
M.  7,  53).  Pungent  oil,  miscible  with  alcohol 
and  ether.  Oxidised  by  air  to  tiglic  acid.  Alka- 
line sodium  nitroprusside  gives  a  violet-red 
colour  destroyed  by  HOAo  (Von  Bitto,  4.  267, 
376).  Br  forms  di-bromo-valeric  aldehyde.  Iron 
and  dilute  (50  p.c.)  acetic  acid  reduce  it  to 
valeric  aldehyde  (91°),  an  inactive  amyl  alcohol 
CHMeEt.CH,,OH  (129°)  and  tiglic  alcohol  C,H,„0 
(c.  130°).  Reacts  with  phenyl-hydrazine,  and 
combines  with  NaHSOj.  Cr03  forms  acetic  acid 
(Gilm,  A.  106,  379).  Aqueous  SO,  at  0°  forms 
oxy-pentane  disulphonic  acid  (Haymann,  M.  9, 
1056). 

TIGLYL  ALCOHOL  v.  Pentenyl  alcohol. 

TIN  Sn.  At.  w.  118-8  {v.  infra).  Mol.  w. 
not  known  with  certainty  {v.  infra).  Melts  at 
231-68°  (Callendar  a.  Griffiths,  C.  N.  63,  1) ;  for 
other  data,  giving  m.p.  from  220°  to  235°,  v.  Car- 
nelley's  Melting  and  Boiling-point  Tables  (2, 12). 
Boils  between  the  m.p.s  of  Ni  and  Fe,  i.e.  be- 
tween 1450°  and  1600°  (Carnelley  a.  WilUams, 
C.  J.  35,  666).  S.G.  c.  7-3  (determinations  vary 
from  e.  7-0  to  c.  7-5)  {v.  Clarke's  Table  of  Specific 
Gravities  [2ad  ed.]  5).  The  so-called  allotropic 
variety  of  tin  seems  to  have  S.G.  from  5-8  to  0-1 
{v.  Schertel,  pr.  [2]  19,  322).  S.H.  (0°-100°) 
-0559 ;  so-called  allotropic  tin  has  S.H.  -0545 
(0°-100°)  (Bunsen,  P.  141,  1);  S.H.  liquid  tin 
(250°-350°)  =  -0637  (Person,  A.  Ch.  [3]  24,  129). 
C.E.  (Hnear,  0°-100°)  -00002296  (Matthiessen, 
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Pr.  15,  220 ;  V.  also  Kopp,  A.  81,  1 ;  Fizeau,  C.  R. 
68,  1125).  T.C.  15-2  {Ag  =  100)  (Wiedemann, 
P.  M.  [4]  19,  243).  E.C.  (Hg  at  0°  =  1)  at  15°  = 
8-823  (Kirchoff  a.  Hausemann,  W.  13,  406)  ;  at 
0°  =  8-726,  at  100°  =  6-091  (Lorenz,  17.13,422). 
Heat  of  fusion  (for  1  kilo,  tin)  =  14,252  (Person, 
A.  Ch.  [3]  24,  129).  For  spectrum  of  tin  v. 
Thalfe  {A.  Ch.  [4]  18,  237) ;  Salet  (0.  J.  [2]  9, 
1147)  ;  also  Hartley  a.  Adeney  (T.  1884  [i.]  113). 

Historical. — Tin  was  known  long  before  the 
Christian  era.  Pliny  distinguished  plumbum 
album  or  candidum  from  plumbim  nigrum ;  in 
the  fourth  century  a.d.  the  former  of  these  sub- 
stances began  to  be  called  stannum,  from  which 
word  the  symbol  Sn  is  derived. 

Occurrence. — Tin  has  been  found  in  Siberia 
and  in  South  Australia.  Tinstone  or  cassiterite, 
consisting  essentially  of  SnO^,  is  found  in  con- 
siderable quantities,  both  in  veins  and  in  alluvial 
deposits,  in  many  parts  of  the  world.  Tin  pyrites, 
containing  SnSj  with  CuoS,  FeS,  and  ZnS,  is 
found  in  small  quantities  in  various  tin  veins. 
Small  quantities  of  SnO„  occur  in  various  lithia- 
micas  (Sandberger,  J.  M.  1878.  291,  657).  Accord- 
ing to  Lockyer  (Pr.  27,  279),  there  are  indica- 
tions of  the  occurrence  of  tin  in  the  sun. 

Formation. — 1.  By  ppn.  from  solution  of 
SnCl,  in  HClAq  by  tin  ;  or  by  tin  and  iron  simul- 
taneously, with  a  httle  Fe.,03  to  neutralise  excess 
of  acid  (Schultze,  B.  23,974).— 2.  By  electrolysis 
of  SnCl,  in  dilute  HCIAq. — 3,  By  reduction  of 
SnO,  by  heating  with  C. 

Preparation. — Tinstone  is  cleansed  by  agita- 
tion with  water ;  it  is  then  sorted,  stamped 
or  rolled  to  a  certain  fineness,  and  washed.  The 
washed  ore  is  calcined  in  reverberatory  calciners 
to  remove  sulphur  from  the  sulphides  of  Fe 
that  are  present  in  most  tin  ores ;  the  calcined 
ore  is  exposed  to  the  air  for  some  days  to  insure 
the  oxidation  of  any  sulphides  that  remain  in 
the  ore  to  sulphates,  and  it  is  then  washed  in 
water,  whereby  sulphates  of  Fe,  Cu,  &c.,  dissolve 
and  the  tin  oxide  sinks  to  the  bottom  of  the 
vessels.  The  tin  oxide  is  then  separated  into 
lighter  and  heavier  parts  by  agitation  with 
water  ;  the  heavier  parts  are  mixed  with  charcoal 
or  anthracite,  some  lime  or  fluorspar  is  added  as 
a  flux,  and  the  mixture  is  smelted  in  a  rever- 
beratory furnace.  The  product  of  the  smelting 
is  purified  by  melting,  when  the  tin  runs  off, 
leaving  the  less  fusible  foreign  metals  behind ; 
this  purified  tin  is  again  melted,  the  molten 
mass  is  stirred  with  billets  of  green  wood  for 
some  hours,  and  is  then  allowed  to  partially 
solidify  by  cooling,  when  the  metal  separates 
into  different  strata,  which  are  ladled  into 
moulds  :  the  upper  stratum  is  the  purest  and  the 
undermost  is  the  least  pure.  Sometimes  the 
smelting  is  conducted  in  a  blast  furnace.  For 
details  v.  Tm  in  Dictionaby  of  Applied 
Chemistry,  vol.  iii.  p.  834. 

Commercial  tin  generally  contains  small 
quantities  of  As,  Cu,  Fe,  andPb,  and  occasionally 
traces  of  Sb,  Bi,  Mn,  Mo,  W,  and  Zn.  To  prepare 
pure  tin,  the  purest  commercial  metal  is  granu- 
lated and  dissolved  in  cone.  HCIAq;  a  little 
water  is  very  slowly  poured  into  the  liquid  so 
as  to  form  two  layers,  and  a  plate  of  tin  is  placed 
in  the  liquid  so  that  part  of  it  is  in  the  upper 
(less  eonc.)  and  part  in  the  under  (more  cone.) 
layer.   A  slight  electric  current  is  thus  produced,' 


and  crystals  of  pure  tin  are  deposited  on  the 
plate  (Hiller,  A.  85,  253). 

Pure  tin  was  prepared  by  Bongartz  a.  Classen 
(B.  21,  2903)  by  heating  the  purest  commercial 
tin  (Banca  tin)  in  dry  CI  and  so  forming  SnClj, 
distilling  fractionally,  and  collecting  that  which 
passed  over  at  120°,  adding  to  the  SnClj  about 
four  times  its  volume  of  water,  and  then  crys- 
tallised Na^S  until  the  pp.  of  SnS^  that  formed 
was  dissolved,  then  adding  NaOHAq  about  equal 
to  half  the  quantity  of  Na^S  used,  allowing  to 
stand  for  some  days,  drawing  off  the  clear, 
almost  perfectly  colourless  liquid  into  a  Pt  basin, 
and  passing  an  electric  current  through  this 
alkaline  liquid,  washing  the  ppd.  tin  with  water, 
then  with  absolute  alcohol,  and  drying  at  100°. 
The  current  was  arranged  so  that  it  produced  c. 
2  to  3  c.c.  detonating  gas  per  minute  from  water ; 
c.  2  to  3  g.  tin  were  obtained  in  24  hours. 

Properties. — Pure  tin  is  a  silver-white  metal ; 
the  commercial  metal  generally  has  a  slightly 
yellowish  tinge.  It  is  unchanged  in  pure  air ; 
but  it  tarnishes  in  the  air  of  large  towns  from 
formation  of  a  film  of  sulphide.  Tin  is  one  of 
the  least  tenacious  metals;  a  wire  1-6  mm.  dia- 
meter breaks  with  a  weight  of  c.  14  kilos.  Tin 
may  be  hammered  into  plates  c.  -0254  mm. 
thick ;  the  malleability  varies  much  with  tem- 
perature, at  200°  the  metal  is  so  brittle  that  it 
crumbles  when  hammered.  Tin  readily  crystal- 
lises ;  by  fusing,  allowing  to  cool  partially,  and 
pouring  out  the  stiU  fluid  metal,  fair-sized  crys- 
tals are  obtained.  Crystals  are  formed  by  de- 
positing tin  by  electrolysis.  Stolba  {J.  1873. 
282)  covers  the  outside  of  a  Pt  basin,  all  except 
a  small  portion,  with  wax,  places  the  unwaxed 
surface  of  the  basin  on  a  plate  of  amalgamated 
zinc  in  a  larger  porcelain  basin,  fills  the  Pt 
basin  with  a  dilute  and  not  very  acid  solution  of 
SnClj,  and  the  porcelain  basin  with  water  con- 
taining c.  25  part  of  HCIAq ;  crystals  of  tin  de- 
posit on  the  bottom  of  the  Pt  basin.  The  forms  of 
the  crystals  of  tin  are  probably  rhombic  and 
quadratic  (von  FouUon,  J.  M.  1885  (11)  Ref.  266). 
According  to Frankenheim  (P.  40,  456),  the  crys- 
tals belong  to  the  regular  system  ;  Miller  (B.  J. 
24,  133)  obtained  quadratic  prisms  by  separating 
tin  by  electrolysis.  If  a  piece  of  tin  is  brushed 
over  with  warm,  dilute  aqua  regia,  or  with  a 
mixture  of  warm  dilute  H„S04Aq  and  HNO,,Aq, 
the  surface  becomes  covered  with  a  fretwork  of 
crystals,  from  the  facets  of  which  light  is  un- 
equally reflected,  and  the  surface  appears  like 
watered  silk.  When  a  bar  of  tin  is  bent  a 
crackling  sound  may  be  heard  due  to  the  crys- 
tals in  the  inner  parts  of  the  bar  breaking  against 
one  another.  When  warmed,  tin  has  a  charac- 
teristic smell. 

By  exposure  for  some  time  to  a  very  low 
temperature  (c.  —  39°)  tin  crumbles  to  a  grey 
powder  (u.  Fritzsche,  B.  2,  112,  540) ;  S.G.  c. 
5-8  to  6-1  {v.  Schertel,  J.  pr.  [2]  19,  322).  Tin 
which  had  been  kept  for  300  to  400  years  was 
found  by  Schertel  (I.e.)  to  have  become  reddish- 
grey,  and  so  brittle  that  it  was  crushed  by  pres- 
sure between  the  finger-nails ;  by  immersion  in 
boiling  water  the  metal  became  more  coherent 
and  lighter  in  colour,  and  the  S.G.  increased  to 
7-3  {cf.  Oudemanns,  P.  M.  [5]  4,  470). 

Tin  remains  lustrous  in  pure  air  at  the 
ordinary  temperature,  and  also  in  water ;  a 
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greyish-white  film  of  SnO„  forms  on  the  surface 
of  tin  kept  molten  in  the  air ;  when  heated  to 
whiteness  in  air  the  metal  burns  brightly  to 
SnOj.  Tin  dissolves  in  HClAq,  forming  SnCIj 
solution ;  dilute  H,S04Aq  has  only  a  slight  ac- 
tion, cone,  hot  H.SO4  produces  SnSO^  and  SO., ; 
dilute  HNOgAq  dissolves  tin,  with  formation  of 
Sn(N03),,Aq  and  NH.NOsAq,  cone.  HNO.,  trans- 
forms the  metal  into  SnO.^  Tin  dissolves  in 
hot  cone.  NaOHAq,  forming  NajSnOg  solution 
and  giving  off  H. 

When  haloid  compounds  of  tin  are  volati- 
lised in  a  stream  of  H  and  the  gas  is  ignited,  the 
flame  shows  two  cones ;  the  inner  cone  is  blue 
with  SnCL,  green  with  SnBr,^,  and  yellow  vidth 
SnI.,,  and  gives  a  continuous  spectrum ;  the 
outer  cone  is  carmine-red,  and  gives  a  spectrum 
vsdth  two  characteristic  hues  (Salet,  C.  J.  [2]  9, 
1147). 

Tin  is  metallic  physically,  and  in  most  of  its 
chemical  relations.  The  oxide  8nO„  interacts 
towards  several  acids  as  a  basic  oxide,  forming 
salts  SnX,  (X  =  SO,,  &c.) ;  but  with  cone.  KOHAq 
or  NaOHAq  this  oxide  reacts  as  an  acidic  oxide, 
forming  salts  MoSnO^.  Tin  is  the  third  member 
of  the  odd-series  family  of  Group  IV.  in  the 
periodic  classification  of  the  elements ;  it  is 
closely  allied  to  Ge  and  Pb,  and  less  closely  to 
Si ;  it  shows  very  marked  analogies  with  Ti,  Zr, 
Ce,  and  Th,  which  (with  C)  form  the  even-series 
family  of  Group  IV.  For  details  of  the  chemical 
relations  of  tin  v.  Tin  group  op  elements,  this 
vol.  p.  735. 

The  atom  of  tin  is  divalent  in  the  gaseous 
molecule  SnCl,,  and  tetravalent  in  the  gaseous 
molecule  SnCl.,. 

Supposed  allotropic  form  of  tin.  The  grey 
brittle  powder  formed  by  the  action  of  great 
cold  on  tin,  and  also  found  in  some  very  old 
specimens  of  the  metal,  is  sometimes  regarded 
as  an  allotropic  variety  of  tin  {v.  supra).  All 
the  specimens  of  tin,  however,  which  have  been 
observed  to  undergo  this  change  have  contained 
small  quantities  of  impurities  ;  until  the  change 
has  been  effected  with  pure  tin,  and  has  been 
proved  to  occur  without  any  change  of  mass,  the 
existence  of  an  allotropic  variety  of  tin  cannot 
be  said  to  be  established.  According  to  von 
Poullon  ( /.  M.  1885  [1]  Bef.  266)  there  are  three 
varieties  of  tin  :  (1)  rhombic,  S.G.  6-52  to  6-56 ; 

(2)  quadratic,  S.G.  7-196 ;  (3)  grey  brittle  tm, 
S.G.  5-781  to  5-809. 

Atomic  weight  of  tin.  The  at.  w.  has  been 
determined  (1)  by  oxidising  Sn  to  SnO.,  by  IINO,j 
(Gay-Lussac,  A.  Ch.  [2]  80,  163  [1812] ;  Berze- 
lius,  P.  8,  184  [1812] ;  Mulder,  A.  72,  212  [1849] ; 
Vlaanderen,  B.  J.  1858.  183  [1858];  Dumas, 
A.  Ch.  [3]  55, 134  [1859] ;  van  der  Plaats,  C.  B. 
100,  52  [1885];  Bongartz  a.  Classen,  B.  21, 
2900  [1888])  ;  (2)  by  ppg.  CI  from  SnCl^  by 
AgNOjAq  (Dumas,  A.  Ch.  [3]  55,  156  [1859])  ; 

(3)  by  electrolysing  SnCl,.2NH,Cl  and  SnGl,.2KCl 
(B.  a.  C,  I.e.  [1888]) ;  (4)  by  electrolysing  SnBr, 
(B.  a.  C,  Z.c.) ;  (5)  by  reducing  SnO.,  inH.  (v.d. 
P.,  I.e.  [1885])  ;  (6)  by  determining  S.H.  of  Sn 
{Bunsen,  P.  141,  1  [1870]) ;  (7)  by  determining 
V.D.  of,  and  analysing,  SnCL,  and  SnCl.,.  The 
older  determinations  gave  values  from  115-9  to 
117-8.  The  results  of  the  determinations  of  B.  a. 
C.  are  summarised  by  them  [I.e.,  p.  2909)  as 
follows : — 


Number  of 
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tweeu  mia. 
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ivi  Hiiiiim 
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11 

oxidation  of  Sn 

118-7606 

•459 

to  SnOj 
electrolysis  of 

16 

118-8093 

•228 

SnCl4.2NH,Cl 

electrolysis  of 

10 

118-7975 

•163 

SnCl4.2KCl 

electrolysis  of 
SnBr^ 

10 

118-7309 

•144 

B.  a.  C.  regard  the  second  and  third  methods  as 
the  most  trustworthy  ;  in  the  oxidation  of  Sn  to 
SnO,  the  Pt  vessel  was  also  slightly  acted  on, 
and  there  was  the  possibility  of  a  very  small  loss 
in  dissolving  SnBr^  in  the  last  method.  The 
mean  of  the  results  obtained  by  the  electrolysis 
of  the  two  double  chlorides  is  118-8  (0  =  15-96). 

Molecular  weight  of  tin.  As  the  V.D.  of  tin 
has  not  been  determined  the  molecular  weight  is 
not  known.  Kamsay  determined  the  depression 
of  the  vapour  pressure  of  Hg  caused  by  dissolving 
tin  therein ;  assuming  that  equal  volumes  of 
dilute  solutions  contain  equal  numbers  of  mole- 
cules of  the  dissolved  bodies,  and  that  the 
mol.  w.  of  liquid  Hg  is  200,  the  results  obtained 
by  E.  gave  the  mol.  w.  of  tin  as  117-4  in  one 
experiment  and  149-5"  in  another. 

Beactions  and  Combinations. — 1.  When  tin 
is  heated  in  air  or  oxygen,  a  film  is  formed  on 
the  surface,  containing  both  SnO  and  SnO, ; 
when  heated  to  whiteness  tin  burns  brightly, 
forming  SnO.,  (v.  Emieh,  M.  14,  345).— 2. 
Heated  in  chlorine,  bromine,  or  iodine,  the 
compounds  SnX.^  and  SnX,,  are  formed,  ac- 
cording to  whether  there  is  excess  of  tin  or 
halogen.  —  3.  Tin  combines  with  sulphur, 
and  with  selcnion,  to  form  SnS  and  SnSe,  when 
heated  with  these  elements. — 4.  Tin  probably 
combines  with  phosphorus  when  heated  in 
vapour  of  that  element. — 5.  Tin  forms  alloys 
with  many  metals  (v.  Tin,  alloys  of,  p.  720). — 
6.  Water  is  decomposed  by  tin  at  a  full  red 
heat  with  formation  of  SnO  and  H.— 7.  Sul- 
jjhydric  acid  has  a  slight  action  on  tin,  in  moist 
air,  forming  a  film  of  SnS. — 8.  Hydrochloric 
acid  dissolves  the  metal,  forming  solution  of 
SnCI,  and  giving  off  H ;  the  reaction  proceeds 
more  rapidly  with  warm  cone.  HClAq. — 9.  Pwe 
cone,  nitric  acid,  S.G.  c.  1-55,  has  no  action  on  tin. 
When  the  acid  is  diluted  the  products  of  the 
reaction  vary  with  the  concentration  and  the 
temperature ;  according  to  Walker  (C.  J.  63, 
845),  both  Sn(NO,).,  andSn(N03)4  are  formed,  the 
quantity  of  Sn(N0.,)4  increasing  as  concentration 
increases  at  a  fixed  temperature ;  with  very 
dilute  acid  an  increase  of  temperature  causes 
only  a  slight  increase  in  the  quantity  of  the 
stannic  salt,  but  the  effect  of  temperature 
is  very  marked  with  more  cone,  acid ;  the  pro- 
portion of  stannous  to  stannic  salt  formed  is 
only  slightly  affected  by  changing  the  relative 
masses  of  tin  and  acid  ;  when  a  fairly  cone, 
solution  of  tin  in  HN03Aq  is  heated,  hydrated 
stannic  nitrates,  varying  in  composition,  are 
deposited  (u.  also  Montemartini,  6.  22,  384,  397, 
426  ;  abstract  in  C.  J.  62,  1402 ;  v.  also  Hay, 

C.  N.  23,  298 ;  Scott,  C.  N.  23,  322).  Pure 
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HNO3  diluted  sufficiently  to  start  the  reaction 
produces  chiefly  SnO.>.a'H^O  {v.  Hydrated  stannic 
oxide,  under  Tin  oxides  and  hydrated  oxides, 
p.  725).  When  tin  dissolves  in  HNOjAq, 
NH4NO3  is  formed ;  the  gases  evolved  are  NO, 
NjO,  and  N  {v.  Ackworth  a.  Armstrong,  C.  J. 
32,  84). — 10.  A  mixture  of  nitric  and  sulphuric 
acids,  or  nitric  and  hydrochloric  acids,  produces 
NH2OH  along  with  NH3  (Divers,  C.  J.  43,443; 
D.  a.  Shimidzu,  C.  J.  47,  597 ;  cf.  Htdboxxl- 
AMINB,  vol.  ii.  p.  734).  With  certain  propor- 
tions of  HNOjAq  and  H:,SO_,A_q,  Bassett  (C.  N. 
53,  172)  obtained  Sn(N03)2  in  solution,  and 
almost  pure  N.^O. — 11.  Dilute  sulphuric  acid 
reacts  slowly  when  warmed  with  tin,  forming 
SnSOj  if  the  tin  is  kept  in  excess,  and  chiefly 
Sn(S04)2  if  the  acid  is  in  excess,  and  giving  off 
H.  Cone,  sulphuric  acid  reacts  to  form  SnS04, 
or  Sn(S04)„,  according  to  the  proportion  of  tin 
to  acid,  and  evolves  H„S  or  SO,,  or  both,  accord- 
ing to  the  concentration  of  the  acid  and  the 
temperature  ;  with  pure  hot  HjSOj,  SO,  is  given 
off,  and  S  separates  (v.  Calvert  a.  Johnson,  G.  J. 
[2]  4,  435 ;  also  Pattison  Muir  a.  Eobbs,  C.  N. 
45,  69). — 12.  Agiia  regia  dissolves  tin,  forming 
SnCl4. — 13.  Tin  reacts  with  mercuric  chloride 
and  fomwicZe,  when  heated  with  these  compounds, 
forming  SnCU,  or  SnBr,,  and  Hg.— 14.  With 
sulphu/rous  chloride,  SnOL  is  formed,  with  pro- 
duction of  much  heat  (Wohler,  A.  73,  374).— 
15.  Tin  dissolves  in  warm  cone,  caustic  potash, 
or  soda,  solution,  forming  M,Sn03  ^^'^  giving  off 
H. — 16.  Fusion  with  nitre  forms  KjSnOj. 

Detection  and  Estimation. — H,S  ppts.  dark 
brown  SnS  from  slightly  acidified'  solutions  of 
stannous  salts  ;  the  pp.  is  soluble  in  warm  yellow 
ammonium  sulphide,  forming  (NHj)oSnS3Aq,  from 
which  acids  ppt.  yellow  SnS,.  AuCljAq  pro- 
duces a  purple  pp.,  a  compound  of  Sn,  Au,  and 
O  {v.  Purple  of  Gassius,  under  Tnsr  oxides  and 
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SnSj  from  acidified  solutions  of  stannic  salts  ; 
the  ppt.  dissolves  in  warm  yellow  ammonium 
sulphide,  and  acids  re-ppt.  SnS,  from  this 
solution.    Tin  is  generally  estimated  as  SnO„. 

Tin,  alloys  of.  Tin  forms  alloys  with  many 
metals.  For  a  general  account  of  the  x^roperties 
of  different  classes  of  tin  alloys,  v.  Dictionaky 
OF  Applied  Cheiustrt,  vol.  iii.  p.  837.  For 
alloys  of  tin  with  antimony,  v.  Karmarsch 
(D.  P.  J.  123,  267) ;  Kestner  {East.  Archiv,  19, 
424) ;  Johnson  {Ghem.  Gazette,  1855.  180)  ; 
Chaudet  {A.  Gh.  [2]  3,  376) ;  with  bisviuth  and 
lead,  and  with  bisnmth,  cadmium  and  lead,  v. 
vol.  i.  p.  511 ;  with  cadmium,  v.  vol.  i.  p.  655  ; 
with  cadmium  and  gold,  v.  Heycock  a.  Neville 
{G.  J.  59,  936) ;  with  copper,  v.  vol.  ii.  p.  254 
(also  Dictionabt  of  Applied  Chemistry,  vol.  iii. 
p.  838) ;  with  copper  and  lead,  v.  vol.  iii.  p.  125 
(also  French,  S.  G.  I.  8,  36) ;  with  iridium, 
platinum,  and  rhodium,  v.  Deville  a.  Debray 
(C.  R.  81,  839) ;  with  i/ron,  v.  vol.  iii.  p.  53  (also 
Headden,  Am.  S.  [3]  44, 464) ;  with groZf^,  v.  Laurie 
(P.  M.  [5]  33, 94) ;  with  lead,  v.  vol.  iii.  p.  125  ;  with 
lead  and  zinc,  v.  vol.  iii.  p.  125  (also  Wright  a. 
Thompson,  Pr.  45,  461 ;  48,  25) ;  with  mercury, 
V.  infra ;  with  platinum,  v.  vol.  iv.  p.  288 ; 
with  silver,  v.  W.  a.  T.  {Pr.  48, 25) ;  with  sodium, 
V.  Bailey  (C.  N.  65,  18).  Tin  alloys  with 
zinc  in  all  proportions;  the  alloys  are  harder 
than  tin,  but  softer  than  zinc  ;  they  are  less 


malleable  than  tin.  Many  varieties  of  bronze 
are  alloys  of  tin  with  zinc  and  copper  {v.  Eud- 
berg,  P.  18,  240).  Amalgams  of  tin  are  readily 
formed  by  immersing  tin  in  Hg  ;the  action  is  more 
rapid  if  the  Hg  is  warmed  {v.  Bottger,  J.  pr.  1, 
305  ;  Joule,  Ghem.  Gazette,  1850.  339,  also  G.  J. 
16,  384  ;  Kupfier,  A.  Gh.  [2]  40,  293). 

Tin,  bromides  of.  Tin  combines  with  Br  to 
form  two  compounds,  SnBr„  and  SnBr^.  The 
V.D.  of  the  latter  has  been  determined,  and  the 
formula  SnBr4  is  molecular ;  from  the  analogy 
of  the  chlorides  it  is  probable  that  the  formula 
SnBr,  is  molecular  also.  Watts  a.  BeU  {G.  J. 
33,  442)  obtained  both  SnBr,  and  SnBr4  by  heat- 
ing SnOj  in  Br  vapour  mixed  with  CO. 

Stannods  bromide  SnBrj.  {Dibromide  of 
tin.)  Obtained  by  Balard  {A.  Gh.  [2]  32,  337)  ; 
more  fully  examined  by  Eayman  a.  Preis  {A. 
223,  323).  Prepared  by  heating  tin  in  HBr  gas, 
allowing  the  oily  liquid  so  obtained  to  cool, 
dissolving  the  crystals  that  form  in  dilute 
HBrAq,  and  purifying  the  solid  that  separates 
by  distilling  it  in  a  stream  of  N.  A  crystalline, 
slightly  yellow,  transparent  sohd ;  melts  at 
215-5°  to  a  transparent  liquid,  which  solidifies  at 
215°.  S.G.  5-117  at  17°.  Carnelley  a.  WiUiams 
{G.  J.  35,  563)  say  that  SnBr,  boils  between  617° 
and  684°.  Partly  decomposed  by  water,  with 
separation  of  an  oxybromide  of  tin  (E.  a.  P., 
I.e.).  By  crystallising  a  solution  of  tin  in  warm 
cone.  HBrAq,  E.  a.  P.  {I.e.)  obtained  the  hydrate 
SnBr,.a;H20  {x  =  l  or  2),  in  colourless  needles. 
By  cooling  a  mixture  of  NH4CI  and  solution  of 
tin  in  warm  cone.  HBrAq,  the  compound 
SnBr2.2NH4Cl.H,0  was  obtained  in  large  rhombic, 
porcelain-like  crystals  (E.  a.  P.,  I.e.). 

Stannic  bromide  SnBrj.  {Tetrabromide  of 
tin.)  Mol.  w.  437-8.  Melts  at  30°  (Carnelley  a. 
O'Shea,  G.  J.  33,  55),  at  33°  (Eayman  a.  Preis, 
A.  223,  323).  Boils  at  c.  201°  (C.  a.  O'S.,  I.e.), 
at  203-3°  (E.  a.  P.,  I.e.).  S.G.  3-349  (E.  a.  P., 
he).  V.D.  at  228°-260°  =  227-230  (C.  a.  O'S., 
I.e.).    Prepared  by  passing  vapour  of  Br  over 

melted  tin  in  a  tube  shaped  thus 

I  the  tin  being  at  b  and  the  Br  at  a.  The  tin 
!  burns  in  the  Br  vapour ;  the  product  is  dis- 
j  tilled  backwards  and  forwards  from  6  to  c  until 
the  distillate  is  quite  colourless.  On  cooling 
the  liquid  solidifies  to  colourless  crystals  of 
I  SnBr4  (C.  a.  O'S.,  I.e.).  E.  a.  P.  {I.e.)  prepared 
SnBrj  by  heating  tin  with  Br,  and  crystallising 
from  SnClj  or  SnBr3Cl.  SnBr4  forms  white 
crystals,  which  are  slowly  decomposed  in  the 
air ;  according  to  E.  a.  P.  {I.e.)  the  crystals 
deliquesce  to  a  clear  liquid,  which  when  placed 
over  HoSO,  deposits  crystals  of  the  hydrate 
SnBr4.4H,0.  SnBrj  is  soluble  in  cold  water ; 
after  some  hours  SnO,.KH,0  is  deposited ;  boil- 
ing hastens  this  change  ;  addition  of  HNOjAq 
to  hot  SnBrjAq  ppts.  all  the  tin  as  SnOj.xHjO, 
with  evolution  of  a  little  Br  (C.  a.  O'S.,  I.e.). 
E.  a.  P.  {I.e.)  found  that  SnBr4  absorbs  NH3;  on 
heating  some  NH3  was  given  off,  and  a  yellow 
sublimate  of  SnBr^-SNHj  was  obtained.  Accord- 
ing to  Nickl^s  {C.  B.  52,  869),  SnBr4  combines 
with  ether  to  form  SnBrj.Et^O. 

Stannibromhydric  acid  HjSnBrg.KHjO. 
{Bromostannic  acid.  Hydrobromostannie  acid.) 
This  compound  was  obtained  by  Seubert  {B.  20, 
194)  by  adding  74-1  parts  HBrAq  (50  p.c.  HBr) 
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to  100  parts  SnBr^  {i.e.  in  the  ratio  2HBr:SnBr,). 
A  yellow  liquid  was  formed  which  solidified  after 
a  time  to  a  mass  of  yellow,  needle-shaped  crys- 
tals ;  the  small  quantity  of  mother-liquor  was 
removed  by  melting  and  allowing  to  solidify  par- 
tially. It  is  doubtful  whether  the  acid  crys- 
tallises with  7  or  9H.0.  The  acid  forms  amber- 
yellow  needles,  probably  triclinic ;  it  is  very 
deliquescent ;  fumes  in  air,  giving  off  HBr.  By 
adding  Na._,C03  to  H„SnBr,.Aq,  and  allowing  to 
evaporate,  Seubert  (I.e.)  obtained  sodmm  stanni- 
bromidc,  Na^SnBr5.6H._,0,  in  yellow  needles. 
Several  other  stannibromides  are  described  by 
Eayman  a.  Preis  (A.  223,  323)  ;  their  compo- 
sition is  MSnBr^.a-H.,0,  where  M  =  (NHJ..,  Ba, 
Ca,  Fe,  Mg,  Mn,  Ni,  Na..,  Sr.and.x  is  6,  8,  or  10. 

Tin,  bromochlorides  of.  Kaynian  a.  Preis 
{A.  223,  323)  obtained  a  compound  to  which 
they  gave  the  formula  SnBr.,Cl  by  heating  tin  in 
Br  that  contained  some  CI,  and  repeatedly  dis- 
tilling. The  compound  is  a  liquid  boiling  be- 
tween 181°  and  190°.  It  dissolves  SnBr^,  which 
crystallises  out  unchanged.  By  adding  Br  to  excess 
of  SnCl,  Ladenburg  {A.  Supplbd.  8,  60)  obtained 
indications  of  the  formation  of  bromochlorides, 
probably  SnBr.,Cl  and  SnBrClj. 

Tin,  chlorides  of.  Tin  and  CI  combine  to 
form  two  compounds,  SnCl,  and  SnCl,.  Both 
formulffi  are  molecular. 

Stannous  chloride  SnCl,,.  {Dichloride  of 
tin.  Tin-salt.)  Mol.  w.  189-54 ;  perhaps  379-08 
(  =  Sn.,Cl,)in  the  liquid  state  (v.  infra).  Melts 
at  249-3°  (Carnelley  a.  Williams,  C.  J.  35,  63). 
Boils  between  617°  and  6'28°  (C.  a.  W.,  I.e.)  ;  at 
606°  (Biltz  a.  Meyer,  Z.  P.  C.  2,  184).  V.D.  v. 
infra.  H.F.  (Sn,Cr-]  =80,790  ;  [Sn,Cl-,Aq] 
=  81,140;  [Sn,Cr-,2H-0]=  86,520  {Th.  3,  327). 

Preparation. — 1.  By  heating  a  mixture  of 
equal  parts  tin  filings  and  HgCl, ;  Hg  sublimes 
and  leaves  SnCl,. — 2.  By  heating  tin  in  HCl 
gas. — 3.  By  dissolving  tin  in  warm,  fairly  cone. 
HClAq,  evaporating  to  the  crystallising  point, 
drying  the  crystals  of  SnCl.,.2H„0  that  separate, 
heating  them  in  a  capacious  crucible  so  long  as 
gases  are  given  off,  pouring  the  liquid  into  a  small 
crucible,  pounding  when  cold,  and  distilling  from 
a  retort ;  the  first  portions  of  the  distillate  are 
said  to  be  pure  SnCl,  (Capitaine,  J.  Ph.  25,  552). 

Properties. — A  semi-transparent,  white  solid ; 
melts  at  c.  250°  and  boils  at  incipient  redness 
(v.  supra).  Heated  to  bright  redness,  out  of  air, 
some  SnCl,  is  given  off,  then  SnCL.  Heated  in 
air  gives  SnCl,  and  SnO,.  SnCL,  dissolves  in  a 
little  water;  the  solution  is  decomposed  by  much 
dilution,  with  separation  of  a  hydrated  oxy- 
chloride  SnCl,.Sn0.2H,,0.  According  to  Michael 
a.  Kraft  (A.  Ch.  [3]  41,' 471),  1,000  c.c.  saturated 
SnClAq  contains,  at  15°,  1,333  g.  SnCl,  and 
494  g.  water,  and  the  S.G.  is  1-827.  Ge'rlach 
(D.  P.  J.  186,  131)  gives  the  following  data  for 
a  solution  of  the  hydrate  SnCl,.2H,0 

P.c. 
SnCL.2H,0 
5 


10 
15 
20 
25 
30 
35 
40 
Vol.  IV 


S.G. 
of  solution 
1-0331 
1-0684 
1-1050 
1-1442 
1-1855 
1-2300 
1-2779 
1-3298 


P.O. 

SuCl,.2H,0 
45  " 

50 
55 
60 
65 
70 
75 


S.G. 
of  solution 
1-3850 
1-4451 
1-5106 
1-5823 
1-6508 
1-7452 
1-8399 


An  aqueous  solution  of  SnCl,  generally  becomes 
turbid  from  ppn.  of  Sn.^Cl,;  digestion  with 
tin  and  a  little  HClAq  dissolves  the  pp. ;  addi- 
tion of  tartaric  acid,  or  NH.|C1,  stops  the  solution 
from  becoming  turbid,  the  former  by  dissolving 
the  oxychloride,  the  latter  by  forming  a  double 
salt  SnCl.>.2NH  ,Cl,  which  is  very  soluble  in  water. 

Mallet  (C  j.  35,  524)  obtained  a  semi-trans- 
l^arent,  jelly-like  solid  from  an  aqueous  solution 
of  SnCl,  which  had  stood  in  a  loosely  closed 
bottle  for  a  year  or  two  ;  the  solid  dried  to  a 
substance  like  gum  arable  ;  it  reddened  litmus  ; 
the  composition  of  the  substance  was  SnO.,.HCl. 
Mallet  writes  the  formula  as  SnO.OH.Cl,  and 
suggests  the  name  chlor-stannic  acid. 

Molecular  weight  of  stannous  chloride.  The 
V.D.  of  the  gas  obtained  by  heating  SnCL  has 
been  determined  repeatedly.  The  following 
table  presents  the  results  :  — 


Calculated 

Calculated  for 

for  SnCI^ 

Su,CU 

Temp.,  and  Observers 

94-7 

189-4 

103-7  ?temp. 

Eieth,  B.  3,  668  [1870]. 

185-9 

at  619° 

V.  a.  C.  Meyer, 

189-2 

„  697° 

•    B.  12,  1195 

104-5 

„  800° 

[1879]. 

104-5 

„  800° 

Meyer  a.  Ziib- 

96-5 

„  880° 

y    lin,  B.  13, 

90-1 

123-7 

„  970° 
„  639° I 

811  [1880]. 

123-7 

„  675° 

Biltz  a. 

122-9 

„  699° 

Meyer,  Z. 
'    P.C.  2,  184 

119-5 

„  760° 

111-4 

„  790° 

[1888]. 

102-7 

„  1113° J 

From  their  determinations,  Biltz  a.  Meyer  con- 
cluded that  molecules  of  the  composition  Su,Cl, 
do  not  exist  in  the  gaseous  state,  and  that  the 
mol.  w.  of  the  gas  comes  to  a  constant  value, 
corresponding  with  the  formula  SnCL,  only  at 
a  temperature  very  much  above  the  b.p.  of  the 
liquid  (SnCL  boils  at  606°).  In  someof  theearlier 
determinations  at  c.  800°  partial  decomposition 
occurred,  with  production  of  CI.  The  results, 
taken  as  a  whole,  seem  to  be  explained  by 
assuming  that  the  molecules  of  the  liquid,  near 
to  the  b.p.,  have  the  composition  Sn,Cl,,  that 
some  of  these  are  dissociated  to  2SnCl,,  at  c.  30° 
above  the  b.p.,  and  that  this  process  of  disso- 
ciation continues  slowly,  and  is  not  completed  at 
even  500°  above  the  b.p. 

Reactions. — 1.  Heated  strongly  in  air,  SnCl, 
is  given  off,  and  SnO._,  remains.  Heated  to  its 
b.p.  in  a  retort,  SnCl,_,  and  SnCl,  distil,  and  the 
oxychloride  Sn.,OCl,,  remains  (Capitaine,  J.  Ph. 
25,  552). — 2.  When  sulphur  is  added  to  molten 
SnCL,  the  products  are  SnCl,  and  SnS  ;  with 
sclenion  the  products  are  SnCl,  and  SnSe 
(Schneider,  P.  127,  624). — 3.  Many  salts  are  re- 
duced by  SnCLAq,  either  to  lower  salts  or  to 
metals.  Au,  Hg,  and  Ag  are  ppd.  from  solutions 
of  their  salts  ;  ferric  and  manganic  salts  are  re- 
duced to  ferrous  and  manganous  salts  ;  CuCLAq 
to  Cu.,CL.— 4.  The  higher  oxides  of  Bi,  Cr,  Pb, 
Mo,  W,  &c.,  are  reduced  to  the  lower  oxides  of 
these  metals. — 5.  Arsenious  oxide  is  reduced  to 
As  by  a  considerable  excess  of  SnCLAq. — 6.  Ac- 
cording to  Bottger  (Polytech.  Notizbl.  35,  96),  a 
mixture  of  2  pts.  SnCL   rubbed  with  1  pt. 
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potassium  chlorate  gets  hot,  and  produces  an 
oxychloride  of  tin,  KClOj,  oxide  of  chlorine, 
and  H2O.  For  reactions  with  water  v.  supra, 
Properties ;  also  infra,  Combinations,  No.  1. 

Combinations. — 1.  With  wa^er  to  form  the  hy- 
drate SnCL.2HoO.  This  compound  is  prepared  by 
dissolving  tin  in  warm  cone.  HClAq  and  evapo- 
rating to  the  crystallising  point,  in  contact  with 
tin  to  prevent  formation  of  SnCl^.  SnCl2.2H,0, 
commonly  known  by  the  name  of  tin-salt,  forms 
large  white,  monoclinic  crystals  (Marignac,  J. 
1856.  394) ;  melts  at  c.  37-7°;  S.G.  2-71  at  15-5° 
(solid),  2-588  at  37-7°  (liquid)  (Penny,  C.  J.  4, 
239).  H.F.  [Sn,Cl-,2H20]  =86,520  (Th.  3,  327). 
When  gradually  heated  to  100°,  most  of  the 
water  is  removed ;  when  rapidly  heated,  H,0 
and  HCl  are  given  off  and  Sn.,OCl,_,  remains,  which 
gives  off  SnClo  when  more  strongly  heated. 
SnCl2.2H,0  decomposes  slowly  on  exposure  to 
the  air,  forming  Sn,,OCL  and  SnCl^.— 2.  With 
ammonia,  iorming  SnClj.NHj.— 3.  According  to 
Engel  (C.  B.  106,  1398),  a  compound  of  SnCL 
with  hydrogen  chloride  is  formed  by  passing 
HCl  gas  over  SnCL.2H20  at  0° ;  the  Hquid  thus 
formed  solidifies  at  27°,  forming  crystals  of 
SnCl,,.HC1.3H,0,  which  melt  at  40°.— 4.  With 
chlorides  of  the  alkali  and  alkaline  earthmetals, 
to  form  MCL.SnCLaiHjO,  where  M  =  (NH^).,  Ko, 
Ba,  or  Sr  {v.  Marignac,  C.  B.  56,  650  ;  Kammels- 
berg,  Krystall.  Chemie,  211 ;  Richardson,  Am. 
14,  89).  Poggiale  (C.  B.  20,  1180)  described  a 
salt  SnClj.4NH^C1.3H.,0.  Eiehardson  (I.e.)  ob- 
tained SnCl,.KCl.H,Oas  well  as  SnCl,,.2KC1.2H,0. 
These  double  salts  are  perhaps  best  regarded  as 
stannochlorides,  derived  from  the  acid  HSnCl^ 
(v.  Combinations,  No.  3)  and  the  hypothetical 
acid  H,SnCl^. 

Staknic  chloride  SnClj.  (Tetrachloride  of 
tin.)  Mol.  w.  260-28.  Boils  at  113-9°  at  760  mm. 
(Thorpe,  C.  J.  37,  372)  ;  at  114-1°  at  760  mm. 
(Young,  C.  J.  59,  912).     Solidifies  at  -33° 

(Besson,   C.  B.  109,  940).    S.G.  ^°  2-27875; 

1-97813  at  b.p.  (Thorpe,  I.e.).  V.D.  133-1  at 
124°  (Dumas,  A.  Ch.  [2]  33,  385).  S.H.  -1402 
(10°-15°)  (Regnault,  A.  Ch.  [3]  9,  332).  Heat 
of  vaporisation  =  30,530  (gram-units  for  1  kilo.) 
(Andrews,  C.  J.  1,  27).  H.F.  [Sn,CP]  =  127,250  ; 
[Sn,Cl',Aq]  =  157,170;  [SnCr-,Cl-]  =  46,460; 
[SnCr-Aq,Cl^=  76,0.30  (r/i.  3,  327).  C.E.  (cubical, 
0°-100°)  -00130244  (Thorpe,  I.e.).  S.V.  131-07 
(Thorpe,  I.e. ;  for  S.V.  from  0°  to  280°  v.  Young, 
C.  J.  59,  933,  935).  For  vapour  pressures  from 
=  10°  to  319°  V.  Young  (I.e.,  p.  927).  Critical 
temperature  =  318-7°  ;  critical  pressure  =  28080 
mm.  (Y.,  Z.c,  p.  928). 

Formation. — 1.  By  heating  tin  in  excess  of 
CI. — 2.  By  heating  1  pt.  tin  filings  intimately 
mixed  with  4  or  5  pts.  HgClj.— 3.  By  heating  a 
mixture  of  Sn(S04)^  and  NaCl. — 4.  By  passing 
vapour  of  CCl,  over  heated  SnOr.  (Watts  a.  Bell, 
C.  J.  33,  442). — 5.  By  adding  fuming  sulphuric 
acid  to  tin,  and  then  passing  in  HCl  gas  and 
distilhng  (Heumann  a.  Kochlin,  B.  15,  416). 

Preparation. — Dry  CI  is  led  over  tin  filings 
heated  in  a  retort  connected  with  a  dry  flask, 
which  is  kept  cold ;  the  distillate  is  distilled 
from  tin  filings,  and  then  repeatedly  redistilled 
in  a  cm-rent  of  dry  CO.,.  A  solution  of  SnCl^  is 
obtained  by  passing  CI  into  SnCLAq  until  no 
pp.  is  produced  with  HgClAq,"  or  by  dis- 


solving tin  in  dilute  HClAq  containing  a  little 
HNO3. 

Properties. — A  thin,  mobile,  colourless,  fum- 
ing, very  corrosive  liquid.  Solidifies  at  —33° 
to  small  white  crystals  (Besson,  C.  B.  109,  940). 
SnCl^  dissolves  crystalline  S,  also  P,  I,  Br,  CS,,  &c. 
(Girardin,C.  i?.  51, 1057).  SnCl^  does  not  conduct 
electricity,  even  at  its  b.p. ;  addition  of  absolute 
alcohol  forms  crystals,  probably  (SnCl4.5EtOH), 
which  conduct  when  dissolved ;  ether  behaves 
similarly  to  alcohol  (Coldridge,  P.  M.  [5]  29, 
383,  480).  SnCl,  withdraws  moisture  from  the 
air,  probably  forming  SnCl4.3H,,0  (v.  infra. 
Hydrates  of  stannic  chloride).  SnCl^  dissolves 
in  water,  with  production  of  heat  [SnCl',Aq] 
=  29,920  (Th.  3,  327),  and  considerable  contrac- 
tion of  volume  (v.  also  Beactions,  No.  1).  Gerlach 
(D.  P.  J.  178,  49)  gives  the  following  table :— 


Pontge. 

S.G. 

SiiCl^Aq 

Vol.  of  100  pts. 
by  \vt.  of  solu- 
tion ;  vol.  of  100 
pts.  water =100 

Vol.  of  mixture 
of  SnCI.  and 
water ;  vol.  of 
sum  of  consti- 
tuents =100 

0 

1-000 

100-00 

100-00 

10 

1-082 

92-42 

97-82 

20 

1-174 

85-18 

95-76 

30 

1-279 

78-19 

93-72 

40 

1-404 

71-12 

91-42 

50 

1-556 

64-26 

88-78 

60 

1-743 

57-37 

85-81 

70 

1-973 

50-68 

82-63 

100 

2-234 

44-76 

100-00 

Hydrates  of  stannic  chloride. — Various  hy- 
drates have  been  isolated :  (1)  SnCl4.3H20,  by 
exposing  SnCl4  to  air  (Casselmann,  A.  83,  272) ; 
I  also  by  adding  18  pts.  water  to  260  pts.  SnCl4, 
!  when  I  of  the  SnCl,  remains  unchanged,  and  § 
forms  the  hydrate,  which  sinks  in  the  excess  of 
SnCl4  (Gerlach,  D.  P.  J.  178,  49) ;  also  by  dis- 
solving 260  pts.  SnCl,  in  54  pts.  water,  and  letting 
the  solution  cool  to  60°  (G.,  I.e.) ;  (2)  SnCl4.2H20, 
by  keeping  the  trihydrate  in  vacuo  (Scheurer- 
Kestner,  C.  B.  50,  50) ;  also  by  drying  the 
pentahydrate  over  H.,SO,  (Lewy,  A.  Ch.  [3]  16, 
303) ;  (3)  SnCl4.5H.,d,  by  dissolving  SnCl4  com- 
pletely in  water  and  evaporating  (G.,  I.e. ;  L., 
l.c.) ;  (4)  SnCl4.8H.,0,  by  strongly  cooling  dilute 
SnCl4Aq  (G.,  l.c.) ;  (5)  SnCl4.9H„0,  obtained  by 
Nollner  (Z.  [2]  1,  445)  by  treating  SnCLAq  with 
aqua  regia,  and  exposing  the  solution  to  a  winter 
temperature.  Gerlach  (Z.c.)  gives  a  table  (v.  next 
page),  showing  the  S.G.  and  percentage  composi- 
tion of  solutions  of  the  pentahydrate. 

Beactions  1.  With  luatcr :  SnCl4  dissolves 

in  water  (v.  supra)  with  production  of  much 
heat.  Vignon  (C.  B.  108, 1049  ;  109,  372)  found 
that  H.jSnO,  ppd.  from  freshly  prepared  SnCljAq, 
from  SnCljAq  after  keeping,  and  from  SnCljAq 
after  heating,  showed  markedly  different  heats 
of  neutralisation  by  potash.  He  concluded  that 
SnCl4Aq  contains  HClAq  and  H^SnOjAq,  and 
that  the  H.SnO,  in  solution  gradually  poly- 
merises. Dilute  SnCl,Aq  gradually  decomposes, 
giving  HClAq  and  SnOj.a'H^O  (Casselmann,  A. 
83,  272).  Heating  in  a  sealed  tube  with  a  little 
water  is  said  to  give  SnO„. — 2.  With  cone,  nitric 
acid  SnCl4  forms  Sn0.2'xH.,0. — 3.  Dry  hydrogen 
sulphide  forms  white  crystals  of  SnCii.SHjS, 
I  which  gives  off  H„S  and  HCl  when  heated,  and 
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Pcutge. 

S.G.  of  solu- 

Pcntse. 

S.G.  of  solu- 

SnC1..5HjO 

tion  at  15° 

SnClj.s'H.O 

tiou  at  15° 

0 

1-000 

48 

1-347 

1 

1-006 

49 

1-357 

2 

1-012 

50 

1-3661 

3 

1-018 

51 

1-376 

4 

1-024 

52 

1-386 

5 

1-021)8 

53 

1-396 

6 

1-036 

54 

1-406 

7 

1-042 

55 

1-4154 

8 

1-048 

56 

1-426 

9 

1-053 

57 

1-437 

10 

1-0593 

58 

1-447 

11 

1-066 

59 

1-458 

12 

1-072 

60 

1-4684 

13 

1-078 

61 

1-480 

14 

1-084 

62 

1-491 

15 

1-0905 

63 

1-503 

16 

1-097 

64 

1-514 

17 

1-104 

65 

1-6255 

18 

1-110 

66 

1-538 

19 

1-117 

67 

1-650 

20 

1-1230 

68 

1-563 

21 

1-130 

69 

1-575 

22 

1-137 

70 

1-5873 

23 

1-144 

71 

1-601 

24 

1-151 

72 

1-614 

25 

1-1581 

73 

1-627 

26 

1-165 

74 

1-641 

27 

1-173 

75 

1-6543 

28 

1-lsO 

76 

1-669 

29 

1-187 

77 

1-683 

30 

1-1947 

78 

1-698 

31 

1-202 

79 

1-712 

32 

1-210 

80 

1-7271 

33 

1-218 

81 

1-743 

34 

1-226 

82 

1-759 

35 

1-2338 

83 

1-775 

36 

1-242 

84 

1-791 

37 

1-250 

85 

1-8067 

38 

1-259 

86 

1-824 

39 

1-267 

87 

1-842 

40 

1-2755 

88 

1-859 

41 

1-284 

89 

1-876 

42 

1-293 

90 

1-89.39 

43 

1-302 

91 

1-913 

44 

1-310 

92 

1-932 

45 

1-3193 

93 

1-950 

46 

1-329 

94 

1-969 

47 

1-338 

95 

1-9881 

leaves  SnS,,  (Coldridge,  P.  M.  [5]  29,383,  480).— 
4.  SnCl.,  dissolves  stannous  oxide,  forming  SnCl._, 
and  a  solution  of  SnO.^.H.O  in  excess  of  SnClj 
(Scheurer-Kestner,  C.  R.  50,  60). 

Combinations. — 1.  With  hydrogen  chloride. 
By  passing  dry  HCl  over  SnClj.5H._,0,  then  satu- 
rating the  liquid  so  formed  with  dry  HCl  at  28°, 
and  cooling  to  0°,  Engel  (C.  B.  103,  213)  ob- 
tained white  crystalline  leaflets  of  the  compound 
SnCl,.2HC1.6H,0,  melting  at  c.  20°,  and  giving 
off  HCl  when  more  strongly  heated.  The  same 
compound  was  prepared  by  Seubert  (B.  20,  793) 
by  adding  to  SnCl,  such  a  quantity  of  cone. 
HClAq  that  the  ratio  of  water  in  the  acid  was  to 
the  SnCl,  as  6H.,0:SnClj  (100  pts.  SnCl,  require 
62-15pts.  of  33  p.c.  HClAq),  and  after  a  little  pass- 
ing in  c.  8  pts.  dry  HCl ;  the  whole  then  solidified 
to  a  crystalline  mass,  melting  at  19-2°.  This 


compound  is  best  called  stannicJdorhijdric 
acid  ;  it  has  also  been  called  chlorostannic  acid 
(Mallet  gave  the  name  chlor-stannic  acid  to 
SnO.OH.Cl,  V.  Stannous  chloride.  Properties,  p. 
721),  and  hydrochlorostannic  acid.  Chassevant 
(A.  Ch.  [6]  30,  5)  has  described  a  compound 
SnGl,.HC1.3H,,0.— 2.  With  several  metallic  chlor- 
ides. The  double  salts  of  SnCl,  and  alkali  and 
alkaline  earth  chlorides  have  the  composition 
MSnCl,.a;H20,  where  M  =  (NH,),,  K.,,  Na.,,  Ba,  Ca, 
Mg,  or  Sr ;  these  salts  are  best  named"  stanni- 
chloridcs  (for  details,  v.  BoUey,  A.  39, 101 ;  Lewy, 
J.  pr.  37,  479  ;  Eammelsberg,  Kry stall,  chemie ; 
Wittstein,  R.  P.  64,  7  ;  Topsoe,  ]V.  A.  B.  69  [2] 
261 ;  Morel,  C.  C.  1891  [1]  492  ;  Chassevant, 
A.  Ch.  [6]  30,  5).  Cleve  {Bl.  [2]  31,  195)  ob- 
tained double  salts  of  the  form  x-SnClj.2MCl,.sH,0, 
where  M  =  Ce,  Di,  La,  or  Y,  a;  =  2  and  5,  and  z  had 
large  values  (from  18  to  45). — 3.  With  certain  non- 
metallic  chlorides  ;  the  compound  SnCl.,.2SCl,  is 
said  to  be  obtained  by  the  interaction  of  CI  and 
SnS  (H.  Eose,  P.  44,  320  ;  Casselmann,  P.  42, 
517)  ;  the  compound  SnClj.PClj  was  obtained 
by  Casselmann  (I.e.)  by  heating  a  mixture  of 
SnCl,.2SCl,  and  PCI.,  in  a  stream  of  HCL— 
4.  With  certain  nonmetallic  oxychlorides :  (1) 
SnClj.POCl.,,  formed  by  the  reaction  of  POCl^  and 
SnCl,  (Casselmann,  A.  91,  248;  98,  213);  (2) 
SnCl,.2SeOCl.„  by  combining  the  constituent 
compounds  (Weber,  B.  B.  1865.  154) ;  (3) 
SnCl4.2NOCl,  by  passing  the  dry  vapour  from 
aqua  rcgia  over  SnCl,  (Hampe,  .4.  126,  43),  also 
by  subliming  SnCl,.N„0.,  formed  by  the  action 
of  N,,0  and  NO,  on  SnCl,  (Weber  a.  Hampe,  P. 
118,  471). — 5.  With  hydrogen  sulphide  to  form 
SnCl,.5H.,S  ;  decomposed  by  heating  to  SnS.„ 

H,  S,  and  "HCl  (Coldridge,  P.  M.  [5]  29,  383).— 

6.  With  hydrogen  cyanide,  to  form  crystals  that 
are  decomposed  in  moist  air  (Klein,  A.  74,  85). 

7.  With  ammonia,  to  form  SuCl,.2NH3  according 
to  H.  Kose  (P.  24,  163),  to  form  SnCl,.4NH3 
according  to  Grouvelle  a.  Persoz  {A.  Ch.  [2]  44, 
322). — 8.  With  phosphorus  triliydride,  to  form 
3SnCl,.2PH.,  (H.  Rose,  P.  24,  159) ;  heated  to 
100°  in  CO,  there  are  formed  HCl  and  Sn.,P,Cl,„ 
according  to  Mahn  {J.  Z.  5,  160).— 9.  With  cer- 
tain nonmetallic  oxides  :  (1)  with  SO.,  to  form  a 
solid  [?  composition]  (H.  Eose,  P.  44,  320) ;  (2) 
with  NO  a  compound  is  formed,  according  to  Kuhl- 
mann  (^4.  39, 319),  but  no  action  occurs  according 
to  Hampe  {A.  126,  43) ;  (3)  with  N,,0.,  to  form 
SnCl,.N._,03,  produced  by  passing  NO,  and  N,;0 
over  SnCl,  (Hampe,  I.e.). — 10.  With  cthi/lic  alco- 
hol, to  form  SnCl,.5EtOH  (Coldridge,  P.  ill.  [5] 
29,  383,480).— 11.  With  amiilic  alcohol,  to  form 
SnCl,.2C,H„(0H)  (Bauer  a.  Klein,  Z.  [2]  4,  370) 
12.  With  ether,  to  form  SnCl,.2Et,0  (Coldridge, 

I.  e.). — 13.  With  various  nitriles,  forming  crys- 
tallisable  compounds  (Lewy,  C.  B.  21,  371). 

Tin,  chlorobromides  of,  v.  Tin  beomochlor- 

IDES,  p.  721. 

Tin,  chloro-iodide  of;  v.  Tin  iodochloride, 
p.  724. 

Tin,  chlorosulphide  of;  v.  Tin  thiochloride, 
p.  733). 

Tin,  ferricyanldes  of;  v.  vol.  ii.  p.  340. 

Tin,  ferrocyanides  of ;  v.  vol.  ii.  p.  337. 

Tin,  fluorides  of.  Only  one  fluoride,  SnF,,,  has 
been  isolated ;  double  salts  of  stannic  fluoride 
(SnF,)  are  known. 
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Stannous  fluoride  SnF.,.  (Difliioride  of 
tin.)  Formed,  in  small  opaque,  lustrous,  prisms, 
by  dissolving  Sn0.a-H,0  in  HFAq,  and  eva- 
porating ;  heated  in  air  it  forms  the  oxyfluoride 
SnOF„{  =  SnF^.SnO,,)  (Marignac,  ^?m.  ill.  [5]  15, 
221  ;  Fremy,  A.  Ch.  [3]  47,  37).  By  dissolving 
freshly  ppd.  SnO.arH^O  in  solutions  of  alkali 
fluorides  acidified  by  HFAq,  Wagner  {B.  19, 
896)  obtained  stannofluorides  of  the  form 
a:SnF2.2MF.?/H„0,  where  x  =  l  and  S,y=l  and  2, 
and  M  was  NH^,  K,  and  Na. 

Stannic  fluoride.  This  compound  has  not 
been  isolated  ;  a  solution  of  SnO,,.a;H^,0  in  HFAq 
coagulates  when  heated,  but  does  not  yield  any 
definite  compound  ;  when  evaporated  in  air  HF 
is  given  off,  and  an  oxyfluoride,  SnOF„,  is  depo- 
sited (Marignac,  Z.c). 

Stannifluorides.    A  series  of  these  salts, 
MSnFij.xH.p,  where  M  =  one  atom  of  a  divalent  j 
metal  or  two  atoms  of  a  monovalent  metal,  has  . 
been  obtained  by  Marignac  (Ann.  M.  [5]  15,  | 
221).     The  salts  are  isomorphous  with  the 
corresponding  silicofluorides  and  titanifluorides  ; 
they  are  generally  obtained  by  saturating  the 
stannates  with  HFAq  and  evaporating,  some  are  • 
formed  by  double  decomijosition  from  the  Pb  or 
Ag  salt.  The  following  salts  have  been  obtained  : 
MSnFe.ccH.,0  ;   M  =  NH„  Ba,  Cd  x  =  6,  Ca  £C  =  2, 
Cu  cc  =  4,  Pb  a;  =  3,  Li  x  =  2,  Mg  a;  =  6,  Mn  «  =  6, 
Ni  a;  =  6,  K  a;  =  1,  Ag  a;  =  4,  Na,  Sr  x  =  2,  Zn  a;  =  6. 

Tin,  haloid  compounds  of.  Tin  and  the 
halogens  combine  to  form  two  series  of  com- 
pounds, SnX„  and  SnX,  (SnF,  has  not  been 
isolated).  The  V.D.s  of  SnCl,,  SnCl^,  and  SnBr,, 
have  been  determined  ;  it  is  probable  that  the 
simplest  formula  in  every  case  is  molecular. 
One  or  two  compounds  of  the  forms  SnXX' 
and  SnXX3'  are  known,  where  X  and  X'  are 
different  halogens.  A  fev?  oxyhaloid  com- 
pounds are  known,  and  probably  also  one  or 
two  thiohaloid  compounds.  The  compounds 
SnBr^  and  SnCl,  combine  with  HBr  and  HCl 
respectively,  forming  acids  H.^SnBr,,  and  HoSnCl,;, 
from  which  series  of  salts,  stannilDromides  and 
stannichlorides,  are  derived  ;  stannifluorides  are 
also  known.  An  acid  HSnCl,  has  also  been 
isolated,  and  a  few  stannochlorides — M'SnClj 
and  M^oS'iCl^ — are  known,  as  also  some  stanno- 
iodides. 

Tin,  hydrosulphide  of.  The  compound 
SnSaH,,,  which  has  probably  been  isolated,  may 
be  called  hydrosulphide  of  tin  (v.  Tin,  thio- 

ACIDS  AND  SALTS  OF,  p.  733). 

Tin,  hydroxides  of,  v.  Tin  oxides  and  hy- 
DEATED  OXIDES,  p.  725  ;  also  Tin  oxyacids  and 
salts,  p.  727.  j 

Tin,  hydroxyl  chloride  of,  SnO.OH.Cl,  v. 

Chlor-stannic  acid,  under  Stannous  chloride,  ! 
Properties,  p.  721. 

Tin,  iodides  of.  Two  compounds  are  formed 
by  combining  tin  and  I ;  they  correspond  in 
composition  with  the  two  bromides  and  the  two 
chlorides.  The  V.D.s  of  the  iodides  have  not 
been  determined,  but  the  simplest  formulae  are 
probably  molecular. 

Stannous  iodide  Snl„.    (Di-iodide  of  tin.) 
Formula  probably  molecular. 

Preparation. — 1.  Tin  and  I  are  heated  to- 
gether in  the  ratio  Sn:2I  (1  pt.  tin  to  2-14 
pts.  I) ;  the  brown  crystalline  solid  so  formed 
(a  mixture  of  Snl„  and  SnI.,)  is  mixed  with  tin 


filings  and  heated,  when  orange-red  Snij  sub- 
limes, and  SnL,  remains  as  a  red  crystalline 
solid  mixed  with  particles  of  tin,  which  are 
easily  separated  (Henry,  T.  1845.  363).— 2.  Cone. 
KIAq  is  added  to  warm  cone.  SnCl.,Aq ;  the 
yellow  crystalline  pp.  is  dried  and  melted,  out  of 
contact  with  air,  and  a  red  crystalline  mass  of 
Snij  is  formed  on  cooling  (BouUay,  A.  Ch.  [2] 
34,  372).— 3.  Tin  foil  is  heated  for  some  hours 
with  fairly  cone.  HIAq  in  a  sealed  tube  at  120°- 
150°  (Wdhler  a.  Diinhaupt,  A.  86,  374)  ;  SnI, 
separates,  on  cooling,  in  shining  yellow-red 
prisms. 

Properties  and  Reactions. — A  red,  crystalline 
solid.  Melts  at  316°  (Carnelley  a.  Williams, 
C.  J.  35,  564).  Slightly  soluble  in  cold,  more 
soluble  in  hot,  water,  without  decomposition 
(Boullay,  I.e.).  According  to  Personne  (C.  B. 
54,  216),  SnL  is  decomposed  by  a  large  quantity 
of  water,  forming  HIAq  and  several  oxyiodides 
{q.  v.).  SnI.,  is  soluble  in  SnCl.A.q.  When 
heated  out  of  contact  with  air,  SnI,  melts  with- 
out decomposition,  but  when  heated  in  the  air 
it  is  decomposed  to  an  oxy iodide,  which  remains 
in  the  vessel,  and  Snl^,  which  sublimes. 

Combinations. — 1.  With  stannous  chloride 
to  form  SnL.SnCl,  (v.  lodochloride,  infra). — 2. 
With  stannous  oxide  to  form  several  oxyiodides 
(c[.  v.).  —  3.  With  ammonia,  probably  forming 
SnI,.2NH3  (Eammelsberg,  P.  48,  169).— 4.  With 
alkali  iodides  and  with  iodides  of  the  alkaline: 
earth  metals  to  form  stanno-iodidcs;  these 
salts  have  the  composition  M.^Snl^.xHoO  and 
MSnlj.a'HjO,  corresi^onding  with  the  stanno- 
chlorides (v.  Stannous  chloride,  Combinations y 
p.  722);  M  =  NH„K,Na,  also  ABa  and  iSr.  The 
stanno-iodides  are  formed  by  mixing  solutions 
of  the  constitutent  salts,  or  by  adding  SnCI,Aq 
to  excess  of  the  alkaline  iodide  in  solution  ;  the 
salts  must  be  crystallised  from  alcohol,  as  they 
are  decomposed  by  water,  forming  stannous  oxy- 
iodides (y.  Boullay,  I.e. ;  Personne,  Z.c). 

Stannic  iodide  Snl^.  (Tetra-iodide  of  tin.) 
Formula  probably  molecular.  This  compound 
is  probably  formed  by  heating  tin  with  4-2  pts. 
I,  and  subliming  from  the  product  (Henry,  T. 
1845.  363).  Schneider  (P.  127,  624)  recommends 
to  add  6  pts.  CS,  to  1  pt.  tin  tilings,  and  then 
to  add  gradually,  cooling  frequently,  4  pts.  I, 
and  to  allow  the  yellow  liquid  to  evaporate. 

Snij  crystallises  in  orange-red  octahedra ; 
melts  at  146°,  sublimes  at  180°,  and  boils  at  295° 
(Personne,  C.  B.  54,  216).  S.G.  4-696  at  11° 
(Bodeker,  Die  Besiehungen  zwisclien  Dichten 
u.  Zusammensetzung  bei  festen  u.  liquiden 
Stoffen  [Leipzig,  I860]).  Solubility  in  CSj  at 
15°  =  145  (Schneider,  I.e.)  ;  it  is  also  soluble  in 
CHCI3,  EtOH,  EtoO,  and  0,H,.  Decomposed  by 
water  to  SnCj-sHjO  and  HiAq.  Combines  with 
ammonia  to  form  Snlj.xNHj,  where  a;  =  3,  4,  and 
6  (Personne,  Z.c),  also  =  8  (Eammelsberg,  P.  48, 
169).  Snij  is  said  not  to  combine  with  alkali 
iodides. 

Tin,  iodochloride  of,  SnlCl  (  =  SnL.SnClj). 
According  to  Henry  (T.  1845.  363)  the  addition 
of  I  to  cone.  SnCLAq  causes  ppn.  of  Snio,  and 
on  evaporating  the  mother-liquor  (which  con- 
tains SnCU,  SnClj,  and  SnI.,)  straw-yellow  crys- 
tals are  deposited  that  have  the  composition 
SnL.SnCL.  The  crystals  are  decomposed  by 
water,  with  separation  of  Snl.^. 
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Tin,  iodosulphide  of,  v.  Tin  thio-iodide,  p. 
733. 

Tin,  oxides  and  hydrated  oxides  of.  Two 

oxides  have  been  isolated,  SnO  and  SnO._, ; 
various  compounds  of  tliese  oxides  witli  H.^0 
seem  to  exist,  but  their  composition  readily 
undergoes  change  with  variation  of  temperature. 
Both  oxides  interact  with  acids  to  form  corre- 
sponding salts,  SnX.,  and  SnX^,  where  X  =  NO3, 
iSOj,  iPOj,  &c.  Some  of  the  hydrates  of  SnO, 
also  react  as  weak  acids,  especially  SnO„.H,d 
( =  H,Sn03),  from  which  is  derived  a  series  of 
stannatcs  MSnO.,,  M  =  Na,,  Ca,  Pb,  &c. ;  and 
a;SnOo.;rH._,0  (  =  a'H2Sn03),  x  probably  =5,  from 
which  a  series  of  metastannatcs,  icMSnOj  is  de- 
rived. Stannic  and  metastannie  acids  and  salts 
derived  from  them  are  described  under  the 
heading  Tin  oxyacids  and  salts  and  derivatives 
THEKEOF  (p.  727).  The  oxides  SnO  and  SnO, 
are  described  in  this  section  of  the  article 
Tin,  and  a  brief  account  is  also  given  of  the  ex- 
periments on  the  hydrates  of  these  oxides  other 
than  stannic  and  metastannie  acids. 

When  tin  is  strongly  heated  in  air  or  oxygen 
a  film  forms  on  the  surface  consisting  of  SnO 
and  SnO, ;  at  a  full  red  heat,  or  incipient  white 
heat,  tin  burns  to  SnO,.  According  to  Vignon 
(C  R.  107,  Tii),  tin  ppd.  by  zinc  from  neutral 
SnCLAq  or  SnCljAq  oxidises  easily  in  air ;  after 
being  exposed  to  the  air  for  some  days  it  con- 
tains from  20  to  33  p.c.  SnO.  Emich  (M.  14, 
345)  found  that  the  surface  of  tin  that  was  kept 
molten  in  the  air  became  covered  with  crystal- 
line nodules  of  SnO,. 

Stannous  oxide  SnO.  (Protoxide  of  tin.) 
Mol.  w.  not  known. 

Formation. — 1.  By  heating  finely-divided  tin 
in  the  air  ;  the  metal  becomes  covered  with  a 
film  of  SnO  (Vignon,  C.  R.  108,  96).  Also  by  ex- 
posing tin  ppd.  by  zinc  from  SnCLAq  or  SnCl,Aq 
to  the  air  at  ordinary  temperatures  (V.,  C.  R. 
107,  734).— 2.  By  dehydrating  Sn0.a-H,0,  ppd. 
from  SnCLAq  by  alkali  carbonates,  either  by 
heating  in  a  stream  of  CO,,  or  by  boiling  with 
water  containing  a  little  KOH. — 3.  By  dissolving 
Sn0.a'H,0  in  cold  KOHAq,  and  allowing  the 
solution  to  stand  in  the  air  (Ditte,  A.  Ch.  [5]  27, 
145). — 4.  By  heating  SnC^Oj  in  a  tube  of  hard 
glass  without  free  access  of  air  (Liebig,  A.  95, 
110). — 5.  By  ppg.  a  stannous  salt  by  KCNAq, 
and  boiling  the  pp.  for  some  days  with  KCNAq 
(Varenne,  C.  R.  89,  3(50). 

Preparation. — SnCLAq  is  ppd.  by  Na,C03Aq, 
the  white  pp.  of  SnO.Ii,0  is  thoroughly  washed 
with  cold  water,  and  is  then  boiled  with  water 
containing  a  little  KOHAq  or  NaOHAq  (less 
than  sufficient  to  dissolve  the  pp.),  when  the 
Sn0.a:H,0  is  gradually  dehydrated,  and  small 
black,  lustrous  crystals  of  SnO  are  obtained 
(Fremy,  A.  Ch.  [3]  12,  460),— 2.  Tin  is  dissolved 
in  warm  HClAq,  the  solution  is  evaporated,  in 
contact  with  tin,  until  it  solidifies  to  SnCl,  on 
cooling  ;  7  parts,  or  rather  more,  NaXOj.lOH.^O 
are  then  added  for  each  part  of  SnCl,  in  the 
basin,  and  the  liquid  thus  formed  is  heated  with 
constant  stirring  until  it  becomes  black,  and  is 
then  allowed  to  cool ;  the  brownish-black  powder, 
SnO,  thus  obtained  is  thoroughly  washed  with 
cold  water,  and  dried  at  100°  (Sandall,  J.  pr.  14, 
254). — 3.  A  solution  of  SnCL  is  ppd.  by  a  slight 
excess  of  KOHAq  in  the  cold,  the  pp.  is 


thoroughly  washed  and  dissolved  in  cold  KOHAq 
(c.  1  part  KOH  in  10  parts  H.O)  ;  the  solution, 
which  should  be  saturated  with  Sn0.a:H,0,  is 
allowed  to  stand  in  the  air,  when  SnO  is  gradu- 
ally ppd.  as  small,  blue-black,  shining  crystals 
(Ditte,  A.  Ch.  [5]  27,  145). 

Properties  and  Reactions. — Prepared  by  any 
of  the  methods  described  above,  SnO  forms  small, 
black,  lustrous,  regular  crystals  (for  crystalline 
form  V.  Nordenskjold,  P.  114,  012).  S.G.  0-1  (N., 
I.e.) ;  6-6  at  0°  (Berzelius  ;  Ditte,  A.  Ch.  [5]  27, 
145). 

According  to  Fremy  [A.  Ch.  [3]  12,  460), 
another  modification  of  SnO  is  obtained  by  heat- 
:  ing  the  black  crystals  (prepared  by  the  first 
process  given  above)  to  258° ;  the  crystals  are 
said  to  swell  up  and  change  into  soft,  olive-green 
laininaj,  without  any  change  in  weight. 

By  evaporating  very  dilute  NH|ClAq,  hold- 
ing Sn0.xH,0  in  suspension,  until  NH^Cl  began 
to  crystallise,  Fremy  (A.  Ch.  [3]  12,  460)  obtained 
a  cinnabar-red  powder,  which  he  took  to  be  a 
third  form  of  SnO.  Roth  (A.  60,  214)  obtained 
red,  crystalline  SnO  by  digesting  SnO..TK,0,  at 
!  56°,  with  a  solution  of  Sn0.xH„0  in  acetic  acid ; 
I  the  solution  containing  a  little  free  acetic  acid, 
j  and  having  S.G.  1-06. 

For  the  S.G.  and  appearance  of  SnO  prepared 
in  various  ways  v.  also  Ditte  (I.e.). 

SnO  is  unchanged  in  air  at  ordinary  tempera- 
tures. According  to  Ditte  (.4.  Ch.  [5]  27,  145), 
SnO  that  separates  from  an  alkaline  solution  is 
unchanged  at  300°-310°  ;  when  heated  to  red- 
ness it  is  partly  decomposed  to  Sn,  and  SnO^ 
which  combines  with  unchanged  SnO  to  give 
2SnO.SnO,.  SnO  is  readily  converted  into  SnO^ 
by  heating  with  oxidising  agents ;  the  change 
is  effected  by  heating  to  500°  in  NO  (Sabatier 
a.  Senderens,  C.  R.  114,  1429).  SnO  dissolves 
in  acids  to  form  stannous  salts,  SnX,,  X  =  N03, 
|S0|,  gPOp  &c. ;  it  is  not  acted  on  by  NHjAq ; 
boiled  with  fairly  cone.  KOHAq  or  NaOHAq  it 
gives  a  solution  of  an  alkali  stannate  (M-.SnOj) 
and  tin;  heated  in  CI  forms  SnCl^  and  SnO.^; 
mixed  with  S  and  strongly  heated,  SnS,  and  SO^ 
are  produced ;  SnO  is  reduced  to  tin  by  heat- 
ing to  redness  in  H  or  with  C. 

Htdrated  stannous  OXIDE.  The  white  pp. 
formed  by  adding  an  alkali  carbonate  to  solu- 
tion of  a  stannous  salt,  washing  with  air-free 
cold  water,  and  drying  at  a  temperature  not 
above  80°,  is  said  to  have  the  composition 
2SnO.H,0  =  Sn,0(OH),.  According  to  Ditte 
(A.  C/J.  [5]  27,' 145)  the  pp.  formed  by  adding 
liOHAq  or  NaOHAq  to  SnCLAq,  washing 
thoroughly,  and  drying  in  vacuo  at  14°  is 
Sn0.2H,0(  =  SnO,H,.H,0).  Stannous  hydroxide 
is  a  yellowish  white  amorphous  ijowder.  It  is 
dehydrated,  to  SnO,  by  heating  in  CO, ;  also  by 
the  action  of  boiling  water  containing  a  little 
KOH,  or  a  trace  of  HCl,  or  acetic  acid — HN03Aq 
and  H.SO|Aq  form  stannous  salts  ;  also  by  boil- 
ing with  NHjClAq  (Ditte,  I.e.).  The  hydroxide 
is  gradually  oxidised  by  exposure  to  air  to 
SnO,.a;H,0.  Boiled  with  cone.  KOHAq  it  gives 
K.jSnOjAq  and  tin.  Many  metallic  salts  are  re- 
duced, to  lower  salts  or  to  the  metals,  by  the 
action  of  Sn0..rH,0  (for  details  of  the  interac- 
tion with  CuO  in  presence  of  alkali  v.  Lenssen, 
/.  pr.  89,  90). 

St.annic  oxide  SnO,.   (Dioxide  of  tin.)  Mol. 
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w.  unknown ;  probably  at  least  Sn,,|0.,g  (v.  Car- 
nelley  a.  Walker,  C.  J.  53,  92). 

Occurrence. — Tinstone  is  more  or  less  pure 
SnO^ ;  the  percentage  of  the  oxide  varies  from 
c.  85  to  e.  99,  the  other  constituents  are  generally 
SiOj,  and  oxides  of  Al,  Pe,  and  Mn.  Tin- 
stone crystallises  in  quadratic  forms.  Crystal- 
line SnO.,  has  been  found  in  the  fused  slag  from 
a  furnace  used  for  casting  gun-metal  (Abel,  C.  J. 
10,  119). 

Formation. — 1.  By  exposing  molten  tin  to 
the  action  of  the  air  (Emich,  M.  14,  345). — 
2.  By  heating  to  e.  600°  SnO,.KH,0  formed  by 
the  interaction  of  tin  and  HNOjAq,  or  of  alkalis 
and  stannic  salts,  or  of  alkali  stannates  and 
dilute  acids. —  3.  By  strongly  heating  SnO  or 
Sn0.a;H.,0. — 4.  By  passing  a  mixture  of  vapour 
of  SnCl4  and  steam  through  a  red-hot  tube. — 

5.  By  heating  SnCOj,  in  small  quantities,  in 
contact  with  the  air  (Vogel,  C.  C.  1855.  413).— 

6.  By  passing  a  little  CO.,  into  a  dilute  solution 
of  an  alkali  stannate  (Ditte,  A.  Ch.  [6]  30,  282). 

Preparation. — A.  Crystalline  stannic 
oxide. — 1.  Molten  tin  is  kept  in  contact  with 
the  air  until  the  surface  becomes  covered  with 
crystalline  nodules  of  SnO,  (Emich,  M.  14,  345). 
2.  A  stream  of  CO,  is  passed  through  SnClj,  and 
then  through  a  red-hot  porcelain  tube  through 
which  a  current  of  steam  is  passed  at  the  same 
time  (Daubree,  C.  R.  29,  227).— 3.  Amorphous 
SnO,  is  strongly  heated  in  a  rapid  current  of  dry 
HCl  (Deville.C.  R.  53, 161).— 4.  SnC.O,  is  strongly 
heated,  in  small  quantities  at  a  time,  in  an  open 
porcelain  or  silver  dish  (Vogel,  C.  C.  1855.  413). 

B.  Amorphous  stannic  oxide. — 3.  The 
hydrated  stannic  oxide  obtained  by  ppg.  a  stan- 
nic salt  by  an  alkali,  decomposing  an  alkali 
stannate  solution  by  dilute  acid,  or  by  treating 
tin  with  HNOjAq,  is  thoroughly  washed  and 
dried,  and  then  heated  to  c.  630°,  at  which  tem- 
perature dehydration  is  complete  (Carnelley  a. 
Walker,  C.  J.  53,  83). 

Properties. — Crystalline  stannic  oxide  is  a 
hard,  lustrous,  white  solid.  It  is  dimorphous. 
Prepared  by  heating  the  amorphous  oxide  in  HCl 
gas,  SnO,  crystallises  in  quadratic  forms  iso- 
morphous  with  tinstone  and  anatase  (TiO,) 
(Daubree,  C.  R.  29,  227) ;  prepared  by  decompo- 
sing vapour  of  SnCl,  by  steam,  it  crystallises  in 
trimetric  prisms  isomorphous  with  brookite 
(TiO,).  S.G.  of  crystalhne  SnO.,  =  6-7  to  6-85 
(Playfair  a.  Joule,  C.  J.  1,  137;  Mallet,  /.  3, 
705  ;  Bergemann,  J.  10,  661 ;  Daubree,  C.  R. 
29,  227).  The  crystals  obtained  by  long  con- 
tinued heating  molten  tin  in  air  had  S.G. 
7-0096  at  4°  (Emick,  M.  14,  345).  Crystalline 
SnO.,  is  hard  enough  to  scratch  glass.  The 
amorphous  oxide  has  S.G.  6-6  to  6'9  (P.  a.  J.,  I.e. ; 
Herapath,  P.  M.  64,  321 ;  Boullay,  A.  Ch.  [2] 
43,  266).  It  is  a  hard,  yellowish-white  powder. 
SnO.,  has  not  been  fused.  It  is  not  acted  on  by 
acids  (but  v.  Reactions,  No.  6).  Fusion  with 
KOH  or  NaOH  forms  MjSnOj  which  dissolves  in 
water.  The  product  of  fusion  with  KHSO4  dis- 
solves in  water,  but  addition  of  more  water  ppts. 
all  the  tin  as  SnO.„a;H.,0. 

Mallet  (C.  J.  35,  624)  obtained  a  compound 
SnO,.HCl,  to  which  he  gave  the  formula 
SnO. OH. CI,  and  the  name  chlor-stannic  acid, 
by  keeping  SnCL  for  a  year  or  two  in  a  loosely 
closed  bottle. 


Reactions. — 1.  Fusion  with  sulphur  produces 
SnS.,  and  SO.,. — 2.  When  strongly  heated  in 
chlorine  SnCl^  is  formed. — 3.  SnO.,  is  reduced  to 
tin  by  heating  to  a  high  temperature  in  hydro- 
gen, or  with  potassium,  sodium,  or  carbon,  or  in 
carbonic  oxide. — 4.  Fusion  with  caustic  potash  or 
caustic  soda  forms  alkaU  stannate  (M^SnOa), 
which  dissolves  in  water. — 5.  Heating  with  phos- 
phorus  trichlorideto  160°  forms  SnCl,,  SnCl^,  and 
P.,05  (Michaelis,  J.  Z.  6,  239;  7,  110).— 6.  Ac- 
cording to  Ditte  (C.  R.  104,  172),  SnO.,  dissolves 
very  slowly  in  hot  sulphuric  acid  (1  acid  to  8 
water), and  on  concentrating  till  not  more  than  3- 
or  4  vols,  water  are  present  to  1  vol.  H.,S04  crys- 
tals of  SnO,.2H,S04  separate. 

Hydeated  stannic  oxide.  Carnelley  a.  Walker 
(C  J.  53,  60,  68,  83)  examined  the  dehydrating 
action  of  heat  on  Sn0.j.it;H,0,  obtained  by  de- 
composing Na.^SnOjAq  by  cold  dilute  HClAq 
and  drying  the  pp.  in  the  air  for  five  months. 
The  pp.  lost  less  and  less  weight  for  each  in- 
I  crease  of  c.  10°  from  50°  to  c.  110°,  at  which 
temperature  rather  less  water  was  present  than 
corresponded  with  the  formula  SnO,.H,0,  the 
loss  of  weight  for  each  rise  of  10°  was  then  ap- 
proximately constant  up  to  e.  360°,  at  which 
temperature  the  composition  was  nearly  that  re- 
quired by  the  formula  3SnO._,.H,0 ;  at  a  little 
above  360°  the  solid  changed  colour  from  brown 
to  pale  yellow,  and  at  the  same  time  lost  weight 
at  a  rate  nearly  three  times  as  great  as  during 
the  previous  rise  of  100°  ;  after  changing  colour 
the  solid  had  the  composition  7SnO.,.2H.,0  ;  the 
loss  of  weight,  per  10°  increase,  then  decreased 
very  much  for  the  next  30°  or  40°,  and  after 
I  that  dehydration  continued  irregularly  until  at 
'  630°-635°  the  oxide  SnO,  remained.  From  these 
I  results,  considered  with  results  obtained  by  the 
same  method  for  other  hydrated  oxides,  C.  a.  W. 
concluded  that  probably  a  large  number  of  hy- 
i  drates  of  SnO.,  exists,  but  that  none  of  these  is 
I  stable  through  more  than  a  very  small  range  of 
j  temperature.  The  results  of  J.  van  Bemmelen  {B. 
13, 1466)  on  the  dehydration  by  heat  of  stannic 
hydrates,  obtained  by  oxidising  tin  by  HNOjAq, 
and  by  decomposing  SnCl^Aq  by  CaCOj,  and  on 
the  rehydration  of  the  products  obtained  by  heat, 
:  by  placing  them  in  air  more  or  less  saturated  with 
moisture,  at  different  temperatures,  show  that 
the  quantity  of  water  of  hydration  varies  with 
variations  in  temperature,  in  the  molecular 
states  of  the  solids,  and  in  the  moistness  of  the 
surrounding  air.  Not  only  does  the  quantity  of 
water  of  hydration  vary  with  variations  in  the 
molecular  state  of  the  hydrates,  but  the  firmness 
or  looseness  wherewith  the  water  is  held  also 
varies  much  as  the  molecular  condition  varies. 
According  to  J.  van  B.  the  loosely  held  water  is 
given  up  in  dry  air ;  and  when  the  product  is 
placed  in  moist  air  water  is  taken  up  until  a  state 
of  equilibrium  is  attained  wherein  as  many 
molecules  of  water  are  taken  up  as  are  lost  in 
the  unit  of  time. 

The  following  compositions  have  been  given 
to  different  hydrates  of  SnOj. 

I.  Hydrates  obtained  by  decomposing  soluble 
stannates  by  dilute  acids  :  (1)  3SnO,.7H.20,  by 
drying  in  a  stream  of  dry  air  (Fremy,  A.  Ch. 
[3]  12,  463) ;  (2)  SnO.,.2H.,0,  by  drying  in  the 
air  at  the  ordinary  temperature  (Weber,  P.  122, 
358) ;  (3)  SnO.,.H,0,  by  drying  in  vacuo  (Fremy, 
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I.e.)  ;  (4)  3SnO,.2H,,0,  by  dryinR  at  140°  (Fremy, 
I.e.) ;  to  these  should  probably  be  added  (5) 
7SnO„.2H„0,  by  drying  at  c.  305°  (Carnelley  a. 
Walker,  Lc). 

II.  Hydrates  obtained  bi/  oxidising  tin 
by  HNO^Aq  :  (6)  5SnO,.10H,O,  by  drying 
at  the  ordinary  temperature  (Fremy,  I.e.)  ; 
(7)  5Sn0.j.5H._,0,  by  drying  at  the  ordinary  tem- 
perature (Thomson,  Ann.  Phil.  1817.  149),  by 
drying  over  H.SO^  (Weber,  I.e.),  by  drying  in 
vaeuo,  or  at  100°  (Fremy,  I.e.) ;  (8)  5SnO.,.4H..O, 
by  drying  at  130°  (Fremy,  I.e.) ;  (9)  5SnO,.3H.,0, 
by  drying  at  160°  (Fremy,  I.e.) ;  (10)  'iSnOo.HoO, 
by  drying  at  55°  (Thomson,  I.e.). 

The  hydrates  obtained  by  decomposing  stan- 
nates  by  dilute  acids,  or  by  ppg.  stannous  salts  by 
CaCO.j  or  BaCO.,,  dift'er  in  properties  from  the 
hydrates  obtained  by  oxidising  tin  by  HNO.,Aq ; 
the  former  are  generally  distinguished  &s  stannic 
hydrates,  and  the  latter  as  metastannic  hy- 
drates. The  stannic  hydrates,  dried  in  air,  form 
bard,  semi-transpiarent  lumps,  like  gum  arable ; 
soluble  in  the  stronger  acids,  forming  stannic 
salts  SnX.„  where  X  =  NO.|,  ^SOj,  Ac. ;  soluble 
in  alkali  solutions,  forming  stannates  M'^SnO., 
(v.  Stannates,  under  Tin  oxyacids,  and  salts 

AND    DERIVATIVES  THEREOF,    illfra).  MetaStaU- 

nic  hydrates  are  white  solids  (?  crystalline) 
that  do  not  dissolve  in  HNOjAq,  or  Il,SO^Aq 
{v.  infra).  These  hydrates  interact  with  HClAq, 
and  the  product  is  soluble  in  water  but  insoluble 
in  cone.  HClAq  ;  according  to  Weber  (P.  122, 
358),  the  solution  gives  SnCl4.3SnOo.5H,_,0,  when 
evaporated  over  ILSO, ;  by  prolonged  boiling, 
with  fresh  additions  of  water,  all  the  tin  in  the 
solution  is  ppd.  as  metastannic  hydrate  (Fremy, 
A.  Ch.  [3]  12,  463;  23,  393).  Metastannic  hy- 
drates dissolve  in  KOHAqand  NaOHAq,  forming 
metastannates  MoHjjSn^Ois  {v.  Mctastannates, 
under  Tin  oxyacids,  and  salts  and  derivatives 

THEREOF,  15.  730). 

According  to  Ditte  (C.  B.  104, 172),  both  stan- 
nic and  metastannic  hydrates  dissolve  in  warm 
H.^SO.|Aq  (1  part  acid  and  8  parts  water),  and  on 
concentrating  till  not  more  than  3  to  4  vols, 
water  are  present  to  1  vol.  H..SO,  the  solution 
deposits  white  crystals  of  SnOo.2H,SO  , :  these 
crystals  are  very  deliquescent ;  they  are  decom- 
posed by  water  ;  if  so  much  water  is  added  that 
not  more  than  43  g.  H^SO^  are  present  in  1,000 
e.c.  of  the  liquid,  a  pp.  of  SnO,,.a;H^,0  is  formed. 
By  dissolving  stannic  or  metastannic  hydrate  in 
warm  H„SeO.,Aq,  and  concentrating,  D.  (I.e.)  ob- 
tained crystals  of  SnO._,.2H.,Se04. 

For  further  details  of  reactions  of  stannic 
and  metastannic  hydrates  v.  Tin  oxyacids,  and 
salts  and  deeiv.atives  theheof  {infra). 

Oxides  of  tin  other  than  stannous  and 
stannic  oxides.  Oxides  which  are  most  simply 
regarded  as  a'SnO.;/SnOo  seem  to  exist. 

According  to  Fuchs  (J.j}):  5,  318),  a  greyish- 
white,  slimy  solid,  having  the  composition 
SnO.SnO.,(  =  Sn.03),  is  obtained  by  diffusing 
freshly  ppd.  Fe.fi^.xU.fl  in  SnCI.Aq  free  from 
acid,  and  boiling 

(2SnCl,,Aq  +  i\0,  =  SnO.SnO,  +  2FeCI,Aq). 
This  oxide  is  said  to  dissolve  completely  in 
NH,Aq,  and  also  in  HClAq. 

By  digesting  SnO.,..rH„0,  ppd.  by  alkali  from 
SnCl,Aq,  with  SnClAq,  Schiff  {A.  120,  53)  ob- 
tained an  orange-yellow  solid,  to  which  he  gave 


the  composition  Sn0.6SnOo.5H.,0  ;  by  digesting 
SnO.,.KH,,0,  formed  by  oxidising  tin  with 
HNOjAq,  with  SnCL.Aq  Schiff  {I.e.)  obtained  a 
yellow  powder,  said  Dy  him  to  be  Sn0.6SnO.,.9H„0, 
or  when  dried  at  85°  to  be  Sn0.6SnO.,.4H„0  (v. 
also  Tschermak,  C.  C.  1862.  305). 

PUEPLE  OF  CASSIUS.  A  purple-coloured 
solid  is  obtained  by  adding  solution  of  a  stannous 
salt  to  dilute  AuCLjAq ;  this  solid  has  been  ex- 
amined by  many  chemists,  who  have  generally 
assigned  to  it  formube  which  represent  it  as  a 
compound  of  SnO.,,  sometimes  of  SnO.SnO.,  and 
AuO.  According  to  the  most  recent  investiga- 
tions the  composition  varies  according  to  the 
conditions  of  preparation,  and  all  that  can  be 
said  with  certainty  is  that  the  purple  solid  is  a 
compound  of  tin,  gold,  and  oxygen  (v.  Buisson, 
J.  Ph.  16,  629  ;  Bohlen,  Ar.  Ph.  57,  277 ; 
Capaun,  J.  pr.  22,  153:  Fuchs,  J.  pr.  5,  318; 
Wachter,  A.  68,  116  ;  Figuier,  Ph.  C.  1844.  724  ; 
Debray,  C.  R.  100,  1035  ;  Midler,  J.  pr.  [2]  30, 
252 ;  and,  for  a  bibliography  (to  1866),  Fischer, 
D.  P.  J.  182,  39). 

Tin  oxyacids,  and  salts  and  derivatives 
thereof.  Some  of  the  hydrates  of  SnO.,  interact 
with  alkalis  to  produce  salts  wherein  tin  forms 
part  of  the  acidic  radicle ;  compounds  are  also 
known  the  acidic  radicles  whereof  contain  tin  in 
combination  with  other  negative  elements  be- 
sides oxygen,  or  tin  in  combination  with  both 
metallic  and  nonmetallie  elements. 

The  reactions  of  the  hydrates  of  SnO,_,  ppd. 
from  solutions  of  stannates  by  dilute  cold  acids, 
or  ppd.  from  stannic  salts  by  alkalis,  are  dis- 
tinctly different  from  the  reactions  of  the  hy- 
drates of  SnOj  obtained  by  oxidising  tin  by 
HNOjAq,  or  by  ppn.  by  dilute  acids  from  solu- 
tions of  another  class  of  salts  which  have  the 
same  composition  as  stannates,  except  that  they 
always  contain  H  and  O  in  the  ratio  2H:0  in 
addition  to  the  constituents  of  stannates.  It 
is  therefore  usual  to  distinguish  the  acidic 
hydrates  of  SnO.,  as  stannie  and  metastannic 
aeids ;  to  the  former  is  given  the  composition 
H,Sn03(  =  SnO,,.H,,0),  and  to  the  latter  the 
composition  H,„SnjO,.,(  =  5SnO.,.5H._.0).  Neither 
of  these  formuliB  is  to  be  regarded  as  more  than 
an  attempt  to  connect  the  differences  in  the 
chemical  behaviour  of  two  compounds  having 
identical  percentage  compositions  (if  the  H.^O  in 
one  class  is  omitted)  with  differences  in  the 
complexities  of  their  interacting  atomic  aggre- 
gates ;  the  molecular  weight  of  neither  com- 
pound is  known.  It  is,  indeed,  doubtful  whether 
a  compound  with  the  composition  a'H,Sn0.j  can 
exist  apart  from  other  hydrates  of  the  composi- 
tion ?/SnO,_..2HoO  ;  it  is  certain  that  the  composi- 
tion of  the  hydrates  of  SnOo  varies  with  very 
small  variations  of  temperature,  by  whatever 
methods  these  hydrates  are  prepared  (v.  p.  726, 
Hydrated  stannic  oxide). 

That  the  hydrates  of  SnO„,  obtained  respec- 
tively by  ppg.  solution  of  stannates  by  dilute  acids 
and  by  oxidising  tin  by  HNOjAq,  differed  in  their 
reactions,  was  noticed  by  Berzelius  in  1811  (v. 
Lehrhueh  [5th  ed.]  2,  596).  Berzelius  regarded 
these  compounds  as  hydrates  of  two  different 
modifications  of  stannic  oxide ;  he  called  the 
oxide  supposed  to  be  a  constituent  of  the  hydrates 
obtained  by  ppg.  solutions  of  stannates  stannic 
oxide,  and  designated  it  as  aSnO^;  the  other 
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oxide  he  called  metastannic  oxide,  and  desig- 
nated it  as  feSnO™.    Gmelin  called  the  hydrate 
from  stannates  ordbmry  stannic  acid,  and  the 
other  hydrate  abnormal  starmic  acid. 
Stannic  acid  H^SnO,. 

Preparation. — By  adding  cold  dilute  HClAq 
to  an  aqueous  solution  of  KjSnO,,  prepared  by 
fusing  SnOj  with  KOH,  or  by  heating  tin  with 
KOH  and  KNO3  (v.  Potassium  stannate,  p.  730), 
a  gelatinous  pp.  is  obtained  which,  when  washed 
and  dried  in  vacuo,  has  the  composition 
SnOj-Hp  =  tt,Sn0.j  (Fremy,  A.  Ch.  [3]  12,  463). 
The  same  hydrate  is  formed,  according  to  F. 
(I.e.),  by  adding  CaCOj  or  BaCOj  to  excess  of 
SnCljAq,  washing,  and  drying  in  vacuo.  (For 
details  regarding  the  results  obtained  by  dif- 
ferent chemists  who  have  examined  the  com- 
positions of  the  stannic  hydrates,  v.  Hydhated 
STANNIC  OXIDE,  p.  726).  Graham  {T.  1861.  213) 
obtained  colloidal  stannic  acid  (no  analyses  are 
given)  by  dissolving  SnO.,.a;H20  ppd.  from  a 
stannic  salt  (?  by  alkali  from  SnCljAq)  in 
SnCUAq,  and  dialysing  until  all  the  CI  had 
passed  into  the  dialysate.  Colloidal  forms  of 
stannic  acid  are  also  obtained  (1)  by  dialysing  a 
solution  of  the  ppd.  acid  in  HClAq  or  in  an 
alkali ;  (2)  by  the  action  of  COj,  or  of  air,  on  an 
alkaline  solution  of  the  ppd.  acid  (J.  van  Bem- 
melen,  R.  T.  C.  7,  87  ;  abstract  in  C.  J.  64, 
1160  [1888] ;  the  results  of  experiments  on  the 
dehydration  of  the  colloidal  acid  are  given). 

Properties  artd  Reactions. — A  gelatinous, 
amorphous  solid,  drying  (in  air  or  in  vacuo)  to 
hard,  semi-transparent  lumps,  like  gum-arabic. 
Eeddens  litmus  paper.  Vignon  (G.  R.  108, 1049) 
found  that  the  heat  of  neutralisation,  by  KOHAq, 
of  stannic  acid  formed  by  ppg.  SnCl^Aq  by 
KOHAq,  decreased  when  the  ppd.  acid  was 
kept  in  contact  with  water  for  some  days,  and 
decreased  more  rapidly  when  the  acid  was  heated 
with  water  in  a  sealed  tube  for  some  hours. 
J.  van  Bemmelen  [J.  pr.  [2]  23,  324)  found  that 
when  stannic  acid  is  shaken  with  solutions  of 
HCl,  or  H.,S04,  or  with  solutions  of  certain  salts, 
such  as  KCl  or  K^SOj,  a  definite  number  of 
molecules  of  the  acid  or  salt  is  taken  up  by  the 
stannic  acid  so  as  to  form  a  loose  combination 
therevrith ;  and  that  the  number  of  molecules 
thus  absorbed  varies  with  the  proportion  be- 
tween the  quantities  of  stannic  acid  and  the 
acid  or  salt  in  the  solution  used,  and  also  with 
the  concentration  of  the  solution  used.  The  loose 
compounds  thus  formed  are  called  absorption- 
co^npounds  by  J.  van  B.  Dissolves  in  the  stronger 
acids  (HNO„  HjSO^,  HCl,  &c.).  According  to 
Ditte  (G.R.  104, 172),  when  a  solution  of  stannic 
acid  in  warm  HjSO^Aq  (1  part  acid  to  8  parts 
water)  is  evaporated  until  not  more  than  3  to  4 
vols,  water  are  present  to  1  vol.  H^SOj,  and 
allowed  to  cool,  it  yields  white  deliquescent  crys- 
tals of  SnO.,.2H.,S04 ;  and  a  solution  of  stannic  acid 
in  warm  HjSeO^Aq  yields  a  similar  crystalline 
compound  SnO,,.2H.,Se04.  Dissolves  in  excess 
of  caustic  alkali  solutions,  forming  stannates 
(q.  V.  p.  730)  MjSnOs.  According  to  J.  van.  B. 
(I.e.)  colloidal  stannic  acid  does  not  form  any 
compound  when  shaken  with  dilute  cold  KOHAq, 
but  only  complex  molecular  aggregates,  the  com- 
position of  which  varies  considerably  with 
temperature  and  concentration.  Stannic  acid, 
dried  at  the  ordinary  temperature  by  i^ressure,  is 


gradually  changed  to  metastannic  acid  by  heat ; 
the  change  begins  at  c.  (J.  van  B.,  I.e.;  v. 
also  infra,  Cluinge  of  stannic  to  metastannic 
acid,  and  vice  versd).  For  other  reactions  of 
stannic  acid  v.  infra.  Distinctions  between 
stannic  and  metastannic  acids. 

Metastannic  acid  HmSnjOis. 

Preparation. — Tin,  in  thin  pieces  or  granu- 
lated, is  heated  with  HNOjAq,  S.G.  c.  1"35,  until 
the  metal  is  converted  into  a  greyish- white  powder, 
which  is  washed  with  dilute  HNOjAq,  and  then 
with  water,  and  dried.  The  solid  is  said  to  have 
the  composition  Hi^ShjOij  ( =  SSnOj.SH^O)  when 
dried  in  vacuo  (Fremy,  A.  Ch.  [3]  12, 463),  when 
dried  over  H^SO^  (Weber,  P.  122,  358),  or  when 
dried  at  the  ordinary  temperature  (Thomson, 
Ami.  Phil.  1817.  149).  For  details  of  the  re- 
sults obtained  by  different  chemists  who  have 
examined  the  compositions  of  the  metastannic 
hydrates  v.  Hydkated  stannic  oxide  (p.  726)  ; 
V.  also  J.  van  Bemmelen,  R.  T.  C.  7,  87  (abstract 
in  C.  J.  54, 1160  [1888]).  It  should  be  noted  that 
the  empirical  formula  assigned  to  metastannic 
acid  dried  in  vacuo  (Fremy),  or  dried  over 
H2SO4  (Weber),  is  the  same  as  that  assigned  to 
stannic  acid  dried  in  vacuo  (Fremy) ;  this  for- 
mula is  SnOj.HoO.  The  different  reactions  of 
the  two  compounds  show  that  if  both  have  the 
same  empirical  formula  one  must  be  an  iso- 
meride  or  a  polymeride  of  the  other.  Metastannic 
acid  is^  also  obtained  by  decomposing  an  aque- 
ous solution  of  the  sodium  salt  (v.  p.  730, 
Metastannates)  by  boiling.  Graham  (T.  1861. 
213)  obtained  colloidal  metastannic  acid  by  add- 
ing a  little  HClAq  to  the  acid  obtained  by  the 
action  of  HNOjAq  on  tin,  dissolving  the  solid  so 
formed  in  water,  and  dialysing.  Vignon  (G.  R. 
108,  1049)  found  that  the  heat  of  neutralisation 
of  metastannic  acid  by  KOHAq  decreased  when 
the  acid  was  dried  at  110°,  and  decreased  very 
considerably  when  the  acid  was  heated  with 
water,  for  some  hours,  at  250°  in  a  sealed  tube. 

Properties  and  Reactions. — A  white  powder. 
Insol.  in  nitric  acid.  Contact  with  cone.  HClAq 
for  a  short  time  produces  a  compound  (accord- 
ing to  J.  van  Bemmelen,  R.  T.  C.l,  87  ;  abstract 
in  C.  J.  54,  1160  [1888],  no  definite  compound 
is  formed,  but  only  complex  molecular  aggregates 
of  metastannic  acid  and  HCl)  which  dissolves 
in  water,  but  is  insol.  in  HClAq.  According  to 
Barfoed  (J.  pr.  101,  368),  the  compound  with 
HCl  is  quite  insol.  in  HClAq  S.G.  I'l,  and  may 
be  purified  by  washing  with  acid  of  that  concen- 
tration. The  solution  of  this  substance  in  water 
gives  off  HCl  and  H^,  with  a  very  little  SnClj, 
when  distilled  ;  and  metastannic  acid  separates 
out  (Fremy,  A.  Ch.  [3]  12,  463  ;  23,  393  ;  H. 
Eose,  A.  68,  272).  Evaporation  of  the  aqueous 
solution  over  H.iSOj  is  said  to  give  an  oxychloride 
3Sn02.SnClj.5H,0  (Weber,  P.  123,  358).  Meta- 
stannic hydrate  dissolves  in  cone.  HClAq 
after  prolonged  boiling,  forming  SnCl,  solution 
(Lowenthal,  J.  pr.  77,  321).  Barfoed  (I.e.)  says 
that  cone.  HCIAq  gradually  converts  recently 
ppd.  and  moist  metastannic  acid  into  stannic 
acid,  and  that  the  quantity  of  metastannic  acid 
thus  changed  increases  with  the  quantity  of 
cone.  HClAq,  the  time  of  contact,  and  the  tem- 
perature. J.  van  Bemmelen  (J.  pr.  [2]  23,  324) 
found  that  metastannic  acid  forms  absorption 
compounds  with  HCl,  H„S0j,  KCl,  K.SO^,  &c. 
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{cf.  Stannic  acid,  Properties,  p.  728).  For 
other  reactions  of  the  solution  in  water  of  the 
product  of  the  action  of  HClAq  on  metastannic 
acid  V.  infra,  Distinctions  between  stannic  and 
victastannic  acids.  According  to  Ditte  (C.  B. 
104,  172),  metastannic  acid  dissolves  in  warm 
H.SO^Aq  (1  pt.  acid  to  8  pts.  water),  forming  a 
solution  which  gives  crystals  of  SnO.^.SH^SO, 
when  evaporated  until  not  more  than  3  to  4 
vols,  water  are  present  for  one  vol.  H,,SO., ;  the 
crystals  are  decomposed  by  water,  with  ppn. 
of  SnOo.xHjO  ('?  metastannic  hydrate),  when  suffi- 
cient water  is  added  to  insure  that  not  more  than 
43  g.  H2SO4  are  present  in  1,000  c.c.  of  the  liquid. 
A  similar  compound  was  obtained  with  selenic 
acid,  viz.  Sn02.2H,SeO^  (D.,  I.e.).  Allen  (C.  /. 
25,  274)  found  that  metastannic  acid  dissolved 
inboilingconc.  H^SO^,  forming  Sn(SO,)., solution ; 
by  pouring  this  solution  into  water  some  of  the 
tin  was  ppd.,  after  a  time,  as  stannic  acid,  but 
on  boiling  the  whole  of  the  tin  came  down  as 
metastannic  acid.  Metastannic  acid  is  said  to 
dissolve  slowly  in  fairly  dilute  cold  KOHAq  or 
NaOHAq  ;  addition  of  cone.  KOHAq  or  NaOHAq 
is  said  to  ppt.  K  or  Na  metastannate  ;  when  the 
solution  in  KOHAq  or  NaOHAq  stands  in  the 
air  metastannic  acid  gradually  deposits.  Ac- 
cording to  J.  vanBemmelen  (Z.c),  colloidal  meta- 
stannic acid  does  not  form  any  definite  com- 
pound with  KOH  when  shaken  with  KOHAq  of 
different  concentrations.  By  fusing  metastan- 
nic acid  with  KHSO,  or  NaHSO^,  Allen  (C.  J. 
25,  274)  obtained  a  product  which  dissolved  par- 
tially in  water ;  the  aqueous  solution  gave  a  pp. 
of  metastannic  acid  on  boiling. 

Distinctions  between  stannic  and  metastan- 
nic acids  {v.  Fremy,  A.  Ch.  [3]  12,  462;  23, 
393;  H.  Kose,  P.  75,  1;  105,  561;  Lowenthal, 
J.pr.  77,  321 ;  Barfoed,  J.pr.  101,  368;  J.  van 
Bemmelen,  R.  T.  C.  1,  87 ;  abstract  in  C.  J.  54, 
1160  [1888]). — Stannic  acid  is  soluble  in  dilute 
HN03Aq,  H,SO,,Aq,  or  HClAq  ;  metastannic  acid 
is  insol.in  these  acids.  Cold  cone.  HClAq  dissolves 
stannic  acid,  and  the  solution  gives  the  reactions 
of  SnCl, ;  cold  cone.  HClAq  forms  a  compound 
(?  molecular  aggregates)  with  metastannic  acid, 
which  is  insol.  HClAq  of  S.G.  I'l,  or  greater 
S.G.,  but  dissolves  in  cold  water. 

The  following  reactions  apply  to  solutions  of 
stannic  acid  in  HClAq  on  the  one  hand,  and  to 
solutions  in  water  of  the  substance  formed  by 
the  action  of  HClAq  on  metastannic  acid  on 
the  other  hand.  Stannic  acid  solution,  if  cone, 
does  not  become  turbid  on  boiling ;  long  con- 
tinued boiling,  with  additions  of  water,  ppts.  all 
the  acid.  Metastannic  acid  solution,  even  when 
■cone,  goes  turbid  on  boiling ;  long-continued 
boiling,  accompanied  by  dilution,  ppts.  all  the 
acid.  Stannic  acid  solution,  when  distilled,  gives 
off  H.O,  with  a  little  HCl  and  SnCl, ;  and  a 
little  stannic  acid  separates.  According  to  Bar- 
foed (J.  pr.  101,  368),  when  a  solution  of  stannic 
acid  in  HClAq  S.G.  1-1  is  distilled,  the  whole  of 
the  tin  passes  over  as  SnClj.  Metastannic  acid 
solution,  when  distilled,  gives  ofi  H.^,  with  some 
HCl  and  a  very  little  SnClj,  and  the  meta-  acid 
separates  in  the  retort.  Addition  of  tartaric  acid 
to  the  stannic  solution,  followed  by  gradual  ad- 
dition of  NHjAq,  excess  of  NHjAq  being  avoided, 
produces  no  pp.  Treatment  of  the  metastannic 
solution  with  tartaric  acid  and  NHjAq  (not  in 


excess)  ppts.  the  meta-  acid.  SnCLAq  gives  no 
pp.  with  the  stannic  solution  ;  SnCLAq  gives  a 
yellowish  pp.  (?  Sn0.6SnO,,.9H,0)  with  the  meta- 
stannic solution.  Addition  of  dilute  HjSO.Aq 
to  the  stannic  solution  produces  no  pp.,  unless 
the  stannic  solution  is  very  much  diluted.  Dilute 
H,,SO,|Aq  produces  a  pp.  even  in  very  dilute 
metastannic  solution  ;  by  washing  this  pp.  with 
hot  water,  metastannic  acid  remains  (cf.  Ditte's 
experiments  are  described  under  both  Stannic 
ACID  and  Metastannic  acid,  pp.  728,  729).  The 
stannic  solution  is  not  ppd.  by  cone.  HClAq. 
The  metastannic  solution,  if  nearly  neutral,  is 
ppd.  by  cone.  HClAq.  Addition  of  K,FeCy,,Aq 
to  the  stannic  solution,  in  the  ratio  KjFeCy^:Sn 
present,  ppts.  all  the  tin  as  SnFeCy,,,.  To 
ppt.  all  the  tin  from  the  metastannic  solution, 
the  K|FeCy,,Aq  must  be  added  in  c.  the  ratio 
lUK^FeCy^iSn  present ;  the  pp.  is  not  SnFeCy^, 
it  is  said  by  some  observers  to  be  metastannic 
acid  ;  J.  van  B.  [I.e.)  calls  it  an  absorption  com- 
pound of  metastannic  acid  and  K^FeCy.^.  The 
stannic  solution  gives  no  pp.  with  excess  of  fairly 
cone.  NaOHAq.  The  metastannic  solution  is 
completely  ppd.,  as  sodium  metastannate,  by  ex- 

!  cess  of  fairly  cone.  NaOHAq. 

j  Clmnge  of  stannic  to  metastannic  acid  and 
vice  versd.  A  solution  of  stannic  acid  in  HClAq 
gradually  changes  to  metastannic  acid ;  the 
change  is  the  more  rapid  and  complete  the  more 
dilute  the  solution  (H.  Eose,  I.e.;  Barfoed,  I.e.) ; 
by  boiling  for  some  time  with  repeated  additions 
of  water  the  whole  of  the  stannic  acid  may  be 
converted  into  metastannic  acid.  A  very  cone, 
solution  of  stannic  acid  in  HClAq  remains  un- 
changed (cf.  reaction  of  meta-  acid  with  cone. 
HClAq,  infra).  According  to  Lowenthal  (I.e.), 
the  change  from  stannic  to  metastannic  acid  is 

i  stopped  by  addition  of  tartaric  acid,  even  when 

j  the  solution  of  stannic  acid  in  HClAq  is  dilute ; 

j  the  amount  of  change  to  the  meta-  acid  may  be 
determined  (accorduig  to  L.,  I.e.)  by  finding  the 
quantity  of  IVjFeCy,jAq  required  to  completely 
ppt.  the  tin  in  solution.  Barfoed  (I.e.)  says  the 
best  way  to  measure  the  amount  of  change  is  to 
add  excess  of  fairly  cone.  NaOHAq,  which  ppts. 
all  the  meta-  acid  (as  a  sodium  salt)  but  none  of 
the  stannic  acid. 

Stannic  acid  is  converted  into  the  meta-  acid 
by  heat  (H.  Kose,  I.e.).  J.  van  Bemmelen  (I.e.) 
found  that  stannic  acid  dried  by  pressure  at  the 
ordinary  temperature  is  completely  soluble  in 
cone.  HClAq,  but  that  by  heating  to  c.  55°,  or  by 
heating  with  water  to  below  100°,  some  meta- 
stannic acid  is  formed  which  is  insoluble  in  cone. 
HClAq. 

A  solution  of  stannic  acid  in  excess  of 
KOHAq  gradually  deposits  metastannate  of  K 
on  exposure  to  air,  with  formation  of  KoCO^Aq. 

Metastannic  acid  is  gradually  changed  to 
stannic  acid,  according  to  Barfoed  (I.e.),  by  con- 
tact with  cone.  HClAq  ;  the  quantity  of  stannic 
acid  produced  increases  with  the  quantity  of 
HClAq  used,  the  time  of  contact,  and  the  tem- 
,  perature. 

!  Stannic  acid  is  said  to  be  obtained  from  the 
meta-  acid  by  fusing  the  latter  with  a  large  excess 
of  KOH,  dissolving  in  water,  and  ppg.  by  cold 
dilute  HClAq  (H.  Rose,  I.e. ;  Fremy,  I.e.). 

OxYACiDS  OF  Tin  other  than  Stannic  and 
Metastannic.    (1)  H,Sn,0,.    Spring  (Bl.  [3]  1, 
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180)  obtained  a  colloidal  solid,  drying  at  100° 
to  a  white  mass  with  the  composition  H^Sn.^O,, 
by  adding  excess  of  BaO^.ccHoO  to  a  solution  of 
SnCl._,  in  HClAq,  and  dialysing  the  turbid  liquid 
until  BaCL  ceased  to  pass  into  the  dialysate.  S. 
regarded  the  new  compound  as  an  acid  of  the 
hypothetical  perstannic  oxide  Sn0.j,  analogous 
to  CeOj,  TiO,,  and  (?)  ZnO^.  (2)  H^Sn^O^  and 
HgSnjO;,.  The  empirical  formula  of  both  these 
hydrates  of  stannic  oxide  is  SnO,.HoO.  Accord- 
ing to  Musculus  (C  B.  65,  961),  the  hydrates 
differ  somewhat  in  properties  both  from  stannic 
and  metastannic  acids ;  they  are  said  to  be 
formed  by  keeping  stannic  acid  under  water, 
and  to  form  K  salts,  KHjSn.O,  and  KH.SnjO,. 

Stannates,  Mi,SnO,,  and  M^SnOj.  The 
alkali  stannates  are  obtained  by  dissolving  stan- 
nic acid  in  MOHAq  (M  =  NHj,  K,  or  Na),  and 
evaporating  over  H0SO4 ;  the  stannates  of  the 
alkaline  earth  metals  may  be  obtained  by  the 
interactions  of  solutions  of  the  alkali  stannates 
with  M0,,H2  or  MCO3  (M  =  Ba,  Ca,  Sr). 

Ammonium  stannate.  A  salt,  said  to  have 
the  composition  (NHj).,SnO:j.SnOj.a-H,0,  is  ob- 
tained, as  a  yellowish  jelly,  by  evaporating  a  j 
solution  of  stannic  acid  in  NHjAq  over  HoSO^ 
(Moberg,  J.  pr.  28,  230).  When  K^SnOjAq  is 
added  to  NH^ClAq,  stannic  acid  is  ppd.  accord- 
ing to  Ditte  (C.  B.  96,  701). 

Barium  stannate.  The  normal  salt 
BaSnOj.OHoO  is  said  to  be  obtained  by  adding 
BaCloAq  to  KoSnOjAq  ;  it  is  described  as  a  heavy, 
white  powder  (Moberg,  Z.c).  By  adding  K^SnOjAq  j 
to  excess  of  BaCLAq,  Ditte  {I.e.)  obtained  a  basic 
salt  BaSnOj.BaO.lOHoO  as  lustrous  leaflets. 

Calcium  stannate.  Ditte  (I.e.)  obtained  the 
normal  salt  CaSn03.5H,,0,  in  white  crystals,  by 
adding  K^SnOjAq  to  excess  of  CaCLAq,  washing, 
and  drying  at  100°.  By  heating  for  some  hours 
a  mixture  of  stannic  acid  and  CaCL.Aq,  with  a 
little  CaO,  D.  obtained  CaSnOj  in  regular  crys- 
tals. 

Potassium  stannate  ICSnOj.aH.O.  Pre- 
pared by  dissolving  stannic  acid  in  KOHAq,  or 
by  fusing  SnO.,  or  metastannic  acid  with  excess 
of  KOH  for  some  time  and  dissolving  in  water, 
and  evaporating  over  HoSOj  ;  transparent, 
rhombic  prisms ;  crystallising  with  4H.,0  (Fremy, 
A.  Ch.  [3]  23,  393),  with  3H.,0  (Moberg,  I.e.). 
Marignac  (Aim.  M.  [3]  15,  277)  obtained  the  salt, 
in  rhombohedral  crystals,  by  gradually  heating 
3  pts.  metastannic  acid  with  8  pts.  KOH  till  the 
mixture  boiled,  allowing  to  cool,  dissolving  in 
■water,  filtering,  and  evaporating.  Ordway  {Am. 
S.  [2]  40,  173)  prepared  the  pure  salt  by  adding  ! 
an  equal  volume  of  absolute  alcohol  to  a  solution 
of  the  commercial  salt  {v.  infra),  repeatedly  treat- 
ing the  syrupy  layer  that  separated  with  alcohol, 
drying  the  pasty  mass  so  obtained  by  pressure, 
dissolving  in  water,  evaporating  in  vacuo,  and 
washing  the  crystals  with  alcohol.  K  stannate 
dissolves  easily  in  water ;  O.  {I.e.)  gives  S.  at 
10°  =  106-6,  and  at  20°=  110-5;  solution  reacts 
alkahne.  Insoluble  in  alcohol.  By  adding  a 
dilute  acid  solution  sufficient  to  neutralise  ji  of 
the  alkali,  a  white  flocculent  pp.  of  K  meta- 
stannate  is  said  to  be  produced  (0.,  I.e.) ;  excess 
of  cold  dilute  acid  ppts.  stannic  acid. 
K2SnO,,.!rH,,0  is  dehydrated  at  a  red  heat. 

Commercial  stannate  of  potash  solution  ispre- 
pared  (1)  by  fusing  tinstone  with  K^S,  KOH,  or 


KNO3  and  dissolving  in  water ;  (2)  by  boiling 
tinstone  with  KOHAq;  (3)  by  fusing  tin  with 
KNO3  and  K.,C03,  or  boiling  the  metal  with 
KOHAq  conta'ining  KNO3  and  KCl  {v.  Haeffely, 
D.  P.  J.  144,  66;  Vaughan,  B.  5,  396;  and 

DiCTIONABY  OF  APPLIED  CHEMISTRY,  VOl.  ill.  pp. 

843-4). 

Sodium  stannate  NajSnOj.aH.p.  Prepared 
similarly  to  the  K  salt.  Crystallises  in  hexa- 
gonal plates  with  3H,0  (M.,  I.e. ;  0.,  I.e.).  Ma- 
rignac (I.e.)  obtained  rhombohedral  crystals. 
Jonas  (C.  C.  1865.  607)  obtained  rhombic  crys- 
tals of  Na,,Sn03.9H.jO  by  recrystallising  the  com- 
mercial salt.  Haeffely  (D.  P.  J.  144,  66)  obtained 
crystals  of  Na2Sn03.3H„0  by  heating  an  aqueous 
solution  of  S.G.  1-3  ;  on  allowing  to  cool  again 
the  crystals  dissolved,  the  S.G.  became  1-35,  and 
after  a  time  crystals  of  Na„Sn03.8H,0  were 
deposited.  Scheurer-Kestner  {Bl.  [2]  8,  839)  ob- 
tained crystals  of  the  composition  NaoSnOj.lOH^O 
by  evaporating  a  dilute  solution  of  the  ordinary 
salt,  free  from  excess  of  NaOH,  at  a  low  tem- 
perature. Na2Sn03.3H20  is  more  soluble  in  cold 
than  in  hot  water  ;  0.  {I.e.)  gives  S.  at  0°  =  67-4, 
and  at  20°  =  61-3.  Insoluble  in  alcohol.  Ac- 
cording to  H.  {I.e.),  an  aqueous  solution  of  the 
octohydrate  gives  a  crystalline  pp.  of  Na  meta- 
stannate  when  heated,  or  when  left  at  the 
ordinary  temperature  for  some  weeks.  Com- 
mercial stannate  of  soda  sohdion  is  prepared 
similarly  to  the  solution  of  the  potash  salt  (v. 
supra). 

Strontium  stannate.    A  basic  salt 
2SrSnO3.SrO.10H,O,   was    obtained    by  Ditte 
(C.  B.  96,  701),  in  lustrous  octahedra,  by  adding 
KjSnOgAq  to  excess  of  SrCl^Aq. 

Metastannates.  Only  alkali  metastannates 
have  been  prepared.  The  empirical  formula  of 
these  salts  is  M,0.5Sn02.4H.,0  ;  as  they  are  de- 
composed by  removing  water,  the  formula  is 
generally  written  as  MoHgSn^Oij  (c/.  Metastan- 
nic ACID,  p.  728).  Metastannic  acid  dissolves 
slowly  in  KOHAq  or  NaOHAq  ;  on  adding  cone. 
MOHAq  the  salts  are  ppd.  The  salts  are  better 
obtained  by  adding  cone.  MOHAq  to  a  solution 
in  water  of  the  substance  obtained  by  the  inter- 
action of  metastannic  acid  and  cone.  HClAq 
(Barfoed, /.  pr.  101,  368).  Dilute  acid  solutions 
ppt.  metastannic  acid  from  solutions  of  meta- 
stannates. Metastannates  heated  with  excess 
of  MOH  give  stannates.  For  more  details  re- 
garding M^HgSnjOis  (M  =  K  or  Na)  v.  Fremy  (A. 
Ch.  [3]  23,'393) ;  Weber  (P.  122,  358) ;  Haeffely 
(D.  P.  J.  144,  66). 

AESENIO-STANNATES.  A  compound 
Na.,0.2As„05.6SnO.,.6H.,0  was  obtained  by 
Haeffely  {D.  P.  J.  140,  290)  by  adding  excess  of 
HN03Aq  to  a  boiling  solution  of  Na^SnOj  and 
Na3As04,  and  treating  the  gelatinous  pp.  with 
excess  of  NaOHAq. 

OXALO-STANNATES.  The  compound 
2KHC.,Oj.SnO.,.5H.,0  was  obtained,  in  lustrous 
leaflets,  by  Pechard  (C.  B.  116,  1513)  by  dis- 
solving stannic  acid  in  hot  KHC204Aq  and 
allowing  to  cool. 

PLATINO-STANNATES.  Compounds  of 
SnO  and  SnO.  with  PtO.,  derived  from  the  acids 
HaSn^PtjOe  and  H.^SnaPtoO,  {v.  Platino-stan- 
NATES,  this  vol.  p.  285). 

PLATINO-SELENO-STANNATES  v.  thia 
vol.  p.  285. 
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SILICO-STANNATES.  Bourgeois  (Bl.  [2]  47, 
397)  obtained  the  salt  CaO.SiO.,.BnO._.  in  mono- 
clinic,  lustrous  crystals,  by  fusing  SiO,,  and 
Sn02  with  excess  of  CaCL,  and  extracting  with 
water. 

In  connection  with  stannic  and  metastannic 
acids  and  their  derivatives,  v.  Chlor-stamiic 
acid,  under  Stannous  chloeidb  (p.  721)  ;  Tin, 

OXIDES  AND  HYDEATED    OXIDES   OF  (p.   725)  ;  and 

Tin,  thio-acids  and  salts  of  (p.  735). 

Tin,  oxybromides  of.  By  adding  pieces  of 
tin  to  the  mother-liquor  from  BaSnBr^  (v. 
Stannibromides,  under  Stannic  beomide,p.  720). 
Kayman  a.  Preis  (A.  223,  323)  obtained  colour- 
less, prismatic  crystals  to  which  they  gave  the 
formula  Sn30Brs.i2H,p  ;  and  from  the  mother- 
liquor  from  this  compound  fine,  colourless 
needles  of  Sn^O^Brjj.lOH.^O  separated  after  a 
time. 

Tin,  oxychlorides  of.  According  to  Ditte 
{A.  Ch.  [5]  27,  145),  when  Sn0.a;H.,0,  obtained 
by  ppg.  a  stannous  salt  by  NHjAq,  is  boiled  with 
water  containing  a  trace  of  SnCL,  a  gelatinous 
oxychloride  is  obtained  having  the  composition 
Sn,0Cl,.6H,0  ( =  SnO.SnCU.6H,,0) ;  and  when 
this  compound  is  boiled  with  a  little  more  dilute 
SnCLAq  another  oxychloride,  Sn-OjClj.GH.O 
(  =  3Sn0.2SnCl,.6H,0)  is  formed  in  small, 
white,  pearly  tablets. 

The  oxychloride  SnOCL  is  obtained,  accord- 
ing to  Scheurer-Kestner  {A.  Ch.  [3]  47,  1),  by 
evaporating  SnCljAq  at  50°  to  60° ;  also  by 
heating  100  pts.  SnCl.,.2H,0,  dissolved  in  .50pts. 
water,  with  HNOjAq  containing  16  pts  N;,0-. 

An  oxychloride  is  also  formed  by  treating 
metastannic  acid  with  cone.  HClAq,  pouring  off 
the  excess  of  acid,  dissolving  in  water,  and 
evaporating  over  H.^SOj  and  CaO  ;  to  this 
oxychloride,  which  is  an  amorphous,  white 
solid,  Weber  (P.  122,  358)  gave  the  formula 
Sn^OgCl^.SHjO  ( =  3SnO,.SnC1^.5H,,0).  Tscher- 
mak  (W.  A.  B.  44,  2)  obtained  a  crystalline  oxy- 
chloride Sn„0,Cln  (  =  4SnO,,.3SnCl4.SnCL)  by 
dissolving  moist  metastannic  acid  in  hot  cone. 
SnCl^Aq  containing  HCl. 

Mallet  (C.  J.  35,  524)  obtained  a  semi-trans- 
parent, jelly-like  solid  from  SnCl.Aq  which  had 
been  kept  in  a  loosely-stoppered  bottle  for  a  year 
or  two ;  to  this  solid  he  gave  the  formula 
Sn02.HCl(  =  SnO.OH.Cl). 

Tin,  oxyfluoride  of.  When  SnF.,  is  heated  in 
air  it  is  said  to  form  the  oxyfluoride  SnOF., 
(  =  SnO,.SnF,)  (Fremy,  A.  Ch.  [3]  47,  37; 
Marignac,  Ann.  M.  [5]  15,  221). 

Tin,  oxyiodides  of.  According  to  Personne 
(C.fJ.  54,  216),  various  oxyiodides  are  formed 
by  decomposing  Snl^  by  much  water ;  P. 
analysed  four  compounds,  to  which  he  assigned 
the  compositions  SujOJo  (  =  2SnO.SnI..),  Sn,OI, 
(=SnO.SnL),  Sn^OI^  ("='Sn0.2SnL),  aid  Sn.'OI,' 
(  =  Sn0.3SnL). 

Tin,  phosphides  of.  By  heating  finely 
divided  tin  in  vapour  of  P,  Schriitter  (W.  A.  B. 
1849.  301)  obtained  a  silver-white,  brittle  solid 
to  which  he  gave  the  formula  SnP ;  S.G.  6-56  ; 
easily  acted  on  by  HClAq,  but  not  by  HNOjAq. 
Other  crystalline  solids  have  been  obtained  by 
heating  tin  and  P  together,  but  their  composi- 
tions are  not  determined  with  certainty  (v. 
Pelletier,  S.  55,  106  ;  Berthier,  A.  Ch.  [2]  33, 
180 ;  H.  Eose,  P.  24,  326 ;  Liipke,  C.  C.  1890 


[ii.]  643).  Natanson  a.  Vortmann  (JS.  9,  1459) 
obtained  a  phosphide  of  tin  by  heating  glacial 
phosphoric  acid  with  C  and  tin  ;  HClAq  gave  off 
PH.,  and  left  SnP. 

Tin,  salts  of.  Tin  forms  two  classes  of 
salts  by  replacing  the  H  of  acids  ;  the  stannous 
salts  SnX.„  and  the  stannic  salts  SnX^  (X  =  CIO, 
NO3,  iCO;,  iSO,,  iP^O,  &c.).  The  chief  salts  of 
oxyacids  are  the  following:  (1)  Stannous 
salts:  antinionate,  arsenate,  borate,  carbonate, 
chlorate,  chromate,  iodatc,  nitrate,  phosphates, 
phosphite,  sulphates,  sulphite.  (2)  Stannic 
salts:  antimonate,  arsenate,  bromate,  chlorate, 
iodate,  molybdate,  nitrate,  phosphates,  phosphite, 
selenate,  selenite,  sulphates,  and  tungstates  (v. 
Niteates,  Sulphates,  &c.). 

Tin,  selenides  of.  Tin  and  Se  form  two- 
compounds,  SnSe  and  SnSe.^.  The  former  can 
be  prepared  by  the  direct  union  of  the  elements; 
the  latter  does  not  seem  to  be  obtained  by  this 
method.  Both  selenides  dissolve  in  alkali 
solutions,  and  in  solutions  of  alkali  sulphides. 

Stannous  selenide  SnSe.  {Tin  mono- 
selenide  or  protoselenidc.)  Mol.  w.  unknown. 
Obtained  by  melting  together  Se  and  tin  (Ber- 
zelius  ;  Welsmann,  A.  116, 122).  With  excess  of 
Se  the  disulphide  SnSe.^  was  said  to  be  formed 
(Little,  A.  112,  213),  but  this  was  probably  a 
mistake  (Schneider,  P.  127,  624).  Also  formed 
by  adding  powdered  Se  to  molten  SnCl,,,  heating 
till  SnClj  is  volatilised,  and  allowing  to  cool, 
when  SnSe  crystallises ;  excess  of  SnCl,^  is 
removed  by  washing  with  dilute  HClAq  (Schnei- 
der, I.e.).  Steel-grey,  lustrous  prisms;  probably 
isomorphous  with  SnS  ;  S.G.  5-24  at  15°  (S.,  I.e.). 
Also  obtained,  as  a  black  powder,  by  passing 
H,,Seinto  SnCl.,Aq,  washing,  and  drying  at  100°. 
SnSe  prepared  by  ppn.  is  soluble  in  alkali  solu- 
tion ;  the  crystals  prepared  by  heating  Se  with 
SnCl._,  are  insoluble,  even  in  boiling  alkali  solu- 
tions. Both  crystalline  and  amorphous  SnSe 
are  soluble  in  solutions  of  alkali  sulphides  or 
selenides.  SnSe  is  insoluble  in  HClAq  ;  oxidised 
by  HNO-jAq  to  SnO,..TH,0,  H.SeO,,  and  H.SeO^. 
Heated  with  I,  forms  Snij  and  SnSe,^ ;  or,  with  an 
excess  of  I,  Snl^  and  Se  ;  reacts  similarly  with 
Br.  SnSe  is  not  reduced  by  heating  in  H. 
Heated  in  air  it  is  gradually  oxidised  to  SnO., 
and  SeO,  (S.,  I.e.).  According  to  Ditte  (C.  R.  96", 
1790),  SnSe  can  be  sublimed  in  a  stream  of  H 
at  a  red  heat ;  D.  says  S.G.  is  6-179  at  0°. 

Stannic  selenide  SnSe..  (Tin  diselcnide.) 
Mol.  w.  unknown.  Not  formed  by  heating  to- 
gether tin  and  Se,  as  excess  of  Se  over  that  re- 
quired to  form  SnSe  sublimes  ;  Little's  statement 
that  SnSe.^  is  formed  by  directly  combining  tin 
and  Se  by  heat  (A.  112,  213)  is  probably  wrong 
(Schneider,  P.  127,  624).  Prepared  by  rubbing 
5  pts.  I  and  8  to  10  pts.  crystallised  Snl,  (the  SnL 
is  used  to  enable  the  I  to  be  thoroughly  powdered), 
adding  4  pts.  powdered  SnSe,  then  sufficient 
CS.,  to  form  a  pasty  mass  (stirring  constantly), 
and  then  adding  more  CS.,  to  dissolve  Snij, 
and  washing  with  CS.^,  when  SnSe.,  remains 
as  a  dark,  red-brown,  indistinctly  crystalline 
powder,  vfhich  becomes  darker  when  dried 
at  100°  (Schneider,  I.e.).  S.G.  4-85.  Accord- 
ing to  Welsmann  (A.  116,  122),  SnSe.^  is  ob- 
tained, as  a  dark  reddish-brown  powder,  by 
passing  H.^Se  into  SnCl^Aq ;  heated  in  H, 
this  powder  gives  off  Se  and  leaves  SnSe. 
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SnSe.,  is  not  acted  on  by  water,  or  by  dilute 
acids ;  it  is  slowly  attacked  by  cone,  boiling 
HClAq  ;  agua  regia,  or  cone.  HNOjAq,  oxidises 
it  to  SnOj,  HjSeOj  and  H^SeO^ ;  it  dissolves  in 
hot  cone.  H0SO4,  and  when  the  olive-green  solu- 
tion is  poured  into  water  Se  separates  and 
Sn(SOj)„  remains  dissolved.  SnSe.,  is  easily 
soluble  in  caustic  alkali  solutions,  including 
NHjAq,  forming  blood-red  liquids.  Heated 
with  I,  in  the  ratio  SnSe2:4I,  Snl^  and  Se  are 
formed  ;  Br  reacts  similarly  to  I  (Schneider,  I.e.). 

Tin,  silicides  of.  No  definite  compound 
has  been  isolated.  Substances  which  seem  to  be 
of  the  nature  of  alloys  are  formed  by  heating  to- 
gether tin  and  Si ;  treatment  with  HClAq  dis- 
solves tin  from  these  bodies,  and  separates  Si 
along  with  SiO,  {v.  Winkler,  J.pr.  91,  193).  _ 

Tin,  silicofluoride.  According  to  Berzelius 
{Lehrbuch  [5th  ed.]  3,  767),  the  salt  SnSiP^ 
separates  (?  from  solution  of  SnO.ccH^O  in 
HjSiF^Aq)  in  prismatic  crystals,  which  are 
readily  crystallised  from  water. 

Tin,  sulphides  of.  Two  sulphides  of  tin 
are  known,  SnS  and  SnS, :  the  former  is  readily 
obtained  by  heating  tin  and  S  ;  the  latter  by 
heating  tin  with  an  excess  of  S  and  some  sub- 
stance {e.g.  NH,,C1)  which  readily  volatilises, 
and  so  removes  heat,  which  would  else  drive  off 
the  S  above  that  required  to  form  SnS.  Both 
sulphides  are  also  formed  by  ppn.  by  H.,S  from 
corresponding  salts  in  solution.  Both  sulphides 
dissolve  in  solutions  of  alkali  polysulphides, 
forming  thiostannates,  M„SnS,. 

Stannous  sulphide  SnS.  {Tin  monosulphide 
or  protosulphide.)    Mol.  w.  unknown. 

Preparation. — 1.  Finely  divided  tin  is  heated 
with  c.  equal  parts  of  S  ;  the  product  is  pow- 
dered, and  repeatedly  heated  with  S  in  a  closed 
vessel.  Ditte  {G.  R.  96,  1790)  recommends  to 
sublime  the  SnS  thus  prepared,  by  heating  to 
redness  in  a  porcelain  tube  in  a  stream  of  H. — 
2.  HoS  is  passed  into  a  solution  of  a  stannous 
salt  until  the  liquid  smells  strongly  of  H2S  ;  the 
brownish  black  pp.  of  amorphous  SnS  is  washed 
and  dried,  and  is  then  added,  little  by  little,  to 
molten  SnCl.^  as  long  as  it  is  dissolved  thereby ; 
after  cooling,  SnCL  is  dissolved  out  by  dilute 
HClAq,  and  any  dark-brown  powder  that  is  pre- 
sent is  washed  away  from  the  heavier,  greyish, 
lustrous,  crystalline  particles  of  SnS  (Schneider, 
JP.  95, 167). 

Properties. — A  dark,  lead-grey,  crystalline 
solid;  S.G.  4-85°  (Karsten,  S.  65,  394),  5-27 
(Boullay,  A.  Ch.  [2]  43,  266).  Ditte  {I.e.)  de- 
scribes SnS,  after  sublimation  in  H,  as  crystalli- 
sing in  thin,  lustrous  squares  with  an  angle  of  c. 
90°  ;  with  a  grey-blue,  metal-like  lustre  ;  soft  and 
friable;  S.G.  5-0802  at  0°.  Crystalline  SnS 
melts  at  a  red  heat ;  it  expands  considerably  on 
cooling  (Ditte,  Z.c).  Prepared  by  ppn.  SnS  is  a 
brownish-black,  amorphous  solid. 

Reactions. — 1.  SnS,  prepared  by  heating 
together  tin  and  S,  may  be  sublimed  in  hydrogen 
at  a  red  heat  (Ditte,  C.  R.  96,  1790) ;  but  con- 
tinued heating  in  H  is  said  to  reduce  it  to  tin, 
H^S  being  given  off. — 2.  Heated  in  air  SnS  is 
gradually  converted  into  SnOj  and  SO,.— 8.  Ee- 
acts  with  chlorine,  even  at  the  ordinary  tempera- 
ture, to  form  SnCl^  and  SnC1^.2SCl,  =  (SnS,Cl,.,) 
(H.  Eose,  P.  47,  517).— 4.  Fusion  with  potassium 
cyanide  produces  tin  and  KCNS.— 5.  SnS  dis- 


solves gradually  in  boiling  hydrochloric  acid, 
forming  SnCL  solution  and  giving  off  HjS  (for 
details  of  interaction  with  HClAq  of  different 
concentration,  and  with  HCl  gas,  v.  Ditte,  C.  R. 
97,42). — 6.  Gradually  oxidised  to  SnOj by  heating 
with  nitric  acid. — 7.  Dissolves  in  solutions  of 
alTiali  polysiilphides,ioYm\n'^dSk2li  thiostannates 
MjSnSj. — 8.  SnS  is  generally  said  to  be  nearly 
insoluble  in  solutions  of  alkali  monosulphides 
(M„S).  According  to  Ditte  (G.  5.94, 1419, 1470), 
SnS  is  not  acted  on  by  ICSAq  at  the  ordinary 
temperature  if  the  concentration  of  the  solution 
does  not  exceed  20K2S:100H._,O ;  but  a  more  cone, 
solution  of  KjSAq,  out  of  contact  with  air,  gradu- 
ally converts  the  SnS  into  a  grey,  spongy  mass  of 
tin ;  and  still  more  cone.  ICSAq  dissolves  this, 
forming  K^SnSjAq  and  giving  off  H  :  if  air  is 
admitted  the  reactions  are  more  complex. 

Stannic  sulphide  SnS.,.  {Tin  disulphidc.) 
Mol.  w.  not  known. 

Preparation.— 1.  By  saturating  SnCljAq  con- 
taining a  little  HClAq  with  H,S,  warming,  again 
saturating  with  HjS,  warming  gently  for  some 
hours,  collecting  the  pp.,  washing  with  dilute 
H„SAq,  drying,  and  heating  to  above  100°  out  of 
contact  with  air.  Pure  SnS,  can  scarcely  be 
prepared  in  this  way  ;  there  seems  to  be  always 
some  SnO.,.a;H,0  present  in  the  pp.  (Kiihn,  A. 
84,  110;  'Barfoed,  J.  pr.  101,  368).— 2.  By 
passing  the  mixed  vapours  of  SnCl^  and  H„S 
through  a  red-hot  porcelain  tube,  or  by  passing 
H„S  into  SnClj  and  heating  the  white  crystals  of 
SiiClj.SH.S  so  obtained  (Goldridge,  P.  M.  [5]  29, 
383). — 3.  A  mixture  of  finely-divided  tin  and  S, 
or  of  SnS  and  S,  with  some  substance  that 
gradually  volatilises  and  so  removes  heat,  is 
slowly  heated  to  redness  in  a  glass  retort,  or  a 
loosely  covered  flask,  imbedded  in  sand ;  the  vola- 
tile substance  gradually  passes  off,  then  the 
excess  of  S  is  volatilised  and  the  SnS.,  remains, 
partly  on  the  sides  and  partly  on  the  bottom  of 
the  vessel.  If  tin  is  heated  with  S  only,  the 
heat  produced  in  the  reaction  is  so  great  that 
the  SnS._,  formed  is  resolved  into  SnS  and  S. 
Various  mixtures  have  been  employed  by  dif- 
ferent chemists  ;  the  following  give  good  results : 
(1)  equal  parts  sifted  tin-filings,  S,  and  NH^C1 
(Pelletier) ;  (2)  4  parts  tin-filings,  3  parts  S,  2 
parts  NHjCl  (Woulfe) ;  (3)  a  pulverised  amalgam 
of  12  parts  tin  and  6  parts  Hg,  with  7  parts  S, 
and  6  parts  NH^Cl  (W.) ;  (4)  5  parts  SnS  and 
8  parts  HgCl.,  (W.). 

References. — Pelletier  {CrelVs  Ghent.  Ann. 
1797  [1]  46) ;  Woulffe  {ibid.  1, 149);  BuUion  {ibid. 
1793  [1]  89)  ;  Proust  {Gehlen's  Journ.  f.  Ghem. 
und  Phys.  1,  250). 

Accordingto  Gmelin  {Handbuch  [5th  ed.]  3, 75) 
i'.  NHjCl  is  heated  with  tin  and  S  there  is  formed 
a  compound  of  NH^Cl  and  SnCL,  which  then  inter- 
acts with  the  S,  forming  SnS.,  (?2Sn  +  SNH^Cl 
=  2(2NH,Cl.SnCl.,)  +  2H.,  -1-  4NH;  ; 
2(2NHjCLSnCI.,)  -+-  2S 
=  SnS., -f  2NH,CLSnCl,  +  2NHjCl).  _ 

Properties. — Prepared  by  sublimation,  SnS, 
is  a  soft  golden-yellow,  lustrous,  crystalline  solid; 
S.G.  4-6  (Karsten,  S.  65,  394),  4-42  (Boullay, 
A.  Gh.  [2]  43,  266).  Crystalline  SnS.,  is  known 
as  mosaic  gold  {v.  Diciionaby  of  Applied 
Chemistry,  vol.  iii.  p.  845). 

Reactions  and  Gombinations.—l.  Heated  in 
a  closed  vessel  gives  SnS  and  S,  and  a  sublimate 
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of  SnS,. — 2.  Heated  in  air  SnO^  and  SOo  are 
formed. — 3.  Chlorine  liquefies  SnS„,  on  cooling 
yellow  crystals  of  SnClj.SSClj  are  formed  (H. 
Eose,  P.  42,  517).  —  4.  The  compound 
SnS,,I,(  =  SnSI.,.SI.,)  is  said  to  be  formed  '  by 
heating  SnS,_,  with  iodine  in  a  stream  of  CO, 
(Schneider,  J.  iw.  79,  419  ;  v.  also  Tin,  thio- 
lODiKE,  infra).  According  to  Schneider  (I.e.) 
a  boiling  alcoholic  solution  of  I  does  not  act  on 
SnS,  prepared  by  sublimation,  but  with  amor- 
phous SnSj  prepared  by  ppn.  it  gives  SnS.Jj. — 
5.  Amorphous,  but  not  crystalline,  SnS.^  is 
slowly  decomposed  by  boiling  cone,  hydrochloric 
acid,  H.^S  being  given  off  and  SnCl^  solution 
formed. — 6.  The  amorphous  sulphide  is  slowly 
oxidised  by  hot  nitric  acid  ;  acpia  rcgia  oxidises 
both  amorphous  and  crystalline  SnS.^  to  SnO.^  and 
HjSOjAq. — 7.  Fusion  with  lead  vwnoxidu  produces 
a  mixture  of  sulphides  and  oxides  of  tin  and 
lead  ;  with  excess  of  PbO,  SO,,  is  given  off  and 
lead  remains. — 8.  SnSo  was  said  by  Dumas  (S- 
66,  409)  to  combine  with  stannic  chloride,  form- 
ing SnS2.2SnCl4 ;  the  compound  being  produced 
by  the  interaction  of  SnCl^  and  H.,S.  According 
to  Coldridge  (P.  M.  [5]  29,  383)  this  compound 
does  not  exist,  the  product  of  the  reaction 
being  SnCl.i.SH.^S. — 9.  SnS.j  dissolves  in  alkali 
sulphide  solutions,  forming  thiostannates 
(g.  v.,  infra),  M.^SnSj.  —  10.  In  alkali  solu- 
tions SnS,_.  dissolves,  probably  forming  stan- 
nates  and  thiostannates  (?  3SnS., -h  6K0HAq 
=  K.SnO^Aq  +  2K,SnS,Aq  +  3H,0) . 

Tin  Sesquisulphide.  Berzelius  (Lehrbuch 
[5th  ed.]  2,  GOO)  gave  the  formula  Sn.^S^  to  a 
greyish-yellow,  lustrous  solid  obtained  by  heat- 
ing a  mixture  of  3  parts  SnS  and  1  part  S  in  a 
retort ;  the  substance  was  almost  certainly  a 
mixture  of  SnS  and  SnS.. 

Tin,  sulphochlorides  of ;  v.  Tin  thio- 
CHLORiDES,  infra. 

Tin,  sulpho-iodide  of;  v.  Tin  thio-iodide, 
infra. 

Tin,  sulphocyanide  of;   v.  vol.  ii.  p.  352. 

Tin,  telluride  of,  SnTe.  A  grey,  lustrous, 
metal-like,  crystalline  solid ;  S.G.  6-478  at  0° ; 
obtained  by  heating  together  tin  and  Te,  and 
slowly  subliming  in  a  stream  of  H  (Ditto,  C.  B. 
96,  1790). 

Tin,  thio-acids  and  salts  of.  It  is  doubtful 
whether  a  thio-  acid  of  tin  has  been  isolated  with 
certainty ;  a  few  salts  derived  from  the  acid 
H.SnSs  have  been  obtained. 

Thiostannic  acid.  [Sidphostannic  acid.) 
Kiihn  (A.  84,  110)  obtained  an  olive-brown  pp. 
by  adding  HClAq  or  H.CH^O.Aq  to  a  cone, 
solution  of  Na,SnS.,.Na,,S.12H,,0"(y.  infra)  ;  after 
washing,  and  drying  at  100°,  the  pp.  was  a  leaden- 
grey,  lustrous  solid  liaving  the  composition 
ILSnSj.  Storch  (M.  10,  256),  repeating  Kiihn's 
experiments,  always  obtained  brown  pps.,  which 
did  not  contain  more  S  than  required  by  the  ratio 
Sn:S  =  l:2'19.  S.  concluded  that  the  pps.  were 
mixtures  of  H^SnS^  and  SnS.,.  By  adding  dilute 
oxalic  acid  solution  to  solution  of  Na^SnSj 
(prepared  by  saturating  Na,.SnO:,Aq  with  H,,S) 
in  quantity  just  sufficient  to  combine  with 
the  Na  present,  S.  (I.e.)  obtained  a  deep- 
yellow  liquid  which  remained  clear  for  hours  ; 
after  removing  the  H.S  by  a  current  of  air  S. 
found  that  the  liquid  contained  tin  and  S  in  the 
ratio  Sn:3S  ;  he  concluded  that  H^SnSa  was  pre- 
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sent  in  the  liquid.  The  liquid  was  decolourised 
by  NH3Aq,  KOHAq,  Na,,C03Aq,  (NH^j^COjAq, 
and  NHjClAq  ;  strong  acids  gave  brownish  pps. 
containing  rather  more  S  than  required  by  the 
formula  SnS^. 

Thiostannates  (Kiihn,  I.e. ;  Horing,  HirzeVs 
Zeit.filr  Pharm.  1851.  No.  8).  The  alkali  salts 
are  obtained  by  dissolving  SnS.^  in  alkali  sulphide 
solutions,  MoSAq;  the  alkaline  earth  salts  are 
formed  by  double  decomposition  from  the  alkali 
salts. 

Potassium  thiostannate  KoSnSj.lOH^O. 
Obtained  by  dissolving  SnS.j  in  K.,SAq,  and  add- 
ing alcohol,  when  the  salt  separates  as  a  dark- 
brown  heavy  oil;  all  H.O  is  given  off  at  100^. 

Sodium  thiostannates.  The  normal  salt 
Na2SnS3.2H.>0  is  obtained,  in  yellow,  glassy,  re- 
gular crystals,  by  adding  tin,  little  by  little, 
to  molten  Na.jSs,  treating  the  fused  mass  with 
water,  and  evaporating  at  a  low  tempera- 
ture. A  solution  of  SnS  and  S  in  Na^SAq  de- 
posits colourless,  monoclinic  crystals  of  the 
basic  salt,  which,  when  dried  over  H.,SOj, 
has  the  composition  Na„SnS,.Na.,S.12H.,0.  'The 
stronger  acids  (HCl,  H,,SO„  CHCl,.Cd,H)  ppt. 
SnS..  at  once  from  Na.>SnS.iAq ;  but  weak  acids 
(H,PO^,  H.,C.,0„  CH,,C1.C0',H,  &c.)  form  brown- 
yellow  solutions  from  which  red-browa  pps. 
separate  more  or  less  slowly  (Storch,  M.  10,  255). 
Kiihn  (I.e.)  gives  the  reactions  of  the  two  Na 
thiostannates  with  solutions  of  several  metallic 
salts  ;  many  of  the  pps.  were  doubtless  thio- 
stannates of  the  metals  employed. 

PLATINO-THIOSTANNATES.  Schneider 
{Z.  [2]  5,  629  ;  6,  270,  613)  obtained  salts  to 
which  he  gave  the  composition  M.>Pt.,SnS^ 
(  =  M,S.3PtS.SnS,,),  where  M  =  K  or  'Na,  by 
fusing  SnS.,,  Pt,  M.CO3,  and  S,  and  lixiviating 
with  water. 

Tin,  thiochlorides  of.  A  compound  SnSoCl,., 
(=  SnCl.|.2SCl,)  is  said  to  be  formed,  along  with 
SnCl,,  by  the  interaction  of  CI  and  SnS  or  SnS.. 
(H.Kose,P.42,517).  Dumas(S.  66,  409)  described 
a  compound  Sn.^S.^CI|(  =  SnS.j.SnCl4)  as  obtained 
by  passing  KJi  into  SnCl , ;  but  according  to  Cold- 
ridge (P.  M.  '[5]  29,  383)  this  compound  is  not 
formed.  C.  (I.e.)  says  tliat  the  passage  of  H.^S 
into  SnCl,  produces  white  crystals  of  SnCl.|.5H.^S, 
which  are  decomposed  by  lieat,  giving  off  HCl 
and  H,_.S,  and  leaving  SnS.,. 

Tin,  thio-iodide  of.  By  melting  together 
crystalline  SnS.  and  I,  in  the  ratio  SnSj:4I, 
allowing  the  liquid  to  cool,  and  either  heating 
in  a  stream  of  CO,,,  or  dissolving  in  CS.^  and 
crystallising,  Schneider  (J.  pr.  79,  419)  obtained 
brown,  lustrous  crystals  of  SnS.I,  ( =  SnSI_,.SI.,). 
This  thio-iodide  is  dissolved  unchanged  by  CSj 
or  CHCI3 ;  alcohol  separates  S;  water,  or  a  solu- 
tion of  a  caustic  alkali,  produces  SnS.„  S,  and 
HIAq  (or  MIAq)  ;  HClAq  or  HNOjAq'  decom- 
poses it,  witli  separation  of  S.  The  compound 
SnS.  J I  is  also  produced  by  the  interaction  of  a 
solution  of  I  in  CS.,  and  ppd.,  dried  SnS., 
(S.,  I.e.).  '  M.  M.  P.  M. 

TIN  ORGANIC  COMPOUNDS. 

Stannic  methide  SnMe,.  (78°).  S.G.  2 
1-313.  V.D.  6-00  (calc.  6-15).  Got  by  heating 
an  alloy  of  tin  and  sodium  (14  p.c.)  with  Mel 
(}  pt.)  at  100°-120°  (Ladenburg,  A.  Sitppl.  8, 
74;  ef.  Cahours,  A.  Ill,  236;  114,  372).  Oil, 
with  ethereal  odour.    Reduces  alcoholic  AgNOj. 


734 


TIN  ORGANIC  COMPOUNDS, 


Stannic  tri-methylo-iodide  SnMejI.  (170°). 
S.G.  2  2-143.  Formed  by  the  action  of  I  on 
SnMe^.  Oil.  Yields  crystalline  SnMCjOH  and 
the  salts  (SnMe3),,S0„  SnMej.O.CO.H,  and 
SnMej.OAc.  Forms  the  compounds  SnMejOEt 
(Ladenburg,  B.  3,  358)  and  SnMe3l2NH3  (Ca- 
iours,  A.  122,  56). 

Stannic  di-methylo-di-iodide  SnMe.Jj.  [30°]. 
(228°).  S.G.  S2  2-872.  Formed  by  heating 
tinfoil  with  Mel  at  150°  (C).  Monoclinic  crys- 
tals (from  ether-alcohol).  Converted  by  ammo- 
nia into  amorphous  SnMe.^O,  which  is  insol. 
water,  but  dissolves  in  acids  forming  the  follow- 
ing crystalHne  salts:  SnMe-.CL  [90°]  (189°), 
forming  trimetric  crystals;  a:b:c  =  -834:1:  -941. — 
SnMsjPtClg  7aq,  forming  trimetric  crystals ; 
a:b:c=  -888:1: -977.  —  SnMe^^r^.  (209°).  — 
SnMejSOj,  forming  monoclinic  crystals  (Hjort- 
dahl,  C.  R.  88,  584). 

Stannic  ethide  SnEt^.  Mol.  w.  234.  (181°). 
S.G.  ^  1-187.  Formed  from  SnEtJ,,  and 
EtI  (Buckton,  A.  109,  218;  112,  223;  Frank- 
land,  A.  Ill,  44).  Formed  also,  together  with 
tin  and  ZnEtCl,  by  adding  fused  SnClj  to 
cooled  ZnEt,  and  then  distilling  (Frankland  a. 
Lawrance,  C.  J.  35,  134).  Prepared  by  heating 
powdered  tin  with  EtI  and  the  zinc-copper 
couple  ;  and  also  by  heating  ZnEtl  with  pow- 
dered tin  at  160°  (Letts  a.  Collie,  C.  J.  Proc.  2, 
166).  Oil.  Has  no  action  at  180°  on  Al,  Na, 
or  Mg.  Slowly  absorbs  sulphur  dioxide,  forming 
crystalline  S02(OSnEt3)2,  insol.  ether  and  an  oil 
SnEts.SOaEt,  sol.  ether.  Hot  cone.  HClAq  forms 
ethane  and  SnEt^Cl.  Iodine  forms  SnEtoI  and 
lEt. 

Stannous  ethide  SnEt^.  S.G.  1-558. 
Formed  by  adding  zinc  to  a  warm  solution  of 
SnEt.CU  (Frankland).  Oil.  Decomposed  at 
150°  into  SnEt^  and  tin.    Br  forms  SnEtjBr,,. 

Distannic  hexa-ethide  SnoEt^.  (265°-270°). 
S.G.  2  1.412.  V.D.  14-8  (calc.  14-7).  Got  by 
distilling  SnEtjI  with  sodium  (Ladenburg,  A. 
Suppl.  8,  66  ;  B.  3,  647).  Pungent  oil.  I  forms 
SnEt^I.  Cone.  HClAq  forms  SnEtjCl^,  ethane, 
and  hydrogen. 

Stannic  tri-ethylo-iodide  SnEtjI.  (231°). 
S.G.  1-833.  Formed  by  the  action  of  EtI 
on  an  alloy  of  tin  and  sodium  (Ladenburg,  A. 
Suppl.  8,  60  ;  B.  3,  353,  647  ;  c/.  Lowig,  A.  84, 
308).  Liquid.  Combines  with  NHj  (2  mols.). 
On  distillmg  with  KOHAq  it  yields  SnEtjOH 
crystallising  from  ether  in  prisms  [43°]  (271°) 
converted  by  heat  into  oily  (SnEt3)„0,  which  re- 
combines  with  veater  forming  the  hydroxide. 
NaOEt  converts  the  iodide  into  SnEt^OEt  (191°) 
S.G.  1-263,  which  is  at  once  changed  by 
water  into  the  hydroxide.  The  hydroxide 
SnEtjOH  is  sol.  water,  strongly  alkaline,  ab- 
sorbs C0„  from  the  air,  and  is  converted  by 
acids  into"the  salts:— SnEt.,Cl.  [c.  0°].  (209°). 
S.G.  a  1-428.— (SnEt3)„PtCl6.—SnEt3PtCl,-.— 
SnEtjBr,  (223°)  (Cahours^.  —  SnEt3Cy.  — 
SnEtgCyO.— SnEtjNOa.— (SnEt3).,S0,.  Hexa- 
gonal prisms  terminated  by  pyramids  (Hjort- 
dahl).— (SnEt3)„S.—  SnEtjSH.  —  (SnEt3)H2P04. 
—  SnEtj.OAc.  —  SnEtjOBz.  —  (SnEt3).,C03.  — 
(SnEt3).,CA  aq.  —  Formate  (SnEt3)CH0.,.— 
Butyrate  (SnEt3)C,H,02.  —  Tartrates 
(SnEt3),C,H,0,  aq.— (SnEt3)HC,H^0,  aq. 

Stannic  di-ethylo-di-iodide  SnEtJ,.  [44-5°]. 
(245°).    Formed  from  tin  and  EtI  by' exposure 


to  sunlight  or  by  heating  with  EtI  at  150°  (Frank- 
land,  ^.  85,  329;  Lowig,  A.  84,  308;  Cahours 
a.  Riche,  A.  84,  333).  Needles  (from  alcohol), 
si.  sol.  cold  water.  May  be  sublimed.  Alcoholic 
NHj  forms  SnEt^O,  which  is  an  amorphous 
powder,  insol.  water,  converted  by  acids  into  the 
following  salts  :  SnEt.Clj.  [85°].  (220°),  form- 
ing trimetric  crystals;  a:6:c  = -839:1: -948.  — 
SnEt^Cl.OH:  plates.— SnEt..Br„  (233°).  V.D. 
11-6  (calc.  11-7).— SnEt,(NO,)',.— SnEtJCy.— 
SnEt.,(SCy),.  —  SnEt^S.  —  SnE\SOj.  —  Crys- 
tals. SnEt.,(0  Ac).,.  —  SnEt.CaOj.  —  Formate 
SnEt.,(CHOj.,. 

Stannic  ethylo-trimethide  SnEtMeg.  (125°- 
128°).  Formed  from  SnMe3l  and  ZnEt^  (Cahours, 

A.  122,  59).  Oil;  converted  by  I  into  EtI  and 
SnMe3l. 

Stannic  di-ethylo-di-methide  SnEt.Me,. 
(145°).  S.G.  2  1-260.  V.D.  6-84  (calc.  7-14). 
Formed  from  SnEt,I>  and  ZnMe.,  (Frankland,  A. 
Ill,  50  ;  Morgunolf,"^.  144,  157).  Oil. 

Stannic  methylo-tri-ethide  SnMeEt3.  (163°). 
V.D.  6-72  (calc.  6-65).  Formed  from  SnEt3l  and 
ZnMCj  in  the  cold  (C).    Heavy  oil. 

Stannic  tetrapropylide  SnPr^.  (224°).  S.G. 

1-179.  Formed  from  SnPr3l  and  ZnPr, 
(Cahours,  C.  B.  76,  133).    Pungent  oil. 

Stannic  tripropylo-iodide  SnPr3l.  (261°). 
S.G.  is  1-692.  Formed  from  PrI  and  an  alloy 
of  Na  and  tin  (Cahours  a.  Demarpay,  C.  R.  88, 
725,  1112).  Oil,  converted  by  moist  Ag^O  into 
crystalline  SnEt30H. 

Stannic  di-propylo-di-iodide  SnPrJ^.  (272°). 
Formed  from  tin  and  PrI.  Oil.  Converted  by 
alkalis  into  amorphous  SnPr„0,  insol.  water, 
which  yields  SnPrXL,  [81°]. 

Stannic  tri-isopropylo-iodide  SnPral.  (257°). 
Got  in  like  manner. 

Stannic  di-isopropylo-di-iodide  SnPrjIj. 
(267°).    Yields  SnPr^Cl^  [57°]. 

Stannic  tri  -  isobutylo  -  iodide  Sn(CjHg)3l. 
(285°).  S.G.  i2  1-540.  Formed  from  CH^Prl 
and  a  9  p.c.  alloy  of  Na  in  tin  (Cahours  a.  De- 
marcjay,  C.  B.  89,  68).  Pungent  oil,  converted 
by  KOH  into  Sn(C^H,,)30H  (313°). 

Stannic  di-isobutylo-di-iodide  Sn(CjH9),L. 
(290°-295°).  Formed  by  heating  tinfoil  with 
isobutyl  iodide  at  125°.  Liquid,  converted  by 
alkalis  into  amorphous  Sn(C,Hg)20,  and  by  HCl 
into  Sn(C,H,,).,Cl2  [c.  6°]  (261°). 

Stannic  tetra-isoamylide  Sn(C5H,,)4.  Formed 
from  isoamyl  iodide  and  an  alloy  of  Na  (1  pt.) 
and  tin  (6  pts.)  (Grimm,  A.  92,  383).  Liquid. 

Stannic  tri-isoamylo-iodide  Sn(C5H,,)3l. 
(304°).  Accompanies  the  preceding  compound 
(C.  a.  D.).  Converted  by  potash  into  oily 
Sn(C5H„)30H  (337°). 

Stannic  tetraphenylide  SnPh,.  [226°]. 
(over  420°).  Formed  by  heating  bromo-benzene 
with  a  tin-sodium  alloy  and  acetic  ether  (Polis, 

B.  22,  2915).  Colourless  prisms,  insol.  ligroin, 
V.  si.  sol.  alcohol,  v.  sol.  boiling  benzene. 

Stannic  tri-phenylo-chloride  SnPh^Cl.  [105°]. 
Formed  by  the  action  of  NaN0„  on  a  solution  of 
SnPhjClj  in  HOAc,  the  yield  being  85  p.c.  of 
that  represented  by  the  equation  3SnPh,Cl2 
=  2SnPh3Cl4-SnCl,  (Aronheim,  B.  12,  509). 
Converted  by  potash  into  SnPhjOH  Ifaq  [118°]. 

Stannic  di-phenylo-dichloride  SnPh^Cl^. 
[42°].  (335°).  Prepared  by  boiling  HgPh,  with 
SnClj  and  ligroin  (Aronheim,  B.  10,  2228; 
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11,  2285;  A.  194,  145).  Triclinic  prisms; 
«,:6:c  =  •588:1:1-067;  a  =  (32°  47';  (3  =  70°  48'; 
7  =  94°  3'.  Sol.  alcohol  and  ligroin,  miscible 
with  ether.  Converted  by  means  of  water  into 
SnPh.,C1.0H,  an  amorphous  insoluble  powder 
[187°].  Potash  forms  SnPh,0.  Ether,  alcohol, 
and  sodium-amalgam  form  SnPh._,(OEt).,  [124°]. 

Stannic  di-phenylo-di-bromide  SnPhJBr,,. 
[c.  38°].  (230°  at  42  mm.).  Formed  from 
SnPh^  and  Br  (Polis),  and  from  the  oxide  and 
HBr  (A.). 

Stannic  di-phenylo-chloro-bromide 
SnPh.,BrCl  [39°].    Crystalline.    Formed  from 
SnPh,Cl(OH)  and  HBr. 

Stannic  di-phenylo-chloro-iodide  SnPhXlI. 
[69°].  Yellow  monoclinic  crystals  (from  ether), 
decomposed  by  water. 

TIN  GROUP  OF  ELEMENTS.  Group  IV.  in 
the  periodic  classification  of  the  elements  con- 
tains the  following  members  : — 


Even  series 

2 

4 

6 

8 

10 

12 

0 

Ti 

Zr 

Ce 

Th 

Odd  series 

3 

5 

7 

9 

11 

Si 

Ge 

Sn 

Pb 

Subdividing  this  group  in  accordance  with 
the  chemical  similarities  of  the  elements  we  get 
the  following  families  : — 

Carbon  family:  C  and  Si. 

Titanium  familij  :  Ti,  Zr,  Ce,  — ,  Th. 

Tin  family  :  Ge,  Sn,  — ,  Pb. 

The  carbon  family  is  considered  in  the  ar- 
ticle Carbon  group  of  elements  (vol.  i.  p.  682) ; 
and  that  article  also  gives  a  sketch  of  the  chemi- 
cal relations  of  all  the  members  of  the  group. 
The  elements  of  the  titanium  family  are  con- 
sidered under  the  heading  Titanium  group  of 
ELEMENTS  (this  vol.,  p.  749).  The  tin  family  is 
considered  in  the  present  article. 

Ge  occurs  in  small  quantities,  as  sulphide, 
in  a  very  few  rare  minerals.  Tin  and  lead  are 
found  native  in  not  very  large  quantities.  The 
chief  ore  of  tin  is  <»isto?ic,  which  contains  SnO.,; 
SnS.^  is  also  found  in  tin  pyrites  ;  and  various 
micas  contain  more  or  less  SnO,.  Oalena,  con- 
taining PbS,  is  the  chief  ore  of  lead  ;  sulphate, 
carbonate,  i^hosphate,  &c.,  are  also  found  in  con- 
siderable quantities.  Ge  is  obtained  by  heating 
its  ore  with  NaXO;,  and  S,  dissolving  in  water, 
decomposing  Na„S  by  H.SOjAq,  ppg.  Ag  (Ag,S  is 
a  constituent  of  the  ore)  by  HClAq,  then  ppg. 
GeS,  by  H^S,  oxidising  the  GeS,  to  GeO,  by 
HNOj,  and  reducing  the  GeO,  by  heating  in  H 
or  with  C.  Tin  is  obtained  by  calcining  tin- 
stone,  washing,  and  reducing  the  SnO,  by  heat- 
ing with  C.  To  obtain  lead,  galena  is  roasted 
in  such  a  quantity  of  air  that  it  is  partially  oxi- 
dised, both  PbO  and  PbSOj  being  formed  ;  by 
then  heating  out  of  contact  with  much  air  the 
PbS,  PbO,  and  PbSO,  interact  to  form  SO,  and 
lead.  Tin  and  lead  have  been  known  from  very 
early  times.    Ge  was  isolated  in  1885. 

The  table  on  page  736  presents  some  of  the 
principal  physical  and  chemical  properties  of  the 
tin  elements. 

General  formula  and  characters  of  com- 
pounds. Oxides  :— MO,  MO., ;  also  PbjO,,  and 
PbjO; :  various  hydrates  of  most  of  these  oxides 
are  known.  Sulphides  :— MS,  MS.,  ( ? PbS.,). 
Haloid  compounds'  —  MX,,  and  MX,. 
Acids: — H.,MX„,  where  M  =  Ge  or  Sn,  and 
X  =  eitherBr,"Cl,  F,  or  I ;  also  H,PbI,;  H.SnO^ 


and  H,.H,Sn.0,5 ;  ?H.,SnS,.  Salts  :— MX,  and 
MXj,  where  M  =^  Sn  or  Pb  and  X  =  NO3,  {SO^, 
jPOj,  &c.  Salts  containing  Min  the 
acidic  radicle:  —  Ei,MX5,  where  M 
=  Ge,  Sn,  (?Pb),  and  X  is  a' halogen;  Ei,MO.„ 
where  M  =  Sn,  or  Pb  ;  also  K',PbO, ; "  also 
Eij.HsSn^Ois ;  also  Ei^SnS^. 

The  oxides  MO  are  basic  ;  they  react  with 
acids  to  form  salts  MX,,  X  =  N03,  ISO^,  iPO^,  Ac. 
(no  salts  of  GeO  have  yet  been  isolated).  PbO 
also  dissolves  in  molten  KOH,  forming  K.PbO.,. 
The  oxides  MO.,,  where  M  =  Sn  or  Pb,  are 
both  basic  and  acidic  ;  they  react  with  some 
acids  to  form  salts  MX^ ;  several  of  these  salts 
have  been  isolated  when  M  =  Sn,  very  few  when 
M  =  Pb :  they  also  react  with  molten  KOH  or 
NaOH  (SnO,.a:H,0  also  with  MOHAq)  to  form 
salts  K,(orNa.,)M03 ;  when  M  =  Sn  two  classes  of 
salts  are  known,  stannates  M,Sn03,  and  mcta- 
stannates,  probably  M,.H„Sn50,5.  GeO,  dissolves 
in  acids,  also  in  molten  KOH  or  K,CO.j,  but  the 
products  of  these  reactions  have  not  yet  been 
examined.  Pb^O.,  reacts  with  dilute  strong  acids 
to  form  PbO,,  and  PbX.,  which  dissolves  ;  with 
glacial  acetic  acid  PbjO^  forms  Pb(C.,H.,0,),  and 
Pb(C.,H.,0,)4.  Pb,0,  probably  reacts  with  "dilute 
strong  acids  to  give  PbO,  and  a  salt  of  PbO.  The 
hydrates  of  MO  and  MO,  react  similarly  to  the 
oxides.  Some  of  the  hydrates  SnO.,.KH.,0  are 
acidic ;  one  class  of  these  is  probably  poly- 
meric with  the  other.  There  are  indications  of 
the  existence  of  an  oxide  MO3  in  the  case  of  tin ; 
this  oxide  seems  to  be  acidic. 

The  sulphides  of  Ge  have  not  been  much 
investigated  ;  GeS,  dissolves  in  alkali  sulphide 
solutions,  and  is  probably  acidic.  GeS  has  been 
gasified  and  V.D.  determined.  The  sulphides  of 
tin  are  both  basic  and  acidic  ;  with  hot  cone. 
HClAq  they  give  SnCl,  and  SnCl^  respectively  ; 
both  dissolve  in  alkali  sulphide  solutions  to  form 
thiostannates  M,SnS|.  PbS  is  basic  ;  with  acids 
it  gives  salts  PbX,,  and  H.,S ;  there  are  indications 
of  the  existence  of  a  higher  sulphide,  perhaps 
PbS,,  which  will  probably  form  thioplumbates 
with  the  sulphides  of  strongly  positive  metals. 

The  haloid  compounds  MX,  (none  isolated 
yet  when  M  =  Ge)  may  be  formed  by  the  direct 
union  of  the  elements,  and  by  the  other  usual 
methods.  SnCl,  and  PbCl,  have  been  gasified, 
and  the  formulse  are  molecular ;  molecules  of 
the  composition  Sn,Cl4  probably  exist,  but  are 
decomposed  at  c.  the  boiling-point  of  the  com- 
pound. Several  salts  are  known  of  the  form 
M,SnX4,  where  X  =  Br,  CI,  F,  or  I;  and  an  acid 
HSnCl3..rH.,0  and  some  salts  MSnl,  are  also  said 
to  exist.  H,PbIj  and  salts  M,,Pbl4  have  been 
isolated;  and  also  several  salts  coming  under 
the  general  formula  .rPbX,.7/NH,Cl,  where  X  =  Br 
or  CI.  The  haloid  compounds  MX,  have  been 
gasified,  and  V.D.s  determined,  when  M  =  Ge  and 
X  =  CI  or  I,  and  when  M  =  Sn  and  X  =  Br  or  CI. 
PbCl,  has  not  been  isolated  with  certainty,  but 
salts  of  the  form  M,PbCl,.  are  known,  and  also 
some  salts  a-PbClj.?/NH.,Cl.  The  acids  H.GeF,,, 
H,SnBru,  and  H2SnClg  have  been  obtained,  and 
also  salts  derived  from  these  acids;  salts  M,SnF|; 
and  M.,PbCl,.  are  also  known.  GeHClj  has  been 
isolated.  Many  oxyhaloid  compounds  xMO.y'MX^ 
and  crMOj.i/MXj  are  known. 

The  oxyacicls  of  tin,  H,SnO.„  and  (probably) 
H,.Hs;Sn50i5,  are  to  be  classed  with  the  weak 
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Atomic 
weights. 


Melting- 
points. 
(approx.). 
Soiling- 
points. 
(approx.). 
Sp)ec.  gravs. 

(approx.). 
Spec,  heats. 
Atom.  wts. 


Spec,  gravs. 
(approx.). 

Occurrence 
and 
preparation. 


Physical 
properties. 


Chemical 
properties. 


GEKMA>'inM. 


72-3 


Tiy. 


118-8 


Lead. 


206-4 


One  or  more  compounds  of  each  element  have  been  gasified.    Specific  heats  have 
also  been  determined  directly.    There  is  some  evidence  in  favour  of  the  con- 
clusion that  the  molecules  of  tin  and  lead,  in  solution  in  Hg,  are  monatomic. 
900°  232°  330° 


6-5 

•0737 
13-2 


Double  sulphide  of  Ge  and 
Ag  occurs  as  a  rare  min- 
eral. GeO..  also  found  in 
some  specimens  of  eux- 
enite,  with  oxides  of  Nb, 
Ta,  and  Y. 

Prepared  by  reducing  GeO, 
by  H  or  C. 


Greyish  white,  lustrous, 
very  brittle.  Crystallises 
in  regular  ootahedra. 

Melts  at  c.  900°;  slightly 
volatilised  at  1,350°  inN 
or  H. 


Unchanged  in  air  at  ordi- 
nary temperature ;  oxi- 
dised to  GeO.,  when 
heated  in  fine  division. 
Combines  readily  with 
Br, CI,  andlwhenheated, 
forming  GeX,.  Heated 
inHClgas  forms  GeHClg. 
Dissolves  in  H.,SOjAq. 
ISlo  salts  have  yet  been 
isolated  by  replacing  H 
of  oxyacids  by  Ge.  GeO^ 
dissolves  in  fused  KOH 
or  K,C03.  H,GeF„Aq 
and  salts  of  this  acid  are 
known. 


1,450°-1,600° 


7-3 


•0559 
16-3 


Metal  found  in  small  quan- 
tities. SnOj  occurs  in 
tolerable  quantities 
widely  distributed. 


Prepared  by  reducing  SnO.^ 
by  C. 


Silver- white,  lustrous,  mal- 
leable, but  malleability 
varies  with  temperature ; 
tenacity  very  small.  Crys- 
tallises very  easily  in 
rhombic  and  quadratic 
forms. 

Melts  easily  (at  232°),  and 
boils  between  1,450°  and 
1,600°. 

Unchanged  in  pure  air  at 
ordinary  temperature. 
Heated  in  air  gives  SnO 
and  SnO...  Heated  in 
Br,  CI,  or  "l  forms  SnX. 
and  SnXj.  Heated  with 
S  forms  SnS  and  SnS., ; 
also  forms  SnSe  and 
SnSe.j.  Eeacts  with 
acids  forming  two  series 
of  salts.  SnX.,  and  SnX^, 
X  =  NO.,,  iSOj,  iPO^,  &c. 
Cone.  HNO3  produces 
SnO.,.£t;H,0.  SnO  is  basic; 
SnOj.xH.O  both  basic 
and  acidic,  with  strong 
acids  forms  salts  SnXj, 
and  with  caustic  alkalis 
forms  stannates  M^jSnOj. 
SnS._,  forms  thio-stan- 
nates  M.,SnS3  with  al- 
kali sulphides.  Stan- 
ni  fluorides  M.SnF^ 
are  known ;  the  acids 
H.,SnCl6  and  H.SnBr, 
have  been  isolated. 

Mol.  w.  perhaps  same  as 
at.  w.  in  solution  in  Hg. 
Valency  of  atom  varies 
from  2  in  SnCl,  gas  to  4 
in  SnClj  gas. 


1,450°-1,600° 


11-4 


•0315 
18-1 


Small  quantities  of  lead 
found.  Chief  ore  con- 
tains PbS  ;  widely  dis- 
tributed in  considerable 
quantities. 

Prepared  by  interaction  of 
PbS,  PbO,  and  PbSO^; 
also  by  reducing  PbO  by 
C. 

White,  with  tinge  of  blue  ; 
lustrous ;  very  malleable 
and  ductile ;  tenacity 
very  small ;  very  soft. 
Crystallises  easily  in 
regular  octahedra. 

Melts  easily  (at  330°),  but 
at  higher  temperature 
than  tin,  and  boils  be- 
tween 1,450°  and  1,600°. 

Tarnishes  in  air,  film  of 
oxide  (?  PboO)  forming 
on  surface.  Melted  in 
air  forms  PbO  and  Pb304. 
Combines  with  halogens 
to  form  PbX„ ;  PbCl ,  also 
probably  isolated.  Com- 
bines with  S  and  Se, 
forming  PbS  and  PbSe  ; 
PbS.x-S  also  probably 
exists.  Eeacts  with  acids 
forming  salts  PbXj,  X  = 
NO3,  ASO„  iPO^,  &c. 
PbO  is  basic;  PbO. 
feebly  basic  and  feebly 
acidic  ;  Pb(C.,H,02)< 
has  been  isolated,  and 
probably  PbCl^  ;  with 
molten  KOH,  PbO.,  forms 
KjPbO;,.  No  thioplum- 
bates  isolated.  No  acid 
H.,PbF„,  or  salts  thereof, 
isolated  ;  but 
3iiF.HF.PbF4  probably 
exists. 

Mol.  w.  perhaps  same  as 
at.  w.  in  solution  in  Hg. 
Atom  is  divalent  in  gase- 
ous molecule  PbCL,  and 
tetravalent  in  gaseous 
molecule  PbMCj. 
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acids ;  the  one  is  probably  a  polymeride  of  the 
other.  The  salts  of  these  acids  show  very  dis- 
tinct differences  :  the  acids  themselves  interact 
■with  strong  acids  to  form  salts  containing  tin  in 
the  positive  radicles.  Of  acids  containing  tin 
and  Imlogcns  the  following  have  (probably)  been 
isolated:  HSnClj,  H,,SnBr„,  and  H.SnCl,,. 
HjGeF,;  is  known,  and  HoPbl,  is  said  to  exist. 
It  is  doubtful  whether  thiosiannic  acid  H^SnS., 
has  been  obtained  pure,  but  salts  of  this  acid 
have  been  isolated. 

Tlic  salts  of  oxyacids  containing  these,  metals 
in  the  negative  radicles  are  M.,SnO.,  and 
M,,.H,Sn,0,5,  M„PbO,,  and  M.-PbOj.  These  salts 
are  generally  easily  decomposed.  Oxyacids  and 
salts  of  oxyacids  of  Ge  have  yet  to  be  searched 
for. 

Salts  derived  from  oxyacids  by  replacing  H 
by  M  are  known  when  M  =  Sn  or  Pb  ;  no  Ge 
salts  of  oxyacids  have  yet  been  isolated.  The 
tin  salts  belong  to  two  classes,  SnX,.  and  SnX,, 
where  X  =  NO.,,  ASO^,  iPO^,  &c. ;  both  classes  of 
salts  readily  undergo  decomposition  and  show  a 
general  tendency  to  separate  off  SnO  or  SnO.,. 
Almost  all  the  lead  salts  belong  to  the  class 
PbX2 ;  they  are  more  definite  and  less  ready  to 
split  off  oxide  or  decompose  to  basic  salts  than 
the  corresponding  salts  of  tin.  Pb(C,^H.,0._.)|  is 
the  only  lead  salt  of  an  oxyacid  of  the  class 
PbX,,  that  has  been  certainly  isolated  ;  it  is 
decomposed  by  the  least  trace  of  moisture, 
giving  a  pp.  of  PbO.^. 

The  elements  of  the  tin  family  are  distinctly 
metallic  in  their  physical  properties,  and  in  most 
of  their  chemical  properties  also  ;  they  exhibit, 
however,  non-metallic  characters  in  their  highest 
salt-forming  oxides,  M0„,  which  are  acidic  towards 
strong  bases,  while  they  also  react  as  basic  oxides 
towards  several  acids.  The  tin  elements  are  less 
chemically  metallic,  on  the  whole,  than  the  mem- 
bers of  the  even-series,  or  titanium  family,  of 
Group  IV. ;  the  two  distinctly  non-metallic 
elements  of  the  group  are  the  first  member  of 
the  even  series— carbon,  and  the  first  member 
of  the  odd  series — silicon. 

In  considering  the  chemical  analogies  of  the 
tin  elements,  the  position  of  the  members  of  the 
family  in  their  respective  series  should  be  looked 
to  (v.  table  in  vol.  iii.  p.  811).  Ge  comes  in 
series  5  ;  it  is  preceded  by  Ga,  Zn,  and  Cu,  and 
succeeded  by  As,  Se,  and  Br :  tin  comes  in 
series  7  ;  it  is  preceded  by  In,  Cd,  and  Ag,  and 
succeeded  by  Sb,  Te,  and  I :  lead  comes  in 
series  11  ;  it  is  preceded  by  Tl,  Hg,  and  Au,  and 
succeeded  by  Bi  and  two  unknown  elements. 
The  highest  salt-forming  oxides  of  the  elements 
preceding  and  succeeding  the  tin  elements  in 
the  series  are  :  series  5,  CuO,  ZnO,  Ga-Oj ; 
GeO., ;  As„0„  SeOj,  — ;  series  5,  Ag.,0,  CdO, 
In„a,;  SnO..;  Sb.,05,  TeOj,  ?  1,0,  —  series  11, 
Au,0,  HgO,'  Tl.A  ;  PbO„ ;  Bi.,0„  — ,  — .  The 
preceding  oxides  GeOj  are,  on  the  whole,  more 
basic  than  the  oxides  preceding  SnO,  or  PbO.^ ; 
and  the  oxides  succeeding  GeO.^  are  on  the  whole 
more  acidic  than  the  oxides  succeeding  SnO._,  or 
PbO.,.  Hence  we  should  expect  the  three  oxides, 
GeO.j,  SnO.;,  and  PbO„  to  be  about  equally  acidic 
and  equally  basic ;  SnO.^,  perhaps,  being  the 
most  acidic  of  the  three.  Looking  at  the  posi- 
tion of  the  tin  elements  in  the  general  periodic 
system,  we  may  express  the  relationship  of  these 
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odd-series  elements  to  the  first  member  of  the 
odd  series  of  their  group  (Si)  by  the  following 
statements:  (1)  Pb:Si  =  Tl:Al  =  Hg:Mg  =  Au:Xa 
=  Bi:P.  —  (2)  Sn:Si  =  In:Al  =  Cd:Mg  =  Ag:Na 
=  Sb:P.  —  (3)  Ge:Si  =  Ga:Al=Zn:Mg  =  Cu:Na 
=  As:P.  On  the  whole,  Bi  is  more  unlike  P 
than  Tl  is  unlike  Al,  Hg  is  unlike  Mg,  or  Au  is 
unlike  Na ;  Sb  is  more  unlike  P  than  In  is 
unlike  Al,  Cd  is  unlike  Mg,  or  Ag  is  unlike  Na  ; 
and  As  is  more  unlike  P  than  Ga  is  unlike  Al, 
Zn  is  unlike  Mg,  or  Cu  is  unlike  Na.  Hence  the 
differences  between  Pb  and  Si,  tin  and  Si,  and 
Ge  and  Si,  respectively,  will  be  very  decided.  If 
the  relations  expressed  in  the  preceding  state- 
ments are  worked  out  in  detail,  they  show  that 
the  differences  between  Pb  and  Si  will  be  more 
marked  than  those  between  tin  and  Si,  and  still 
more  marked  than  those  between  Ge  and 
Si ;  but  at  the  same  time  there  will  not  be  any 
very  great  differences  between  these  three  pairs 
of  diiferences.  Lead,  then,  will  on  the  whole  be 
the  most  metallic,  and  Ge  the  least  metallic, 
of  the  tin  elements.  But  the  three  elements 
will  resemble  each  other  closely  in  so  far  as  their 
general  positive  or  negative  character  is  con- 

'  cerned.  Then,  considering  the  resemblances  and 
differences  between  consecutive  pairs  of  elements 

i  in  (1)  series  3  and  5  (i.e.  Si  and  Ge  series),  and 

(2)  series  5  and  7  (i.e.  Ge  and  tin  series),  and 

(3)  series  7  and  11  (i.e.  tin  and  lead  series),  it 
is  evident  that  Ge  and  Si  will  be  more  alike  than 
Ge  and  tin,  and  that  Ge  and  tin  will  more 
closely  resemble  one  another  than  tin  and  lead. 
Hence,  on  the  whole,  we  may  expect  that  Ge 
will  form  several  compounds  wherein  the  ele- 
ment acts  distinctly  as  a  non-metal ;  it  is  pos- 
sible that  GeH,  may  be  isolated  (GeHCl3  exists). 
Ge  will  form  volatilisable  organic  compounds ; 
GeO;  will  probably  be  found  to  be  di-  or  tri- 
morphous. 

In  connection  with  this  article  v.  Cap.bon 
GROUP  or  ELEMENTS,  vol.  i.  p.  682  ;  and  Titahiuii 

GROUP  OF  ELEMENTS,  this  Vol.  p.  749. 

M.  M.  P.  M. 

TITANATES,  and  derivatives  of,  v.  p.  747. 

TITANIC  ACIDS  v.  p.  746. 

TITANIFLUOEHYDRIC  ACID  H.,TiFs  v. 
Titanic  pluoriue,  Combinations,  No.  1,  p.  742. 

TITANIFLUORIDES  M.,TiF„  v.  Titanic 
fluoride,  Combinations,  No.  2,  p.  742. 

TITANIUM.  At.  w.  47-9.  Mol.  w.  not 
known.  Has  not  been  fused.  S.G.  3-5888 
(K.  Hofmann,  B.  26,  1025)  ;  some  older  deter- 
minations gave  S.G.  c.  5-3  (v.  Fritz,  M.  1892. 
772  ;  Wilson,  Pr.  32,  457  [1881]).  S.H.  0°  to 
100°  -1135,  0°  to  211°  -1288,  0°  to  301°  -1485,  0° 
to  440°  -162  (Nilson  a.  Pettersson,  Z.  P.  C.  I,  34)  ; 
Fritz  (M.  1892.  772)  gives  -13.    S.V.S.  13-4. 

Historical. — In  1791  Gregor  found  indica- 
tions of  a  new  element  in  a  Cornish  ironsand 
called  uienaccanite,  from  the  village  near  which 
it  was  found  (GrcU's  Ann.  1791  [1]  40,  103). 
The  element  was  called  menachin  by  Kirwan. 
In  1795  Klaproth  found  a  compound  of  a  new 
element  in  a  mineral  known  as  '  rother  Schoerl 
zu  Boinik  in  Hungarn,'  and  called  the  element 
titanium  (derived  from  Titan).  In  1797  K. 
recognised  that  the  chief  constituent  of  the 
Hungarian  mineral  was  the  same  as  the  charac- 
.  teristic  constituent  of  menaccanite  examined  by 
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Gregor  (K.,  Beitrage  zur  Kentniss  der  Mineral- 
korper).  The  element  -was  isolated  for  the  first 
time  by  Berzelius  in  1824  (P.  4,  3). 

Occurreyice. — Ti  never  occurs  native.  The 
chief  ore  of  Ti  is  more  or  less  pure  TiO.,,  which 
occurs  in  different  crystalline  forms  as  rutile 
and  anatase  (tetragonal)  and  brookite  (rhombic). 
Various  minerals  contain  TiO.,,  combined  with 
SiOo  and  alkaline  earths,  e.g.  titanite  or  sphene 
and  ferrotitcmite ;  compounds  of  titanates  and 
niobates  are  found  in  some  rare  minerals,  e.g. 
polycrase,  euxenite,  and  pyroclilore.  Varying 
quantities  of  TiO.^  occur  in  many  titaniferous 
iron  ores.  The  ores  of  Ti  are  found  in  small 
quantities.  Some  of  them,  especially  the  titani- 
ferous iron  ores,  are  widely  distributed  (for 
analyses  of  Ti  ores  v.  H.  Kose,P.  3, 163  ;  14,  601 ; 
15,  276  ;  Mosander,  P.  19,  211 ;  Hermann,  J. 
25,  368  ;  Berzelius,  J.  pr.  43,  50;  Kammelsberg, 
P.  1858.  507;  Scheerer,  P.  64,  489;  Groth, 
Tabellarische  Uebersicht  der  Mineralien  [2nd 
ed.]  35  ;  O.  v.  d.  Pfordten,  B.  22, 1485).  Mazade 
{C.  R.  34,  952)  found  traces  of  Ti  compounds  in 
the  mineral  spring  of  Negrac  in  France.  For 
analyses  and  descriptions  of  anatase,  brookite, 
and  rutile  v.  Klein  {J.  M.  1875.  337) ;  G.  vom 
Eath  (ibid.  1876.  64) ;  Schrauf  (ibid.  1877.  403) ; 
Koch  (ibid.  1878.  652).  Cornu  (C.  R.  86,  101, 
983)  obtained  spectroscopic  indications  of  the 
occurrence  of  Ti  in  the  sun's  atmosphere.  The 
bright-reddish  crystals  that  are  often  found  in 
blast  furnaces  wherein  titaniferous  iron  ore  has 
been  smelted  were  supposed  for  many  years  to  be 
Ti ;  but  Wohler  (A.  73, 34)  showed  that  they  con- 
tain C  and  N  besides  Ti  (v.  Titanium  cabboni- 
TRIDE,  p.  739). 

Format  ion. — 1.  By  heating  KjTiFg  with  K 
or  Na,  out  of  contact  with  air  (v.  Preparation). — 
2.  By  heating  TiCl,  with  Na  in  a  closed  iron 
crucible  heated  in  a  wind  furnace  (Nilson  a. 
Pettersson,  W.  4,  554 ;  cf.  Kern,  C.  N.  33,  57). 
According  to  Bobinson  a.  Hutchings  (Am.  6,  74), 
Tiis  formed  by  heating  TiCl^with  Na  to  130°  in 
a  sealed  tube ;  but  0.  v.  d.  Pfordten  (A.  237,  201) 
says  that  very  little,  if  any,  Ti  is  obtained,  and 
that  the  main  product  is  TiClj. — 3.  By  fusing 
KjTiFg  with  an  equal  weight  of  iron  filings, 
and  dissolving  away  the  iron  by  HClAq  (Wehrlin 
a.  Giraud,  C.  R.  85,  288).— 4.  By  heating  TiCl^ 
to  180°  with  Ag  obtained  by  reducing  a  salt  of 
Ag;  TLjCle  is  also  formed  (Friedel  a.  Gu6rin, 
A.  Ch.  [5]  7,  24). 

Preparation. — Finely-powdered  rutile  is 
mixed  with  double  its  weight  of  KjCOj,  and  the 
mixture  is  fused  in  a  Pt  crucible  placed  inside 
an  earthenware  crucible.  The  fused  mass  is 
powdered  and  dissolved  in  the  necessary  quantity 
of  HFAq  in  a  Pt  dish  ;  water  is  added  to  dissolve 
K.TiFg  which  begins  to  seijarate,  the  liquid  is 
boiled  and  filtered  while  boiling ;  the  K.TiFj, 
which  separates  from  the  filtrate  in  lustrous 
crystalline  crusts,  is  pressed  between  filter-paper, 
washed  repeatedly  with  cold  water,  again  pressed, 
and  recrystallised  several  times  from  boiling 
water  (Wohler,  A.  74,  212).  The  dry  K.TiF^  is 
placed  in  a  porcelain  boat  in  a  porcelain  (or 
hard  glass)  tube  connected  with  a  supply  of 
pure  dry  H  ;  another  boat,  containing  Na,  is 
also  placed  in  the  tube ;  H  is  passed  through 
the  apparatus,  and  the  Na  is  gradually  vaporised 
and  driven  over  the  KjTiPg,  which  is  heated. 


When  the  action  is  completed  and  the  tube  has 
cooled  (the  H  stream  being  maintained),  the 
solid  is  treated  with  water,  which  dissolves  out 
KF,  NaF,  and  Na  (W.  a.  Devillc,  A.  103,  230). 
The  Ti  is  finally  washed  with  ether  and  dried 
over  H.SO^  (v.  Kern,  C.  N.  33,  57).  Merz  (P. 
73,  48)  prepared  Ti  by  heating  a  mixture  of  six 
pts.  K.,TiF„  and  three  pts.  NaCl  with  two  pts.  Na 
in  a  glass  bulb  placed  in  a  sand-bath,  while  a 
stream  of  H  was  passed  through  the  bulb,  then 
adding  zinc-powder  and  fusing,  and  dissolving 
out  the  zinc  by  cold  dilute  HClAq. 

Properties. — A  dark-grey  or  black  lustrous 
powder ;  has  not  been  obtained  crystallised.  T 
resembles  iron  reduced  from  Fe^Oa  by  H  at  a 
low  temperature. 

According  to  Junot  (/.  1853.  336),  Ti  was 
obtained  by  him  as  a  silver-white  lustrous  de- 
posit by  electrolysing  a  solution  prepared  by 
dissolving  titanate  of  K  in  boiling  H^SOjAq, 
evaporating  to  a  syrup,  and  extracting  with 
NajSOjAq.  J.'s  experiments  do  not  seem  to 
have  been  repeated.  L6vy  (C.  R.  110,  1368)  ob- 
tained hard,  steel-white,  cubicle  crystals,  which 
he  took  to  be  nearly  pure  Ti,  by  passing  TiCl^ 
vapour  over  Si,  B,  or  several  metals  heated  to 
bright  redness.  L.  found  only  80  p.c.  Ti  in  the 
crystals.  Ti  burns  brilliantly  in  a  flame.  When 
heated  to  redness  in  0,  it  is  oxidised  with  pro- 
duction of  an  intensely  brilliant  white  light.  Ti 
also  burns  in  CI.  It  decomposes  water  at  100°. 
Warm  HClAq  dissolves  Ti  easily ;  it  is  also  at 
once  dissolved  by  HFAq.  Heated  by  electric 
sparks,  Ti  gives  an  emission-spectrum  very  rich 
in  lines  (v.  Thalen,  A.  Ch.  [4]  18,  239  ;  Troost 
a.  Hautefeuille,  C.  R.  73,  620  ;  Cornu,  G.  R.  86, 
101,  983;  Liveing  a.  Dewar,  Pr.  32,  402). 

The  atomic  weight  of  Ti  has  been  determined 
(1)  by  analyses  of  TiCl^  (H.  Rose,  P.  15,  145 
[1829] ;  Pierre,  A.  Ch.  [3]  20,  257  [1847] ;  Thorpe, 
C.  J.  47,  108  [1885]) ;  (2)  by  determining  the 
weight  of  TiOo  got  from  a  determinate  weight  of 
TiClj  (H.  Kose,  I.e. ;  Thorpe,  I.e.) ;  (3)  by  analyses 
of  TilJr^  (Thorpe,  I.e.) ;  (4)  by  determining  the 
weight  of  TiO.,  got  from  a  determinate  weight  of 
TiBr^  (Thorpe;  I.e.) ;  (5)  by  measuring  S.H.  of  Ti 
(Nilson  a.  Pettersson,  Z.  P.  C.  1,  34) ;  (6)  by 
determining  V.D.  of  TiCl,  and  Til^  (v.  these 
compounds).  Eose's  determinations  gave  values 
for  the  at.  w.  of  Ti  varying  from  47"92  to 
48'32  ;  Pierre's  values  varied  from  50-2  to  50'29. 
The  very  accurate  series  of  determinations 
made  by  Thorpe  has  settled  the  at.  w.  to  be 
almost  exactly  48  (48-01  if  0  =  16;  47-9  if 
0  =  15-96). 

The  atom  of  Ti  is  tetravalent  in  the  gaseous 
molecules  TiCl,  and  Til,.  Ti  is  metallic  in  many 
of  its  chemical  properties ;  it  decomposes  water, 
giving  off  H  ;  the  oxides  TioO^  and  TiOj  form 
corresponding  salts  ;  the  chloride  and  iodide  (and 
?  also  bromide)  can  be  gasified  without  decompo- 
sition ;  the  sulphide  TiS._,does  not  showany  acidic 
characters  so  far  as  it  has  been  examined.  The 
chlorides  give  pps.  of  corresponding  hydrated 
oxides  by  reacting  with  alkalis,  &c.  On  the 
other  hand,  Ti  exhibits  distinctly  non-metallic 
or  chlorous  properties  ;  hydrates  of  TiO.,  act  as 
feeble  acids,  producing  salts  wherein  Ti  forms 
part  of  the  negative  radicle.  The  acids  H.^TiFg 
and  H^TiOjF^  are  known,  and  also  salts  derived 
therefrom.    TiCl4  is  very  easily  decomposed  by 
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water,  giving  HClAq  and  TiO.,.a-H._,0,  &c.  As 
might  be  expected  from  the  two-sided  character 
of  the  reactions  of  Ti,  most  of  the  salts  obtained 
by  replacing  the  H  of  oxyacids  by  Ti  are  basic 
salts.  The  oxide  TiO.j  has  been  isolated ;  it  is 
probably  a  superoxide.  Ti  is  closely  related  to 
Zr,  Ce,  and  Th  ;  these  elements,  with  Ti,  form 
the  even-series  family  of  Group  IV.  {v.  Titanidii 
GROUP  OP  ELEMENTS,  p.  749).  Ti  is  also  closely 
related  to  Ge,  Sn,  and  Pb,  which  form  the  odd- 
series  elements  of  Group  IV.  {v.  Tin  group  op 
ELEMENTS,  p.  735).  Ti  also  shows  distinct  re- 
lationships to  C  and  Si,  which  are  the  first  and 
second  members  of  Group  IV.  (v.  Carbon  group 
OP  ELEMENTS,  vol.  i.  p.  G82).  The  similarity  be- 
tween Ti  and  Si  is  shown  very  distinctly  in  the 
titanic  and  silicic  acids,  the  relations  between 
■which  may  be  expressed  by  such  a  general 
equation  as  nMH,0,  —  mil.D  =  'M„H.4„-2nfiin-m 
(M  =  Ti  or  Si).  Ti  is  the  only  element  of  Group 
IV.  which  is  known  to  form  compounds  of  the 
type  M,TiO.,F4  =  Ti(0M),F4  =  TiX„. 

Reactions  and  Combinations. — 1.  Heated  in 
air  or  in  oxygen,  burns  brilliantly  to  TiO;. — 
2.  Burns  when  heated  in  chlorine,  forming 
Ti4Cl. — 3.  Til,  is  formed  by  passing  vapour  of 
iodine  over  hot  Ti. — 4.  Combines  with  nitrogen 
when  heated  therewith  (v.  Nitrides,  p.  743). — 
5.  Ti  is  violently  oxidised  to  TiO,  by  beating 
with  cupric  oxide  or  red  lead. — 6.  Interacts  with 
water  at  100°,  forming  TiO,,  and  H.— 7.  Dis- 
solves in  warm  hydrochloric  acid,  forming  Tl.CIj 
(Glatzel,  B.  9,  1831  ;  Eammelsberg,  B.  B.  1874. 
490). — 8.  Ti  dissolves  easily  in  hydrofluoric 
acid  (?  forming  Ti  J*',,) ;  also  in  warm  dilute 
nitric  or  sulphuric  acid,  according  to  Glatzel 
{I.e.),  the  solution  in  H^SGiAq  deposits  crystals 
of  Ti.,(SOj).,  on  cooling.  Cone,  hot  HoSGj  reacts 
with'Ti,  giving  off  SO,  (?  forming' Ti(SO.|),) ; 
cone,  hot  HNO3  oxidises  Ti  to  metatitanie  acid 
iq.  v.,  p.  747)  according  to  Weber  (P.  120,  287). 

Detection  and  Estimation. — Compounds  of 
Ti  are  not  reduced  to  metal  by  heating  on  char- 
coal in  the  blowpipe  flame.  Ti  compounds,  if 
not  containing  elements  which  give  a  colour  | 
to  microcosmic  salt,  form  a  colourless  glass 
when  melted  in  the  microcosmic  salt  bead  in  j 
the  outer  blowpipe  flame ;  in  the  inner  flame 
they  give  a  glass  which  is  colourless  when  hot, 
but  becomes  violet  on  cooling  ;  the  delicacy  of 
the  reaction  is  much  increased  by  adding  a  little 
zinc  to  the  bead  (Riley,  C.J.  12, 13).  Solutions 
of  TiO.,.a'H,0  in  HClAq  or  H,SO,|Aq  give  white 
pps.  of  TiO.j.a'H.jO  on  boiling;  addition  of  apiece 
of  tin  to  a  solution  of  TiO.j.a-HoO  in  HClAq  ! 
causes  evolution  of  H  and  produces  a  violet-blue 
solution  which  becomes  rose-coloured  on  dilution 
with  water  (von  Kobell,  P.  62,  .599).  A  solution 
of  TiOoX'H^O  in  HClAq  gives  a  violet-red  liquid 
(TijClg  solution)  by  digestion  for  some  time  with 
Cu  (Fuchs,  A.  50,  319).  Ti  is  estimated  as  TiO,,, 
ppd.  from  solutions  by  a  slight  excess  of 
NH,Aq.  Insoluble  compounds  of  Ti  are  gene- 
rally fused  with  KHSO,,,  the  fused  mass  is  dis- 
solved in  water,  and  TiO.vaH^O  is  ppd.  by  long 
continued  boiling. 

Titanium,  alloys  of.  The  alloys  of  Ti  have 
not  been  much  examined.  V^oliler  a.  Michel 
{A.  113,  248;  115,  102)  obtained  an  alloy  with 
aluminium  approaching  in  composition  to  TiAlj 
by  heating  a  mixture  of  TiO,,  KCl,  NaCl,  and 


I  cryolite,  and  treating  with  HClAq.  By  heating 
a  mixture  of  Ti  and  Al  with  KCl  or  NaCl  in  an 
earthenware  crucible  in  a  stream  of  H,  L6vy 
(C  R.  lOG,  66)  obtained  brittle  steel-grey  crystals 
which  he  took  to  be  an  isomorijhous  mixture  of 
TiAlj  and  SiAl,.  Ti  alloys  with  iron  ;  it  is  often 
present  in  pig-iron,  but  rarely  in  bar-iron  or 
steel  (v.  Eiley,  C.  J.  16,  387). 

Titanium,  bromides  of.  Only  one  bromide 
has  been  isolated,  TiBr^. 

Titanic  bromide  TiBr^.  {Titanium  tetra- 
hromide.)  Mol.  w.  has  not  been  determined,  but 
the  formula  is  almost  certainly  molecular  from 
analogy  of  TiCl,  and  Tilj. 

Prepared  by  passing  Br  vapour  over  a  mix- 
ture of  TiOo  and  charcoal  heated  to  full  redness, 
collecting  the  liquid  that  distils  over  and  solidi- 
fies in  the  receiver,  and  redistilling  it  from  Hg 
(to  remove  free  Br)  (Duppa,  Pr.  8,  42).  Also 
prepared  by  passing  HBr  gas  over  TiCl^  kept  a 
few  degrees  below  its  boiling-point  in  a  distilling 
flask  connected  with  an  upright  condenser  ;  the 
whole  of  the  CI  of  the  TiCl^  is  expelled  (Thorpe, 
C.  J.  47,  126).  Thorpe  used  350  g.  TiCl^,  and 
continued  the  passage  of  HBr  for  three  days. 
The  HBr  is  conveniently  obtained  by  the  inter- 
action of  Br  and  amorphous  P  in  a  little  water ; 
it  is  freed  from  Br  by  passing  through  a  U  tube 
containing  broken  glass  and  amorphous  P,  and 
is  dried  by  passing  through  another  U  tube  con- 
taining CaCl.,. 

TiBr_,  forms  dark-yellow  or  orange  crystals, 
S.G.  2-6,  melting  at  c.  40°,  and  boiling  at  c.  229° 
(D.,  I.e. ;  T.,  I.e.).  It  is  very  hygroscopic  ;  easily 
decomposed  by  water,  forming  a  perfectly  clear 
solution  containing  HBr  and  TiO;..^  H20. 

Titanium,  bromochlorides  of.  By  adding  Br 
to  TiCl,  {q.  v.,  p.  741)  Friedel  a.  Guerin  {A.  Ch. 
[5]  8,  24)  obtained  a  colourless  liquid,  fuming  in 
the  air,  boiling  at  176°,  which  they  said  was  pro- 
bably TiBr,Cl, ;  and  by  the  reaction  of  Br  with 
TLClg  they  obtained  a  liquid  boiling  at  154°, 
probably  TiBrCl^. 

Titanium, carbonitride of,Ti^CN4.  {Titanium 
nitroeyanide,  or  cyanonii ride  Ti|„(CN),Nj.)  This 
compound  is  often  found  in  blast  furnaces  where- 
in titaniferous  ironstone  has  been  smelted.  It  was 
supposed  by  Wollaston  to  be  Ti  {G.  A.  75,  220), 
and  was  for  many  years  generally  mistaken  for 
the  metal.  In  1850  Wdhler  (A.  73,  34)  proved  it 
to  contain  C  and  N  besides  Ti. 

The  compound  is  found  in  blast  furnaces  as 
lustrous,  opaque,  copper  -  coloured,  prismatic 
crystals.  By  treating  these  crystals  with  cone. 
HClAq,  then  with  cone.  H,SOj,  washing,  treating 
with  HFAq,  and  again  washing,  the  compound 
is  freed  from  admixed  Fe,  &c. ;  small  leaflets  of 
graphite  generally  remain  mixed  with  the  car- 
bonitride. TijCN_,  can  be  prepared  by  heating  a 
mixture  of  dry  KjFeCy,.  and  TiO,  in  a  closed 
crucible  for  an  hour  or  two  at  c.  the  melting-point 
of  Ni  (1400°  to  1450°),  dissolving  out  Fe,  etc.,  by 
cone.  HClAq,  washing,  and  drying.  By  exami- 
ning the  brown  powder  thus  obtained  with  a 
magnifying  power  of  300  diameters  copper- 
coloured  crystals  of  Ti-.CNj  can  be  detected 
(Wohler,  A.  73,  34).  It  is  also  obtained  by 
heating  a  mixture  1  part  C  and  5§  parts  TiO,„  in 
a  closed  carbon  crucible  for  some  hours  at  1400° 
to  1450°  ;  also  by  passing  N  over  a  mixture  of 
C  and  TiOg  in  the  ratio  1;5|  heated  in  a  carbon 
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boat  placed  in  a  carbon  tube  to  the  melting-point 
of  Pt  (c.  1800°)  (W.  a.  Deville,  A.  103,  231). 

When  Ti,CNj  is  fused  with  KOH  it  gives  off 
NH3 ;  heated  to  redness  in  a  stream  of  water 
vapour  TiOj  is  formed,  and  H,  NH,,  and  HON 
are  given  off  (W.,  I.e.) ;  heated  in  CI  it  gives 
TiCl,  and  TiC1^.2HCN  (W.,  I.e. ;  also  p.  219) ; 
the  compound  is  burnt  by  heating  with  PbO, 
CuO,  or  HgO,  giving  off  CO.,  and  leaving  TiO., 
and  Pb,  Cu,  or  Hg  (much  heat  is  produced  in  the 
reaction)  (W.,  I.e.). 

The  simplest  formula  that  expresses  the  com- 
position of  Ti  carbonitride  is  Ti^CNj  (W.,  I.e. ; 
cf.  Keinhardt,  Zeii.f  ilr  anorgan.  Chemie,  1,  121). 
This  formula  is  generally  doubled  and  written 
Ti(CN)2.3TiiN„,  and  the  substance  is  regarded  as 
a  compound  of  cyanide  and  nitride  of  Ti ;  .Toly 
(0.  R.  82,  1195)  regards  it  as  a  compound  of 
carbide  and  nitride  of  Ti,  and  writes  the  formula 
TiC.4TiN  (or  2TiC.8TiN). 

Titanium,  chlorides  of.  Ti  and  CI  combine  to 
form  TiCI,,;  by  the  regulated  action  of  H  on  TiCl^ 
one-fourth  of  the  CI  can  be  removed  and  TiClj 
produced  ;  and  by  the  further  action  of  H  on 
TiClj  one-third  of  the  CI  can  be  removed  and 
TiCU  produced.  The  V.D.  of  the  tetrachloride  has 
been  determined,  and  the  formula  TiCl,  is  mole- 
cular ;  from  the  analogy  of  C.^Clj  and  SijCl^  it  is 
probable  that  the  molecular  formula  of  the  tri- 
chloride is  Ti.,Cl„;  from  the  analogy  of  PbCl,  and 
SnOU  the  formula  TiClo  may  be  supposed  to  be 
molecular,  but  if  the  analogy  of  C2CI4  is  to  be 
followed,  the  molecular  formula  must  be  TiXlj. 

Titanic  chloeidb  TiClj.  {Titanium  tetra- 
chloride.) Mol.w.  189-38.  Meltsat -25°  (Haase, 

B.  26,  1052).  Boils  at  136-41°  at  760  mm. 
(Thorpe,  C.  J.  37,  329).  S.G.  ^  1-76041  ;  S.G. 
at  b.p.  1-52223  (Thoi-pe,  Z.c).  V.D.  98-8  at  143° 
(Dumas,  A.  Ch.  [2]  33, 388).  S.V.  124-47  (Thorpe, 

1.  C.). 

Preparation.—  1.  TiOo  is  intimately  mixed 
with  c.  half  its  weight  of  lampblack  previously 
heated  to  redness  in  a  stream  of  CI,  and  the 
mixture  is  heated  to  full  redness  in  a  tube  of 
hard  glass  connected  with  a  receiver,  while  a 
stream  of  dry  CI  is  passed  over  it.  The  TiCl, 
which  collects  in  the  receiver  is  freed  from  CI  by 
shaking  with  Cu,  Hg,  or  Na  amalgam  (Merz,  Bl. 
[2]  7,  401),  or  by  boiling  for  some  time  (Thorpe, 

C.  J.  47, 119),  and  is  then  distilled.  Thorpe  (I.e.) 
conducted  the  final  distillation  in  dry  N. — 

2.  Vapour  of  CCl,,  or  a  mixture  of  equal  volumes 
of  CI  and  CO,  is  passed  over  TiO._,  in  small  lumps, 
heated  to  bright  redness  in  a  tube  of  hard  glass 
connected  with  a  receiver.  The  TiCl4  is  purified 
as  described  above  (Watts  a.  Bell,  C.  J.  33,  443). 

Properties.— A  colourless  liquid,  solidifying 
at  -25°  (Haase,  B.  26,  1052).  Does  not  conduct 
electricity  (0.  v.  d.  Pfordten,  A.  237,  201). 
Fumes  in  the  air,  rapidly  absorbing  moisture  and 
solidifying  to  the  hydrate  TiClj.5H.,0  (Demoly, 
A.  72,  213).  (For  an  apparatus  for  collecting 
TiCl^  for  analysis,  v.  Thorpe,  I.e.)  TiCl,,  is 
violently  decomposed  by  water,  forming  HClAq, 
and  TiO.,.aH„0  some  of  which  ppts.  {v.  Reac- 
tions, No.  8). 

Reactions. — 1.  Hydrogen  tediMces  TiCl,,  at  a 
high  temperature,  to  Ti^Clg  and  then  to  TiCl,  (v. 
trichloride  and  dichloride).  —  2.  Mixed  with 
oxygen  and  passed  through  a  red-hot  porcelain 


tube,  TijOoClj  is  formed  (v.  Oxyehlorides,  p.  748). 
3.  Heated  to  130°  in  a  sealed  tube  with  sodium, 
the  chief  product  is  TiCL,  according  to  0.  v.  d. 
Pfordten  (A.  237,  201)  ;  Eobinson  a.  Hutchings 
(Am.  6,  74)  say  that  Ti  is  produced  in  this  re- 
action. Nilson  a.  Pettersson  (W.  4,  554)  obtained 
Ti  by  reducing  TiCl^  by  Na  at  a  very  high  tem- 
perature.— 4.  Sodium-amalgam  produces  TiXlg 
and  TiCL  (0.  v.  d.  P.,  Z.c.).— 5.  Reduced  silver 
gives  Ti.,'Clj  and  Ti  when  heated  with  TiCl,  to 
180°  (Friedel  a.  Guerin,  A.  Ch.  [5]  7,  24).— 6. 
By  passing  vapour  of  TiClj  over  silicon,  boron, 
or  several  metals,  heated  to  bright  redness.  Levy 
(C.  R.  110,  1368)  obtained  hard,  steel-white, 
cubical  crystals  which  he  supposed  to  be  nearly 
pure  Ti. — 7.  Pure,  dry,  hydrogen  sidphide  reacts 
at  the  ordinary  temperature,  forming  Ti^Cle ;  at 
a  higher  temperature  a  pp.  is  j)roduced  which  is 
probably  a  thiochloride  of  Ti  (O.  v.  d.  P.,  A.  234, 
257). — 8.  Cold  wafer  reacts  violently  with  TiCl,, 
with  production  of  much  heat  and  formation  of 
a  turbid  liquid  containing  HCl  and  holding  in 
suspension  2TiO^,.H,0  (v.  Metatitanic  acid  under 
Titanium  oxyacids,  and  salts  and  derivatives 
THEREOF,  p.  747) ;  after  30  or  40  hours  the  liquid 
becomes  clear,  but  ppn.  occurs  again  on  heating 
to  c.  85°  when  about  7  pts.  water  are  present  to 
1  pt.  TiCl,  used  {v.  Thorpe,  C.  J.  47,  120  ;  and 
cf.  Titanium  oxyacids,  p.  746).  According  to  Merz 
{Bl.  [2]  7,  401),  an  oxychloride,  approximately 
TiCl,.3Ti02.16H,0,  is  obtained  by  evaporating 
TiCl.,Aq,  or  TiCl,  that  has  deliquesced  in  air, 
over  H0SO4  and  CaO  {v.  Oxyehlorides,  p.  748). 
TiOo,  in  the  form  of  brookitc,  is  obtained  by 
passing  vapour  of  TiCl,  and  water,  mixed  with 
CO.,,  through  a  red-hot  porcelain  tube  (Daubree, 
C.  R.  29,  227  ;  39,  153).— 9.  With  Imjdrochloric 
acid  the  compounds  TiCl^.OH  and  TiCl2(OH)2 
are  formed  {v.  Titanium  hydroxyl  chlorides, 
p.  743).— 10.  Chlorosulphonic  acid  (SOj.OH.Cl) 
reacts  with  TiCl,  at  the  ordinary  temperature 
to  form  a  yellow,  amorphous,  deliquescent 
powder,  having  the  composition  TiCl,.S03 
(  =  TiCl3.0S0.,.Cl)  (Clausnizer,  11,  2011).— 11. 
By  passing  vapour  of  TiCl,,  mixed  with  H, 
through  a  white-hot  tube  containing  titanium 
dioxide  the  oxychloride  TioO.^Cl,  is  obtained  {v. 
Oxyehlorides,  p.  748). 

Combinations. — 1.  With  water  to  form  a 
pentahydrate  and  a  dihydrate.  Demoly  {A.  72, 
2 13)  obtained  TiCl,.5H„0,  as  deliquescent  crystals, 
by  allowing  TiCl,  to  absorb  moisture  from  the 
air,  then  adding  a  little  more  water,  and  evapo- 
rating under  reduced  pressure.  By  drying  the 
pentahydrate  over  H„S0,  in  vacuo,  D.  ob- 
tained TiCl,.2H.,0. — 2.  With  ammonia,  to  form 
TiCl,.4NH3  according  to  H.  Kose  (P.  16,  57), 
TiCl,.6NH.,  according  to  Persoz  {A.  Ch.  [2]  46, 
315) ;  easily  decomposed  in  air;  heated  in  a  tube 
gives  off  NH3,  then  NH.,  and  HCl,  and  a  yellowish 
sublimate  of  TiCl,.3NH,Cl,  and  leaves  Ti ;  heated 
in  NHj  gives  TijN,  {v.  Titanium  nitrides,  p.  743). 

3.  With  hydrogen  phosphide,  to  form  a  brown 
powder,  which  when  heated  gives  a  sublimate  of 
3TiCl,.2PH,Cl  according  to  H.  Kose  (P.  42, 527). 

4.  With  hydrogen  cyanide  to  form  TiCl,.2HCN 
(Wohler,  A.  73,  226) ;  by  vaporising  this  com- 
pound through  a  red-hot  tube  Ti.jN,  and  C  are 
formed  (W.,  Z.c). — 5.  With  cyanogen  chloride, 
to  form  yellow  crystals  of  TiCl,.CNCl;  sublimable 
at  100°  (W.,  A.  73,  219).— 6.  With  phosphorus 
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'pentachloridc  to  form  TiClpPClj ;  obtained  by  | 
heating  TiCli  and  PCI,  to  150°  in  a  sealed  tube  • 
(Berti-and,  Bl.  [2]  33,  565)  ;  also  by  heating  TiO^,  I 
and  PCI;,  in  the  ratio  TiOo:3PCL,,  or  by  saturating 
a  mixture  of  TiClj  and  PCL,  with  CI  (Tiictscheff, 
A.  141,  111),  and  removing  excess  of  TiCl.,  by 
heating  in  a  stream  of  CI  (Weber,  F.  132,  452). 
A  citron-yellow,  loose,  semi-crystalline  solid ; 
sublimes  without  melting  ;  deliquescent  in  air. — 
7.  With  ijhosphorus  tricldoride  to  form  yellow 
crystals  of  TiClj.PCla,  melting  at  85-5°  (Bertrand, 
I.e.). — 8.  With  sulphur  tetrachloride,  to  form 
2TiClj.SClj ;  obtained  by  saturating  a  mixture  of 
TiCl^  and  S.,C1.,  with  CI,  and  warming  in  a  stream 
of  CI  (Weber,  P.  132,  454).— 9.  By  mixing  TiCl, 
and  sulphurous  chloride  H.  Rose  obtained  large 
yellow  crystals,  probably  a  compound  of  the  two 
chlorides  {F.  42,  527). — 10.  With  ammonium 
chloride,  to  form  TiClj.3NH,Cl  {v.  supra.  Com- 
binations, No.  2). — 11.  \^\th.  phosphoryl  chloride 
to  form  TiCl.,.P0Cl3 ;  obtained  by  gradually 
adding  POCL,  to  TiClj,  and  gently  warming 
(Weber,  P.  132,  453)  ;  colourless,  deliquescent 
crystals,  melting  at  110^,  and  boiling  at  140° 
(Wehrlin  a.  Giraud,  C.  R.  85,  288).— 12.  With 
seloiion  oxychloride  to  form  a  yellow  powder, 
decomposed  by  heat,  having  the  composition 
TiCl.,.2SeOCL;  obtained  by  adding  SeOCL  to 
TiCl,,  and  drying  the  solid  that  separates  on 
cooling  on  a  tile  overH^.SOj  (Weber,  B.  B.  1865. 
154). — 13.  With  nitrosyl  chloride;  obtained  by 
saturating  TiClj  with  NO.,,  and  subliming 
(Hampe,  A.  126,  47),  also  bypassing  the  vapours 
from  aqua  regia  into  TiCl,  (Weber,  F.  118,  476). 
Hampe  {I.e.)  gives  the  composition  3TiClj.4NOCl, 
Weber  {I.e.)  the  composition  TiCl.|.2NOCl.  A 
deep  citron-yellow,  crystalline  mass  ;  decom- 
poses in  air  ;  sublimable  out  of  air  ;  with  water 
gives  off  NO. — 14.  With  sulphur  trioxide  to 
form  TiClj.S03  (or  TiCl,.OSO,,.Cl),  formed  by 
the  interaction  of  TiCl^  and  S0.„0H.C1  at  the 
ordinary  temperature  ;  a  yellow,  amorphous,  de- 
liquescent powder  (Clausnizer,  B.  11,  2011). — 
15.  Demar(;ay  {Bl.  [2]  20,  127)  obtained  a  great 
many  compounds  of  TiCl^  with  esters,  mcreaptans, 
and  ethyl  sulphide  {cf.  Bedson,  C.  J.  29,  309). 

Titanium  tsichloride  Ti„Clg.  {Titanium 
sesqiiichloride.  Titanous  chloride.)  Mol.  w. 
not  determined  ;  but  from  analogy  of  C.^Cl,;  and 
SijClg  the  formula  Ti^Cl^  is  probably  molecular. 

Formation. — 1.  By  reducing  TiCl^  by  H  {v. 
F^-eparation). — 2.  By  reducing  TiCl.,  by  sodium- 
amalgam  (O.  V.  d.  Pfordten,  A.  237,  201)  ;  or  by 
pure,  dry  H,S  (0.  v.  d.  P.,  A.  234,  257).— 3.  By 
heating  TiCi,  with  reduced  Ag  to  180^ ;  Ti  is  also 
formed,  and  probably  TiCl.,  also  (Friedel  a. 
Gu6rin,  A.  Ch.  [5]  8,  24).— 4.  A  solution  of 
Ti,Cl5  is  obtained  by  digesting  a  solution  of 
Tib„.a;H.,0  in  HClAq  with  Cu  at  40°-50^  (Fuchs, 
A.  56,  319) ;  or  with  Ag  ppd.  by  zinc  from  AgCl 
(von  Kobell,  P.  62,  599).  Ti.,Cl„is  also  probably 
present  in  the  greenish  liquid  obtained  by  adding 
Na  amalgam  to  K.TiF,  in  HClAq  (0.  v.  d.  F.,A. 
237,  201). 

Freparation. — TiCl,  is  placed  in  a  retort  con- 
nected with  a  tube  of  porcelain  or  hard  glass  (if 
a  glass  tube  is  used  it  should  be  wrapped  in 
copper-foil)  which  is  placed  horizontally  in  a 
furnace  ;  the  other  end  of  the  tube  projects  con- 
siderably out  of  the  furnace  and  is  connected 
with  a  receiver  to  collect  undecomposed  TiCl,. 


The  delivery  tube  from  an  apparatus  evolving 
pure  and  dry  H  passes  into  the  retort  beneath 
the  surface  of  the  TiClj.  H  is  passed  through 
the  apparatus  until  it  is  entirely  filled  with  the 
gas  ;  the  tube  is  then  heated  to  redness,  and 
the  retort  is  gently  warmed.  Ti.^Cl„  is  formed 
and  condenses  as  dark-violet  scales  on  the 
part  of  the  tube  that  projects  out  of  the  furnace. 
When  all  the  TiClj  has  been  driven  out  of  the 
retort,  the  Ti.,Cl„  in  the  cooler  part  of  the  tube 
is  gently  warmed,  while  the  passaRe  of  H  is  con- 
tinued, to  remove  any  adhering  TiCl, ;  the  Ti._,Cl|i 
is  allowed  to  cool  in  the  stream  of  H  (Ebelmen, 
A.  Ch.  [3]  20,  385). 

Froperfies. — A  dark-violet,  very  lustrous 
solid,  deliquescing  in  air,  and  dissolving  in  water 
to  form  a  violet  liquid,  which  gradually  de- 
colourises with  ppn.  of  TiO._,.xH.O.  Ti._,Cl„  is 
easily  soluble  in  alcohol,  forming  a  violet  or  green 
liquid  ;  it  is  insoluble  in  ether,  and  sparingly 
soluble  in  HClAq  (0.  v.  d.  P.,  A.  237,  201). 

Reactions. — 1.  Heated  in  hydrogen  toe.  440°, 
TiClj  distils  over  and  TiCl.,  remains  (Friedel  a. 
Guerin,  A.  Ch.  [5]  8,  24)"— 2.  Heated  in  air, 
TiCl.,  vaporises  and  TiO^.  remains. — 3.  Dissolves 
in  water,  forming  a  violet,  or  green-violet,  liquid 
which  slowly  becomes  colourless  with  ppn.  of 
TiO;,.a;'H.^O. — 4.  Alkalis,  or  alkali  carbonates,  in 
solution  ppt.  TuO^.xtl.O  from  Ti.Cl,;Aq ;  ain- 
monium  sulphide  forms  the  same  pp. ;  hydrogc?. 
sulphide  gives  no  pp.  (Ebelmen,  Z.c). — 5.  Ti._.Cl^Aq 
reduces  sohttions  of  gold,  silver,  or  platinum 
salts  with  ppn.  of  the  metals;  ferric  and  cupric 
salts  are  reduced  to  ferrous  and  cuprous  salts  ; 
sulphuroits  acid  solution  is  reduced  by  heating 
with  Ti.,Cl,Aq  with  ppn.  of  S  (E.,  ^.c).  -6.  Ti.,Cl„ 
reacts  with  bromine  to  form  a  liquid  boiling  at 
154°,  probably  TiBrCL,  (F.  a.  G.,  I.e.). 

Combinations.  —  With  ivarer  to  form 
Ti.,Cl„.8H._,0  ;  obtained  by  Glatzel  {B.  9,  1829)  by 
evaporating  a  solution  of  Ti  in  HClAq  to  the 
crystallising  point,  filtering  off  ppd.  Ti02..rH.O 
from  time  to  time.  The  hydrate  is  a  green  solid  ; 
it  dissolves  in  water,  forming  an  opalescent 
violet  solution  containing  a  little  suspended 
TiO^,.a'H,^0  ;  the  solution  becomes  colourless  on 
standing,  and  then  gives  the  reactions  of  titanic 
acid. 

Titanium  BICHLORIDE  TiCL,.  (Sometimes  called 
titanous  chloride.)  Mol.  w.  is  not  known.  From 
the  analogy  of  SnCL,  and  PbCL,  the  formula 
TiCI, would  be  molecular;  but  from  the  analogy 
of  C.jCl^  the  molecular  formula  would  be  Ti.^Clj. 

Formation. — 1.  By  reducing  Ti._.Cl6  by  H 
{v.  Freparation). — 2.  TiCl.^  is  probably  formed, 
along  with  Ti^,Cl,i,  by  heating  TiCl,  with  reduced 
Ag  (Friedel  a.  Guerin,  ^4.  Ch.  [5]  8, 21). — 3.  Along 
vv'ith  Ti.^Cl,,,  by  the  action  of  Na  amalgam  on 
TiCl,;  also  by  heating  TiCl,  with  Na  to  130°  in 
a  sealed  tube  (0.  v.  d.  Pfordten,  A.  237,  201). 

Freparation. — TiXl,;  reacts  with  H  at  a  red 
heat  to  give  TiCl._,  and  TiCl,.  Friedel  a.  Guerin 
{I.e.)  proceed  as  follows.  The  tube  containing 
Ti._,Cl|;,  prepared  from  TiCl,,  {v.  supra),  while  still 
filled  with  H,  is  connected  with  an  apparatus 
evolving  pure,  dry  CO.^,  and  the  whole  of  the  H 
in  the  apparatus  is  driven  out  by  CO.,.  Thf 
Ti.^Clg  is  then  shaken  into  a  small  tubulated 
retort,  placed  on  a  sand-tray,  and  previously 
filled  with  CO., ;  the  C0._,  is  displaced  by  pure, 
dry  H  ;  the  retort  is  then  heated  to  dull  red- 
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ness,  while  a  stream  of  H  is  passed  through  it, 
until  TiClj  ceases  to  distil  off ;  the  retort  is 
allowed  to  cool  in  the  stream  of  H,  and  CO.,  is 
then  passed  in  until  all  the  H  is  removed  (if 
this  is  omitted  the  TiCl,  takes  fire  in  the  air), 
and  the  black  TiCL  in  the  retort  is  quickly 
shaken  into  small  dry  tubes  filled  with  COo, 
which  are  at  once  sealed  off. 

Properties. — A  black,  light  powder ;  very 
rapidly  absorbs  water,  forming  a  kind  of  mud ; 
insoluble  in  CS,,  CHCl,,  or  Et,0.  Volatilised 
without  melting  by  heating  to  full  redness  in  H. 
Shaken  with  Et„0  and  KCNSAq,  the  Et,0  be- 
comes dark  brown  ;  this  is  a  delicate  test  for 
TiCls  (0.  V.  d.  Pfordten,  A.  237,  201). 

Reactions. — 1.  Takes  lire  when  touched  with 
a  drop  of  wafer  (?  with  formation  of  TijO,Cl.j ; 
V.  F.  a.  G.,  I.e.)  ;  thrown  into  water,  it  hisses 
like  red-hot  iron,  decomposing  the  water  with 
evolution  of  H  and  formation  of  a  yellowish 
liquid. — 2.  Decomposes  absolute  alcohol,  giving 
off  H  and  forming  a  yellowish  liquid. — 3.  Heated 
in  air,  TiCl„  burns  like  tinder,  giving  off  TiCl^ 
and  leaving  TiO,. — 4.  With  bromine  it  forms  a 
liquid  boihng  at"  176°,  probably  TiC1.3r,  (F.  a. 
G.,  I.C.). 

Titanium,  chlorobromides  of,  v.  Titanium 

BEOMOCHLORIDKS,  p.  731). 

Titanium,    cyanonitride    of,    v.  Titanium 

OAEBONITBIDE,  p.  739. 

Titanium,  ferrocyanides  of,  v.  vol.  ii.  p.  337. 

Titanium,  fluorides  of.  The  only  compound 
that  has  been  isolated  with  certainty  is  TiF^. 
There  are  indications  of  the  existence  of  TioPg, 
and  compounds  of  this  fluoride  with  alkali 
fluorides  are  known. 

Titanic  fluoride  TiFj.  {Titanium  tetra- 
fluoride.)  Formula  probably  molecular,  from 
analogy  of  TiCl,  and  Til,.  By  heating  a  mixture 
of  TiO,,  and  CaF,  with  H,,SO^,  Unverdorben  {P. 
7,  320)  obtained  a  colourless  distillate,  which  he 
supposed  to  contain  a  compound  of  Ti  and  F. 
Berzelius  {P.  4,  1)  obtained  crystals  (?  TiF^)  by 
dissolving  TiOo.a^H^O  in  HFAq.  The  crystals 
were  decomposed  by  water,  giving  an  acid  solu- 
tion (?  HjTiFgAq),  and  an  insoluble, '  so  to  say 
basic,''  compound.  TiO.j  is  obtained  by  passing 
vapour  of  TiF,,,  mixed  with  H.,0,  through  a  tube 
heated  to  c.  800°  or  1000°  (Hautefeuille,  A.  Ch. 
[4]  4,  131 ;  cf.  Titanium  dioxide,  p.  741). 
Heated  to  redness  in  H,  perhaps  gives  Ti.Ji'g  (H., 

I.C.). 

Combinations. — 1.  TiF.,  probably  combines 
with  hydrogen  fluoride  to  form  HoTiF„.  By  dis- 
solving TiOo.a'HoO  in  HFAq,  evaporating,  adding 
water  to  the  crystals  (?  TiF^)  thus  formed,  and 
filtering  from  an  insoluble  solid  (?  oxyfluoride), 
Berzelius  (P.  4,  1)  obtained  an  acid  solution 
from  which,  by  neutralisation  with  KOHAq  and 
evaporation,  he  obtained  the  salt  K^TiFg.  The 
acid  solution  probably  contained  H„TiFe.  This 
compound  (if  it  exists)  is  best  called  titani- 
fluorhydric  acid.  It  is  analogous  to  H„SiF„, 
HoSnFg,  and  other  acids  of  the  type  HjMX,', 
where  M  =  an  element  of  Group  IV.  (except  C), 
and  X  =  a  halogen. — 2.  With  various  metallic 
fluorides  to  form  TiFj.2MF  =  M.^TiFj.  These 
salts  were  obtained  from  the  K  salt,  which  was 
got  by  neutralising  the  acid  solution  prepared  as 
described  under  1.  Salts  of  NH„  Ca,  Cu,  Fe, 
Pb,  Mg,  and  Ni  are  described  (B.,  I.e. ;  Weber, 


j  P.  120,  291).  These  salts  are  best  called 
titanifluorides ;  they  are  similar  to  stanni- 
fluorides. — 3.  TiF^  also  combines  with  am- 
monium fluoride  to  form  TiF^.SNHjF  (besides 
TiF^.2NH,F)  (Baker,  C.  J.  '65,  763). 

I5y  adding  NH3Aq,  drop  by  drop,  to  warm 
(NH^).TiF,Aq,  Piccini  {G.  17,  479)  obtained  a 
compound  of  the  form  TiO  J'^.^NH^F  ;  from  this 
he  prepared  TiOJo.BaFo,  and  by  carefully  de- 
comiDosing  this  salt  by  H.,SO^Aq  he  obtained  a 
solution  of  the  acid  Tid.,F„.2HF.  P.  regards 
this  acid  as  a  F  derivative  of  the  hypothetical 
pertitanic  acid  HjTiO^  (the  acid  of  TiOj)  ;  he 
calls  the  acid  fluoroxypertitanic  acid,  and  the 
salts  fliioroxypertitanates.  Following  the  plan 
adopted  in  this  Dictionary,  the  acid  will  be 
called  titanoxyflriorhydric  acid  H^TiO^F^, 
and  the  salts,  M'jTiO.^P.,,  will  be  called  titan- 
oxy fluorides.  H^TiOJ^jAq  is  a  yellow  liquid, 
not  ppd.  by  Ba  salts,  giving  a  pp.  of  TiOj  with 
alkali  carbonates. 

Titanium  teifluoeide  TijFg.  This  compound 
is  said  to  be  formed  by  strongly  heating  KoTiF^ 
in  a  stream  of  H  with  a  little  HCl,  according  to 
Hautefeuille  [C.  B.  59,  189  ;  cf.  57,  151).  Ac- 
cording to  H.,  the  compound  is  a  purple-red 
solid,  soluble  in  water.  By  treating  Ti„Cl^Aq 
with  KHF.,  or  NH^F,  Piccini  (G.  16,  104)  ob- 
tained violet  pps.  of  Ti  Ji'e.2MF,  where  M  =  NH^ 
or  K ;  he  also  obtained  Ti2F,.3NH,P.  The  K 
salt  is  slightly  soluble  in  water  ;  soluble  in  dilute 
acids,  forming  green  liquids,  from  which  alkalis 

'  throw  down  azure-blue  pps.  that  gradually 
oxidise  to  TIOo.tH^O  on  exposure  to  air.  The 
salt  TiF4.3NH,"F,  when  exposed  to  air,  gradually 
oxidises  to  Ti0,F„.3NH.,F. 

Titanium,  haloid  compounds  of.  Ti  com- 
bines with  the  halogens  directly  to  form  com- 
pounds TiX., ;  these  tetrahalides  are  generally 
prepared  by  passing  the  halogen  as  gas  over  a 
red-hot  mixture  of  TiO,  and  C.  Til^  is  best 
prepared  by  heating  TiClj  in  HI  gas,  and  TiBr., 
is  very  conveniently  prepared  by  heating  TiCl4 
in  HBr  gas ;  TiF^  is  prepared  by  dissolving 
Ti0.j.a:H,0  in  HFAq  and  evaporating.  The  two 
tetrahahdes  TiClj  and  Til,  have  been  gasified. 
These  formulae  are  molecular,  hence  the  formulas 
TiF^  and  TiBr^  probably  also  represent  the 
compositions  of  the  gaseous  molecules  of  these 
compounds.  By  the  action  of  H,  or  certain 
other  reducing  agents,  on  TiCl.,,  two  chlorides 
are  obtained,  Ti,.Cljj  and  TirCl,,^.  The  V.D.  of 
neither  has  been  determined,  but  from  the 
analogy  of  C.fil^  and  SioClj,  the  value  of  x  in 
Tij-Clj.!:  is  probably  2 ;  from  the  analogy  of 
C0CI4  the  molecular  formula  of  the  lowest 
chloride  is  probably  Ti,Cl4,  but  from  the  analogy 
of  SnCL  and  PbCl,  the  formula  TiCU  would  be 
given  to  it.  TiJ?g  or  TiF3  probably  exists.  No 
bromide  or  iodide  of  either  type  Ti2X„  or  TijX, 
has  been  isolated.  Two  bromochlorides  of  the 
types  TiXj  and  Ti.X^  probably  exist.  TiCl^  and 
TiBr^  dissolve  in  cold  water  ;  the  solutions  con- 
tain HXAq  and  Ti0.,.a;H^0  ;  dilution,  and  more 
quickly  heating,  ppts.  insoluble  TiOo.ccH^O  from 
the  solution  of  TiCl^.  TiFj  is  decomposed  by 
water,  giving  HoTiFgAq  (and  ?  an  oxyfluoride). 
Til,  is  also  decomposed  by  water  ;  on  heating 
insoluble  TiO„.a'H.,0  separates.  TiCl,  combines 
with  many  non-metallic  chlorides  and  oxy- 
chlorides.  TiF,  combines  with  metallic  fluorides. 
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forming  salts  M.^TiF,.,  and  also  some  more 
complex  salts  xTiF,.yMF.  A  few  o.ryhaloid 
compounds  have  been  isolated,  but  a  great  number 
can  doubtless  be  formed.  The  acid  HVriO.,F^ 
and  salts  of  this  acid  have  been  isolated.  Ti._,Cl„ 
dissolves  in  water,  and  after  a  time  TiO.M:rH..O 
separates  ;  the  solution  is  an  energetic  reducing 
agent ;  alkalis  ppt.  Ti.p^.xHjO.  TiCL  reacts 
violently  with  water,  giving  off  H,  and  i^robably 
forming  an  oxychloride. 

Titanium,  hydroxyl  chlorides  of.  By  the 
reaction  of  tlie  proper  quantity  of  36  pi.c.  HClAq 
with  TiClp  the  compound  Ti(0H)Cl3  was  ob- 
tained by  Koenig  a.  0.  v.  d.  Pfordten  (B.  21, 
1708)  ;  using  the  calculated  quantity  of  36  p.c. 
HClAq,  tliecompound  Ti{OH).,Cl,  was  produced; 
and  the  prolonged  action  of  ordinary  air  on 
either  of  the  preceding  compounds  resulted  in 
the  formation  of  Ti(OH).|Cl.  These  compounds 
are  regarded  by  K.  a.  0.  v.  d.  P.  as  derived  from 
Ti(OH)|  by  replacement  of  OH  by  CI ;  the  com- 
pounds may  be  called  ortliotitaiiic  clilorJiijdrins. 
The  compounds  are  yellow  or  white  deliquescent 
solids;  they  dissolve  in  water;  Ti(OH)Cl.j  very 
rapidly  with  a  hissing  noise,  Ti(OH).^Cl,_,  less 
violently,  and  Ti(OH).,Cl  with  some  difficulty. 
The  acjueous  solutions  give  pps.  of  Ti02..iH.^0 
on  boiling.  When  the  compounds  are  heated 
they  give  (1)  TiCl,  and  Ti0....rH„0,  (2)  TiO.,.a:H.,0 
and  HCl,  and  (3)  TiO.,.a-H.,6,  HCl,  and  H.,0.  By 
reducing  Ti(OH)Cl;,  by  Na  amalgam,  in  H,  Ti  ,0, 
is  produced  (K.  a.  0.  v.  d.  P.,  B.  22,  2070  ;  'cf. 
B.'22,  14H5). 

Titanium,  hydroxyl  fluoride  of.  This  name 
may  be  given  to  the  compound  Ti(OH)2F4  ;  it  is 
described  as  titanoxyfl-uorliydric  acid, 
under  Titanic  fldokide  (p.  742). 

Titanium,  iodides  of.  Only  one  compound 
has  been  isolated,  Tilj. 

Titanic  iodide  Tilj.  [Titanium  tetra- 
iodide.)  Mol.  w.  554-02.  V.D.  at  440'=  =  261-2 
(Hautefeuille,  Bl.  [2]  7,  201). 

Formation. — 1.  Vapour  of  I  is  passed  over 
Ti  heated  to  redness  (Weber,  P.  120,  287).— 2.  A 
mixture  of  TiCl,,  vapour,  I  vapour,  and  H  is 
passed  through  a  tube  heated  to  dull  redness ; 
Tilj,  mixed  with  free  I,  condenses  on  the  colder 
part  of  the  tube  (Hautefeuille,  Bl.  [2]  7,  201).— 
3.  By  decomposing  TiClj  by  HI. 

Preparation.  —  Dry  HI  gas  is  passed  into 
TiClj,  which  is  gradually  heated  to  its  b.p.  and 
iiCpt  at  tliat  temperature  until  the  reaction  is 
completed  ;  the  Til,  is  freed  from  traces  of  I, 
which  give  it  a  violet  tinge,  by  a  few  distillations 
inH  (H.,  I.e.). 

Properties  and  Reactions. — A  reddish-brown, 
lustrous,  brittle  solid  ;  when  melted  and  cooled, 
crystallises  in  octahedra,  changing  after  some 
days  to  tufts  of  silky,  prismatic  crystals.  Melts 
at  150°,  and  boils  a  little  above  360°  ;  can  be 
distilled  without  decomposition  ;  melted  Til, 
remains  liquid  till  cooled  below  100°.  Fumes 
strongly  in  the  air.  Dissolves  easily  in  water ; 
solution  turns  brown  on  exposure  to  air  and 
ppts.  TiO.^.a'R.O.  When  vapour  of  Til,  is  heated 
in  air  it  burns  to  TiOoand  I.O-  (H.,  I.e.). 

Titanium,  nitrides  of.  Four  compounds  of 
Ti  and  N  have  been  described;  but  according  to 
later  experiments  only  two  seem  to  exist. 

Trititanidm  tetraniteide  TijN,.  Mol.  w.  un- 
known.   This  compound  is  obtained  by  heating 


TiClj.4NH,j  (v.  Titanic  chloride,  Combinations, 
No.  2,  p.  740),  loosely  packed  in  a  tube  of  hard 
glass,  in  a  stream  of  dry  NH^,  until  the  glass 
begins  to  melt,  and  allowing  to  cool  in  ISH^ 
(Wohler,  A.  73,  43  ;  Friedel  a.  Guerin,  A.  Ch. 
[5]  8,  24).  Indigo-blue  powder,  or  golden-yellow 
(?  rhombohedral)  crystals  ;  strongly  heated  in  H 
gives  Ti.N,,  (F.  a.  G.,  I.e.). 

Dititanium  dinitride  Ti.^No.  Mol.  w.  un- 
known. Prepared  by  placing  two  porcelain 
boats,  one  containing  Na  and  the  other  K.TiFg, 
in  a  hard-glass  tube  iDreviously  filled  with  N, 
passing  a  stream  of  dry  N  through  the  tube, 
heating  the  KJiF,;  to  full  redness  while  the  Na 
is  volatilised  over  it,  and  allowing  to  cool  in  N 
after  all  the  Na  has  been  volatilised  ;  boiling 
with  HClAq,  washing,  and  drying  (Wohler  a. 
Devihe,  A.  102,  234).  Also  obtained  by  heating 
K,TiF,  with  K,  KCl,  NaCl,  and  Al  in  N  ;  also  by 
passing  TiCl,  vapour  and  H  over  heated  Al,  in 
N  ;  also  by  passing  vapour  of  TiCl,  over  heated 
NH,Ci  (W.  a.  D.,  I.e.).  F.  a.  G.  (I.e.)  obtained 
the  same  compound  by  strongly  heating  TiO.,  in 
a  stream  of  dry  NH,,  for  some  hours  ;  W.  (A.  73, 
43)  said  that  TiN,  was  formed  by  this  reaction. 

F.  a.  G.  also  obtained  Ti._,No  by  strongly  heating 
TijN^  in  H  ;  W.  said  that  Ti^N,,  was  formed  by 
this  reaction.  An  amorphous,  brown-yellow, 
very  hard  powder;   S.G.  5-28  at  18°  (F.  a. 

G.  ,  I.e.). 

The  nitrides  of  Ti  are  not  decomposed  by 
heating,  out  of  air,  to  c.  950°-l,000°  ;  fused  with 
KOH,  or  strongly  heated  in  steam  (F.  a.  G:,  I.e.), 
they  give  off  NH., ;  heated  in  CI,  TiCl,  is  pro- 
duced (F.  a.  G.,  I.e.) ;  heated  with  CuO,  PbO,  or 
HgO,  the  nitrides  burn,  and  Cu,  Pb,  or  Hg  is 
produced  (W.,  A.  123,  34). 

Titanium  dinitride  TiN,,.  This  compound 
is  formed,  according  to  Wuliler  (^4.  73,  43),  by 
heating  TiO.,  in  NH.,  for  some  time.  Friedel  a. 
Guerin  (.4.  Ch.  [5]  8,  24)  say  that  the  substance 
obtained  by  W.  contained  Ti._,0„  and  that  if  tlie 
heating  is  continued  until  a  definite  nitride  is 
formed  the  compound  so  produced  is  Ti.,N.^. 

Pentatitaniuji  HEXANiTitiiiE  Ti^N^.  Formed, 
according  to  W.  (I.e.).  by  heating  Ti3Nj  to  full 
redness  in  H ;  or,  mixed  with  C,  by  heating 
TiO.,  in  CN  or  HON  gas.  F.  a.  G.  (I.e.)  say  that 
the  product  of  either  reaction  is  Ti.^N.,,  in  the 
latter  reaction  mixed  with  C. 

Titanium,  nitrocyanide    of,    v.  Titanium 

CAEHONITItlDE  (p.  73'.)). 

Titanium,  oxides  and  hydrated  oxides  of  (cf. 
Titanium  oxyacids  and  salts  and  derivatives 
THEREOF,  p.  746).  Ti  burns  when  heated  in  0, 
forming  TiO„ ;  by  the  reaction  of  reducing 
agents  on  TiCljAq,  and  addition  of  alkalis, 
Ti.Oj  is  obtained  ;  when  the  reduction  is  carried 
further  it  is  probable  that  TiO.i-H.^O  is  formed. 
By  the  reaction  of  H.OAq  in  presence  of  alkali 
on  salts  of  TiO,^,  a  pp.  of  TiO,,  is  obtained.  Oxides 
intermediate  between  TiO,.  and  Ti.^O.,  probably 
exist.  TiO,_,  is  a  basic  oxide,  forming  salts  TiX,, 
where  X  =  N0„  iSO,,  Ac. ;  many  of  the  salts  are 
basic.  A  few  salts  corresponding  with  Ti.O, 
have  been  isolated ;  no  salt  corresponding  with 
TiO  and  derived  from  an  oxyacid  lias  yet  been 
obtained.  Some  of  the  hydrates  of  TiO;  react 
as  feeble  acids. 

Titanium  dioxide  TiO.,.  (Titanic  oxide. 
Titanic  anhydride.)    Mol.  w.  unknown. 
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Occurrence. — As  rutile,  anatase,  and  brookite ; 
rutile  occurs  in  dimetric  prisms,  isomorplious 
with  tinstone;  anatase  in  dimetric  octahedra ; 
and  brookite  in  trimetric  octahedra. 

Formation. — 1.  By  burning  Ti  in  air  or  0. — 

2.  By  ppg.  TiCljAq  by  allvali,  and  washing,  dry- 
ing, and  strongly  heating  tlie  ppd.  TiO.^.xR.fi. — 

3.  By  ppg.  K,TiF^Aq  by  NH^Aq,  and  strongly 
heating  the  pp.  after  washing  and  drying. — 

4.  Vapour  of  TiCl^,  or  TiFj,  mixed  with  steam  is 
jjassed  through  a  red-hot  tube.— 5.  TiS.>  is  heated 
in  dry  CO.,  (TiS,-i-2CO.,=  TiO,H-2CO+"2S  ;  0.  v. 
d.  Pfordten,  B.  22,  2070). 

Preparation.— A.  Amorphous  titanic 
oxide. — 1.  Pure  TiCl^  is  added,  little  by  little, 
to  water  ;  sufficient  NH^Aq  to  neutralise  the 
HCl  produced  is  added,  the  solution  is  evaporated 
to  dryness,  and  the  residue  is  heated  to  some- 
what above  700°  until  it  ceases  to  lose  weight. 
TiClj  may  be  obtained  from  rutile  by  mixing  the 
finely-powdered  mineral  with  c.  half  its  weight  of 
dry  charcoal-powder,  making  into  little  pellets 
with  starch-paste,  drying  the  pellets,  heating 
them  to  full  redness  in  a  covered  crucible,  then 
heating  in  a  tube  of  hard  glass  (to  get  quite  dry), 
and  then  passing  dry  CI  over  the  pellets  while 
they  are  heated  to  bright  redness,  and  a  dry  re- 
ceiver is  connected  with  the  end  of  the  hard 
glass  tube.  The  TiCl^  may  be  purified  (from 
SiClj,  FeClj,  &c.)  by  repeatedly  distilling,  best 
in  a  stream  of  N  {v.  Merz,  J.  pr.  99,  161). — 
2.  KjTiFg  is  dissolved  in  water,  NHjAq  is  added, 
the  pp.  of  TiO._,.a-H.O  is  thoroughly  washed,  dried, 
and  heated  to  somewhat  above  700°.  (For  a 
method  of  getting  K.,TiF,i  from  rutile  v.  Pre- 
paration of  titanium,  p.  738.)  For  other  methods 
of  preparing  TiO„  from  Ti  ores  v.  L6vy  (A.  Ch. 
[6]  25,  511),  Austen  a.  Wilber  {Am.  4,  211), 
Hempel  {Zeit.  f.  anorg.  Chemie,  3,  193),  Jones 
(Fr.  9, 41,330).  B.  Crystalline  titanic 
oxide . — 3.  By  long-continued  heating  to  white- 
ness TiO.,  is  said  to  become  crystalline  (v. 
Eammelsberg,  B.  5,  1006).  —  4.  Amorphous 
TiOo.a'H.O  is  heated  to  incipient  redness  in 
HCl  gas,  at  a  pressure  of  three  atmospheres  ; 
the  crystals  have  the  form  of  anatase  (Haute- 
feuille  a.Perrey,C.-R.110,1038).— 5.  Crystalline 
TiOj  is  also  formed,  according  to  Hautefeuille 
(A.  Ch.  [4]  4, 127),  by  x^assing  the  mixed  vapours 
of  TiF^,  HF,and  HCl  -obtained  by  decomposing 
molten  K,_,TiF,;  by  HCl  gas — through  a  Pt  tube 
into  which  a  stream  of  moist  H  is  also  passed  ; 
at  c.860°  (boiling-point  of  Cd)  crystals  oi  anatase 
are  produced,  and  at  temperatures  between  860° 
and  1,000°  brookite  is  formed. — 6.  Heating 
amorphous  TiO^  in  an  atmosphere  of  HF  causes 
crystallisation ;  at  an  incipient  red  heat  anatase 
forms,  at  a  higher  temperature  brookite,  and  at 
a  very  high  temi^erature  rutile  (H.,  I.e.). — 
7.  Crystals  of  rutile  are  formed  by  heating 
amorphous  TiO.,  with  mioroeosmic  salt  (Ebelmen, 
A.  Ch.  [3]  33,  34),  or  with  borax  (G.  Kose,  B.  B. 
1867.  129;  Knop,  A.  167,  365),  in  a  porcelain 
oven.  For  other  methods  of  producing  crystals 
of  TiO,  V.  Deville  (C.  R.  53,  161,  163),  Senar- 
mont  {A.  Ch.  [3]  30,  129),  Michel  (0.  B.  115, 
1020),  Wohler  {A.  73,  35),  Daubree  (C.  R.  29, 
227  ;  39,  153),  H.  Eose  (A.  56,  127  ;  68, 163). 

^  Properties. — TiO.^  obtained  by  strongly  heating 
Ti0.^.a;H.,0  forms  reddish-brown  lumps,  more 
nearly  resembling  rutile  in  colour  and  lustre  the  i 


higher  the  temperature  to  which  it  is  heated. 
The  dehydration  by  heat  of  TiO.^sH^O  is  ac- 
companied by  the  appearance  of  shades  of 
colour  from  white,  though  grey  and  greenish,  to 
black,  according  to  Wagner  (B.  21,  960) ;  these 
colours  are  similar  to  those  shown  by  anatase, 
brookite,  and  rutile.  Nilson  a.Pettersson(.Z'.P.C 

1,  S3  note)  prepared  HO.,  as  a  white  powder  with 
faintest  yellow  tinge,  by  decomposing  TiClj  by 
NH3Aq,  evaporating,  and  heating  to  whiteness. 
When  melted  by  the  0-H  flame  the  colour  is 
blue  to  black.  S.G.  TiO.^  increases  as  the  oxide 
is  heated ;  heated  to  c."  700°  S.G.  is  c.  3-93 
(Karsten,  S.  65,  394),  after  being  very  strongly 
heated  S.G.  rises  to  4-25  (Ebelmen,  /.  4,  15  ; 
12,  14).  S.G.  of  anatase  is  3-75  to  3-9 
(Breithaupt,  J.  2,  730  ;  Damour,  J.  10,  666)  ; 
S.G.  of  brookite  is  4  to  4-2  (Eammelsberg,  /.  2, 
730  ;  Beck,  J.  3,  704) ;  S.G.  of  rutile  is  c.  4-3 
(Scheerer,  P.  65,  296  ;  Miiller,  J.  5,  847).  After 
fusion  in  the  O-H  flame  and  cooling  S.G.  is  4-1, 
according  to  Hautefeuille  (.4.  Ch.  [4]  40,  140). 
S.H.  0°  to  100°  =  -1785,  0°-2H°  =  -1791,  0°-301° 
=  •1843,  0°-440°  = -1919°  (Nilson  a.  Pettersson, 

2.  P.  C.  1,  27 ;  TiO.,  prepared  by  decomposing 
TiCl^  by  NH^Aq,  evaporating  to  dryness,  and 
heating  to  white  heat).  TiO.,  crystallises  in 
dimetric  prisms  (rutile),  dimetric  octahedra 
(anatase),  and  trimetric  octahedra  (brookite) ;  it 
is  isotrimorphous  with  SnO,,  (Wunder,  J.  pr.  [2] 
2,  206).  TiO._,  is  somewhat  hygroscopic,  even 
after  prolonged  and  intense  heating  (Thorpe, 
C.  J.  47,  125).  It  is  insoluble  in  water,  and  in 
all  acids  except  cone.  H,SOj ;  when  powdered 
TiO.,  is  heated  with  cone.  H.^SOj  until  the  excess 
of  acid  is  removed,  the  solid  thus  produced 
dissolves  in  water.  TiOo  melts  in  the  O-H  flame. 
According  to  Moissan  (C.  R.  115,  1034),  when 
heated  in  an  electric  furnace  to  c.  2500°  TiO, 
forms  black  crystals  of  TiO. 

Reactions. — 1.  According  to  Ebelmen  (A.  Ch. 
[3]  20,  394),  TiO.,  is  reduced  to  Ti.fi.,  by  heating 
to  redness  in  hydrogen ;  but  0.  v.  d.  Pfordten 
(.4.  237,  201)  says  the  product  has  the  composi- 
tion Ti,0,.,. — 2.  A  mixture  of  TiO._,  aadmagnesium 
powder  heated  to  redness  in  H  gives  MgTiOj, 
and  a  brown  powder  which  is  probably  TiO 
(Winkler,  B.  23,  2657).— 3.  A  mixture  of  TiO.,  and 
carbon  strongly  heated  in  chlorine  gives  TiC]^. — 
4.  By  long-continued  heating  in  dry  ammonia 
Ti„N„  is  formed  (Friedel  a.  Guerin,  A.  Ch.  [5]  8, 
24).— 5.  The  compound  TiCli.PCl,  is  obtained 
by  heating  an  intimate  mixture  of  TiO.^  and 
phospliorus  pentachloride,  in  the  ratio 
TiO.,:3PCl5,  in  a  retort  until  the  POCl^  formed 
is  driven  ofl:'  (Weber,  P.  132,  452).— 6.  Heated 
to  redness  in  carbon  tetrachloride  vapour,  TiCl^ 
is  formed  (Watts  a.  Bell,  C.  J.  33,  443). 
Demar(;ay  (C.  R.  104,  111)  says  that  the  first 
product  is  TiOCL. — 7.  TiCl.,  is  formed  by  heating 
TiOo  to  redness  in  a  mixture  of  equal  volumes 
of  chlorine  and  carbon  monoxide  (W.  a.  B.,  I.e.). — 
8.  Ti.,N.^  mixed  with  C  is  formed  by  heating 
TiO.,  in  cyanogen  or  in  hydrogen  cyanide  (Friedel 
a.  Gu6rin,  A.  Ch.  [5]  8,  24). — 9.  Heating  in  a 
mixture  of  hydrogen  sulphide  and  carbon  di- 
sulphide  forms  TLS,  or  TiS.„  according  to  the 
temperature  (Thor'pe,  C.  J.  47,  491).— 10.  When 
TiO^  is  fused  with  sodium  ox  potassium  carbonate 
the  weight  of  CO.,  expelled  corresponds  with  the 
formation  of  M/IiO^ ;  on  treating  the  fused  mass 
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with  water  MOHAq  is  formed,  and  an  acid  Na  or  K 
titanate  which  is  insoluble  in  water  {v.  Her- 
mann, /.  2J»'.  38,  92). — 11.  Fusion  with  potassium 
hydrogen  siilpliate  forms  a  substance  soluble  in 
water ;  by  evaporating  the  fused  mass  with  cone. 
H.jSOj,  and  then  treating  with  water,  the  double 
salt  Ti(S0j).,.K.,S0^.3H„0  is  obtained  (Warren, P. 
102,  449  ;  Glatzel,  B.  9",  1833  ;  Hermann,  l.c.).~ 
12.  Heating  powdered  TiO,_,  with  cone,  sulphuric 
acid  produces  a  substance  that  dissolves  wholly 
in  water  (?  forming  Ti(SOJ„.:rH.,0  or  TiO.SOj ;  v. 
Merz,  J.pr.  99, 157).  For  reactions  of  TiO,.a;H,,0 
V.  infra,  hydratecl  titanic  oxide ;  and  v.  also 
titanic  acid  under  Titanium  oxy.icids  and  salts 

AND  DEKIV.ATIVES  THEllEOF,  p.  746). 

Hydkated  TITANIC  OXIDE.  Hydratcs  of  TiO.^ 
are  obtained  by  gradually  adding  TiCl,  or  TiBrj 
to  cold  NHjAq ;  by  fusing  TiO,  with  KHSO.,, 
dissolving  in  water,  diluting,  and  boiling  for 
some  time;  by  adding  water  to  TiCl,  and  boiling; 
by  fusing  TiO^  with  li.COj,  washing  the  fused 
mass  with  small  quantities  of  water  till  all  KOH 
is  removed,  adding  a  little  cone.  HClAq,  filtering 
cold,  and  allowing  the  liquid  to  stand,  when  it 
gradually  deposits  gelatinous  TiO.,.a'HoO,i  (0.  v.  d. 
Pfordten,  B.  17,  727)  ;  by  decomposing  Ti(OEt)^ 
by  H.,0  (Deniar(,-ay,  C.  R.  80,  .51)  ;  and  by  other 
reactions.  The  isolation  of  a  great  many  definite 
hydrates  of  TiO.^  has  been  announced  from  time 
to  time.  By  decomposing  TiCl^.PCls  (v.  Titanic 
CHLORIDE,  Combinations,  No.  6,  p.  740)  by  the 
action  of  moist  air,  and  drying  over  H^SO^, 
Tuttscheff  (^4.  141,  111)  said  that  the  dihydrato 
TiO._,.2H.^O  was  formed,  and  by  drying  this  at 
110^-120°  he  said  that  the  vionohydrate 
TiO.,.H.,0  was  obtained.  According  to  Carnelley 
a.  Walker  (C.  J.  53,  66,  81),  dehydration  of 
Ti02.a-H,0  (obtained  by  adding  TiCl,  to  cold 
NH.jAq),  air-dried  for  14  days,  proceeds  con- 
tinuously from  15°  to  710°  whereat  the  whole 
of  the  water  is  removed.  A  vei-y  large  number 
of  hydrates  probably  exists,  and  these  pass  one 
into  the  other  as  temperature  rises  without  any 
of  them  remaining  unchanged  through  more  than 
a  few  degrees. 

Two  classes  of  hydrates  of  TiO,  exist ;  one 
•obtained  by  ppg.  TiCl,,  by  NHjAq,  or  warming 
TiO.j  with  cone.  H,SO,,  dissolving  in  water, 
diluting,  and  ppg.  by  alkali ;  the  other  obtained 
by  dissolving  hydrates  of  the  former  class  in 
dilute  acid,  and  boiling.  Hydrates  of  the  former 
class  dissolve  easily  in  dilute  acids,  while  those 
of  the  latter  class  are  insoluble  in  dilute  acids 
(for  more  details  v.  Titanium  oxyacids,  -p.  746). 

Hydrated  TiO^.,  obtained  by  ppn.  by  alkali  in 
the  cold,  dissolves  in  dilute  acids,  forming  salts 
TiX,,,  where  X  =  NO3,  iSOj,  &c. ;  not  many  salts 
of  this  form  have  been  isolated,  and  most  of 
those  that  are  known  are  basic  salts.  TiO.^.xHoO 
dissolves  in  molten  HjPO,;  on  cooling  crystals 
of  TiO...P„0,(  =TiP.,0,')  are  obtained  (Haute- 
feuille  a.  Margottet,"  C.  R.  102,  1017).  By  heat- 
TiO,^..TH.O  with  a  little  cold  cone.  HClAq,  pour- 
ing off  the  solution  after  a  few  days,  and 
evaporating  it  in  vacuo,  Koenig  a.  O.  v,  d. 
Pfordten  obtained  crystals  approximating  to 
Ti(OH)jCl,,  but  differing  from  Ti(OH),Cl,,  pre- 
pared by  the  interaction  of  TiCl,  and  HClAq 
(B.  22,  1485  ;  cf.  Titanium  hydboxvl  ciiLoniDEs, 
p.  743). 

Titauium  sesquinoxide    Ti^Oj.  (Titanous 


oxide.)  Mol.w.  unknown.  By  digesting  a  solution 
of  TiO,.xH,,0  in  HClAq  with  Cu  at  40°  to  50°, 
Fuchs  {A.  56,  319)  obtained  a  violet  solution 
which  gave  a  brownish  black  pp.  with  NH^Aq  ; 
the  pp.  quickly  reacted  with  water,  giving  off  H 
and  forming  TiO,,.a;H,,0.  Von  Kobell  {P.  02,  599) 
obtained  similar  reactions  by  using  reduced  Ag 

[  in  place  of  Cu.  Ebelmen  {J.  i)r.  42,  73)  ob- 
tained a  nearly  black  pp.  by  adding  alkali  to 
Ti._,Cl||Aq.  According  to  Ebelmen  (J.pr. -12,  7G) 
Ti^O;,  can  be  prepared  by  heating  TiO,  to  redness 
in  perfectly  dry  H.  Ti^O^  thus  prepared  is  de- 
scribed as  a  black  solid ;  unacted  on  by  HNO, 
or  HClAq  ;  oxidised  to  TiOo  only  by  heating  to 

I  a  very  high  temperature  ;  soluble  in  H^,SO,,Aq, 
forming  a  violet  solution.  According  to  0.  v.  d. 
Pfordten  (A.  237,  201),  the  product  of  reducing 
TiO„  in  H  is  not  Ti.,0.,  but  has  the  composition 
Ti.6,,,.  Friedel  a.  Guerin  (.4.  Ch.  [5]  8,  38) 
obtained  TioO^,  but  not  free  from  other  com- 
pounds, by  passing  TiCl,  vapour  mixed  with  H 
over  TiO,  at  a  red  heat.  They  describe  Ti.,0.,  as 
a  copper-red,  metal-like,  microscopically  crystal- 
line powder;  not  acted  on  by  boiling  HN0,Aq,  but 
oxidised  to  TiO.,.tH,0  by  boihng  H.SO^Aq; 
soluble  in  HFAq  or  warm  aqua  regia ;  giving  off 
NH.j  and  H  with  hot  alkali  solutions ;  oxidised 
to  TiO..  by  heating  to  redness  in  air.     Koenig  a. 

.|  O.  V.  d."  Pfordten  (B.  22,  2070)  failed  to  obtain 

.  Ti,0;,  by  the  method  of  F.  a.  G. 

j  When  Ti  is  dissolved  in  hot  PIClAq,  in  an 
atmosphere  of  H,  the  solution  contains  Ti.jCl^ 

I  (Rammelsberg,  J.  pr.  99,  176) ;  a  solution  of 
TiO._,.xH._,0  in  HClAq  reduced  by  zinc  also  con- 
tains Ti.,Cl^  (K.  a.  0.  V.  d.  P.,  I.e.)  ;  in  these  solu- 

[  tions  alkalis  give  black  pps.,  j)robably  Ti^O^.a-H^O ; 
the  pps.  soon  change  in  contact  with  H,0  to 
TiO„.a'H.,0,  H  being  given  otf.  According  to 
O.  V.  d.  P.  (.4.  237,  201),  a  solution  of  K.TiF„  in 
a  little  HClAq  gives  a  pp.  of  Ti-^O^.a-H.^O  on 
treatment  with  Na-amalgam. 

Sabatier  a.  Senderens  (C.  R.  114,  1429  ;  115, 
236)  say  that  Ti.,0  ,  is  oxidised  to  TiO.,  by  heating 
to  c.  500°  in  NO,  or  to  e.  300°  in  NO,? 

Titanium  monoxide  TiO.  This  oxide  has 
not  been  isolated  with  certainty.  According  to 
Moissan  (C.  B.  115,  1034)  black  prisms,  which 
he  took  to  be  TiO,  are  formed  by  heating  TiO, 
to  c.  2500°  in  an  electric  furnace,  and  at  a 
higher  temperature  the  (?)  TiO  melts  and  then 

;  volatilises.  By  heating  a  mixture  of  TiO.^  and 
Mg  powder  to  redness,  in  H,  Winkler  {B.  23, 
2657)  obtained  a  brown  powder  which  probably 

j  contained  some  TiO,  mixed  with  MgTiO.,.  Ac- 

i  cording  to  Berthier  {A.  Ch.  [2]  54,  374)  TiO., 

j  lost  6  p.c.  0  when  heated  strongly  in  a  carbon 
crucible,  13  to  16  p.c.  O  when  heated  with 
12  p.c.  C,  and  20  p.c.  0  when  heated  with  24  p.c. 
C  (TiO.,  loses  20  p.c.  O  in  becoming  TiO) ;  the 
product  may  have  contained  TiO,  or  it  may 
have  been  a  mixture  of  TiO,,  Ti,03,  and  Ti. 

Hydrated  titanium  monoxide 
TiO.H.,0  =  TiO.,H,.  0.  v.  d.  Pfordten  {A.  237,  201) 
obtanied  a  black  pp.,  said  by  him  to  be  TiO.H_, 
by  the  continued  action  of  Na-amalgam  on  a 
solution  of  K,TiF„  in  a  fair  amount  of  HClAq 
(if  there  is  little  HClAq, TLp^  is  ppd.) ;  the  solu- 
tion became  green,  then  colourless,  and  then  the 
black  pp.  was  formed.  The  black  pp.  formed  by 
NHjAq,  alkali  carbonates,  or  (NH,).,SAq,  in  solu- 

1  tions  of  TiCL  {q.  v.,  p.  741)  is  TiO.H.,,  according 
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to  0.  V.  d.  P.  (I.e.).  With  Na,HPO^Aq,  and 
NaCoHaOjAq,  TiCL  is  said  to  give  bluish-black 
and  greenish-black  pps.,  which  may  be  salts  of 
TiO  (0.  V.  d.  P.,  I.e.). 

Titanium  PEROXIDE.  TiO^.  (Titanium  trioxide 
or  superoxide.)  In  1882  (Atti  dei  Lincei,  1882. 
1)  Piccini  dropped  H„0._,Aq  into  solution  of 
TiOo.xH.,0 ;  from  the  quantity  of  H.O^  that 
reacted  he  concluded  that  an  oxide  TiOj  was 
produced.  In  the  same  year  (B.  15,  2599) 
Weller  obtained  a  yellow  pp.,  which  reacted  with 
HClAq,  giving  off  CI,  by  the  interaction  of 
H.OjAq  and  freshly  ppd.  TiO.,.a;H.,0  or  a  solu- 
tion of  TiO,.a:H,0.  In  1888,"  Classen  (B.  21, 
370)  added  TiCl„  drop  by  drop,  to  dilute  alcohol, 
then  added  to  this  solution  a  very  large  excess 
of  H,O.Aq,  and  then  KOHAq,  NH^Aq,  or 
(NH,,)2C03Aq ;  in  each  case  he  obtained  a  yellow 
liquid  from  which  a  yellow  pp.  separated  after 
some  time  ;  after  syphoning  off  the  liquid, 
washing  the  pp.  by  decantation,  and  drying  it 
on  a  tile,  he  obtained  a  yellow  solid  approxima- 
ting to  the  composition  TiO.,.3H20.  In  1889, 
L6vy  (C.  R.  108,  294)  approximately  determined 
the  composition  of  the  pp.  obtained  by  adding 
HAAq  to  TiO,,.a:H,,0  in  H,,SO,,Aq,  by  dropping 
in  HoOjAq  of  known  concentration,  and  deter- 
mining the  quantity  of  HjO,,  used  in  the  reaction  ; 
L.  concluded  that  the  results  could  be  accounted 
for  by  supposing  the  yellow  pp.  to  be  TiOa, 
TiO,.H,02.  or  Ti.Oj.Hp,,  but  that  probably  the 
pp.  was  Ti0.j.  In  1893  Bailey  a.  Dawson 
(Studies from  the  Phys.  and  Chain.  Laboratories 
of  the  Owens  College,  vol.  i.  p.  216)  obtained 
yellow  to  orange  solids,  agi'eeing  fairly  in  com- 
position with  the  formula  TiO.,.  B.  a.  D.  added 
(l)H.,0.,Aq,  (2)  freshly  ppd.  BaO.,,  to  Ti0..a;H.,0 
in  dilute  HjSOjAq,  diluted  the  deep-red  liquids 
thus  obtained  with  twice  their  volumes  of 
alcohol,  added  cone,  alcoholic  solution  of  KOH, 
washed  the  pps.  with  alcohol  (to  remove  H^Oand 
H._,02),  and  then  with  ether,  and,  in  some  cases, 
dried  in  the  air.  According  to  B.  a.  D.,  Ti03 
dissolves  in  water,  forming  a  deep-red  liquid  ; 
this  solution  decolourises  KMnOjAq ;  TiOj  dis- 
solves in  HClAq,  giving  off  CI.  By  allowing 
ppd.  TiOj  to  stand  for  some  time,  B.  a.  D.  say 
that  a  modification  is  formed  insoluble  in 
water. 

Oxides  op  titanium  intekmediate  between 
TiO.,  and  Ti.,0,. 

I.  By  heating  TiO^  with  HCl  gas  in  a  reducing 
atmosphere,  Deville  {C.  R.  53,  163)  obtained  a 
blue,  crystalline  solid,  to  which  he  gave  the  for- 
mula Ti.,0,,.  A  similar  solid  (?  same  composition) 
was  obtained  by  Friedel  a.  Gu6rin  (A.  Ch.  [.5] 
8,  44)  by  passing  H  and  HCl  over  TiO.,  strongly 
heated  in  a  porcelain  tube.  This  blue  solid  is 
said  to  decompose  water,  in  presence  of  strong 
bases,  giving  off  H  and  forming  TiO... 

II.  By  very  strongly  heating  TiO„  in  H, 
O.  y.  d.  Pfordten  (A.  237,  228)  obtained'  a  dark 
indigo-blue  solid,  to  which  he  gave  the  formula 
Ti.O,„ ;  according  to  Ebelmen  (/.  pr.  42,  76), 
TijOj  is  formed  by  this  reaction.  Heated  in  air 
the  compound  burns  to  TiOo. 

III.  By  adding  alcoholic  solution  of  KOH  to 
a  solution  of  TiO.,.a;H.,0  in  dilute  HjSO^Aq,  after 
treating  the  solution  with  BaO.,  Piccini  (Atti  dei 
Lincei,  1882.  1)  obtained  yellow  pps.  with  com- 
positions varying  from  TijO,,  to  Tip.. 


Titanium  ozyacids  and  salts  and  derivatives 

thereof.  The  hydrates  of  TiO^  react  as  feeble 
acids,  besides  reacting  with  the  stronger  acids 
as  feeble  bases.  The  salts  wherein  Ti  forms 
part  of  the  acidic  radicles  are  generally  obtained 
by  fusing  TiO_,  with  salts  of  the  metals  which  are 
•  to  be  converted  into  titanates.  Only  a  very  few 
titanates  are  soluble  in  water  ;  several  dissolve 
in  HClAq,  but  on  diluting  and  boiling  most,  if 
not  all,  of  the  TiO.,.a-H.p  is  ppd. 

Titanic  acids.  Hydrates  of  TiO,_,  are  obtained 
by  various  reactions  (v.  Hydrated  titanic  oxide, 
p.  745).  By  drying  under  different  conditions 
solids  are  obtained  approximately  corresponding 
with  the  formula  xTiO„.yYi.,0,  where  x  =  l,  2,  or 
3,  and  =  1, 2,  3,  4,  or  5.  (For  a  list  of  the  hydrates 
obtained  by  different  experimenters  v.  Tiittscheft', 
A.  141,  111.)  There  seems  to  be  a  series  of  hy- 
drates of  TiO.,,  all  of  which  may  be  classed 
together  under  the  name  titanic  acids,  none  of 
them  being  stable  through  more  than  a  few  de- 
grees of  temperature  (v.  Carnelley  a.  Walker, 
C.  J.  53,  66,  81)  ;  the  relations  of  composition  of 
these  acids  may  be  expressed  by  such  a  general 
equation  as  7iTiH,0j  —  wtH^O  =  Ti„H,„_2m04TO_m. 

The  titanic  acids  belong  to  two  classes : 
those  which  are  formed  by  decomposing  TiCl^  or 
TiBr^  by  dilute  cold  alkali  solutions,  or  by  warm- 
ing TiO.,  with  cone.  H^SOj,  dissolving  the  pro- 
duct in  water,  and  ppg.  by  dilute  cold  alkali 
solutions  ;  and  those  which  are  formed  by  de- 
composing TiCl^  or  TiBi'j  by  water  and  boiling, 
or  by  dissolving  titanic  acids  of  the  former  class 
in  dilute  acid  and  boiling,  or  by  fusing  TiO^ 
with  KHSOj,  dissolving  in  much  water  and  boil- 
ing. The  acids  of  the  former  class  are  generally 
called  titanic  acids  or  ortho-titanic  acids,  and 
those  of  the  latter  class  meta-titanic  acids. 
Orthotitanic  acids  dissolve  easily  in  dilute  acids; 
metatitamc  acids  are  insol.  dilute  acids  ;  by  pro- 
longed heating  with  cone.  H._,SO.,  compounds  are 
produced  which  dissolve  on  adding  water.  Meta- 
acids  are  also  formed  by  heating  o^'i/io-  acids  to  c. 
100°.  Experiments  made  by  Merz  (/.  pr.  99, 
166)  show  that  the  meta-  acids  lose  water,  on 
heating,  more  easily  than  the  ortho-  acids. 

OKTHOTITANIC  ACIDS.  According  to 
Wagner  (B.  21,  960),  a  clear  solution  of  an 
orthotitanic  acid  is  obtained  by  adding  water,  a 
drop  at  a  time,  to  TiCl^,  with  constant  shaking ; 
HCl  and  TiCl^  are  given  off  (by  the  heat  of  the 
reaction),  a  solid  is  produced,  then  a  greenish- 
yellow  liquid,  and  finally  a  clear  solution.  By 
adding  1  pt.  TiCl,  to  c.  6  to  7  pts.  water,  Thorpe 
(G.  J.  47,  120)  obtained  an  opalescent  liquid 
which  became  clear  after  standing  for  40  hours, 
and  then  contained  orthotitanic  acid ;  when 
this  solution  was  heated  ppn.  of  metatitanic 
acids  began  at  c.  87°,  and  at  c.  90°  most  of 
the  Ti  was  ppd.  A  solution  of  TiBrj  in  water 
forms  a  perfectly  clear  liquid  containing  ortho- 
acid  (T.,  I.e.,  p.  126).  The  white  fiocculent  solid 
obtained  by  adding  TiCl,  to  dilute  HClAq,  ppg. 
by  NH.jAq  when  cold,  washing  with  cold  water, 
and  drying  in  the  air  is  TiO,.2H.,0  (  =  TiO.H,), 
according  to  Merz  (J.  pr.  99,  166)  ;  this  compo- 
sition is  also  assigned  to  the  solid  formed  by 
keeping  TiClj.PClj  under  a  bell-jar,  with  water 
and  CaO,  for  some  days,  and  then  drying  over 
H,.SOj  (Tiittscheff,  A.  141,  111).  When  TiO.,H^ 
is  dried  in  vacuo  (Tiittscheff,  I.e.),  or  over  HjSOi 
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(Merz,  I.e.),  the  product  is  said  to  be  TiO„.H,0 
(  =  H.,Ti03  =  TiO.O„H.,).  The  composition 
2TiO„.H,,0  (  =  H,Ti,,0-,  =  Ti,0,.0,,H,,)  is  given  to 
the  product  dried  at  100^  (Merz,  I.e.  ;  Demoly, 
C.  B.  1849.  325),  dried  at  140"'  (Tiittscheff,  I.e.), 
or  dried  in  vacuo  over  H.^SO^  (H.  Kose,  A.  52, 
268) ;  after  drying  at  100^  or  upwards,  victa- 
acids  are  probably  produced. 

Orthotitanic  acids  are  insoluble  in  water  or 
alcohol;  but  dissolve  easily  in  dilute  acids  ;  said 
also  to  dissolve  in  alkali  carbonate  solutions.  The 
solutions  in  acids  probably  contain  salts  of  the  type 
TiXj,  X  =  CI,  NO.,,  ^S0.|,  &c. ;  but  compounds  of 
the  form  Ti(OH),.Xy,  where  X  is  a  monovalent 
acidic  radicle,  and  x  is  not  greater  than  3,  may 
be  formed,  similar  to  the  compounds  Ti(OH).,Cl, 
Ti(OH)Xl.,,  and  Ti(OH)OL„  obtained  by  0.  v.  d. 
Pfordten  by  the  interaction  of  HClAq  and  TiCl, 
(B.  21, 1708  ;  v.  Titanium  hydkostl  chlorides,  p. 
753).  By  adding  a  little  cone,  cold  HClAq  to 
orthotitanic  acid,  allowing  to  stand  for  some 
days,  pouring  off  the  clear  liquid  from  undissolved 
acid,  and  evaporating  in  vacuo,  Koenig  a.  O.  v.  d. 
P.  (B.  22, 1485)  obtained  a  white  solid  containing 
Ti  and  CI  in  the  ratio  1:1-47  ;  they  regarded  this 
as  consisting  chiefly  either  of  TiCI,(OH)., — but 
different  in  some  properties  from  TiCl.,(OH)o  ob- 
tained from  TiCl —or  chiefly  of  TiCl(UH).,.HCl. 
White  pps.  are  obtained  by  adding  H^POjAq, 
H,AsO,Aq,  or  H^C^O^Aq  to  solutions  of  ortho- 
titanic acids  in  dilute  HClAq,  HNOjAq,  or 
H._.SO.|Aq,  after  making  nearly  neutral  by  NH^Aq. 
When  acid  solutions  of  orthotitanic  acids  are 
diluted  considerably  and  boiled  for  some  time 
the  whole  of  the  Ti  is  ppd.  as  meta-  acids. 
Ortho-  acids  are  also  partly  changed  to  meta- 
acids  by  keeping  under  water  for  a  long  time 
(Wagner,  B.  21,  960),  or  by  washing  with 
hot  water.  When  an  orthotitanic  acid  is  heated 
strongly  TiO._,  is  produced,  with  vivid  incan- 
descence ;  the  change  from  a  meta-  acid  to  TiO., 
is  not  accompanied  by  incandescence.  Accord- 
ing to  Wagner  (I.e.),  the  dehydration  of  moist 
ortho-  acids  by  gently  warming  is  accompanied 
by  changes  of  colour  from  white  to  grey,  green, 
and  black. 

METATITANIC  ACIDS.  Formed,  as  white 
powders,  by  dissolving  ortho-  acids  in  dilute  acid 
and  boiling  for  some  time ;  also  by  fusing  TiO.^ 
with  KHSO,  and  boiling  with  much  water ;  also 
by  adding  water  to  TiCl,  or  TiBrj  and  boiling;  also 
by  oxidising  Ti  by  HNO,  S.G.  1-25  (Weber,  P. 
120,  287).  According  to  Weber  (Lc),  freshly 
prepared  dilute  TiCl.Aq  is  not  rendered  turbid 
by  HClAq,  HNO^Aq,  or  H,SO,Aq,  but  these  acids 
at  once  ppt.  inetatitanic  acids  when  added  to 
dilute  TiCl,Aq  that  has  been  boiled  even  for  a 
few  seconds.  The  pp.  obtained  by  boiling  a 
diluted  solution  of  an  orthotitanic  acid  in  dilute 
HoSO.|  is  said  to  have  the  composition  Ti0.^.2H.^0 
(  =  TiO|H|)  when  dried  over  H„SO|,  the  compo- 
sition 3TiO,.4H,0  (  =  Ti,0;„H,  =  TiA-0„H„) 
when  dried  at  120°,  and  the  composition 
3TiO.,.2H.,0  (  =  Ti,0,H4  =  Ti,0,.0,H,)  when  dried 
at  140°  (Tiittscheff,  A.  141,  111)  ;  Merz  (J.  pr. 
99,  166)  gives  the  composition  TiO.,.H.,0 
(  =  TiO:,H.,  =  TiO.O  .H.,)  to  the  air-dried  "  pp., 
and  the  composition  2TiO...H„0(  =  Ti^O-.H, 
=  Ti,03.0,.H.,)  to  the  pp.  dried  over  H„SO„  or  at 
60°. 

Metatitanic  acids  are  white  powders,  insoluble 
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in  water  or  dilute  acids ;  after  heating  with 
cone.  H.SO4  the  products  dissolve  in  water ; 
when  strongly  heated  TiOj  is  formed  without 
incandescence. 

COLLOIDAL  TITANIC  ACIDS.  Graham 
{T.  1861.  213)  obtained  a  gelatinous,  probably 
orthotitanic,  acid,  insoluble  in  water,  by  dialy- 
sing  a  solution  of  TiOo.a.'H.O  in  HClAq  ;  by  dis- 
solving this  gelatinous  acid  in  such  a  quantity 
of  cold  dilute  HClAq  that  not  more  than  1  p.c. 
titanic  acid  was  present  in  the  solution,  and 
dialysing  for  several  days,  G.  (G.  J.  17,  325) 
obtained  a  dilute  aqueous  solution  of  colloidal 
titanic  acid.  Colloidal,  insoluble,  titanic  acids 
have  also  been  prepared  by  Knop  (A.  123,  351),, 
Kose  (G.  A.  73,  76  [1823]),  and  O.  v.  d.  Pfordten 
{B.  17,  727). 

TITANATES.  These  salts  have  not  been 
thoroughly  investigated.  Those  which  have  been 
best  examined  are  either  derivatives  of  HoTiOj 
or  H|TiO,|,  or  are  basic  salts  of  the  type 
a;MO.TiO„,  where  .■r>l.  Some  acid  salts 
MO.a;TiO..,  where  .r)>l,  are  also  known.  The 
older  investigations  were  made  chiefly  by  H. 
Eose  (P.  61,  507)  and  by  Hautefeuille  [A.  Ch. 
[2]  4,  129). 

Barium  titanates.  An  acid  salt  2Ba0.3TiO., 
(  =  2BaTiO:,.TiO,,  or  Ba,TiO,.2TiO,)  was  ob- 
tained by  Bourgeois  (C.  B.  103,  141)  in  lustrous 
microscopic  crystals,  by  heating  to  full  redness 
a  mixture  of  equivalent  parts  of  TiO.,  and  BaCOj 
with  excess  of  BaCl.,,  and  washing  with  very 
dilute  HClAq. 

Calcium  titanates.  The  normal  salt  CaTiOa 
occurs  native  a,s  pei'oivskite.  The  same  salt  was 
formed  by  heating  to  bright  redness  a  mixture  of 
equivalent  parts  of  TiO.,  and  CaCO;,  with  excess 
of  CaCL,  and  washing  with  very  dilute  HClAq 
(Bourgeois,  I.e.). 

Iron  titanates.  The  mineral  titaniferous 
iron  or  ilmcnite  is  more  or  less  pure  a;Fe„0.,.i/Ti02. 
By  fusing  a  mixture  of  2  pts.  TiOj  and  5  pts.  FeFj 
with  a  large  excess  of  NaCl,  washing  with  water, 
and  then  with  very  dilute  acid,  Hautefeuille 
(C.  B.  69,  733)  obtained  dark  purple-violet, 
lustrous  crystals  of  ferrous  titanate  Fe._,Ti0, 
( =  2Fe0.Ti0.,)  ;  but  according  to  Koenig  a. 
O.  V.  d.  Pfordten  {B.  22,  1485)  the  salt  produced 
is  ferric  titanate  Fe,(TiO^)3  (  =  2Fe.,03.3TiO.,). 
K.  a.  O.  V.  d.  P.  say  that  the  salt  dissolves  in 
water  after  warming  with  cone.  H,S04,  forming 
a  green  solution  containing  Fe._,(S04)3  and  titanic 
acid. 

Magnesium  titanates.  The  normal  salt 
MgTiO.,(  =  MgO.TiO,,)  was  obtained  (by  Haute- 
feuille, I.e.)  by  heating  to  whiteness,  for  a  short 
time  in  a  closed  crucible,  a  mixture  of  1  pt.  TiO., 
and  10  pts.  MgCl,  with  a  little  NH.,C1,  washing 
with  extremely  dilute  acetic  acid,  and  then  with 
water ;  lustrous,  six-sided  (probably  trimetric; 
crystals,  S.G.  3-91.  The  same  salt  is  formed, 
according  to  Winkler  (B.  23,  2657),  by  heating  a 
mixture  of  TiO._,  and  Mg  powder.  By  heating 
a  mixture  of  2  pts.  TiO.^,  1  pt.  MgO,  and  40  pts. 
MgCL,  and  washing  with  very  dilute  acetic  acid, 
the  salt  Mg.TiO,  ( =  2MgO.TiO.,)  is  said  to  be 
formed  in  hard,  lustrous,  regular  octahedra,  S.G. 
3-42  (H.). 

Potassium  titanates.  When  TiO.,  is  fused 
with  excess  of  K.CO,,  the  quantity  of  C0._,  given 
off  corresponds   with    the  formation    of  the 
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-fiormal  salt  K^TiOj;  after  fusion  two  layers 
are  obtained,  the  lower  of  which  is  said  to  con- 
sist of  KoTiO^,  while  the  upper  contains  the 
undecomposed  K.COa.  K/IiOj  is  described  as  a 
yellowish,  fibrous,  easily  fused  solid  (H.  Kose,  P. 
61,507).  Water  resolves  it  (according  to  Eose) 
into  an  insoluble  acid  salt,  and  a  soluble  basic 
salt ;  but  according  to  Hermann  {J.  pr.  38,  92) 
no  trace  of  titanic  acid  goes  into  solution  in 
water,  but  all  remains  in  the  insoluble  acid  salt. 

Sodium  titanates.  The  normal  salt  Na^Ti03 
"was  obtained  by  H.  Kose  (I.e.)  similarly  to  the 
K  salt ;  water  resolves  it  into  an  insoluble  acid 
salt  and  NaOHAq.  By  heating  Na-.WO^,  and 
in  some  cases  also  WO3,  with  mixtures  of  TiO., 
and  NaXOs  lareviously  fused,  Cormimbceuf  (C  B. 
115,  823)  obtained  three  acid  salts  : 
<1)  2Na„0.3TiO.,(  =  2Na.,Ti03.TiO.„  or 
Na,TiO,.2TiO,),  (2)  Na.,6.2TiO„(Na.,Ti03.TiO„,or 
Na.TiA).  (3)  Na„0.3TiO„  ( =  Na.,Ti03.2Ti02,  or 
Na;Ti;o,). 

strontium  titanates.  An  acid  salt 
2Sr0.3Ti02  ( =  2SrTiO,.TiO,  or  Sr.,TiOj.2TiO,) 
was  obtained,  in  pale-greenish  yellow  cubes,  S.G. 
5-1,  by  Bourgeois  (0.  B.  103,  141),  by  heating 
equivalent  parts  of  TiO,  and  SrCOj  with  excess 
of  SrCL,  and  washing  with  very  dilute  HClAq. 

Zinc  titanates.  The  normal  salt  ZnTiO^  was 
obtained  by  L6vy  (C.  B.  107,  421),  by  heating 
to  redness  a  mixture  of  2  pts.  TiOj,  8  pts.  ZnSO^, 
and  3  pts.  KoSO^,  and  washing  \vith  dilute 
HClAq;  pale- violet,  silky  needles,  S.G.  3-17, 
.scarcely  acted  on  by  boiling  cone,  acids  or  cone. 
KOHAq.  By  varying  the  proportion  of  TiO^, 
ZnSOj,  and  K.SO^  used,  L.  (I.e.)  obtained  the 
normal  salt  Zn/TiO^,  which  may  also  be  regarded 
as  a  basic  salt  ZnTiOj.ZnO  ;  the  basic  salt 
3Zn0.2Ti02  (  =  2ZnTi03.ZnO) ;  and  the  acid  salt 
4Zn0.5Ti02  (  =  4ZnTi03.TiO,). 

FLUOTITANATES  ;  v.  Titanifluorides, 
under  Titanic  fluoride.  Combinations,  No.  2 
(p.  742). 

FLUOEOXYTITANATES ;  v.  Titanoxy- 
fliLorides,  under  Titanic  fluoride  (p.  742). 

MOLYBDOTITANATES.  A  few  compounds 
of  the  form  TiO,.12Mo03.2M,,0.  a-aq,  where 
M  =  NHj  and  K,  are  described  byPechard  [C.B. 
117,  788).  By  shaking  with  ether  a  solution  of 
the  NHj  salt,  acidified  by  HClAq,  and  allowing 
the  ethereal  liquid  to  evaporate,  P.  (I.e.)  obtained 
molybdotitanic  acid  TiO2.i2MoO3.22aq,  in  golden 
yellow  octahedra,  melting  at  c.  60°,. very  soluble 
in  water. 

OXALOTITANATES.  By  dissolving 
TiO.„a;H.,0  in  hot  KHCO^Aq  and  cooling, 
Pochard  (C.  B.  116,  1513)  obtained  triclinic 
crystals  of  2KHa04.TiO,,.H,0.  By  treating  a 
solution  of  this  salt  with  BaCLAq,  crystals  of 
Ba(HC,0.,)2-TiO,.H20  were  obtained ;  and  by  de- 
composing this  by  an  equivalent  quantity  of 
dilute  H^SOjAq,  filtering,  and  evaporating 
in  vacuo,  long  needles  of  oxalotitanic  acid 
'2H„C..O,.TiO,.2H,0  were  obtained. 

SiLICOTITANATES;  v.  this  heading, 
p.  464. 

Titanium,  oxychlorides  of.  Several  oxy- 
■chlorides  are  known.  (1)  TiOCU.  According  to 
Demar(jay  (C.  B.  104,  111),  this  is  the  first  pro- 
duct of  heating  TiO._,  and  CCI4  in  a  sealed  tube  ; 
it  is  described  as  a  yellow  crystalline  solid. 
Heated  with  CCl^  it  gives   TiCl^  and  COOL. 


I  (2)  TiOCl.  Obtained  by  passing  a  mixture  of 
TiCl^  vapour  and  dry  H  over  TiOo  in  a  tube 
I  heated  white  hot ;  TioO^  and  Ti.Cl,;  are  also  pro- 
i  duced  in  the  reaction  (Friedel  a.  Guclrin,  Bl.  [2] 
22,  481).  Brown,  orthorhombic  leaflets  ;  heated 
in  air  burns  to  TiO,  and  TiCl^.  (3)  TiACls- 
Formed  by  passing  TiClj  vapour  through  a  red- 
hot  tube  containing  fragments  of  porcelain 
(Troost  a.  Hautefeuille,  C.  B.  73,  563).  (4)  By 
allowing  TiCl^  to  deliquesce  in  air,  and  then 
evaporating  over  H,S04  and  CaO,  Merz  (Bl. 
[2]  7,  401)  obtained  a  solid  approximating  in 
composition  to  Ti40^Clj.l6H,0.  In  connection 
with  oxychlorides  cf.  Titanium  hydboxyl  chlor- 
ides (p.  743). 

Titanium,  oxyfluoride  of.  By  decomposing 
by  water  the  crystals  formed  by  dissolving 
TiO,.a;H,0  in  HFAq  and  evaporating,  Berzelius 
(P.  4,  1)  obtained  a  white  solid,  of  which  he 
said  it  was  an  insoluble,  '  so  to  say,  basic,'  com- 
pound. 

The  titamxyfluoridcs  Ti0,F;.2MF  may  be 
regarded  as  compounds  of  the  oxyfluoride  TiO^Pj 
(v.  Titanic  fluoride,  p.  742). 

Titanium,  oxythiochloride  of.  The  compound 
TiCl3.0S0,.Cl  formed  by  the  reaction  of  TiCl, 
with  S0,.0H.C1  may  be  regarded  as  TiOaSCl^ 
[V.  Titanic  chloride,  Bcactions,  No.  10,  p.  740). 

Titanium,  salts  of.  Not  many  salts  have 
been  prepared  by  replacing  H  of  oxyacids  by  Ti ; 
most  of  those  that  have  been  isolated  are  basic 
salts  derived  from  the  oxide  TiO^.  One  salt, 
Ti,(S0j3,  corresponding  with  the  oxide  Ti^Oj 
has  been  isolated.  For  the  individual  salts  v. 
Nitrates,  vol.  iii.  p.  517 ;  Phosphates,  this 
vol.  p.  112,  TiP.,0„  prepared  by  dissolving 
Ti02.a;H„0  in  molten  H.PO^  (Hautefeuille  a. 
i  Margottet,  C.  B.  102,  1017)  should  be  added ; 
and  Sulphates,  this  vol.  p.  580. 

Titanium,  sulphides  of.  Three  compounds 
of  Ti  and  S  have  been  isolated  :  TiS,,  T10S3,  and 
TiS,  corresponding  with  the  three  oxides  TiOj, 
Ti,03,  and  TiO. 

Titanium DisuLPHiDE  TiSj.  (Titanic  sulphide.) 
Mol.  w.  unknown.  H.  Eose  (P.  8, 177)  said  that 
this  compound  was  obtained  by  passing  vapour 
of  CS,  over  very  strongly  heated  TiO,;  but 
0.  V.  d^  Pfordten  (B.  17,  727)  and  Thorpe  (C.  J. 
I  47,  491)  have  found  that  it  is  not  possible  by  this 
method  to  obtain  TiS,  free  from  Ti  oxides.  TiSj 
is  prepared  by  passing  perfectly  dry  HjS  into 
TiCl,  kept  somewhat  below  its  b.p.,  and  sending 
the  mixed  vapours  through  a  glass  tube  heated 
to  incipient  redness  ;  TiS,  deposits  in  the  tube, 
and  HCl  is  given  off  (Ebelmen,  A.  Ch.  [3]  20, 
285  ;  confirmed  by  0.  v.  d.  Pfordten,  B.  17,  727). 
According  to  O.  v.d.  P.  (.4.  234,  257),  the  H2S 
should  be  passed  through  CrCLAq,  to  remove 
traces  of  0,  and  dried  by  means  of  F„0^ ;  and 
the  tube  should  be  filled  with  H,S  before  the 
mixed  vapours  are  passed  into  it. 

TiS,  forms  large,  brass-yellow,  lustrous, 
metal-like  scales.. 

TiS,  is  decomposed  to  Ti^Ss  and  S  by  heating 
in  hydivgm  or  nitrogen  ;  it  is  not  changed  by 
heating  in  hydrogen  in  presence  of  excess  oj 
hydrogen  sulphide ;  heated  to  redness  in  carbon 
dioxide  it  is  completely  oxidised  to  TiO^ 
(0.  V.  d.  P.,  A.  234,  257).  Ebelmen  (I.e.)  gives 
the  following  reactions  :  with  dry  chlorine  gives 
TiCl^  and  S2CI2 ;  heated  in  air,  TiS,  is  burnt  to 
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TiOo  and  SO.j ;  exposure  to  moist  air  decomposes 
TiSo  gradually,  with  evolution  of  H._,S  ;  heated 
to  redness  with  steam  gives  Ti0..a:H,,0,  H.^S, 
and  H  ;  nitric  acid  produces  TiO.j.xH^O,  S,  and 
NO  ;  ac[ua  regia  oxidises  it  to  TiOo.a'HoO  and 
HnSO,Aq  ;  not  acted  on  by  hydrochloric  acid 
(H.  Eose  said  that  TiSj  dissolved  slowly  in 
HClAq,  giving  off  H.,S) ;  insoluble  in  'potassium 
sulphide  solution ;  digestion  with  potash  solu- 
tion produces  K  titanate  and  KHSAq  (Rose). 

Titanium  sesqdisdlphide  Tl.Sj.  Mol.w.  un- 
known. Thorpe  (C.  J.  47,  491)  obtained  this 
compound  by  passing  the  vapours  of  moist  H,^8 
and  CS.,  over  powdered  TiO,  heated  to  very 
bright  redness  in  a  porcelain  tube  ;  dry  H.^S  and 
CS._,  had  no  action  on  TiO,_>.  T.  describes  Ti„S:j 
as  a  greenish-black  powder  ;  he  did  not  obtain  it 
quite  free  from  TiS^,  as  by  heating  at  a  lower 
temperature  than  full  redness  in  H.^S  and  CSo  it 
is  slowly  changed  to  TiS„.  O.  v.  d.  Pfordten 
(A.  234,  257)  obtained  Ti,,S;,  by  heating  TiS,  to 
full  redness  in  dry  H  or  N  (S  being  set  free) ;  he 
describes  it  as  a  grey,  metal-like  solid  ;  insoluble 
in  NaOHAq  ;  soluble  in  HNO,,Aq  or  cone.  H,,SO, 
forming  green  solutions. 

TITA^'IUM  MONosuLPHiDE  TiS.  Mol.  \v.  un- 
known. Formed  by  very  strongly  heating  TiS, 
in  perfectly  dry  H  quite  free  from  O  (T.,  I.e. ; 
0.  v.  d.  P.,  I.e.).  A  black  powder  (T.,  I.e.) ;  forms 
dark-red  crystals  (O.  v.  d.  P.,  I.e.).  Slowly  acted 
on  by  HNO,|Aq  or  aq;iia  regia;  insoluble  in 
NaOHAq. 

Titanium,  sulphochloride  of,  v.  Titanium 
TmociiLor.iiiE,  infrii. 

Titanium,  thiocMoride  of.  The  pp.  formed 
by  passing  pure  dry  H^S  into  hot  TiCl4  is  pro- 
bably a  thiocliloride,  according  to  O.  v.  d. 
Pfordten  (.4.  234,257).  M.  M.  P.  M. 

TITANIUM  GROUP  OF  ELEMENTS.  The 
four  elements,  titaniinn,  zirconium,  cerium,  a,nA 
thorium  form,  with  carbon,  the  even-series 
family  of  Group  IV.  in  the  periodic  classification 
of  the  elements.  There  is  yet  an  element  to  be 
discovered  between  Ce  and  Th  ;  this  unknown 
element  will  come  in  series  10  of  Group  IV.  The 
titanium  family  of  elements  is  closely  allied  to 
the  tin  family — Ge,  Sn,  Pb — which,  with  Si, 
form  the  odd-series  members  of  Group  IV. 
Carbon  is  the  tirst  even-series  member,  and 
silicon  the  first  odd-series  member,  of  the  group  ; 
these  two  elements  are  more  like  one  another 
than  they  are  like  the  rest  of  the  group. 

For  the  properties  and  relations  of  C  and  Si 
V.  Cabbon  Guonr  of  elements,  vol.  i.  p.  682  ;  and 
for  the  tin  family  v.  Tin  okoup  of  elements, 
this  vol.  \>.  735. 

The  presence  of  an  element,  before  unknown, 
in  a  Cornish  mineral  was  recognised  by  Gregor 
in  1791,  and  by  Klaproth  a  few  years  later  ;  the 
element — called  titanium  by  Klaproth — -was  iso- 
lated by  Berzelius  in  1824.    Klaproth,  in  1789, 
recognised  the  presence  of  a  nevp  earth  in  zir- 
conite  from  Ceylon ;  the  metal  zirconium  was 
isolated  by  Berzelius  in  1824.    In  1803  the  pre- 
sence of  a  new  earth  in  a  Swedish  mineral  was  | 
announced  by  Klaproth,  who  gave  the  name  of 
cerium  to  the  metal  of  the  earth  he  had  dis-  1 
covered  ;  Mosander  isolated  the  element  in  1826.  \ 
Berzelius  discovered  a  new  earth,  in  a  Norwegian  j 
mineral,  in  1828,  a.ud  isolated  the  metal  of  the 


earth,  which  he  called  thorium,  in  the  same 
year. 

None  of  the  four  elements  Ti,  Zr,  Ce,  or 
Th  occurs  native  ;  the  compounds  of  these  ele- 
ments are  comparatively  rare,  especially  those 
of  Ce  and  Th. 

The  most  frequently  found  compounds  are 
the  oxides  M0„,  generally  in  combination  with 
SiO,_.  and  with  alkaline  earths.  The  metals  are 
obtained  by  reducing  their  double  fluorides  by 
Al,  K,  or  Na  ;  also  in  some  cases  by  reducing 
the  chlorides  by  K  or  Na  ;  Ce  has  also  been  iso- 
lated by  electrolysing  molten  CeClj.  The  table 
on  the  following  page  presents  some  of  the  physi- 
cal and  chemical  properties  of  the  elements. 

General  formulce  and  characters  of  com- 
pounds.— Oxides. — MO.J,  probably  for  all 
(?Th,,0,);  MO,,  for  all ;' M,,03,  when  M  =  Ti  or 
Ce  ;  perhaps  TiO.    Hydrate's  of  M0„  exist. 

Sulphides.— MS.,,  when  M  =  Ti  or  Th, 
?  Zr  ;  M,S3,  when  M  =  Ti  or  Ce  ;  TiS. 

Haloid  compounds . — MX^,  when  X  =  Br, 
CI,  F  or  I  (only  CeF^  prepared)  ;  MXj,  when 
M  =  Ti,  and  X  =  CI,  also  when  M  =  Ce  and  X  =  Br, 
CI,  F  or  I;  TiCl,.  Salts.— ME,,  E  =  NO:„ 
ASO„  iPOp  etc.;  most  are  basic  when  M  =  Ti 
or  Zr,  but  when  M  =  Ce  many  are  normal,  and 
when  M  =  Th  most  are  normal  ;  several  salts 
Ce,,Ej  are  known,  and  a  few  Tlflg ;  the  Ce.Eu 
salts  are  more  stable  than  the  CeE,  salts.  Salts 
containing  M  in  the  acidic  radicle. — 
M/riOj  and  others  of  general  form  a;MO.;/TiO,_, ; 
M,Zr03,  M|ZrOj,  and  others  of  general  form 
a-MO.i/ZrO.,.  No  cerates  or  thorates  isolated. 
Salts  X„MF,  known  when  M  =  Ti,  Zr,  or  Th  ; 
3CeF,.3IvF  known.  Acids.-H.TiO,,  H.,Ti..O., 
H^TiOj,  H/riF„;  various  hydrates  .rZrO;.;i/H,6 
act  as  feeble  acids  ;  HiThO^  and  HTh|0,,  are 
perhaps  feeble  acids,  but  it  is  said  that  ThOo 
does  not  decompose  alkali  carbonates  when 
fused  therewith. 

The  oxides  MO,  are  basic,  and  also  feebly 
acidic  when  M  is  Ti  or  Zr  ;  they  interact  with 
some  acids  to  form  corresponding  salts,  and, 
when  M  =  Ti  or  Zr,  with  alkalis  to  form  salts 
wherein  M  forms  part  of  the  acidic  radicle  ;  no 
salts  of  oxyacids  with  Ce  or  Th  in  the  negative 
radicles  have  yet  been  isolated.  Several  hydrates 
of  MO,  exist,  they  easily  pass  one  into  the  other 
with  small  changes  of  temperature ;  some  of 
these  hydrates  react  as  feeble  acids  towards 
strong  bases,  forming  salts  of  the  types  X'.^MOj, 
XijMO,,,  and,  generally,  xX'^.fi.yMO.^ ;  these 
salts  are  not  referable  to  such  definite  forms  as 
the  stannates  or  silicates  are,  but  they  resemble 
these  classes  of  salts  fairly  closely. 

The  salts  which  are  derived  from  the  oxides 
MO,,  by  the  interactions  of  these  oxides  with 
acids,  are  of  the  form  MX.,,  where  X  =  NO,, 
iSOj,  iPO„  &c. ;  when  M  =  Ti  most  of  the  salts 
that  are  known  are  basic  ;  when  M  =  Zr,  many 
are  basic,  bat  a  fair  number  of  normal  salts  is 
also  known  ;  when  M  Ce  or  Th,  most  of  the 
salts  that  have  been  isolated  are  normal.  Little 
is  known  of  the  oxides  MO, ;  as  they  are  ob- 
tained by  adding  H,0,Aq  and  an  alkali  to  solu- 
tions of  salts  MXj,  they  are  probably  super- 
oxides ;  the  formula  Th,0,  that  is  assigned  to 
the  oxide  of  Th  formed  in  this  way  cannot  be  ac- 
cepted as  final.  The  oxides  Ti^O.,  and  Ce,0;, 
are  basic  ;  the  most  definite  and  stable  salts  of 
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TiTAXIUM. 


ZmcoxiuM. 


CKItlff.M. 


Thoiuusi. 


Atomic  weights. 


Melting -points. 
Spec,  gravities 
(approx.) 
Spec,  heats. 
Atomic  weight. 


48 


90 


139-9 


232 


Spec,  gravities 
(approx.) 
Physical  pro- 
perties. 


Occurrence  and 
Preparation. 


Chemical  pro- 
perties. 


Molecular  weights  unknown.  Mol.  weights  of  one  or  more  compounds  of 
each  element,  except  Ce,  have  been  determined  by  Avogadro's  law  ;  spec,  heats 
determined  directly. 

c.  800° 


Has  not  been  fused 
3-6 
•13 

13-4 


c.  1200° 
4-2 
■066 

21-4 


6-7 
•0448 

2M 


Obtained  only  as  a  A  black  amorphous  Steel-grey,  very  lus-  Dark-grey,  lus- 
powder;  black,  lus-  powder;  resem-  trous  metal;  mal-  trous  powder; 
trous,  apparently  bling  lampblack,  leable,  and  due-  also  obtained  in 
amorphous.  The  but  much  heavier,  tile.  Melts  much  microscopic  octa- 
powder  has  not  Also  obtained  as  a  more  easily  than  hedral  crystals, 
been  fused.  very        lustrous,    any  other  mem';ier    Has    not  been 

hard,  brittle  sohd,    of  the  family.  fused, 
resembling  Sb. 
Said  to  melt  above 
m.p.  of  Si. 

The  four  metals  occur  chiefly  as  silicates,  Ti  and  Zr  in  moderate  quantities 
and  the  others  only  in  a  few  rare  minerals.  The  metals  are  prepared  by 
reducing  the  chlorides,  or  alkali  salts  of  the  form  K,^(or  Na.JMF^,  by  heating 
with  K  or  Na  ;  Ce  also  prepared  by  electrolysing  molten  CeCla. 


Has  not  been  fused 
11^0 
•0276 

21^1 


Burns  brilliantly 
when  heated  in  air, 
or  in  O,  forming 
TiO.>.  Decomposes 
H,,0'  at  100°,  giv- 
ing off  H.  Com- 
bines readily  with 
CI,  less  readily 
with  Br,  and  with 
I  only  when  va- 
pour of  I  is  passed 
over  heated  Ti. 
Dissolves  in  warm 
dilute  HClAq, 
H.,SO,Aq, 
HNO,Aq,orHFAq. 
Forms  two  classes 
of  salts  TiX„  and 
TiX^,  X='N03, 
^SOj,  &c. ;  very 
few  TiX,  salts  iso- 
lated, and  not 
many  TiX^ ;  all 
salts  easily  decom- 
posed. Salts  de- 
rived from  the 
acidic  hydrates 
isTiO,.7/H,0  also 
known.  The  acids 
H.TiF„  and 
H,TiO,Fj,  and 
salts  derived  there- 
from, are  known. 
TiOj,  probably  a 
superoxide,  exists. 
Combines  fairly 
readily  with  N, 
and  with  N  and 
C.  Atom  of  Ti 
is  tetravalent  in 
gaseous  molecules 
TiClj  and  Til,. 


Burns  when  heated 
in  air,  or  O,  to 
CeO;,.  Decomposes 
cold  water,  giving 
oft'  H.  Combines 
directly  with  CI, 
Br,  I  vapour,  S 
vapour,  and  P 
vapour.  Dis- 
solves easily  in 
HClAq,  HNO^Aq, 
H,SO,,Aq,  or 
HFAq.  Forms  two 
classes  of  salts, 
Ce^Xg  and 
X  =  N03, 
&c. ;  salts 
are  more 
than 
latter 


CeXj, 
iSO,, 
Ce,X, 
stable 
CeX„  the 
are  easily 


Amorphous  Zr 
burns  brilliantly 
when  heated  in 
air,  or  0,  forming 
ZrO._, ;  the  crystal- 
line metal  is  suiser- 
ficially  oxidised  at 
a  white  heat ;  it 
burns  in  0-H 
flame.  Combines 
with  CI,  probably 
also  with  Br  and 
I  ;  compounds 
ZrX,  are  formed 
by  heating  ZrO.^ 
and  C  in  X.  Com- 
bines directly  with 
S.  Dissolves  slowly 
in  hot  H,,SO„ 
HClAq,  HNO>q  ; 
rapidly  in  HFAq. 
Decomposes  mol- 
ten KOH ;  crys- 
talline Zr  is  said 
not  to  be  oxidised 
by  molten  KNO3 
or  KCIO,.  Forms 
salts  ZrX„  X=: 
NO3,  ASO„  &c. ; 
most  salts  isolated 
are  basic, 
a-ZrO,.7/K.  Salts 
derived  from  acid 
H.ZrF^are  known. 
Also  forms  zireon- 
ates  yUO.zZrO.^ 
where  Zr  enters 
into  negative  radicle  of  salts.  Oxide 
higher  than  ZrOj,  probably  ZrOj, 
(?  superoxide)  exists.  ZrH,,  perhaps 
exists.  Atom  of  Zr  is  tetravalent  in 
gaseous  molecule  ZrCl,. 


reduced  to  CCjX^ 
No  cerates,  where 
Ce  forms  part  of 
negative  radicle, 
have  been  isolated. 
Salts  of  form 
MXeFg  not  iso- 
lated. CeOj,  pro- 
bably a  super- 
oxide, seems  to 
exist. 


Burns,  when 
heated  in  air  or 
0  below  redness, 
to  ThO,.  Com- 
bines with  CI,  Br, 
or  I  when  heated ; 
also  with  S  va- 
pour when  heated 
therein.  Easily 
dissolved  by 
HClAq  or  HFAq; 
slovfly  by  hot 
H,,SO,Aq  ; 
HNO,|Aqhas  only 
a  shght  action. 
Forms  saltsThXj, 
X  =  N03,  iSO„ 
&c. ;  fair  number 
of  basic  salts 
known.  Hydrates 
of  ThO.„ 
ThO.,.2H,0  and 
4Th6,.H20,  are 
probably  weak 
acids,  but  thor- 
ates  have  not 
been  isolated. 
Oxide  higher 
than  ThO.„  pro- 
bably  Th,,d„  iso- 
lated (?  super- 
oxide). ThH^ 
perhaps  exists. 
Atom  of  Th  is 
tetravalent  in 
gaseous  molecule 
ThCl,. 
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Ce  are  derived  from  this  oxide.  Several  of  the 
haloid  compounds  MX^  have  been  gasified  with- 
out decomposition,  viz.  TiClj,  Til,,  ZrClj,  and 
ThCl^.  The  haloid  compounds  MX,  form  many 
double  compounds  with  other  halides  ;  some  of 
these  are  certainly  best  regarded  as  salts  of 
hypothetical  acids  containing  M  and  X  in  their 
acidic  radicles  ;  the  salts  of  this  class  E,,MFg 
are  characteristic  of  the  elements  of  Group  IV. ; 
all  the  elements  of  the  group,  except  C  and  Ce, 
give  these  salts  K„MF,;,  Ce  is  said  to  form 
K3Ce,J'„(  =  2CeF^.3KF),  but  further  examination 
will  most  probably  lead  to  the  isolation  of  salts 
E^CeFj.  Ti  and  Ce  form  chlorides  MX.j,  or  more 
probably  M„X,.  from  the  analogy  of  CCl,.  and 
Si,Cl„ ;  Ce  also  forms  Ce,,Br,;,  Ce,F,i,  and  Ce,I«, 
indeed  the  only  haloid  compound  of  Ce  belong- 
ing to  the  form  MX.,  that  has  yet  been  isolated 
is  CeF4.  The  sulphides  have  not  been  thoroughly 
examined ;  Ti  is  the  only  member  of  Groujj  IV. 
which  is  known  to  form  three  sulphides  corre- 
sponding with  the  oxides,  TiS,  Ti.^S.,,  and  TiS., ; 
one  sulphide  of  Zr  is  known,  probably  ZrS._, ; 
ThS.j  is  the  only  sulphide  of  Th  that  has  been 
isolated  ;  and  the  only  known  sulphide  of  Ce  is 
Ce^Sj.  So  far  as  investigation  has  gone,  the 
sulphides  of  Ti,  Zr,  Ce,  and  Th  are  basic. 

A  comparison  of  the  titanium  family  with 
the  tin  family,  which  comprises  the  odd-series 
members  of  Group  IV.  (C  and  Si  being  omitted), 
shows  that  Ti,  Zr,  Ce,  and  Th  are  more  metallic, 
on  the  whole,  than  Ge,  Sn,  and  Pb.  Th  is  cer- 
tainly the  most  markedly  positive  element  of 
Group  IV.,  and  Ti  is  at  least  not  more  negative 
than  Ge ;  Zr  is  more  metallic  than  Ge,  and  Ce 
more  metallic  than  tin.  The  following  formulse 
show  that,  so  far  as  composition  goes,  there  is 
about  an  equal  similarity  between  C  and  Si  and 
the  Ti  elements,  as  between  C  and  Si  and  the 
tin  elements : 


there  is  between  the  two  families  of  Group  VI. 
Considering  that  the  titanium  and  the  tin  ele- 
ments belong  to  even  and  odd  series,  respec- 
tively, of  Group  IV.,  which  group  comes  midway 
in  the  general  periodic  scheme  of  classification, 
we  should  expect  the  titanium  (even-series) 
family  to  be  rather  more  metallic  than  the  tin 
(odd-series)  family,  but  at  the  same  time  we 
should  expect  these  two  families  to  be  very  like 
one  another ;  this  is  exactly  what  a  study  of 
the  two  families  shows  to  be  the  case. 

In  connection  with  this  article  v.  Tin  group 
OP  ELEMENTS,  this  vol.  p.  735,  and  Carbon 

GROUP  or  ELEMENTS,  VOl.  i.  p.  682). 

M.  M.  P.  M. 

TITANOFLUORHYDRIC  ACID  H,TiF,j  v. 
Titanijluorhydric  acid,  under  Titanic  fluoride. 
Combinations,  No.  1,  p.  742. 

TITANOFLUORIDES  M^TiFg  v.  Titani- 
fluorides,  under  Titanic  fluoride,  Combinatiofis, 
No.  2,  p.  742. 

TITANOXYFLUOKHYDRIC  ACID  H,TiO,Fj 
V.  Titanic  fluoride,  p.  742. 

TITANOXYFLUORIDES  M.TiOJ^  v.  Titanic 
fluoride,  p.  742. 

TOLALLYL  SULPHIDE  C.,„H.,„S,.  [174°J. 
(350°-360°  i.V.).  A  product  of  distillation  of 
benzyl  sulphide  (Miircker,  A.  136,  75;  Forst,  .4. 
178,  370;  Baumann  a.  Klett,  B.  24,  3313). 
Plates  (from  ether). 

TOLANE  i).  Dl-PHENYL-ACETYLENE. 

Tolane  dibromide  v.  Di-bromo-phenyl-ethyl- 

ENB. 

Tolane  chlorides  v.  Chloro-phenyl-eihane 
and  Chloro-phenyl-ethylenb. 

TOLENE  V.  Tolu  balsam. 

_p-TOLENYL-AMIDINE  C„H,„N„  i.e. 
C„H,Me.C(NH)(NH,).  [102°].  Formed  by  the 
action  of  alcoholic  NH3  on  the  hydrochloride  of 


Oxides 
CO    ?  CO,  CO., 


'SiO 


SiO.. 


2TiO    Ti.,03    TiO,,  TiO, 
ZrO.,  ZrOj 
Ce.Oa    CeO..  CeO, 
Thd„  ?Th03 

GeO  GeO,. 
SnO  ?Sn.,03  SnO., 
PbO    Pb„0,  Pb0„ 


cs 

?SiS 
TiS 


GeS 
SnS 
PbS 


Sulphides 


Ti,S3 


??Sn,S3 


Chlorides,  <£c. 


CSj 

C,C1„ 

CCl, 

SiSj 

?  SiCl, 

Si,Cl, 

SiCl, 

TiS„ 

TiCL 

TiXl, 

TiCl, 

ZrS,  (?) 

ZrCl, 

Ce,Cl, 

CeF, 

ThSj 

ThCI, 

GeS, 

?GeCL, 

GeCl, 

SnSj 

SnCL, 

SnCl, 

?PbS, 

PbCl, 

PbCl^  (? 

A  comparison  of  the  odd-series  families  of 
the  different  groups  with  the  even-series  families 
(omitting  series  2  and  3)  shows  that,  speaking 
broadly,  the  members  of  the  even-series  families 
are  more  metallic  in  their  chemical  properties 
than  the  members  of  the  odd-series  families, 
and  that  the  general  difference  between  even  and 
odd  families  becomes  more  marked  in  the 
higher  than  in  the  lower  groups  (v.  Table  in 
vol.  iii.  p.  811).  For  instance,  the  even  family 
of  Group  VI. — Cr,  Mo,  W,  and  U — is  decidedly 
more  metallic  than  the  odd  family  of  the  same 
group — S,  Se,  and  Te ;  but  although  the  even 
family  of  Group  II.— Ca,  Sr  and  Ba — is  more 
metallic  than  the  odd  family  of  the  same  group 
— Mg,  Zn,  Cd  and  Hg— there  is  not  nearly  so 
great  a  difference  between  these  two  families  as 


j  ^-tolenyl-imido-ethyl-ether  (Gloek,  B.  21,  2653). 

Pearly  plates,  sol.  alcohol  and  ether. 
I      Reactions.— 1.  CO.CL,  in  toluene  and  NaOH 
'  give  (C,H,.C(NH).NH),CO  and 

C,H,.C<^:^jo^|^y^>N  [over  300°]  (Pinner,  B. 

25,  1425).— 2.  O.valacctic  ctJier  and  NaOH  form 
aH,.C(NH).NH.CO.CH„.CO.CO,Et  [190°]  and 

C,H,C<g;^j^g-^)^)>CH  [252°]  (Pinner,  B.  25, 

1422). 

Salts.— B'HCl  iaq.  [213°].  —  B'.,H2PtCl„. 
[225°].— B'HNO...  [133°].  Needles,  v.  sol. 
water  (Kirschnick,  A.  265,  167).— B'HNO,  2aq. 
r95O]._B'.,H„S0,  2aq.    [240°],  v.  sol.  water. 

o-TOLEN'YL-AMIDOXIM  C,H,„N.,0  i.e. 
C;H;.C(N0H).NH,,.    [149-5°].    Formed  by  heat- 
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TOLENYL-AMIDOXIM. 


ins  o-toluic  nitrile  with  hydroxylamine  hydro- 
chloride, alcohol,  and  Na.CO,  (Schubart,  B.  22, 
2438).  Needles  (from  hot  water),  v.  sol.  alcohol 
and  ether. 

Ethyl  ether  C,H,.C(NOEt).NH,.  [140°]. 
Prisms,  v.  sol.  alcohol. 

Benzoyl  derivative  C,H,.C(NOBz).NH,. 
[145°].  Needles,  sol.  alcohol.  Cone.  H^SO^  forms 

C,H,C<^jf  >CPh  [80°]. 

o-Tolnyl  derivative 
C,H-.C(NO.CO.C,H,).NH,.    [118°].  Converted 

at  180°  into  C;H,.C.^^j;j^^C.C,H,  [.59°]  (Stieg- 

litz,  B.  22,  3156).    Sodium  diazobenzene  sul- 

phonate     forms  C,H..C<^^^>C(NH2).C,H, 

[110°]. 

^-Tolenyl-amidoxim  C,H,„N,0  i.e. 
CsH,Me.C(NOH).NH„.  Toluamidoxim.  [146°]. 
Formed  by  combination  of  toluic  nitrile  with 
hydroxylamine  (Schubart,  B.  19,  1487).  White 
plates,  sol.  alcohol,  ether  and  hot  water.  Yields 
NaA',  a  hygroscopic  mass,  and  HA'HCl  [187°], 
crystallising  in  prisms. 

Reactions. — 1.  Benzene  sulphonic  chloride 

forms  C^Hj.C-^^j^^^SO.CeH,  [89°]  (Pinner,  B. 
24,  4173). — 2.  Aceto-acetic  ether  gives  rise  to 
C,H,.C.^^^°>C.CH,Ac  [97°]  (Schubart,  B.  22, 
2438). — 3.  Acetic  aldehyde  forms  the  compound 
C,H,.C<^^g>CHMe  [127-5°].— 4.  Hot  HOAc 

forms  C,H,.C^^j;j^^C.C,H,  [135°].— 5.  COCl, 

produces  C;H;.C<^^j^>CO  [220°].— 6.  ClCO.Et 

yields C,H,.C(NH.,):NO.CO..Et  [130°].— 7.P7jc»?/Z 
cyanate  gives  '  C,H,.C(NOH).NH.CO.NHPh 
[155°].—  8.  Phenyl  thio-carbimide  reacts  forming 
C,H,.C(NOH).NH.CS.NHPh.— 9.  Potassium  cy- 
anate acting  on  the  hydrocloride  gives  rise  to 
C,H,.C(NOH).NH.CO.NH,,  [170°].- 10.  Ac,0  and 
NaOAc  acting  on  the  hydrochloride  form 
NH(C(NH).C,H,)2  [153°]  (Glock,  B.  21,  2657).— 
11.  Succinic  anhydride  forms  the  compound 

C,H,.C<^^j;j^^C.CH„.CH,.CO,H    [138-5°].- 12. 

Boiling  Ac^O  forms  C,H,.C<^^j;j^^CMe  [80°]. 

13.  CS.,  and  alcohol  form,  on  long  boiling, 

C,H,'.C(NSH)NH.CS.SHH2N.C(NSH).C,H, 
(Crayen,  B.  24,  390).— 14.  OS,,  and  alcoholic 

potash  yield  C,H,.C<^^^>CS  [165°]. 

Methyl  ether  C,H..C(NOMe).NH.,.  [85°]. 

Ethyl  ether  EtA'.  [64°].  Needles.  Con- 
verted by  HBr  and  NaNO,  into  C,H,.CBr:NOEt, 
an  oil,  decomposed  at  155°  (Schubart,  B.  22, 
2434),  while  hydrogen  chloride  and  NaNO.,  form 
C,H,.CCl:NOEt  (200°). 

Benzoyl  derivative  C,H,.C(NOBz).NH,. 
[173°].    Converted  by  heat  into 

C,H,C<Nj;jO>CPh. 

References. — Niteo-  and  Oxy-toltjamidoxim. 

2>TOLENYL-IMID0-ETHYL  ETHER 
C,H,.C(NH).OEt.    The  hydrochloride  B'HCl 
[161"]  formed  by  the  action  of  dry  HCl  on 
jp-toluic  nitrile  dissolved  in  ether-alcohol  forms 


prisms,  yielding  B'„H_,PtCl„  2aq,  converted  at 
200°  into  ^:i-toluic  amide,  by  NH3  into  ^J-tolenyl- 
amidine,  by  aniline  into  di-phenyl-tolenyl-ami- 
dine  [168°],  and  by  Ac.,0  into  the  compound 
C„HjMe.C(NH).OAc  [147°]  (Glock,  .B.  21,  2650). 
The  free  base  is  liquid  and  changes  on  keeping 
into  a  polymeride  [260°]. 

TOLENYL-PHENYLENE-DIAMINE 

C,H,<^^^C.C,H;.  [268°].  Formed  by  reduc- 
tion of  tolyl-o-nitro-aniline  and  also  from  p- 
toluyl  chloride  and  o-j)henylene-diamine  in  benz- 
ene (Hiibner  a.  Hanemann,  A.  210,  328).  Prisms, 
si.  sol.  water,  sol.  alcohol. 


[188°].     Got  from 


/N. 

C,H3Me<    "^C  . 

\n<  >C,H,. 

tolenyl-benzenyl-amidine  o-carboxylic  acid  (Bis- 
trzycki,  B.  25,  1984). 

TOLENYL-XYLYLENE-DIAMINE  Ci^H^N 

i.e.    [1:4]    C,H,Me^^jj>C,H,Me.,  [^g:l:3j 

[217°].  Formed  by  reducing  the  ^^-toluyl  deriva- 
tive of  nitro-xylidine  (Bruckner,  A.  205,  125  ; 
Hiibner,  A.  210,  333).  Long  crystals  (from 
dilute  alcohol).— B'HCL— B'HNOj.—B'jHjSO^. 

TOLIDINE  V.  Dl-AMIDO-DITOLYL. 
TOLIL  Dl-TOLYL-DIKETONE. 

TOLIL-BENZOIN  v.  Benzoin,  Reaction  9. 
TOLINDOLE  v.  Methyl-indole. 
TOLISATIN  v.  Mcthi/l-iskim. 
TOLU-ACET-ALDEHYDINE    C„HnN,  i.e. 

C;H,(N:CHMe),  or  C,H8<^^j,j^CMe  (?)  [91° 

uncor.].  Formed  together  with  a  small  quan- 
tity of  ethenyl-tolylene-diamine,  by  mixing  tolyl- 
ene  o-diamine  (1  mol.)  with  aldehyde  (2  mols.) 
in  cold  HOAc  (Hinsberg,  B.  20,  1588). 

TOLU-AMIDOXIM  v.  Tolenyl-amidoxim. 

TOLU  BALSAM.  Obtained  from  incisions 
in  the  stem  of  Mijroxylum  toluiferum  growing 
in  Columbia,  South  America.  It  contains  a 
terpene,  tolene  C,(,H,5  (154°-170°),  benzoic  and 
cinnamic  acids,  benzyl  cinnamate  and  two 
resins  :  C,„H|sO,  [60°]  v.  sol.  alcohol  and  ether 
and  C,sH.,„05  [above  100°],  insol.  alcohol  and 
ether  (Deville,  Jt.  44,  304  ;  Scharling,  A.  97,  71 ; 
E.  Kopp,  A.  64,  372  ;  Busse,  B.  9,  830 ;  Bail- 
Ion,  Ph.  [3]  4,  385). 

TOLUBENZYLAMINE  v.  Methyl-benzyl- 

AMINE. 

TOLUENE  C,H,  i.e.  C^H^.CH,.  Methyl- 
benzerie.  Retinaphtha.  Phenyl-methane.  Mol. 
w.  92.  V.D.  3-20  (calc.  3-29).  (109°)  (E.  Schiff, 
A.  220,  91) ;  (111°)  (Wilbrand  a.  Beilstein, 
A.  128,  259  ;  ToUens  a.  Fittig,  A.  131,  304). 
S.G.  f  -8656  (Briihl);  24  -8566  (Gladstone, 
C.  J.  59,  290);  if  -8708  (S.).  C.E.  (13°- 
109°)  -001242.  S.V.  118  (S.).  m„  =1-4893 
(G.).  =1-507  (B.).Eqo  =50-06.  H.F.p.-3520. 
H.F.v.  -5260  (Thomsen,  Th.).  H.C.  933,762 
(Stohmann,  J.  pr.  [2]  35,  41).  Critical  tempera- 
ture 321°  (Pawlewski,  B.  16,  2634).  Occurs  in 
cold  tar  (Mansfield).  Obtained  by  dry  distilla- 
tion from  balsam  of  tolu  (Deville,  A.  Ch.  [3]  3, 
168 ;  Muspratt  a.  Hofmann,  ,4. 54, 9),  from  dragon's 
blood  (Glenard  a.  Boudault,  C.  B.  19,  505),  from 
the  resin  of  Pinus  maritima  (Pelletier  a.  Walter, 


TOLUENE  CARBOXYLIC  ACID. 


A.  Ch.  [2]  C7,  278),  and  from  wood  (Volckel,  A. 
86,  ;:S::i4). 

Formation. — 1.  By  distilling  vulpie  acid  with 
KOH  (Moller  a.  Strecker,  A.  113,  G9).— 2.  By 
the  action  of  sodium  on  a  mixture  of  bromo- 
benzene  and  Mel  (Fittig  a.  Tollens,  A.  131, 

303)  . — 3.  By  passing  petroleum  vapour  over 
red-hot  charcoal  (Letny,  B.  11,  1210).~4.  By 
heating  petroleum  with  AlCl,  in  presence  of 
PbO  and  air  (Friedel  a.  Crafts,' 1S78,  116(5).— 
5.  By  passing.  MeCl  or  CH.CL  into  benzene  con- 
taining Aid,  (Friedel  a.  Crafts,  A.  Ch.  [6]  1, 
460;  11,  264).— 6.  Together  with  CH,  by  heat- 
ing benzene  with  Mel  and  I  (Eayman  a.  Preis, 

A.  223,  317).— 7.  By  distilling  c'resol  with  P.,S, 
(Geuther,  A.  221,  58).— 8.  By  distilling  toluic 
acid  with  baryta  (Noad,  A.  63,  305). 

Properties. — Oil,  smelling  like  benzene. 

Reactions. — 1.  When  passed  through  a  red- 
hot  tube  it  yields  benzene,  styrene,  naphthalene, 
diphenyl,  anthracene,  phenanthrene,  and  other 
products  (Ferko,  B.  20,  661  ;  cf.  Berthelot,  Bl. 

7,  218  ;  Graebe,  B.  7,  48). — 2.  Distillation  over 
red-hot  PbO  gives  benzene,  di-phenyl-ethylene, 
diphenyl,  phenanthrene,  and  anthracene  (Lorenz, 

B.  7,  1007;  Vincent,  C.  R.  100,  '.)08).— 3.  By 
electrolijsis  of  toluene  to  which  alcohol  and 
H^SO.,  have  been  added  benzoic  aldehyde  and 
phenose  are  formed  (Renard,  C.  R.  92,  965). —  , 
4. — When  electric  sparks  are  passed  through 
toluene,  acetylene  and  hydrogen  are  given  off 
(Destrem,  Bl.  [2]  42,  267). -5.  AlCl,  at  200°  in 
sealed  tubes  forms  benzene,  and  in-  and  j)  -  xylene 
(Friedel  a.  Crafts,  C.  R.  100,  692  ;  Anschiit'z,  A. 
235,  178). — 6.  Oxygen  passed  through  toluene 
containing  AlCl,  forms  cresol  (Friedel  a.  Crafts, 

C.  R.  86,  884). — 7.  A  mixture  of  toluene  and 
ethylene  passed  through  a  red-hot  tube  yields 
benzene,  styrene,   and   anthracene    (Ferko). — 

8.  CH.,C1.,  and  AlCl,  yield  di-tolyl-methane 
(280°-290°),  di-methyl-anthracene  [232°],  and 
m-,  and  p-  xylenes  (Friedel  a.  Crafts,  Bl.  [2]  41, 
322). — 9.  Bromine  acts  upon  toluene  in  the 
dark  as  readily  as  in  diffused  daylight,  with 
production  of  o-  and|)-bromo-toluene.  The  addi- 
tion of  iodine  greatly  hastens  the  reaction,  but 
the  same  products  are  formed.  In  direct  sun- 
light the  substitution  takes  place  entirely  in  the 
side-chain,  with  production  of  benzyl  bromide. 
But  if  iodine  (even  2  p.c.)  is  present  the  effect 
of  the  sunshine  is  entirely  counteracted,  and  the 
substitution  takes  place  wholly  in  the  nucleus 
(Schramm,  B.  18,  606;  cf.  Zakrzewski,  M.  8, 

304)  . — 10.  Clilorine,  in  presence  of  I,  acting 
even  on  boiling  toluene,  forms  chloro-toluene  and 
benzyl  chloride  (Beilstein  a.  Geitner,  A.  2:-!l, 
170;  cf.  Aronheim,  B.  8,  1401).— 11.  CrO.Cl, 
added  slowly  to  a  solution  of  toluene  in  C^.. 
ppts.C;H„2CrO^CLj, which  slowly  absorbs  moisture, 
being  converted  into  benzoic  aldehyde  (Etard, 
A.  Ch.  [5]  22,  223).— 12.  H,SO^  yields  the  o- and 
^)-sulplionic  acids,  converted  by  potash-fusion 
into  o-  andp-cresol  (Wurtz,  A.  Ch.  [4]  25,  108).— 

13.  Bz.A  forms  C|,,H,2  (c.  260°)  isomeric  with 
the  di-phenyl-ethylenes,  and  yielding  benzoic 
acid  on  oxidation  (Lippmann,  M.  7,  521). — 

14.  HNO.,  forms  o-  andyj-nitro-toluene. — 15.  Par- 
aldehyde and  cone.  H.,SO,  form  ditolylethane 
and  C.^.m,  (350°-360'')  (O.  Fischer,  B.  7, 
1194). 

Compounds  (C^HJ.AlClj.  S.G.  =  1-08  (Gus- 
VOL.  IV. 


tavson,  B.  11,  2151).  Oil.— (C  II,)  AlBr,.  S.G.  2 
1-37. 

Dihydride  C,H,„.  (105°-108°).  Formed 
by  heating  toluene  with  PHJ  at  350°  (Baeyer,  A. 
1.55,  271  ;  Z.  [2]  4,  445). 

Tetrahydride  CB.,..  (104°).  S.G.  -797. 
Occurs  in  the  product  of  distillation  of  colo- 
phony (Renard,  A.  Ch.  [6]  1,  231).  Oil,  sol. 
alcohol  and  ether.  Kapidly  absorbs  oxygen.  In 
contact  with  water  it  forms  crystalline  C;H,|jO.,. 
H.jSO,  forms  two  polymerides  (230°-235°),  one 
only  being  oxidisable  by  air. 

Hexahydride  C-H,^.  (97°).  S.G.  ^,  -7741. 
C.E.  (0°-20°)  -00113.  S.V.  142  (Lossen,  A.  225, 
109).  H.C.  1,092,800  (Louguinine,  C.  R.  93, 
275).  Formed  by  heating  toluene  with  cone. 
HIAq  at  280"  (Wreden,  A.  187,  161  ;  cf.  Berthe- 
lot, Bl.  [2]  7,  124  ;  26,  146).  Occurs  in  oil  of 
resin.  Completely  oxidised  by  a  hot  mixture  of 
HNOsand  H^SO^. 

References.  —  Tei-amido-,  Bromo-,  Bromo- 
IODO-,  Bromo-iodo-nitro-,  Bromo-nitro-,Chloro-, 
Chloro-iodo-,  Chloro-nitko-,  Iodo-,  Iodo-nitro-, 
NiTROso-,  NiTRO-,  and  Oxy-  toluexe. 

TOLUENE  AESONIC  ACID  r.  Arsenic. 
TOLUENE-AZIMIDO-TOLUENE  v.  Azimido- 

COMPOUNDR. 

TOLUENE-AZO-  compounds  v.  Azo-  com- 
I  pouNiis  and  DiSAZo-  compodnds. 

TOLUENE-AZOXY-   compounds  v.  Azoxy- 

COMPOUNIiS. 

TOLUENE  CARBOXYLIC  ACID  v.  Toldic 

ACID. 

Toluene  dicarboxylio  acid  C,|H,0,  i.e. 
C„H3Me(CO.,H).,[4:2:l].  Mctliijl-phthalic  acid. 
Mol.  w.  180.  [152°].  Formed  from  (a)-amido-j)- 
tohiic  nitrile  by  Sandmeyer's  reaction,  the  re- 
sulting nitrile  being  saponified  (Niementowski, 
M.  12,  623).  V.  e.  sol.  water  and  alcohol.  With 
o-amido-phenol  it  forms  C,iH.,Me(C0)2N.C„H,0H 
[205°],  whence  boiling  aqueous  sodium  carbonate 
gives  rise  to  C,H,Me(CO„H).CO.NH.C„Hj.OH 
[200°]. 

Amide  C„H,,Me(CONH,,)„.  [188°].  Formed 
from  the  imide  and  NHjAq. 

Anhydride .    [92°].  Needles. 
Imide    C,H,Me.CA-NH.    [196°].    Got  by 
fusing  the  anhydride  with  urea.  Needles. 

Nitrile  C",H,Me(CN).,.  [120°]  (N.) ;  [117°] 
(Glock,  B.  21,  2663).  Needles.  Converted  by 
alcohol  and  HCl  into  C,H,Cy.C(NH,Cl).OEt 
[199°]. 

Toluene  dicarboxylio  acid 

C,,H,Me(CO,H),  [4:3:1].  (&)-XyUdic acid.  Methyl- 
isoplithalic  acid.  [320°-330°].  Formed  by  oxida- 
tion of  wi-xylene  carboxvlic  acid  (Jacobsen,  B. 
14,  2112)  and  of  C,H,,Me(GH„.OH)..  (Hjelt  a. 
Gadd,  B.  19,  868).  Formed  also"  by  fusing 
potassium  toluene  7u-disulphonate  or  the  salt 
C„H:,Me(SO,NH,,).CO,K  with  sodium  formate 
(Hakansson,  B.  5,  1088  ;  Kemsen  a.  lies.  Am.  1, 
119).  The  same  acid  (?)  is  got  by  oxidation  of 
C„H,Me.CO.,H  [1:4:2]  by  HNO^  (S.G.  1-12)  at 
150"  (Glaus  a.  Wollner,  B.  18,  1858).  Small 
crystals,  si.  sol.  hot  water.  May  be  sublimed. 
— Ag_A"  :  crystals,  v.  sol.  hot  water. 

Toluene  dicarboxylic  acid 
C„H,Me(CO,,H),  [2:4:1].  Mcflnjl-tercphthalic 
acid.    (a)-Xylidic  acid.    [c.  282°].    Formed  by 
boiling  pseudocumene  with  dilute  HNO.,  (Fittig 
a.  Laubinger,  A.  151,  276).    Got  also  bv  fusing 

'3  C 
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C5H3Me(SO,NHJCO,K  with    sodium    formate  I 
(Remsena.iles,"2.);t.  1,114).  Needles  (by  sublima-  I 
tion).    SI.  sol.  Aq.    Oxidised  by  KMnO^  to  tri-  | 
mellitie  and  isophtlialic  acids  (Krinos,  B.  10, 
1494).— »ZnA".  S.  36  at  0°  ;  -7.3.5  at  100°,  -5  at 
130=  (Jacobsen,  B.  10,  859). 

Toluene  dicarboxylic  acid  C,^,^le(CO^'B.).^. 
[310°-315°].  Formed  by  fusing  potassium 
toluene  (yj-disulphonate  with  sodium  formate 
^Senhofer,  A.  164,  134).  Minute  needles,  v.  si. 
sol.  cold  water,  v.  sol.  alcohol  and  ether.  May 
be  sublimed. — BaA''2aq. — Ag,,A"  :  amorphous 
PP- 

Toluene  w  o-dicarboxylic  acid 
CO,H.CH,,.C„H,.CO,H.  [2:1].  HomopMhalicacid 
V.  o-Carboxy-phenyl-acctic  acid. 

Nitrile  v.  o-Cyano-benzyl  cyanide. 

Toluene  «-  7)i-dicarboxylic  acid 
CO,H.CH,,.C,iH,.CO,,H  [3:1].    Formed  by  oxida- 
tion of  ?ii-di-ethyl-benzene  (Allen  a.  Underwood, 
BL  [2]  40,  100).    Needles  (from  alcohol).  Sub- 
limes without  melting  at  200°-210\— Ag,,A". 

Toluene  w  p-dicarboxylic  acid 
CO,H.CH,,.C„H,,.CO.,H.  [285°-288°].  S.  Iat50°. 
S.  (alcoho'l)  14-3  at"30°.  Formed  by  the  action 
-of  dilute  (25  p.c.)  HCl  on  the  amide  (Mellinghofi, 
B.  22,  3215).  V.  si.  sol.  ether  and  benzene.— 
AgjA" :  crystalline  pp.  The  same  (?)  acid 
formed  by  oxidation  of  CjHjPrPr  [1:4]  yields 
BaA"  liaq  (Paterno  a.  Spica,  B.  10,  1746). 

Amide  CO(NH,.).CH,,.C,H,.CO.NH,.  [235'=]. 
Pormed  from  CHjCy.C.Hj.Cy  and  H.SO^.  Small 
hard  nodules. 

Amic  acid  CO(NH,).CH,.C„H,.CO.,H. 
[261°].  Formed  from  CH,Cy.C„Hj.CO,H  and 
HjSOj.  SI.  sol.  ether,  hot  water  and  alcohol. — 
AgA' :  crystalline. 

Iso-amic  acid  CO,,H.CH.,.C„H,.CO.NH,. 
,[229°].  Formed  from  ^j-cyano-phenyl-acetic 
acid.  Crystalline,  v.  sol.  alcohol  and  hot  water. 
— AgA'.  Crystalline. 

Nitrile  CHjCy.C,.Hj.Cy.  p-Cijano-henzyl 
.cyanide.  [100°].  (above  360°).  Formed  from 
■CH,Cl.C6H^Cy  and  KCy  (Melhnghoff,  B.  22, 
3209).  Needles,  v.  si.  sol.  hot  water,  sol.  al- 
cohol and  ether. 

Semi-nitrile  CH,,Cy.C,H,.CO,,H.  [201°]. 
Formed  from  oi-chloro-p-toluic  acid  by  treat- 
ment with  KOHAq  and  alcoholic  KCy  (Melling- 
hoff,  B.  22,  3213).  Crystalline,  v.  sol.  alcohol 
and  ether. — AgA'. 

Semi-nitrile  CO,H.CH,.C„H,.Cy.  [152°]. 
Formed  from  the  nitrile  and  HCl  at  105°. 
Prisms,  v.  sol.  alcohol.— AgA'.  Crystalline. 

Nitrile-amide  CH,Cy.C,H,.CO.NH,. 
[182°].  Formed  from  (o-chloro-|j-toluic  amide 
and  KCy.  Plates. 

Amide  -  nitrile  CO(NH,).CH,.C„H,.Cy. 
[196-5°].  Formed  from  the  nitrile  and  HCl  at 
70°.    Crystalline,  v.  sol.  alcohol. 

Toluene  tri-carboxylic  acid 
C„H3(C0,H),.CH,.C0,>H.  Formed  in  small  quan- 
tity by  oxidation  of  s-tri-ethyl-benzene  (Friedel 
a.  Balsohn,  Bl.  [-2]  34,  635).  Needles.  Subhmes 
before  melting.— Ag^A'".  Tables  (from  hot 
water). 

TOLUENE  o-PHOSPHINIC  ACID 

CB.,Me.P(OH),.    Obtained  by  decomposing  its 
chloride  with  water  (Michaelis  a.  Paneck,  A. 
212,223).    Oil.    Monobasic  acid. — CaA',aq. 
Chloride  C.H^Me.PClj.    (244°).  Formed 


by  the  action  of  PCI,  on  mercury  ditolyl  [107°] 
and  by  warming  toluene  with  AlCl^  and  PCI3. 
Liquid. 

Toluene  p-phosphinic  acid  C„H,Me.P(0H)2. 
[105°].  Formed  in  like  manner.  Plates,  v.  si. 
sol.  water.  Oxidised  by  HNO3  to  the  phos- 
phonic  acid.  Decomposed  on  heating  into  tolyl- 
phosphine  and  toluene  phosphonic  acid.— KA'. 
— NHjA'.— BaA',  aq.— PbA'.,.— CuA'.,  4aq. 

Ether    C„H>Ie.P(OEt),.  [280°]. 
Formed  from  the  chloride  and  dry  NaOEt. 

Chloride  C,H,Me.PCL.  [25°].  (245°). 
Formed,  together  with  the  o-isomeride,  from 
toluene,  PCI3,  and  AlCl,  (Michaelis  a.  Paneck, 
A.  212,  203).  Formed'  also  from  Hg(C,H.)2 
[235°]  and  PCI3.  Needles,  v.  sol.  ether  and 
Isenzene. 

References.—  Niteo-  and  Oxy-toluene  Phos- 

PHINIC  ACID. 

TOLUENE  PHOSPHINIC  ANHYDKIBE  v. 

Phosphino-toluene. 

TOLUENE  o-PHOSPHONIC  ACID 

C„HjMe.P0(0H)2.  [141°].  Formed  by  the  action 
of  water  on  its  chloride  (Michaelis  a.  Paneck,  A. 
212,  231).    Crystals,  v.  sol.  water.— Ag^A". 

Chloride  C^H-.PClj.  This  is  formed  from 
C;H,.PC1.,  and  chlorine.    Yellow  solid. 

Toluene  ^-phosphonic  acid  CBH4Me.P0(0H)2. 
[189°].  Formed  from  C,H,.PC1^  and  cold  water. 
Woolly  needles.  Oxidised  by  alkaline  KMnO, 
to  CO„H.C,.H,.PO(OH).,.  Bromine  forms  bromo- 
toluene.— KHjA", :  needles.— BaH.A",—AgHA". 
-Ag,A". 

Chloride  G^K.-FClt.  [42°].  Formed  from 
C.H.PCl.,  and  chlorine.  Yellow  mass,  converted 
by  dry  SO,  into  liquid  C,H,.P0C1,,  (285°). 

Toluene  co-phosphonic  acid 
C,H,.CH.,.PO(OH).,.    [166°].    Formed,  together 
with  (C,H.)„PO(OH)  [191°],  from  benzoic  alde- 
hyde and  PHJ  (Litthauer,  B.  22,  2145).  Stel- 
late groups  of  prisms  (from  HOAc). 

Reference. — Osy-toluene   phosphonic  acid. 

TOLUENE  oi-SELINIC  ACID  CH^SeO,  i.e. 
CsH5.CH,.SeO.OH.  [85°].  Formed  by  oxidising 
benzyl  diselenide  with  HNO3  (Jackson,  A.  179, 
8).  Needles,  si.  sol.  cold  water,  v.  sol.  alcohol, 
nearly  insol.  ether.  —AgA'  :  slender  crystals 
(from  hot  water). 

TOLUENE  SULPHAMINE  v.  Amido-toluene 

SULPHINIC  ACID. 

TOLUENE  o-SULPHINIC  ACID  C-H^SO.,  i.e. 
CjH.Me.SO.OH.  [80°].  Formed  by  boiling 
C,H,.N2H.,.S02.C,H,  with  baryta-water  (Lim- 
pricht,  B.  20,  1241).  Long  needles,  v.  sol. 
ether. — BaA'.,  3aq.    Nodules,  v.  sol.  water. 

Toluene  p-sulphinic  acid  C,.HjMe.S02H. 
[85°].  Formed  in  like  manner  (Limpricht),  and 
also  from  toluene  p-sulphonic  chloride  and 
sodium-amalgam,  zinc-dust,  or  Na.,SO.,  (Otto,  A. 
142,  92 ;  145,  19 ;  -B.  9,  1586 ;  Blomstrand,  B. 
3,  965).  Plates,  v.  sol.  ether.  Fuming  HNO3 
forms  crystals  [190°].  The  Na  salt  heated  with 
CH3.CHCI.,  and  alcohol  at  150°  gives  a  small 
quantity  of  CH.,.CHC1.S0.>.C,H,  [48°]  (Otto, 
J.pr.  [2]  40,  619).  The  Na  salt  with  ClCO.Bt 
gives  the  ether  (Otto,  B.  26,  308).— BaA'^: 
plates.— CaA'2  4aq. — ZnA',  2aq. — AgA'. 

Methyl  ether.  Formed  from  the  N a  salt 
and  ClCO.Et  in  MeOH.  Oil  (Otto,  J.  pr.  [2]  47, 
166). 
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Ethyl  ether  EtA'.  Oil.  Oxidised  by 
KMnOj  in  HOAc  to  toluene  ^-sulphonic  ether 
(Otto  a.  Eossing-,  B.  19,  1220). 

Toluene  cao-sulphinic  acid  C|H,.CH,.SO.,H. 
Prepared  by  reducing  C,H,.CH2.S0,C1  with 
sodium-amalgam  (Otto  a.  Liiders,  B.  13,  1288). 
Very  unstable. — NaA' :  leaflets,  sol.  hot  alcohol. 

Reference. — Amiuo-toluene  sulphinic  acid. 

TOLUENE  o-SULPHONIC  ACID  C.HgSOj  i.e. 
€„H,Me.SO:jH  [1:2]. 

Formation. — 1.  In  small  quantity  together 
■with  the  p-isomeride,  by  dissolving  toluene  in 
hot  fuming  H-SOj  (Engelhardt  a.  Latschinotf,  Z. 
[2]  5,  617  ;  Anna  Wolkoff,  Z.  [2]  (J,  321).— 

2.  Together  with  the  vi-  and  p-  isomerides  by  the 
action  of  C1.SO„.OH  on  toluene  (Claesson  a. 
Wallin,  B.  12,  "l848 ;  Noyes,  Am.  8,  176).— 

3.  From  o-toluidine  by  diazotisation  followed 
by  treatment  with  H.^SO^  (Miiller  a.  Wiesinger, 

B.  12,  1348). — 4.  By  reducing  p-bromo-toluene 
sulphonic  acid  with  sodium-amalgam  (Terry,  A. 
169,  27).— 5.  From  (4,1,2)-  nitro-toluene  sul- 
phonic acid  by  elimination  of  NO.^  (Jenssen,  A. 
172,  235). 

Preparation. — By  adding  toluene  (60  g.)  to 
CISO3H  (150  g.)  in  the  cold,  and  pouring  the 
product  into  water  (Noyes). 

Properties. — Thin  leaflets  (containing  2aq),  v. 
sol.  water.  Deliquescent. 

Salts  (C.  a.  W.;  Hubner  a.  Post,  A.  169,1). 
— KA'aq. — NaA'aq  :  tables,  sol.  water. — NH^A': 
thin  leaflets. — CaA'.> :  leaflets,  si.  sol.  water. — 
BaA'.,  aq.  S.  4  at  12°.— BaA'.,  4aq.— PbA',,  aq.— 
PbA'j  4aq.— MgA'o  7aq.— ZnA',,  7aq.  -  CuA'j  4aq. 
— CdA'.,  2aq. — MnA',  2aq. — AgA' :  si.  sol.  water. 

C'/iZoride  C,H..S0.,C1.  OiL 

Amide  C;H,.SO,NH,.  [154°].  S.  -1  at  9°; 
S.  (alcohol)  3-5  at  5°.  Octahedra,  si.  sol.  water. 
Yields  a  benzoyl  derivative  [112°],  which  forms 

C.  H..SO,.NKBz  l^aq  and  (C,H,.SO...NBz),,Ba  aq. 
(Wolkoil',  Z.  [2]  6',  57).  Oxidised  by  KMnO,  in 
acid  solution  to  o-sulpho- benzoic  acid  and  in 

neutral  solution  to  CjHj<^^q-^NH  (Fahlberg 

a.  List,  B.  21,  242). 

viwiZide  C-H..SO.,NHPh.  [136°]. 

Toluide  C,H-.SO",NHC;H,.  [134°]. 

Toluene  lu-sulphonic  acid  CjH^Me.SOjH 
[1:3].  Formation. — 1.  By  the  action  of  H^SO,;On 
^E-diazo-toluene  salts  (Miiller  a.  Wiesinger,  B. 
12,  1349). — 2.  A  product  of  the  action  of 
CISO3H  on  toluene  (Claesson  a.  Walhn,  B.  12, 
1848). — 3.  From  o-bromo-toluene  «i-sulphonic 
acid  and  sodium-amalgam  (Miiller,  A.  169,  47). 

4.  By  the  diazo-reaction  from  j^j-toluidine  sul- 
phonic acid  and  from  o-toluidine  suliahonic  acid 
(Pechmann,  A.  173,  202;  Pagel,  A.  176,  297; 
Nevile  a.  Winther,  C.  J.  37,  628;  Klason,  B. 
19,  2887). 

Properties. — Thin  deliquescent  scales  (con- 
taining aq),  V.  sol.  water. 

Salts. — KA'aq. — NaA'aq. — NHjA':  scales, v. 
sol.  water. — CaA'„  3aq  :  needles,  v.  sol.  water. — 
BaA'o  2aq.— BaA'' aq.  S.  22-75  at  12°  (C.  a.  W.) ; 
15-5  at  15°  (Valiin,  B.  19,  2952).— PbA'.,  aq.— 
PbA',2aq.— PbA',  3aq.  —  MgA',  8aq.—  ZnA"',  6aq. 
— ZnA',  7aq. — CdA',  5aq. — CdA',  6aq  :  crystals. 
MnA'„  7aq. — CuA'.,  4aq. — AgA' :  v.  sol.  water. 

C/iZorifZc  C-H-.S0„C1.  Oil. 

Amide  C.H-'.s6..NH.,.  [108°].  S.  -4  at  9° 
(C.  a.  W.) ;  -265  at  14°  (V.).    S.  (alcohol)  18  at 


5°  (0.  a.  W.);  17-4  at  14°  (V.).  Monoclinic 
tables  and  octahedra  (from  alcohol).  Melts  at 
91°  according  to  Noyes.  Oxidised  by  alkaline 
KjFeCy,  to  CO.,H.C„H,.SO„NH„ (Noyes  a.  Walker, 
Am.  8,  187). 

Anilide  CjH-.SOjNHPh.  [72°]. 

m-Toluide  C-H,.SO,.NHC,H;.  [103°]. 

Toluenep-sulphonic  acid  C„H,Me.SO,,H  [1:4.] 
The  chief  product  of  sulphonation  of  boiling 
toluene  (Deville,  A.  Ch.  [3]  3,  172;  Fittig  a. 
Tollens,  A.  131,  310 ;  Miircker,  A.  136,  85 ; 
Engelhardt  a.  Latschinoff,  Z.  [2]  5,  017 ; 
Jaworsky,  Z.  1865,  221 ;  Otto  a.  Griiber,  A.  142, 
92;  145,10;  Chrustsholf,  B.  7,  1167;  Fahlberg, 

B.  12,  1048).— 2.  From  toluene  and  CISO.H 
(Claesson  a.  Wallin,  B.  12,  1848).— 3.  By  the 
action  of  H2SO.J  on  ^-diazo-toluene  salts  (M. 
a.  W.). 

Properties. — Thick  leaflets  or  flat  prisms 
(containing  aq).  Deliquescent.  Melts  at  92° 
(Norton  a.  Often,  Am.  10,  140).  Fusion  with 
sodium  formate  yields  ^-toluic  acid  (Remsen,  B. 
8,1412).  Potash-fusion  gives  ff-eresol.  Hydro- 
lysis by  steam  begins  at  150°  (Armstrong  a. 
Miller,  C.  J.  45,148). 

S  a  1 1  s.  — KA' aq.  Trimetric  crystals  ;  a:b:c 
=  •864:1:3-237.- NaA'  3aq.— NaA'  2aq.-NH,A'. 
— CaA'.,4aq.— BaA'.,.— BaA'.,aq.  S.  21  at  12°.— 
BaA',  3aq  (Kelbe,  'B.  16, "  621).  —  PbA',.  — 
MgA',6aq. — ZnA',  6aq.— CdA',  6aq.— MnA','6aq. 
— CuA',  6aq. — AgA' :  long  plates,  v.  sol.  water. 

Methylamine  salt        [125°]. — 

NMe.,H.,A'.  [78°].— NMe.,HA'.  [92°].  Aniline 
salt  [223°].  —  o-Tolu  i  dine  salt  [180°] 
(N.  a.  O.). 

Chloride  C;H-.S0.,C1.  [69°].  Trichnic 
crystals  ;  a:6:c  = -768:1:1-114  ;  a=97°  24'  ; 
/3  =  117°0';  7  =  84°  28'.  Acetoxim  and  NaOH 
form  C,H-.SO,.O.N:CMe,  [89°]  (Wege,  B.  24, 
3538).  In  ethereal  solution  it  is  reduced  by 
sodium-amalgam  to  toluene  sulphinic  acid  and 
the  compound  C.iHmSO,  [76°].  In  presence  of 
isoamyl  ether  (C-H,,).,0  the  compound  C,.,H,,.S.,04 
[30°]  is  formed  (Otto',  A.  143,  216). 

Bromide  C.H-.SO.,Br.  [96°]. 

Iodide  C;H;.SO.,I.  [85°].  Formed  by 
adding  an  alcoholic  solution  of  I  to  aqueous 

C,  H;.SO.,Na  (Otto  a.  Troger,  B.  24,  479).  Yellow 
crystalline  jiowder,  v.  sol.  ether,  turning  brown 
in  air.  Heated  with  water  at  100°  it  fomis 
C,H,.S.,0.,.C,H,.  Eeduced  silver  acts  in  like 
manner.   ZnEt.,  forms  zinc  toluene  sulphinate. 

Methyl  ether  MeA'.    [c.  30°]. 

Ethyl  ether  EtA'.  [32°].  S.G.  2=  1-174. 
Thick  prisms  (Kraft  a.  Roos,  B.  25,  2259). 

Phenyl  ether  CM^.SO.OFh.  [95°].  Formed 
by  the  action  of  NaOPh  on  the  chloride  dissolved 
in  benzene  (Otto,  B.  19, 1832).  Trimetric  crystals ; 
a:b:c  =  -289:1:  -476.  Not  afleeted  by  alcoholic  NH3, 
even  at  200°. 

^mifZe  C,H..SO.,NH,,.  [1.36°].  S. -2at9°. 
S.  (alcohol)  7-4  at  5°.  Leaflets.  Yields 
C-H,.SO.,NHK  aq.  BzCl  forms  C-H..SO,.NHBz 
[147°-150°],  which  gives  KA',  CaA',  aq,'  BaA'.,, 
AgA',  and  AgA'NH^,  and  is  converted  by  PCh 
into  C;H,S0.,N:CC1.C,H,  [100°],  whence  ammo- 
nium carbonate  solution  forms  CnH,.,N.,SO..  [114°] 
(Wolkofl:',  B.  5,  140).  Succinyl  chloride'  forms 
crystalline  C.H..SO.,.NC|H,0.„  converted  by 
NH.Aq  into  C;H;.SO.,.N..H3(C^'HjOJ  [180°]  and 

3  c  2 
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(C,H,SO„).N.,H,(C,II,0,,),  which  crystallises  from 
alcohol  (Wolkoff.  Z.  1870,  580). 

Methylamicle  C,H,.S02.NHMe.  [75°]. 
Eectangular  plates,  si.  sol.  hot  water.  Yields 
C,H..SO„.NBzMe  [58°]. 

Ethyl  amide  C-H-.SO„.NHEt.  [58°]. 

An  Hide  C.H-.SO„NHPh.  [103°].  BzCl 
forms  C,H;.S0,,NB5iPh  "[149°  cor.]  (Kemsen  a. 
Palmer,  Am.  8,  242). 

Methylanilide  C-H,.SO„.NMePh  [95°]. 
Monoclinic  crystals  (Otto,  J.  pr.  [2]  47,  371). 

Ethyl-anilide  [88°].  Prisms,  insol.  water. 

p-Toluide  C,H,.SO,NHC,H,.  [US'"-]. 

Toluene  e,ro-sulphonic  acid  CgH5.CH,.S03H. 
Formed  by  boiling  benzyl  chloride  with  aqueous 
ICSO,  (Bohler,  A.  154,  50 ;  221,  215  ;  Mohr,  A. 
221,  216;  Otto  a.  Liiders,  B.  13,  1286).  Formed 
also  by  oxidising  .benzyl  disulphide  with  HNO3 
(Barbaglia,  B.  5,  270,  688),  and  also,  together 
with  acetic  acid,  by  heating  benzyl  methyl  ketone 
with  H,SO,  (Krekeler,  B.  19,  2625).  Very  hygro- 
scopic crystals.  The  K  salt  heated  with  KCy 
yields  C„H,,.CH,.CN. 

Salt  s. — NHjA'. — KA'aq.  Trimetric  prisms. 
— BaA',  2aq.  Plates,  si.  sol.  water. — CaA'.,  2aq. — 
PbA'(OH):  crystals.— PbA'.,. — AgA':  crystalline. 

Chloride  C^Hs.CHJSO.CI.  [93°].  De- 
composed by  heat  into  SO.,  and  benzyl  chloride. 

Amtde  C,H5.CH,.S0.>H,.  [102°]  (O.  a.  L.) 
[105°]  (Pechmann,  B.  6,  534).  Needles,  sol.  water 
and  alcohol. 

Toluene  (a)-disulplionic  acid  C„H,jMe(S03H),, 
[1:2:4].  Formed  by  sulphonation  of  toluene  and 
of  toluene  0-  or  p-sulphonic  acid  (Hakansson,  B. 
5,  1084 ;  Senhofer,  A.  164,  129  ;  Gnehm  a. 
Forrer,  B.  10,  542;  Claesson  a.  Berg,  B.  13, 
1170;  Klason,  B.  20,  354).  Formed  also  by 
heating  toluene  jj-sulphonic  chloride  with  H.,S04 
(Fahlberg,  B.  12,  1052  ;  Am.  1,  170  ;  2,  182). 
Thick  liquid. —(NH,)„A"aq. — K,A"  aq. — BaA"aq. 
S.  -75  at  17°.    Insol.' alcohol— Ag.,A"  2aq. 

Chloride  C,H,(S0.,C1),.  [5'2°]. 

Amide  C;H,.(SO..NH.,).,.  [186°]. 

Toluene  (/8)-disulphonic"acid  CsH3Me(S03H)2 
[1:2:.5].  Formed  by  heating  toluene  o-sulphonic 
acid  with  fuming  H^SO^  at  160°  (H.),  or  toluene 
?)j-sulphonic  acid  with  HjSO^  at  180°  (Klason,  B. 
19,  2889  ;  20,  352).— Kj,A""  aq.— BaA"  aq.  S.  3-9 
at  15°  (K.). 

Chloride  CeH3Me(S0.,Cl)„.  [96°]. 

Amide  C„H3Me(SO.,NH;)2.  [224°]. 

Toluene  disuiphonic  acid  C„H3Me(S03H)2 
[1:2:3].  Formed  by  the  action  of  sodium- 
amalgam  on  jj-iodo-toluene  disuiphonic  acid 
(Limpricht  a.  E.  Eiehter,  B.  18,  2179;  A.  230, 
320),  and  by  heating  toluene  77i-sulphonic  acid 
with  fuming  H,S04  at  180°  (Klason).  Slender 
needles,  v.  sol.  water  and  alcohol. — K^A"  aq. — • 
BaA"  3^aq.    Prisms,  v.  sol.  water. 

Chloride  C,,H3Me(S02Cl)2.  [95°]. 

A^nide  C,.H3Me(S0,NH,),.  [214°]. 

Toluene  o-disulphonic  acid"C„H.,Me(S0,H).,. 
[1:2:6].  Formed  by  reduction  of  p-bromo-toluene 
disuiphonic  acid  with  sodium-amalgam  (Kor- 
natzki,  A.  221,  199).— K.,A".— BaA"  4aq.  V.  e. 
sol.  water. 

C  hloride  [86-5°].    Prisms  (from  ligroin). 

Aviide  [above  260°].    Needles,  v.  sol.  Aq. 

Toluene  disuiphonic  acid  C,jH:3Me(S03H)2 
[1:3:4].  Formed  from  p-toluidine  sulphonie 
acid  by  conversion  into  C^H3Me(SH).S03H  and 


oxidation  of  the  product  (Klason,  B.  20,  356). — 
K„A"  aq.— BaA"  2aq.    S  -15.  Prisms. 

Chloride.    [111°].    V.  sol.  CHCI3. 

Amide.   [235°-239°].    V.  sol.  water. 

Toluene-s-disulphonie  acid 
C,H3Me(S03H),,  [1:3:5].  Formed  from  o-iodo- 
(or  bromo-)  toluene  disuiphonic  acid  or  o-diazo- 
toluene  disuiphonic  acid  by  long  boiling  with 
cone.  HI  (Limpricht  a.  Hasse,  B.  18,  2177 ;  A. 
230,  295).— K,A"  2^aq.— (NHj.,A". 

Chloride  [132=].    Long  prisms. 

Amide  [pNBr  2^0°].    Small  plates. 

Toluene  trisulphonic  acid  C„H._,Me(S03H)3. 
Formed  by  heating  sodium  toluene  (a)-disui- 
phonate  with  CISO3H  at  240°  (Claesson,  B.  14, 
307).  Slender  needles  (containing  6aq),  v.  sol. 
water.  Salts.— K3A"'  3^aq.  — Pb3A"'„  8aq.— 
Ba3A"'2  14aq.    Crystals,  v.  sol.  water. 

Chloride  C,H..Me(S0„Cl)3.  [153°]. 

Amide  C,H,Mc(SO,NH2)3.  [above  300°]. 
Minute  crystals,  nearly  insol.  water. 

References.— KuiTio-,  Bkomo-,  Bromo-amido-, 

BrOMO-NITEO-,  ChLORO-,  IODO-,  IODO-AMIDO-, 
NiTRO-AM-IDO-,  NiTBO-  and  OXY-  TOLUENE  SUL- 
PHONIC  ACID. 

TOLUENE  |>THIOSULPHONIC  ACID 

C„HjMe.SO.„SH.  Formed  by  heating  a  solution 
of  a  salt  of  toluene  p-sulphinic  acid  with  sulphur 
(Otto,  B.  15,  129  ;  20,  2087)  or  by  adding  a  mix- 
ture of  Na.,S  and  C;H;.SO.,Na  to  an  alcoholic 
solution  of 'iodine  (Otto  a.  Troger,  B.  24,  1132). 
A  solution  of  Na  salt  gives  a  white  pp.  of  cuprous 
salt  on  adding  CuSO^. 

Reactions. — 1.  Iodine  added  to  an  alcoholic 
solution  of  the  K  salt  forms  the  three  com- 
pounds (C-H.SO..).,S  [134°],  (C-H-SO.,).,S.,  [109°], 
and  (C,H;Sb,),'S3  [182°].  The  '  compound 
(C;H,SO.,).,S  is  also  formed  by  the  action  of  I  on 
a  mixture  "of  C,H,.SO,,SNa  and  C,H,SO,Na,  and 
crystallises  from  benzene  in  monoclinic  forms 
a:b:c  2-829:l:3-221 ;  ^  =  60°  7'.  The  compound 
(C-H.S0.,).,S2  is  split  up  by  boiling  HOAc  into 
(C,H,SO.;).:S  and  (C,H,S0.,).,S3  (Otto  a.  Troger, 
B.  24,  1126).— 2.  Cl.CO.,Et  acting  on  the  Na 
salt  forms  the  ethyl  and  tolyl  ethers  and  the 
compound  (C-H,SO,)2S3  [182°]  (Otto  a.  Bossing, 
B.  24,  1148). 

Salts. — NaA'  2aq.  Trimetric  tables.— 
KA'  2aq. — AgA'  aq :  small  tables,  si.  sol.  water. 

Ethyl  ether  C,H,.SO.,.SEt.  Tolyl  ethyl 
disulphoxide.    Got  from  NaA'  and  EtI.  Oil. 

Ethylene  ether  C.H^A'j.  [77°].  Needles. 
Decomposed  by  zinc-dust  into  the  zinc  salts  of 
toluene  sulphinic  acid  and  ethylene  mercaptan 
(Otto  a.  Heydecke,  B.  25,  1478). 

Tolyl  ether  C,H,.SO.,.SC,H,.  Tolyl  di- 
sulphoxide. [78°].  Formed  by  oxidation  of 
p-tolyl  mercaptan  (Miircker,  A.  136,  83).  Formed 
also  from  toluene  p-suljjhonic  acid  and  water 
at  100°  (Otto  a.  Troger,  B.  24,  480).  Mono- 
clinic jDrisms  (from  alcohol).  Decomposed  on 
saponification  by  alkalis  into  toluene  ^-sulphoniC 
acid  and  di-tolyl  disulphide  [41°]  (Otto  a. 
Eossing,  B.  19,  1240).  Eeduced  by  zinc  and 
dilute  H.,S04  to  tolyl  mercaptan.  Bromine  forms 
(C,jH,,S20,,),Br2  (Otto  a.  Griiber,  A.  149,  105). 
Alcoholic  H,S  forms,  on  warming,  toluene  j;-sul- 
phinic  acid,  di-tolyl  disulphide,  and  tolyl  tetra- 
sulphide. 

Reference. — Amido-toluene  thiosulphonic 
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TOLUENYL-  v.  Tolenyl-. 

o-TOLUIC  ACID  C,H,Me.CO„H  [1:2].  Mol. 
w.  130.  |:104°].  H.C.v.  928,800.  H.C.p.  929,400. 
H.F.  98,600  (Stohmann,     ^jr.  [2]  40,  133). 

Formation. —  1.  By  oxidation  of  o-xylene 
with  dilute  HNO3  (Bieber  a.  Fittig,  Z.  [2]  6, 
496  ;  ^4.156,242). — 2.  From  toluene  o-sulphonic 
acid  via  C^H-.CN  (Eanisay  a.  Fittig,  Z.  [2J  7, 
584  ;  A.  168,  246).— 3.  By  the  action  of  sodium- 
amalgam  on  a  mixture  of  ClCO._.Et  and  o-iodo- 
toluene  and  saponification  of  the  resulting 
C,H,.CO,,Et  (Kekule,  B.  7,  1007). -4.  By  boiling 
phthalide  (3  mols.)  with  HIAq  (127°)  and  yellow 
P  (2  at.),  the  yield  being  97  p.c.  (Hessert,  B.  11, 
238  ;  Kacine,  A.  239,  72).— 5.  From  o-toluidine 
via  the  nitrile  (Calm,  A.  240,  280). 

Properties. — Plates  (containing  2aq),  volatile 
with  steam,  si.  sol.  cold  water.  Oxidised  by 
alkaline  KMnO^  to  phthalic  acid  (Weith,  B.  7, 
1057).  Bromine-vapour  above  100°  forms 
phthalide  ;  in  the  cold  Br  forms  bromo-toluic 
acid  C„H,MeBr.CO.,H  [167°]. 

Salts.— NaA'  2aq.  [228°].  Efflorescent 
plates. — CaA'.,  2aq.— liaA'.^  2aq. 

Ethyl  ether  EtA'.  (220°). 

Amido - etlnjl  ether 
C,H;.CO.O.CH,.CH,.NH,.    Formed  from  o-tolyl- 
oxazoline   and    HClAq.     Oil.     Yields  B'HBr 
[156°],  B'C,K,N,0,  [188'=']. 

Amido  -  prop  i/l  ctlicr 
C;H,.CO.O.CHMe.CH,,NH,.    Formed  by  evapo- 
rating tolyl-methyl-oxazoline  with  HClAq.  Yields 
B'HBr  [140°],  B'C.HjN^O,  [192°],  and  a  platino- 
chloride  [214°]. 

Benzyl  ether  C,H,A'.  (315°).  S.G.  \}  1-12. 
Oil  (Hodgkinsou,  C.  J.  Proc.  No.  103,  p.  167). 

Chloride  C.H.OCl.    (211°  at  733  mm.). 

Anhydride  {GM,.CO),,0.  [c.  38°].  (above 
325°).  Formed  from  the  Na  salt  (6  mols.)  and 
POCl.,  (1  mol.).  Insol.  water,  sol.  ether  and 
benzene. 

Amide  C,H-.CONH.,.    [140°]  (Hutchinson, 

B.  24,  174  ;  C.  J.  57,  957  ;  cf.  Weith,  B.  6,  420). 
On  reduction  in  acid  solution  it  yields  o-tolyl 
alcohol  and  a  small  quantity  of  the  dihydride 
C;H„.CO.NH,  [156°],  which  on  boiling  with 
water  yields  an  acid  [68°].  The  dihydride  is 
also  formed  by  reducing  the  amide  in  alkaline 
solution. 

Anilide  C,H,.CO.NHPh.  [125°].  Formed 
from  fMi/i-phenyl-o-tolyl  ketoxim  and  PCI5 
followed  by  water  (Smith,  B.  24,  4047). 

Xylide  C;H..CO.NHC„H,Me,  [1:2:4].  [165°]. 
Formed  by  heating  o-tolyl  xylyl  ketone  witli 
hydroxylamine  at  120°  (Smith). 

Broiiio-etliylamide 

C.  H..CO.NH.CH,.CH,Br.  [71°]  (Salomon,  B. 
26,  1322). 

Chloro  -  ethyl  amide 
C;H,.CO.NH.CH,.CH,CL    [73°].  White  needles. 

Bromo-pr  op  yl-amido 
C,H,.CO.NH.CH,.CHBr.CH,.      [86°].  Needles 
(from  benzene-ligroin)  (Salomon,  B.  26,  1323). 

Chloro -prop  11 1 -amide 
C,H-.CO.NH.CH,.CHMeCl.    [84°].    Formed  by 
evaporating  o-tolyl-methyl-oxazoline  with  excess 
of  HClAq.    Needles  (from  ligroin). 

o-  Nitro -benzyl-amide 
C,H..C0.NH.CH,.cJh,.N0,,.      [1.35°].  Needles 
(from  alcohol).   May  be  reduced  to  the  o-amido- 


benzyl-amide  [116°],  which  yields  B'HCl  [214°] 
(Wolff,  B.  25,  3034). 

Imidc  (C-H..CO).,NH.  [148°]. 

Nitrile  C,H,.CN.  (204°  cor.).  V.D.  4-03 
(obs.).  H.F.  -34,800  (Berthelot  a.  Petit,  A.  Ch. 
[6]  17,  123).  Formed  by  heating  KCy  with 
potassium  toluene  o-sulphonate  or  with  tri-o- 
tolyl  phosphate  (Heim,  B.  16,  1776),  by  heating 
o-tolyl  thiocarbimide  with  finely-divided  copper 
(Weith,  B.  6,  419),  by  boiling  o-tolyl  carbamine 
(Weith,  B.  7,  722),  by  heating  o-iodo-toluene 
with  AgCy  at  350°  (Merz  a.  Weith,  B.  10,  751), 
by  boiling  the  formyl  derivative  of  o-toluidine 
with  zinc-dust  (the  yield  being  18  p.c.) 
(Gasiorowski  a.  Merz,  B.  17,  74 ;  18,  1004),  and 
by  Sandmeyer's  reaction  from  o-toluidine  (Cahn, 
B.  19,  756).  Liquid.  H.SO^  at  60°  to  70°  forms 
C;H,.C(NH).NH.C0.C;H;  [103°],  which  is  con- 
verted,  by  warming  its  acid  solution,  into  the 
imide  (C.H,.CO).,NH  (Krafi't  a.  Kerstens,  B.  25, 
455).  Cone.  HIAq  forms  C.H-.CI.,.NH.,  [98°] 
(Biltz,  B.  25,  2540). 

Hexahydride  v.  METHVL-HEX^iMETUYLENE 
CAEBOXYLIC  ACID. 

7«-Toluic  acid  C,,H,Me.CO.,H  [1:3].  [110°] 
(.Jacobsen,  B.  14,  2347  ;  Bornemann,  B.  20, 
1382).  (263°).  H.C.v.  928,500.  H.C.p.  929,100. 
H.F.  98.900  (Stohmann,  J.  py.  [2]  40,  134). 
S.  -09  at  15°  ;  1-66  at  100°. 

Formation. — 1.  By  oxidising  bromo-xylene 
and  reducing  the  resulting  bromo-toluic  acid 
with  sodium-amalgam  (Ahrens,  Z.  [2]  5,  106  ; 
Eichter,  B.  5,  424 ;  Bottiuger  a.  Ramsay,  A. 
168,  255). — 2.  By  distilling  uvitic  acid  with  lime 
(Fittig,  B.  5,  268). — 3.  By  oxidation  of  »;j-xylene 
with  dilute  HNO,  (Tavildaroff,  B.  4,  410; 
Bruckner,  B.  9,  406;  Eeuter,  B.  17,  2028).— 
4.  By  saponifying  the  nitrile. 

Preparation. — 1.  By  boiling  w-chloro-xylene 
with  HNO,  (1  vol.  of  S.G.  1-4)  and  water  (3  vols.) 
(Senff,  A.  220,  247).— 2.  By  sulphonating  crude 
xylene,  then  preparing  C,iH.,Me,.SO^NH.j,  oxi- 
dising by  KMnO|,  heating  the  resulting 
C„HjMe(Sb,,NH,,).CO,H  with  HCl  at  230°,  and 
distilling  with  steam  (.Jacobsen,  B.  14,  2347). 

Properties.  —  Long  needles,  volatile  with 
steam,  v.  sol.  alcohol  and  ether.  Oxidised  by 
chromic  acid  mixture  to  isophthalic  acid. 

Salts.— CaA'.,3aq.  S.  3-17  at  15°;  8-2  at 
'  100°. — BaA'.,  2aq:  trirnetrio  plates  or  tables. — 
AgA'. 

Ethyl  ether  EtA'.  (226°). 

!  Chloride  (218°  at  724  mm.)  (Ador  a. 
Eilliet,  i?.  12,  2300). 

Nitrile  C,H,.CN.  (209°).  Formed  by 
heating  m-to\y\  thiocarbimide  with  Cu  (Weith  a. 
Landolt,  B.  8,  720),  and  in  other  ways  (Buchka 
a.  Schachtebeck,  B.  22,  841). 

2>Toluic  acid  C,H,Me.CO.,H  [l:-4].  [179°]. 
(275°  cor.)  (Fischli,  A  12,  615).  H.C.v.  926,800. 
H.C.p.  927,400.  H.F.  100,600  (Stohmann,  J.  ^jr. 

1  [2]  40,  134). 

Formation. — 1.    By  the   action  of  dilute 

'  NHO.,  on  cymene  (Noad,  P.  M.  [3]  32,  19 ;  A. 
63,  289)  on  p-xylene  (Beilstein,  'A.  137,  302  ; 
Briickner,  A.  205,  113),  and  on  terpenes  (Hirzel, 
Z.  1866,  205).— 2.  By  saponification  of  the 
nitrile. — 3.  By  heating  j)-bromo-toluene  with 
ClCO.,Et  and  sodium-amalgam  and  saponifying 
the  product  (Wurtz,  C.  R.  68,  1298).~4.  From 
^'-Lii'omo-toluene,  CO.,  and  sodium  (Kekule,  A. 
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137,  184).- 5.  By  the  action  of  POCl,  (40  g.)  on 
a  mixture  of  toluene  (40  g.),  HOAc  (80  g.)  and 
ZnClj  (80  g.)  at  110°  (Frey,  J.  pr.  [2]  43,  116).— 

6.  By  reducing  bromo-2:>-toluio  acid  witli  sodium- 
amalgam  (Remseu   a.  Morse,  Am.  1,  138). — 

7.  From  the  chloride  which  is  formed  by  the 
action  of  COCI,  on  toluene  in  presence  of  AICI3 
(Ador  a.  Crafts^  B.  10,  2176).— 8.  From  the  amide 
which  is  formed  by  the  action  of  AlCl,  on  a 
mixture  of  toluene,  OS,,  and  NH..C0.C1  (Gatter- 
mann  a.  Schmidt,  B.  20,  859). — 9.  By  fusing 
C,H,.C0.C„H.,.C02H  with  potash  (Friedel  a. 
Crafts,  Bl.  [2]  35,  508),  and  also  by  passing  gase- 
ous cyanic  acid  and  HCl  into  toluene  at  100°  con- 
taining AICI3  (Gattermann  a.  Eossolymo,  B.  23, 
1195). 

Properties. — Needles,  v.  sol.  hot  water,  v.  e. 
sol.  alcohol  and  ether.  Volatile  with  steam. 
Oxidised  by  CrOj  or  KMnO^  to  terephthalic  acid. 
Yields  a  di-nitro-  derivative  [168°]. 

Salts . — KA'. — BaA'o  2aq  :  needles  (Buohka 
a.  Irish,  B.  20, 1764).— GaA'^Saq.— MgA'„  3aq.— 
CuA'„.— AgA'. 

Methyl  ether  MeA'.    [32°].  (217°). 

Ethyl  ether  EtA'.    (228°).  Oil. 

Amido-ethyl  ether  C,H..CO.O.C..H,NH„. 
-Yields  B'HBr  [167°]  and  B'cXNsO,  [180°]. 

p-Amiclo-propyl  ether 
C,H,.G0.0.C,,H„.NH,.        The  hydrobromide 
B'HBr  is  formed  by  evaijorating  a  solution  of 
the  bromo-propyl-amide.    It  yields  B'CgHaNgO, 
[186°]  and  B'„H,.PtGl„. 

Phenyl  ether  PhA'.  [72°]. 

Chlor  ide  (225°  at  720  mm.). 

4  micZe  G,H,.G0.NH,.  [159°].  Formed  by 
heating  the  NH^  salt  in  sealed  tubes  at  230° 
(Hallemann,  R.  T.  C.  6,  79). 

Methyl  a  m  i  d  e  C;H,.G0.NHMe.  [143°]. 
Formed  by  the  action  of  NHMe.GOGl  on  toluene 
in  presence  of  AICI3  (Gattermann  a.  Schmidt,  B. 
20,120  ;  A.  244,51).  Tables. 

Ethyl  amide  C,H,.CO.NHEt.  [96°]. 

Br  omo- ethyl -  amide 
C;H,.C0.NH.CH,,.GH,,Br.     [129°]  (Salomon,  B. 
26,  1325).    Formed  from  _2J-toluic  chloride  and 
bromo-ethylamine.    Plates.    Converted  by  boil- 
ing water  into  the  amido-ethyl  ether. 

Chlor  o  -  e  thy  I  -  amid  e 
C;H,.C0.NH.CH,.GH.C1.  [122°].  Needles  (from 
ligroi'n). 

Br  omo  -propyl  -  amide 
C,H,.C0.NH.GH,,.CHBr.CH3.     Melts    at  74°, 
becomes  solid,  and  melts  again  at  158°  (B.  26, 
1326). 

Chlor  o -propyl -amide 
C,H,.CO.NH.CH„.CHMeCl.  [78°]. 

An  Hide  C,H,.C0.NHPh.  [145°].  Formed 
from  toluene,  phenyl  cyanate,  and  AICI3  (Leuckart, 
J.pr.  [2]  41,306). 

o  -  Nitro  -  anilide.  [110°].  Yellow 
prisms. 

p  -  Toluide  C,H,.C0.NHC,H,.  [160°]. 
Formed  by  the  action  of  sodium-amalgam  and 
HOAc^  at  60°  on  an  alcoholic  solution  of  di-p- 
tolyl  ketoxim  (Goldschmidt  a.  Stocker,  B.  23, 
2747;  24,  2799).  Needles. 

Nitro-toluide  G,H,.C0.NHC,H3Me(N02) 
[4:1:3].  [166°]. 

Diphenylamide  C;H,.C0.NPh.,.  [155°]. 
Prisms  (from  alcohol)  (Lellmann  a.  Bonhoffer, 
B.  20,  2118). 


I  X7/HdeC.H;.C0.NHC,H3Me.,.  [139°].  Yields 
C;H,.G0.NH.C,H,Me,(N0,)  [187°]. 

Phenyl -methyl -amide  C.H..C0.NPhMe. 
[70°]  (Lellmann  a.  Benz,  B.  24,  2114). 

o- Nitro -benzyl- amide 
C,H,.C0.NH.CH.,.C6H^.N0.>.    [142°]  (Wolff,  B. 

25,  3036). 

Nitrile  C„H^Me.CN.  [28-5°].  (218°). 
Formed  by  distilling  potassium  toluene  p-sul- 
phonate  with  KCy  (Merz,  Z.  [2]  4,  33),  by  heat- 
ing C-H-.N.CS  with  Cu  (Weith,  B.  6,  421),  by 
heating  tri-|j-tolyl  phosphate  -with  KCy  (Heim, 

B.  16,  1775),  and  by  passing  C.H,.NH.CH0  over 
heated  zinc-dust  (G.  a.  M.).  Obtained  also  from 
p-toluidine  by  Sandmeyer's  reaction  (Glock,  B. 
21,  2650).  Sodium  added  to  its  boiling  alcoholic 
solution  forms  a  small  quantity  of  a>-amido-^j- 
xylene,  the  greater  part  being  saponified  (Bam- 
berger a.  Lodter,  B.  20,  1710).    H.SO^  gives 

C,  H,.C(NH).NH.CO.C,H,  [145°].  Easily  con- 
verted into  the  imide'  (CjH^.COjoNH  [155°] 
(Kraift  a.  Karstens,  -B.  25,  454).  Cone.  HIAq 
forms  C,H..CI,.NH„  [115°-120°],  decomposed  by 
fusion  (Biltz,  B.  25,  2539). 

Tetrahydride  CsH^O,-    (252°).  Formed 

by  reduction  of  CH2:C<^^g=:^^^C.C02H  with 

sodium-amalgam   (Einhorn  a.  Willstalter,  B. 

26,  2009).  Needles,  melting  below  0°.  Yields 
CaA'.,4aq,  CuA'„  2aq,  MeA'.  (210°-220°),  and 
an  amide  [158°].  Boiling  NaOHAq  converts 
the  acid  into  a  solid  isomeride  [47°]  (254°-260°) 
which  yields  CaA',  4aq  and  an  amide  [135°]. 
Hexahydride  (Serebojakoff,  B.  25,  3355). 

References. — Amido-,  Bromo-,  Bromo-nitro-, 
Chloro-,  Nitro-,  Nitro-amido-,  Oxy-,  Oxy- 
AMIDO-,  and  Sdlpho-  toldic  acid. 

a-Toluic  acid  is  PHENTL-.iCETIC  ACID. 

o-TOLUIC  ALDEHYDE  C„H,Me.CH0[l:2]. 

o-Toluylic  aldehyde.  (200°).  Prepared  by  boil- 
ing co-chloro-o-xylene  with  lead  nitrate  solution 
(Lauth  a.  Grimaux,  Bl.  [2J  7,  233 ;  Eayman, 
Bl.  [2]  27,  498).  Prepared  also  from  o-xylene 
by  the  successive  action  of  CrOoCU  and  water 
(Bornemann,  B.  17,  1467),  and"  by  oxidising 
C,.H,Me.CH.,OH  with  chromic  acid  mixture 
(Krober,  .5.23,  1029).  Oil,  smelling  like  bitter 
almonds.  Yields  a  crystalline  compound  with 
NaHSOj.  Keduced  by  sodium-amalgam  to 
o-tolyl-carbinol. 

Oxim  C,H,Me.CH:NOH.  [49°].  Is  an  anti- 
oxim.  White  crystals  (from  ether),  v.  sol. 
alcohol.  I'ields  a  crystalline  hydrochloride. 
Ac._,0  yields  an  acetyl  derivative  [56°].  AcCl 
acts  in  like  manner.  The  acetyl  derivative  is 
decomposed  by  alkalis  with  regeneration  of 
the  oxim,  no  nitrile  being  formed  (DoUfus,  B. 
25,  1921).  The  oxim  is  converted  in  ethereal 
solution  by  PCI5  into  the  nitrile  (204°). 

«i-Toluic  aldehyde  C,HjMe.CH0[l:3].  (199°). 
S.G.  2  1-037.  Formed  by  boiling  a>-chloro-«J- 
xylene  or  co-bromo-JK-xylene  with  lead  nitrate 
solution  (Gundelaoh,  Bl.  [2]  26,  44  ;  Miiller,  B. 
20,  1213),  and  also  by  the  action  of  water  on 
C,Hj,CrO.,Cl„  obtained  from  iK-xylene  (6tard,  B. 
14,  848;  Bornemann,  B.  17,  1464).  Oil,  smell- 
ing like  almonds.  Combines  with  NaHSOj. 
Aniline  forms  C.H..CH:NPh.  (314°). 

Phenyl-hydrazide  C,HjMe.CH:N,HPh. 
[91°].  (B.);  [88°]  (Kudolph,  A.  248,  100). 
Prisms  (from  ligroin),  v.  sol.  ether. 
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p-Toluic  aldehyde  C„H,Me.CH0[l:4].  (205°). 
Formed  by  distilling  calcium  p-toluate  with  cal- 
cium formate  (Cannizzaro,  A.  12i,  254).  Formed 
also  by  the  action  of  water  on  the  product  of  com- 
bination of  p-xylene  with  CrO._,Cl,.  (Bornemann). 
Oil,  with  peppery  smell.  Oxidised  by  air  to 
toluic  acid.  Alcoholic  potash  forms  potassium 
toluate  and  tolyl-carbinol. 

Reference. — Nitro-  and  Oxy-  toldic  alde- 
hyde. 

TOLUIC  CHLORIDE  v.  Chlorida  of  Toluic 

ACID. 

TOLUIDES.  Compounds  derived  from  tolui- 
dine  by  displacement  of  H  in  NH.,  by  an  acid 
radicle. 

o-TOLUIDINE  C^H^Me.NH,,  [1:2].  Mol.  w.  107. 
(198°).  S.G.  'f  -998(5  (Brtihl,  /.  200,189).  H.C.p. 
964,700.  H.C.v.  963,750.  H.F.  .3,800  (Petit,  C.  R. 
107,  266).    fXfs  1-5895.  B.^  57-56.    S.V.  126-6. 

Formed  from  o-cresol,  ZnBr.,,  NH,„  and  NH,C1 
at  336°  (Merz  a.  Miiller,  B.  20,  547).  Prepared 
by  reduction  of  o-nitro-toluene.  May  be  sepa- 
rated from  p-toluidine  by  means  of  the  acidoxal- 
ates  (Bindschedler,  B.  6,  448  ;  Ihle,  J.  pr.  [2] 
14,  449  ;  Miniati,  Booth  a.  Cohen,  S.  C.  I.  6, 
418),  by  freezing  (Eosenstiehl,  Bl.  [2]  17,  7),  by 
means  of  the  nitrates  (Schad,  .B.  6,  1361), 
hydrochlorides,  sulphates,  or  phosphates  (Lewy, 
Ft.  23,  269  ;  B.  19,  1717,  2728  ;  cf.  WiUfing,  B. 
19,  2132).  o-Toluidine  can  be  prepared  from 
C,MeHBr(NH.,)(N0„)H  vU  C,MeHBrI(NO.,)H, 
C,MeHBrI(NH..)H,  C.MeHBrlBrH,  followed"  by 
C,Me(NO.,)BrIBrH,  and  C„Me(NH„)BrIBrH.  It 
can  also  be  got  from  C,  Me(NH,.)BrIBrH  vid 
C.MelBrlBrH,  followed  'by  C„MeIBrIBr(NO„) 
and  C,MeIBrIBr(NH.,)  thus  proving  that  the 
toluidine  C,H,Me(NH.,)  [1:2]  is  identical  with 
C,H,Me(NH,,)  [1:6]  (Wroblewsky,  A.  192,  213). 

Properties. — Oil.  A  solution  in  H.,SO,H„0  is 
coloured  orange  by  HNO.,  and  blue  by  CrO^,  the 
solution  in  the  latter  case  becoming  reddish- 
violet  on  dilution.  Forms  a  crystalline  com- 
pound with  liquid  CO.,  at  8°  (Bitte,  C.  B.  105, 
614).  With  PbO.j  and  acjueous  acetic  acid  gives 
a  green  colour,  while  PbO.  and  alcoholic  acetic 
acid  gives  a  reddish-violet  colour  (Lauth,  C.  B. 
Ill,  975).  Unlike  2)-toluidine,  it  forms  a  crystal- 
line compound  with  alloxan  (Pellizzari,  C.  C. 
1887,  1288,  1396).  If  an  ethereal  solution  of 
o-toluidine  is  shaken  with  very  dilute  bleaching- 
powder  solution  the  aqueous  layer  becomes 
yellow  or  brown,  and  the  ethereal  layer,  if  de- 
canted and  shaken  with  dilute  H.SO,,  colours 
this  reddish-violet.  A  solution  of  p-tolylene 
diamine  hydrochloride  mixed  with  a  little  o- 
toluidine  gives  a  green  colour  on  addition  of 
FeClj  or  K,Cr„0,  (Nietzki,  B.  10,  1157). 

Reactions.— 1.  POCl,  forms  P0(NHC,H-)3 
[225°]  (Michaehs  a.  Kudert,  B.  26,  565),  v.  sol. 
water,  whence  Br  forms  PO(NHC„H.,BrMe)., 
[253°].  Another  product  of  the  action  of  POCl, 
on  o-toluidine  is  POCl(NHC,.H|Me)..,  whence  water 
forms  HO.PO(NHC-H,),  [95°].  '  PSCl,  forms 
PS(NHC,H;),  [135°].— 2.  SiCl,  reacts  forming 
SiCl,^(NHC,H;)„,  a  white  granular  powder  (Harden, 
C.  J.  51,  40). — 3.  On  heating  with  malic  acid  it 
yields  the  mono-toluide  [178°],  di-toluide  [181°], 
and  a  tolyl-imide  [116°]  of  malic  acid  (Bischofl, 
B.  23,  2043). — 4.  Chloro-citryl  chloride  forms 

C'S'-N<cac5H,C0.NHC,H,  ^^l*"]  (Skinner 


a.  Kuhemann,  C.  J.  55,  239).— 5.  SO,,,  alcohol, 
and  nitrous  acid  give  rise  to  the  '  sulphazide  ' 
C,,H,„N,,SO,  [142°]  (Limpricht,  B.  20,  1241).— 
6.  On  nitration  of  o-toluidine  or  its  acetyl  deriva- 
tive NOo  enters  the  p-  and  o-  positions,  but  in 
presence  of  H.,SOj  (10  pts.)  the  compound 
C„H,,Me(NO,,)(NH.,)  [1:4:6]  [107°]  is  formed 
(Nolting  a.  Collin,'  B.  17,  265),  together  with  the 
(l,2,6)-isomeride  (Green  a.Lawson,  C.  J.  59, 1013). 
—7.  Benzoic  aldehyde  forms  C„H,,CH:NC,H., 
an  oil  (316°)  (Etard,  Bl.  [2]  39,  530  ;  Pictet,  B. 
19, 1003). — 8.  Hjjdrobenzamide  or  warming  forms 
the  same  body  (310°)  (Lachovitoh,  M.  9,  695).— 
9.  Toluidine  heated  with  toluidine  hydrochloride 
and  benzoic  aldehyde  in  sealed  tubes  at  120^  forms 
C„H,.CH(C„H3Me.NH,).,,  a  crystalline  powder 
turning  blue  in  the  air  (Ullmann,  J.  pr.  [2]  36, 
251). — 10.  The  methyl  derivative  of  p-oxy-ben- 
zoic  aldehyde  at  120°  produces  the  compound 
C„H,(OMe).CH:N.C;H,  [32°]  (Steinhart,  A.  241, 
340). — 11.  Bromo-propiolic  acid  reacts,  forming 
C,;H„NJD,  [185°]  (Mabery  a.  Krause,  B.  22, 
3308). — 12.  afi-Di-bromo-acrylic  acid  produces 
pale-yellow  needles  [115°]  (M.  a.  K.). — 13.  The 
hydrochloride  heated  with  MeOH  at  250°-300° 
gives  rise  to  di-methyl-toluidine,  xylidine 
C,H,Me,(NH,)  [4:3:1]  and  mesidine  (Limpach, 
B.  21,  640). — 14.  Cyanogen  passed  into  an 
alcoholic  solution  forms  crystalline  C|,;H|j,N,, 
which  yields  B"H.,C1.,  and  B"2HN03  (Bladin, 
Bl.  [2]  41,  128).— 15.  On  heating  with  S  it 
yields  C|,,H|,.N.,S  [120°]  crystallising  from  alcohol 
in  yellow  plates  and  yielding  a  dibromide 
C„H|.,Br.,N„S  [190°]  (Gattermann,  B.  22,  425).— 
16.  CISOX in  CHCL,  forms  C,H,NH.SO.,H,  which 
yields  BaA',_, 2aq.  Both  the  acid  audits  salts  re- 
produce o-toluidine  when  treated  with  hot  water 
(Traube,  B.  23,  1656). 

Salts  (Beilstein  a.  Kuhlberg,  A.  156,  66; 
Eosenstiehl).— B'HClaq.  S.  37-4  at  15-5°.  S. 
(alcohol)  100.  —  B',H,PtCl„.  Decomposed  by 
boiling  water  (difference  from  ^'-toluidine)  (De 
Coninck,  Bl.  [2]  45,  131).— B'„H,.ZnCl^.  White 
tables  (Bibanoff,  Monit.  scient.  [3]  4,  925).— 
B',ZnCL2aq  (Lachovitch,  M.  9,  513).— B'„HgCl,. 
[115°].  Prepared  by  shaking  an  alcoholic  solu- 
tion of  the  base  with  HgCl,  (Klein,  B.  11,  743). 
Crystalline  powder,  sol.  alcohol  and  ether. — 
B'.MnCL.— B'jH,CuCL.  Yellow  crystalline  pp. 
got  by  adding  CuCl.,  to  a  solution  of  the  hydro- 
chloride (Pomey,  C'.  R.  104,  365).— B'HBr.  Tri- 
metric  prisms.  —  B'.,HgBr.,.  [104°].  Leaflets 
(Klein,  B.  13,  835).— B'.,ZnBr,  (Leeds,  J.  1882, 
503).— B'HI.  Trimetric  prisms  (Stiidel,  B.  16, 
28).  —  B'.,HgI..  White  needles.  —  B'.,ZnI.,.  — 
B',CdI,,.  —  B',HgCy,.  —  B'  .H^FeCy,. :  crystals.  — 
B'„H,_.Ca,(S03'),,.  Formed  by  adding  aqueous 
cupric  sulphate  and  NaHSO.,  to  a  solution  of  the 
base  in  acetic  acid  (Denigtis,  C.  R.  112,  870). — 
B'HgH.,(SO,).,  aq.— B'H..SOj.  Crystals  (Welling- 
;  ton  a.  Tollens,  B.  18,  3313).— B'.,H..SOj.  S.  7-8 
at  22°.  S.  (89  p.c.  alcohol)  1-6  at  21-5°.— 
B'HNOj.  S.  10  at  19°.  S.  (89  p.c.  alcohol) 
23-5  at  16-5°.— B'H.PO,,.  Crystals,  v.  sol.  water 
(Lewy,  B.  19,  1717).  The  salts  B'^H^PO^  and 
B'.,H.,PO,  could  not  be  prej)ared.  Aniline  sets 
free  o-toluidine  from  B'HiPO^.  ^J-Toluidine  also 
sets  free  o-toluidine  from  its  phosphate. — 
B'HSCyCr(SCy),2NH3.  Bed  plates,  v.  sol.  hot 
water  (Christensen,  J",  pr.  [2]  45,  362). — Oxal- 
ate: small  plates.    S.  2-38  at  21°.    S.  (84  p.c. 
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alcohol)  2-G8  at  21°.  S.  (ether)  -65  at  21°.^ 
Chloro acetate  B'CH.CIO...    [95°]  (Bischoff, 

B.  21, 1257).— ()3  ?)-naphth6late[81°]  (Dyson, 

C.  J.  43,  470). 
Formyl  derivative  C.H-.NH.CHO.  [58°1. 

(288°).  Plates  (Ladenburg, 'J3. 10, 1129  ;  Tobias, 
jS. 15, 244(3).  The  crystalline  poly  me  i-ide  [211°] 
is  V.  sol.  hot  HOAo,  nearly  insol.  ether  and  cold 
alcohol. 

Thioformyl  derivative  C,H;.NH.CSH: 
[96°]  ;  yellow  needles  ;  bitter  taste  ;  sol.  alcohol 
and  ether,  insol.  water.  Formed  by  heating  the 
formyl  derivative  with  P.^S,.  It  dissolves  un- 
altered in  cold  aqueous  NaOH,  and  is  reprecipi- 
tated  by  an  acid.    By  distillation  in  vacuo  it 

forms  di-tolyl-formamidine  q'jj'  ]^   ^CH  with  \ 

evolutionof  H,S  andCSa.  By  heating  for  7  hours  i 
at  190°  under  pressure  a  crystalline  compound 
C,5H|„N.,S  [160°]  is  formed  with  evolution  of 
H.,S  (Senier,  B.  18,  2292  ;  C.  J.  47,  762). 

'Acetyl  derivative  C,H..NHAc.  [109°] 
(Bedson  a.  King,  C.  J.  37,  753).'  (296°).  S.  -85 
at  19°.  Formed  from  the  base  and  HOAc  (Beil- 
stein  a.  Kuhlberg,  A.  156,  77  ;  Alt,  A.  252,  318), 
or  by  shaking  it  with  water  and  Ac.,0  (Hinsberg, 

B.  23,  2962).  Converted  by  PCI,  into  the  com- 
pound C-H,N:CClMe,  which  when  carefully  heated 
gives  a 'base  C,H;N:CMe.CH,.CCl:NC;H,  [53°], 
and  when  treated  with  excess  of  o-toluidine  gives 
di-tolyl-acetamidine  [69°].    Br  in  HOAc  forms 

C,  H;,MeBr(NHAc)  [1:6:2]  [157°]. 

Chloro-acetyl  derivative 
C,H,NH.C0.CH,C1.  [112°].  Formed  by  the 
action  of  chloro-acetyl  chloride  on  o-toluidine 
dissolved  in  benzene  (Widman,  J.  pr.  [2]  38, 
299).  Needles  (from  dilute  alcohol).  Converted 
by  alcoholic  potash  into  a  pyrazine  derivative 
[160°]. 

Di-chloro-acetyl  derivative 
C;H;NH.C0.CHC1.,.  Needles,  volatile  with  steam 
(Eugheimer  a.  Hoffmann,  B.  18,  2987) » 

Tri-chloro -acetyl  derivative 
C^H-NH.CO.CClj.    [67°].    Formed  from  hexa- 
chloro-acetone  and  o-toluidine  (Cloez,  A.  Ch. 
[6]  9,  215).    Needles,  si.  sol.  cold  alcohol. 

Bromo-acetyl  derivative 
C;H..NH.CO.CH,Br.     [113°].     Formed  from 
o-toluidine  and  bromo-acetyl  bromide  (Widman, 
J.pr.  [2]  38,  298).  Needles.  Converted  by  alco- 
holic potash  into  C,oH,sN.,0.,  [160°]. 

Thio-acetyl  derivative 
C,H-.NH.CS.CH,.    [68°]  (Wallach,  B.  13,  529 ; 
16,  i47).    Converted  by  NaOEt  and  EtBr  into 
oily  C;H,N:CMe.SEt  (262°). 

Propionyl  derivative  C;H-.NH.COEt. 
[87°].  (299°  at  730  mm.).  Formed  from  o-tolui- 
dine and  propionic  acid  (Pictet  a.  Duparc,  B. 
20,  3421).  Needles,  si.  sol.  hot  water.  Oxidised 
by  KMnO^  to  propionyl-o-amido-benzoic  acid 
[117°]. 

a-Bromo-propionyl  derivative 
C,H;.NH.CO.CHBr.CH,,.   [131°].  Needles,  insol. 
ligroin  (Tigerstedt,  B.  25,  2920). 

Benzoyl  derivative  C.H..NHBz.  [131°] 
<Gudeman,  B.  21,  2553);  [143°]  (Briiekner,  A. 
205,130).  Long  broad  needles.  Yields  benzoyl- 
«-amido-toluic  acid  on  oxidation  by  KMnO,. 
PCI5  forms  C.H,.N:CC1.C„H5  (Just,  B.  19,  982). 

Oxalyl      derivative  C20,(NH.C,H,).,. 


[131°].  Plates  (from  alcohol)  (Bladin,  Bl.  [2] 
41,  130). 

Phthalyl  derivative  C-H,N:C.,0.,:C,Hj. 
[182°].  (near  360°).  Needles,  sol.  hot  HOAc 
(Frohlioh,  B.  17,  2679). 

Phcnacyl  derivative 
C,H;NH.CH,'C0.C,H5.   [89°].  Formed  from  the 
base   in   alcohol    and  iD-bromo-acetophenone 
(Bischler,  B.  25,  2865).    Needles.   Yields  B  HCl 
and  an  acetyl  derivative  [92°]. 

«i-Toluidine  C,H,Me.NH,  [1:3].  (197°)  (Beil- 
stein  a.  Kiihlberg,  A.  156,  8"3) ;  (201°)  (Buchka 
a.  Schachtebeck,  B.  22,  840) ;  (205°)  (Lorenz,  A. 
172,  180  ;  Merz  a.  Miiller,  B.  20,  548).  S.G.  25 
•998.  S.N.  128-1.  H.C.v.  964,600.  H.C.p. 
965,600.  H.F.  2,900  (Petit,  A.  Ch.  [6]  17,  155). 
j  Formed  by  reduction  of  wi-nitro-toluene.  Ob- 
tained also  from  ^^-toluidine  by  successive  aoetyl- 
ation,  nitration,  saponification,  diazotisation, 
boiling  with  alcohol,  and  reduction  (Lorenz,  B. 
7,  448).  Formed  also  by  heating  )«-cresol  with 
ZnBr,,  ammonia,  and  NH^Br  at  300°  (M.  a.  M.). 
Prepared  from  benzoic  aldehyde  by  nitration, 
conversion  into  «i-nitro-benzylidene  chloride  and 
reduction  of  this  body  by  zinc  and  HClAq  in  the 
cold  (Vienne  a.  Steiner,  Bl.  [2]  35,  428  ;  Wid- 
man, B.  13,  676  ;  Bl.  [2]  36,  216 ;  Ehrlich,  B. 
15,  2011  ;  Harz,  B.  18,  3398).  7)i-Toluidine  can 
be  shown  to  exist  in  commercial  toluidine  by 
means  of  the  nitroso-  derivative  o£  di-methyl- 
)?i-toluidine,  since  0-  and  p-  di-methyl-toluidines 
do  not  give  nitroso-  derivatives  (Wurster  a. 
Eiedel,  B.  12,  1796). 

Properties. — Oil.  Its  solution  in  H^SOiH^O  is 
coloured  yellowish-brown  by  CrO.,  and  blood-red 
by  HNO.,.  Its  ethereal  solution,  shaken  with 
water  and  a  little  bleaching-powder,  is  coloured 
reddish,  the  aqueous  layer  being  brownish  yellow. 
HNO.,  added  to  its  solution  in  a  mixture  of 
H._,SOj  and  HOAc  below  0°  forms  nitro-toluidine 
[134°]  and  some  of  its  isomerides.  Cyanogen 
passed  into  its  alcoholic  solution  gives  the  com- 
pound (C-H-.NH.,).,C.,N.,  [200°]  which  forms 
B'.,HC1,  B'.,2HN0j,  and"  B'.,2H.,S0,  (Cleve  a. 
Bladin,  B/.'[2]  41,  129).  Yields  (4,2,1)-  xylidine 
when  its  hydrochloride  is  heated  with  MeOH  at 
200°-300°  (Limpach,  B.  21,  646). 

Salts.— B'HCl.  S.  96-3  at  12°.  S.  (94  p.c. 
alcohol)  61-9  at  9°.— B'.,H..PtCl5.— B'HNO,.  S. 
20-1  at  23-5°.  S.  (94  p.c.  alcohol)  46  at  15°.— 
B'HBilj  (Kraut,  A.  210,  323).— B'.,H.,SOj.  S. 
6-25  at  14°.  S.  (94  p.c.  alcohol)  -41  at  15°.— 
B'^HjFeCy^  (Eisenberg,  A.  205,  270).— B'H..C.,04. 
Silky  needles.  S.  2-65  at  13°  ;  S.  (94  p.c.  alco- 
hol) 1-77  at  15°;  S.  (ether)  -13  at  15°.— 
B'32H.,C.,Oj.  White  plates,  S.  1-45  at  15°; 
S.  (94' px.  alcohol)  -96 ;  S.  (ether)  -128  at  15-5°. 
— B'.,H.,C.,04  aq.    Very  unstable. 

Formyl  derivative  C;H,.NH.CHO.  (278" 
at  724  mm.)     (Niementowski,  B.  20,  1892). 
Converted  by  long  boiling  into 
C-H-N:CH.NHC:H.  [123°]. 

Acetyl  derivative  C-H-.NHAc.  [65°]. 
(303°).    S.  -44  at  13°. 

Di-chloro-acetyl  derivative 
C-H..NH.C0.CHC1...       [100°].      Silky  plates 
(Eugheimer  a.  Hoffmann,  B.  18,  2988). 

Benzoyl  derivative  C,H,.NHBz.  [125°] 
(Just,  B.  19,  983). 

Phthalyl  derivative  C,B.,^:C.f>.:.C,^i. 
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1153°].  Needles,  v.  sol.  HOAc  (Frohlich,  B.  17, 
2679). 

jj-Toluidine  C,H,Me(NH..)[l:4].  [45°] 
<Stadeler)  ;  [42-8°]  (Mills).  (I'JK^)  (M.  a.  H.)  ; 
<206°)  (Stadeler,  J.  pr.  9G,  05).  8.G.  1-040. 
S.  -35  at  11-5°.  H.C.p.  958,800.  H.C.v. 
^57,860.  H.F.  9,700  (Petit,  C.  R.  107,  206). 
.S.V.  128,700.  Formed  by  reduction  of  ^9-nitro- 
toluene  (Muspratt  a.  Hofmann,  A.  54,  1 ;  66, 
144 ;  Noad,  A.  03,  305  :  Hugo  Miiller,  Z.  1864, 
161;  Sell,  C.  J.  16,  186;  v.  also  o-toluidine). 
IFormed  also  by  heating  ^;-cresol  with  am- 
moniacal  ZnCl._.  (Buch,  B.  17,  2037 ;  Merz  a. 
Miiller,  B.  20,  545)  and  by  treating  methyl- 
aniline  hydrochloride  at  350°  (Hofmann,  B.  5, 
720).  On  sulphonating  a  mixture  of  o-  and 
toluidine  the  o-toluidine  is  first  attacked  and 
the  7J-toluidine  can  then  be  distilled  oft'. 

Properties. — Plates  (from  ligroin  or  dilute 
alcohol).  Its  solution  in  H,_,SOjH,p  is  turned 
yellow  by  CrO,,  and  blue  by  HNO.„  in  the  latter 
/Case  changing  to  red  and  finally  brown  (Rosen- 
stiehl,  Bl.  10,  200).  Bleaching-powder  does 
not  colour  its  solution  in  water  or  ether.  PbO._,  and 
HOAc  diluted  with  water  or  alcohol  give  a  bright 
red  colour  (Lauth,  C.R.  111,975).  When  boiled 
with  water,  crystals  of  an  efflorescent  hydrate 
separate  on  cooling  (Lewy,  B.  19,  2728). 

Reactions. — 1.  Oxidised  by  KMnO,,  alkaline 
KjFeCy,.,  or  chromic  acid  to  C.,|H.,|N.,  or 
C„H.,Me(NC-H.).,(NH.,)  [1:2:5:4],  which  may  be 
readily  reduced  to  C,H,Me(NHC,H-),(NH,) 
crystallising  from  alcohol  in  colourless  plates 
[160°],  readily  re-oxidised  to  C„|H.,|N.,  (Bar- 
silowsky,  A.  207,  102,  118;  J.  R.  1887,  132; 
Perkin,  C.  J.  35,  728;  37,  540;  Klinger  a. 
Pitschke,  i3.  17,  2439;  Green,  C.  J.  03,  1395). 
The  compound  C,_,|H,_,|N.|  crystallises  from 
xylene  in  dark-red  plates  [227°],  dissolving  in 
acids,  forming  maroon-red  liquids,  quickly  de- 
composing with  separation  of  jj-toluidine.  Cone. 
H.SO,|  dissolves  C.,|H.,|N3,  forming  a  greenish- 
blue  liquid  which  on  warming  becomes  wine- 
red  with  production  of  2:)-toluidine. — 2.  Oxidised 
by  CrO.,  and  HOAc  to  toluene-azo-toluene 
C-H-.N„.C-H..    —    3.    Nitmis     acid  forms 

C,  H,.N„.NHC,H..  When  NaNO„  is  added  to  a 
solution  of  the  hydrochlorides  of  o-  and  p- 
toluidine,  the  o-toluidine  is  first  attacked, 
yielding  C;H,.N,,.C;H^NH,,  and  can  thus  be 
removed  when  mixed  with  ^'-toluidine  (Wiilfing, 

D.  P.  J.  203,  200).— 4.  Substituents  usually 
enter  positions  3  and  5  [Me  =  1]  but  w^hen 
2)-toluidine  or  its  acetyl  derivative  is  dissolved 
in  H.,SO|  (20  pts.)  and  nitrated  the  compound 
C,H,Me(NO,.)(NH.,)  [1:2:4]  is  formed  instead  of 
the  (1,3,4)-  isomeride  (Nolting  a.  Collin,  B.  17, 
203).— 5.  Bromine  in  cone.  HClAq  at  0°  forms 
C,.H,,Br,Me(NH,)  [5:3:1:4] ;  but  C,,H,BrMe(NH,) 
[2:1:4]  is  formed  in  presence  of  cone.  H.SO^ 
(Hafner,  B.  22,  2538,  2902).— 6.  ICl  fonns 
C,H,I,,Me(NH,)  [5:3:1:4]  (Michael  a.  Norton,  B. 
11,  107). — 7.  Chlorine  passed  into  j)-toluidine 
dissolved  in  H,SO.,  at  0°  forms  C„H.,MeCl(XH,) 
[1:3:41  and  larger  quantities  of  its  (1,2,4)- isomer- 
ide. In  HClAq  (40  p.c.)  the  chief  product  is 
C,H,MeCl,(NH,)  [1:3:5:4]  (Hafner).— 8. C//rt)iO(7f(i 
passed  into  an  alcoholic  solution  forms  C,„H|sNj 
or  (C.H,,N)X,jN,_,  crystallising  in  pearly  scales 
[222°-230°]  and  yielding  the  crystalline  salts 
£',2HC1,  B',,2HN03,  B',H,S0,6aq,  andB',H,AO, 


(Hofmann,  C.  J.  1,  170 ;  A.  66,  144  ;  CWve  a. 
Bladin,  Bl.  [2]  41,  125).  The  mother-liquor 
contains  C,|H.,3N5  [182°]  which  yields  the  salts 
B'HCl  3aq  (a  red  powder)  and  B',H,PtCl,.  The 
compound  C|„H,„N,|  is  also  formed  when 
^j-toluidine  is  heated  with  oxalimido-ether  at 
100°  (Vorliinder,  B.  24,  805). -9.  Ci/anuric 
chloride  forms  C3N3(NHC.H.)3  [283°]  (Klason, 
J.  pr.  [2]  33,  294).— 10.  Chloro-acctic  acid 
mol.)  forms  C;H;NH.CH.,.CO  ,H,  while  chloro- 
acetamide  forms  CJ1,NH.CH,.C0.NH,  (P.  F 
Meyer,  B.  8,  1158).  An  alcoholic  solution  of 
chliiro-acetic  acid  and  HCyS  yields  C|„H|.,N..S0., 
[170^-182°]  (Nencki,  J.  pr.  [2J  10,  1).  — 11. 
chloro-acetic  acid  forms  tolylamido-methyl- 
oxindole.  —  12.  Chloral  reacts,  with  forma- 
tion of  CCl3.CH(NHC;H,)..  [115°]  (Wallach,  A. 
173,  278).  When  chloral  is  warmed  with  an 
alcoholic  solution  of  |)-toluidine  there  is  also 
formed  CCl,.CH(OEt).NHC-H.  [77°].  —  13. 
Aldehyde  forms  crystalline  'CH:.,.CH(NHC JI;), 
[c.  00°]. — 14.  Furfiiraldchijde  added  to  a  hot 
alcoholic  solution  of  ^j-toluidine  and  its  hydro- 
chloride forms  brown  amorphous  C|5|H.,.,N.,0.„ 
which  yields  B'HCl  and  B'HNO.,  both  crystallf- 

j  sing  in  purple  needles  (Stenhouse,  A.  150,  203). 

j  15.  Nascent  formic  aldcliyde  produces  a  base 
C,,H,„N._,  [134°]  which  is  converted  by  nitrous 
acid  with  evolution  of  CO.,  into  C|,;H|„N^0, 
[200°-204°]    (Tollens,  .7.  pr.  [2]    30,  225).-' 

■  16.  Benzoic  aldeliyde  at  100°  reacts,  forming 
'  C,H..CH(NHC;H;).,  [100°]  (320°  i.V.  at  723  mm.), 

which  changes  at  100°  into  an  isomeride  [120°- 
125°]  and  is  converted  by  Br  in  CS.,  into 
C,,H|,Br.,N  [100°-105°]  (Schiff,  Z.  1805,  400; 
I  Mazzara;  /.  1880,  500  ;  Pictet,  B.  19,  1003).  In 
I  the  action  of  ^i-toluidine  and  its  hydrochloride 
I  on  benzoic  aldehyde  at  120 there  is  i)roduced 
j  C„,H,„N,  [178°]  and  C,H,.CH(C,,H:,Me.NH.,), 
j  [186°]  (c.  430°),  which  yield  a  di-acetyl  deriva- 
tive [218°]  and  a  di-benzoyl  derivative  [196°] 
(Ullmann,  J.  pr.  [2]  36,  207).— 17.  p-Methoxy- 
bcnzoic  aldehyde  forms  C„H^(OMe).CH:(NC;H,) 
[92°]  (Steinhart,  A.  241,  332).— 18.  p-Mcthoxy- 
bcnzophcnone  chloride  yields  the  compound 
C,,Hj(OMe).CPh:NC;H,  [96°]  Hantzsch  a.  Kraft, 
B.  24,  3520).— 19.  An  ethereal  solution  of 
C„H,.CCl:NSO.,Ph,  obtained  from  benzene  sul- 
phonic  anilide"  and  PCL,,  forms  the  compound 
C^H,.C(NHC;H,):N.SO.,Ph,  which  separates  in 
monoclinic  crystals;  a:b:c  =  -050:1: '533;  0  = 
69°  16',  insol.  water  (Wallach  a.  Gossmann, 
^4.  214,  210).— 20.  Alcohol,  SO.,  and  nitrous 
acid  form  the  sulphazide  C,,H;,N.,S0.,  [140°] 
(Limpricht,  B.  20,  1241).— 21.  Heated  with 
persulphocyanic  acid  it  gives  ij-tolyl-thiobiuret 
(B.  17,  584).— 22.  On  heating  with  sulphur  it 
yields  dehydrothiotoluidine  and  primuline  ;  v. 
Pbimhline.- 23.  Diazobcnzene  chloride  yields 
CsH5.N.,.NHC;H,  [85°]  which  is  identical  with 
the  ^product  of  the  action  of  p-diazotoluene 
chloride  on  aniline  (Nolting  a.  Binder,  B.  20, 
3005). — 24.  Bromo-propiolic  acid  forms  di- 
tolyl-acetamidine  C„.H„N.,  [120°]  (Mabery  a. 
Krause,  B.  22, 3307),  which  is  also  formed  by  the 
action  of  HOAc  and  PCI,  on  p-toluidine  (Hof- 
mann, Pr.  15,  55).— 25.  itaconic  acid  in  boiling 

w     t         n  Tj  T,T/CH...CH.CO..H 
aqueous  solution  forms  OjHj.N'^^q  - 

[185°]  (Scharfenberg,  4.  254,  150).— 20.  iccf//?- 

■  citric  anhydride  dissolved  in  chloroform  forms 


762 


TOLUIDINE. 


C,H-0(CO„H)(CO.NHC-H,),  [189°]  Klingemann, 

B.  22,   987).— 27.   Malic  acid  at  160^  yields 

C.  ,H,0(CO.NHC,H-)„  [208^  (Bischoff,  B.  23, 
204.5).— 28.  The  hydrochloride  heated  with 
MeOH  yields  C.iH^MeofNHj)  [1:3:4]  (Limpach, 

B.  21,  640). — 29.  Ethylene  oxide  forms  oxy- 
ethyl-p-toluidine  (Demole,  B.  7,  63.5).  — 
30.  SOCI2  forms  tliionyl-toluidine  (q.  v.). — 31. 
POCI3  forms  P0(NHC.H-)3  [192°],  which  yields 
PO(NHC,H,Br),  [180°]  and  P0(NH.C.H,..N0.,)3 
[247°]  (Rudert,  B.  26,  669).  Another  product  of 
the  action  of  POCL,  is  POCl(NHC,H-).„  whence 
water  forms  HO.PO(NHC,H;),  [124°].  —  32. 
PSCL,  forms  PS(NHC-H-),  [185°]. 

Salts.— B'HCl.  S.  22-9  at  11°  ;  S.  (89  p.e. 
(alcohol)  25  at  17°.— B'HAuCl,.— B',H,PtCls. 
ISfot  decomposed  by  boiling  water  (De  Coninck, 
Bl.  [2]  45,  131).— B'.,PtCU  (Gordon,  B.  3,  177  ; 
Cochin,  Bl.  [2]  31,  499).— B'.,H„PtCyj  (Scholz, 
M.  1,  905).— B'PtCl.Et,P03  (Sailiard,  Bl.  [2]  18, 
111).  —  B'^PtCL.MesPOj.  —  B'PtCl.,2Et,P03 
(Cochin,  J.  1878,  315).— B'„ZnCL3aq  "(Lacho- 
vitch,  M.  9,  513).— B'.,H„ZnCl,  (Grafinghoff, 
Z.  1865,  599).  —  B',HgCl„.  [125°].  Thick 
needles,  sol.  alcohol  and  ether  (Klein,  B.  11, 
743).— B'„NiCl.,2EtOH.  Green  pp.  (Lippmann 
a.  Vortmann,  B.  12,  81).— B'.,CoClo.  Blue 
needles. — B',H.,SnCl,..  Monoclinic  crystals 
(Hjortdahl,  J.  1882,  535).— B'„H„CuCl,  (Pomey, 

C.  B.  104,  300).— B'„MnCl„  (Leeds,  •/.  1882,  503). 
— B',UrO.,CL.— B'HBr.  Plates  (Stadel,  B.  16, 
28).— B'.,HgBr.,.  [121°].  Plates  (Klein,  B.  13, 
835).  —  B'jZnBrj.  —  B'^CdBr^.— B'HI.— B',HgI,. 
[81°].  —  B'HBil,  (Kraut,  A.  210,  324).  — 
B',,(H2SO.,)3HI,  (Jorgensen,  J.pr.  [2]  14,  386).— 
B'.,ZnL.— B'.,CdI„.— B'HNOj.  S.  17-7  at  23-5° ; 
S.  (89  p.c'  alcohol)  42  at  20°.— B^AgNOj. 
[101°]  (Mixter,  Am.  1,  239).— B'„Cd(N03).,.— 
B'.,Hg„(NO,,).,.— B'„H„SO,.  S.  5-06  at  22°;'  S. 
(84  p.c.  alcohol)  1-3  at  23°.— B'H.SO.,.  Crystals, 
converted  into  B'2H.,S0,  by  water  (Tollens,  B. 

18,  3312).— B'^Ag,S6,,  2aq  (Mixter).— B'H.,PO,. 
Thick  needles,  v.  si.  sol.  cold  water  (Lewy,  B. 

19,  1717).— B'.,(NH.,Ph)H,,CoCys  liaq  (Weselsky, 
J.  1869,  314).— B'3H,,CoCys2aq:— B'.,HgCy„.— 
B'HCr(SCy),2NH,.  Plates  (Christensen,  J.  pr. 
[2]  45,  362).— B'„Cu.H,(SO;,),.  Yellowish-white 
hexagonal  plates. —  B'HgH.,(S03).,  aq  (Denig<is, 
C. i?.  112, 870).— Oxalate  B''H.,C.,6,  iaq  (Bome- 
mann,  B.  22,  2710).  S.  -87  at  14°  S.  (84  p.c. 
alcohol)  -48  at  22°.  Insol.  ether.— Chloro- 
acetates  B'CH^CIO.,  [102°]  (Barahs,  J.  1884, 
698).— B'C.,H„C1.,0.,.  [141°].  (B.)  [136°]  (Duis- 
berg,  B.  18,  194').— B'C.HGljO...  [137°].— Tri- 
chloro-lactateB'CjH^ClsO^.  [135°].— Mucate 
B'„C,jH,„0„.  Yellowish  crystals,  sol.  hot  water. 
— Picrate  B'G.HjNA-  [169°]  (Smolka,  M.  6, 
923).  S.  -54  at  18-5°  ;  S.  (95  p.c.  alcohol)  4-29 
at  18°.— Phenate  [31-1°].  Got  by  heating 
51-toluidine  with  phenol  (Dyson,  C.  J.  43,  468). 
Needles  (from  ligroin).  — Compound  with 
pier  amide  B'C,H,,(N0,,)3NH,.  Black  needles 
with  green  reflex  (Mertens,  B.  11,  843). 

Formyl  derivative  C,H,.NH.CHO.  [45°] 
(Hiibner  a.  Kudolph,  A.  209,  371)  ;  [52°]  (To- 
bias, B.  15,  2446)  ;  [53°]  (Bamberger  a.  Wulz, 
B.  24,  2080).  Formed  by  boiling  p-toluidine 
■with  formic  acid  or,  together  with  the  oxalyl 
derivative  C,0,,(NHC.H,)„  [263°],  by  heating 
p-toluidine  oxalate.  Prisms.  Converted  by 
heating  with  P^S^  into  C,H,.NH.CHS  [174°] 


(Senier,  B.  18,  2294;  C.  J.  47,  766).  Yields 
C;H;.NNa.CHO  aq. 

Acetyl  derivative  C-H..KHAc.  [147°] 
(Hiibner  a.  Wallach,  A.  154,  302  ;  Kelbe,  C.  /. 
44,  915).  (307°)  (Beilstein  a.  Kuhlberg,  A.  156, 
74).  S.  -089  at  22°.  Dimorphous,  crystallising 
in  monoclinic  forms;  a:6:c  =  l'216:l: -788;. 
(8  =  106°  7',  and  also  in  trimetric  crystals ;  a:b:c 
=  -651:1:  -329  (Panebianco,  G.  9, 362).  Oxidised 
by  KMn04  to  acetyl-p-amido-benzoic  acid  (Hof- 
mann,  B.  9,  1299).  Oxidised  in  like  manner  in 
the  animal  body  (.Jaffe  a.  Hilbert,  E.  12,  295). 
PCI5  forms  a  liquid  product  which  solidifies 
when  strongly  cooled,  the  crystals  doubtless 
being  C-H,NH.CC1.,.CH3.  This  readily  sphts  up 
into  HC'l  and  C;H-.N:CC1.CH,,.  This  is  a  colour- 
less solid  which  is  converted  by  Aq  into  acetyl- 
2>toluidine ;  by  toluidine  into  di-tolyl-acet- 
amidine.  The  chloro-imide  C-H-.N:CC1.CH3  at 
100°  forms  a  base  C,3H,,,N,C1  [72°],  which  may 
be  crj'Stallised  from  alcohol.  It  is  probably 
C;H,N:CMe.CH,.CCl:NC.H,.  It  is  decomposed 
by  moist  air  or  water  with  production  of 
MeC(NC,H,)NC,H,H,  HOAc  and  MeCONHC,H,, 
and  by  heat  with  production  of  an  amorphous 
base  C,,H,gN,  (Wallach  a.  Fassbender,  A.  214,, 
202).  Nitrous  acid  converts  acetyl-p-toluidine 
into  C,H,.NAc.NO  [80°]  (0.  Fischer,  B.  10,  959). 

Chloro-acetyl  derivative 
C-H.NH.C0.CH„C1.   [162°].  Needles  (Tommasi, 
Bl.  [2]  19,  400; 'Meyer,  B.  8,  1154). 

Di-chloro-acetyl  derivative 
C.HjNH.CO.CHCL.    [153°]  (Riigheimer  a.  Hoff- 
mann, B.  18,  2980). 

Tri-chloro-acetyl  derivative 
C.H.NH.CO.CClj.  [80°]  (C.) ;  [102°]  (J.).  S. 
(alcohol)  12-5  at  14°.  Formed  from  ^-toluidine 
and  (CCl.i),CO  (Cloez,  A.  Ch.  [6]  9,  145),  and 
also  from  j'-toluidine  and  CCI3.COCI  ( Judson,  B. 
3,  784). 

B romo-acetyl  derivative 
C,H.NH.CO.CH,£r.    [164°].    Needles  (Abenius, 
J.  pr.  [2]  40,  433)  converted  by  alcoholic  potash 
into  an  azine  and  C,H,NH.CO.CH„.OEt  [32°] 
which  is  V.  e.  sol.  alcohol. 

Thio-acctyl  derivative 
C.H-.NH.CS.CHj.  [131°].  Formed  from  th& 
acetyl  derivative  and  PjS,  (Jacobsen  a.  Ney,  B. 
22,  906).  Got  also  by  heating  tolyl-acetamidine 
with  CS.,  at  100°,  or  di-tolyl-acetamidine  with 
H.,S  (Bernthsen  a.  Trompetter,  B.  11,  1759  j 
W'allach  a.  Pannes,  B.  13,  529).  Converted  by 
NaOEt  and  EtBr  into  oily  C,H,N:CMe.SEt- 
(272°)  (Wallach  a.  Wiisten,  B.  16,  147). 

a-Bromo-propionyl  derivative 
C-H.NH.CO.CHBr.CH3.    [125°]  (Tigerstedt,  B, 
25,  2921).    Plates,  v.  sol.  CHCI3. 

Benzoyl  derivative  C^B.-^^BBz.  [158°]. 
(232°).  Formed  from  ^j-toluidine  and  BzCl 
(Jaillard,  Z.  1865,  440 ;  Kelbe,  B.  8,  875  ;  Hiib- 
ner, A.  208,  310 ;  Wallach,  A.  214,  217  ;  Gude- 
man,  B.  21,  2553  ;  Miiller,  B.  22,  2404).  Needles, 
V.  sol.  alcohol.  Converted  by  PCI,  intO' 
C,H;N:CC1.C,,H5  [52°]  (.Just,  B.  19,  980)  crystal- 
lising from  ligroin  in  prisms. 

p-Nitro-benzoyl  derivative 
C„H,(NO.,).CO.NHC,H,.  [197°].  Formed  from 
p-toluidine  and  p-nitro-benzoyl  chloride.  Yellow 
needles  (Gattermann,  B.  25,  1082).  Converted 
by  PCI5  into  C,,H,(N02).CC1.,.NHC.H,  [119°1 
crystallising  in  golden  prisms. 
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Phenacyl  derivative 
C;H,NH.CH,'CO.C„H,.  [127°].  Formed  from 
Kj-bromo-acetophenone  and|j-toluidine  in  alcohol 
(Biijchler,  B.  25,  2800).  Yellow  jarisms,  yielding 
]3'HC1  and  an  acetyl  derivative  [89°]  crystal- 
lising in  white  needles  (from  alcohol). 

Fhthalyl  derivative  C-H,N:C.,0.,:CsH,. 
[205°]  (Frohlich,  B.  17,  2679). 

References. — Beomo-,  Dibeojio-iodo-,  Beomo- 
NITE0-,  Chloeo-,  Tei-chloeo-nitko-,  Iodo-, 
NiTEo-,  and  Niteoso-  toluidines. 

TOLUIDINE  SULPHONIC  ACID  v.  Amido- 
TOLUENE  SULPHONIC  ACID  and  also  NiTEO-  and 

lODO-  TOLtTIDIXE  SULrHONIC  ACID. 

TOLUIDINE    THIOSULPHONIC    ACID  v. 

AlIIDO-TilLCENB  THIOSULPHONIC  ACID. 
TOLUIDO-  V.  TOLYL-AMIDO-. 

TOLUIDYL-CYANURAMIDE  v.  Cyanic  acids. 
TOLUIDYL-MELAMINE  v.  Cyanic  acids. 
TOLUISATIN  V.  Di-tolyl-oxindole. 
T0LU-(a/3)-NAPHTHAZINE     C„H,,N.  i.e. 

C.H,<^^-'^^-g;g>C,H,Me      [Jl].  [180°]. 

Formed  by  oxidation  of  a  mixture  of  tolylene-o- 
diamine  (1  niol.)  and  (;8)-naphthol  (1  mol.)  with 
KjFeCyii.  Formed  also,  together  with  the  iso- 
meride  [169°],  by  the  action  of  (/3)-naphthoquin- 
one  on  tolylene-o-diamine  (Witt,  B.  20,  577). 
Dissolves  in  cone.  H.SO,,  with  violet-red  colour. 
Forms  with  its  isomeride  a  molecular  compound 
[142°]. 

Tolu-(a/3)-naphthazine  C,-H,.,N,_>  i.e. 

C„H,<^^-g>C„H,Me     g4  [100°]. 

Formed  as  above,  and  also,  together  with  amido- 
benzene  jj-sulphonic  acid,  by  boiling  sulpho- 
benzene-azo-(/3)-naphthyl-jj-tolyl-amine  with 
dilute  H.,SOp  and  by  boiling  '  wool  black  ' 
C,H,(S0,H).N.,.C„H,,(S6,H).N„.C,„H„.NHC;H, 
with  dilute  H„SO^  (Witt,  B.  20,  577).  Yeilow 
crystals,  v.  si.  sol.  alcohol.  Cone.  K.SO.,  forms 
a  brownish-red  solution. 

TOLUNITRANILIC  ACID  v.  Niteo-di-oxy- 

TOLUQUIXllXB. 

TOLUOIN  V.  Di-methyl-benzoin. 
TOLUOL  V.  Toluene. 

TOLUPHOSPHINIC  ACID  v.  Phosphotoluic 

ACID. 

TOLUQUINOL  v.  Hydeotoluqdinone. 

TOLUQUINOLINE  v.  Methyl-quinoline. 

TOLUQUINONE  C-H„0„  i.e. 
C6H,MeO,,  [2;4:1].  [69°]. 

Formation. — 1.  By  oxidation  of  tolylene- 
p-diamine  or  of  o-toluidine  (Nietzki,  B.  10,  832, 
1934;  A.  215,  158;  Ladenburg,  B.  10,  1128).— 
2.  By  boiling  crude  creosol  with  MnO.,  and 
dilute  H,,SO,,  (Carstanjen,  J.  pr.  [2]  23,"  425). 
Separated  from  accompanying  xyloquinone  by 
reduction  with  SO.,,  crystallising  the  hydrotolu- 
quinone  from  benzene,  and  re-oxidising  by 
fuming  HNO.,. — 3.  By  oxidation  of  ;»-xylidine 
(Niilting  a.  Baumann,  B.  18,  1151). 

Preparation. — 20  g.  of  o-toluidine  are  dis- 
solved in  600  CO.  of  water  containing  100  g.  of 
H,SO, ;  20  g.  of  finely  powdered  potassium 
bichromate  are  added  by  degrees,  with  continual 
agitation,  keeping  the  temperature  at  10°-15°. 
After  standing  over  night,  33  g.  more  K„Cr.^O;  are 
added ;  the  quinone  is  then  extracted  with  ether, 
dried  over  CaClj,  and  the  ether  removed  by  dis- 


tillation. The  yield  is  about  86  p.c.  of  the 
theoretical  quantity  (Schniter,  B.  20,  2283). 

Properties. — Golden-yellow  jjlates  smelling 
like  quinone.  Very  volatile.  M.  sol.  hot  water, 
V.  sol.  alcohol  and  ether.  Its  aqueous  solution 
is  turned  brown  by  alkalis.  SO.,  reduces  it  to 
hydrotoluquinone.  Dilute  (50  p. c.)H.,SO, changes 
it  to  isotoluquinone  (C,H„0^),.,  a  powder  not 
melted  at  300°  (Spica,  G.  12,  225).  An  aqueous 
solution  of  toluquinone  mixed  with  one  of  hydro- 
toluquinone deposits  steel-blue  needles  of  the 
quinhydrone  [52°],  v.  e.  sol.  water.  o-Nitro- 
aniline  forms"  [2:1:4:6]  C„H.,MeO,,.NH.C„H|NO,, 
crystallising  from  alcohol  in  red  crystals  decom- 
posing at  200°  (Leicester,  B.  23,  279(;).  Nitro- 
2;-toluidine  C„H.,Me(NO.,).NH.,  [1:3:4]  forms  a 
homologous  body. 

Ghlorimide    C„H,Me<^^^j  ^lljj.  [88°j 

(Hirsch,  B.  18,  1514).  Formed  by  the  action  of 
a  solution  of  bleaching-powder  on  the  hydro- 
chloride of  amido-o-cresol.  Yellow  prisms  (from 
alcohol)  volatile  with  steam.  Decomposes  vio- 
lently at  100°-115°.  By  digestion  with  NaHSO^ 
for  several  hours  it  is  converted  into  amido- 
cresol  sulphonic  acid. 

Ghlorimide  C,H,Me<^^'  [i;]].  [75°]. 

Made  in  like  manner  from  amido-7it-ci'esol 
(Staedel,  A.  259,  218).  Yellow  prisms  (from 
alcohol),  volatile  with  steam. 

Oxim  C,H,MeO(NOH)[2:l:4].  Nitroso-o- 
cresol.  [135°].  Formed  by  the  action  of  nitrous 
acid  on  o-cresol  (Nolting  a.  Kohn,  B.  17,  370). 
Formed  also  by  the  action  of  hydroxylamine 
hydrochloride  on  toluquinone  (Goldschmidt  a. 
Schmid,  B.  17,  2063).  Needles  (from  water), 
decomposed  by  fusion.  V.  sol.  alcohol  and  ether. 
Yields  nitro-cresol  [95°]  on  oxidation. — NaA'3aq. 
— KA'  :  brown  needles,  v.  sol.  water. 

Oxim  C„H,MeO(NOH)  [2:4:1].  Nitwso-m- 
cresol.  Formed  by  boiling  nitroso-di-methyl- 
7«-toluidine  with  dilute  (10  p.c.)  NaOHAq 
(Wurster  a.  Kiedel,  B.  12,  1799).  Formed  also 
by  the  action  of  NO._,.SO,|H  on  7»-cresol  and 
water  at  0°  (Bertoui,  G.  12,  303).  Small  needles 
(from  water).  Decomposes  at  145°-150°.  SI. 
sol.  hot  water.  Gives  Liebermann's  reaction. 
Forms  an  acetyl  derivative  C,jH.|MeO(NOAc) 
[92°]  crystallising  in  large  prisms. 

Di-oxim  C,;H.,Me(NOH)., [2:1:4].  Formed 
by  the  action  of  hydroxylamine  on  either  mono- 
oxim  (Nietzki  a.  Guitermann,  B.  21,  430)  or  by 
boiling  nitroso-o-  or  7/i-toluidine  with  hydroxyl- 
amine hydrochloride  (Mehne,  B.  21,  729).  Yel- 
low needles,  exploding  at  220°-234°,  v.  si.  sol. 
benzene,  sol.  hot  water,  alcohol,  and  ether.. 
Reduced  by  tin  and  HClAq  to  tolylene-p-diamine. 
Alkaline  KjFeCy,.  forms  di-nitroso-toluene.  Ac.O 
forms  C,..H,Me(NOAc).,  [120°],  crystallising  from 
alcohol  in  colourless  needles. 

Ditolylimidc  C„K,Me(NC-H,).,.  [146°]. 
Formed  by  oxidation  of  tolylene-di-tolyl-diamine 
in  alkaline  solution  (Green,  C.  J.  63,  1409). 
Eed  prisms,  v.  sol.  alcohol,  v.  e.  sol.  benzene. 

References. — Di-bkomo-,  Chloro-,  Iodo-,  and 
i  Oxy-  toluquinone. 

TOLUQUINOXALINE  v.  Methyl  -  quin- 
ox. aline. 

0-TOLURIC  ACID  C,„H„NO.,  i.e. 
C.H,.CO.NH.CH,.CO.,H.       To'luyl   -  ghjcocolL 
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i[162  5°].  Formed  from  toluyl  chloride,  amido- 
acetic  acid,  and  NaOH  (Gleditsch  a.  Moller,  A. 
250,  370).  Found  in  the  urine  of  dogs  tliat  have 
taken  o-toluic  acid.    Thick  plates,  sol.  water. 

7;j-Toluric  acid.  [139°].  Formed  as  above, 
and  also  when  77i-xylene  or  «i-toluic  acid  is 
administered  to  a  dog  (G.  a.  M. ;  cf.  Schultzen 
a.  Naunyn,  Z.  1868,  29).  M.  sol.  water.— 
.ZnA'o4aq.-  -CuA'._,  6aq. 

jj-Toluric  acid.  [161°].  Formed  from 
j3-toluyl  chloride  and  glycocoll  (G.  a.  M.)  and 
also  by  passage  of  p-xylene  or  ^:i-toluic  acid 
through  the  animal  body  (Kraut,  A.  98,  360). 
Plates  (from  water),  si.  sol.  cold  water,  v.  sol. 
alcohol. — CaA'.,  3aq. — BaA'.,  5aq. — AgA'. 

TOLUYL.  "The  radicle'  CH3.C,H^.C0.  The 
same  name  has  been  given  to  the  radicle 
CH,|.C^H|.CH.^,  which  is  isomeric  with  xylyl, 
and  has  also  been  called  tolyl,  but  may  be 
more  conveniently  named  methyl-benzyl.  Tolyl 
is  CH,.C,H,. 

o-TOLUYL-ACETIC  ACID 

Ethyl  ether  C„H,Me.CO.CH,.CO,Et.  Oil, 
got  by  boiling  the  nitrile  with  alcohol  and  HCl. 
■Gives  a  violet  colour  with  Fed.,. 

Nitrile  C;H,.CO.CR,.CN.  [74-4°].  Formed 
hy  boiling  o-toluyl-cyano-acetic  ether  with  water 
(Haller,  C.  li.  108,  1117).  Prisms,  sol.  alcohol 
.and  alkalis.  Diazobenzene  chloride  and  NaOH 
iorm  C;H,.C0.CHCy.N,.C,H3  [125°].  Cold 
alcoholic  HCl  forms  the  hydrochloride  of 
C,H,.C0.CH.,.C(NH).0Et  [116°]. 

TOLUYL-ACRYLIC  ACID  C,,H|„03  i.e. 
C„H,(CH,).C0.CH:CH.C0,H.  [138°].  Formed  by 
the  action  of  AlCl.,  on  a  mixture  of  maleic 
anhydride  and  toluene  (Pechmann,  B.  15,  888). 

TOLUYL  ALCOHOL  v.  Tolyl-carbinol. 

TOLUYLAMIDE  v.  Aiiiulc  of  Toldic  acid. 

p-TOLUYL-o-BENZOIC  ACID  C,5H,„0,  i.e. 
[1:4]  C„H,Me.C0.C,H,.C0,H  [1:2].  Phenyl  tolijl 
hetone  carboxylic  acid.  Mol.  w.  240.  [140°]. 
Formed  by  the  action  of  phthalic  anhydride  on 
toluene  in  presence  of  AlCl^  (Friedel  a.  Crafts, 

A.  Ch.  [6]  14,  447;  C.  B.  92,  833).  Prisms 
(containing  aq)  (from  alcohol-toluene),  v.  si.  sol. 
hot  water.  Its  dilute  aqueous  solution  tastes 
sweet.  Potash-fusion  yields  benzoic  and  p-toluic 
acids.  Warm  cone.  H„S0,  forms  (/3)-methyl- 
anthraquiuone.  —  BaA'.^  4aq.  —  CdA'j  Aaq.  — ■ 
■CuA'„  4aq. 

Methyl  ether  MeA'.  [53°]. 

Ethyl  ether  EtA'.  [69°1. 

Toluyl-benzoic  acid  C-H,.C0.C,H.,.C0,H. 
[222°].  Formed  by  oxidation  of  di-tolyl-methane 
and  of  it-di-tolyl-ethane  (Weiler,  B.  7,  1184 ; 
Ador  a.  Crafts,  C.  B.  85,  1163  ;  O.  Fischer,  B. 
7,  1195;  Anschtitz,  A.  235,  316).  Slender 
needles  (from  MeOH),  si.  sol.  hot  water. — KA' : 
tufts  of  long  needles. — AgA'. 

Befercncc. — Di-chloro-toltl-benzoic  acid. 

TO'LUYLENE-  v.  Tolylene-. 

2J-TOLUYL-PR0PIomC  ACID  C,,H,.,0,  i.e. 
C;H..C0.CH,.CH,.C0,H.  [127°]  (C.)  ;  [120'°]' (B.). 
Formed  by  the  action  of  succinyl  chloride  or 
succinic  anhydride  on  toluene  and  AICI3  (Claus, 

B.  20,  1378;  Burcker,  BL  [2]  49,  448).  Plates 
or  needles  (from  water),  v.  sol.  ether.— BaA'.  4aq  : 
sol.  hot  water. — AgA' :  small  needles,  insol.  Aq. 

c^-TOLUYL-TOLUIC     ACID.  Lactone 

■C,H,<^^Q-^-*^=-^\    [93°].   Got  from  nitro-tolyl- 


methylene-phthalide,  HIAq,  and  P  (Heilmann, 
B.  23,  3160).  Thin  prisms.  Converted  by  al- 
coholic NH3  into  C,H^<^^Q  [196°]. 

00-DITOLYL  C,,H,^  i.e. 
[l:2]C„HjMe.C,H,Me[l:2].  Mol.  w.  182.  (272°). 
S.G.       '9945.    Formed  from  o-bromo-toluene 

I  and  Na  (Fittig,  A.  139,  178).  Liquid. 

I       77i7)i-ditolyl  [l:3]C„HjMe.C,H,Me[l:3].  (280°) 

]  (Schultz,  B.  17,  468);  (288°)  (Perrier,  C.  B. 
114,  484) ;  (289°)  (Stolle,  B.  21,  1096).  S.G. 

i.  ^£  '9993.  Formed  by  diazotising  di-amido- 
o-ditolyl  and  boiling  the  product  with  alcohol. 
Formed  also  by  the  action  of  Na  on  jit-bromo- 
toluene  (P.),  and  by  reduction  of  di-oxy-)»- 
ditolyl  and  di-chloro-wi-ditolyl.  Oil ;  yields 
diphenyl  di-jw-carboxylic  acid  and  isophthalie 
acid  on  oxidation. 

2y>ditolyl  [1:4]  C,H,Me.C„HjMe  [1:4].  [121°]. 
S.V.  198'0.  Formed  by  adding  Na  to  a  solution 
of  |j-bromo-toluene  in  toluene  (Zincke,  B.  4, 
396;  Louguinine,  B.  4,  514).  Monoclinic  prisms 
(from  ether).  Yields  on  oxidation  ^j-tolyl-benzoic 
acid  [244°]  and  diphenyl  di-^j-carboxylic  acid 
(Carnelley,  C.  J.  32,  663).  SbCl^  at  300°  forms 
CCl^  and  per-chloro-diphenyl. 

ow-Ditolyl  [1:2]  C,H,Me.C,  H^Me[l:3].  (270°). 
Formed  from  [2:4:1]  C,H3Me(NH,J.C,H3Me(NH,) 
[1:3:4]  by  elimination  of  amidogen  by  the  diazo- 
reaction  (Schultz,  B.  17,  471).  Yields  isophthalie 
acid  on  oxidation  by  CrO,. 

op-Ditolyl  [l:2]C,H,Me.C,H^Me[l:4].  (272°- 
280°).  Formed  from  crude  bromo-toluene  and 
Na.  It  is  also  one  of  the  products  of  the  pas- 
sage of  a  mixture  of  benzene  and  toluene 
through  a  red-hot  tube  (Carnelley,  C.  J.  37,  707  ; 
47, 587).  Oxidised  by  Cr03  and  HOAc  to  o-tolyl- 
2J-beuzoic  acid  [180°]  and  terephthalic  acid. 

Ditolyls  have  also  been  obtained  by  Barbier 
(C.  E.  78,  1769)  and  Varet  a.  Vienne,  Bl.  [2]  47, 
919). 

References. — Di-amido-,  Di-bromo-,  Di-iodo-, 
N1TE0-AMID0-,  Oxy-amido-,  and  Oxy-ditolyl. 

p-TOLYL-ACETAMIDINE  Cs,H,.,N„  i.e. 
CH3.C(NH).NHC,HjMe  [1:4].  [96°].  '  Formed 
from  p-toluidine  hydrochloride  and  acetonitrile 
(Bernthsen  a.  Trompeiter,  B.  11,  1757).  Prisms. 
Alkaline  in  reaction.— B",,H,PtCl„.—B"HX,04. 
Prisms,  v.  sol.  water  and  alcohol. 

Di-o-tolyl-acetamidine 
[1  q  C,H,Me.NH.CMe:NC„H,Me  [1:2].  [136°] 
(W.) ;  [140°]  (L.).  Formed  by  the  action  of  PCI3 
on  o-toluidine  and  HOAc  (Ladenburg,  B.  10, 
[  1262),  and  also  by  the  action  of  o-toluidine  on 
CMe(SEt):NC;H,  or  on  CMeChNCH,  (Wallach 
a.  Wtisten,  B.'lG,  148  ;  A.  214,  208).  Needles. 

Di-p-tolyl-acetamidine 
[1:4]  C,H,Me.NH.CMe:N.C,;H,Me[l:4].  Acet- 
tolyl-imid-tolyl-amide.  [120°].  Formed  from 
^9-toluidine  and  Cj\IeCl:NC;H„  which  is  the  pro- 
duct of  the  action  of  PCh  on  acetyl-2)-toluidine 
(Wallach  a.  Fassbender,  .4.  214,  203  ;  B.  9,  1214  ; 
16,  148).  Formed  also  from  ^-toluidine  and 
bromopropiolic  acid  (Mabery  a.  Krause,  B.  22, 
3307).  Prisms  (from  benzene).  Formed  also 
from  ^>toluidine,  HOAc,  and  PCI3.— B'sH.PtCle. 
— B'HCl.  [200°]. 

qp-Di-tolyl-acetamidiae 
C„H,,Me.NH.CMe:NC,.H,Me.     [142°].  Formed 
from  o-toluidine  and  the  product  of  the  action 
of  PCI5  on  acetyl-2J-toluidine,  and  also  from 
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j)-toluidine  and  the  product  of  the  action  of 
PCI5  on  acetyl-o-toluidine  (Wallach  a.  Pannes, 

A.  214,  209).  Formed  also  from  p-tokridinc  and 
[1:2]  C„H,MeN:CMe.SEt,  and  from  o-toluidine 
and  [1:4]  C„H,MeN:CMeSEt ;  the  compounds 
obtained,  [143°]  and  [140°]  respectively,  being 
perhaps  isomeric  and  not  identical  (Wallach,  B. 
16,  148). 

o-TOLYL-ACETIC  ACID  C„H,„0„  i.e. 
[1:2]  C„H,Me.CH,.CO,H.  [89°].  Formed  by 
saponification  of  its  nitrile  (Radziszewski  a. 
Wispeck,  B.  15,  1747  ;  18,  1281).  Needles,  si. 
sol.  cold  water.  Yields  phthalio  acid  on  oxida- 
tion.— CaA'j  4aq. — AgA'.   Plates,  sol.  hot  water 

Amide  [161°].    Plates,  si.  sol.  ether. 

Nitrile   C„H,,N.    (244°).    S.G.  1-0156. 
Formed  from  ai-bromo-o-xylene  and  KCy.  Oil. 

))i-Tolyl-acetic  acid  [1:3]  C,H|Me.CH,.CO,H. 
[61°].  Formed  by  sa;ionifying  its  nitrile,  which 
is  obtained  from  a>-bromo-)«-xylene  (B.  a.  W.). 
Needles,  sol.  hot  water. — CaA',  Saij. — AgA'. 

Amide  [141°].    Si.  sol.  cold  water. 

Nitrile  (241°).    S.G.  S3  1-0022.  Oil. 

Methyl  ether  MeA'.  (228°).  S.G.  tH' 1-044. 
Liquid  (Senkowski,  M.  9,  854). 

Ethyl  ether  Eik'.    (238°).    S.G. 1-018. 

p-Toiyl-acetic  acid  [1:4]  C„H,Me.CH,.CO,,H. 
[94°].  Formed  in  like  manner  from  w-bromo-^j- 
xylene  (It.  a.  W. ;  Strassmann,  B.  22,  1230). 
Got  also  by  reducing  p-tolyl-glyoxylic  acid  with 
HI  (Glaus  a.  Kroseberg,  B.  20,  2051).  Needles, 
si.  sol.  cold  water.    Phthalio  anhydride  and 

NaOAc  yield  C.,H,<CO  — — >o  [151°]. 

whence  HNOg  at  0°   forms    the  compound 

<^^^<C(NO,).CH(NO,)C,H>0  ^'"'^h 
is  converted  by  treatment  with  boiling  alcohol  into 

C,H,<^jJ,~~>0  [207°],  and  is  reduced 

by  HI  and  P  to  C,H,<^^q-^-^'^'  [116°]  (Euhe- 

mann,B.  24,  3965). — NaA':  needles,  sol.  water. — 
CaA'„3aq. — AgA' :  needles,  sol.  hot  water. 

Ethyl  ether  EtA'.  (240°). 

Amide  C,,H|,NO.  [185°].  Plates.  Formed 
from  the  acid,  and  also  by  the  action  of  yellow 
ammonium  sulphide  on  jj-tolyl  methyl  ketone 
(Willgerodt,  B.  21,  534). 

Nitrile  C«H,.CN.  [18°].  (243°).  S.G. 
53  -9922. 

Reference.  —  Nitro-   and   O.r ?/-Tolyl-acetic 

ACID. 

i;j-TOLYL.ACETYLENE  [1:3]  C,H,Me.C;CH. 

Methyl-styrene.  (164°).  Formed  by  distilling 
barium  «i-tolyl-propiolate  with  lime  (Miiller,  B. 
20,  1215).  Formed  also  by  saturating  a  solu- 
tion of  ?)i-tolyl-acrylic  acid  with  HBr  at  0°  and 
treating  the  product  with  NaOHAq.  Oil,  be- 
coming solid  on  standing.  Gives  an  explosive 
red  i^p.  with  ammoniacal  Cu.,Cl.,.  Br  forms 
C,H-.CHEr.CH..Br  [45°]. 

Di-tolyl-acetylene  C.H..C:C.C-H-.  [136°]. 
Formed  by  heating  C,H,.CHBr.CHBr.'C;H,  with 
alcoholic  potash  at  140°  (Goldschmiedt  a.  Hepp, 

B.  (■),  1505).    Needles  (from  alcohol). 
DI-TOLYL-ACIPIPERAZINE      v.  Oxt-di- 

TOLYL-PYKAZINE. 

Di-tolyl-di-aci-piperazine      v.  Di-oxy-di- 

TOLYL-rYKAZIXE. 
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«i-TOLYL-ACKYLIC  ACID  C,„II,„0„  i.e. 
[1:3]  C„H,Me.CH:CH.CO,H.  Uethyl-cinnamic 
acid.  [111°].  Formed  by  heating  7;i-toluic  alde- 
hyde with  Ac.,0  and  NaOAc  (Bornemann,  B.  17, 
1474;  20,1382;  Von  Miller,  B.  20, 1213  ;  23, 1899). 
Silky  needles,  V.  sol.  alcohol,  si.  sol.ligroin.  FeCl, 
gives  a  bright-yellow  pp.  in  neutral  solutions. 
Reduced  by  sodium-amalgam  to  «i-toIyl-pro- 
pionic  acid  [43°].  KMnO,  oxidises  it  to  7«-toluic 
acid.  Br  forms  C-H..C,H,,Br,.CO,H  [167°].— 
BaA'2 — AgA'.    Crystalline  powder. 

p-Tolyl-acrylic  acid 
[l:4]C„H,Me.CH:CH.C0,H.  [197°].  Formed  from 
2:i-toluic  aldehyde,  NaOAc,  and  Ac„0  (Von  Miller, 

B.  23,  1897 ;  cf.  Krober,  B.  23,  1033).  Needles 
(from  benzene),  si.  sol.  hot  water.  Reduced  by 
HI  and  P  to  p-tolyl-propionic  acid.    Br  forms 

C,  H,Me.CHBr.CHBr.CO,H. 
TOLYL  ALCOHOL  v.  Ti.LYL-cAr,r,iNOL. 
^>TOLYL-ALLYL-HYDRAZINE  C|„H,,N,.  i.e. 

C.H.N(C3H,).NH..  (160°-170°  at  90  mm.). 
Got  from  tolyl-hydrazine  and  allyl  bromide 
(Michaelis,  B.  26,  2178).  Oil.  Yields  B'HCl. 
[129°].  Benzoic  aldehyde  forms  the  compound 
C;H;.N(C3H,).N:CHPh  [61°],  while  cinnamie 
aldehyde  forms  the  corresponding  hydrazide 
[118°].  Ferric  chloride  gives  the  tetrazone 
(C;H;(C,,H-,)N),,N,,  [104°]. 

o  -  TOLYL-ALLYL-THIO-SEMI-CARBAZIDE 
C-H.NH.NH.CS.NHC.,H,.  [105°].  Formed  by 
warming  o-tolyl-hydrazine  with  allyl  thiocarb- 
imide  (Avenarius,  B.  24,  268).  Needles,  insol. 
water,  v.  sol.  alcohol  and  CS... 

-  Tolyl  -  allyl  -  thio  -  semi  -  carbazide  [128°]. 
Formed  in  like  manner  (A.).  Needles. 

o-TOLYL-ALLYL-THIO-UREA  G„H„N,S  i.C- 
C;H,NH.CS.NHC.,H,.  Tolyl-thiosinamine.  [98°]. 
Formed  from  o-toluidine  and  oil  of  mustard  (Jail- 
lard,  Z.  1865, 441 ;  Maly,^.  [2]  5,  258 ;  Weith,  j5.8, 
1528;  Prager,B.  22,2998).  Pearly  crystals, m. sol. 
ether,  v.  sol.  HOAc.  According  to  Dixon  (C.  /. 
55,  622),  it  melts  at  76°.  Converted  by  heating 
with  HClAq  into  tolyl-propylene-i/'-thio-m-ea 
[126°].  Cyanogen  passed  into  its  alcoholic 
solution  forms  CigHuN^S,  which  on  warming 
with  dilute  H,,SOj  and  alcohol  gives  a  pp.  of 

oxalyl-tolyl-allyl-thio-urea  CS<^^q"^'^C202 

[157°]. 

Reference. — Oxy-tolyl-allyl-thio-urea. 
o-TOLYL-AMIDO-ACETIC    ACID  C,H,,N0. 
i.e.   C„HjMe.NH.CH,.CO,,H.     Tohjl  -  glycoeoll. 
[150°].    Prepared  by  the  action  of  chloro-acetic 
acid  and  aqueous  NaOAc  on  o-toluidine  (Staats, 

B.  13,  137  ;  Cosack,  B.  13,  1091 ;  Ehrhch,  B. 
16,  204 ;  Bischoff  a.  Nastvogel,  B.  22,  1787).— 
CuA',  2aq.  Small  needles. — CaA'.,  3aq  :  needles, 
m.  sol.  water  (Mauthner,  ill.  11,  377). 

Ethyl  ether  mM.  (281°).  S.G.  1-058. 
Oil  (Bischoff,  B.  25,  2270). 

Acetyl  derivative  C,N,NAc.CH„.CO„H. 
[212°].    Tables  (from  dilute  alcohol). 

Chloro  -acetyl  derivative 
C;H.N(C0.CH,C1).CH,.C0,H.    [117°].  Formed 
from  the  acid  and   chloro-acetyl  chloride  in 
ether  (Widman,  J.  p?".  [2]  38,  304).  Rectangular 
plates,  v.  sol.  hot  alcohol,  si.  sol.  water. 
Brovio-acetyl  derivative 

C,  H;N(CO.CH,Br).CH„.CO.,H.  [124°].  Rectan- 
gular plates. 
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Glycolyl  derivative 
'C,H,N(C0.CH,.0H).CH2.C0.,H.  [144°].  Formed 
by  boiling  the  chloro-acetyl  derivative  witli  cone. 
]S!a,CO.,Aq  (Abenius,  J.  pr.  [2]  40,  503).  V.  e. 
.sol.  water.  Yields  KA'  aq,  BaA'2  7aq,  and  AgA', 
and  is   converted  by  heating  at  160°  into 

C,H,N<^^-'^^->0   [109°],  whence  alcoholic 

.NH3  produces  C,H,N(CO.CH„.OH).CH.,.CO.NH., 
[152°],  crystallising  in  plates  (from  alcohol). 

0  -  Toluide  C,H,.NH.CK,.CO,NHC,H,. 
[92°].  Formed  by  boiling  chloro-acetic  ether 
with  o-toluidine  (EhrHch,  £.  16,  205).  Needles, 
insol.  water  and  HClAq. 

7»-Tolyl-amido-acetic  acid 
{l:3]C,H,Me.NH.CH,.C0.,H.       Formed  from 
x;hloro-acetic  acid  and  m-toluidine  in  ether 
(Ehrlich,  B.  15,  2011).   Solid  mass.— CuA'^  2aq. 

Ethyl  ether  EtA'.  [68^].  Formed  from 
chloro-acetic  ether  and  7)t-tolmdine.  Six-sided 
plates,  V.  sol.  alcohol  and  ether,  si.  sol.  Aq. 

jj-Tolyl-amido-acetic  acid 
[l:4]C„H,Me.NH.CH.>.C0„H.  [119°].  Formed, 
together  with  a  compound  [168°],  from  2^- 
toluidine  chloro-acetic  acid  and  NaOAc  (dis- 
solved in  a  little  water)  at  100°  (P.  J. 
Meyer,  B.  8,  1158;  14,  1323;  Staats,  B.  13, 
137 ;  Schwebel,  B.  10,  2047 ;  Bischoif,  B.  23, 
1997  ;  25,  2281).  Got  also  by  saponifying  its 
•ether.  Needles  (from  water).  When  fused 
with  potash  it  yields  a  jsroduct  which,  when 
dissolved  in  water,  is  oxidised  by  air  to  an 
indigo-  derivative  (Heumann,  B.  24,  1346). 
When  fused  with  ^'-chloro-acet-toluide  it  yields 
methyl-indigo  (Eckenroth,  B.  24,  693).  The 
compound  [168°],  formerly  supposed  to  be 
p-tolyl-amido-acetio  acid,  ought,  according  to 
Bischoff  a.  Hausdorfer  (B.  25,  2281)  to  be  repre- 
sented as  C0.,H.CH,.N(C,H,).CH.,.C0.0NH3C,H,. 

Ethyl  ether  EtA'.  [49°].  Formed  from 
chloro-acetic  ether  and^j-toluidine.  Monoclinic 
plates,  V.  si.  sol.  hot  water. 

Amide  a,H,„N.,0.  [163°].  Formed  by 
heating  p  -  toluidine  with  chloro  -  acetamide. 
Plates,  V.  si.  sol.  cold  water. 

Anilide  C;H,NH.CH.,.CO.NHPh.  [83°]. 
Formed  by  heating  chloro-acetic  acid  with 
aniline.    Needles  (from  hot  water). 

^-roZMideC,H,.NH.CH,.CO.NC,H,.  [136°]. 
Formed  in  like  manner,  and  also  by  heating 
toluidine  with  the  compound  of  glyoxal  with 
NaHSOa  (Hinsberg,  B.  21,  112).  Plates,  v.  sL 
sol.  hot  water.  Yields  a  chloro-acetyl  derivative 
[158°]. 

J^■^^r^^e  C,H,NH.CH,.CN.    [126°].    A  pro- 
duct of  the  action  of  heat  on  the  amide. 

Acetyl  derivative  C,H,.NAc.CH,.COoH. 
[175°].  Formed  from  chloro-acetic  ether  and 
C,H..NAcNa,  the  product  being  saponified  with 
potash  (Paal  a.  Often,  B.  23,  2596).  Plates 
.(from  water). — NaA'3aq  :  plates,  v.  sol.  water. 

Imide  (C,H,.NH.CH.,.CO).,NH.  [210°]. 
Got  by  heating  the  aeid  at  200°  and  adding 
NHjAq  to  the  product.  Needles,  si.  sol.  water 
.and  NHjAq  (Bischoff). 

Di-o-tolyl-di-amido-acetic  acid 
(C,H;NH).,CH.CO,H.      [240°].      Formed  by 
heating  di-chloro-acetio  acid  with  o-toluidine 
(P.  Meyer,  B.  16,  925).    Needles,  insol.  water, 
■si.  sol.  alcohol,  V.  sol.  aqueous  acids  and  alkalis. 

Reference. — Niteo-tolyl-amido-acetig  acid.  I 


•ACETIC  ACID. 

^>TOLYL-AMIDO-ACETOPHENONE 

[l:4]C„H^Me.NH.CH,,.CO.C„H3.  Phenacyl-p- 
tohddi?ie.  [134°].  Formed  from  jp-toluidine  and 
bromo-acetophenone  in  alcohol  (Lellmann  a. 
Bonner,  B.  23,  167).  Tables,  v.  sol.  benz- 
ene, m.  sol.  alcohol.  Yields,  on  nitration, 
[l:3:4]C„H3Me(NO.,).NH.CH,Bz  [165°]  and  a  di- 
nitro-  derivative  [156°].  Forms  B'HNO,  and 
B'HCl. 

p-TOLYL-AMIDO-ACRYLIC  ETHER 

[:i:4JC,HjMe.NH.CH:CH.C0.,Et.  [116°].  Formed 
from  ^-toluidine  and  formyl-acetic  ether  (Von 
Pechmann,  B.  25,  1053).  Yellow  plates,  insol. 
water  and  ligroin.  Alcoholic  potash  yields 
plates  [144°].    Ac.O  forms  acetyl-toluidine. 

TRI-iJ-TOLYL-TRI-AMIDO-BENZENE 
C,,;H.,,N3  i.e.  C„H3(NHC,H,)3.  [187°].  Formed 
by  heating  phloroglucin  with  |)-toluidine  at 
210°  (Minunni,  jS.  21,  1984).  Needles,  v.  si.  sol. 
cold  alcohol.  Cone.  H^SO,  forms  a  bluish-green 
solution,  turning  black  on  heating. — B"'HC1 : 
amorphous  ;  decomposed  by  water. — B"'2HC1 : 
small  needles.— B"'.,H„PtCl„. 

Tri-acetyl  derivative  \VdZ°'\.  Plates. 

Tri-henzoyl  derivative  [282°].  Blinute 
prisms. 

_p-TOLYL-AMIDO-BENZOYL-(a)-NAPHTHO- 
QTJINONE  C,H,.CO.C„H3<^^2-^jJ^^AMe. 

[197°].  Formed  by  boiling  p-toluidine  with 
benzoyl-(a)-naphtlioquinone  in  alcoholic  solu- 
tion for  15  minutes  (Kegel,  A.  247,  185).  Bed 
needles  (from  HOAc),  v.  si.  sol.  alcohol. 

l>TOLYL-o-AMIDO-BENZYL-AMINE 
[4:1]  C,H,Me.NH.CH.,.C,H,.NH2  [1:2].  [80-5°]. 
Got  by  reducing  ^-tolyl-o-nitro-benzyl-amine 
(Soderbaum  a.  Widman,  B.  23,  2187).  Thin 
leaflets  (from  alcohol).  Ac^O  yields  a  di-acetyl 
derivative  [186°].  The  mono-acetyl  derivative 
C,H,NAc.CH.,.C,H,NH.,  [99°]  may  be  got  by 
reducing  C-H>Ac.CH,.CsHjNO,. 

o-TOLYL-a-AMIDO-ji-BUTYRIC  ACID 
C,H,.NH.CHEt.CO.,H.      [84°].     Long  prisms. 
Forms  an  acetyl  derivative  [116°]  and  yields 
proj)yl-o-toluidine  on  distillation. 

Ethyl  ether 'E^tk.'.  (278°).  S.G.  |2  1-019. 
Got  by  heating  o-toluidine  with  o-bromo-butyric 
ether  at  100°  (Bischoif  a.  Mintz,  B.  25,  2314). 

o-Tolyl-a-amido-isobutyric  acid 
C,H,NH.CMe.,.CO.,H.  [62°].  Formed  together 
with  the  jS-  isomeride  [110°]  by  the  action  of 
KOH  and  a  current  of  steam  on  the  ether  [57°], 
which  is  got  by  heating  o-toluidine  with  a-bromo- 
isobutyric  ether  (Bischoff  a.  Mintz,  B.  25,  2334). 
The  acid  [110°]  yields  an  acetyl  derivative 
[219°],  si.  sol.  ether.  On  distillation  it  forms  a 
lactone  [95°]. 

|;-Tolyl-a-amido-7i-butyric  acid 
C-H,NH.CHEt.CO.,H.  [153°-156°].  Got  from 
the  ether  EtA'  (279°)  S.G.  fg  1-011,  which  is 
produced  when  ^-toluidine  is  heated  with 
o-bromo-71-butyric  acid  at  105°.  Leaflets.  Yields 
propyl-p-toluidine  on  distillation. 

Acetyl  derivative  CjHjNAc.CHEt.COjH. 
[149°]. 

^-Tolyl-a-amido-isobutyric  acid 
[1:4]  C6H,Me.NH.CMe,.C0.JI.  [150°].  Formed, 
together  with  the  /3-  isomeride,  by  the  action  of 
hot  potash  in  a  current  of  steam  on  the  ether 
EtA'  [36°],  which  is  got  by  heating  jp-toluidine 
with  a-bromo-isobutyric  acid.    Yields  an  acetyl 
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■derivative  [146°].  Forms  isopropyl-^-toluidine 
on  distillation. 

p-Tolyl-/3-amido-isobutyric  acid 

C;H,NH.CH,.CHMe.CO,H.  [196°].  Formed  as 
above.  Gives  an  acetyl  derivative  [200°]  and 
decomposes  on  distillation  into  |j-toluidine  and 

a  lactone  C;H,N<^|^--^™  q>CO  (?)  [170°]. 

o-TOLYL-AMIDO-CROTONIC  ACID 

[1:2]  C,H^Me.NH.CMe:CH.CO..H. 

Methyl  ether  MeA'.  [31°].  Formed  by 
the  action  of  o-toluidine  on  methyl  aceto-acetate 
(Conrad  a.  Limpach,  B.  21,523).  Prisms  (from 
alcohol). 

Ethyl  ether  Etk'.    Yellowish  oil. 

^9-Tolyl-amido-crotonic  acid. 

Methyl   ether  MeA'.    [60°].  Prisms. 

Ethyl  ether  EtA'.  [29°].  Formed  from 
acetoacetic  ether  and  ^'-toluidine. 

TOLYL-AMIDO-CYANURIC       ACID  v. 
Ct/anuric  acid,  described  under  Cyanic  acids. 
'  ^;-TOLYL-AMIDO  -METHENYL-BENZAMID- 

OXIM  CPh^^j;j*^^C.NH.C,HjMe  [1:4.].  [135°]. 

Formed  by  heating  p-tolyl-thiocarbimide  with 
benzamidoxim  (Koch,  B.  24,  398).  Plates 
(from  alcohol),  v.  sol.  ether. 

DI  -y.  -  TOLYL-AMIDO-METHYLENE-o-PHE- 
NYLENE  DIAMINE  C,,,H.,,Nj  i.e. 

<^A<NJJ>C<S5:ciH/  400°). 
Formed  by  heating  C(NC.H-).,  witho-phenylene- 
diamine  at  135°  (Moorei  B.  22,  1639  ;  3188). 
Tables  (from  alcohol),  v.  si.  sol.  boiling  water. 
—Salts:  B'.,3HC1.  Needles.— B'j3H,PtCl„ 8aq. 
■ — B'H„SOj.  Needles,  insol.  ether,  v.  sol.  hot  Aq. 
Nitrosamine 

C,H,<^jJ!Oj>C(NC,H,NO),.    [130°].  Yellow 

needles,  v.  sol.  alcohol. 

Di-acetyl  derivative  [143°].  Needles. 

Di-hemoyl  derivative  [185°].  Prisms. 

Tetra-beiizoyl  derivative  [274°]. 

Tetra-jt-tolyl-tetra-amido  -  di  -  methylene  -  o- 
phenylene-diamine  C,  H  ,:N.,(C(NHC.H, ).,).,. 

[116°].  Formed  by  heating  C(NC;H;),  witho"- 
phenylene-diamine  at  200°  (Moore,  B.  22,  3195). 
Needles,  v.  sol.  alcohol.  Decomposed  by  dilute 
HClAq  at  150°  into  di-p-tolyl-urea  and  o- 
phenylene-diamine. — B'2H.,S0,,.  Needles,  si.  sol. 
cold  water.— B'.,3HCl.-B',3H,PtCI„  15aq. 

Tetra-acetyl  derivative  [115°]. 

Tetra  -benzoi/l  derivative  [140°]. 

DI-/;-TOLYL-A'mDO  -  METHYLENE-o-PHE- 
NYLENE-PHENYL-GUANIDINE 

C,H,<^  \c:NPh^C(NHC,H;),,  [187°].  Formed 

by  boiling  C(NC;H.)2  with  o-phenylene-phenyl- 
guanidine  (Keller,  B.  24,  2508).  Needles  (from 
boiling  alcohol),  si.  sol.  ether. 

DI  -  p  -  TOLYL  -  AMIDO  -  METHYLENE  -  o  - 
PHENYLENE-p-TOLYL-GUANIDINE 
C,J1,:N,(CNC,H,):C(NHC;HJ,.  [188°].  Formed 
by  heating  o-phenylene-jj-tolyl-guanidine  with 
C(NC-H,),at  220°  (Keller,  B.  24,  2513).  Prisms 
(from  benzene). 

DI  -  p  -  TOLYL  -  AMIDO  -  METHYLENE  -  o  - 
TOLYLENE-p-TOLYL-GUANIDINE 
C,H„:N,(C:NC,H,):C(NHC,H;),,.  [210°].  Formed 
by  heating    tolylene-tolyl-guanidine  together 


with  C(NC;H,),  at  220°  (Keller,  B.  24,  2521). 
Needles,  si.  sol.  alcohol. 

o-TOLYL-  AMIDO  -  METHYL  -  MALONAMIC 
ETHER  CO,Et.CMe(NHC;H,).CO.NH„.  Formed 
by  dissolving  a-cyano-tolyl-a-amido-propionic 
ether  in  cone.  H.^SO^  (Gerson,  B.  19,  2966). 
Long  needles,  sol.  hot  water.  Converted  by 
boiling  NaOHAq  into  tolyl-amido-propionic 
acid. 

j)-TOLYL-AMID0-2)-METHYL-OXINDOLE 

C„H„N,0^...  CAMe<^H— -^>C0. 

[107°].  Formed  by  heating  di-chloro-  (or  di- 
bromo-)  acetic  acid  with  ^j-toluidine  (Duisberg, 

B.  18,  190).  Needles,  v.  sol.  hot  alcohol.  Re- 
duces ammoniacal  AgNOj,  forming  a  mirror. 
Eeadily  absorbs  oxygen  from  the  air,  forming 

C,  H3Me<;^^'^^^^~>C0.  Alcoholic  KOH  forms 

a  blood-red  solution. —  B'HCl  :  crystalline 
powder. 

Di-acetyl  derivative  C,aH,jAc„N.,0. 
[147°]. 

Nitrosamine  C|,H,.N,0..-    [c  220°]. 
2)-T0LYL-AMID0-METHYL-THIAZ0LE 

^<^C(NHC-H.):n'*^'^-  [^^^^"J-  Foi'i^ed  from 
oxy-methyl-thiazole  and  jj-toluidine  (Hantzsch 
a.  Weber,  B.  20,  3130). 

TRI-p-TOLYL-TRI-AMIDO-NAPHTHALENE 
TT /C(NHC.H,):C(NHC;H.)    rip„on  i 

^^^<c(nhg;h;):ch     •  J- 

by  heating  uitroso-ethyl-(ct)-naphthylamine  with 
^3-toluidine  at  150°  (Fischer  a.  Hepp,  A.  256, 
244).  Needles  (from  alcohol).  Eeadily  oxidised 
to  di-methyl-phenyl-rosinduline. 

o  -  TOLYL  -  AMIDO  -  (a)  -  NAPHTHOQUINONE 
C,;Hi,NO,  i.e.  C,„H50,(NHC.H;).  [142°].  Formed 
from  o-toluidine  and  (a)-naphthoquinone  (Els- 
bach,  B.  15,  689).    Red  needles,  sol.  NaOHAq. 

;)-Tolyl-amido-(a)-naphthoquinone 
C,„H,0,(NHC;H,).  [202°].  Formed  from  (a)- 
naphthoquinone  and^j-toluidine  in  hot  alcoholic 
solution  (Plimpton,  C.  J.  37,  038).  Formed  also 
by  the  action  of  j)-toluidine  on  (/3)-oxy-(a)- 
naphthoquinone,  and  by  heating  ^)-tolyl-amido- 
(/3)-naphthoquinone  with  HOAc  at  150°  (Elsbach, 

B.  15,  687).  Pied  needles.  Forms  a  crimson 
solution  in  cone.  HoSO^.    Insol.  NaOHAq. 

.  ,    ,    .  ,     ■    TT  /C(NC-H.):C.NHC-H, 
Ditolmda     ^,^i<iQ\^c:_^;y_Q,^      '  . 

[147°].  Formed  by  oxidation  of  tri-p-tolyl-amido- 
naphthalene  (Fischer  a.  Hepp,  A.  256,  240). 
Orange  plates. 

o-Tolyl-amido-(/3)-naphthoquinone 

C,  „H,0,(NHC,H,)  or  C,„H,(OH)0(NC,H,).  [240°]. 
Formed  from  (S)-naphthoquinone  and  o-toluidine 
(Elsbach,  B.  15,  689).  Bed  needles,  sol.  dilute 
NaOHAq.  Not  affected  by  heating  with  HOAc 
at  150°.  On  heating  with  dilute  HClAq  it  yields 
(/3)-oxy-(a)-naphthoquinone  and  o-toluidine. 

p  -  Toiyl  -ainido-(/3)- naphthoquinone  [246°]. 
Formed  from  (;8)-naphthoquinone  andj^-toluidine 
(Elsbach,  B.  15,  086).  Bed  needles,  sol.  hot  al- 
cohol and  NaOHAq.  On  heating  with  HClAq 
at  130°  it  is  split  up  into  ^i-toluidine  and  (/3)- 
naphthoquinone. 

Methyl  ether  MeA'.  [150°].  Bed  crystals 
(Zincke  a.  Brauns,  B.  15,  1969). 

Ethyl  ether  EtA'.  [137°]. 

Isopropyl  ether  PrA'.  [139°]. 
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TOLYL-AMIDO-NAPHTHOQUINONE. 


p-Toluide  C,„H,(NHC;H,)0(NC;H,).  [183° 
cor.].  Formed  by  heating  di-bromo-(a)-naphthol 
■withp-toluidine  (Meldola,  C.  J.  45,  159).  Formed 
also  from  (/3) -naphthoquinone  oxim,  jj-tohiidine, 
and  HOAc  (Bromme,  B.  21,  31)1).  Orange 
crystals  with  green  lustre. 

DI-o-TOLYL-DI-AMIDO-OIAZTHIOLE 

C„H„N,S  i.e.  S<c{nhc;h;):N-  '^^^"J- 
by  boiling  an  alcoholic  solution  of  o-tolyl-thio- 
urea  with  dilute  HClAq  and  H.,0.,  (Hector,  B. 
23,  368).  V.  sol.  alcohol.  Cyanogen  passed  into 
its  alcoholic  solution  forms  Cn;H,|.N|SCy..[S9°]. — 
B'HClaq.  [219°J.— B'.,H.,PtCl, .  [192°J.— 
B'AgNO,.  White  pp.— B'..H.,HgCl,.  [232°]. 
Needles.— Pi  crate  :  B'C,H,N,0,.  [201°]. 

Acetyl  derivative  C„H,,AcN,S.  [221°]. 

Benzoyl  derivative  G^Jl^^zii^^.  [214°]. 

Nitrosamine  C|,H,-(NO)N ,S.  [135°]. 

Di  -  tolyl  -  di  -  amido  -  oiazthiole  C,, H|jN,S. 
[127°].  Formed  in  like  manner  from  p-tolyl- 
thio-urea  (Hector,  B.  23,  364).  Thick  yellowish 
prisms,  v.  sol.  alcohol.  Cyanogen  forms  B'Cy^ 
[190°].— B'HCl.  [233°].  White  needles,  be- 
coming reddish  in  air.— B'.,H„PtCl,  l^aq.  [109°]. 
— B'AgNO.,l^aq.  [177°].— B'.,H..HgCl.,.  [114°- 
119°].— P  i  c  r  a  t  e  [238°].  Yellow  prisms,  si.  sol. 
alcohol. 

Acetyl  derivative  C,„H,,,AcN,,S.  [166°]. 

Benzoyl  derivative  C„,H|.BzNjS.  [186°]. 

Nitrosamine  C,„H|-(NO)N,S.  [247°]. 

o-T0LYL-7)!-AMID0-PHEN0L  C,.,H,,NO  i.e. 
C,H.NH.C„H,OH.  (c.  373°  cor.).  Formed  from 
resorcin,  o-toluidine,  and  CaCL  at  270°  (Philip, 
J.jir.  [2]  34,  70).  Oil.  Reduced  by  hot  zinc- 
dust  to  hydvo-acridine  and  acridine. 

Formyl  derivative.  [169°].  Tables. 

o-Tolyl-|>amido-phenol  C:H-NH.C„H,OH. 
[90°].  (367°  cor.).  Formed  from  hydroquinone, 
o-toluidine  and  CaCL,  at  240°  (Philip,  J.jir.  [2] 
34,  57).  White  laminre  (from  light  petroleum). 
Eeducedby  distilling  with  zinc  to  hydro-aoridine 
and  acridine.  Converted  by  heating  with  cone. 
HCl  into  hydroquinone  and  o-toluidine. 

Salt. — B'HGl :  crystalline  powder. 

Mono-formyl  derivative  [136'5°]. 

Di-acetyl  d  erivative  [106°] :  needles. 

Di-benzoyl  derivative.  [171°]. 

p-tolyI-7)z.-amido-phenol  CjiHi^NO  i.e. 
C,H,.NH.C,H,.OH.  [92°].  (350°  cor.).  From 
resorcin,  ^j-toluidine  and  CaCl.,  at  260°  for  8 
hours  (Hatschek  a.  Zega,  J.  iw.  [2]  33,  209). 
Prisms  or  needles  (from  benzene  mixed  with 
petroleum  ether).  Distilled  over  zinc-dust,  it 
gives  C.H-NHPh. 

Salts. — B'HCl;  decomposed  by  water. 

Formyl  derivative . — 
C,H..N(CHO).C,H,.OH.    [146°].    V.  sol.  ether. 

Di-hensoyl  derivative. — 
C.H,.NBzC„H,.OBz.  [c.  105°].  Gives  with  fuming 
HNO,  a  di-nitro-derivative,  [110°]. 

-ZViirosawiwe.— C,H,.N(NO).C.H.,.OH.  Oxy- 
pJienyl  -  tolyl  ■  nitrosamine.  [105°].  Yellow 
needles  (from  dil.  alcohol). 

i>Tolyl-2)-amido-phenol  C-H..NH.C„H  ,.0H. 
[122°].  (350°-360°).  From  hydroquinone,  ^j- 
toluidine,  and  CaCL,  8  hours  at  260°  (Hatschek 
&.  Zega,  J.  pr.  [2]  33,  224).  Plates.  Heated 
with  zinc-dust  it  gives  phenyl -^j-tolyl-amine. 

Salt. — B'HCl.    Powder,  decomposed  by  Aq. 

Di-acetyl  derivative.    [101°].  Tables. 


Di-benzoyl  derivative.  [169°1. 

Nitroso-  derivative  C;H;.N(NO).C,H,.OH 
[130°] ;  needles.    Very  unstable. 

o-TOLYL-a-AMIDO-PHENYL-ACETIC  ACID 
NHC;H;.CHPh.CO,,H.  [143°].  Formed  from  a- 
bromo-phenyl-acetic  acid  and  o-toluidine  (Stock- 
enius,  J.  1S78,  781).  Plates,  almost  insol. 
water. 

^>Tolyl-a-amido-phenyI-acetic  acid.  Formed 
in  like  manner,  using  ^j-toluidine.    Insol.  water. 

Ethyl  ether  EtA'.  [90°].  Yellowish 
prisms. 

o-TOLYL-AMIDO-TRI-PHENYL-METHANE 

CPhj.NHC-H;.  [142=].  Formed  from  CPh.,Br 
and  o-toluidine  (Wittich,  B.  17,  705).  Prisms 
(from  ether). 

^9-Tolyl-amido-tri-plienyl-methane  [177°]. 
Crystals  (from  ether). 

Nitrosamine  CPh,.NC.H..NO.  [145°- 
148°]. 

p-TOLYL-AMIDO-DI  -  PHENYL  -  N  APHTHO- 
QUINOXALINE.    Phenylo-c  hloride 

CTT^  C  .  N  =  CPh 

^''^^\C(NH.C,H,Me):CH.  C  .  NPhCl :  CPh. 

Got  by  heating  C,„H,(OEt)<:^^p,^pj .  ^p|^  withp- 

toluidine  at  120°  (Witt  a.  Schmidt,  B.  25,  2005). 
Bronzed  plates,  v.  sol.  alcohol,  forming  a  crim- 
son solution.  Cone.  HoSOj  forms  a  slate-blue 
solution,  becoming  first  blue  and  then  violet  on 
dilution. 

TRI-p  -  TOLYL  -  TRI  -  AMIDO  -  DI-PHENYL- 
TOLYL-CARBINOL  C^iHa^N^O.  Tri-tolyl-rosani- 
line.  The  salts  are  formed  by  heating  rosaniline 
salts  with  |)-toluidine  (Hofmann,  A.  132,  290). — 
C„H.,j|N.jCl.  Small  blue  crystals  (from  alcohol), 
insol.  water. 

TOLYL-AMIDO-PIPITZAHOIC     ACID  v. 

Tohddo-FIVITZAHOIC  ACID. 

0-TOLYL-a-AMIDO-PROPIONIC  ACID 

CH.,.CH(NHC;H_).CO,,H.  [116°].  Formed  by 
saponification  of  the  nitrile  (Tiemann  a.  Stephan, 

B.  15,  2038  ;  C.  C.  1886,  470).  Got  also  by 
boiling  o-tolyl-amido-methyl-malonic  acid  with 
NaOHAq  (Gerson,  B.  19,  2963).    White  crystals. 

Ethyl  ether  EtA'  (278°).  S.G.  1-047. 
Formed  from  o-bromo-propionic  ether  and 
o-toluidine  (Bischoff  a.  Hausdorfer,  B.  25,  2298). 

Acetyl  derivative  C^H^NAcCHMeCC^H! 
[177°].  Leaflets. 

Amide.    [125°].    Minute  needles. 

Nitrile  CH3.CH(NHC;H,).CN.  [73°]. 
Formed  by  digesting  the  cyanhydrin  of  acetic 
aldehyde  (lactonitrile)  with  o-toluidine. 

p  -  Tolyl  -  a-amido  -  propionic  acid.  [153°]. 
Formed  in  like  manner.  Plates,  si.  sol.  water 
and  ether.    May  be  sublimed. 

Ethyl  ether  EtA'.    [35°].  Tables. 

Acetyl  derivative  [166°]. 

Amide.    [145°].    Needles,  sol.  hot  Aq. 

Nitrile.    [82°].    Plates,  si.  sol.  hot  Aq. 

p-Tolyl-/3-amido-propionic  acid 

C,  H,Me.NH.CH,.CH,.CO,H.  [86°].  Formed  from 
;8-iodo  propionic  acid  and  p-toluidine  (Bischoff 
a.  Mintz,  B.  25,  2352).  Pearly  scales,  v.  e.  sol. 
ether. 

Befcrcnce.  —  Di-bromo-tolyl-amido-pkopio- 

NITlilLE. 

0-TOLYL-AMIDO-PYROTARTRIMIDE 

CR,!6^-m^)Io-  [191°]-  Obtainedbysaponi- 


TOLYL-BENZ  YL-ISOBUTYL-UEE  A . 
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fication  of  o-tolyl-amido-pyrotartramic  ether, 
which  is  formed  by  the  action  of  H..SO,|  upon 
the  a-cyano-a-o-toluiilo-butyric  ether  (Scliiller- 
Wechler,  B.  18,  1050).  White  needles.  V.  sol. 
alcohol  and  benzene,  si.  sol.  ether  and  hot  water, 
insol.  cold  water  and  ligroin.  Has  both  acid 
and  basic  properties. 

DI-ji)-TOLYL-DI-AMIDO-SUCCINIC  ACID 
CO,,H.CH(NHC;H;).CH(NHC;H;).CO,H.  [c. 
200°].  Formed,  together  with  '  di-tolil  succin  ' 
C|,H|5N.,0.,  [228°],  by  boiling  di-bromo-succinic 
acid  with  ^;-toluidine  (.Tunghahn  a.  Reissert,  B. 
26,  176(1).  V.  sol.  alcohol,  insol.  water.  Yields 
a  di-nitroso-  derivative  [125°],  and  a  di-acetyl 
derivative  C,..,H„|N.,Ot;  aq,  which  yields  CaA"  aq, 
EaA"aq,  and'anhydrides  C.,.,H.„N.,0.  [232°],  and 
C2..H.,„N.,0,,  [222°].— Na,.A".— CaA"".— CuA". 

Ethyl  ether  Et„A".    [169°].  Needles. 

DI-2>T01YL-TRI-AMID0-T0LUENE 
C„H,Me(NHC;H;),{NH,)  [1:2:5:4].  [166°].  Formed 
by  reducing  amido-toluquinone  ditoluide  v/ith 
zinc-dust  and  HOAc  (Green,  C.  J.  63,  1403  ;  cf. 
Barsilowsky,  B.  6,  1209).  Plates  (from  dilute 
HOAc).    A  very  feeble  base. 

DI  -^1 .  TOLYL  -  DI  -  AMIDO  -  TOLUQUINONE 
C,HMeO,,(NHC;H;),  [1:2:5:4:6].  [178°].  Formed 
from  azotoline,  MeOH,  and  cone.  H^.SO.,  (Fischer 
a.  Hepp,  A.  262,  251).    Brownish-red  needles. 

Di-^j-tolyl-di-amido-toluquinone 
CeHMeO,(NHC.H,),  [1:2:5:3:6].  [241°].  Formed 
by  boiling  toluquinone  with  p-toluidine  and  al- 
cohol (Fischer  a.  Hepp,  A.  256,  259).  Yellow 
needles. 

Di-|)-tolyl-di-amido-toluquinone  |5-toluide 

C,„H,,.N,0.  [191°].  Claret-red  plates  (Fiischer 
a.  Hepp,  B.  21,  676). 

TOLYLAMINE  is  Toluidine  (q.v.). 

Di-o-tolyl-amine  NH(C„H,Me[l:2]).,.  (312° 
i.V.)  at  728  mm.  (Graebe,  A.  238,  363).  Obtained, 
together  with  diphenylamine  by  heating  o-tolu- 
idine  with  aniline  hydrochloride  at  280°  (Girard 
a.  Willm,  Bl.  [2]  25,  248).  Formed  also  by 
heating  o-cresol  with  ZnBr,,  ammonia,  and 
NH,C1  at  335°  (Merz  a.  Miillef,  B.  20,  547).  Oil. 

Di-))i-tolyl-amineNH(C;H,)2.  (322°).  Formed  ' 
in  like  manner  (Cosack,  B.  13,  1091 ;  Merz  a. 
Muller,  B.  20,  549).    Oil,  volatile  with  steam. 
SI.  sol.  acids,  v.  sol.  alcohol. 

Acetyl  derivative  NAc(C-H,).,.  [43°]. 

Nitrosamine  (C-H.).,N.NO.'  [103°]. 

Di-j»-tolyl-amine  NH(C;H,).,.  [79°].  (331° 
i.V.)  (Graebe,  A.  238,  363).  Formed  by  heating 
ji-toluidine  with  its  hydrochloride  (Girard,  A. 
140,  346  ;  Gerber,  B.  6,  446).  Formed  also  by 
heating  p-cresol  with  ZnCl.,,  ammonia,  and 
NH|C1  at  335°  (Merz  a.  Miiller,  B.  20,  546). 
White  needles.  Its  salts  are  decomposed  by 
water. 

Nitrosamine  (C.H-),,N.NO.  [103°]. 
Yellow  trimetric  crystals  (Lehne,  B.  13,  1544  ; 
Cosack). 

Acctijl  derivative  (C;H-),,NAc.  [85°]. 
Benzoyl  derivative  (C,H',)2NBz.  [125°]. 
References. — Tetea-bromo-  and  Nitho-  Di- 

TOliYL-AMINE. 

DI-;>TOLYL-ISOAMYL-AMINE  C„H..-N  i.e. 
(C,HJ,NC,,H,,.  (290°-300°  at  15  mm.).'  Formed 
by  heating  di-^j-tolyl-amine  with  isoamyl  alcohol 
and  HCl  in  sealed  tubes  (Girard,  Bl.  [2]  24 
120). 

TOLYL-ANILINE  v.  Phentl-toldidine. 
Vol.  IV. 


TOLYL-ARSITTE  v.  Aesexic. 

TOLYL-AURAMINE  C.,,H,,-N.,  i.e. 
CsH.,Me.N:C(C,H,NMe,,),.  Formed  from  auramine 
hydrochloride  and  ^j-toluidine  (Fehrmann,  B.  20, 
2853).  Decomposed  by  H„S  in  alcoholic  solution 
at  50°  into  CS(C,HjNMe.,),,  and  p-toluidine.— 
B',H,PtCl,.    Red  flakes,  v.  si.  sol.  water. 

TOLYL-AZIMIDO-TOLUENE    v.  Azimido- 

COMPOUNDS. 

DI -p- TOLYL  -  TETRAZINE   C„B„N,  i.e. 

C,H,Me.N<^=^^>N.C,H,Me.    [185°].  Mol. 

w.  269  (obs.).  Formed  by  the  action  of  chloro- 
form and  alcoholic  potash  on|)-tolyl-hydrazine 
(Ruhemann,  C.  J.  55,  248;  57,  .51).  Yellow 
plates  (from  hot  alcohol).  Yields  a  nitro- 
derivative  C,6H,-,(N0,)N,  [144°]. 

TOLYL  -  DISAZO  -  compounds    v.  Disazo- 

COISIPOUNDS. 

TOLYL  BENZAMIDE  v.  Bemoijl  derivative 
of  Toluidine. 

2)  ■  TOLYL  -  BENZAMIDINE  C,jH,^N.,  i.e. 
C„H„.C(x\C;H;).NH,.  [99°].  Formed  from  benzo- 
nitrile  and  toluidine  hydrochloride  (Bernthsen, 

B.  8, 1319  ;  9, 429).  Forms  a  crystalline  nitrate 
and  oxalate. 

Di-2)-tolyl-benzamidine 

C,  H-,.C(NC,H;).NHC,H,.  [131°].  Formed  by  the 
action  of  ^:)-toluidine  on  benzonitrile,  and  on  u- 
chloro-benzylidene-p-toluidine  C;H.N:CC1.C,H- 
(Bernthsen  ;  .Just,  B.  19,  981).  May  be  sublimed.' 

Reference. — Ahido-tolyl-iienza:midine. 

|;-TOLYL-BENZAMIDOXIM  C„H,,N„0  i.e. 
C,H,.C(NOH).NHC;H,.  [176°].  Formed  by 
heating  hydroxylamine  hydrochloride  with 
C,.H,.CS.NHC;H,  and  Na.,CO,  at  100°  (H.  Miiller, 

B.  22,  2406).  White  needles,  si.  sol.  hot  water.— 
B'HCl :  white  needles,  si.  sol.  water.  ClCO,Et 

converts  it  into   C^H^.C^^'^jj  >C0.  [163°]. 

TOLYL-BENZENE  v.  Methyl-diphentl. 

Tri-2)-tolyl-benzene  C,,,H,,,  i.e.  C„H,(C,H,).,. 
[171°].  Formed  by  passing  dry  HCl  into  ^j-tolyl 
methyl  ketone  for  some  days  (Claus,  J.  pr.  [2] 
41,    402).     Needles.     Oxidised    by    CrO^  to 

C,  H,(C0.,H)3.    Yields  C„-H,.,Br,  [212°]. 

2J-T0LYL-BENZIMID0  PHENYL  ETHER 
C,H-.C(NC.H-).OPh.  [120°].  Formed  from 
C,H-,.CC1:NC-'h.  and  NaOPh  (Hantzsch,  B. 
26,  927). 

o»i-T0LYL-BENZ0IC  ACID 
[1:3]  C,H,Me.C,H,.CO.,H  [l':3'].  [204°].  Formed 
by  oxidation  of  [1:3]  C^H^Me.C^H^Me  [l':3']  with 
dilute  HNO3  (Perrier,  C.  R.  114,  484).  Silky 
needles,  sol.  alcohol,  m.  sol.  Aq. 

^)2)-Tolyl-benzoic  acid 
[1:4]  C„H,Me.C„H,.CO,H  [l':4'].  [244°].  Formed 
by  oxidation  of  pi^-ditolyl  by  CrO.,  and  HOAc 
(Carnelley,  J.  1877,  384).    SI.  sol.  hot  water.— 
AgA'. 

op-Tolyl-benzoic  acid.  [180°].  Formed  by 
oxidation  of  [1:2]  C„H,Me.C„H,.Me  [l':4']  (Car- 
nelley, C.  J.  37,  707).  Insol.  water,  sol.  hot 
alcohol. 

TOLYL-BENZYL-AMINE   v.  Benzyl-tolu- 

IDINE. 

p-TOLYL-BENZYL-ISOBUTYL-TTREA 

C,,,H,,,N,0.  [41°].  Got  from  p-tolyl-benzyl- 
carbamic  chloride  and  isobutylamine  (Hamme- 
rich,  B.  25,  1824).    Crystals  (from  ligroin). 

3  D 
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TOLYL-BENZYL-CAEBAMIC  CHLOEIDE. 


p-TOLYL-BENZYL-CARBAMIC  CHLOEIDE 

(C,H,Me)N(CH,Pli).COCl.  Formed  from  |>tolyl- 
benzyl-amine  and  COCL,  (Hammerich,  £.  25, 
1822).  Oil. 

p-TOLYL-BENZYL-CARBINOL  C,-H,„0  i.e. 
C,H^Me.CH(0H).CH2Ph.  [66°].  (above  360°). 
Formed  by  reducing  p-tolyl  benzyl  ketone  in 
alcoholic  solution  by  Na  (Mann,  13.  14,  1646). 
Small  concentric  needles,  sol.  alcohol  and  ether. 

jj-TOLYL-BENZYLENE-ACETAMIDINE 
C,,H„N,  i.e.  C,H<gH,.^C,H,_  ^^.^^  ^^^^^^^^ 

by  reduction  of  the  acetyl  derivative  of  o-nitro- 
benzyl-25-toluidine  in  acetic  acid  solution  with 
tin  and  HCl  (Lellmann  a.  Stickel,  B.  19,  1610). 
Small  glistening  plates.  V.  sol.  alcohol,  ether, 
and  chloroform. 

p-TOLYL  BENZYL  KETONE  G^.B^fi  i.e. 
C,H^Me.CO.CH,Ph.  [109°].  (above  360°).  Formed 
by  the  action  of  AlCl,  on  a  mixture  of  phenyl- 
acetyl  chloride  and  toluene  (Mann,  B.  14, 1646 ; 
Strassmann,  B.  22,  1229).  Plates,  sol.  alcohol 
and  ether.  Na  added  to  its  alcoholic  solution 
forms  the  carbinol  and  an  acid  CyjR.,„C.,  [93°]. 

Oxim  [131°].    Plates,  insol.  water. 

o-TOLYL  BENZYL  OXIDE  C,jH,,0  i.e. 
[l:2]C,H.,Me.0.CH.,Ph.  (285°-290°).  Oil  (Stae- 
del,  B.  14,  899).  Converted  by  HNO3  (S-G-  1-5) 
into  a  tri-nitro-  derivative  [145°]. 

«i-Tolyl  benzyl  oxide.  [43°].  (300°-305°). 
Tables  (from  alcohol),  v.  sol.  ether. 

p-Tolyl  benzyl  oxide  [41°].  Formed  from 
C,H,Me.OK  and  CH.,PhCl  (Frische,  A.  224, 154). 
Crystals.  Converted  by  HNO3  (S.G.  1-5)  into 
di-nitro-^j-cresol  [84°]. 

TOLYL-BENZYL-ISOPHOSPHINE  C,,H,,P 
or  C,,,H,gP,,.  [187°].  An  indifferent  body  formed 
by  the  action  of  zinc  on  a  mixture  of  benzyl 
chloride  and  CgH^MePCl,  (Michaelis  a.  Gleich- 
mann,  B.  15,  1963). 

J3-T0LYL  BENZYL  SULPHONE 
C,HjMe.SO,.CH.Ph.    [145°].    Formed  by  the 
action  of  benzyl  chloride  on  sodium  toluene 
p-sulphinate  (Otto,  B.  13,  1278).    Needles,  sol. 
hot  alcohol. 

p-TOLYL-BENZYL-THIO-SEMICARBAZIDE 
C.^HijNjS.  [121°].  Formed  from  benzyl  thio- 
carbimide  and  ^j-tolyl-bydrazine  (Dixon,  C.  J. 
61,  1022).    Prisms,  si.  sol.  cold  alcohol. 

o-TOLYL-BENZYL-THIO-UEEA  C,,H„N.,S 
i.e.  C,H^MeNH.CS.NHCH,,Ph.  [139°].  Formed 
by  boiling  o-tolyl-thiocarbimide  with  benzyl- 
amine  in  alcohol  (Dixon,  C.  J.  59,  556).  Tufts  of 
prisms,  m.  sol.  hot  alcohol. 

«i-Tolyl-benzyl-thio-urea.  [114°].  Formed 
from  benzyl-thiocarbimide  and  j»-toluidine. 
Vitreous  crystals,  v.  si.  sol.  hot  Aq. 

j)-Tolyl-benzyl-tliio-urea  [121°].  Crystals. 

p-TOLYL-BENZYL-UREA 
CH„Ph.NH.CO.NHC,H,Me.     [181°].  Formed 
from  ^J-tolyl  cyanate  and  benzylamine  (Kiihn  a. 
Henschel,  B.  21,  505). 

^-Tolyl-di-benzyl-urea  C2.,H„.,N,0  i.e. 
(CH.,Ph),N.CO.NHC„H.,Me.  '[169°].     Got  from 
(C,H,)2N.C0C1  and  j^j-toluidine  (Hammerich,  B. 
2o,  1820).    Needles  (from  alcohol),  insol.  ether. 

p-Tolyl-di-benzyl-urea  C2.,H...,N,,0  i.e. 
CH„PhN(C„H,,Me).CO.NH.CH,Ph.  "  [85°]. 
Formed  from  tolyl-benzyl-oarbamic  chloride  and 
benzylamine  (H.).    Prisms,  v.  sol.  alcohol. 

Di-23-tolyl-benzyl-urea    C.jH^aN.O.  [115°]. 


Formed  from  p-tolyl-benzyl-carbamic  chloride 
and  p-toluidine.    Needles,  v.  sol.  hot  alcohol. 

Di-p-tolyl-di-benzyl-urea 
(CH,PhN(C,H,Me)),,CO.    [93°].    Got  from  p- 
tolyl-benzyl-carbamic    chloride    and  ^-tolyl- 
benzyl-amine.    Crystalline,  sol.  alcohol. 

DI-p-TOLYL-BIURET  (C,HjMeNH.CO)„NH. 
[c.  220°].  Formed  from  p-tolyl-urea  andp-tolyl 
cyanate  at  160°  (Kiihn  a.  Henschel,  B.  21,  506). 
White  needles  (from  alcohol). 

Tri-2>tolyl-biuret 
(C,H^MeNH.C0)2NC,H^Me.     [156°].  Formed 
from  di-jj-tolyl-urea  andp-tolyl  cyanate. 

^-TOLYL-BORIC  ACID  C,H^Me.B(0H)2. 
[240°].  Formed  by  the  action  of  water  on  boron- 
jj-tolyl-dichloride  (v.  vol.  i.  p.  531).  Needles, 
sol.  hot  water.  HgCL  gives  a  white  pp.  of 
C,H,HgCl. 

TOLYL-BROMO-ETHYLENE  v.  Bromo-tolyl- 

ETHYLENE. 

TOLYL  BROMO-METHYL  KETONE 

C^H^Me.CO.CHjBr.  [55°].  Formed  by  the  ac- 
tion of  hot  water  on  di-exo-bromo-eso-methyl- 
atrolactic  acid  (Bottinger,  B.  14, 1598).  Crystals, 
volatile  with  steam,  sol.  water  and  ether. 

p-TOLYL  BROMO-METHYL  SULPHONE 
C„H,Me.SO,.CH,Br.  [92°].  Formed  by  the 
action  of  bromine  on  an  aqueous  solution  of 
C,H,.S0,.CH2.C0„H  (Otto,  J.  pr.  [2]  40,  544). 
Formed  also  from  CjH;.S0jNa  and  CHjBrj. 
Thin  monoclinic  needles,  sol.  hot  alcohol. 

p-Tolyl  di-bromo-methyl  sulphone 
C„H,Me.SO.,.CHBr,.     [117°].     Formed  from 
tolyl-sulphono-acetic  acid  and  Br  (0.).  Mono- 
clinic  prisms,  v.  sol.  hot  alcohol. 

TOLYL-BUTANE  v.  Butyl-toluene. 

wi-TOLYL-BUTYLENE  C8H^Me.CH,..C3H5. 
(195°).  Formed  from  C.HjMe.CH^Cl,  allyl 
iodide,  and  Na  (Aronheim,  B.  9,  1790).  Oil. 
Yields  a  hquid  dibromide. 

|>T0LYL-2>BUTYL-PHENYL-THI0-UREA 
C,H,Me.NH.CS.NH.C,3H,.CjH,.  [137°].  Formed 
from  isobutyl-phenyl-amine  and  ^-tolyl-thio- 
carbimide  (Mainzer,  B.  16,  2024).    Plates,  sol. 
alcohol  and  ether. 

DI-p-TOLYL-ISOBUTYL-UREA  CigHj^N^O. 
[119°].  Formed  from  (C,H,),N.C0C1  and  iso- 
butylamine  (Hammerich,  JB.  25, 1822).  J'risms, 
V.  sol.  alcohol  and  ether. 

wi-TOLYL-ISOBUTYRIC  ACID 
C„H,Me.CH.,.CHMe.CO,H.     [92°].    Formed  by 
oxidation  of  ?ii-isobutyl-toluene  by  dilute  HNO3 
(Kelbe,  B.  16,  620).    Needles  (from  ligroin).— 
AgA':  pp. 

Reference. — Niteo-tolyl-isobdtybic  acid. 

o-TOLYL-CARBAMIC  ACID  CgHgNO^  i.e. 
C,HjMe.NH.CO.,H. 

Ethyl  ether  EtA'.  [42°]  (C.) ;  [46°]  (L.). 
Formed  from  o-toluidine  and  ClCO.,Et  (Cosack, 
B.  12,  1450 ;  Nevile  a.  Winther,  B.  12,  2324), 
Formed  also  from  C^HjMe.CChNCl  and  alcoholio 
potash  (Lachmann,  B.  12,  1349).  Tables,  sol. 
alcohol  and  benzene.  Volatile  with  steam. 
Yields  o-tolyl  cyanate  on  distilling  with  PjO^. 

Isobutyl  ether  C,B.,,A'.  (275°-280°).  Oil 
(Mylius,  B.  5,  974).  Partially  decomposed  on 
distillation  into  tolyl  cyanate  and  isobutyl 
alcohol. 

Benzyl  ether  CH.PhA'.  [84°].  Formed 
from  o-tolyl  cyanate  and  benzyl  alcohol  (Gatter- 
mann  a.  Cantzler,  B.  25, 1087).  Needles. 
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Phenyl  ether  PhA'.  [92°].  Formed  by 
boiling  di-o-tolyl-urea  with  di-phenyl  carbonate 
for  some  hours  (Eckenroth  a.  Eiickel,  B.  23,  G'J'J). 
Crystals  (from  ligroin). 

m-Plienylene  ether  C„H,A'.„  [154°]. 
Formed  by  heating  o-tolyl  cyanate  with  resorcin 
at  120°  (G.  a.  C).    Colourless  plates. 

p-Phanylene  ether  C,H,A',.  [20G-5°]. 
Formed  by  heating  o-tolyl  cyanate  with  hydro- 
quiuone  at  150°. 

o-Tolyl  ether  C,H,A'.  [126°].  Formed 
from  o-tolyl  cyanate  and  o-cresol  (G.  a.  C). 
Needles. 

{fi}-Naphthyl  ether  C,„H-A'.  [149°]. 
Formed  by  heating  o-tolyl  cyanate  with  (|6)- 
naphthol  at  160°  (G.  a.  C).  Plates. 

Di-phenyl-etliylene  ether  C.Jl.Sh..,k' 
[234°].    Formed  by  heating  o-tolyl  cyanate  with 
hydrobenzoin  at  100°  (Auwers,  B.  24,  1778). 
Needles.    An  isomeride  [163°]   is  obtained 
from  isohydrobenzoin. 

w-Tolyl-carbamic  acid 
(l:3]C„H,Me.NH.CU,H. 

Ethyl  ether  C,„H|.,NO.^.  Prepared  from 
•)»-toluidine  and  chloro-i'ormic  ether  (Cosack,  B. 
13,  1090).    Oil,  V.  sol.  alcohol  and  ether. 

jj-Tolyl-carbamic  acid 
{l:4]C,H,Me.NH.C0,H. 

Ethyl  ether  EtA'.  [52°].  Formed  from 
j)-toluidine  and  ClCO,Et  (Hofmann,  Pr.  19,  108  ; 
B.  3,  656).  Monoclinio  prisms,  v.  sol.  alcohol 
(Levin,  J.  1882,  384). 

Phenyl  ether  PhA'.  [115°].  Formed  by 
distilling  di-p-tolyl-urea  with  di-phenyl  carbonate 
(Eckenroth  a.  Kiickel,  B.  23,  698).  Needles 
(from  hot  ligroin). 

Di-jj-tolyl-carbamic  acid  (C;H.).,N.CO.,H. 

Ethyl  etlber  EtA'.  [62°].  '  Formed  from 
(C,H,),N.C0C1  and  NaOEt  (Hanimerich,  B.  25, 
1824).    Large  plates,  v.  sol.  alcohol  and  ether. 

Chloride  (CuHjMe).,N.GOCl.  [103°]. 
Formed  from  COCl.j,  a  solution  of  di-^j-tolyl- 
amine  in  benzene,  and  cone.  NaOHAq  (Ham- 
merich,  B.  25,  1821).  Needles  (from  alcohol), 
V.  e.  sol.  ether.  AgCy  forms  the  compound 
(C,H,),N.CO.CN(AgCy),,  crystallising  in  needles 
which  begin  to  melt  at  103°. 

o-TOLYL-CAKBAMINE  [l:2]C,HjMe.N:C. 
(184°).  S.G.  ^  -968.  Formed  by  the  action  of 
alcohohc  potash  on  o-toluidine  and  chloroform 
(Nef,  A.  270,  309).  Oil,  volatile  with  steam. 
When  heated  at  245°  for  3  hours  it  changes  to 
the  isomeric  o-toluic  nitrile.  Heated  with  S  in 
CS..  at  130°  it  yields  o-tolyl  thiocarbimide.  H.,S 
at  iOO°  forms  C,H,Me.NH.CHS  [101°]. 

Chloride  C,H^Me.N:CCl,.  (215°).  Formed 
by  passing  chlorine  into  a  chloroform  solution 
of  the  carbamine. 

25-Tolyl-carbamine  C,;H|Me.N:C.  (99°  at  36 
mm.).  Formed  in  like  manner  from  i^-toluidiue 
(Nef).  Oil. 

Chloride  CBH^Me.N:GCL.  (226°).  Con- 
verted by  p-toluidine  into  tri-^J-tolyl-guanidine. 

o-TOLYL-SEMI-CAEBAZIDE  C,H,,N.,0  i.e. 
NH,.CO.N,,H,C;H;.  [160°].  Formed  by  heat- 
ing o-tolyl-hydrazine  with  urea  (Pinner,  B.  21, 
1219).    Flat  needles,  m.  sol.  water. 

^>Tolyl-semi-carbazide  Cf,H|,NaO.  [158°]. 
SI.  sol.  cold  water.    Keduces  Fehling's  solution. 

Di-p-tolyl-carbazide  CO(NH.NHC;H;),. 
[201°].     Formed  from  jj-tolyl-hydrazine  and 


carbamic  ether  (Preund,  B.  24,  4197).  Tables, 
insol.  water,  v.  sol.  hot  alcohol. 

lOLYL-CAKBIMIDE  v.  Tolyl  isocyanate, 
vol.  ii.  p.  316. 

o-TOLYL-CAEBINOL  C„H,„0  i.e. 
[l:2]C,H,Me.CH.,0H.  u-Oxy-o-xylene.  Mol.w. 
122.  [34°].  (223°i,V.).  S.G. i!-' 1-02,  S.linthe 
cold  ;  1-5  at  100°.  Formed  by  boiling  a>-bromo-o- 
xylene  with  KOHAq  (Colson,  Bl.  [2]  43,  8  ;  .4.  C/t. 
[6]  0, 116).  Formed  also  by  reducingthe  aldehvde 
C,H,Me.CHO  (Kaymann,  Bl.  [2]  27,  498),  by  the 
action  of  HNO.  on  the  amine  C^HjMe.CH.^.NH., 
(Krober,  B.  23,  1028),  and  by  reducing  o-toluic 
amide  in  acid  solution  by  sodium-amalgam 
(Hutchinson,  B.  24,  174).  Needles,  v.  sol. 
alcohol  and  ether,  sol.  hot  water.  Oxidised  by 
alkaline  KMnO,  to  o-toluic  acid  [103°]. 

7«-Tolyl-carbiiiol  [l:3]C,H,Me.CH.,.0H. 
(217°).  S.G.  1-03G  (C);  ii  -916  (E.  a.'W.). 
S.  5  in  the  cold.  Formed  by  boiling  the  bromide 
C„H,Me.CH,£r  with  alkalis  (C).  Liquid,  v. 
sol.  alcohol  and  ether,  si.  sol.  cold  water. 
Yields  7«-toluic  acid  [108°]  on  oxidation. 

Ethyl  ether  C,H-.CH.,.OEt.  (202°)  at  740 
mm.    S.G.     -93.  Oil. 

Acetyl  derivative  C,H,.CH,..OAc.  (226°). 
Formed  from  C,H;.CH„Br  and  KOAc  (Radzi- 
szewski  a.  Wispek,  B.  15,  1747).  Oil. 

^-Tolyl-carbinol  [l:4]CuH,Me.CH,0H.  [59°]. 
(217°).  Formed  from  jj-toluic  aldehyde  and 
alcohohc  potash  (Cannizzaro,  C.  R.  64,  1225  ; 
A.  124,  255).    Needles,  si.  sol.  cold  water. 

Ethyl  ether  C^H^.OEt.  (203°)  at  740 
mm.  S.G.  —  -93.  Formed  from  w-bromo-^j- 
xylene  and  alcoholic  potash  (Eadziszewski  a. 
Wispek,  B.  15,  1745).  Oil. 

Di-tolyl-carbinol  (CBH,Me)„CH.OH.  [69°] 
(W.)  ;  [62°]  (Ador  a.  Crafts,'  B.  10,  2175). 
Formed  by  reducing  di-tolyl  ketone  with  sodium- 
amalgam  (Weller,  B.  7,  1184).  Needles  (from 
alcohol),  insol.  water. 

Reference. — Oxy-tolyi-cakeinol. 

TOLYL-CAEBINYL-AMINE     v,  Methyl- 

BENZYL-AIIINE. 

DI-2>T0LYL-CARBINYL  AMINE 

(C;H-),CH.NH,.  [93°].  Formed  by  reducing 
the  osim  of  di-^;-tolyi  ketone  in  alcoholic  solu- 
tion with  sodium-amalgam  and  HOAc  at  60° 
(Goldschmidt  a.  St6cker,  B.  24,  2798).  Tables. 
— B'HCl.    [235°].    White  needles. 

Acetyl  derivative  [159°].  Needles. 

TOLYL-CARBINYL-UEEA      v.  Methyl- 

BENZYL-UEEA. 

Di-yj-tolyl-carbinyl-urea 
NH,.CO.NH.CH(C;H;),.    [152°].    Formed  from 
the  hydrochloride  of  the  amine  and  KCyO 
(Goldschmidt,  B.  24,  2799).  Needles. 

DI-jj-TOLYL-CARBONATE  (C,H.O),CO. 
[115°].  Formed,  together  with  di-ethyl  carbon- 
ate, by  heating  p-tolyl  ethyl  carbonate  at  300° 
(Bender,  B.  19,  i:268).    V.  si.  sol.  cold  alcohoL 

DI-TOLYL  DICARBOXYLIC  ACID 

[3;4:l]C„H,Me(CO,H).C,H,Me(CO,H)Ll:3:4] 
[over  300°].    Formed  by  heating  its  nitrile  with 
dilute  H.SOj  (LOwenherz.  B.  25,  1036).  Plates, 
insol.  water,  si.  sol.  hot  alcohol. 

IVi^riZc  C,^H,,(CN),.  [190°].  Formed  from 
di-amido-ditolyl  by  Sandmeyer's  diazo-  reaction. 
Needles,  m.  sol.  cold  alcohol. 

Reference. — Oxy-ditolyl  dicakboxtlic  acid, 

TOLYL  CHLORIDE  v.  w-Chloeo-xylene. 

3  D  2 
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TOLYL  CHLORO-BENZYL  SULPHONE. 


p-TOlYL  CHLORO-BENZYL  SULPHONE 

C„H,Me.S02.CHCl.C,H5.  [203°].  Formed  by 
heating  sodium  toluene  jj-sulphinate  with 
benzylidene  chlonde  (Otto,  J.  pr.  [2]  40,  519). 
Needles  (from  HOAc). 

j)-TOLYL  CHLORO-ETHYL  SULPHONE 
[l:4jCsH,Me.SO...CHCl.CH3.  [48°].  Formed  by 
boiling  CH,.CCL.CO,Na  (1  mol.)  with 
CjHj.SO.Na  (2  mols.)  in  aqueous  solution. 
Formed  also  by  heating  ethylidene  chloride 
(2-5  g.)  with  sodium  toluene  p-sulphinate  (4-5  g.) 
and  alcohol  at  150°  (Otto,  J.^^r.  [2]  40,  515,534). 
Trimetric  tables,  v.  sol.  hot  alcohol.  Does  not 
act  upon  C;Hj.SO,Na  even  at  200°. 

jj-Tolyl  chloro-ethyl  sulphone 
C,H,Me.SO.,.CH.,.CH.,Cl.     [79°].    Formed  from 
C„HjMe.SO.,.CH.,.CH,.OH  and  PCI5  (Otto,  J.  pr. 
[2]  30,  357").    Need'les  or  plates,  v.  sol.  hot 
alcohol. 

^-TOLYL  CHLORO-METHYL  SULPHONE 

C,H^Me.SO,,.CH,Cl.  [84°].  Formed  by  heating 
an  aqueous  solution  of  CHCl.,.CO.jNa  (1  mol.) 
with  C;H-.SO„Na  (2  mols.)  on  the  water-bath 
(Otto,  j.pV.  [2']  40,  528).  Tables  (from  benzene), 
V.  sol.  hot  alcohol. 

^)-Tolyl  di-chloro -methyl  sulphone 
C,,H,Me.SO.,.CHCl,.  [114°].  Formed  by  passing 
chlorine   into   a   warm  aqueous   solution  of 
C,H;.SO,.CH,,.CO,,H  (Otto,  J.  pr.  [2]  40,  544). 
Crystals,  insol.  water,  v.  sol.  hot  alcohol. 

TOLYL-CRESOL  CsH,Me.CH2.C,;H  ,.0H. 
(250°-255°  at  10  mm.).  Formed  by  heating  a- 
chloro-xylene  with  phenol  and  zinc  filings 
(Mazzara,  G.  9,  421).  Oil,  sol.  alcohol,  ether, 
and  alkalis.    Not  coloured  by  FeCla. 

Acetyl  derivative  (250°  at  9  mm.). 
Decomposed  in  moist  air  into  HOAc  and  tolyl- 
cresol. 

^>TOLYL-CUMINYL-AMINE  C„H,,N  i.e. 
C,,H,Me.NH.CH,.C,H,,Pr.  [36°].  (above  200°). 
Formed  by  the  reduction  by  sodium-amalgam 
of  the  product  of  the  action  of  cuminol  on 
p-toluidine  (Uebel,  A.  245,  293).  Plates  or 
prisms. — B'HCl.  Plates  or  needles,  si.  sol.  hot 
Aq. 

Nitrosamine  C,-H.,„N.NO.  [67°].  Prisms. 

^-TOLYL-CUMINYL-UREA  C„H,,N..O  i.e. 
C,„H,3.NH.C0.NHC„H,Me.  [150°].  Formed  from 
cuminylamine  and^j-tolyl  cyanate  (Goldschmidt 
a.  Gessner,  B.  22,  928).  Needles,  v.  sol.  alcohol. 

l>TOLYL-CUMYLIDENE-AMINE 
C6H,,Me.N:CH.C„HjPr.  [51°].  Formed  from 
cuminic  aldehyde  (cuminol)  and  p-toluidine  in 
alcoholic  solution  (Uebel,  A.  245,  292).  Yellow- 
ish plates  (from  alcohol).  Decomposed  into  the 
parent  substances  by  heating  with  acids  and 
alkalis. 

jj-TOLYL-;|/.CUMYL-UREA 
C„H,Me.NH.C0.NH.C,H,Me3.    [218°].  Formed 
from  ^l^-cumidine  and  p-tolyl  cyanate  (Gold- 
schmidt a.  Bardach,  B.  25,  1361).  Needles. 

o-TOLYL-CYANAMIDE  CgHiMe.NH.CN. 
[77°].  Formed  by  heating  C.H^NH.CS.NH.OH 
or  by  the  action  of  hydroxylamine  on  o-tolyl 
thiocarbimide  (Tiemann,  B.  22,  1940 ;  Voltmer, 
B.  24,  381).  Tables,  v.  sol.  alcohol  andKOHAq, 
m.  sol.  water. 

DI-o-TOLYL-CYANAMIDE  C^Hi.N^  i.e. 
C(NC,H,).,.  Carboditolylimide.  (above  300°). 
Formed  by  heating  the  alkyl  derivatives  of  di-o- 
tolyl-thio-urea  (Will  a.  Bielsehowski,  B.  15, 


1317).  Amorphous,  v.  sol.  benzene.  Converted 
by  dilute  HClAq  into  di-o-tolyl-urea. 

Di-p-tolyl-cyanamide  C,^H,  ,N.,SO  or 
C(NC;H,),.  [60°].  (above  230°)".  Formed  by 
the  action  of  HgO  on  a  benzene  solution  of  di- 
tolyl-thio-urea  (Will,  B.  14,  1488).  Thick 
prisms,  sol.  benzene  and  ether.  On  heating 
with  aniline  it  gives  phenyl-di-tolyl-guanidine. 
Acids  and  alkalis  convert  it  into  di-^j-tolyl-urea. 
On  distillation  it  yields  compounds  melting  at 
49°  to  60°  and  at  149°  (Schall  a.  Paschkowetzky, 

B.  25,  2892).    Phenyl-hydrazine  at  190°  forms 

C.  jgH.ii^N^  [163°],  which  crystallises  from  alcohol 
in  plates,  and  yields  B'.,4HC1  and  B'32H,PtCl„. 
On  heating  with  phenyl-hydrazine  at  165°  there 
is  formed  N,PhH:C(NC,H,),  [138°],  crystallising 
in  pale-red  needles,  yielding  B'„H.,PtCl6  (Wessel, 

B.  21,  2274).    Tolylene-o-diamine'  at  140°  forms 

C,  ,,H,^N,  [196°],  which  yields  B'.,3HC1  [143°] 
(Dahm  a.  Gasiorowski,  B.  19,  3057). 

TOLYL  CYANATE  v.  Cyanic  acid. 

TOLYL  CYANIDE  v.  Nitrile  of  Toluic  acid. 

TOLYL-CYANURIC  ACID  v.  Cyanic  acids. 

TOLYLENE  ALCOHOL  v.  Di-oxy-xylene. 

TOLYLENE  -  DI  -  ALLYL  -DI-THIO-DI-UREA 
[1:2:3]  C,H3Me(NH.CS.NHC3H5),.  [1.52°]. 
Formed  from  c-tolylene-o-diamine  and  oil  of 
mustard  (Lellmann,  A.  228,  246).  Needles  (from 
alcohol),  decomposed  on  fusing  into  tolylene- 
thio-urea  and  di-allyl-thio-urea. 

Tolylene-di-allyl-di-thio-di-urea 
[1:3:4]  C,H3Me(NH.CS.NHG,HJ,.  [150°]. 
Formed  from  i-tolylene-o-diamine  and  oil  of 
mustard  (Lellmann,  A.  221,  24).  Decomposed 
by  heat  like  the  preceding  isomeride  ;  melting  a 
second  time  at  210°-230°. 

Tolylene-di-allyl-di-thio-di-urea 
[1:2:5]  C„H3Me(NH.CS.NHC.,H,),.  [175-5°]. 
Formed  from  tolylene-^;-diamine  and  allyl  thio- 
carbimide (Lellmann  a.  Wiirthner,  A.  228,  209). 
Plates  or  prisms,  nearly  insol.  ether. 

Tolylene-di-allyl-di-thio-di-urea.  [151°]. 
Formed  from  tolylene-iu  iV-di-amine  and  allyl 
thiocarbimide.  Prisms  (from  alcohol),  insol. 
ether,  v.  sol.  HOAc.  Melts  without  decomposi- 
tion. 

TOLYLENE-DI-AMIDO-DI-ACETIC  ETHER 

[1:2:4]  C,H,Me(NH.CH„.CO,,Et),,.  [70°].  Formed 
from  tolylene-«i-diamine  and  chloro-acetic  ether 
(Zimmermann  a.  Knyrim,  B.  16,  516).  Needles 
(from  water). 

c  -  TOLYLENE  -  0  -  DIAMINE  C-H,„N„  i.e. 
C,H3Me(NH„).,  [1:2:.3].  Mol.  w.  122.  [62°]. 
(255°).  Formed  from  C,H3Me(NH,)(N0.,)  [1:2:3] 
by  reducing  with  Sn  and  HCl  (Lellmann,  A.  228, 
243).  Keddish  crystals,  smelling  of  acetamide. 
— B"2HC1.    Sol.  water,  ppd.  by  HCl. 

c-Tolylene-«i-diamine  C6H3Me(NH„)„  [1:2:6]. 
[104°].  Formed  by  reduction  of  nitro-toluidine 
[92°],  or  of  liquid  di-nitro-toluene  (Ullmann,  B. 
17,  1960).  Prisms,  sol.  hot  water.  Gives  a 
brown  colour  with  nitrous  acid.  Cr03  andFeCl, 
give  a  brown  colour. — B'HCl :  crystals,  v.  e.  sol. 
water. 

•i.Tolylene-9)j-diamine  C,.H3Me(NH2),,  [1:2:4]. 
[99°].  (c.  280°).  Formed  by  reducing'  di-nitro- 
toluene  (Hofmann,  Pr.  11,  518)  by  reducing 
(4,l,2)-nitro-toluidine  (Nolting  a.  Collin,  B.  17, 
268),  and  by  the  action  of  SnCh  on  amido- 
toluene-azo-amido-cresol  (Graeff,  A.  229,  348). 
Needles  (from  water),  v.  soL  alcohol,  ether,  and 
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hot  water.  Chloroformic  ether,  ClCO„Et,  forms 
[1:2:4]  C„H3Me(NH..)(NH.C0„Et)  [9i°],  and 
chiefly    C„HaMe(NH.CO,,Et),]    [137T  (Schiff, 

A.  2(:;8,  314).  Phenyl-thio-earbimide  yields 
CO,,Et.NH.C„H,Me.NH.CS.NHPh  [1-5.5°].  Hep- 
toic  aldehyde  in  the  cold  forms  C;H,jN„(C;H,,)„,  but 
when  heated  it  yields  an  orangemass  whichforms 
a  highly  fluorescent  solution  (Schiff  a.  Vanni,  A. 
253,319).  BenzoicaldehydeformsC;H,(N:CHPh), 
[122°-128°],  while  cinnamic  aldehyde  gives 
C,H5(NC,H„)2  [162°]  (Schiff,  A.  140,  98;  239, 

384).     Cl.CO.CO,Et    forms  C,H,Me<^^^-^Q 

[c.  260°]  and  [1:2:4]  C,R,Me(NH.,).NH.CO.CO.,Et 
[170°],  which  yields  an  acetyl  derivative  [192°]. 
Phenyl-thiocarbimide  forms  the  compound 
NHPh.CS.NH.C,H3Me.NH.C0.C0.,Et  [155°]  and 

C.HjMe^^'^-^^Q  >NPh  [198°]  (Schiff,  A.  268, 

307).  Tolylene-ju-diamine  heated  with  citric 
acid  at  125°  forms  C|.,H,._,N,^0^,  crystallising  from 
boiling  alcohol  in  minute  octahedra,  decom- 
posing at  about  187°  (Schneider,  B.  21,  005). 
Acetyi-acetone  at  100°  forms  a  syrup,  which 
when  heated  with  H.,SO.,  yields  C,.,H,  ,N.,  [191°] 
(Combes,  C.  B.  108,  1252).— B"HCi.  —  B"2HC1. 
— B"2HBr.— B"H„SO^  2aq  :  prisms.  S.  5-C  at 
19-5  (Beilstein  a.  Kuhlberg,  A.  158,  351).— 
B"H.,PtCl,.— B"2HCyS.  Prisms  (Lussy,  B.  7, 
1265). 

o-Acetyl  derivative 
C„H3Me(NHAc)NH„  [1:2:4].     [140°].  Formed 
from  C„H.,Me(NH,,)(NO,,)  [107°]  by  acetylation 
and  reduction  (Wallach,  A.  234,  350).  Needles. 
— B',,H,PtCl,. 

p-Acetyl  derivative 
€„H3Me(NH,)(NHAc)  [1:2:4].    [160°].  Formed 
by  acetylating  the  diamine,  and  got  also  by 
reducing  C„H,,Me(NO.,)(NHAc)  [1:2:4]  (Tiemann, 

B.  3,  221 ;  Wallach,  B.  15,  2826,  2831).  Long 
white  needles. 

Di-acetyl  derivative  C„H,,Me(NHAc)„. 
[224°].  Got  by  boihng  the  base  with  Ac.,0  or 
HOAc  (Koch,  A.  153,  132;  Tiemanu,  B.  3,  8; 
Ladenburg,  B.  8,  1211).  Needles. 

Benzoyl  derivative 

C.  H3Me(N0.,)(NHBz)  [1:2:4].  [142°].  Got  by 
reducing  C„H3Me(N0,)(NHBz)  (Bell,  B.  7,  1505). 

Di-benzoyl  derivative  [224°].  Tables, 
si.  sol.  alcohol  (Euhemann,  B.  14,  2656). 

Thiobenzoyl  derivative 
C„H3Me(NH.,)NH.CSPh.    [197°]   (Bernthseu  a. 
Trompetter,'S.  11,  1760). 

Phthalyl  derivative 

C,H3Me<;^^-^J;^>C„H,.   [192°].   Formed  from 

the  base  and  phthalic  anhydride  (Biedermann, 

B.  10,  1161).  Needles,  split  up  by  dilute  HCl 
into  phthalic  acid  and  a  base  C3;H3jN^04. 

Di-phthalyl  derivative 
C„H3Me(NC,H,0,),,.     [233°].     Crystals,  insol. 
water  and  alcohol. 

s-Tolylene-?rt-diamine  C,,H3Me(NH,)2  [1:3:5]. 
(284°).  Formed  by  reducing  s-di-nitro-toluene 
(Staedel,  A.  217,  202).  Syrup.— B"H,SO,. — 
B"H.,SnCl|:  crystals,  v.  sol.  water. 

Tolylene-2>diamine  C,.,H3Me(NH„),,  [1:2:5]. 
[64°].  (274°).  Formed  by  reducing  (6,1,2)- and 
(2,1,5)-  nitro-toluidines  (Beilstein  a.  Ivuhlberg,  A. 
158,  ,352;   Fileti  a.  Crosa,  G.  18,  306),  and 

C,  H,Me.N,.C,H3Me.NH,     [2:1:5]      or  [5:1:2] 


(Nietzki,  B.  10,  832,  1158).  Plates  (from  benz- 
ene), V.  sol.  water,  alcohol,  and  ether.  Forms 
toluquinone  on  oxidation.  FeCI,  added  to  a 
solution  of  tolylene-^-diamine  hydrochloride 
mixed  with  o-toluidine  gives  an  intense  green 
colour.— B"2HCL  Plates.— B"H..S04.  S.  -84  at 
11-5°. 

Di-acetyl  derivative  C,H3Me(NHAc)o. 
[220°].  Prisms  (from  dilute  alcohol)  (Nietzki, 
B.  10,  1157  ;  12,  2237). 

Tolylene-o-diamine  C,H  ,Me(NH.,).,  [1:3:4]. 
[s8-5°].  (26.5°).  Formed  by  reducing  "(3,1,4)- 
nitro-jj-toluidine  (Beilstein  a.  Kuhlberg,  A.  158, 
351  ;  Graeff,  .4.  229,  343).  Plates,  m.  sol.  cold 
water.  Its  aqueous  solution  quickly  blackens 
when  exposed  to  air.  Fed,  forms  by  oxidation 
C|  jHijNjO,  crystallising  from  wood  spirit  in 
brownish-red  plates  [247°]  (0.  Fischer  a.  Sieder, 

B.  23,  3802). 

Reactions. — 1.   Benzoic  aldehyde   at  140° 

forms  C„,H„N,  or  C,H,<^^(^j^^')^CPh  [195-5°] 

(Ladenburg,  B.  11,  591,  1056 ;  Hinsberg,  B.  19. 
2026;  20,  158.5),  which  yields  B'Mel  [209°], 
B'Etl  [181°],  and  B'Etl,  [125°],  and  is  oxidised 
by  KMnOj  to  an  acid  C,,,H„,N.,0,  [254°].— 2.  Bhir- 
furaldcJiydc,  acting  on  the  hydrochloride,  forms 
C|;H,,N.,0.,  [128-5°],  which  yields  B'Mel  [195-5°], 
B'Mel,  [128°],  and  B'Mel,  [109°].  — 3.  Acetic 
aldehyde  (2  mols.)  added  to  a  cold  solution  of 
the  base  (1  mol.)  in  glacial  acetic  acid  forms 

C,  H^<;^'^''^CMe  (Hinsberg). — 4.  Anisic  alde- 
hyde, added  to  a  dilute  aqueous  solution  of  tolyl- 
ene-o-diamine hydrochloride  containing  a  little 
alcohol,  forms  C,3H,,,N,0.,  [152°-156°],  which 
separates  on  addition  of  ammonia  (L.). — 5.  Sali- 
cylic aldeliyde  at  110°  forms  C.,bH.,.,N,,0.,  [106°- 
l'lO°],  and  at  135°  it  forms  azurine  C3/H3-,N403 
[250-5°],  which  exhibits  blue  fluorescence  in 
alkaline  solutions. — 6.  Glucose  (2  mols.)  added  to 
an  alcoholic  solution  of  tolylene-o-diamine  forms 
C;H,,(N:C,H|„Oj).j,  crystallising  in  satiny  needles, 
V.  sol.  water  [e.  160°],  which  gives  a  red  colour 
with  FeCL|.  Glucose  converts  tolylene-o-di- 
amine acetate  into  amorphous  '  glycodiamido- 
toluene  '  C|3H,j,N„0,,,  m.  sol.  water  (Hinsberg,  B, 
20,  496;  Griess  a.  Harrow,  B.  20,2209).  Glu- 
coson  C|jH,||0„  acts  in  aqueous  solution  on 
phenylene-o-diamine,  formhig  C|3H,j,N..0j  [c. 
180°]  (E.  Fischer,  B.  22,  93).  — 7.  Ar'abinose 
forms  C„H|„N„04  [238°]  (G.  a.H.).— 8.  Acrolein 
in  boiling  aqueous  solution  forms  tolylene-o-di- 
amine acroson  [185°]  (Fischer  a.  Tafel,  B.  22, 
99).— 9.  Formic  aldehyde  forms  Cj^H.^N^  [222°] 
(Fischer  a.  Wrezinski,  B.  25, 2713).— 10.  Butyric 
aldehyde  forms  tolylene-butenyl-diamine 

C;H,<^^^CPr   [158°],    and   the  compound 

C„H.,.N,  or  C,H,<;^(^<^'-')^CPr  (Hinsberg,  B. 

20,  1690). — 11.  Nitrous  acid  or,  better,  amy] 
nitrite  acting  on  a  salt  of  tolylene-o-diamine 
forms  azimido-toluene  C^H^N,  [84°]  (323°), 
which  is  V.  sol.  alcohol  and  hot  toluene  (Zincke 
a.  Lawson,  A.  240,  115  ;  cf.  Ladenburg,  B.  9, 
220 ;  Bossneck,  B.  19,  1759  ;  Niilting  a.  Abt,  B. 
20,  3001).  Azimido-toluene  forms  the  salts 
B',H,PtCl„,  NaC,H„N3,  Hg(C,H,N3),,  [235°],  and 
AgC.H^Nj.    AcCl  converts  azimido-toluene  into 
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tlie  (;8) -acetyl  derivative  C,H,<^^\>NAc  [94°], 

while     the     isomeric     (a) -acetyl  derivative 

C,Hs<:^^^'^^N  [132°]  is  formed  by  the  action  of 

nitrous  acid  on  the  acetyl  derivative  of  tolylene- 
o-diamine. — 12.  Boiling  chloro-acetic  ether  forms 
oxytoluquinoxaline  dihydride  and  a  compound 
C,3H„N„03(?)  [147°],  whence  HNO3  forms  a  com- 
pound [248°]  (Hinsberg,  A.  237, 365).— 13.  Isatin 
yields  Ci^H.iNj  [290°],  si.  sol.  alcohol  (Hinsberg, 

A.  237,  344).— 14.  Equal  mols.  of  tolylene-o-di- 
amine  and  acetoacetic  ether  vfhen  gently  warmed 
together  eliminate  H.,0,  and  form  a  condensa- 
tion product  C,3H,sN„6,,  [82°] ;  if  this  is  heated  at 
100°-120°  acetic  ether  is  evolved,  and  a  tolylene- 

ethenyl-o-diamine  CaH3Me<^  ^C.CHj  is  pro- 
duced (Ladenburg  a.  Kiigheimer,  -B.  12,  9.53 ; 
Witt,  B.  19,  2977,  3299).— 15.  Chloro-aceto- 
acetic  ether  forms  C,H,(NH),CMe.CHCl.C02Et 
[110°],  crystallising  in  needles  (Autenrieth  a. 
Hinsberg,  B.  25,  606). — 16.  Oxydchydmcetic  acid 
forms  CeH„0,(C,H3Me(NH„)2)  [147°]  (Feist,  B. 
25,  325). — 17.  o-Aldehydo-benzoic  acid  in  hot 

water  forms  C,H3Me<;j^^C.CsHj.C02H  [258°] 

(Bistrzycki,  B.  23,  1043). — 18.  Di-oxy-quinone 
forms  di-oxy-methyl-phenazine  C,3H,dN.,0„  [c. 
265°],  which  yields  a  di-acetyl  derivative  [160°]. 
19.  Opianic  acid  gives,  in  alcoholic  solution  at 
0°,  the  acid  C,,H3Me:(N,,H):C.C„H,,(0Me),,.C0,H, 
crystallising  in  needles,  decomposing  at  234° 
(Bistrzycki,  B.  24,  627). — 20.  Di-bromo-pyruvic 

acid  (1  mol.) forms, on  boiling, C7H5<^^;^Qg^'^^ 

[235°]. 

Salts.— B"2HC1.  Needles  (Hiibner,  A.  209, 
364).— B"H,SO,liaq.  Scales.  S.  9-29  at  19-5°. 
— B"2H2CAaq  (Hinsberg,  B.  16, 1532). 

Compound  with  pyrocatechin 
B"C,H,0.,.  [78°].    Needles  (from  ligroin)  (Merz, 

B.  19,  726). 

Compound  with  cyanogen  B"Cy.>aq. 
[e.  244°].  Formed  by  passing  cyanogen  into  an 
alcoholic  solution  of  the  base  (Bladin,  B.  18, 
666).  Crystals,  m.  sol.  alcohol  and  ether.  Con- 
verted by  heating  with  water  into  NH3  and  two 
isomeric  compounds  CpHgNjO,  one  melting  at 
290°,  the  other  beginning  to  decompose  at  230°- 
240°.  B"Cy,  yields  the  salts  B"Cy.,HCl  lUq, 
B"Cy.,2HCl,  B"Cy,H,PtCl6  2aq,  minute  needles, 
(B"Cy.,).H2PtCl,2aq,  andB-'CyoH^SOj  aq :  minute 
tables. 

p-Acetyl  derivative 

C.  H3Me(NH,)(NHAc)  [1:3:4].  [131°].  Formed 
by  reducing  C,H3Me(N0„)(NHAc)  with  iron  and 
dilute  HOAc  (Boessneck,  B.  19,  1757).  Plates 
(from  water).  Converted  by  nitrous  acid  into 
aoetyl-azimido-toluene.  On  distillation  it  yields 

tolylene-acetamidine  CsHaMe-C^^^CMe  [203°] 

(Niementowski,  B.  25,  861). 

Di-acetyl  derivative  C5H3Me(NAcH)2. 
[210°].  Formed  by  boiling  the  base  with  Ac„6 
(Bistrzycki,  B.  23,  1878).  Thin  prisms  (from 
water).  Yields  HOAc  and  tolylene-acetamidine 
on  distillation. 

Di-propionyl  derivative 
CsH3Me(NH.C0.Et),.    [133°].    Formed  in  like 


manner  (B.).  Yields  tolylene-propenyl-amiue 
[166°]  on  distillation. 

Benzoyl  derivativ e 
C,H3Me(NH.,)(NHBz)  [1:3:4].  [194°].  Formed 
by  reduction  of  C,H3Me(N0„)(NHBz)  with  tin 
and  HClAq  (Hiibner,  A.  208,  314).  Crystals,, 
split  up  by  distillation  into  water  and  tolylene- 
benzamidine  [240°]. 

Di-bemoyl  derivative  C5H3Me(NHBz)2. 
[264°].  Got  by  shaking  tolylene-o-diamine  with 
BzCl  and  NaOHAq  (Hinsberg,  A.  254,  255),  by 
the  action  of  Bz.,0  on  the  diamine  (Bistrzycki, 
B.  23,  1879  ;  24,*' 631),  and  by  the  action  of  BzCl 
on  the  benzoyl  derivative  (Hiibner,  A.  208,  314). 
Needles  (from  HOAc). 

o-Chloro-benzoyl  derivative 
C„H3Me(NH,).NH.C0.C„H^Cl.    [153°]  (Schreib, 

B.  13,  4(57).    Converted  by  benzoyl  chloride  into 

C,  H3Me(NHBz).NH.CO.C6H,Cl  [178°]. 

Di-cinnamyl  derivative 
C,H3Me(NH.C0.C,H,),.    [206°].    Formed  from 
tolylene-o-diamine  and  cinnamic  anhydride  (B.). 
Groups  of  small  needles  (from  dilute  alcohol). 

Oxalyl  derivative  C,0,(NH.C,H,.NH,)„. 
[above  300°].  Obtained  by  the  reduction  of 
C,0,(NH.C;H,.N02)„  (Hinsberg,  B.  15,  2691). 
Small  needles  (from  alcohol-ligroin).  On  fusion 
it  splits  up  into  Aq  and  CuHi^Ni  [193°]. — • 
Salt  s.— B"H,C1,,  aq.  — B'-HoPtCl,.— 
B"H,S04  5aq.    Colourless  needles. 

Phthalyl  derivatives. 
The  compounds   C,H3MeN„H2(C,H^02)  [104°] 
and  C„H,Me(NC8HjO..).,  [272°]  are  known  (Bieder- 
mann,  B.  10,  1165  ;  Ladenburg,  B.  10,  1125). 

Benzene -sulphonyl  derivative 
C„H3Me(NH,).NH.S0,Ph.  The  hydrochloride. 
B'HCl,  is  formed  by  the  action  of  benzene  sul- 
phonic  chloride  on  tolylene-o-diamine  in  benz- 
ene (Bistrzycki  a.  Cybulski,  B.  24,  633;  c/. 
Lellmann,  A.  221,  18). 

Phenyl-acetyl  derivative 
C6H3Me(NH2).NH.CO.CH.Ph.    [195°].  Formed 
from  tolylene-o-diamine  and  phenylacetyl  chlor- 
ide (B.  a.  C).    Needles,  v.  sol.  hot  alcohol. 

Di-pihenylacetyl  derivative 
C,H3Me(NH.C0.CH,Ph),,.    [176°].    Needles,  in- 
sol.  ether,  v.  sol.  hot.  alcohol. 

References. — Bbomo-,  Chloeo-,  and  Niteo- 

ToLTLENE-DIAMINE. 

TOLYLENE-DIAMINE  SULPHINIC  ACID  v. 

Dl-AMIDO-TOLUENE  SDLPHINIC  ACID. 

TOLYLENE-O-DIAMINE  SULPHONIC  ACID 

C„H3Me(NH,),.S0,H  [1:2:3:5].  Formed  by  re- 
ducing nitro-toluidine  sul23honic  acid  (Nietzki  a. 
Pollini,  B.  23,  139).  Needles.  Forms  azines 
with  o-diketones. 

c-Tolylene-m-diamine  sulphonic  acid 
C,H,oN,,S03  i.e.  C,H,Me(NH,),S03H  [1:2:6:4].  S. 
•07  at  14°.  Formed  from  toluene  p-sulphonic 
acid  by  nitration  and  reduction  (Schwanert,  A. 
186,  360;  Marckwald,  A.  274,  349).  Prisms, 
not  melted  at  280°.— BaA'„4aq.— HA'HCl  2aq.— 
HA'HBr  2aq.— HA'HNOj  aq :  needles,  si.  sol. 
alcohol. —  (HA')2H„S04aq  :  plates. 

Tolylene-m-diamine  sulphonic  acid 
C,H.,Me(NH.,).„S03H  [1:2:4:5].  S.  -1054  at  10°. 
Got 'by  reduction  of  C,H„Me(N02)(NH2).S03H 
[1:2:4:5]  with  SnClj  (Limpricht  a.  Foth,  B.  18, 
2185;  A.  230,  309).  Small  prisms.— KA' aq.— 
BaA'2  5iaq.— HA'HCl  aq.— HA'HBr  aq  :  prisms. 
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Tolylene.7!i-diamine  sulphonic  acid 
C,H,,Me(NH,,),.SO,H  [l:2:4:.r].  Formed  from 
tolylene-))j-diamine  and  fuming  H^SO.,  (Wies- 
inger,  B.  7,  4(34).  Small  prisms. — 'NaA'4aq. — 
KA'  aq.  — MgA'..  5aq.—  CaA'.  6Aaq.—  SrA',_,  7aq.  — 
BaA'.,  6\aq. — MnA'.,  3aq. 

TOLYLENE  -  DIAMINE  THIOSULPHONIC 
ACID  V.  vol.  i.  p.  188. 

TOLYLENE-BENZAMIDINE  v.  Benzexyl- 

TOLYLENE-DIAMINE. 

TOLYLENE-BENZENYL-DIAMINE  v.  Ben- 

ZENYL-TOLYLENE-DIAJIINE. 

p-TOLYLENE-BENZYL-DI-AMINE 

[1:2:5]  C,H:,Me(NH,).NHCH,Ph.  Got  hy  redu- 
cing |;-nitroso-benzyl-o-toluidine  by  alcoholic 
ammonium  sulphide  (Boeddinghaus,  A.  26.3, 
309).— B"2HC1.    Needles,  si.  sol.  alcohol. 

TOLYLENE  BLUE  C„H,,NjHCl.  Formed  by 
mixing  solutions  of  nitroso-dimethyl-aniline 
hydrochloride  and  (l,2,4)-tolylene-7»-diamine 
(Witt,  C.  J.  35,  358  ;  B.  12,  931).  Prisms  (con- 
taining aq)  with  coppery  lustre,  forming  blue 
solutions  in  water  and  alcohol.  Acids  turn  the 
solutions  reddish-brown.  Alkalis  pp.  the  base 
as  a  tarry  mass.  Tin  and  HClAq  reduce  it  to 
the  leuco-  base,  which  forms  a  deliquescent 
hydrochloride  and  crystalline  (CijH.^dNjHSnClj. 
On  boiling  tolylene-blue  with  water  for  some 
time  part  is  reduced  to  leuco-tolylene  blue  and 
part  oxidised  to  tolylene  red  C15H11.N  ,.  Tolylene 
blue  heated  in  aqueous  solution  containing 
HOAc  for  12  hours  at  40°  forms  tolylene  violet 
CnH|,,Nj,  characterised  by  an  insoluble  sulphate. 
Hydrated  tolylene-violet  C,  ,11,  .N.,  aq  is  a  scarlet 
powder  which  dissolves  in  alcohol  and  in  ether, 
forming  solutions  with  orange  fluorescence. 

Tolylene  red 

[ij  C,H3(NMe,)<S>CaHJIe(NH,)  [^:6:l] 

(Bernthsen  a.  Schweitzer,  ^.236,  332  ;  Andresen, 
B.  19,  2217).  Orange-red  needles  (containing 
4aq).  Forms  a  red  fluorescent  solution  in  al- 
cohol. Its  neutral  salts  are  red,  its  acid  salts 
are  blue.  By  elimination  of  NH.,  by  the  diazo- 
reaction  it  is  converted  into  di-methyl-amido- 
methyl-phenazine. 

Isomeride  of  tolylene  red 

[l^]c„H3(NMe,)<j;>CAMe(NH,)[^o:l]. 

Formed  from  chloro-di-nitro-toluene  and  di- 
methyl-^-phenylene-diamine  and  reduction  of 
the  product  (Witt,  B.  25,  3008).  Coppery 
needles,  sol.  warm  water. 

TOLYLENE-BUTENYL-DIAMINE    v.  Bu- 

TENTL-TOLYLENE-DIAMIXE. 

TOLYLENE-DICAKBAMIC    ETHER    v.  i- 

T0LYI,ENE-HJ-I)IA5IIXE. 

TOLYLENE  DICYANATE  C„H,N..O,,  i.e. 
[1:2:4]  C,jK,Me(N:CO),.  [94°].  Formed' from 
tolylene  ?(t-diamine  and  COCLj  (Snape,  C.  J.  49, 
258).  Needles,  sol.  ether.  When  heated  with 
phenol  at  130°  it  yields  C„H3Me(NH.C0,Ph)., 
[147'5°]  crystallising  in  needles. 

TOLYLENE-ETHENYL-DIAMINE  C„H,„N,, 

i.e.  C,H3Me<;;^^jj^CMe.  [203°]  (Niementowski, 

B.  25,  861).  (350°)  (Nolting  a.  Witt,  B.  17,  81). 
Formed  by  boiling  (l,3,4)-tolylene-o-diamine 
with  HOAc  (Ladenburg,  B.  8,  077)  by  reducing 
the  acetyl  derivative  of  nitro-^J-toluidine  (Ho- 
brecker,  B.  5,  920),  and  by  adding  aldehyde  to  a 


solution  of  tolylene-o-diamine  in  very  dilute 
HOAc  (Hinsberg,  B.  20,  1589).  Tables  (from 
water).  P'orms  with  acetone  and  SO.,  the  com- 
pound (C„H,„N.,C3lI,0)S0,  (Boessneck,  B.  21, 
1909).-B'„H,PtCi„.— B'HNO,. 

TOLYLENE-ETHENYL-ETHYL-DIAMINE 

C„H„N3  i.e.   gS",Ci:g:Si;>CMe.  [166°]. 

Formed  from  [1:3:4]  G,H,Me(NH„).NHEt  and 
Ac.O  (0.  Fischer,  B.  26,  200). 

Tolylene-ethenyl-ethyl-diamine 
CMe:CH.(  '.NEt\     ,       .noo-,     n  ,  ^       11  1 
CH  :CH.C.N    >CMe.    [93°].    Got  by  ethyla- 

tion  of  tolylene-ethenyl-diamine  (Hiibner,  A. 
210,  351).  Formed  also  by  the  action  of  alde- 
hyde (2  mols.)  on  tolyene-o-diamine  (1  mol.) 
(Hinsberg,  B.  20,  1585)  and  by  heating 
C,H3Me(N0,,)NEtAc  with  zinc-dust  and  HOAc 
(Niementowski,  B.  20,  1884).  Needles  (contain- 
ing 3aq).  Combines  with  ethyl  iodide,  forming 
B'Etl  and  B'Etlj  [111°],  which  yield  B'EtOH 
and  B'Et.PtCl,.  Salts.  —  K'HI aq  [143°].— 
B'HNOj  a(i.  [99°].  Melts  at  95°  when  anhy- 
drous.—B'C,H,N,,0-.    Crystals,  si.  sol.  alcohol. 

TOLYLEN  E-ETHYL-DIAMINE 
CMe:CH.C.NH,.  „        ,    ,  , 

CH  :CH.C.NHEf         ]•  ^"^"^^ 
tion  of  nitro-ethyl-p-toluidine  (Gattermann,  B. 
18,  1484;  Fischer,  B.  26,  199).    White  plates, 
quickly  blackened  by  light  and  air.    Kotates  on 
water. 

Reactions. — 1.  Bisulphide  of  carbon  yields 

C,H3Me<^j,j^^C.SH   [189=].— 2.  Ac.O  forms 

tolylene-ethenyl-ethyl-diamine  [166°]. — 3.  Ben- 

^N  V 

zoic    aldehyde    yields    CgH3Me<[_j^-g|.^CPh  ; 

while  0-  and  p-nitro-  and  o-oxy-  benzoic  alde- 
hydes from  corresponding  bodies  [170°],  [176°], 
and  [78°]. 

Salts.-B'HCl.  [176°].— B',H,C,0,.  [151°]. 

Tolylene-ethyl-diamine 
C,H3Me(NHEt). NR.  [1:2:5].  (264°oor.).  Formed 
by  reducing  nitroso-ethyl-o-toluidine  (Koch,  A. 
243,  .307).    Oil,  v.  sol.  ether.— B"2HC1.  [124°]. 
Crystals,  insol.  ether. 

Tolylene-ethyl-diamine 
C,H3Me(NH,,)(NHEt)  [1:2:4].      (282°  uncor.). 
Formed  by  reduction  of  nitro-ethyl-p-toluidine 
(Nolting  a.  Strieker,  B.  19,  549).    Oil.  Gives 
the  reactions  characteristic  of  iw-diamines. 

Tolylene-di-ethyl-diamine 
CHjMelNHEt),  [1:3:4].      (265°   uncor.).  Oil 
(ikinsberg,  A.  265,  191).    Turns  black  in  air. 

Tolylene-di-ethyl-diamine 
C,H3Me(NEt,,)(NH,)  [1:2:5].  (240°  i.V.).  Formed 
by  reducing  nitro-di-ethyl-o-toluidine  (Bernthsen, 
B.  25,  3138).  Oil.  FeCl3  slowly  gives  a  purple 
colour  in  an  aqueous  solution  of  the  sulphate. 
Na.,S.,03  and  K„Cr„0-  added  to  its  solution  in 
HOAc  slowly  ppt."  S03H.S.C,H,Me(NEt.,)(NH„) 
[210°-215°].— B'H.SO,,.  Large  colourless  tables. 

DI-TOLYLENE-ETHYLENE-TETRA-AMINE 
V.  Ethylenk-di-tolylene-tetra-aiiine. 

TOLYLENE-DI-  ETHYL-DI  -THIO  -  DI-  UREA 
[1:3:4]  MeC„H.,(NH.CS.NHEt),.  [149°].  Got 
fi'om  ethyl  mustard  oil  (5-5  g.)  and  tolylene-di- 
amine  (3  g.)  in  alcohol  (15  c.c.)  (Lellmann,  A. 
221,  23).  V.  sol.  alcohol,  more  sol.  HOAc,  si.  sol. 
water.  Decomposes  when  melted  into  tolylene- 
thio-urea,  Me.C,H3(NH).CS,  and  CS(NHEt),. 
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TOLYLENE-DI-ETHYL-DI-THIO-DI-UREA. 


(1.2.4)-Isomeride  [225°].  Formed  from  tolyl- 
ene-di-thio-di-urea  and  EtI  at  105°  (Lussy,  B. 
8,  668).  Crystals. 

TOLYLENE-DI-ETHYL-DI-UREA 

[l:2:4]C„H3Me(NH.CO.NHEt),,.  [175°].  Formed 
by  heating  tolylene-urea  with  EtI  at  110°  (Lussy, 
B.  8,  292).    Crystals,  v.  sol.  alcohol  and  ether. 
TOLYLENE  HYDRATE  v.  Phenyl-benzyl- 

CARBINOL. 

DI-TOLYLENE  KETONE  OXIDE 

[ij]  C,H,Me<gQ>C,H3Me  [Jl].  [166°]. 

Formed  by  heating  oxytoluic  acid  with  Ac.,0 
(Weber,  B.  25,  1745).  White  flakes,  sol.  alcohol 
and  ether. 

TOLYLENE  MERCAPTAN  C,H3Me(SH)2 
[1:2:4].  Dithiocrcsorcin.  [37°].  (263°) 
(Klason,  B.  20,  355). 

Di-tolylene  mercaptan 
HS.C^H.Me.C^H^Me.SH.  [113°].  Formed  from 
the  diazo-  compound  of  di-araido-o-ditolyl  by 
combination  with  potassium  xanthate  at  70°- 
75°  and  saponification  of  the  resulting  oil  with 
alcoholic  potash  (Leuekart,  J.  pr.  [2]  41,  214). 
Yellowish  plates,  v.  sol.  alcohol  and  ether. 

Methyl  ether  [UH"].  Needles. 

TOLYLENE-METHENYL-AMIDINE  C^B.^Yir, 

i.e.  C.HjMe^^jj^CH.    [114°].     Formed  by 

boiling  from  (l,3,4)-tolylene-diamine  with  formic 
acid  (Ladenburg,  B.  io,  1123  ;  O.  Fischer,  B. 
22,  644).— B'.,H.,PtCl,.    Yellow  prisms. 

TOLYLENE- METHENYL-DI AMINE  v. 
Methenyl-tolylene-diamine  and  the  preceding 
body. 

TOLYL-METHENYL  -  METHYL  -  DIAMINE 

C„H,„N,i.c.gg^;CH.g.N^^^^Cjj_  [94°]. 

Formed    by   heating    C,H„(NH.,).NHMe  with 

formic  acid  (0.  Fischer,  B.  26,  195). 

T  .J  CMe:CH.C.NMe\nTT  /othoi 
Isomeride  CH-CHCN  (279°). 

Formed  by  heating  tolylene-methenyl-amidine 
with  Mel  (0.  Fischer,  b'.  22,  644).  Formed  also 
from  (l,3,4)-tolylene-diamine  and  formic  alde- 
hyde (Fischer  a.  Wreszinski,  B.  25,  2711).  Oil. 
— B'HI  aq.— B'HCl.    Prisms  (from  HClAq). 

TOLYLENE-METHYL-DIAMINE 
[1:3:4]  C,H,jMe(NH.,).NHMe.    [44°].  Formed  by 
reducing  nitro-methyl-^-toluidine  (Gattermann, 

B.  18,  1487 ;  0.  Fischer,  B.  26,  194).  Formed 
also  by  heating  methyl-p-amido-toluene-azo- 
benzene  sulphonie  acid  with  SnCL,  and  HClAq 
(Bamberger  a.  Wulz,  B.  24,  2082)."  Four-sided 
tables. 

Reactions.  —  1.  Acetic    anhydride  yields 

C,  H,<^^^g^CMe  [142°].— 2.  CS.reacts.forming 

C,H,<^^j^g>CS    [194°].— 3.  Benzoic  aldehyde 

forms  C,H,<;;^j^g^CPh  [127°],  while  o-nitro- 

and  o-oxy-benzoic  aldehyde  form  corresponding 
bodies  [153°]  and  [180°]. 

SaZis.— B'HCl.  [175°-180°].  Plates  (from 
alcohol) .— B'H„C.,04.  [124°]  .—B '  C^H^NaO,. 

[164°]. 

Tolylene-di-methyl-diamine 

C„H3Me(jSIMe,)(NH2)  [1:5:2].  [28°].  (270°). 
Formed  by  reducing  nitroso-di-methyl-m- 
toluidine  (Wurster  a.  Kiedel,  B.  12,  1801 ;  13, 


126).  Needles  or  prisms,  v.  sol.  water,  alcohol, 
and  ether.    Yields  toluquinone  on  oxidation. 

Acetyl  derivative    [158°]. — 
B',H,PtCl,4aq. 

Tolylene-di-methyl-diamine 
C„H,IMe(NMe,)(NH,)  [1:2:5].  [47°].  (240°  i.V.). 
Formed  by  reducing  nitro-di-methyl-o-toluidine 
(Bernthsen,  B.  25, 3134).  FeClj  gives  an  intense 
bluish-red  colour  in  neutral  solutions.  Na.S^Oj 
and  K.Cr^O;  added  to  the  acetic  acid  solution  ppt. 
C,H,Me(NMe,)(NH,)S.S03H  [c.  240°].  Salt.— 
B'oHoSO,.    Needles,  v.  e.  sol.  water. 

Tolylene-tetra-methyl-diamine 
CBH,,Me(NMe,),  [1:2:5].   (c.  260°).    Formed  by 
heating  the  preceding  body  with  MeOH  and  HCI 
at  180°  (W.  a.  B.).    Liquid.    Coloured  blue  in 
aqueous  solution  byPeClj. 

Methylo-iodide  B'Mel.  [160°].  Needles. 

Tolylene-tetra-methyl-diamine 
C6H3Me(NMe„)„  [1:3:4] .  (226°)  at  717  mm.  Got 
by  methylation  (Niementowski,  B.  20,  1888). 
Liquid,  V.  si.  sol.  water.  FeClj  at  40°  to  50° 
gives  a  reddish-brown  colour.  HNO3  added  to 
its  solution  in  H.SOj  gives  a  red  colouration. — ■ 
B',H,PtCl,.— B'HHgClj.-B'C.H^N^O,.  Yellow 
tables. 

Reference. — Nitbo  -  tolylene  -  tetra-methyl- 
diamine. 

TOLYLENE-METHYL-ETHENYL-AMIDINE 


C,„H,„N,  i.e. 


CMe:CH.C.N     v  ,  „ 

CH  :CH.C.NMe>^*^®-  L^*^  J- 
Formed,  together  with  C,„H,,,N,0  [163°],  which 
crystallises  with  2aq,  by  reducing  the  compound 
C,H3Me(NO,).NMeAo  (Niementowski,  B.  20, 
1878),  and  by  acting  on  tolylene-methyl- 
diamine  with  Ac,,0  (0.  Fischer,  B.  26,  196). 
Needles  (from  hot  water).— B'„H.,PtCl|,  (dried  at 
100°).  [234°-244°].— B'HCl  iaq.—B'MeL  [221°]. 
— B'MeOH.  [115°-135°]. 

TOLYLENE-TETRA-METHYL  DI-PYRROLE 
TETRACARBOXYLIC    ACID     C,,3H,,N,03  i.e. 

[248°].  SI. 

""■J"' 2 
sol.  hot  alcohol  and  ether. 

Ethyl  ether  Et^A'".    Formed  by  heating 
di-acetyl-succinic  ether  with  tolylene-ju-diamine 
and  HOAc  at  150°  (Knorr,  A.  236,  314).  Oil. 
TOLYLENE-METHYL-THIO-UREA 


[l:2:4]CAMe(N<S::gS:S, 


CMe:CH.C.NH 


Formed  from 


CH  :CH.C.NMe/^"'  ^^^^^ 
C,H„(NH,)(NHMe)  and  CS,  (Fischer,  B.  26, 196). 
Needles  (from  alcohol). 

TOLYLENE-DI-OXAMIC  ACID  CH.nN^Oe  i.e. 
C„H3Me(NH.CO.CO.,H)2  [1:2:4].  Formed,  together 
with  the  amide,  by  the  action  of  alcoholic  NH3  on 
the  ether.  Crystalline.  Very  sweet.  Decomposed 
by  warm  KOHAq  into  oxalic  acid  and  tolylene- 
diamine. — Ag.A". — PbA". — BaA"  2aq. 

Z)i-aj«  id  eC,H,Me(NH.CO.CONH,),,  [1:2:4]. 
Formed  from  the  ether  and  alcoholic  ammonia 
(Schiff,  A.  268,  843).  White  powder,  m.  sol. 
alcohol. 

Ethyl  ether  [1:2:4'] 
C,H3Me(NH.C0.C0.,Et).,.  [130°].  Formed  by  boil- 
ing CcH3Me(NH.,).NH.C0.C0.,Et  with  alcohol  and 
oxaHe  ether   (Schiff  a.  Vanni,  A.  268,  340). 
Small  needles  (from  ether). 

Aviide  -  ether 
CAMe<g|;CO;CO.Et^^  |-,^2-j  ^^iqoj.  Formed 

from  C„H3Me(NH,,).NH.CO.CO.NH2  by  boiling 
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with  alcohol  and  oxalic  ether  (Schiff,  A.  2G8, 
341). 

Amide  ether 

.riTTUT    /NH.C0.C0NH„rT2-|  r     ooaot        n  i 

hy  fusing  C,H,Me{NH,).NH.CO.CO.,Et  with  ox- 
amic  ether. 

TOLYLENE-OXAMIDE  C,H,Me<^^g>CA- 

[c.  260°].  Formed  from  (1,2, 4)-tolylene-diamine 
and  chloro-glyoxylic  ether,  and  also  by  heating 
tolylene-diamine  oxalate  to  100^  (Schiff  a.  Vanni, 
A.  208,  312). 

TOLYLENE-PENTENYL-DIAMINE 

[l^]  CsH3Me<^^jj^C.C,H„.    [146°].  Formed 

by  reducing  the  valeryl  derivative  of  nitro-p-tolu- 
idine  (Friederici,  B.  11,  1974;  Hiibner,  A.  209, 
365).    Prisms  (from  ligroin),  v.  e.  sol.  alcohol. 

TOLYLENE  -  DI  -  PHENYL  -  DI  -  AMIDO- 
METHYLENE-DIAMINE  C,„H,„N,  i.e. 

C6H3Me<^^g>C(NHPh),.  [161°].  Formed  from 

C(NPh),  and  (l,3,4)-tolylene-diamine  at  130°- 
149°  (Dahm  a.  Gasiorowski,  £.  19, 3057).  Needles 
<from  benzene),  V.  sol.  alcohol.— B',,3HC1.  [174°]. 
— B'H.,SOj.    Plates,  v.  sol.  water  and  alcohol. 
TOLYLENE-PROPENYL-DIAMINE 

CBH,Me<;^^^CEt.  [166°].  Formed  by  dis- 
tilling the  dipropionyl  derivative  of  tolyleue-o- 
diamine  (Bistrzycki,  B.  23,  1879).  Needles,  m. 
sol.  water,  almost  insol.  ligroin. 

TOLYLENE  RED  v.  Tolylene  blue. 

DI-TOLYLENE  BISULPHIDE 

CH  :CH.C.S.C.CH:CMe'  ^^^^  J"  ^™'^ 
action  of  heat  at  200°-250°  on  tolylene  diazo- 

sulphide  C,H,Me<^g^N  [43°],  obtained  from 

ethenyl  -  amido  -  tolyl  mercaptan  and  HNO„ 
(.Jacobsen  a.  Ney,  B.  22,  911).  Cone.  H,SOj 
gives  an  intense  blue  colour. 

TOLYLENE  -  DI  -  THIO  -  DI  -  CARBAMIC 
ETHER  [1:3:4]  C,H3Me(N:C(SH).0Et),  [120°]. 
Formed  by  boiling  tolylene- di-thiocarbimide  with 
alcohol  (Billeter  a.  Steiner,  B.  20,  230).  Plates 
(from  benzene).  Yields  a  yellowish- white  silver 
salt. 

TOLYLENE  -  DI  -  THIOCARBIMIDE  [1:2:4] 

C,H;,Me(N.CS),.  [56°].  (c.  300°).  Formed  from 
tolylene-j»-diamine  and  CSC1,_„  and  also  by 
heating  tolylene  -  di  -  thio  -  di  -  urea  with  cone. 
HClAq  (Billeter  a.  Steiner,  B.  18,  3292  ;  20,  230). 
Needles.  Converted  by  NH.,Aq  into  tolylene-di- 
thio-di-urea  [206°],  by  aniline  into  di-phenyl- 
tolylene-di-thio-di-urea  [168°].  Copper  at  250° 
produces  C.H.MeCy,  [141°]. 

Tolylene-di-thiocarbimide  [1:3:4] 
C,.H.,Me(N.CS).,.  [42°].  Formed  from  an  aqueous 
solution  of  tolylene-o-diamine  hydrochloride  and 
CSCl,  in  CHCL,  (B.  a.  S.).    Plates.  Converted 
by  HCl  at  200°  into  o-tolylene-thio-urea. 

TOLYLENE-DI-THIO-DIGLYCOLLIC  ACID 
C,H3Me(S.CH,.C02H),,.  [152°].  Formed  from 
thio-orcin  C,jH,Me(SH)2  [35°],  chloro-acetic 
acid,  and  NaOHAq  (Gabriel,  B.  12,  1640). 
Needles,  m.  sol.  hot  Aq. 

TOLYLENE  THIO-UREA  C,H,Me<^g>CS. 

Formed    from    C6H3Me(NH2HCl)i  [1:2:3]  and 


excess  of  NH^SCN  by  boiling  with  water, 
evaporating,  and  heating  to  120°  (Lellmann,  A. 
228,  245).  Small  red  crystals  (from  alcohol). 
Does  not  melt  below  326°  ;  may  be  sublimed. 
Insol.  water,  si.  sol.  alcohol,  dissolved  by  warm 
NaOH;  re-ppd.  by  HCl.  When  boiled  with  lead 
acetate  and  excess  of  NaOH,  no  PbS  is  formed. 

Tolylene  -  thio  -  urea  C,H.,Me<^^g>CS. 

[284°].  Formed  by  heating  (l,3,4)-tolylene-o- 
diamine  sulphocyanide  at  130°  (Lellmann,  A. 
221,  10].  Formed  also  by  the  action  of  alcoholic 
NH,|  on  o-tolylene  di-thiocarbimide  (Billeter  a. 
Steiner,  B.  20,  231).  Silvery  plates,  sol.  alco- 
hol, HOAc,  and  cold  NaOHAq,  si.  sol.  water  and 
CHCL,. 

5«-Tolylene  -  thio  -  urea  C,H,Me<^j[J^>CS. 

[149°].  Formed  from  (l,2,4)-tolylene-diamine 
and  alcoholic  CS,_.  (Lussy,  B.  8,  293).  Crystal- 
line powder,  v.  e.  sol.  alcohol. 

i;i-Tolylene-di-thio-di-urea 
[1:2:4]  C,H,Me(NH.CS.NH,),.  [218°]  (L.)  ; 
[206°]  (B.  a.  S.).  Formed  by  heating  tolylene- 
lii-diamine  sulphocyanide  (Lussy,  B.  7,  1265 ; 
Gebhardt,  B.  17,  .TO46  ;  Billeter  a.  Steiner,  B. 
18,  3293  ;  20,  228).  Crystalline  powder,  insol. 
water  and  ether,  nearly  insol.  alcohol,  m.  sol.  hot 
HOAc. 

TOLYLENE-TOLENYL-AMIDINE  C„H,,N2 
i.e.  C,H3Me<;^j^^C.C,H^Me.  Formed  by  re- 
ducing [1:4]  C,H^Me.CO.NH.C„H.,(NO.,)Me  [4:3:1] 
(Hiibner,  .4.  210,  331).  Needles,  si.  sol.  water. — 
B'HCL— B'HNO;,.— B',H,SOj.  Crystals,  si.  soL 
water. 

TOLYLENE  -  DI  -  p- TOLYL  -  DI  -  AMIDO - 
METHYLENE-DIAMINE  C,,,H,,^N,  i.e. 

C„H3Me<^g>C(NH.C,H,Me)..  [196°]. 

Formed  by  heating  C(NC,H,Me),  with  (1,3,4)- 
tolylene-diamine  (Dahm  a.  Gasiorowski,  B.  19, 
3059).  Needles  (from  alcohol).— B',,3HCL 
[143°].    Deliquescent  needles,  v.  sol.  water. 

TOLYLENE-TOLYL-DIAMINE  C,^H„N.,  i.e. 
[1:3:4]  C,H,Me(NH,)NHC,HjMe  [1:4].  Amido-di- 
p-tolyl-amine.  [109°].  Formed  by  reducing 
nitro-di-p-tolylamine  (0.  Fischer,  B.  23,  3798 ; 
26, 187).  Prisms  (from  ligroin),  turning  brownish- 
red  in  air.  H.,SOj  forms  a  blue  solution  changing 
to  green.  Fed,  forms  C,,,H,,N.,0  [188°]  crystal- 
lising in  red  plates,  yielding  B'.,H._,PtCl|;.  Boiling 
with   acetic  anhydride   and   sodium  acetate 

produces     C-H,<^-'^(^^')^CMe  [95°],  which 

forms  B'.,H,PtClu.     Benzoic   aldehyde  forms 

C;H,<;-^*^"^^^>CHPh    [156°],    which  yields 

(C.,,H,„N,),H.,PtCl,  and  C,,H,„N,,HAuClj. 

Salts. — B'H.G.Oj.  Nearly  insol.  cold  Aq.— 
B'Ci-HjNiO;.    Brownish-red  crystals. 

Acetyl  derivative  [126°].  Prisms. 

Tolylene-2)-tolyl-diamine 
[1:4:3]  C„H3Me(NH,,).NHC,;H.,Me  [1:4].  [107°]. 
Formed  from  toluene-azo-toluene  or  s-di-j;-tolyl- 
hydrazine  (hydrazo-tolueue)  in  alcoholic  solu- 
tion by  the  action  of  SnCL,  and  HCl  (Tauber, 
B.  25,  1022 ;  cf.  Melms,  'B.  3,  554 ;  Gold- 
schmidt,  B.  11,  1626).  Plates,  v.  e.  sol.  alcohol. 
NaNOo  colours  its  solution  in  H.^SO,  deep 
blue  ('?).     Benzoic  aldehyde  reacts,  forming 
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C,H6<^^^'-^'^^CPh  [165°]  (c/.  Lellmann,  B. 

15,  832).  Benzil  in  alcohol  and  HCl  forms 
C,sH,,N.,0  [173°].  Ethyl  nitrite  and  H„SOj 
added  to  its  alcoholic  solution  form  the  azimide 

C,He</^('-''-^''^N  [98°].  On  oxidation  together 

with  p-toluidine  it  forms  the  ditoluide  of  amido- 
toluquinone  (Green,  C.  J.  63,  1408). 

Tolylene-di-|j-tolyl-diamine 
[1:2:5]  C,H,Me(NHC;H,),,.    [113°].    Formed  by 
heating  hydrotoluquinone  (40  g.)  with^j-toluidine 
(160  g.)  and  ZnCU  (80  g.)  to  200°-280°  for  5  hours 
(Green,  C.  J.  63,1408).  Plates,  sol.  HOAc,  insol. 

T0LYLENE-2J-T0LYL-GUANIDINE 

C,H3Me<^^g>C:NG,H,.   [198°].  Formed  from 

tolylene-o-diamine  and  C(NC;H,),  (Keller,  B.  24, 
2518).  Prisms  (from  alcohol),  or  tables  (from 
benzene).    Phenyl  cyanate  forms  the  compound 

C,H,<^^>C:NC,H,^^>NPh  [233°j,  crystal- 
lising from  hot  alcohol  in  needles. — B'HCl. — 
B'^H^PtCls.— B',H,SO.,  5aq.  Needles,  si.  sol.  cold 
water. 

Acetyl  derivative  C A<;;^g°)> C:NC,H,. 

[149°].    Needles,  v.  sol.  alcohol. 

Di-bensoyl  derivative  [201°].  Needles. 

Nitrosaviine  C-H,:N„H(NO):C:NC,H,.  [c. 
140°].    Decomposed  on  fusion. 

TOLYLENE-jj-TOLYL-THIO-TJREA 

Se:ci:6:Ni?''''^>CS-  [270°].  Formed  from 
tolylene-tolyl-diamine  and  CS.,  in  alcohol 
(Fischer  a.  Sieder,  B.  23,  3799).  'Prisms,  insol. 
water,  si.  sol.  ligroin.  Cone.  H2SO4  forms  a 
green  solution. 

TOLYLENE-UREA  C,HsN„0  i.e. 

[l:2c,H3Me<55g>GO.    [292°].    Formed  by 

heating  tolylene-o-diamine  with  urea  and  got 
also  by  the  action  of   HClAq  at   140°  on 

C,H3Me<^^j^^G.0Et  [163°],  which  is  formed  by 

the  action  of  HN:C(OEt)o  on  tolylene-o-diamine 
hydrochloride  ( San dmeyer,iJ.  19,2651).  Formed 
also  by  heating  G,H„(NH.,).NH.G0.NPh2  (Lell- 
mann a.  Bonhoft'er,  B.  20,  2124)  or  the  compound 
C,H,(NH„).NH.CO.NHPh  (Leuckart,  pr.  [2] 
41,  324,  who  states  that  it  melts  above  300°), 
and  by  heating  tolylene-o-diamine  in  benzene 
with  COCU  in  toluene  in  sealed  tubes  at  100° 
(Hartmann,  B.  23,  1048).  Needles,  si.  sol.  hot 
water. — B'HCl :  prisms. 

TOLYLENE  -  DI  -  UREA  C<,H,.,NjO,  i.e. 
[1:3:4]  C6H3Me(NH.CO.NH,).,.  [282°].  Got  from 
tolylene-diamine  hydrochloride  and  potassium 
cyanate  in  aqueous  solution  (Lellmann,  A.  221, 
14).  Needles,  si.  sol.  water  and  chloroform, 
sol.  alcohol  and  hot  cone.  HCl ;  v.  sol.  HOAc. 

Tolylene-di-urea  C„H|„N,0.,  i.e. 
[1:2:4]  C„H.,Me(NH.CO.NH,),,.'  [220°].  Formed 
from  tolylene-7)i-diamine  sulphate  and  KCyO 
(Strauss,  A.  148, 157).  Formed  also  from  tolyl- 
ene  cyanate  and  ammonia  (Lussy,  B.  8,  291). 
Scales,  si.  sol.  alcohol  and  hot  water. — B"2HC1. 

TOLYLENE -VIOLET  v.  Tolilene  blue. 

s-DI-TOLYL-ETHANE 
C6H4Me.CH.>.CH„.C,H,Me.  (296°).  Formed  from 


C„H,Me.CH„Cl  and  sodium  (Vollrath,  Z.  1866, 
489).  Oil. 

«-Di-|)-tolyl-ethane  CH,.CH(C,HjMe)2. 
(295°).  S.G.  2-P  -974.  Formed  by  shaking  paral- 
dehyde with  toluene  and  H.SOj  at  0°  (0.  Fischer, 
B.  7,  1191).  Formed  also  by  heating  di-a-tolyl- 
propionic  acid  with  lime  (Haiss,  B.  15,  1476) 
and  by  the  action  of  ethylidene  chloride  and 
AICI3  on  toluene  (Anschiitz,  B.  18,  664;  A. 
235,  315).  Oil.  Yields  toluyl-benzoic  acid  and 
di-tolyl  ketone  on  oxidation. 

s-wjjj-Li-tolyl-ethane  C,Hj(C,H,),.  (297°- 
300°).  Formed  from  ethylene  bromide,  toluene, 
and  A1C1.J  (Friedel  a.  Balsohn,  Bl.  [2]  35,  52  ; 
A.  Ch.  [6]  1,  487).  Yields  isophthalic  and 
terephthalic  acids  on  oxidation. 

References. — Amido-,  Chloro-,  Tei-chloeo-, 

DI-NITRO-,  and  OXY-TOLTL-,  ETHANES. 

TOLYL  ETHER  v.  Di-tolyl  oxide. 
o-TOLYL-ETHYL  ALCOHOL.  Hexa- 

hydride  CH,<^g--^™^®>CH.CHMe.OH. 

(195°-200°).    Formed,  together  with  the  tetra- 

hydride  CH2<^^--^^®^C.CHMe.0H  (142°  at 

60  mm.)  by  reducing  C^HjMe.CO.CH^  in  moist 
ethereal  solution  by  sodium  (Kipping  a.  Perkin, 
jun.,  C.  J.  57,  22).  Oil.  Yields  an  acetyl  deri- 
vative (204°-208°). 

p  -  TOLYL  -  ETHYL  -  m  -  AMIDO  -  PHENOL. 
Ethyl  derivative  C-H-.NEt.CeH^.OEt. 
Formed  from  C-H-.NH.C^H^.OH,  potash,  and  EtI 
(Hatschek  a.  Zega,  J.  pr.  [2]  33,  217).  Oil. 

jp-Tolyl-ethyl-p-amido-phenol.  Ethyl  deri- 
vative C„H„,NO  i.e.  C,H,.NEt.C,H4.0Et.  (c. 
340°).  From  C.H^.NH.CsH^.OH,  potash,  and 
EtI  (H.  a.  Z.).  Oil. 

TOLYL-ETHYL*AMINE  v.  Ethtl-toluidine. 

Di-tolyl-ethyl-amine  (C„HjMe),NEt.  (255°- 
260°  at  20  mm.).  Formed  by  heating  di-p-tolyl- 
amine  with  EtOH  and  HCl  at  250°-280°  (Girard, 
Bl.  [2]  24,  120).  Oil. 

o-TOLYL  ETHYL  CARBONATE  C,<,H,.03  i.e. 
[1:2]  CjH^Me.O.CO.OEt.  (236°).  Formed  from 
sodium  o-cresol  and  ClCO.,Et  (Bender,  B.  13, 700). 
Oil. 

«i-Tolyl  ethyl  carbonate.  (246°).  Formed 
in  like  manner  from  ?ii-cresol.  Oil. 

p-Tolyl  ethyl  carbonate.  (245°).  Oil.  By 
long  heating  at  300°  it  yields  di-j)-tolyl  carbonate 
and  di-ethyl  carbonate  (Bender,  B.  19,  2268). 

m-p  ■  TOLYL  -  ETHYLENE  C„;H,s  i.e. 
C„H.,Me.CH:CH.C„H,Me.  Di-methyl-stilhene. 
[179°].  (above  300^).  Formed  by'  distilling 
(C„H4Me)„CH.CCl3  with  zinc-dust  (Goldschmiedt 
a.  Hepp,  B.  6,  1504 ;  Elbs  a.  F6rster,  /.  pr.  [2] 
39,  300),  and  iDy  heating  di-j;-tolyl  fumarate,  CO^ 
being  evolved  (Anschiitz,  B.  18,  1948).  Plates, 
V.  sol.  CHCI3.    Yields  a  dibromide  [204°]. 

tj-Di-tolyl-ethylene  CH2:C(C6H^Me)o.  (305°). 
Formed  by  the  action  of  alcoholic  potash  on 
CH,C1.CH(C,H,).,  (Hepp,  B.  7,  1413).  Oil. 
Yields  di-tolyl-ketone  [94°]  on  oxidation. 

Tetra-tolyl-ethylene  CjoH,,,  i.e. 
(C;H,),C:C(C,H;),,.    [215°].    A  product  of  the 
action"  of  chloroform  and  AlCl,  on  toluene 
(Schwarz,  B.  14,  1529).    Plates,  with  greenish- 
yellow  fluorescence,  sol.  benzene. 

References. — Bkomo-  and  Di-chloeo-  tolyl- 

ETHYLENE. 


TOLYL-ETHYL-THIOSEMICARBAZIDE. 
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o-TOLYL-ETHYLENE-DIAMINE 

C,H;NH.C,H,.NH,.  (c.  2{;T'-').  Formed  from 
o-tolylamido-ethyl-phthalimide  and  HCl  (New- 
man, B.  24,  '21'.)4).  Sol.  water  and  alcohol. — 
B"2HC1.  [1G8°-173°].— B"2C„H,N,0,-  [148°]. 
Green  needles. 

Di-benzoyl  derivative  [164-5°].  Needles. 

p-Tolyl-ethylene-diamine.  Formed  in  like 
manner  (N.).  Liquid. -B"2HC1.  [218°].— 
B"HjPtCl5.    Yellowish  plates. 

Di-acetyl  derivative  [107°].  Needles. 

Di-benzoyl  derivative  [161°].  Cubes. 

Di-o-tolyl-ethylene-diamine  C,|.H„„N.,  i.e. 
C,H,NH.CH,,.CH,.NHC,H;.  [71°].  S. -3  at  100°. 
S.  (cold  alcohol)  9.  S.  (ether)  14.  Formed  by 
the  action  of  o-toluidine  on  etliylene  bromide  in 
presence  of  Na^CO,  (Bischoff,  B.  23,  1982,  2031 ; 
25,  3257;  cf.  Mauthner  a.  Suida,  M.  7,  230; 
Colson,  Bl.  [2]  48,  799).  Plates  (from  ligroin), 
V.  sol.  alcohol.  Yields  indole  on  heating  with 
zinc-dust.  CH.,C1.C0„H  and  NaOAc  from  di- 
tolyl-pyrazine  hexahydride  [154°].-B"2HC1.— 
B"H..PtCl,.— B"H„SO,  (dried  at  100°).— B"2HBr. 
[222°].    S.  3  at  100°. 

Acetyl  derivative  C„Hj(NAc.C,H,)„. 
[153°]. 

Bromo-acetyl  derivative 
C.,H,(NC;H;.CO.CH,Br),.    [205°].    SI.  sol.  cold 
HOAc  and  ligroin. 

Bromo-propionyl  derivative 
C,oH,,;N,Br,,0„.  [181°]. 

Brovio-n-b-atyryl  derivative 
(C,jH.,„N,,Br,0,)C„H„  (from  benzene).  [190°]. 

Brovio-isobutyryl  derivatives 
C-H,NH.C..H,.NC.H..CO.CBrMe.     [137°]  and 
C.,^H,„N,Br,0,  [173°]. 

Di-jj-tolyl-ethylene-diamine  [97'5°].  Formed 
by  heating  ^j-toluidiiie  with  ethylene  bromide  at 
150°  (Gretillat,  U.  S.  [3]  3,  383  ;  Bischoff,  B. 
25,  3260).  Crystals,  V.  e.  sol.  alcohol. — Hydro- 
bromide  [255°]. 

Acetyl  derivative  C..H,(NAc.C,H.).,. 
[139°]. 

Bromo-acctyl  derivative  C..„H„„N  Br,0.,. 
[196°]. 

Bromo-propionyl  derivative.  [182°]. 

Bromo-n -bitty ryl  derivative 
C.^H,„N,Br,0,.  [125°]. 

Bromo-isobutyryl  derivative 
C24H,„N,Br,02.  [175°]. 

Di-o-tolyl-di-ethylene-diamine  C|,H„.,N„. 
[171°].  Formed,  together  with  di-o-tolyf- 
ethylene-diamine,  by  heating  o-toluidine  with 
C,,H,,Br,  (M.  a.  S.).  Needles,  si.  sol.  alcohol. 
Forms  indole  when  distilled  with  zinc-dust. 

Di-^j-tolyl-di-ethylene-dianiiEe  [190°]. 
(360°).  Formed  by  heating  CH^Cl.OH  with 
p-toluidiue  at  220°  (Wurtz,  A.'Sappl.  7,  94; 
Demole,  A.  173,  138).  Prisms,  v.  si.  sol.  alco- 
hol.—B"H,PtCl,. 

Tri-p-tolyl-tri-ethylene-triamine 
N,(C:H.),,(C,H,).,.    [186°].    Formed  by  heating 
2j-toluidiue  with  CoH^Br,  (G.).    Needles,  v.  si. 
sol.  alcohol.    Is  perhaps  identical  with  the  pre- 
ceding body.    Its  hydrochloride  melts  at  189°. 

Reference. — Nitro  -  di  -  tolyl  -  ethylene  -  di- 
amine. 

^j-TOLYL   ETHYLENE   ETHYL  DIOXIDE 

C,H,Me.O.CH,„CH,.OEt.  (244°).  Formed  from 
C,H,.O.C.^HjBr  and  alcoholic  potash  (Schreiber, 
B.  24,  195). 


DI-2> TOLYL  ETHYLENE  DIKETONS 

C„H„0,  i.e.  CJI,(CO.C„H,Me),.  Di-tohnjl- 
etliane.  [159°].  Formed  by  the  action  of  suc- 
cinyl  chloride  and  AlCl,  on  toluene  (Hollemann, 

B.  T.  C.  6,  70  ;  Claus,'  B.  20,  1377).  Needles^ 
V.  si.  sol.  cold  alcohol,  insol.  alkalis.  AcCl  con- 
verts it  into  di-j;-tolyl-furfurane  0,^11, ,(0  [164°].- 
Ammonium  acetate  and  HOAc  on  boiling  form 
di-^;-tolyl-pyrrole  [197°].  P.,S^  forms  di-^)-tolyl- 
thiophene  [171°]. 

DI-|;-TOLYL  -  ETHYLENE  -  DI  -  METHYL-DI- 
AMINE  C,„H,,N,  i.e.  C,H.,(NMe.C,.H^Me),,.  [80°]. 
Formed  by  boiling  its  di-methylo-di-bromide 
with  NHjAq  (Hiibner,  A.  224,  337).  Tables  or 
prisms  (from  alcohol),  v.  si.  sol.  water. — 
B"H,HgCl,.  [190°].— B"H,PtCl6.  Orange- 
yellow  powder. 

Methylo-iodide  B"MeI.  Needles.  De- 
composed at  100°.    M.  sol.  hot  water. 

Methylo -bromide  B"2MeBr.  Formed  by 
heating  di-methyl-^j-toluidine  with  C„H|Br„  at 
105°  for  some  days.  Yields  B"Me.>Hg.,Cl,  [15"9°- 
162°],  B"Me,SnCl„  B"Me„PtCl„,  and 
B"2C„H,,MeN30„  [197°],  which  crystallises  from 
alcohol. 

TOLYL  ETHYLENE  OXIDE  v.  Ethylene 

ETHER  OF  CRESOL. 

DI-j(j-TOLYL     ETHYLENE  DISULPHONE 

(C;H-.SO,,),,C,H,.  [201°].  Made  by  boiling  sodium 
toluene  p-sulphinate  with  C.,H,Br„  and  alcohol 
(Otto,  J.pr.  [2]  30,  354  ;  40,  634).'  Got  also  by 
boiling  the  same  salt  with  CHj.CCL.COoNa. 
Needles  or  plates.  Dilute  KOHAq  converts  it 
into  toluene  sulpliinic  acid  andC-H..SO...C..H,.OH 
[55°],    which    yields    C-H-.s6.,.C.,H,Ca '  [79°], 

C.  H..SO-,.C„H,I  [100°],C-n..SO„.C.,HpBz  [176°] 
and  (C,H-.SO.,.C.,H,)..S  il50°-lG0°].  Ammonia 
forms  (C.H-.Sd..C.,H,).,NH,  which  yields  a  hydro- 
chloride [201°]. 

DI-^i-TOLYL-ETHYLENE-UEEA 

Ch'n(CH  j/"^^-  ^228^.  Formed  from  di- 
2)-tolyl-ethylene-diamine  and  COCl..  (Michler  a. 
Keller,  B.  14,  2184).  Needles. 

p-TOLYL-DI-ETHYL-PHOSPHINE 
C.H,.PEt.,.     (240°).     Formed   from  C,H,PCL 
and  ZnEt,  (Czimatis,  B.  15,  2016).  Liquid.— 
B'Mel.    [i37°].— B'.,Me..PtCl,..    YeUow  plates. 

^>TOLYL  ETHYL  SULPHONE 
C;H,.S0.,.C,,H3.  [56°].  Formed  by  oxidation  of 
C-H..SEt  and  by  the  action  of  EtBr  on  sodium 
toluene  p-sulphinate  (Otto,  B.  13,  1276;  18. 
161).  Formed  also  by  warming  the  acid 
C;H;.SO,,.CHMe.CO,H  with  KOHAq.  Trimetric 
p)lates  ;  a:6:c  =  •526:1: -721.  Sol.  alcohol  and 
ether. 

^j-TOLYL  ETHYL  SULPHONE  a-CARB- 
OXYLIC  ACID  C;H,.SO„.CHMe.CO,H.  Tolyl- 
sulphono-pvopiionic  acid.  [37°].  Formed  by 
heating  C,H,.SO,Na  with  CH.,.CHBr.CO,Et  and 
alcohol  at  150°  and  saponifying  the  product 
(Otto, /.  p/-.  [2]  40,  555).  Crystals  (from  alco- 
hol), converted  by  CI  into  CH,;.CHC1.S0.,.C.H,. 

TOLYL  ETHYL  DISULPHOXIDE  Ethyl 
ether  of  Toluene  iniosuLPnoNio  acid. 

TOLYL  ETHYL  THIOBIURET  C,,H„N3S.,. 
[134°].  Formed  from  tolyl-thiobiuret,  alcohol, 
aqueous  NH,„  and  EtI  (Tursini,  B.  17,  585).- 
Needles  (from  alcohol). 

o-TOLYL-ETHYL-THIOSEMICARBAZIDE 
C;H,NH.NH.CS.NHEt.  [130°].  Formed  o-tolyl- 
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ihydrazine  and  an  alcoholic  solution  of  ethyl- 
iihiocarbimide  (Dixon,  C.  J.  57,  262).  Needles, 
V.  si.  sol.  cold  water.  CUSO4  colours  its  alco- 
holic solution  deep  blue. 

TOLYL  ETHYL  DI-THIO-CAEBONATES 
CS(OEt).S.C„H,Me.  The  0-,  m-,  and  p-  com- 
pounds formed  by  the  action  of  potassium  xan- 
thate  on  cold  solutions  of  o-,  m-,  and  ^j-diazo- 
"toluene  chloride  are  oils  (Leuckart,  pr.  [2]  41, 
188).  They  are  converted  into  tolyl  mercaptans 
by  boiling  with  alcoholic  potash. 

o-TOLYL-ETHYL-THIO-UKEA 
■CS(NHEt).NHC,H,Me.     [8-i°].    Formed  from 
•o-tolyl-thiocarbimide  and  ethylamine  (Staats,  jB. 
13,  136).    Prisms,  insol.  water,  sol.  alcohol  and 
ether. 

^j-Tolyl-ethyl-thio-urea  [96°].  Formed  in 
like  manner  (Weith,  B.  8,  1530).  Tables,  v.  sol. 
hot  water. 

o-Tolyl-di-etliyl-thio-ureaCS(NEt,).NHC;H,. 
f£102°].  Formed  from  o-tolyl-thiocarbimide  and 
NHEtj  (Gebhardt,  B.  17,  3038).  Needles  or 
prisms. 

l>TOLYL-ETHYL-TOLUTKIAZINE  DIHY- 

J)RIDE     C,,H„N3   i.e.  CJi,Ue<:^f^^^^^^^^. 

;[168°].  Formed  by  heating  toluene-azo-toluidine 
"with  propionic  aldehyde  at  140°  (Goldschmidt  a. 
Poltzer,  B.  24,  1009).  Needles  (from  hot  benz- 
ene). —  B'HCL  [96°].  —  Platinochloride 
[221°].    Small  yellow  needles. 

^-TOLYL-ETHYL-UKEA  C,oH„N.O  i.e. 
■NHC;H;.CO.NHEt.  Formed  from  ^-tokiidine 
and  ethyl  cyanate  (Sell,  A.  126,  162).  Crystals, 
insol.  water,  v.  e.  sol.  alcohol. 

DI-o-TOLYL-FORMAMIDINE  C„H„N„  i.e. 
l}HC,H,.CH:NaH;.  [151°].  Formed  by 'boil- 
ing the  formyl  derivative  of  o-toluidine  for  a 
long  time,  or  by  heating  it  with  o-toluidine  and 
PCI3  (Ladenburg,  B.  10,  1260).  Formed  also  by 
distilling  the  thioformyl  derivative  of  o-toluidine 
iw  vacuo  (Senier,  C.  J.  47,  762).  Prisms  (from 
alcohol),  insol.  dilute  NaOHAq.  Yields  crystal- 
line C,5C,6N,.Br.,.— B'.,H.,PtCl„. 

Di-??i-toryl-formamidine  NHC,H,.CH:NC;H,. 
;[123°].  Fonned  by  boiling  ui-toluidine  witli  for- 
mic acid  (Niementowski,  B.  20,  1893).  Needles 
■or  plates,  insol.  water.  Br  in  CS.,  yields  crys- 
talline NHC,H,.CHBr.NBrC,H,.— B'HCl.  [214°]. 
— B'^HoPtCle.— B'C„H.,N30,.    Yellow  needles. 

Di-^-tolyl-formamidlEe  [141°].  Formed  by 
•distilling  C.H.Nfl.CHS  in  vacuo  (Senier,  C.  J. 
47,  767  ;  B.  18,  2296).    Prisms.— B'.,H,.PtCl„. 

DI-|>TOLYL-FURFUKANE     Ci„H„0  i.e. 

CH-C(C  h')^*-*-  ^ormeil  by  the  action 

of  AcCionC,H,(CO.C,H,),,  (Holleman,  T.  C. 
6,  72).  Small  plates,  converted  by  P2S5  into  di- 
tolyl-thiophene,  and  by  ammonium  acetate  into 
di-tolyl-pyrrole. 

l>TOLYL-GLYOXAL  C^H^Me.CO.CHO. 
[102°].  Formed  from  the  oxim  by  dissolving  in 
aqueous  NaHSO.,,  stirring  the  crystalline  mass 
■with  alcohol  and  a  little  HOAc,  filtering,  and 
boiling  with  dilute  HjSOj  (Miiller  a.  Pechmann, 
JB.  22,  2556).  Needles  (from  hot  water),  v.  sol. 
alcohol.  Reduces  cold  ammoniacal  AgNO.,,  but 
not  Fehling's  solution.  When  shaken  with 
benzene  (containing  thiophene)  and  H.^SOj  it 
colours  the  benzene  green.  Yields  _p-tolyl-giy- 
oxylic  acid  and  ^:)-toluic  acid  on  oxidation. 


Phenyl  hydrazida 
C-H,.C(N,HPh).CH(N,HPh).     [145°].  Yellow 
needles  (from  dilute  alcohol). 

Oxim  C;H;.CO.CH:NOH.  Tohjl  nitroso- 
methyl ketone.  [100°].  Formed  from  tolyl  methyl 
ketone,  amyl  nitrite  and  NaOEt.  Needles  (from 
benzene). 

Acetyl  derivativ  e  of  the  syn-oxim 
C-H-.CO.CH:NOAc  [68°].  From  the  oxim  and 
Ac.,0  (Soderbaum,  B.  25,  3461).  Tables  (from 
MeOH).  Cold  NaOHAq  spHts  it  up  into  NaCy 
and  |j-toluic  acid.  Cone.  H.SOj  acts  in  like 
manner.  Ac,0  at  100°  forms  C;H,.CO.CN  [52°], 
whence  boiling  NaOHAq  forms  j.)-toluic  acid. 

Acetyl  derivative  of  the  anti-oxim 
C,H,.C(OH)„.CH:NOAc.  [148°].  From  the  oxim 
and  AeCl  at  0°,  followed  by  water.  Cold 
NaOHAq  forms  C,H,.CH(OH).CO,H  [146°],  v. 
sol.  ether.  Cone.  H^SO^  converts  this  acetyl 
anti-oxim  into  the  oxim.  Converted  by  KCy 
dissolved  in  dilute  alcohol  into  j>-toluyl-formoin 
C.H..CO.CH(OH).CO.CO.C.H,  [161°]  (Soder- 
baum, B.  25,  3473). 

p  .  TOLYL  -  GLYOXALINE      C,„H,„N2  i.e. 

C,H,N<;^g:§^^.     (285°).     Got  by  warming 


^'^'^<C(SH):N^ 
wald,  B.  25,  2365). 


with  dilute  HNO3  (Marck- 

Pale -yellow  crystals,  si.  sol. 
water.    Smells  like  mushrooms. — B'.,H.,PtCl,;. — 
B'AgNO,.— Picrate.    [179°].  Golden'needles. 
p-TOLYL-GLYOXALYL  MERCAPTAN 

C,H,N<^^^.^-^.    [205°].    Got  by  action  of 

boiling  HClAq  on  the  product  of  the  action  of 
amido-acetal  on  ^'-tolyl  thiocarbimide  (Marck- 
wald,  B.  25,  2363)7  Silvery  leaflets,  m.  sol.  hot 
water.  Yields  (C,„H,„N„S),PtCI,.  Mel  in  alcohol 
forms  (C,„H„MeN,S)HI  [95°],  which  yields  the 

base  C,H,N<^^^^.^-^  [90°],  which  forms  a 

picrate  [140°]. 

|)-TOLYL-GLYOXYLIC  ACID  C^H^O,  i.e. 
C„HiMe.CO.CO,H.  [97°].  Formed  by  the  ac- 
tion of  AICI,  on  a  mixture  of  toluene  and 
Cl.CO.COXsH,,  (Roser,  B.  14,  1750).  Formed 
also  by  oxidising  ^3-tolyl  methyl  ketone  with  cold 
alkaline  K^FeCy^  (Buchka  a.  Irish,  B.  20,  1762, 
2213).  Needles  (from  ligroin),  si.  sol.  hot  water, 
V.  sol.  alcohol  and  ether.  Yields  jp-toluic  and 
terephthalie  acids  on  oxidation.  Benzene  (con- 
taining thiophene)  when  shaken  with  tolyl-gly- 
oxylic  acid  and  H0SO4  is  turned  red,  and  finally 
bluish-violet. 

Salts. — KA'. — NaA' Tiaq  (Claus  a.  Krose- 
berg,  B.20, 2048).— BaA',,.— BaA'^  8aq.— CaA'2  aq. 
• — AgA'.    Needles,  v.  sol.  hot  water. 

Ethyl  ether  Y.tA'.  (260°-270°). 

Amide  a,B.,iiO.,.    [160°].  Prisms. 

Phenyl  hydrazide  [144°]. 

DI-o-TOLYL-GUANIDINE  Ci^Hi-Nj  i.e. 
C(NH)(NHC,H,),,.  [179°].  Formed  by  the  ac- 
tion of  NH3,  lead  acetate,  and  KOHAq  on  di-o- 
tolyl-thio-urea  (Berger,  B.  12,  1855).  Crystals, 
sol.  ether.  Cyanogen  passed  into  its  alcoholic 
solution  forms  the  dicyanide  CiiH^N,,  [174°] 
which  is  converted  by  HCl  into  the  oxalyl  deri- 
vative CijHisNjO.j  [207°],  whence  boiling  with 

alcoholic  HCl  forms  CO<;^^^g^-^Q.  [214°]. 

The  dicyanide  is  converted  by  boiling  with  ani- 
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line  into  CjHniN,,  ■which  yields  crystalline 
B'HClaq.— B'„H„PtCl, :  yellow  pp. 

Di-2;-toIyl-guanidineNH.C(NHC;H;),.  [168°]. 
Formed  by  passint;-  cyanogen  chloride  into  fused 
2J-tolnidine  (W.  Wilson,  C.  J.  3,  154;  A.  G. 
Perkin,  C.  J.  37,  ()96).  Formed  also  by  de- 
sulphiiration  of  di-tolyl-thio-urea  in  presence  of 
NH,  (Hofmanu,  B.  7,  1739).  Needles  (from 
ligroi'n).  Nitric  acid  (S.G.  1'5)  gives  a  di-nitro-  de- 
rivative [197°],  which  forms  crystalline  B'HNO,. 
Alcohol  and  HNO^  (S.G.  1-4)  produce  di-nitro- 
^:)-tolyl-urea.  Cyanogen  passed  into  its  ethereal 
solution  forms  C|5H|;N.jCy„,  crystallising  from 
ether  in  prisms,  converted  by  dilute  HClAii  into 

NH.C<;^|^'g'j-^Q  [188-5°]  (Landgrebe,  B.  10, 

1587).  The  cyanide  is  converted  by  boiling  in 
alcoholic  solution  with  aniline  hydrochloride  into 
C,,,H,,N3iaq  [110°-115°].— S al t  B'.H.PtCle. 

Tri  -  o  -  tolyl  -  guanidine  C.H.^N,  i.e. 
C(NC,H.)(NHC;H,),.  [131°].  Formed  by  the 
action  of  o-toluidine  in  alcoholic  solution  in 
presence  of  lead  oxide  on  di-o-tolyl-thiourea 
(Berger,  B.  12,  1857;  cf.  Girard,  B.  6,  445). 
Formed  also  when  di-o-tolyl-thiourea  is  boiled 
for  a  long  time  (Barr,  B.  19,  1769).  Minute 
prisms.  Yields  a  dicyanide  C.jiHo^Nj  [141°],  con- 
verted by  cone.  HClAq  in  alcoholic  solution  into 
C„jH.,,N,0.,  [179°].— B'.H,.PtCl,:  yellow  prisms. 

Tri-^)-tolyl-guanidine"  C,,H,3N.,.  [123°].  S. 
(alcohol)  7-4  at  0°.  Formed  by  heating  di-^3- 
tolyl-thio-urea  wdth  copper  (Merz  a.  Weith,  Z. 
1868,  610),  or,  in  alcoholic  solution,  with  ^j- 
toluidine  and  PbO  (Hofmann,  B.  2,  459).  Got 
by  heating  j.)-toluidine  with  PCI,  and  p-tolyl 
cyanate  (Weith,  B.  9,  820).  Formed  also  when 
di-2'-tolyl-urea  is  boiled  for  a  long  time  (Barr,  B. 
19,  1768),  and  likewise  by  the  action  of 
^-'-toluidine  on  the  product  of  the  action  of 
chlorine  on  tolyl  cyanate  (Nef,  A.  270,  322). 
Needles  (from  ligroin).  Yields  a  dicyanide 
C,,H,,N,  [184°],  which  forms  B'HClSaq  and 
B'oH„PtClg  and  is  converted  by  boiling  with 
alcoholic  HCl  into  di-tolyl-parabanic  acid. 

S  al  t  s.— B'HCl  aq.  S.  -6  at  0°.— B'.,H.,PtCl,. 
S.  -045  at  0°.— B'HNO^.  S.  -07  at  0°.— B'',H,S0.,. 
Plates  (from  hot  water).    Neutral  in  reaction. 

^)-TOLYL  HEPTADECYL  KETONE 
[l:4]C,;H,Me.CO.C„H,5.  [67°].  (278°  at  15  mm.). 
Formed  from  toluene,  stearyl  chloride,  and 
AICI3  (Krafft,  B.  21,  2268).    Oxidised  by  HNO, 
(S.G.  1-12)  to^;-toluic  acid. 

p  -  TOLYL  -  HEXYL  -  TOLUTRIAZINE  DI- 
HYDRIDE  C,,H,,N.,  i.e. 

heating  oenanthol  with  toluene-o-azo-toluidine 
at  175°  (Goldschmidt  a.  Poltzer,  B.  24,  1010). 
Needles,  sol.  hot  benzene.— BHCl.  [96°].— 
B'.,H,.PtCl„.    [171°].    Yellow  crystalhne  pp. 

o-TOLYL-HYDANTOIN  C|„H,„N,0,-  [176°]. 
Formed  by  heating  o-tolyl-amido-acetic  acid 
with  urea  at  180°  (Ehrlich,  B.  16,  742).  Light- 
yellow  plates,  sol.  alcohol  and  hot  water.  On 
boiling  with  baryta-water  it  gives  0  -  tolyl  - 
hydantoie  acid,  which,  when  set  free  from  its 
salts,  at  once  splits  up  into  water  and  o-tolyl- 
hydautoin. 

p-Tolyl-hydanto'in  C,„H,„N,0,  i.e. 


Formed,  together  with  ^'-tolyl-hydantoic  acid'- 
CO(NH,).N(C,-H,).CH,.CO,H,  by  fusing  i>tolyl- 
amido-acetic  acid  with  urea  (Schwebel,  B.  11^ 
1128).  Needles  (from  water),  v.  sol.  alcohol. 
p-Tolyl-hydantoic  acid  is  crystalline,, 
si.  sol.  hot  alcohol  and  hot  water. 

Di-o-tolyl-hydantoin        CO<JJ[^-g|-^g  - 

[275°].  Got  from  o-tolyl-amido-acetic  toluide 
and  COCl,  (Bischoff,  B.  25,  2275). 

Di-p-tolyl-hydantoin        C0<J5[^;g'};^g , 

[175°].  Formed  from |j-tolyl-amido-acetic  toluide- 
and  COCl,,  (Bischoff,  B.  25,  2280).  Plates  (from, 
alcohol),,  si.  sol.  ligroin. 

TOLYL  -  HYDRAZIDO  ■  METHYL-THIAZOLE 

DIHYDEIDE  ^J^^^-^^C.NH.NHC.H,.  Formed 

by  heating  tolyl-allyl-thio-semiearbazide  with 
cone.  HClAq  at  100°  (Avenarius,  B.  24,  270). 
The  p-  compound  melts  at  133°.  Both  the 
o-  and  the  pi-  compounds  form  crystalline 
hydrochlorides. 

o-TOLYL- HYDRAZIDO -PROPIONIC  ACID 
C,H,Me.NH.NH.CHMe.CO,,H.  [143°].  Formed 
by  the  action  of  sodium-amalgam  on  the  o-tolyl- 
hydrazide  of  pyruvic  acid  (.Japp  a.  Klingemann,. 
C.  J.  53,  519).    Small  needles  (from  MeOH). 

o-TOLYL-HYDRAZINE  C-H.NH.NH„.  [53°] 
(P.) ;  [56°]  (F.) ;  [59°]  (Gallinek  a.  Kichter,  B. 
18,  3175).  Prepared  from  o-toluidine  in  the- 
same  manner  as  phenyl-hydrazine  is  obtained 
from  aniline  (Fischer  a.  Bosler,  A.  212,  338  ; 
Preund,  B.  24,  4200).  Glittering  plates,  slowly- 
oxidised  by  air,  forming  a  brown  oil. — B'HCl  aq  : 
needles.— B'HNOs :  plates.  With  SOCl,  and 
ether  it  forms  C,H;NH.N:SO,  a  yellow  oil 
smelling  like  geraniums  (Michaelis,  A.  270, 119).. 
Glucose  yields  o-tolyl-glucosazone  C.,„H.,„N,04 
[201°]  (Kasohen,  A.  239,  229).  Di-methyl  di- 
ketone  forms  CH3.C(N„HC.H-).C(N.,HC.H-).GH3 
[198°]  (Japp  a.  Klingemann,  A.  247,'  224). 

Formyl  derivative  C„H,Me.NH.NHCHO., 
[121°].  Formed  from  o-tolyl  hydrazine  and 
formamide.    Needles  (Gattermann,  B.  25, 1078). 

Acetyl  deriiiaiitu>C,H,.NH.NHAc.  [104°]. 
Formed  from  o-tolyl-hydrazine  and  AcjO  (G.). 

Propionyl  derivative 
C;H;.NH.NH.C,,HjO.    [84°].    Formed  from  o- 
tolyl-hydrazine  and  propionic  acid(G.).  Colour- 
less tables. 

Benzoyl  derivative  G-Hj.NH.NHBz, 
[180°].  Got  from  the  hydrazine  and  BzCl  in 
Ftp  (G.).  Needles.  Gives  off  all  its  nitrogen 
in  the  free  state  on  boiling  with  Fehling's  solu- 
tion (Strache  a.  Iritzer,  M.  14,  38). 

■)»- Tolyl  -  hydrazine  C,H..NH.NH,,.  (242°)^ 
(Buchka  a.  Schachtehek,  B.  22,  841  ;  cf.  V. 
Meyer  a.  Lecco,  B.  16,  2976).  Oil.  — B'HCl. 
Needles,  v.  sol.  water  and  alcohol. 

p  -  Tolyl  -  hydrazine  C^H.NH.NH,,.  [61°], 
(242°).  Obtained  from  ^'-toluidine  (Fischer,  B. 
8,  589 ;  9,  890).  White  plates  (from  ether),  si. 
sol.  water. 

Bcactions.—  l.  With  SOCL  and  ether  it 
forms  C;H;NH.N:SO  [112°],  'crystallising  in 
yellow  needies  (Michaelis  a.  Euhl,^.270, 118). — 
2.  C„HjPCl,,  forms  C,H,NH.N:PC„H3  [162°], 
crystallising  in  prisms.  —  3.  POCI3  forms 
(C.H-NH.NH),,PO  [189°].  — 4.  Acetone  forms 
CMe,(N,,HC,H,)  [52°].  —  5.  Acetoacetic  ether 
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forms  C,3H,sN„02  [93°]  (Knorr,  B.  17,  550).— 
6.  Oxalic  ether  forms  NHC-H-.NH.CO.CO.,Et 
il33°]  (Preund,  B.  24,  41'JS).— 7.  Di  -  methyl 
,cZifetoMeyieldsCH3.C(N,,HC-H,).C(N..HC,H.).CH, 
[230°],andCH3.C(N.,HC-H,)Ac  [161°]  (Japp,  CJ. 
63,  544). 

S  a  1 1.— B'C„H,PH.O,„  [148°]  (Michaelis,  A. 
270,  134). 

Toluene -jj-pbosphinate  B'C,H,PH.,0,. 
{161°]. 

Forniyl  derivative 
<;,H^Me.NH.NH.CHO.  [164°].  Formed  by  heat- 
ing the  aloobohc  solution  of  ^-tolyl-hydrazine 
•with  chloroform  and  potash.  Formed  also  by 
heating  j;-tolyl-hydrazine  with  formamide  at 
130°  (Euhemann,  C.  J.  55,  248).  Plates  (from 
water),  v.  sol.  alcohol. 

Acetyl  derivative  CuH,|Me.NH.NHAc. 
[121°].  Formed  from  jj-tolyl-hydrazine  and 
AcOH  (Gattermann,  B.  26,  1080).  Plates. 

Propionyl  derivative  [170°].  Needles. 

Dihemoyl  derivative  [188°]  (Fischer). 

Di-o-tolyl-hydrazine. 

Formyl  derivative  (C.H,).,N.NH.CHO. 
[139°].  Formed  from  C-H,NH.NH.CHO  and 
'CuSO^  (Gattermann,  B.  26,  1078).    Plates.  i 

Acetyl  derivative  (C,H;).,N.NHAc. 
[191°].  Formed  in  like  manner  from  acetyl-o- 
tolyl-hydrazine  and  CuSO.,.  Needles. 

Propionyl  derivative  [167°].  Needles. 

Benzoyl  derivative  [209°].  Needles. 

M-Di-^-tolyl-hydrazine  (C,H,)jN.NH,.  [172°]. 
Formed  by  reduction  of  di-tolyl-nitrosamine 
with  zinc-dust  and  HOAc  (Lehne,  B.  13,  1646). 
Plates,  V.  sol.  alcohol  and  benzene. — B'HCl. 

Formyl  derivative  (C,H.).,N.NH.CHO. 
[146°].  Formed  from  formyl-^J-tolyl-hydrazine 
.and  CUSO4  (Gattermann,  B.  25,  1079).  Plates. 

Acetyl  derivative.    [176°].  Needles. 

Propionyl  derivative  [171'5°].  Needles. 

Benzoyl  derivative.    [187°].    Needles.  | 

s-Di-o-tolyl-hydrazine  C-H.NH.NHC-H,. 
■o-Hydrazo-toluene.  [165°]  (P.)  ;  [146°]  (S.). 
Formed  by  reduction  of  o-toluene-azo-toluene  by 
sodium-amalgam  (Petrieff,  B.  6,  557 ;  Schultz, 

B.  17,  467).  Converted  into  di-amido-ditolyl 
[3:4:l]C,H3Me(NH,).C,.H3Me(NH,,)  [1:3:4]  [128°] 
by  heating  with  HCl.  The  diamido-derivati  ve 

C,  H,;(NIL,).NH.NH.C,H„(NH,)  [180°]  is  a  product 
of  the  action  of  sodium-amalgam  on  nitro-^J- 
toluidine  (Buokney,  B.  11,  1453). 

s-Di-j)i-tolyl-hydrazine  C^H^NH.NHC.H,. 
Formed  by  reducing  Mi-toluene-))i-azo-toluene  by 
.alcoholic  ammonium  sulphide  (Goldsehmidt,  B. 
11,  1626;  Barsilowsky,  A.  207,  116).  Liquid, 
converted  by  H-.SOj  into  a  di-amido-ditolyl. 

s-Di-j)-tolyl-iiydraziiie  C;H,NH.NHC,H,. 
[126°].  Formed  in  like  manner  from^-toluene- 
^-azo-toluene  (Mehns,  B.  3,  563)  and  by  the  ac- 
tion of  zinc-dust  and  NaOHAq  on  p-nitro- 
toluene  (Janovsky,  ikf.  9,  829).  Tables  orneedles, 
V.  e.  sol.  alcohol.  In  alcoholic  solution  it  is 
readily  oxidised  by  air  to  C;H,.N.^.C;E[..  Dilute 
H2SO4  converts  it  into  toluidine  and  toluene- 
azo-toluene.  On  treatment  in  alcoholic  solution 
with  hydrochloric  acid  it  changes  to  tolylene- 
tolyl-diamine.  The  di-amido-derivative 
[1:2:4]  C,H3Me(NH.,)  .NH.NH.C,R,Me(NH,,)  [4 : 1 :2] 
obtained  from  C,,H,,Me(NH,,).Nl.C,H3Me(NH._,)  by 
reducing  with  sodium-amalgam,  is  crystalline 


and  Yields  B-'HoSO^,  B"2HC1,  B"2HBr,  and 
B"H.,PtCl,  (Graeli',  A.  229,  352). 

Preference. — Oxy-tolyl-hydkazixe. 
o-TOLYL-HYDKAZINE  SULPHONIC  ACID 
C,H3Me(N,H3).S03H  [1:2:4].  Formed  by  adding 
o-diazo-toluene  p-sulphonic  acid  to  a  cold  solu- 
tion of  SnCL  (Limpricht,  B.  18,  2193).  Colour- 
less needles,  v.  sol.  hot  water,  nearly  insol. 
alcohol. — KA'  2aq  :  orange-red  prisms. — BaA'2 : 
yellow  crystalline  powder. 

o-Tolyl-hydrazine  sulphonic  acid 
C„H3Me(N„H3).S03H  [l:a;:2].  Formed  by  heating 
o-tolyl-hydrazine  (1  pt.)  with  cone.  H„S04  (5  pts.) 
at  100°  (Gallinek  a.  Eichter,  B.  18,  3'l75).  Thin 
needles  (containing  ^aq).  By  boiling  with 
aqueous  CuSO,  it  is  quantitatively  decomposed 
into  a  toluene  sulphonic  acid  and  nitrogen. — 
NaA'3^aq.— BaA'.,4aq.—  ZnA',3aq.— PbA',  6aq. 
— Pb3A',,(0H)|.    Sparingly  soluble  needles." 

jj-Toiyl-hydrazine-o-suIphonic  acid 
C,H3Me(N.,H3).S03H  [1:4:2].  [274°].  Formed 
by  reducing  p-diazo-toluene  o-sulphonic  acid 
with  Na„S0.,  (Brackett  a.  Hayes,  Am.  9,  401)  or 
HCl  and  SnCl.,  (Pasche,  B.  21,  3416).  Tables, 
si.  sol.  cold  water.  Decomposed  by  fusion.  Not 
j  attacked  by  warm  H^SO^. 

p-Tolyl-hydrazine  ju-sulphonic  acid 
C„H,Me(N.,H,).SO:,H  [1:3:4].  Obtained  by  re- 
ducing _2J-diazotoluene  iK-sulphonic  acid  by 
cooled  SnCI,  (Limpricht,  B.  18,  2193).  Slender 
prisms,  sol.  hot  water.  FeClj  evolves  nitrogen 
in  the  cold.  Cone.  HoSO^  at  80°  forms  a  red 
amorphous  substance  (Schneider,  Am.  8,  271). 

p-Tolyl-hydrazine  disulphonic  acid 
C,H,Me(N„H3)(S03H)„.      Formed    by  adding 
^-diazo-toluene  disulphonic  acid  to  a  cold  solu- 
tion of  SnCL  (Limpricht,  B.  18,  2193).  Nodules, 
V.  sol.  water. — BaH.A"„22aq  :  tables. 

Di-tolyl-hydrazine  disulphonic  acid 
C„H3Me(S03H).NH.NH.C,H3Me(S03H).  A  pro- 
duct of  the  reduction  of  the  corresponding  azo- 
compound  by  SnCL  (Neale,^.  203,  72).  Crystal- 
line powder  (containing  2iaq),  si.  sol.  water. — 
BaA"5aq. — CaA"3iaq:  monoclinic  efflorescent 
prisms. 

Reference. — Niteo  -  tolyl  -  hydrazine  sul- 
phonic ACID. 

o-TOLYL-IMIDO-DIACETIC  ACID 
[l:2]C,H4Me.N(CH.,.C02H),.  [c.  160°].  Formed 
by  heating  o-tolyl-amido-acetic  acid  (1  mol.) 
with  chloro-aoetic  acid  (1  mol.),  NaoCOj  (li 
mols.)  and  a  little  water  at  140°  (Bischoif,  B. 
23,  1994  ;  25,  2270).  White  crystals,  insol. 
ligroin,  si.  sol.  ether,  m.  sol.  alcohol. — NH^A'. 
[160°].    V.  sol.  Aq. 

^mideC-H-N(CH.,.CO.NH,).,.  [164°].  Plates. 
Di-o-toluide     C,H,N  (CH...CO.NHC,H,).,. 
[150°]. 

Imide    C,H,N<^g"^^>NH.  [146°]. 

Prisms  (from  alcohol),  si.  sol.  water. 

o-Tolylamic  acid 
C;H;N(CH.,.C0.,H).CH..C0.NHCjH,.  [148°]. 
Crystals  (from  alcohol). 

^-Tolylimido-diacetic  acid 
[l:4]C„H,Me.N(CH,.C0.,H).,.  Diglycotolylamic 
acid.  [c.  140°].  Formed  by  the  action  of 
CH„C1.C0.,H  on  ^-tolyl-glyoocoll  (Meyer,  B.  14, 
1323;  Bischoff,  B.  23,  2000).  Needles  (from 
water).  Very  unstable.  —  CuA'j  aq  :  green 
needles.— Ag.A'(N03) :  needles.— ^J-Toluidine 
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salt  (C,H,NH,)HA'.  [110°].  Crystals,  sol. 
hot  water. 

Mono-amide.  [222°].  A  product  of  the 
action  of  Ac._,0  on  the  compound  [KiS^]  got  from 
cliloro-acetic  acid  and  ^J-toluidine  (Bischolf,  B. 
25,  2280). 

Di-amide  C;H-N(CH„.CO.NH„K.  [250°]. 

Di-p-toluide  C,H;N  (CH,.C6.NHC,H;)2. 
[251°].    Long  needles  (from  alcohol). 

Amide  jj-tohiide 
C,H,N(CH,,.CO.NH,)CH,.CO.NHC;H,.  [210°]. 

p-Tolylamic  acid 
C,H;N(CH,.C0.,H).CH,.C0NHC;H,.  [222°]. 
Needles,  insol.  water,  sol.  hot  alcohol. 

2>T0LYL-IMID0-DIACRYLIC  ETHER 
C,H,MeN(CH:CH.CO,Et),.   [73°].  Formed  from 
p-toluidine  and  formyl-acetic  ether  (Von  Pech- 
mann,  B.  25,  1053).     yellow  needles  (from 
dilute  alcohol). 

o  -  TOLYL -,8  -  IMIDO  -  BENZYL  -  MALOMIC 
ETHER  C.,|H„NO,  i.e. 

C,H^.C(NC,H;).CH(CO.,Et),,.  [95°].  Formed  by 
the  action  of  oi-chloro-benzylidene-o-toluidine 
upon  sodium-malonic  ether  (.Just,  B.  19,  985). 
Crystals,  v.  sol.  ether.  Split  up  by  dilute  HClAq 
at  120°  into  acetophenone  ando-toluidine.  The 
^J-isomeride  is  liquid. 

0-TOLYL-/3-IMIDO-BUTYRIC  ACID 
C6H,Me.N:CMe.CH,.C0,H.  [112°].  Formed  by 
heating  acetoaoetic  ether  with  o-toluidine  at 
150°  (Knorr,  B.  17,  542;  Pawlewski,  B.  22, 
2203).  Needles  (from  hot  water),  converted  by 
cone.  H,,SO,  into  (Py.  l)-oxy-{B.  4,  Py.  3)-di- 
methyl-quinoline. 

|)-Tolyl-/3-imido-butyric  acid.  Formed  in 
like  manner  from  p-toluidine.  Crystals.  Con- 
verted by  H.SO^  into  (Py.  l}-oxy-(B.  2,  Py.  3)- 
di  -  methyl  -quinohne. 

^j-TOLYL  lODO-ETHYL  SULPHONE 
C,H,.SO,.CH,.CHJ.     [100°].     Formed  from 
tolyl  oxy-ethyl  sulphone   and  HIAq  at  1G0° 
(Otto,  J.  2}r.  [2]  30,  357).    Crystals,  v.  sol.  hot 
alcohol. 

TOLYL  lODO-METHYL  SULPHONE 

C,H;.SO,.CHJ.  [126°].  Formed  by  heating 
sodium  toluene  sulphinate  with  CH.J,  and 
alcohol  (Otto,  B.  21,  655).  Small  needles,  v.  e. 
sol.  hot  alcohol. 

DI-^-TOLYL  KETONE  CO(C„H,Me),,.  [92°]. 
(333°)  at  725  mm.  Formed  by  oxidation  of  di- 
tolyl-methane  (Weiler,  B.  7,  1183),  of  ?i-di-tolyl- 
ethane  (0.  Fischer,  B.  7,  1195),  and  of  M-di- 
tolyl-ethylene  (Hepp,  B.  7,  1414)  by  chromic 
acid  mixture. 

PrejJaration, — 50  g.  AlCl.j,  65  c.c.  toluene, 
50  c.c.  CS,,  and  11  c.c.  of  a  solution  of  COCl.^  in 
CS.  saturated  at  0°  are  put  into  a  corked  half- 
litre  flask  and  gently  warmed.  After  20  minutes 
HClis  allowed  to  escape  and  a  second  11  c.c.  of 
CS._.  saturated  with  phosgene  is  added.  The 
operation  is  repeated  2  or  3  times ;  the  yield  is 
50  p.c.  of  the  calculated  (Elbs,  J.  pr.  [2]  35,  467  ; 
cf.  Ador  a.  Crafts,  B.  10,  2174). 

Properties. — Crystals  (from  alcohol).  Con- 
verted by  HNO3  at  250°  into  benzoyl-terephthalic 
acid.  Eeduced  by  HI  and  P  to  di-tolyl-methane 
(Ador  a.  Killiet,  B.  12,  2303). 

Oxim  (C,H,).,C:NOH.  [163°].  Prisms  (Gold- 
schmidt,  B.  23,  2746).  Decomposes  on  keeping 
with  sudden  evolution  of  nitrous  fumes.  Cone. 


HvSOj  at  100°  forms  the  ^'-toluide  of  ^'-toluic 
acid. 

Di-|j.tolyl      diketone  C;H,.CO.CO.C,H,. 

p-Tolil.  [105°].  Formed  by  boiling  toluoin 
(1  pt.)  with  HNO3  (2  pts.)  (Stierliu,  B.  22,  381). 
Yellow  plates  (from  warm  alcohol).  Gives  a 
violet  colour  when  boiled  with  alcoholic  potash. 

{o.)-Ox  im  C;H,.C(NOH).C(NOH).C,H,. 
[217°].  Plates  or  needles,  si.  sol.  alcohol.  Yields 
a  diacetyl  derivative  [134°]. 

{0)-Oxim  [225°].  Formed,  together  with 
the  (a)-oxim,  by  the  action  of  hydroxylamine 
hydrochloride  on  the  ketone.  Needles,  v.  sol. 
alcohol.    Yields  a  di-acetyl  derivative  [144°]. 

Di-p-tolyl  tetraketone 
C;H;.CO.C(OH),,.CO.CO.C;H;.  [88°].  Formed 
by  the  action  of  nitric  acid  (S.G.  1-3)  on 
C.H,.CO.CH(OH).CO.CO.C,H,  (Soderbaum,  B. 
25,  3474).  Prisms  (containing  (C,sH„05).,CS2) 
(when  crystallised  from  CS.J. 

Di  -oxim 

C,H;.C(NOH).CO.CO.C(NOH).C,H,.  [181°]. 
Plates  (containing  EtOH)  (from  alcohol). 
Di-oxim 

C;H,.CO.C(NOH).C(NOH).CO.C,H,.  So  called 
'  (/3)-nitro-cymene.'  [125°].  Mol.  w.  324  (by 
Eaoult's  method).  Formed  by  the  action  of 
nitric  acid  on  cymene  and  on  ^-tolyl  methyl 
ketone  (Holleman,  B.  T.  C.  6,  60 ;  cf.  Landolph, 
B.  6,  937  ;  Fittica,  A.  172,  314).  Needles,  v.  sol. 
warm  alcohol.  Converted  by  NaOHAq  into  p- 
toluic  acid.  Zinc-dust  and  HOAc  reduce  it  to 
C-H..CO.CH,.CH.,.CO.C,H,  [159°].  Alcoholic 
NH,  forms  p-toluic  amide  and  C,„H„N,0.>  [162°]. 
Boiling  Ae,0  forms  C,„H,„N,,0,Ac,0  [167°]. 

Bcfcrence. — Oxy-di-tolyl  ketone. 

TOLYL-MALONAMIC  ACID  v.  M^vlonic  acid. 

TOLYL-MELAMINE  v.  Cyanuramide  in  the 
article  on  Cyanic  acids. 

o-TOLYL-MERCAPTAN  [1:2]C,  HjMe.SH. 
[15°].  (188°)  (H.) ;  (193°)  (V.).  Formed  by  re- 
ducing (4,l,2)-bromo-tolyl  mercaptan  (Hiibner, 

A.  169,  30  ;  VaUin,  B.  19,  2963).  Prepared  by 
boiling  o-tolyl  ethyl  dithiocarbonate  with  alco- 
holic potash,  the  yield  being  70  pi.c.  of  the 
theoretical  amount  (Leuckart,  /.  pr.  [2]  41, 188). 
Plates.  —  Pb(SC,H;).,.  Brick-red  pp.,  turning 
white  in  air. 

ui-ToIyl  mercaptan  [l:3]C,,H,Me.SH. 
[c.  200°].  Formed  by  reducing  toluene  «i-sul- 
phonic  chloride  with  tin  and  HCl  (Hiibner,  A. 
169,  51)  and  by  boiling  iii-tolyl  ethyl  xanthate 
with  alcoholic  potash  (L.).  Colourless  liquid 
with  intense  odour  of  mercaptan.  Volatile 
with  steam.  In  ammoniacal  alcoholic  solution 
it  is  oxidised  by  air  to  7)i-tolyl  disulphide. 

j>Tolyl  mercaptan  [l:4]C^H,Me.SH.  [43°]. 
(188°)  (.J.) ;  (191°)  (Crafts,  B.  19,  3130 ;  Otto, 

B.  19,  3129);  (194°)  (Vallin,  B.  19,  2953). 
Formed  by  reducing  toluene  p-sulphonic  chloride 
with  tin  and  HCl  (Miircker,  A.  136,  79  ;  Javorsky, 
Z.  1865,  222).  Formed  also  by  heating  ^j-tolyl 
ethyl  xanthate  with  alcoholicpotash(L.).  Formed 
also  from  di-2)-tolyl  disulphide,  alcohol,  and  H„S 
(Otto  a.  Kossing,  5.19,3130).  Unctuous  laminas 
(from  ether),  volatile  with  steam.  Cone.  H„SO, 
forms  a  blue  solution.  Pveadily  oxidised  to  di- 
p-to\jl  disulphide  [46°].  Chloro-acetone  forms 
C^H,.S.CH„.C0.CH3  (151°  at  15  mm.);  S.G. 
Hi  1  0986  which  yields  a  phenyl-hydrazide 
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[62"]  (Delisle,  A.  260,  268).-Hg(SC,H-)2.— 
C,H-S.HgCl.  Plates. 

Ethyl  ether  C^H-SEt.    (221°).  S.G. 
1-0016.    Colourless  oil  (Otto,  B.  13,  1277). 

References. — Amido-    and    Bkomo-  tolyl 

MEECAPTAN. 

0-TOLYL-MESITYL-THIO-TJEEA 

C^H^.NH.CS.NHC^H^Mej.  [167°].  Formed 
from  o-toluidine  and  mesityl  thiocarbimide 
(Eisenberg,  B.  15,  1014).    Needles,  insol.  Aq. 

DI-TOLYl-METHANE  CH„(C-H-)„  [23°]. 
(286°). 

Formation. — 1.  From  formic  aldehyde  (or 
methylal),  toluene,  and  H.,SO^  (Weiler,  B.  7, 
1181).— 2.  By  reducing  di-tolyl  ketone  with  HI 
and  P  (Ador  a.  Killiet,  B.  12,  2302).— 3.  A  pro- 
duct of  the  action  of  AlCl,  and  toluene  on 
CH.,CL,  on  CH,C1,  or  on  CC1,.N0,  (Friedel  a. 
Crafts,  A.  Ch.  [6]  11,  266  ;  Bl.  [2]'43,  50  ;  Elbs 
a.  Wittich,  B.  18,  347). 

Properties. — Prisms,  v.  sol.  ether.  Oxidised 
by  chromic  acid  mixture  to  di-tolyl  ketone, 
toluyl-benzoic  acid,  and  CO(C,H^.CO,,H),.  Yields 
a  di-nitro-  derivative  [164°]. 

Tri-tolyl-methane  CH(C,H-),,.  [73°].  (377°). 
Obtained  fromtri-amido-tri-tolyl-carbinol  (Rosen- 
stiehl  a.  Gerber,  A.  Ch.  [6]  2,  353).  Crystalline. 

References. — Di-bkomo-  and  Di-chloko-,  di- 

TOLYL-METHANE. 

o-TOLYL-METHYL-^>AMIDO-PHENOL 

Methyl  derivative  C-H.NMe.C„H,OMe. 
(336°  cor.).  From  C,H,NH.C,H,,OH,  KOH,  and 
Mel  (Philip,  J.  pr.  [2]  34,  59).  Oil. 

TOLYL-METHYL-AMINE  v.  Methyl- 
TOLUiDiNE,  Methyl-benzyl-amine,  and  Amido- 

XYLENE. 

Di-^5-tolyl-methyl-amine  (C;H;),NMe.  (235°- 
240°  at  20  mm.).  Formed  from  ditolylamine, 
MeOH,  and  HCl  at  250°-280°  (Girard,  Bl.  [2] 
24,  120).    Does  not  combine  with  acids. 

BI-TOLYL-DI-METHYL-DI-TRIAZYL 
N.N(C,H,)s^    p /N(C,H,).N  ,        g  , 

CMe.N     i^^-^%N  CMe-  '• 

Formed  by  boiling  p-tolyl-hydrazine  cyanide 
(C;H;NH.NH,,),Cy„  with  Ac„0  (Bladin,  B.  22, 
3114).    Crystals  (from  alcohol),  m.  sol.  alcohol. 

i>tolyl-methyl-benzyl  ketone 

C,H^Me.COCH,„C„H|Me.  [102°].  Got  by  re- 
ducing p-toluoin  with  zinc  and  alcoholic  HCl 
(Stierhn,  B.  22,  383).  Needles,  insol.  water,  v. 
sol.  benzene. 

o-TOLYL-METHYLENE-AMINE 
C,H-N:CH,,  (?).    Formed  by  adding  o-toluidine 
to  a  solution  of  formic  aldehyde  (Wellington  a. 
Tollens,  B.  18,  3307).    Colourless  syrup. 

^>Tolyl-methylene-amiiie  CiH^NrCHj  (?). 
[c.  122°].  Formed,  together  with  a  polymeride 
si.  sol.  benzene  and  alcohol,  by  adding ^j-toluidine 
to  a  solution  of  formic  aldehyde  (W.  a.  T.). 
Crystals,  v.  sol.  benzene. 

Di-o-tolyl-methylene-diamine(C,H;NH),CH„. 
(over  350°).  Formed,  together  with  the  follow- 
ing solid  isomeride,  by  heating  o-toluidine  with 
CH,,C1,,  at  110°-115°  (Griinhagen,  A.  256,  305). 
Liquid,  V.  sol.  ether  and  alcohol. — B'gHjPtCl^ : 
brown  amorphous  powder. 

Isomeride  [c.  135°].  Crystalline  powder, 
si.  sol.  cold  alcohol.  —  Salts  :  B"2HC1. — 
B"2HBr.— B"H,,SOj.  -  B"2H,P0^.— B"3H  AO4. 
— Wm.f!i.f>i.    Eadiating  aggregates. 


Di-23-tolyl-methylene-diamine 

(C,H,.NH),CH,.  (above  350°).  Formed,  together 
with  the  solid  isomeride,  by  heating  p-toluidine 
with  CH,C1,  (G.).  Oil,  v.  sol.  ether.— B"HC1.— 
B"„H.,PtCl,.— B"HAuCl,. 

Isomeride  C,3H„N..  [c.  156°].  (over  350°). 
Amorphous,  si.  sol.'  ether.  —  B"2HC1  (?).  — 
B"H,PtCl,,.— B"2HAuCl^.— B"2H2C,04.  Crystal- 
line crusts. 

Di-2>tolyl-di-methylene-diamine 

C,H,N  <^^g->NC;H,.    [90°].    A  product  of  the 

action  of  CH-jCl,  on  2^-toluidine  at  100°  (Griin- 
hagen, A.  256,  296).  Granules,  sol.  hot  alcohol. 
Converted  by  nitrous  acid  into  a  crystalline 
nitroso-  derivative  (C-H-N).,C.,H,>(N0H)  (?)  -— 
B"2HC1.— B"2HAuClj.— B"2HBr.— B"H,S04. 

o-Tolyl-trimethylene-diamine 
C,H,(NH,).NHC;H,.     (281°).    Formed  by  re- 
ducing o-tolyl-pyrazole  dihydride  in  alcoholic 
solution  by  sodium  (Balbiano,  G.  18,  354).  Oil. 

l>Tolyl-trimethylene  -diamine 
C3H„(NH,).NHC,H;.  [c.  -15°].  (287°).  A 
product  of  the  action  of  Na  on  an  alcoholic 
solution  of  p-tolyl-pyi'azole  (Balbiano).  Liquid. 
Oxalate.  [208°].  Spherical  groups  of  minute 
needles. 

I>T0LYL  METHYLENE  METHYL  SUL- 
PHONE  KETONE  C,H-.S0.,.CH,.C0.CH3.  [51°]. 
Formed  from  chloro-acetone  and  sodium  toluene 
^5-sulphinate  (Otto,  J.  pr.  [2]  36,  401).  Silky 
needles.    Yields  a  bromo-  derivative  [130°]. 

«i-TOLYL-METHYLENE-PHTHALIDE 

C,H,<g[f^'^'^^^>0.  [153°].  Formed  by  heat- 
ing m-tolyl-acetic  acid  with  phthalic  anhydride 
and  a  little  NaOAc  (Heilmann,  B.  23,  3157). 
Needles  (from  ligrom),  si.  sol.  ether. 

p-Tolyl-methylene-plitlialide  C|gH,„0.,. 
p-Xylal-phthalide.  [151°].  Formed  in  like 
manner  from  p-tolyl-acetic  acid  (Ruhemann,  B. 
24,  3965).  Yellow  needles  (from  alcohol),  si.  sol. 
ether.    Nitrous  acid  passed  into  its  solution  in 

chloroform  forms  CsHj<^q|^^^^^^^^^^^^^0 
[140°],  which  may  be  reduced  to  the  compound 
C.H,<^JJ^'H'.  [116°]. 

Reference. — Nitro-tolyl-methtlene-phthaij- 

IDE. 

5)i-T0LYL-METHYLENE-PHTHALIMIDINE 

C,H,<gj2^^;^>NH.    [165°].     Formed  by 

heating  i;i-tolyl-methylene-phthalide  with  alco- 
holic ammonia  (Heilmann,  B.  23,  3161).  Yellow- 
ish needles. 

2>Tolyl-methyIene-phthalimidine  Ci^HisNO. 
[204°].  Formed  by  heating  p-tolyl-methylene- 
phthalide  with  alcoholic  NH„  the  compound 
NH„.CO.C,iHj.CO.CH,C-Hj  being  first  formed 
(Ruhemann,  B.  24,  3968).  Converted  by  passing 
nitrous  acid  through  its  solution  in  chloroform 

into  C,H,<gg^(^Q-^)-^'^^)>NH  [227°]. 

Isomeride  C,H,<^q '^g'^-.  [228°].  Formed 

by  heating  C„Hj<^q  with  alcoholic 

ammonia  (R.). 

Reference. — Nitro-tolyl-methylene-phthal- 

miDINE. 


TOLYL-METHYL-THIAZOLINE. 


DI-2J-T0LYL  TRIMETHYLENE  DISUL- 
PHONE  C,H,{SO,C;H;),.  [125'^].  Formed  from 
trimethylene  bromide  and  sodium  toluene  |>-sul- 
phinate  (Otto,  B.  24, 1834).  Plates.  Converted 
by  alcoholic  potash  at  120°  into  the  compound 
0(CH,,.CH...CH.,.SO.C.H-),,  [80°]. 

TOLYL-METHYL-IMESATIN  v.  Toluide  of 
Jfei/K/^isATix. 

m-TOLYL  METHYL  KETONE  C.H^.CO.CH, 
Methyl-acctoplicnonc.  (211)°).  Formed  by  dis- 
tilling calcium  7)i-toluate  with  calcium  formate 
(Buchka  a.  Irish,  B.  20, 17(;<j). 

Tolyl  methyl  ketone.  (22.5°).  S.G.  2"  -9891. 
V.D.  4'58.  Formed,  together  with  the  p-  com- 
pound, by  the  action  of  AcCl  on  toluene  and 
AlCl,  (Essner  a.  Gossin,  Bl.  [2]  42,95).  This  is 
perhaps  the  o-  compound. 

_2>Tolyl  methyl  ketone.  (217°)  (M.)  ;  (2.30° 
cor.)  (W.).  Formed  by  the  action  of  AlCl,  on  a 
mixture  of  toluene  and  Ac.O  or  AcCl  (Michaelis, 

B.  1.5,  185 ;  Claus,  B.  19,  234).  Formed  also  by 
heating  toluene  with  HOAc,  ZnCl,,  and  POCl., 
(Frey,  J.pr.  [2]  43,  114)  and  as  a  by-product  in 
the  oxidation  of  (a)-nitro-eymene  (Widman,  B. 
19,  587).  Oil.  Yields  a  dibromide  C<,H,Br,,0 
[100°].  KMnO,  forms  terephthalic  acid.  Alkaline 
K.,FeCyi-  forms  ^;-toluic  and  i^-tolyl-glyoxylic 
acids  (B.  a.  K.).  HNO,,  forms  C,sH,,N,0,  [125°], 
which  is  reduced  by  zinc-dust  and  HOAc  to 

C,  H,(CO.C;H,),,  (Holiemann,  R.  T.  C.  10,  211). 

Oxim  [88°].  Crystals  (from  ligroin). 
Phenyl-hydrazicle  [97°].  Prisms. 
Reference. — Amido-,  Iodo-,  and  Oxt-,  tolyl 

METHYL  KETONE. 

0-TOLYL     METHYL    KETONE  TETRA- 

HYDRIDE  CH,<^^^--^^'''^C.C0.CH3.  (206°). 

Formed  from  aoi-di-acetyl-pentane  by  treatment 
with  cone.  HoSO^  (Kipping  a.  Perkin,  jun.,  C.  J. 
57,  18).  Oil,  smelling  like  peppermint.  Does 
not  combine  with  NaHSO^.  In  moist  ether  it  is 
reduced  by  Na  to  the  hexahydride. 

0;r  ii;i  C,,H,,NO.  Liquid. 

Phenyl  hydrazide  C,,,H,j|No.  Oil. 

Tolyl  methyl  ketone  hexahydride  v.  Methtl- 

HEXAmCTHYLENYL  METHYL  KETdNE. 

m-TOLYL-METHYL-MALONIC  ACID 

[l:3]C„H^Me.CH„.CH(C0,H),.  [133°].  Formed 
by  saponification  of  the  ether  (Poppe,  B.  23, 110). 
Pkhombohedra,  si.  sol.  water  K.,A"  :  needles. 

Methyl  ether  Me.A".    (c.  300°). 

Ethyl  ether  m.A".  (320°).  Formed  from 
oi-bi-omo-m-xylene  and  sodium  malonic  ether. 
Oil.  Converted  by  alcoholic  NH,,  at  150°  into 
C,.H,Me.CH,.CH(C0,,Et).C0.NH„[186°],  which  on 
warming  with  water  forms  the  ammonium  salt 
C,H,,Me;CH.,.CH(C0,Et).C0,NH,  [77°].  Et,_A"  is 
converted  by  methylamine  into  the  metliylamido 
C„H,Me.CH„.CH(COoEt).CONHMe  [120°],  and 
by  aniline  into  C„H,Me.CH„.CH(CO.NHPh)., 
[188°]. 

Di-!H-tolyl-di-methyI-malonic  ether 

(C,;H,,Mc.CH,),,C(CO,Et),,.  [122°].  A  product  of 
the  action  of  <ii-bromo-r?t-xylene  on  sodium 
malonic  ether  (Poppe,  B.  23,  10'.)). 

o-TOLYL-METHYL-OXAZOLINE  C„H,  ,N0  i.e. 

^^^^•^>.C.C,1L.    (258°).    Formed  by  boiling 

C-ri,.CO.NH.CH.,.CHMeBr  with  alcoholic  potash 
(Salomon,   B.  26,   1323).     Oil.— B'C^HjNjO,. 
[129°].— B'.,H.PtCl,. 
Vol.  IV.  ' 


|)-TolyI-methyl-oxazoIine  C,,H|,NO.  (265°). 
Formed  from  the  bromopropyl-amide  of  |j-toluic 
acid  (Salomon,  B.  26,  1326).  Oil.— Picrate 
B'C„H,N,0,.    [183°].— B'.,H,,PtCl,-.  [184°]. 

^(-TOLYL-DI-METHYL-PHOSPHINE 
C,H,PMe„.    (210°).    Formed  from  C-H-PCI,  and 
ZuMcj  (Czimatis,  B.  15,  2014).  Oil,  oxidised  by 
HgO  to  C,H;PMe.,0.     CS,,  forms  C;H;PMe,CS, 
[110°]  crystallising  in  red  plates. 

Methylo-iodide  B'Mel.  [255°].  Needles. 
Yields  B'Melj  and  B',Me,,PtCl„. 

BenzTilo-chloride .  Yields 
B',(C-H,),,PtCl„  [226°],  a  yellow  crystalline  pp. 

^7-TOLYL-METHYLPHTHALIMIDE 
[4:2:l]C,H,Me:C,,0,,:N.C„H,,Me.   [180  ].  Formed 
by  distilling  (4,2,l)-methyl-phthalic  acid  with 
^j-toluidine  (Niementowski,  Tlf.  12,  630).  Crystal- 
line mass,  V.  e.  sol.  chloroform,  insol.  water. 

2)-T0LYL-METHYL-PHTHALIMIDINE 

C,H,<gg(^^«^W^NH.   [149°].  Formed 

from  p-tolyl-methylene-phthalimidine,  HI  and  P 
(Kuhemann,  B.  24,  3969).  Needles. 

DI-^-TOLYL-METHYL-PIPERAZINE 
C,,,H,,N,,.     [105°].     Formed  from  di-^j-tolyl- 
propylene-diamine,    ethylene    bromide,  and 
Na„C0,.    Needles  (from  alcohol)  (Bischoff,  B. 
25,  3278). 

0-TOLYL-  METHYL  -  PROPYLENE  -  ^  -  THIO- 
UREA ^^'^^•|^C.NMe.C,H;.  (c.  295°).  Formed 

from    o-tolyl-propylene-ilz-thio-urea    and  Mel 
(Prager,  B.  22,  2999).  Yields  (/3)-methyl-taurine 
on     oxidation.— B'C„H,,N30,.     [138°].  —  B'HI. 
[166°].— B'„H,PtCl,.    Decomposes  over  200°. 
^;-TOLYL-i)I-METHYL-PYRROLE 

(C,H,)N<^5leicH-  t^*^"^-  Got  by  heat- 

ing the  di-carboxylic  acid  (Knorr,  B.  18,  308). 
Crystals,  volatile  with  steam. 

Reference. — Amido-tolyl-di-methyl-pyrkole. 

;)-TOLYL-DI-METHYL-PYRROLE  DICARB- 

OXYLIC  ACID  (C,H,)N<^J5^g^Jg.   Got  by 

saponifying  its  ether,  which  is  formed  by  mixing 
acetic  acid  solutions  of  di-acetyl-succinic  ether 
and  2J-toluidine  (Knorr,  B.  18,  304).  Needles, 
decomposes  at  about  250°,  with  evolution  of  CO,. 
— K.A".— AgHA". 

is  thy  I  ether  Et,,A".    [67°].  Tables. 

Reference. — Amido-tolyl-di-methyl-pyrrole 

DICARBOXYLIC  ACIH. 

27-TOLYL-DI-METHYL-SULPHAMIDE 

SO„(NMe.,).NHC-H,.  [91°].  Formed  from 
NMe,,.SO,,Cl  and  p-toluidine  (Behrend,  A.  222, 
129).    Crystals,  v.  sol.  alcohol  and  ether. 

|>TOLYL  METHYL  SULPHONE 
C,H-.SO,.CH,.  [87°].  Formed  by  the  action  of 
cone.  KOHAq  on  ^j-tolyl-sulphono-acetic  acid 
(Otto,  B.  18,  161).  Got  also  from  C^Hj.SO^Na 
and  Mel  (Otto).  Needles  (from  very  dilute 
alcohol),  V.  sol.  hot  water. 

o-TOLYL-METHYL-THIAZOLINE 

CH^— N^^-^'^'-  Formed  by 

heating  o-toluic  bromo-propylamide  with  P.,S, 
at  150°  (Salomon,  B.  26,  1328).  Oil.  — 
B'C,;H,N,,0;.  [136°]. 

j>Tolyl-methyl-thiazoline  Ci.Hi^NS.  (295°). 
Oil.— B'C.HjN^O..    [141°].— B'.,H  ,PtCl,. 

3  E 
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TOLYL-METHYL-THIOHYDANTOEN'. 


0-TOLYL-METHYL-THIOHYDANTOIN 

^^KnH  CS^'^'^-  Formed  from 

o-tolyl-thiocarbimide  and  alanine  (Marckwald, 
-B.  24,  3281).  Crystals. 

p  -  Tolyl-methyl  -  thiohydantoin.  [197°]. 
Formed  in  like  manner  from  ^-tolyl-thiocarb- 
imide  and  alanine  (Aschan,  B.  17,  427).  Minute 
prisms.  On  heating  with  alcoholic  potash  it  is 
converted  by  hydrolysis  into  a  salt  of  the  oily 
NHaH,.CS.NH.CHMe.CO,H,  which  slowly 
changes,  in  the  free  state,  back  into  the 
hydantoin. 

o-Tolyl-di-methyl-thiohydantoin 

€Me2<^^g-^^^'-^').  [175°].  Formed  fromo-tolyl- 

thiocarbimide  and  a-amido-isobutyric  acid 
(Marckwald,  B.  24,  3284).  Needles,  v.  sol.  hot 
alcohol. 

p  -  Tolyl  -  di  -  methyl  -  thiohydantoin.  [85°]. 
Formed  in  like  manner  from  p-tolyl-thiocarb- 
imide.    Crystals,  v.  sol.  most  solvents. 

o-TOLYL-METHYL-THIO-UKEA 
NHMe.CS.NHC.H;.     [153°].     Formed  from 
methyl-thiocarbimide  and  o-toluidine  in  alcohol 
(Dixon,  C.  J.  55,  622).    Pearly  crystals,  m.  sol. 
iot  water,  sol.  alcohol. 

p-Tolyl-methyl-thio-urea.  [126°].  Formed 
inlikemannerfromp-toluidine.  Vitreous  prisms, 
T.  sol.  hot  water. 

Reference. — ToLYL-Tnio-TjREA. 

o-  TOLYL-  (a)-NAPHTHYLAMIMiE  C„H,  ,N 
■i.e.  C,„H,.NH.C,,H.,Me.  [95°].  Formed  by  heat- 
ing (a)-naphthol  (1  mol.)  with  o-toluidine 
(2  mols.)  and  CaCL  (1  mol.)  in  sealed  tubes  at 
290°,  the  yield  being  37  p.c.  of  the  theoretical 
amount  (Friedliinder,  B.  16,  2084).  Flat  needles, 
"V.  sol.  alcohol  and  ether. 

o-Tolyl-  (6)-naphthylamine  C,oH,NH.C6H^Me. 
:[96°].  Formed  by  heating  a  mixture  of 
(/3)-naphthol  with  o-tokiidine  and  CaCI,  at  280°. 
Silvery  plates  (from  ligroin),  v.  sol.  alcohol. — 
B'2C«H3N,,0,.    [110°].    Keddish-brown  needles. 

Benzoyl  derivative  [118°].  Plates. 

p-Tolyl-(a)-naphthylamine  C^Hi^N.  [79°]. 
{360°  at  528  mm.).  Formed  by  heating  (a) -naph- 
thol  with  ^j-toluidine  and  CaCl.^  at  280°,  the 
yield  being  50  p.c.  Short  prisms  (from  alcohol). 
Its  solutions  exhibit  blue  fluorescence. 

^-Tolyl-(;6)-naphthylamine.  [104°].  Formed 
by  heating  ^-toluidine  hydrochloride  with 
{;S)-naphthol  for  8  hours  at  200°  (Witt,  B.  20, 
678  ;  c/.Friedlander,  B.  16,  2078).  Plates  (from 
alcohol).  Its  solutions  have  violet-blue  fluor- 
escence. Dissolved  in  isoamyl  alcohol  it  is  re- 
duced by  Na  to  a  hydride  [44°]  (Bamberger  a. 
Muller,  B.  22,  1309).  With  nitroso-dimethyl- 
aniline  hydrochloride  and  HOAc  it  yields  a 
saffranine  C,„H,N,,Cl(C,H,):C,H,NMe.  (Witt,  B. 
21,  724).  ^-Tolyl-naphthyl-amine  (10  g.), heated 
with nitroso-dimethylaniline  hydrochloride  (4  g.), 
ZnCl„  (10  g.),  and  HOAc  (100  c.c),  forms 
C,„H,;(NH.C„H,Me).,  [225°],  which  yields  an 
acetyl  derivative  [225°]. 

Acetyl  derivative  [85°].  Needles. 

Benzoyl  derivative  [139°].  Needles. 

Reference.  —  Tetka-bromo-tolyl-naphthyl- 

AMINE. 

DI-p-TOLYL-NAPHTHYLENE-DIAMINE 

C_,„H„(NHC,H,).,.  [237°].  Formed  by  heating 
di-oxy-naphthalene  v?ith  ^J-toluidine  and  p-tolu- 


idine  hydrochloride  (Annaheim,  B.  20,  1373). 
Needles  (from  xylene).  Gives  a  red  colour  on 
heating  with  solid  ZnCl,,. 

o-TOLYL-  (a)  -NAPHTHYL-THIO-URE  A 
CS(NHC,oH,)(NHC;H,).  [168°].  Formed  by 
the  action  of  o-tolyl  thiocarbimide  on  (a)-naph- 
thylamine  or  of  (ct)-naphthyl  thiocarbimide  on 
o-toluidine  (Mainzer,  B.  15,  1416).  Short 
needles,  sol.  alcohol.  Split  up  by  cone.  HClAq 
at  150°  into  o-toluidine,  (a)-naphthylamine, 
o-tolyl -thiocarbimide,  and  (a)-naphthyl  thio- 
carbimide. 

o  -  Tolyl  -  (/3)  -  naphthyl  -  thio  -  urea  [194°]. 
Formed  from  o-tolyl  thiocarbimide  and  (;8)-naph- 
thylamine  (M.). 

p  -  Tolyl  -  (ct)  -  naphthyl  -  thio  -  urea  [168°]. 
Formed  from  p-tolyl  thiocarbimide  and  (a)-naph- 
thylamine  (M.).    Slender  white  needles. 

p  -  Tolyl  -  (/3)  -  naphthyl  -  thio  -  urea  [164°]. 
Formed  from  j5-tolyl  thiocarbimide  and  (;8)- 
naphthylamine  (M.).  Decomposed  by  HClAq  at 
150°  into  p-toluidine,  (/3)-naphthylamine,  ^-tolyl 
thiocarbimide,  and  (;8) -naphthyl  thiocarbimide. 

^)-TOLYL  p-NITRO-BENZYL  OXIDE 
C,H,Me.O.CH,.C,;H,.NO,,.    [91°].    Formed  from 
^-nitro-benzyl  chloride  and  alcoholic  C-H^ONa 
(Frische,  A.  224,  144).    Yellowish  plates,  sol. 
ether. 

TOLYL    NITROSO-METHYL    KETONE  v. 

Oxim  of  TOLTL-GLYOXAL. 

TOLYL-OXAMIC  ACID  v.  vol.  iii.  p.  654. 
TOLYL-OXAMIDE  v.  Oxalic  acid. 

0-  TOLYL-OXAZOLINE  ^^^-^^CajH,. 

(255°).  FdVmed  by  dissolving  o-toluic  bromo- 
ethyl-amide  in  hot  water  and  adding  alkali 
(Salomon,  B.  26,  1322).  Oil.  Evaporating  with 
aqueous  HCl  (1  mol.)  forms  the  compound 
C-H,.CO.O.CH..CH„.NH.„  while  excess  of  HCl 
gives  C.H..C6.NH.CH;.CH2C1.  —  B'CsHsN^O,. 
[145°].— B'-iHoPtClg.  [189°]. 

p-Tolyl-oxazoline  C,„H„NO.  [66°].  (265°). 
Formed  by  decomposing  C,H..C0.NH.CH2.CH,Br 
with  alkali.  Needles.-B'CsH3N30,.  [188°].— 
B'.,H.,PtCl,..  [186°]. 

'dI-o-TOLYL  OXIDE  (C„H,Me).,0.  Cresyl 
ether.  (272°-278°).  S.G.  1-047.  A  product 
of  the  distillation  of  Al(OC6H.,Me)3  (Gladstone  a. 
Tribe,  C.  J.  49,  27).  Oil,  smelling  like  geranium 
leaves. 

Di-m- tolyl  oxide  (C-H,)„0.  (284°-288°). 

1-  6576  at  16°.  V.D.  193-9.  A  product  of 
distillation  of  aluminium  thymol  Al(0Ci„H,3)3 
(Gladstone  a.  Tribe,  C.  J.  41,  13).  Oil. 

Di-p-tolyl  oxide  (C,H-).,0.  [60°].  (270°-300°). 
Formed  by  distilling  aluminium  p-cresol  (G.  a. 
T.).    Prisms  (from  alcohol). 

Isomeride  [165°].  Formed  by  heating 
p-cresol  with  ZnCL  (Busch,  B.  17, 2638).  Crys- 
tals, volatile  with  steam. 

DI-TOLYL-OXINDOLE  C„H^<^^^^'^')»>CO 

Toluisatin.  [200°].  Formed  by  adding  toluene 
to  a  solution  of  isatin  in  HjSOj  (Baeyer  a. 
Lazarus,  B.  18,  2638).  Needles,  v.  sol.  alcohol 
and  ether,  sol.  aqueous  alkalis.  Yields  an  acetyl 
derivative  C^H„0(NAc)  [143°]  and  an  ethyl 
derivative  C,.,H,jO(NEt)  [108°],  both  being  crys- 
talline. 
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TOLYL-OXY- ACETIC  ACID  v.  Tolyl  derivative 
of  GlycoJjLic  ACiii  and  Oxy-tolyl-acetic  acid. 
^j-TOLYL  OXY-ETHYL  SUL  PHONE 

C,H,.SOj.CH,,.CH,OH.  [55=].  Got  from  sodium 
toluene  ^j-sulphinate  and  glycol  chlorliydrin 
(Otto,  J.  pr.  [2]  30,  355).  Needles  (from  alcohol) 
with  bitter  taste.  Heating  with  KOHAq  gives 
C„H,,S,0,  [84°]. 

Benzoyl  derivative  C,H;.SO...C.,Hj.OBz. 
£176°].    Needles,  si.  sol.  hot  alcohol.' 

DI-o-TOLYL-PARABANIC  ACID  C„H,^N,03 

i.e.  C0<J5j^'JJ'J;^JJ  [203°].  Formed  by  boiling 

an  alcoholic  solution  of  oxalyl-di-tolyl-guanidine 
with  cone.  HClAci  (Bcrger,  B.  12,  1856).  Small 

needles. 

Di-^j-tolyl-parabanic  acid  [144°].  Formed 
by  boiling  di-  (ortri-)  p-tolyl-guanidinedicyanide 
with  alcohol  and  HCl  (Landgrebe,  B.  11,  978). 
Plates.  Oxidised  by  potassium  ijermanganate  to 

/N(C,H..CO,H).CO  o,. 
^^\N(C,H,.CO,,H).CO  '-■^'^'^ 

p-TOLYL  PENTADECYL  KETONE 
C,5H3,.CO.C„H,Me.    [60°].    (262^  at  15  mm.). 
Formed  from  palmityl  chloride,  toluene,  and 
AlCl,  (Krafft,  B.   21,   2266).     Needles  (from 
alcohol).    Yields  ^J-toluic  acid  on  oxidation. 

o-TOLYI-PENTHIAZOLINE    C„H,3NS  i.e. 

^'^'n'cH  CH'"  heating  trimethylene 

chlorobromide  with  thio-o-toluic  amide  (Pinkus, 
.B.  26,  1081).  Oil,  volatile  with  steam.  Its 
hydrochloride  gives  a  white  compound  with 
HgCI,. 

p-Tolyl-penthiazoline  [53°]. 
p-TOL  YL-PHE  N  TBI  AZ INE.  Dihydride 
.-^  _N 

C,.Hj<^j-,jj  j;j  Q  jj  [151°].  Formed  by  the  action 

of  HNO.,  on  o-amido-benzyl-p-toluidine  hydro- 
chloride" (Busch,  B.  25,  450).    Yellow  plates 

(from  alcohol).— B'HCl.-B'.,H,>PtCl„.  [190°]  

B'C,H3N30,.    [132°].    Dark -yellow  needles. 

^>TOLYL-PHENYL-ACETAMIDINE  C,  H„N„ 
i.e.  C,H,.CH.,.C(N.C„H,Me).NH,,.  [119°].  Formed 
by  heating  phenyl-acetouitrile  with  |j-toluidine 
hydrochloride  (Bernthsen,  A.  184,  342).  Crys- 
tals (from  alcohol). — B'.,H„PtCl,. :  yellow  prisms. 

DI  -  p  -  TOLYL  -  DIPHENYLACETYLENE  - 
DIAMINE  C„H„iN.,  i.e.  C;H,N:CPh.CPh:NC,H,. 
[161°].  Formed",  together  with  Bz.CPh:NC,Hj 
[116°],  by  heating  benzil  (1  mol.)  with  ^^-toluid- 
ine  (2  mols.)  at  130°  (Bandrowski,  M.  9,  690). 
Triclinic  plates. 

DI  -  TOLYL  -  PHENYLENE  -DIAMINE  v. 
Phenylene-di-tolyl-dlimine. 

TOLYL  PHOSPHATES. 

Tri-o-tolyl-phosphate  (C;H,0).,PO.  Formed 
by  heating  o-cresol  with  POCI3,  the  yield  being 
95  p.c.  (Heim,  B.  16,  1767;  Eapp,  A.  224,  173). 
Oil,  sol.  alcohol  and  ether. 

p-Tolyl  phosphate  PO(OC;H,)(OH)o.  [116°]. 
Formed  by  the  action  of  water  on  PO(OC,H,)CL, 
which  is  a  product  of  the  action  of  POCI3  on 
^-cresol  (Bapp,  A.  224, 168).  Plates,  sol.  alcohol, 
ether,  and  water. 

Tri-^-tolyl  phosphate  P0(0C,H,)3.  [78°]. 
Formed  by  heating  ^j-cresol  with  POCl,,  the 
yield  being  95  p.c.    Colourless  tables,  insol.  Aq. 

p  .  TOLYL  -  PHOSPHINE  C,H,NH,,.  [4°]. 
<178°).  Formed  by  the  action  of  AlCl,  on  a 
mixture  of  toluene  and  PCI3,   the  resulting 


C;H,PCl,  [20°]  (245°),  being  converted  by  water 
into  C,H;P(OH)o,  which  splits  up  on  heating  into 
tolyl-phosphine  and  toluene  phosphonic  acid 
C,H,PO,H„  (Michaelis,  B.  12,  1009  ;   13,  653 ; 

A.  212,  230).  Oil  with  strong  odour.  Kapidly 
oxidised  by  air  to  C;H,P(OH),.  HI  forms 
C-H-PH3I,  crystallising  in  colourless  needles. 

■  p  -  TOLYL  -  PHTHALIDE  C,,H,.A  ^-e- 
C„H,<^^'^^;^^>0.  [129°].  Formed  by  re- 
ducing C.H;.CO.C,H,.CO..H  in  alcoholic  solution 
with  Zn  and  HCl  (Gresly,  A.  234,  235).  Needles, 
sol.  hot  alcohol,  insol.  NH^Aq. 

Di  -  2^  -  tolyl  -  phthalide  C,Hj<^p|^^y>0. 

[116°].  Formed  by  heating  phthalyl  chloride 
(100  g.)  with  toluene  (450  g.)  and  AlCL,  (Berchem, 
Bl.  [2]  42,  168 ;  cf.  Friedel  a.  Crafts^  Bl.  [2]  35, 
505).    Prisms,  sol.  alcohol  and  ether. 

TOLYL  -  PHTHALIMIDE  v.  Tolylimide  of 
Phthalic  acid. 

))i-TOLYL-PEOPIOLIC  ACID  C,H,.C;C.CO,H. 
[109-5°].  Formed  by  boiling  di-bromo-tofyl- 
propionic  acid  C-H..CHBr.CHBr.CO,,H  with 
alcoholic  potash  (Miiller,  B.  20,  1215)."  AgNO, 
gives  an  explosive  white  pp. 

o-TOLYL-PROPIONIC  ACID  C,H,.C3H,02. 
Monoclinic  prisms  (Young,  B.  25,  2102). 

?)i-Tolyl-propionic  acid  C,H;.CH,,.CH.,.CO,H. 
[43°].  Formed  by  reducing  7;j-tolyl-acryhc  acid 
with  sodium-amalgam  (Miiller,  B.  20, 1214  ;  von 
Miller,  B.  23, 1899).  Needles  (from  ligroin),  sol. 
water,  alcohol,  and  ether.    Volatile  with  steam. 

lu-Tolyl-propionic  acid  [125°].  Formed  by 
oxidation  of  »j-isobutyl-toluene  by  HNO.,(Etfront, 

B.  17,  2330).  Needles,  si.  sol.  hot  water.— AgA': 
crystals,  sol.  hot  water. 

p-ToIyl-propionic  acid.  [116°]  (Von  Miller, 
B.  23,  1898)  ;  [120°]  (KrOber,  B.  23,  1033). 
Formed  by  reducing  ^'-^olyl-acrylic  acid.  Con- 
densed by  hot  H.,SO|  to  oxy-methyl-indonaph- 
thene. 

Di-o-tolyl-propionic  acid  CH3.C(C-H,)2.CO,H. 
[152°].  Prepared  by  adding  toluene  to  a  solu- 
tion of  pyruvic  acid  in  H.SO.,  at  -  10°(B6ttinger, 

B.  14,  1596;  15,  1474)."  Monoclinic  crystals, 
sol.  hot  alcohol.  Give  tt-di-tolyl-ethane  on 
distillation  with  lime.  Oxidised  by  KMnO.,  to 
di-phenyl-ethane  tri-carboxylic  acid. — AgA'. 

Ethyl  ether  EtA'.    [145°].  Prisms. 
Preferences.  —  Bromo-,   Nitro-,   and  Oxy-, 

TOLYL-PROPIONIC  ACIDS. 

j;>TOLYL-PIlOPIONIC  ALDEHYDE 

C,  H,.CH,.CH,.CHO.     (223°).     S.G.   12  .9941. 

Formed  by  the  action  of  water  on  the  compound 
of  CrOoCL,  with  the  cymene  got  from  camphor 
and  P2O5"  (Eichter  a."  Schiichner,  B.  17,  1931). 
Got  also  by  distilling  calcium  ^j-tolyl-propionate 
with  calcium  formate  (Miller,  B.  23,  1082).  Oil, 
smelling  like  peppermint.  Volatile  with  steam. 
Yields  ^-toluic  and  terephthalic  acids  on  oxida- 
tion. 

DI-o-TOLYL-PROPYLENE-DIAMINE 

CHMe(NHC,H;).CH,.NHC,H,.  (280^  at  120 mm.). 
Got  by  heating  o-toluidine  with  propylene 
bromide  (Bischoff,  B.  25,  3276). 

Acetyl  derivative  C,,,H,,N,,0,-  [120°]. 

Di-|j-tolyl-propylene-diamine 
C3H,,(NHC,H,),.    (277°  at  48  mm.)  (Bischoff,  B. 
25,  3277).    Go"t  from  /'-toluidine  and  CjH^Br.. 
Oil. 

3e  2 
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Acetyl  derivative  CjiHj.NjO.,.  [114°]. 
Benzoyl  derivative' C.jtB.r,„^'.,0.,.  [152°]. 
o-TOLYL-PROPYLENE-;|/-THIO-UREA 

C;H,NH.C^^/^g'^^^     [126°].     Formed  from 

s-o-tolyl-allyl-thio-urea  and  HCl  (Prager,  B.  22, 
2999).    Tables,  si.  sol.  hot  water.— B'.JIoPtCls. 
[178°].    Prisms.— B'C^HjN.O..    [176°].'  Cubes. 
DI-o-TOLYL-PROPYLENE  UREA 

CA<^^'^'>CO.    [93°].    Formed  from  di-o- 

tolyl-propylene-diamine  and  COClo  (Bischoff,  B. 
25,  .3276).    Prisms  (from  dilute  alcohol). 

Di-^j-tolyl-propylene-urea.    [1 30°] . 

d-IOLYL  ISOPROPYL  KETONE 
C„H,Me.CO.i'r.  (236°).  Formed  from  toluene, 
isobutyryl  chloride  and  AICI3  (Glaus,  J.  pr.  [2] 
46,  480).  Oil,  with  bitter  taste  and  aromatic 
odour.  Yields  2^-toluic  and  terephthalic  acids 
Oil  oxidation.  Yields  an  oxim  [92°].  May  be  re- 
duced top-tolyl-isopropyl-carbinol ;  an  oil  boil- 
ing above  300^. 

DI-o-TOLYL-PYRAZINE  HEXAHYDRIDE 

C,,H,Me.N<^^-^-^g->N.C,H,Me.  Di-o-tohjl- 

piperazine.     [171°].     Formed  from  ethylene 
bromide,  o  -  toluidine,   and  Na.iCOs  at  160° 
(Bischolf,  B.  22,  1781 ;  23,  1982 ;'  cf.  Mauthner 
a.  Suida,  M.  7,  233).  Crystals  (from  ether). 
Isomeride.    [154°].    Formed  by  heating  di- 

0-  tolyl-ethylene-diamine  with  chloro-acetic  acid 
and  NaOAc  (Bischoff,  B.  23,  2031).  Thin  needles 
(from  alcohol). 

Di-^-tolyl-pyrazine  hexahydride 

C,H,.N<^g^'^g->N.C,H,.     [188°].  Formed 

from  p-toluidine  and  CH^Br^  in  presence  of 
NaOAc  or  NajCO^.  Prisms,  si.  sol.  alcohol. 
With  NaNOj  ,and  HOAc  it  yields  a  di-nitroso- 
derivative  [167°]. 

o-TOLYL-PYRAZOLE  CH<^^g:^-^'^''^® 

(246-5°  cor.).  S.G.  g  1-0868  ;  ^-g  1-0753.  Formed 
by  boiling  epiohlorhydrin  (1  mol.)  with  o-tolyl- 
liydrazine  (2  mols.)  and  benzene,  boiling  off  the 
benzene,  and  heating  the  residue  at  150°  (Bal- 
biano,  G.  18,368).  Not  reduced  by  boiling  with 
alcohol  and  Na.— B'„H.,PtCls.  [201°].— B'Etl. 
[100°].    Needles,  v.  e.  sol.  water. 

Dihydride    C^H^N^.C-H,.    (271°).    S.G.  g 

1-  084.  Formed  from  acrolein  tolyl-hydrazide 
and  dilute  (2  p.c.)  H,.SOj.  Oil.  Sol.  fuming 
HClAq,  but  reppd.  by  water.  KfirJJ^  and 
HjSO.,  give  an  indigo-blue  colour. 

^>Tolyl-pyrazole.  [33°].  (259°  cor.). 
Formed,  in  like  manner,  from  epiohlorhydrin  and 
|>tolyl-hydraziue.    Yellowish  plates,  si.  sol.  hot 

water.— B'2H2PtCle2aq:  needles.  [184°]  B'Etl. 

[105°].    Prisms,  v.  sol.  water. 

Dihydride.  [60-5°].  (282°  i.V.).  Formed 
from  acroleinp-tolyl-hydrazide  and  dilute  H„SOj. 
Got  also  by  reducing  2J-tolyl-pyrazole  in  alcoholic 
solution  by  Na.  Iridescent  plates,  si.  sol.  hot 
water.  Its  acidified  solution  is  coloured  violet- 
red  by  KjCroO,. 

p-TOLYL-PYRIDINE  HEXAHYDRIDE 
C.HjMe.N.CsH,^.    (262°).    Formed  by  heating 
piperidine  with  p-bromo-toluene  at  270°  (Lell- 
mann  a.  Just,  B.  24,  2099).    V.  sol.  alcohol  and 
benzene. 


^)-TOLYL-PYRROLE  C,,H„N  i.e. 

^g:^g>NC,H^Me.    Got  by  dry  distillation  of 

_p-toluidine  mucate  (Lichtenstein,  B.  14,  933). 
Converted  by  AcCl  into  crystalline  C.H-NC.Ac,. 
— B'^HgCl^. 

Di-^-tolyl-pyrrole  ^Hic(cS)>^^- 
[197°].    Formed  by  treating  di-jp-tolyl-furfurane 
or  (0,H,.CO),C2H4  with  NH^OAc  (Hollemann, 

B.  T.  C.  6,  73).  Small  plates  with  bluish  lustre. 
Does  not  form  a  K  derivative.  Boiling  HClAq 
gives  a  red  resin.  With  isatin,  after  several 
days,  it  gives  an  intense  red  colour. 

o-TOLYL-QUINAZOLINE  DIHYDRIDE 
N  =  OH 

C,  5H,4N„t.e.  C«H,<^^g  Formed  by 

reducing  the  formyl  derivative  of  o-nitro-benzyl- 
o-toluidine  with  tin  and  HClAq  (Paal  a.  Busch, 
B.  22,  2701).  Oil.— B'HSnClj.— B'HCl :  amor- 
phous.—B'.,H,PtCl,,.  [210°].  Needles  (from  al- 
cohol containing  HCl). 

^-Tolyl-quinazoline  dihydride.  [120°]. 
Formed  in  like  manner.  Plates,  v.  sol.  alcohol. 
— B'HSnCls.  [165°].-B'HC12aq.  [85°].— 
B'HCl.  [251°].— B'.,H2PtCls.  [216°].  Yellow 
needles. 

Methylo-iodide  B'Mel.  [186°].  Needles. 
^-Tolyl-quinazoline  tetrahydride 

^•^S<CHj&..Me-  [127°].  Formed  by.  re- 
ducing  the  dihydride  in  alcoholic  solution  by 
sodium.  Needles,  m.  sol.  alcohol.  Yields  a 
nitrosamine  [100°].  Yields  a  crystalline  hydro- 
chloride. 

Reference. — Oxy-tolyl-quinazoline. 

{Py.  3)-o-T0LYL-QUIN0LINE  Ci^HisN  i.e. 

tilling  oxy-tolyl-quinoline  (pseudoflavenol)  with 
zinc-dust  (Weidel  a.  Bamberger,  M.  9,  108). 
Silky  needles  (from  benzene). — B'jHjPtClg  (dried 
at  105°).    Orange  tables. 

w-Tolyl-isoquinoline  C,H4<^^g:^'*^'^'. 

[52°].  Formed  by  heating  (l)-ehloro-  (3)-m- 
tolyl-isoquinoline  with  HI  and  I?  for  three  hours 
at  170°  (Heilmann,  B.  23,  3168).  Needles  (from 
MeOH). 

i>Tolyl-isoquinoline  C5H,<^|;§-^'^'. 

[78°].  Formed  in  like  manner  (Euhemann,  B. 
24,  397-5).  Needles.— B'HI.—B'HXrO^.— 
B'jHjPtCle.— B'CsHaNsO,.    Yellow  needles. 

Reference. — Oxy-tolyl-quinoline. 

TETRA-Hi-TOLYL-SILICANE  Si(C,H,)^. 
[151°].  (above  550°).  S.G.  ^  1-1188.  Formed 
from  7;i-bromo-toluene,  SiCl.,,  and  sodium  (Polis, 
B.  19,  1021).  Prisms  (from  ether),  v.  sol.  benz- 
ene. 

Tetra-p-tolyl-silicane  Si(C-H,),.  [228°]. 
(above  450°).  S.G.  2°  1-0793.  '  Formed  from 
SiClj,  ^j-bromo-toluene,  ether,  Na,  and  a  little 
EtOAc  (Polio,  B.  18,  1542 ;  19,  1019).  Mono- 
clinic  crystals  (from  chloroform).  Decomposed 
by  cone.  HNO3,  forming  silica  and  di-j)-nitro- 
toluene  [72°]. 

TETRA-o-TOLYL  SILICATE  Si(0C,H;)4. 
(c.  437°).  Formed  by  heating  o-cresol  with 
SiCl„  the  yield  being  90  p.c.  of  the  theoretical 
quantity  (Hertkorn,  B.  18,  1686).    Oil,  v.  sol. 
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alcohol.  Decomposed  by  hot  water  into  silica 
and  o-cresol. 

Tetra-j;i-tolyl  silicate  Si(OC,H,)j.  (445°) 
at  720  mm.    Syrup  (H.). 

Tetra-p-tolyl  silicate  Si(OC;H-)^.  [70°]. 
(444°).    Tables  or  prisms,  v.  sol.  benzene  (H.). 

21-TOLYL  SILICO-CHLORIDE  CH-SiClj. 
(219°).  Formed  from  Hg(C,H,),  and  'siCl,  at 
310°  (Ladenburg,  A.  173, 1G5).  Liquid,  converted 
by  dilute  aqueous  ammonia  into  C,H;.SiO.OH 
[c.  150°] ,  which  is  converted  at  200°  into  solid 
(C;H,.SiO),0. 

TOLYL  SULPHATES. 

o-Tolyl  sulphuric  acid 
[1:2]  C6H,Me.0.S0,,.0H.  Occurs  in  small  quan- 
tity in  the  urine  oi  horses  (Preusse,  //.  2,  355). 
Prepared  from  C,H,,Me.OK  and  K,,S,0,  (Bau- 
mann,  B.  11,  I'Jll).  The  K  salt  crystallises  in 
plates,  m.  sol.  water. 

7K-Tolyl  sulphuric  acid  CaH,Me.O.SO..OH. 
Occurs  in  very  small  quantity  in  horses'  urine 
(P.). 

j>TolyI   sulphuric  acid  CsHjMe.O.SO,.OH. 

Occurs  in  the  urine  of  horses  and  cows  (Bau- 
mann,  B.  9,  1389,  1716 ;  Stadeler,  A.  77,  18). 
Pormed  by  boiling  potassium  ^j-cresol  with 
K,S..O;.    The  K  salt  is  si.  sol.  cold  alcohol. 

"  DI-o-TOLYL-SULPHAZIDE  C,,H„N,,SO,,  i.e. 
[2:1]  C,H,Me.NH.NH.SO,.C,H,Me  [1:2]. "  Toli/l- 
toluene-sulphardde.  [142°].  Obtained  by  the 
action  of  SO.,  upon  o-diazo-toluene  in  alcoholic 
solution.  White  glistening  needles  (Limpricht, 
B.  20,  1241).  When  boiled  with  baryta-water  it 
tlecomposes  into  o-toluene-sulphinic  acid, 
toluene,  and  nitrogen. 

Di-^j-tolyl-sulphazide  C||HmN.>SO,  i.e. 
[4:l]C,HjMe.NH.NH.SO.,.C,H,Me[l:4].  "  Tolyl- 
toluene-sulphazide.  [140°].  Formed  in  like 
manner  from  ^j-diazo-toluene  (L.).  Small 
needles.  By  boiling  with  baryta-water  it  is  de- 
composed into  j.>-toluene-sulx)hinic  acid,  toluene, 
and  nitrogen. 

Reference. — Nitro-di-tolyl-sulphazide. 

DI-^-TOLYL  SULPHIDE  S(C,.H,Me),.  [57°]. 
(above  300°).  Formed  by  distillation  of  lead 
l^-tolyl-mercaptide  (Otto,  B.  12,  1175).  Small 
needles,  insol.  water,  sol.  alcohol.  Yields  di-p- 
tolyl  sulphone  on  oxidation  by  KMuOj. 

Di-i»-tolyl  disulphide  CnH^Sj  i.e. 
(C|jH^Me).,S.2.  Formed  from  j)i-tolyl  mercaptan 
by  treatment  with  dilute  HNO3  (Hubner  a.  Post, 
A.  109,  51).  Liquid  at  —22°.  Decomposed  on 
boiling  or  by  atmospheric  oxidation  of  its  am- 
moniacal  alcoholic  solution  (Leuckart,  J.  pr.  [2] 
41,  189). 

Di-2>tolyl  disulphide  (C,H,Me),S,.  [43°]. 
Formed  from|j-tolyl  mercaptan  by  atmospheric 
oxidation  (Miircker,  A.  130,  ss)  or  by  the  ac- 
tion of  C1S0.,H  (Beckurts  a.  Otto,  B.  11,  2000), 
or  by  treatment  with  ICy  (Thurnauer,  B.  23, 
769).  Formed  also  by  the  action  of  H.^S  on  a 
warm  dilute  solution  of  toluene  jij-sulphinic  acid 
in  alcohol  (Otto,  J.pr.  [2]  37,  211).  Crystals, 
v.  e.  sol.  ether.  Begins  to  boil  at  307°  i.V.  but 
<lecomposes  on  distillation.  Alcoholic  K._.S 
forms  ^-tolyl  mercaptan  (Otto  a.  Eossing,  B.  19, 
3129). 

Di-^>tolyl  tetrasulphide  (C„H^Me),,SO.,. 
[75°].    Formed  by  the  action  of  H.^S  on  a  cone, 
solution  of  toluene  ^'-sulphinic  acid  (Otto,  J.  pr. 


[2]  37,  211).  Small  plates,  insol.  water,  v.  sol. 
ether. 

References. — Di-amido-,  Di-bromo-,  and  Osy- 

DI-TOLYL-SDLPHIDE. 

O-TOLYL  SULPHOCYANIDE  C„H,Me.S.CN. 

(c.  245°).  Formed  by  adding  cuprous  sulpho- 
cyanide  in  KSCy  to  a  solution  of  o-diazo-toluene 
(Thurnauer,  B.  23,  770).  Yellowish-red  oil  with 
unpleasant  odour. 

^>Tolyl  sulphocyanide.  (c.  248°).  Formed  in 
like  manner,  and  also  by  paiishig  CyCl  through 
alcohol  containing  lead  p-tolyl  mercaptide. 
Liquid,  solidifying  below  0°. 

DI-p-TOLYL  SULPHONE  (C,H,Me).,SO„. 
[158°].  (405°)  at  714  mm.  Prepared  by  the 
action  of  AlClj  on  a  mixture  of  toluene  and 
toluene  p-sulphonic  chloride  (Beckurts  a.  Otto, 

B.  11,  2068  ;  12,  1177  ;  cf.  Michael,  B.  10,  584). 
Formed  by  the  action  of  fuming  H.^SO,,  or  SO3 
on  toluene  (Deville,  A.  44,  306  ;  Otto  a.  Griiber, 
A.  154,  193)  and  by  the  action  of  KMnOj  and 
HOAc  on  di-p-tolyl  sulphide.  Prisms  (from 
benzene),  si.  sol.  cold  alcohol  and  ether.  Potash- 
fusion  yields  |)-cresol  and  diphenyl  (Otto,  B.  19, 
2426). 

DITOLYL  DISULPHONIC  ACID 

[1:4:5]  C„tt,Me(S0,H).C,H3Me(S0.,H)  [5:1:4]. 
j  Formed  from  di-amido-ditolyl  disulphonic  acid 
I  by  diazotisation  followed  by  boiling  with  alco- 
I  hoi  (Halle,  A.  270,  363).    Crystals,  v.  e.  sol. 
I  water,  m.  sol.  alcohol,  insol.  ether. — K,A".  Hexa- 
gonal plates. — KHA":  prisms. — EaA"  6aq. 
Chloride  ChH|„S.,0,C1„.  [229°]. 
Aviide  C,,H,.,S.,6,(NH..).,.  Needles. 
p-TOLYL-SULPHONO-ACETIC  ACID 

C,  H,Me.SO.,.CH,.CO,H.  [118°].  Formed  from 
sodium  benzene  sulphinate  and  chloro-acetio 
acid  (Gabriel,  B.  14,  834).  Crystals  (from  benz- 
ene), si.  sol.  hot  water.  CI  passed  into  its 
a(iueous  solution  forms  C;H,.S0„.CHC1..  [114°]. 
Br  forms  C;H,.SO,.CHBr,  and  C;H,.SO',.CH,Br 
(Otto,  J.pr.  [2]  40,  542). — AgA' :  trimetric  tables. 

Ethyl  ether '&ik'.  Converted  by  bromine 
(2  mols.)  at  90°  into  C;H,.SO,.CBr,,.CO,,Et  which 
on  saponification  by  cold  NaOHAq  yields 
C-H-.SO,,.CHBr„  [117°]. 

^>TOLYL-SULPHONO  ACETONE 
CH3.C0.CH..S0,.C„H,Me.  [51°].  Formed  by 
heating  sodium  toluenep-sulphinate  with  chloro- 
acetone  in  alcohol  (Otto,  J.  pr.  [2]  36,  425). 
Needles,  v.  sol.  alcohol.  Bromine  fcwms 
CH,,Br.CO.CH,,.SO,C;H,  [130°],  m.  sol.  alcohol. 

bi-^-tolyl-di-sulphono-acetone 
CO(CH,..SO.,.C„H,Me),.      Formed    by  heating 
CH2Br.C0.CH,,.S0,,G,H,  with  sodium  toluene  p- 
sulphinate  in  alcoholic  solution.    Plates,  v.  sol. 
hot  HOAc  and  chloroform. 

DI-TOLYL  DI  -  SULPHONO  -  DI  -  ETHYL  - 
AMINE  NH(C,H,.SO,.C,HJ,.  Formed  by  heat- 
ing di-tolyl  ethylene  disulphone  with  NH^Aq 
(Otto,  J.  pr.  [2]  30,  359).-B'HCl.  [201°].— 
B'HAuCl, :  dark-yellow  needles. 

DI  -  TOLYL  -  DI  -  SULPHONO  -  DI  -  ETHYL 
OXIDE  0(C.,H,.SO.,.C.H;)„.  [84°].  Formed  by 
the  action  of  cone.  KOHAq  on  C,H,(S0.,C;H.)2 
and  as  a  by-product  in  the  preparation  of 
C;H,.S0..C,H^0H  [55°]  by  the  action  of  dilute 
KOHAq  on  the  same  body  (Otto  a.  Troger,  B. 
26,  944  ;  cf.  J.  pr.  [2]  30,  i71,  321). 

TOLYL  DISULPHOXIDE  v.  Tohjl  ether  of 
Toluene  thiosulpho.nic  acid. 


790 


TOLYL  DISULPHOXIDE. 


Di-^-tolyl  sulphoxide  SO(C„H,Me),,.  [92°]. 
Formed  from  toluene,  SOCL,  and  AICI3" (Parker, 

B.  23,  1844).  Flat  needles  (from  ligroin),  v.  e. 
sol.  benzene.  Reduced  by  sodium  and  alcohol 
to  di-tolyl  sulphide  [56°].  KMnOj  in  HOAc 
forms  di-tolyl  sulphone  [158°]. 

DI-o-TOLYL-TETKAZINE  C,6H,sN,  i.e. 

C,  H,N<^'g.^>NC,H..    [141°].  Formed  from 

o-tolyl-hydrazine,  chloroform,  and  alcoholic 
potash  (Ruhemann,  C.  J.  57,  52).  Crystals. 
Yields  crystalline  C,,.H,5(S03H)N4  and 
C„H,5(N0.,)N,  [207°].— B'HCl:  needles. 

Methylo-iodide  B'Mel.  [198°].  Nodules. 

Di-p-tolyl-tetrazine  C|f;H|„Nj.  Formed  in 
like  manner.  B'HCl:  very  unstable  white  needles. 

Methylo-iodide  B'Mel.   [242°].  Needles. 

o-TOLYL-THIAZOLE  DIHYDEIDE 

CsH^Me.C^g-^^2.    (282°).    Formed  from  thio- 

o-toluic  amide  and  ethylene  bromide  (Gabriel  a. 
Heymann,  J3.24, 786).  Got  also  by  heating  o-toluic 
bromo-ethyl-amide  with  PoSj  (Salomon,  B.  26, 
1329).  Converted  by  bromine-water  into  taurine 
and  o  -  toluic  acid.  —  B'„H.i>tCls.  [199°].— 
B'CsHjNP-.  [132°]. 

^9-Tolyl-tliiazole  dihydride.  [81°].  Prepared 
in  like  manner.  Tables. 

2)-T0LYL-THI0BIURET  C^HiiNgS...  [158°]. 
Formed  by  fusing  |;-toluidine  (2  pts.)  with  per- 
sulphocyanic  acid  (1  pt.)  (Tursini,  B.  17,  584). 
Minute  needles, sol. NaOHAq.  Yields  C,,H,„N.,S,Et 
[134°],  crystallising  from  alcohol  in  needles,  and 
CoHjoAcNjS,,  [166°],  crystallising  in  needles. 

o-T0LYL-)3-THI0CARBAMIC  ACID 
[l:2]CjH4Me.NH.CS.OH. 

Ethtjl  ci/i<!rC,H,N:C(SH).OEt.  Tolyl-thio- 
iiretliane.  Formed  by  heating  o-tolyl-thiocarb- 
imide  with  alcohol  at  130°  (Liebermann  a. 
Natanson,  B.  13,  1576;  A.  207,  161).  Oil,  sol. 
alkalis. — CmH, J^gNSO  :  white  pp.  insol.  NH,,Aq. 
Converted  by  Mel  into  C-H;N(OEt).SMe,  and  by 
Etiinto  C,H,N(OEt).SEt,  both  being  oils  boiling 
above  250°. 

m-Tolyl-;8-tliiocarbamic  acid 
[l:3]C6H4Me.NH.CS.OH. 

Ethyl  ether  C;H-N:C(SH).OEt.  [68°]. 
Formed  in  like  manner  (L.  a.  N.).  Yields 
C,„H,J^gNSO  and  oily  C,„H,,EtNSO. 

p-Tolyl-)3-thiocarbamic  acid.  Ethyl  ether 
C;H,NC(SH).OEt.  [87°].  Formed  in  the  same 
way  (L.  a.  N.).  Triolinic  crystals.  Ammoniacal 
AgNOj  added  to  its  alcoholic  solution  ppts. 
C-H,NC(OEt).SAg,  which  is  converted  by  Mel 
into  C,H,NC(OEt).SMe,  and  by  EtI  into 
C.H.NC(OEt).SEt,  both  being  oils  boihng  above 
250°.  C,H,NC(OEt).SEt  is  decomposed  by  dilute 
HoSOj  at  180°  into  p-toluidine  and  thiocarbonic 
etiier. 

o-Tolyl-a-thiocarbamic  acid  C-H.NH.CO.SH. 

Methyl  ether  MeA'.  [70°].  '  Formed  by 
heating  C-H-NH.C(NC-H-).SMe  with  dilute 
H.,SO,,  at  140°  (WiU  a.  Bielschowski,  B.  15, 
1317).  Plates. 

Ethyl  ether  EtA'.    [60°].  Tables. 

p-Tolyl-a-thiocarbamic  acid  NHC;H..CO.SH. 

Metliyl  ether  MeA'.  [107°].  Formed  by 
heating  G,H;NH.C(NC;H,).SMe  with  dilute 
H,SO.,  at  170°.  Needles,  v.  sol.  alcohol  and 
ether. 

Ethyl  ether  EtA'.    [79°].    Formed  from 


p-toluidine  and  Cl.CO.SEt.    Needles.  Yields 
EtSH  and  tolyl  cyanate  on  distillation. 
Ethylene  derivative 

CO<g('^'^')>CA.     [88°].     Long  slender 

needles. 

o-Tolyl-di-thio-carbamic  acid 

C,H,NH.CS.SH.— NiA'..  Brown  needles,  insol. 
water.— BaA'„.  Plates"(Losanitsch,  B.  24, 3027). 
Forms  di-o-tolyl-thio-urea  on  heating. 

Methyl  ether  MeA'.  [132°].  Formed 
from  the  Ba  salt  and  Mel.    White  needles. 

Ethyl  ether  EtA'.  [72°].  Formed  by 
heating  C,H,NH.C(NC-H,).SEt  with  CSj  at  160° 
(Will  a.  Bielschowski,  B.  15,  1317).  Prisms. 

Ethylene    derivative     C,oH,,NS2  i.e. 

CS<g<^^^')>C,g,.  [129°].  Formed  by  heating 
C,H,N.C<|^^^^^C,H^  with  CS,  at  200°.  Yields 

C,„H„NS.,MeI,  crystallising  in  prisms  [151°]. 

«t-Tolyl-di-thio-carbamic  acid 
C,H,NH.CS.SH. 

Salts . — BaA'o.  Formed  from  «2-toluidine, 
CSo,  and  Ba(0H)2  in  alcohol  (Losanitsch,  B.  24, 
3027).  Needles,  sol.  water,  insol.  cold  alcohol. — 
NiA'o.    Yellowish-brown  plates. 

Methyl  ether  MeA'.    [89°].  Needles. 

;>ToIyl-di-thio-carbamic  acid  C;H,NH.CS,H. 

Salts.— NH,A'.  Formed  from  p-toluidine, 
CS,_„  alcohol,  and  NH.jAq  (Losanitsch,  B.  24, 
3026).  Yellowish  prisms,  sol.  water,  insol.  alco- 
hol.— BaA',.  Needles. — NiA',,.  Formed  from 
^-toluidine,  CS^,  ammoniacal  NiSOj,  and  alcohol. 
Brown  needles,  sol.  alcohol,  insol.  water. 

Methyl  ether  MeA'.    [84°].  Prisms. 

Ethyl    ether  EtA'.    [74°].    Formed  by 
heating  NHC,H,.C(NC;H,).SEt  with  CS,  at  160° 
(W.  a.  B.).    Needles,  spht  up  by  heat  into 
I  ^-tolyl  thiocarbimide  and  EtSH. 

;      Ethylene     ether     CS<|^^'-^')  >CoHi. 

[126°].  Crystals.  Yields  a  methylo-iodide  [107°], 
which  is  converted  by  aniline  into  C,6H,6N.,S 
[128°],  and  by  o-toluidine  into  C^HuN^S  [82°]." 
Reference.  —  Nitro  -  tolyl  -  thiocaebamic 

ETHEE. 

o- TOLYL -THIOCAEBAZIC  ACID  0- Tolyl 
hydrazide  C^H.NH.NH.CS.SNH^.NHCjH,. 
Formed  from  o-tolyl-hydrazine,  ether,  and  CS., 
(Preund,  B.  24,  4200).  Prismatic  tables,  insoL 
ether,  decomposed  by  water  and  alcohol.  The 
2}-isomeride  melts  at  109°. 

DI-o-TOLYL-THIOCARBAZIDE  C,,H,„N,S i.e. 
CS(NH.NHC,H,Me)„.  [130°].  Formed  from 
o-tolyl-thioearbazic  acid  and  o-tolyl-hydrazine 
at  90°  (Preund,  B.  24,  4201).  Needles,  sol.  alco- 
hol, insol.  Aq. 

Dl-p-tolyl-thiocarbazide.  [121°].  Formed 
in  like  manner  at  110°  (Preund,  B.  24,  4194). 
Plates,  V.  sol.  hot  alcohol. 

Di-o-tolyl-thiosemicarbazide  CijHi-NsS  i.e. 
NHC;H,.CS.NH.NHC;H,.  [149°].  Formed  by 
heating  o-tolyl-thiocarbimide  (1  mol.)  with 
o-tolyl-hydrazine  (1  mol.)  in  alcohol  (Dixon, 
C.J.  61,  1017).  Octahedra,  m.  sol.  hot  alcohol, 
insol.  Aq. 

Di-|3-tolyl-thiosemicarbazide.  [154°].  Formed 
in  like  manner  (D.).  Prisms,  v.  e.  sol.  Iiot  alco- 
hol. 
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02J-Di-tolyl-thiosemicarbazide 

[4:l]C,.HjMe.NH.CS.NH.NHC,iH,,Me  [1:2].  [142°]. 
Formed  from  ^-tolyl-thiocarbimide  and  o-tolyl- 
hydrazine  (D.).    Prisms,  si.  sol.  hot  alcohol. 
Isomeride 

[2:l]C„H,Me.NH.CS.NH.NHC,,H,Me[l:4].[163°]. 
Formed  from  o-tolyl-tliiocarbimide  and  p-tolyl- 
hydrazine  (Dixon,  C.  J.  61,  1015).  Prisms,  m. 
sol.  hot  alcohol. 

DI-o-TOLYL-THIOCARBAZONE  C, ^H.^N^S  i.e. 
C,H;N:N.CS.NH.NHaH-.  [1G8°].  Formed  from 
di-o-tolyl-thiocarbazide  and  alcoholic  potash 
(Preund,  B.  24,  4201).  Blue-black  needles,  v. 
sol.  chloroform,  si.  sol.  alcohol.  Cone.  H^SO^ 
forms  a  bluish-green  solution. 

Di-2>tolyl-thiocarbazone.  [105°].  Formed 
in  like  manner.    Dark-blue  amorphous  flakes. 

o-TOLYL-THIOCARBIMIDE  C,H,NS  i.e. 
[l:2]C,H,Me.N:CS.  (289°).  Formed  from  di-o- 
tolyl-thio-urea  by  distilling  with  (Staats, 

B.  13,  136),  by  heating  with  aqueous  H.|PO, 
(Hofmann,  B.  15,  986  ;  Mainzer,  B.  16,  2017), 
or  by  boiling  with  fuming  HClAq  (Girard,  B.  6, 
445).  Oil. 

Reactions.— 1.  CJilorineiovms  C,H,.NC1.CSCI 
(218"),  which  is  converted  by  alcohol  into  a 
mixture  of  di-o-tolyl-urea  and  o-tolyl-carbamic 
ether  (Lachmann,  B.  12, 1349). — 2.  Chloro-acetic 

acid  and  alcohol  at  150°  form  C,H,.N:C<q^J^- 

crystallising  in  needles  [120°],  decomposed  by 
boiling  baryta-water  into  o-toluidine,  CO.,,  and 
thioglycollic  acid  (Voltzkoff,  B.  13,  1580).— 
3.    PhOMe    and    AlCL,    on    warming  form 

C,  H,NH.CS.C,,H,OMe  [95°]  (Tust  a.  Gattermann, 

B.  25,  3528).  PhOEt  and  AICI3  give  C,6H„NS0 
[116°]. 

?7i-Tolyl-thiocarbimide  C-H..N:CS.  (244°) 
at  732  mm.  Formed  by  boiling  di-«i-tolyl-iirea 
with  cone.  HClAq  (Weith  a.  Landolt,  B.  8,  719). 
Heavy  oil.  Converted  by  copper-powder  at  220° 
into  jK-toluic  nitrile. 

p-Tolyl-thiocarbiraide  [1:4]  CsH,Me.N:CS. 
[26°].  (237°).  Formed  by  heating  di-p-tolyl- 
thio-urea  with  P.,0,  or  aqueous  H.jPO,  of  S.G. 
1-7  (Hofmann,  B.  1,  173;  15,  986';  Staats,  B. 
13,  135).  Formed  also,  together  with  phenyl- 
thiocarbimide,  by  heating  PhN:C:NC-Hj  with 
CS.,  at  190°  (Huh'n,  B.  19,  2409).  Needles  (from 
ether),  v.  sol.  alcohol. 

Beactions.—  1.  Ammonia  forms  tolyl-thio- 
urea,  and  other  bases  act  in  like  manner. — 
2.  Bromine  forms  C-H,NBr.CSBr,  which  readily 
gives  off  Br,  leaving  (C;H-NCS)._.Br,,  crystallising 
in  i^lates  decomposing  at  210°  (Helmers,  B.  20, 
790).— 2.  Chlorine  forms  (0-H,NCS).,Cl.„  whence 
dilute  alcohol  gives  (C,H,NCS),,0  [139°]  crystal- 
lising in  needles.— 3.  CH,_,C1.C0._,H  and  alcohol 

at  150°  form  C,H,N:C<q  ^q-   [162°]  (Voltz- 

koff,  B.  13, 1579).— 4.  Warmed  with  toluene  and 
AlCl,  it  gives  C-H,NH.CS.C,H.  [166°].— 
6.  Heated  with  AlCl.,  it  yields  (C,H;N.CS)„S 
[176°]  (Friedmanna.  Gattermann,  .B.  25,  3.525). 
6.  CgHjOMe  and  AlCl,  react,  with  formation  of 

C,  H,NH.CS.C„H,.OMe  [1.57°].— 7.  C,H.0Et  and 
AlCl,  give  C„H„NOS  [151°],  which  may  be 
oxidised  to  C„  H,,NOS  [170°]. 

DI-2>T0LYL  DI-THIO-CARBONATE 
CO(SC,;H,Me),.     [91°].     Formed  from  p-tolyl 
mercaptan  and  COCl,.    It  is  also  a  by-product 


in  the  action  of  |:)-diazo-toluene  chloride  on 
potassium  xanthate  (Leuckart,  J.  pr.  [2]  41, 
190).    Needles  (from  alcohol). 

TRI-TOLYL  TRI-THIOCYANURATE 
(C,H,Me.SCy),.    [114°].   Formed  from  sodium 
|;-tolyl     mercaptan    and    cyanuric  chloride 
(Klason,       in:  [2]  33,  120).    Crystals  (from. 
HOAc). 

o-TOLYL-THIOHYDANTOIN  a,H,„NSO  i.e 

CS<JJJf';^!^*^*>CO.    [136°].    Formed  from 

o-tolyl-thiocarbimide  and  amido-acetic  acid 
(Marckwald,  24,  3281).  Plates,  v.  sol.  alcohol, 
si.  sol.  ligroin. 

|>ToIyl-thiohydantoin  [210°]  (M.).  Formed 
as_  above  (M.  ;  cf.  Aschan,  B.  17,  426).  Flat 
prisms,  sol.  alkalis. 

Isomeride  [183°].  Formed  by  fusing 
CH.,C1.C0.NHC.H,  with  tliio-urea  (P.  Meyer,  B. 
10,  1966).    Small  crystals. 

^;-Tolyl-^-thiohydantoic  acid 
C;H,N:C(NH,).S.CH.,.CO.,H.  [176°  -  182°]. 

Formed  by  boiling  chloro-acetic  acid  with 
ammonium  sulphocyanide,  p-toluidine,  and 
alcohol  (.Jiiger,  /.  pir.  [2]  16,  21).  Prisms,  not 
attacked  by  Ac.,0  and  Br. 

DI-p-TOLYL-THIOPHENE  C,sH„S  i.e. 
CH:C(C,H,MeK  „  -n- 
CH:C(C,;H;Me)>S-  ^^^^  J' 
heating  di-p-tolyl-furfurane  with  P,>S..,  (Holle- 
mann,  R.  T.  C.  6,  74).  Small  plates  (from 
alcohol).  Gives  an  intense  dark-green  colour 
with  isatin  and  H..SO|. 

o-TOLYL-THIO-UREA  NH,,.CS.NHC„H,Me. 
[155°].  Formed  from  o-tolyl  thiocarbimide  and 
NH^Aq  (Staats,  B.  13,  136).  V.  sol.  hot  water 
and  alcohol,  si.  sol.  ether. 

Acetyl  derivative  NHAc.CS.NHC,H,Me. 
[184°].  Formed  from  acetyl  thiocarbimide  and  0- 
toluidine  in  alcohol  (Dixon,  C.  J.  55,  304).  Pale 
lemon-yellow  prisms,  insol.  water,  sol.  alcohol. 

Benzoiil  derivative 
NHBz.CS.NHC.HjMe.    [119°].    Formed  in  like 
manner  (Dixon,  C.  J.  55,  623).  Pale-yellow 
prisms,  blackened  by  AgNO.,. 

Di-o-tolyl-tbio-urea  CS(NH.C„HjMe)„.  [158°]. 
Formed  from  o-toluidine  and  CS.,  (Girard,  B. 
4,  985  ;  Berger,  B.  12,  1854  ;  Ador  a.  Killiet, 

B.  12,  2301).  Long  needles,  v.  sol.  hot  alcohol. 
Converted  by  heating  with  Mel  into  the  hydro- 
iodide  of  di-tolyl-methyl-thiourea  Ci^Hi^N.^S, 
which  may  be  represented  as  'methyl  di-o-tolyl- 
imido-  thiocarbamate  '  C,H;N:C(SMe).NHC;H;. 
This  body  melts  at  60°,  while  the  corresponding 
ethyl  derivative  melts  at  51°.  The  ethylene  de- 
rivative [91°]  may  be  represented  by  the  formula 

C.  H,N:G<^^^'-^'^>C,H,  (Will  a.  Bielschowski, 

B.  15,  1316).  The  isomeric  compound 
[l:2]CAMe.N:C<g;WIe[l:4]^  ^g^o^ 

got  by  boiling  the  methylo-iodide  of  the  ethylene 
derivative  of  ^j-tolyl-di-thio-carbamic  acid  with 
o-toluidine. 

7)t-Tolyl-thio-urea  NHC;H,.CS.NH.,.  [103°]. 
Formed  from  wi-tolyl  thiocarbimide  and  am- 
monia (Weith  a.  Landolt,  B.  8,  719).  Prisms, 
m.  sol.  hot  water,  v.  sol.  alcohol  and  ether. 

Di-)«-tolyl-thio-urea  CS(NHC;H;),,.  [122°]. 
Formed  from  7»-toluidine,  CS.^,  and  alcohol  (W. 
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a.  L.).  Needles,  v.  sol.  alcohol,  nearly  insol.  hot 
water. 

p-Tolyl-thio-urea  NHC-H,.CS.NH„.  [188°]. 
(C.  a.  W.)  ;  [182°]  (S.).  Formed  by 'heating 
toluidine  hydrochloride  with  ammonium  sul- 
phocyanide  (De  Clermont  a.  Wehrlin,  C.  R.  83, 
347).  Formed  also  from  j_)-tolyl-thiocarbimide 
ammonia  (Staats,  B.  13,  136).  Plates  (from 
alcohol)  with  bitter  taste,  si.  sol.  cold  water,  m. 
sol.  alcohol. 

Acetyl  derivative  NHC,H,.CS.NHAc. 
[176°].  Formed  from  acetyl  sulphocyanide  and 
^j-toluidine  (Miguel,  Bl.  [2]  28,  103).  Needles, 
V.  e.  sol.  hot  alcohol,  v.  sol.  ether. 

Di-j)-tolyl-thio-urea  CS(NHC,H,Me),.  [176°]. 
Formed  by  boiling  ^5-toluidine  with  CSj  and 
alcohol  (Sell,  4.  126,  160).  It  is  also  a  product 
of  the  action  of  allyl-thiocarbimide  on  an 
alcoholic  solution  of  |j-toluidine  (Maly,  Z.  [2]  5, 
258).  Trimetric  prisms  (Levin,  J.  1882,  384),  in- 
sol. water,  nearly  insol.  cold  alcohol.  In 
alcoholic  solution  it  is  converted  by  HgO  into 
di-p-tolyl-urea.  In  benzene  solution  COCI,  forms 
C„H,^N.,SO  [116°]  (Will,  B.  14,  1487).  '  CSCl, 
forms  Ci,H,,,N„S.,  [109°]  (Freund  a.  Wolf,  jB.  25, 
1465).  Mel"  forms  C;H,N:C(NHC,H,).SMe 
[128°],  crystallising  in  needles,  split  up  by  heat 
into  C(NC,H,),,  [60°]  and  HSMe,  converted 
by  heating  with  acids  or  alkalis  into  di-o-tolyl- 
urea  and  MeSH,  and  forming  the  salts  B'HCI 
[173°]  andB'H^SOj  [156°].  EtI  forms  the  corre- 
sponding Ci,H„„N,S  [87°],  while  ethylene  bromide 

gives  C,H,N:C<g(^'g')>  [112°],  which  yields 

B'H.SO^  [194°]  and  a' hydrochloride  [219°]  (Will 
a.  B'ielschowski,  B.  14,  1492  ;  15,  1309). 

References. — Nitro-  and  Oxy-  tolyl-thio- 

CKEA. 

^-TOLYL  -  TOLUTRIAZINE  DIHYDRIDE 

c*  XT  "KT  '  CH  iCH.C.N .CH.,  rivftO"! 
'^isiiisJXa  CMe:CH.C.N.NCXMe'  L^'°J- 
Formed  by  heating  o-amido-azo-toluene  with 
formic  paraldehyde  and  alcohol  at  140°  (Gold- 
schmidt  a.  Poltzer,  B.  24,  1008).  Prisms,  v. 
sol.  hot  alcohol.— B'HCI.  [220°].— B',H,PtCl,. 
[216°].    Yellow  crystalline  pp. 

o-TOLYL-URAZOLE  C^H^N^O.  i.e. 

C,H,N<^'q  J^g.     [170°].    Got  by  heating  o- 

tolyl-hydrazine  hydrochloride  with  urea  (Pinner, 
B.  21,  1219).    White  leaflets,  v.  sol.  hot  water. 

p-Tolyl-urazole.  [274°].  Yellowish  needles, 
V.  si.  sol.  hot  water. 

o-TOLYL-UREA  CsH.oN.O  i.e, 
NH,.C0.NH.C„H|Me[l:2].  [185°].  Formed  from 
o-toluidine  hydrochloride  and  potassium  oyanate 
(Cosack,  B.  13,  1089).  Plates,  sol.  alcohol,  ether, 
and  hot  water. 

Benzoyl  derivative  CO(NIIBz).NHC,H,. 
[210°].  Formed  from  o-tolyl  oyanate  and  benz- 
amide  at  125°  (Gattermann  a.  Cantzler,  B.  25, 
1088).  Needles. 

wj-Tolyl-urea  NH.,.CO.NHC,HjMe  [1:3]. 
[142°].  Formed  from  «i-toluidine  hydrochloride 
and  potassium  oyanate  (Cosack,  B.  12,  1450  ; 
13,  1089).  Needles  or  tables  (from  alcohol)  or 
plates  (from  water). 

p-Tolyl-urea  NH^.CO.NHC.H.Me  [1:4]. 
[172°]  (C);  [180°]  (St.;  P.).  Formed  in  like 
manner  (C;  cf.  Sell,  C.J.  16,  190).  Formed 
also  by  the  action  of  ^p-toluidine  on  mercuric 


fulminate  (Steiner,  B.  8,  519),  and  also  from  p- 
toluamidoxim,  benzene  sulphonic  acid,  NaOH, 
and  CHCI3  (Pinnow,  B.  24,  4167).  Needles, 
sol.  hot  water,  v.  si.  sol.  ligroin. 

Di-o-tolyl-urea  CO(NHC.H.),,.  [246°]  (B.) ; 
[254°]  (W.) ;  [256°]  (Barr,  B.  19,"l769). 

Formation. — 1.  By  the  action  of  alcohol  or 
water  at  100°  on  the  dichloride  of  o-toluic 
nitrile  (Lachmann,  B.  12.  1349).— 2.  From  0- 
toluidine  hydrochloride  and  cyanamide  (Berger, 
B.  12,  1859). — 3.  From  tolyl  cyanate  and  water 
(Nevile  a.  Winther,  B.  12,  2325).— 4.  From  o- 
toluidine  and  COCL,  (Girard,  B.  6,  444).— 5.  By 
heating  o-toluidine  with  urea  (G.).  — 6.  A  pro- 
duct of  the  distillation  of  o-tolyl-amido-acetic 
acid  (Widman,  J.  pr.  [2]  38,  303).— 7.  By  the 
action  of  Ac^O  and  benzene  on  the  o-toluide  of 
o-tolyl-imido-diacetic  acid  (Bischoff,  B.  23, 
1995). 

Properties. — Needles  (from  HO  Ac),  insol. 
ether,  si.  sol.  alcohol.    Not  volatile  with  steam. 

Di-m-tolyl-urea  CO(NH.C,H>Ie).,.  [203°] 
(G.  a.  C.)  ;  [217°]  (C).  Formed  from  ?«-tolyl 
cyanate  and  jji-toluidine  (Gattermann  a.  Cantz- 
ler, 25,  1089),  by  the  action  of  ClCO,,Et  on  m- 
toluidine,  by  heating  7«-tolyl-carbamic  ether 
with  water,  and  by  heating  7)i-tolyl-urea  with 
m-toluidine  at  100°  (Cosack,  B.  12,  1450;  13, 
1090).    Needles  (from  alcohol),  insol.  water. 

Di-^-tolyl-urea  CO(NH.C,.H,Me),.  [255°]. 

Formation. — 1.  By  boiling  an  alcoholic  so- 
lution of  di-p-tolyl-thio-urea  with  HgO  as  long 
as  HgS  is  formed  (Sell,  C.  J.  16,  190  ;  A.  126, 
161). — 2.  By  passing  COClj  into  ^J-toluidine  dis- 
solved in  chloroform  (Michler,  B.  9,  710  ;  Kiihn, 
a.  Henschel,  B.  21,  505). — 3.  By  heating  tolyl- 
urea  withp-toluidine  at  160°  (Weith,  B.  9,  821). 
4.  From  p-tolyl-cyanate  and  |j-toluidine  (Gat- 
termann a.  Cantzler,  B.  25,  1089). 

Pro^^ertics.— Needles,  insol.  water,  si.  sol.  cold 
alcohol. 

Tri-p-tolyl-urea  Cj,H.,,N,0.  [189°].  Got  from 
(C,H,).,N.C0C1   and  ^/j-toluidine  (Hammerich, 

B.  25,  1822).  Needles,  sol.  warm  benzene,  in- 
sol. ether.    Gives  a  benzoyl  derivative  [137°]. 

Tetra-|>tolyI-urea  C,„H.,,N,0.  [80°].  Got 
from  (C_H,).^N.C0C1  and  di-^-tolyl-amine. 
Needles,  v.  e.  sol.  alcohol. 

References. — Amido-,     Nitko-,     and  Oxy- 

TOLYL-UBEA. 

TOLYL-XYLIDINE  C,  -,H„N  i.e. 

C,  H^Me.NH.C„H,Me,.  [70°].  (c.  300°  at  487 
mm.).  Silky  needles  (from  alcohol)  (Girard  a. 
Vogt,  Bl.  [2]  18,  69). 

O-TOLYL  7W-XYLYL  KETONE  C,„H„0  i.e. 
[1:2]  C„H,Me.C0.C,H3Me,  [1:2:3].  (330°)  at 
728  mm.  Formed  from  o-toluic  chloride  and 
7w-xylene  (Smith,  B.  24,  4050).  Oil.  Converted 
by  hydroxylamine  at  120°  into  a  mixture  of 
anilides. 

TONKA  BEANS,  the  fruit  of  Dipterix  odo- 
rata,  contains  cournarin  (g.  v.)  (Boullay  a.  Bou- 
tron-Charlard,  .7.  P]i.  11,  426  ;  [3]  7, 160). 

TRAGACANTH  GUM.  Exudes  from  Astra- 
galus verus,  a  tree  growing  in  Armenia  and  the 
north  of  Persia.  It  swells  up  in  water,  about 
one-half  of  it  dissolving.  It  contains  arabin, 
bassorin,  starch,  and  water. 

TRANSPIRATION.  Graham,  in  1846  and 
1849,  applied  the  term '  transpiration '  to  the  pas- 
sage of  gases  through  capillary  tubes  into  a 
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vacuum  {v.  T.  1816.  573  ;  1819.  319).  The  rates 
of  transpiration  of  different  gases  bear  constant 
relations  to  each  other;  but  these  rates  have 
not  been  connected  in  any  definite  ways  with 
the  compositions  of  the  gases.    M.  M.  P.  M. 

TREE  GUM  V.  Xylan. 

TREHALOSE  v.  Shgab. 

TREHALUM  C,,,H,  ,0,,,.  S.  -06  at  17°  ;  1-8 
at  100"'.  [a]D=  +179''."  Occurs  in  Trehala 
manna  (Scheibler  a.  Mittelmeier,  B.  26,  1331). 
Tasteless,  minute  prisms.  Very  hygroscopic. 
Does  not  reduce  Fehling's  solution.  Does  not 
leaot  with  phenyl-hydrazine.  Boiling  dilute 
HoHO^  forms  glucose.  At  180°  it  slowly  forms 
irehalin,  which  is  v.  sol.  water  and  ppd.  by  alco- 
hol. Trehalin  dissolves  in  phenyl-hydrazine. 
Iodine  colours  trehalum  and  trehalin  violet. 
Diastase,  yeast,  and  invertin  have  no  action. 
Ac.,0  and  NaOAc  yield  an  acetyl  derivative 
[above  240°]. 

TRI-.  In  the  alphabetical  arrangement  of 
this  dictionary  the  prefix '  tri,'  when  indicating  the 
presence  of  three  radicles,  is  treated  as  if  it  did 
not  form  part  of  a  name,  except  where  the  en- 
tire name  is  numerical,  as  in  '  tridecane.' 

TRIANOSPERMIN.  A  crystalline  substance 
occurring  in  Trianosperma  ficifolia,  a  climbing 
plant  of  Brazil  (Peckholt,  Ar.  Fli.  [2]  113,  104  ; 
Parodi,  Ph.  [3]  10,  667).  It  has  a  pungent 
taste,  is  alkaline  in  reaction,  sol.  water,  alcohol, 
and  ether,  and  is  ppd.  byPb(0Ac)2  and  PtCl^. 

TRIAZOLE    N<^y|jj .  Pijrrodiazolc. 

[120-5°].  (260°).  V.D.  2-39  (calc.  2-49).  Formed 
hy  heating  its  carboxylic  acid  alone  or  with 
boiling  water  (Andreocci,  B.  25,  229  ;  Bladin,  B. 
25,  745).  Needles  (from  ether),  v.  sol.  water  and 
alcohol,  may  be  sublimed.  The  di-oxy-  deriva- 
tives of  alkyl-triazoles  N"^q|q^|'^j^,  named  by 

Pinner    '  urazoles,'   are  obtained  by  heating 
hydrazines  with  urea  (Pinner,  B.  20,  2358). 
TRIAZOLE  CARBOXYLIC  ACID 

^^cfcaHTNH-  ^13^°^-  Obtained  by  oxi- 
dising methyl-triazole  (Andreocci,  B,  25,  229)  or 
amido-phenyl-triazole  carboxylic  acid  and  alka- 
line KMnO^  (Bladin,  B.  25,  744).  Amorphous 
powder. — CuA'.,  aq.    Green  crystalline  powder. 

TRICARBALLYLIC  ACID  v.  vol.  i.  p.  679. 

TRICOSANE  V.  Tri-icos.ane. 

TRIDECANE  C,.,H,,.  [-6°].  (234°).  S.G. 
S  -771 ;  Y'  "761.  Formed  by  reduction  of  methyl 
■dodecyl  ketone  or  of  tridecoic  acid  by  HI  and  P 
{Krafft,  B.  15,  1699).  Formed  also  by  distilling 
barium  myristate  with  NaOMe  (Mai,  B.  22, 
2134). 

TRIDECOIC  ACID  Ci^H^j.COoH.  [41°].  (236° 
at  100  mm.).  Formed  by  oxidation  of  methyl 
tridecyl  ketone  (Krafft,  B.  12,  1669).  Crystals. 
— AgA'. 

Amide  Ci.H^^.CO.NH,.  [98-5°].  Formed 
by  digesting  the  nitrile  with  cone.  H.SO4  and 
pouring  into  water  (Lutz,  B.  19,  1439)'.  Plates 
(from  alcohol). 

Nitrile  C,,H.,-,CN.  (275°).  Formed  from 
tridecylamine,  Br,  and  NaOH.  Oil,  v.  sol. 
alcohol  and  ether. 

TRIDECYL  ALCOHOL  (C„H,  ,),CH.OH.  [42°]. 
Formed  by  reducing  di-hexyl  ketone  (Kipping, 
C  J.  57,  536).    Plates  (from  dilute  alcohol), 


insol.  water.  May  be  distilled.  HBr  forms 
(C,H,,,).,CHBr  [39°]. 

TRIDECYLAMINE  C,3H,,NH,.  [37°].  (265°). 
Formed  by  boiling  myristyl-tridecyl-urea  with 
KOHAq  (Lutz,  B.  19,  1437).  Unctuous  mass, 
V.  sol.  alcohol  and  ether.  Absorbs  water  and 
CO,,  from  the  air. — B'HCl :  needles,  decomposing 
at  i00°.— B',H,PtCl„.— B'.,H2S0^ :  needles,  insol. 
cold  water. 

TRIDECYLENE  C.sH,,.  (233°  cor.).  S.G. 
-  •8445.  Occurs  in  petroleum  from  Burmah 
(Warren  a.  Storer,  Z.  1868,  232). 

TRIDECYL-UREA.  Miiriatyl  derivative 
C,sH,„N,0,  i.e.  C,;,H,,NH.CO.NHC„H,,0.  [103°]. 
Formed  by  the  action  of  Br  and  KOHAq  on  the 
amide  of  myristic  acid  (lleimer  a.  Will,  B.  18, 
2016).  Crystals  (from  alcohol),  almost  insol. 
cold  water,  sol.  ether. 

TRIGENIC  ACID  v.  Ethylidene-biueet. 

TRIGONELLIN  C,H,NO.,  i.e. 

,yCR  CO 

CH<f  "^CH I    .    Occurs  in  the  seeds  of 

\CH:NMe/  0 

Trigonella  Fcenum-grcecum  (Jahns,  B.  18,  2518  ; 
20,  2840).  It  is  also  produced  by  saponitication 
of  the  product  of  the  reaction  of  Mel  on  potas- 
sium pyridine  (/3)-carboxylate  (Hantzsch,  iJ.  19, 
31).  Colourless  prisms  (containing  aq),  converted 
by  HClAq  at  265°  into  pyridine  (18) -carboxylic 
acid  (g.  v.,  Reaction  4).— B'HCL— B'..H,PtCl,-.— 
B'HAuCl,  [198°].— B',3HAuCl,.  [186°]." Slender 
needles. 

?i-TRI-ICOSANE  C„,H,5,.  [48].  (234°atl5mm.). 
S.G.  f  ■7785 ;  8J  -7570.  Formed  from  laurone 
(C||H,3),C0  by  treatment  with  PCI,  and  reduction 
of  the  resulting  (C|,H.,3)..CC1.,  with  HI  and  P  at 
240°  (Krafft,  B.  15,  1712). "  Obtained  also  by 
fractional  distillation  of  paraffin  oil  from  brown 
coal  (Krafft,  B.  21,  2263).  Glittering  plates 
(from  ether-alcohol),  si.  sol.  alcohol. 

TRI-ICOSANE  DICARBOXYLIC  ACID 
C,,.,H,,(CO,,H),,.    [102-5°].     Formed  by  heating 
di-oxy-penta-icosylene  with  soda-lime  (Stiircke, 
A.  223,  300).  Flocculeut  pp.  (from  ligroin-ether). 
— PbA". 

TRI-ICOSYL     ALCOHOL  (C„H2,),,CH.0H. 

[76°].  Formed  by  reducing  laurone  with  Na  and 
water  (Kipping,  C.  J.  57,  983).  Plates  (from 
ether),  insol.  water.  Yields  an  acetyl  derivative 
(C„H..,).,CH.OH  [35°]. 

TRI-ICOSYL  ALCOHOL  C,,H„.OH.  [82°].  A 
wax-like  body  extracted  by  hot  alcohol  from 
flax  fibres  (Cross  a.  Be  van,  C.  N.  59, 135).  Yields 
an  acetyl  derivative  [65°]. 

TRIMELLITIC  ACID  v.  vol.  iii.  p.  201. 

TRIMESIC  ACID  v.  vol.  iii.  p.  230. 

TRIMESITIC  ACID   v.  Pykidine  tricakb- 

OXYLIC  ACID. 

TRIMETHYLENE  v.  vol.  iii.  p.  304. 

TRITICIN  C,,,H„,0,,.  [al„=-43-6°  (Reide- 
meister,  J.  Th.  1881,  69).  Extracted  by  dilute 
alcohol  from  the  root  of  couch-grass  {Triticum 
repcns)  (H.  MuUer,  .4r.  Ph.  [3]  2,  500;  3,  1). 
Tasteless  hygroscopic  powder,  v.  sol.  water,  insol. 
alcohol  and  ether.  L;evorotatory.  On  boiling 
with  water,  especially  in  presence  of  acids,  it 
changes  into  hevulose.  Its  solutions  are  not 
ppd.  by  metallic  salts,  nor  coloured  by  iodine. 

TROP^ffiOLINES  V.  Azo-  compounds. 

TROPEINES.  A  name  given  by  Ladenburg 
to  alkoyl  derivatives  of  tropine  (g.  v.). 
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ACID. 

TROPIDINE  V.  Methtl-ethtlene  pteidine 

TETRAHTDRIDE. 

(a)-Methyl-tropidine  CgllpN  i.e. 
CH,,:CH.CH:CH.CH:CH.CH„.NMeo  (Ladenbuig) 

or  CH<^^g-^|^  >CH.CK,.NMe,  (Merling). 

Formed  by  distilling  tropidine  methylo-hydroxide 
with  water  (Both,  B.  17,  157  ;  Merling,  B.  24, 
3118).  Oil.  HClAq  forms  '  hydrochloro-(o)- 
methyl-tropidine  '  which  gradually  changes  into 
the  isomeric  tropidine  methylo-chloride.  — 
B',H,PtCl8.  [174°].— B'HAuCl, :  golden-yellow  pp. 

Methylo-iodideB'Uel.    [162°].  Needles. 

{)3)-Methyl-tropidine  CjH,.,N.  (205°).  S.G. 
—  '922.  Formed  by  heating  (a)-methyl-tropidine 
at  150°-200°.  Oil.  Converted  by  HCl  into 
tropilene. 

TROPIGENIN  C-H„NO.     [161°].     Got  by 

oxidation  of  tropine  by  alkaline  KMnOj  (Merling, 
B.  15,  287).  Got  also  by  boiling  '  homohydro- 
apotropine'  with  baryta-water  (Pesci,  (?.12,  329). 
Needles,  sol.  water  and  alcohol.  Eeeonverted  by 
Mel  into  tropine.  Oxidised  by  chromic  acid 
mixture  to  ecgonic  acid  and  a  small  quantity  of 
tropic  acid  (Liebermann,  B.  24,  615). — B'HI. — 
B',CO, :  crystalline  pp.  —  B'^H.PtCls  aq.  — 
B'HAuCl, :  golden-yellow  plates,  sol.  alcohol. 
TROPILENE  C;H,„0  i.e. 

CH,<^g^;J2^>CH.CH0  (?)  (Merling)  (182°) 

(L.);  (187°)  (M.).  S.G.  a  1-0091.  V.D.  102  3 
(calc.  110).  Formed  by  distilling  tropidine 
methylo-iodide  with  KOH  (Ladenburg,  B.  14, 
2403  ;  15,  1028  ;  A.  217,  138).  Formed  also  from 
(j8) -methyl -tropidine  and  cold  HClAq  (Merling, 

B.  24,  3123).  Oil,  smelling  like  oil  of  bitter 
almonds  and  acetone,  sol.  dilute  HClAq,  v.  sol. 
alcohol  and  ether.  Eeduces  warm  ammoniacal 
AgNOj,  forming  a  mirror.  Eeduces  Fehling's 
solution  and  KMnO,  in  the  cold.  Not  attacked 
by  AcCl.  Combines  with  NaHSO,  (M.).  Nitric 
acid  forms  an  adipic  acid  C|;H,„0,,.  Slowly 
combines  with  methylamine,  forming  (;8)-methyl- 
tropine. 

TROPILIDENE  C,H,  i.e. 

CH^^gi^g  >C:CH,.    (114°).    S.G.  £  -9129. 

Formed  by  distilling  methyl-tropine  methylo- 
iodide  with  KOH  (Ladenburg,  A.  217,  133 ;  B. 
14,  2403;  26,  1067).  Formed  also,  together 
with  methylamine,  by  distilling  tropine  with 
soda-lime.  Oil,  smelling  somewhat  like  toluene, 
but  combining  readily  with  bromine,  forming 

C,  H„Bro.  Gives  no  pp.  with  ammoniacal  Cu,Clj. 
Oxidised  by  CrO,  to  benzoic  aldehyde  and  acid 
(Merling,  B.  24,  3122). 

TROPINE  CgHj-NO  i.e. 
CH.CH.,.CH.CH,.CH„.OH  ,-r   t    ^,  \ 
CH.CH;NMe  '       (Ladenburg)  or 

CH':CH>5S2lNMe  (Merling).  Methyl-oxy- 
ethyl -pyridine  tetrahydride.  [62°]  (229°). 
Formed,  together  with  tropic  acid,  by  hydro- 
lysis of  atropine  or  hyoscyamine  by  baryta  or 
HClAq  (Kraut,  A.  128,  281 ;  133,  87 ;  Laden- 
burg, A.  206,  292 ;  217,  115 ;  B.  13,  608  ;  20, 
1653  ;  23,  1780  ;  26,  1067).  Hygroscopic  tables 
(from  ether),  v.  e.  sol.  water  and  alcohol.  Does 
not  absorb  COo  from  the  air.    Its  aqueous  solu- 


tion ppts.  metallic  oxides  from  their  salts.  Not. 
attacked  by  nitrous  acid.  Not  volatile  with 
steam.  According  to  Eykman  {B.  26,  1400)  the 
refractive  index  agrees  best  with  Merling's 
formula. 

Reactions. — 1.  Decomposed  by  distilling  with 
soda-lime  into  tropilidene,  methylamine,  and 

H.  ,0. — 2.  Loses  H,0,  being  converted  into  tropi- 
dine by  heating  with  fuming  HCl  and  HOAc  at 
180°  or  by  heating  with  H^SO^  (1  pt.)  and  water 
(1^  pts.)  at  230°.— 3.  Cone.  HIAq  and  red  P  at 

I. 50°  form  tropidine  and  tropidine  periodide,  but 
at  140°  they  form  'tropine  iodide  '  CgHj.NL 
which  crystallises  from  water  in  prisms  [115°], 
whence  silver  chloride  followed  by  PtCl,  give 
(C,H,-NICl),PtCl.,  crystallising  in  red  octaliedra. 
By  treatment  with  Ag„0  followed  by  HCl  and 
PtCl,  very  soluble  (C',H„NCL)PtCl^  is  got.— 4. 
Alkaline  KMnO,  forms  tropigenin  and,  finally, 
oxalic  acid  and  NH,  (Merling,  A.  216,  341).— 5. 
CrO^  forms  tropinic  acid  CsH„N(CO„H).,.— 6. 
Aqueous  HOCl  yields  prisms  [111°],  whence 
alcohol  produces  C.H^NClj.CH.OH  [108°],  which 
forms  a  hydrochloride  [162°]  crystallising  in 
plates  (Einhorn  a.  Fischer,  B.  25,  1391). 

Salts.  —  B'HCl.— B',H,PtCl,.  Orange-red 
monoclinic  crystals.  [200°]  (Schmidt,  A.  208, 
214).— B'HAuCl,.  [212°].— B'HC16HgCl.,.  [246°] 
(Ladenburg,  B.  24,  1631).— E'CgHiN^O,.' 

Nitroxyl  derivative  C„Hn(ONO„)N. 
Nitro-tropetn.  Formed  by  warming  tropine  (2  g.) 
with  HNO3  (12  g.  of  S.G.  1-25)  at  100°  (Laden- 
burg, B.  15,  1025).  Alkaline  liquid,  sol.  water, 
alcohol,  and  ether.  Yields  KNO3  on  boiling  with 
KOH.— B'„H,PtCl6.    Needles.— B'HI.  Prisms. 

Bemoyl  derivative  CsiH|j(OBz)N. 
Benzoyl-trope'ine.  Formed  by  heating  tropine 
hydrochloride  with  benzoic  acid  and  dilute  HCl 
(Ladenburg,  B.  13, 1083;  4.217,96).  Crystallises 
asC,5H„NO.,2aq[58°],  Ci^H^NO.iaq [37°],  or  an- 
hydrous [42°].  SI.  sol.  water,  v.  sol.  alcohol  and 
ether.— B'HN03.—B'„H2PtCl6  2aq.—B'CsH3N30j. 

o-Oxy -benzoyl  derivative 
CsH,.,(O.CO.CfiHj.OH)N.  Salicyl-tropeme. 
Formed  in  like  manner,  using  salicylic  acid 
(Gaebea.  Caro,  B.  13,  106;  L.).  Silky  plates. 
Feeble  poison,  "025  g.  killing  a  frog  in  a  few 
hours.  Has  no  apparent  effect  on  the  pupil. — 
B'HCl.—B'H,,PtCl„.— B'HAuCl, :  yellow  plates. 

m-Oxy -benzoyl  derivative  C,jH,,|N03. 
[226°].  Small  plates,  v.  si.  sol.  water.  Acts 
slightly  on  the  pupil  of  the  eye. — B'HCl. — 
B,2H„S04  4aq. — B'jHoPtClg :  orange  plates. 

p-Oxy-benzoyl  derivative  C,5H,„N03. 
[227°].  Trimetric  plates  (containing  2aq). — 
B'HNO.,.— B'„H,PtCl,i  2aq.    Orange  plates. 

Phenyl-acetyl  derivative  C,sH„,N02 
i.e.  CsH,jN(O.CO.CH,Ph).  Phenylacettropeine. 
Aromatic  oil.— B'HBr.—B'„HJ>tCl6.— B'HAuCl,. 
— B'jHjSOi.    Soluble  tables. 

Mandelyl  derivative  CigH^jNOj  i.e. 
C8H,,N(0.C0.CHPh.0H).  Homatropinc.  Formed 
by  heating  tropine  with  mandelic  acid,  HCl 
(Ipt.),  and  water  (40  pts.),  the  yield  being  50  p.c. 
of  the  theoretical  amount  (Ladenburg,  C.  B.  90, 
921 ;  A.  217,  82).  Deliquescent  prisms  (from 
ether),  si.  sol.  water.  A  solution  of  its  hydro- 
chloride is  ppd.  by  potassio-mercuric  iodide,  but 
not  by  tannin.  It  enlarges  the  pupil  of  the  eye 
almost  as  energetically  as  atropine,  but  the  en- 
largement passes  off  much  more  rapidly  (Volkers, 
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A.  217,  8G  ;  Bertheau,  Berl.  Klin.  Wochcnschrift, 
1880,  No.  41 ;  Tweedy  a.  Ringer,  Lancet,  1880, 
No.  21). — B'HBr.  Trimetric  crystals  ;  a:b:c 
= -414:1: -472.— B'C„H3N,0,.  Yellow  plates.— 
B'HAuClj.— B'„H„SO.,.  Needles. 

Cinnamoyl  derivative  C,;H,,NO._,.  [70°]. 
Small  plates  (from  dilute  alcohol).  Gives  pps. 
with  tannin,  picric  acid,potassio-merciu'ic  iodide, 
and  I  in  KI.  Strong  ijoison,  -03  g.  killing  a  frog 
in  three  minutes.  Has  little  action  on  the  pupil. 
— B'HCL— B',,H,PtCl,.— B'HAuCl,.  Needles. 

Atropyl  derivative  C,;H.|NO.,.  AtroiJ- 
tropc'ine.    Oil. — B'HAuCl.,.    Small  needles. 

Atrolactyl  derivative  Ci^HojNOj. 
Pseudo-atropina.  [120°].  Formed  from  atro- 
lactio  acid,  tropine,  and  dilute  HCl  (1:400)  by 
repeated  evaporation  (Ladenburg,  A.  217,  87). 
Needles  (from  water).  Resembles  atropine  in 
physiological  action,  two  drops  of  a  1  p.c.  solu- 
tion expanding  the  pupil  and  paralysing  accom- 
modation for  a  week.— B'HAuCl,.  [114°]. 

Phthalyl  derivative  C,,,H,„,N,,0,,.  [70°]. 
Formed,  in  very  small  quantity,  by  evaporating 
phthalic  acid  with  tropine  and  dilute  HCl. 
IMass  of  silky  needles.— B'H,.PtCl„. 

Methylo-iodide  CgHisNOMel.  Small 
crystals,  nearly  insol.  alcohol.  Yields  B'MeOH 
and  B'..Me.,PtCl,  (Merling,  B.  14,  1829  ;  Laden- 
burg, A.  217,  131). 

Ethylo-iodide  B'Etl.  Crystalline.  Yields 
B'oEtjPtClg,  a  yellow  crystalline  powder. 

"  (a)-Methyl-tropine  CsH, ,MeNO.  (243°). 
Formed  by  distilling  tropine  methylo-iodide. 
Liquid,  v.  sol.  water  and  alcohol.  Strongly 
alkaline.  Its  hydrochloride,  distilled  with  solid 
KOH,  yields  dimethylamine. — B'HAuCl^.  Very 
unstable. 

Methylo-iodide  (C„H,,MeNO)MeL  Deli- 
quescent needles,  decomposed  by  distilling  with 
solid  KOH  into  tropilidene  and  trimethylamine. 
— (C„H,|MeNO),Me.,PtCl,..    Orange  crystals. 

()3)-Methyl-tropine  C„H,,NO.  (198°-20.5°). 
Formed  by  shaking  tropilene  with  an  aqueous 
solution  of  dimethylamine  (Ladenburg,  B.  14, 
2404).  Liquid,  split  up  by  gaseous  HCl  into 
tropilene  and  NMe^H. — B'HAuCl,.  Prisms. 

(7)-Methyl-tropine  C,,H,.NO.  Formed  in 
small  quantity  by  distilling  the  methylo-hy- 
droxide  of  (a)-methyl-tropine  (Merling,  B.  15, 
288).  V.  si.  sol.  Aq.— B'.,H,.PtCl„.  V.  si.  sol.  Aq. 

Metatropine  CsHi^NO.  '  (238°).  Formed  by 
shaking  tropine  iodide  with  water  and  Ag.,0. 
Not  solid  at  -  30°.— B'HCl :  tables. 

Hydrotropidine  C8H,,,N.  (1(58°).  S.G.2-937; 

-926.  Formed  by  reducing  tropine  iodide 
CsHi^NI,  with  zinc-dust  and  HClAq  (Ladenburg, 

B.  16,  i408).  Liquid,  m.  sol.  water.— B'HCl : 
deliquescent  crystals. — B'.,H.,PtCl,j.  Tables. 

Norhydrotropidine  C."H,',N.  [60°].  (161°). 
Formed  by  distilling  hydrotropidine  hydro- 
chloride in  a  current  of  HCl  (Ladenburg,  B. 
20,  1649).  Crystalline.— B'HCl.  [281°].— 
B',H,,PtCl,.— B'HHgCl,,.— B'C^HiNjO,.  Needles. 

Nitrosamine  C,H,.,N20.    [117°].  Cubes. 

Paratropine  C,H,XO.  (202°).  Formed 
from  hydrotropine  and  E^FeCy,.  (Ladenburg,  B. 
24,  1626).— B'2H.,PtCl,.  '  [197°].— B'HAuCl^. 
[182°].— B'HC16HgCL.  [22.5°].    V.  sol.  water. 

ifz-Tropine  C„H,,NO.  [108°].  (242°).  Formed, 
together  with  tropic  acid,  by  warming  hyoscine 
with  baryta-water  (Ladenburg,  B.  13,  1551 ;  17, 


151 ;  Liebermann,  24,  2587).  Formed  also  by 
dissolving  its  benzoyl  derivative  in  hot  cone. 
HClAq  (Hesse,  4.  271,  210).  Hygroscopic  prisms 
(from  chloroform),  v.  e.  sol.  water.  Yields  tro- 
pinic  and  ecgonic  acids  on  oxidation. — B'^H.SO^. 
Hygroscopic  crystals.  —  B'HAuCl^.  "  [i98°] 
(Ladenburg);  [202°]  (H.) ;  [225°]  (Lieber- 
mann). —  B'jHjPtCl^  4aq.  [206°,  anhydrous]. 
Trimetric  prisms  ;  a:6:c  =  -702:1:  -879. 

Methylo-iodide  B'Mel.  [270°].  Pihom- 
bohedra.  Yields  B'MeCl  and  B'^MeBtClg. 
[216°]  crystallising  from  water. 

Benzoyl  derivative  C,5H,„N0,,.  [48°]. 
Occurs  in  the  leaves  of  .Java  coca  (Liebermann, 

B.  24,  2336  ;  Hesse,  A.  271,  208).  Colourless, 
plates  (from  ether).  — B'HCl.  [270°]-  — 
B'..H.,PtCl,.  Pale-yellow  needles.  —  B'MeL  — 
B'MeCl.— B'MeAuCX.—B'Me,,PtCl,  2aq. 

Mandel'ijl  derivative 

C,  H,,N0(C0.CH(0H).C,;H,).  ^-Eomatropine. 
Formed  by  heating  <|/-tropine  with  mandeUc  an- 
hydride at  200°  (Liebermann  a.  Limpach,  B.  25,, 
931).— B'HCl.— B',,H.,PtCl,.— B'HAuCl,. 

Tropyl  derivative  C,H,,N0(C9H,0.,). 
Isomeride  of  hyoscine.  [88°].  [a]D=— 4-9°. 
Nodules,  insol.  water,  sol.  alcohol.  —  B'HCl. 
[183°].— B'.H^PtCl,.— B'HAuClj.  [135°]. 

Atropyl  derivative.  [129°].  Formed 
from  tropide  and  i|/-tropine  at  200°.  Crystals, 
sol.  water.  Split  up  by  HClAq  into  atroj^ic  acid 
and  i/z-tropine. 

Oxy-tropine  carboxylic  acid 
CH.CH,.CH.CH(OH).CH(OH).CO,H 
CH.CH,.NMe  *  ^^^V^^^' 

hydroccgonine.  Formed  by  oxidising  hydro- 
ecgonine  with  KMnO,  and  aqueous  NajCO^  at  1° 
(Einhorn  a.  Rassoff,  B.  25,  1395).  Decomposes 
at  280°.  V.  e.  sol.  water  and  MeOH,  insol. 
EtOH.— B'HCl.    [251°].— B'C  H,N30;.— KA'. 

Methyl  ether  MeA'.  [139°].  Tables,  v. 
e.  sol.  CHCI3.    Yields  B',,H,PtCl„.  [210°]. 

Benzoyl  derivative  of  the  methyl 
ether  C,H.MeN.CH(OH).CH(OBz).CO.,H. 
[108°].  Needles!— B'HNOj.  1216°].— B'HCl. 
[203°].— B'HAuCl^.  [173°].— B'.,H,PtCl,.  [208°]. 

Di-benz oyl  derivative  of  the  methyl 
ether  C.H-MeN.CH(0Bz).CH(0Bz).C02H. 
Needles.— B'HNO^.  [190°].— B'HCl.  [280°].— 
B',H,PtCl,.    [205°].— B'HAuCl^.  [208°]. 

Reference. — Oxytp.opine. 

TROPINE  DIHYDRIDE  CgHi-NO  i.e. 
CH.,.CH„.CH.CH.,.CH,,OH  '  rr  7    .     •  . 

CH.:.CH:NMe    '      "     "  H'jdrotropme. 

Meihyloxycthylpyridine  hexahydride.  (238°). 
Formed  from  oxy-ethyl-piperidine  and  KMeSC)4 
(Ladenburg,  B.  24,  1622).  V.  sol.  water  and 
alcohol.  —  B'HClSHgCL.  [214°].  —  B'HAuCl^. 
[170°].  Crystals. 

TROPINIC  ACID  CsHi.NO,.  [2.53°]  (L.) ; 
[220°]  (M.).  A  product  of  oxidation  of  tropine 
and  of  ecgonine  by  chromic  acid  mixture  (Sler- 
ling,  A.  216,  348  ;  Liebermann,  B.  23,  2519). 
Needles,  v.  sol.  water,  si.  sol.  alcohol,  insol. 
benzene.  Gives  off  CO,  when  heated.  Forms 
salts  with  acids  and  bases. — BaA',.  Very  hy- 
groscopic.— CaA'.,. — AgA'.  Readily  reduced.— 
(HA').,PtCl,.— HA"'HAuC1i.  Golden  prisms.— 
HA'HCl  aq. 

TROPYLENE  v.  Tropilene. 

TRUXENE  (CjHJ,.  Formed  by  heating 
truxone  with  red  P  and  HIAq  (S.G.  1-7)  at  180° 
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<Liebermann  a.  Bergami,  B.  22,  786  ;  23,  317). 
Formed  also  by  heating  hyclrindone  with  cone. 
HClAq,  and  by  heating  phenyl-propionic  acid 
-with  P.2O5  (Hausmann ;  Kipping,  C.  J.  65,  269). 
Needles  or  plates,  melting  above  360°,  insol. 
€HCi3.  Oxidised  by  boiling  HOAc  and  CrOj  to 
crystalline  '  tri-benzoylene-benzene,'  which  is 
not  melted  at  360°.  HNO3  forms  (4,2,l)-nitro- 
phthalic  acid. 

(a)-TRirXILLIC  ACID  C,,U,,0^  i.e. 

CHPh.CH.CO.,H  /  ^  T  *  •  -7 
CO„H.CH  CHPh  "  [yyisatropic  acid. 

[274°].  Formed,  together  with  ()3)-truxilHc  acid, 
by  the  action  of  boiling  HClAq  on  isatropylco- 
■caine,  which  is  a  by-product  in  the  preparation 
of  cocaine  (Liebermann,  B.  21,  2342  ;  22,  124, 
788,  2242).  Small  needles  (from  alcohol),  sol. 
liot  HOAc.  Yields  cinnamic  acid  on  distillation. 
Nitric  acid  (S.G.  1-52)  forms  two  di-nitro-  deri- 
vatives, [229°]  and  [290°].  Yields  two  isomeric 
sulphonic  acids. — Na.A''  lOaq  (Drory,  B.  22, 
2256). — BaA"  S^aq.  Crystalline,  v.  sol.  water. — 
CaA"  aq. — Ag.,A''.    Flocculent  pp.,  sol.  NHjAq. 

Methyl  ether  U(i..k".    [174°].   (c.  300°). 

Ethyl  ether  Et,A".  [146°].  H.C.p. 
2,720,900  (Liebermann,  B.  25,  92).  Yields 
€,8H,„(NO.,)„Et.O^  [138°]  (Homans,  B.  24,  2590). 

Isoamyl  ether  (C,H„).,A".  [83°].  Prisms. 
AcjO  at  150°  forms  (o)-truxillic  anhydride,  while 
&t  170°  the  product  is  (7)-truxillic  anhydride. 

Di-amide  C„HnO,(NHJ,.  [265°].  Needles, 
V.  si.  sol.  hot  water,  si.  sol.  alcohol  (Drory,  B. 
22,  2261). 

Di-piperidideC,^Sn,(CO.'^C^B.,,).,.  [259°]. 
■Got  from  the  chloride  and  pij)eridine  (Herstein, 

B.  22,  2264).    Crystalline  iiowder,  sol.  alcohol. 
Mojio-piperidide 

C,  „H„(CO.,H).CO.NC,H,„.  [250°].  Yields  MeA' 
[151°]  crystallising  from  ether  in  needles. 

Anhydride  (Ca.HjjO,)^.  [191°].  Mol.  w. 
1712  (1703  obs.  by  Eaoult's  method).  Formed 
by  heating  the  acid  with  Ac^O  and  NaOAc  at  100°. 
Needles  (from  benzene-ligroin).  Gives  no  fluor- 
escein. When  heated  for  an  hour  at  200°  it 
changes  to  (7)-truxillic  anhydride. 

(/3).Truxillic  acid  Ci^Hi^O^  i.e. 
CHPh.CH.C  O  H 
CHPh.CH.C'O.H^'' 

(S)-Isatropic  acid.  [206°].  Formed  at  the 
same  time  as  the  (a)-  acid  (Liebermann,  B.  21, 
2342  ;  22,  783,  2243 ;  25,  90 ;  26,  837).  More 
sol.  water  than  the  (a)-  isomeride.  Yields  benzil 
on  oxidation.  Nitric  acid  (S.G.  1'52)  forms  a 
di-nitro-  derivative  [216°]  (Homans,  B.  24,  2590). 
Forms  cinnamic  acid  on  distillation. — Na^A"  2aq. 
■ — BaA"  2aq.  SI.  sol.  water.— CaA"3  aq. — Ag^A". 

Methyl  ether  Me,A".    [76°].    Mol.  w.  309 
(by    Eaoult's    method) ;    calc.   324.  H.C.p. 
2,422,900.    Monoclinic  prisms  ;  a:b:c  = 
-826:1:2-019;  3  =  89°  22'. 

Ethyl  etherBtA".  [47°]. 

Chloride  Ci^HiACL.  [96°].  Tabular 
prisms,  v.  sol.  ether  (Drory,  B.  22,  2260). 

Monopiperidide  C„H,.,(C0,,H).C0NC3H,„. 
[224°].  Formed  from  (/3)-truxillic "anhydride  and 
piperidine  (Herstein,  B.  22,  2264).  Needles,  si. 
sol.  cold  alcohol. 

Dipiperidine  C„,H,.,(C0.NC5H,„)2.  [180°]. 
Formed  from  the  chloride  and  piperidine. 
Prisms,  v.  sol.  alcohol. 


Phenylimide  CisH„<^^Q>NPh.  [180°]. 

Mol.  w.  351  (obs.).  Got  by  heating  the  anhydride 
with  aniline.  Colourless  needles  (from  alcohol). 
Cold  alcoholic  potash  forms  the  compound 
C0,H.C„Hn.C0.NHPh  [197°]. 

Phenyl  7i1/^^ra^^^^e  C|,H,j<^^Q^pj^ 

[218°].  Formed  from  the  acid,  phenyl- hydrazine, 
and  HOAc  on  warming.    Crystals  (from  HOAc). 
Fluoresce-in  C,,H„<^[JA(OH)^-s^q_ 

Formed  by  heating  the  acid  or  its  anhydride 
with  resorcin  at  240°.  Amorphous  brownish-red 
powder,  sol.  alkalis  forming  fluorescent  solutions, 
v.  sol.  alcohol,  insol.  benzene. 

Anhydride  C,sH|.,0.c  [116°].  Mol.  w. 
278  calc,  289  obs.  by  Eaoult's  method.  Does 
not  change  to  an  isomeride  when  heated. 

(7)-Truxillic  acid  C,sH,„0^.  e-Isatropic  acid. 
[228°].  Formed  by  heating  the  anhydride  of  the 
(a)-isomeride  with  HCl  at  160°.  Needles  (from 
dilute  alcohol),  v.  si.  sol.  hot  water,  v.  sol.  ether. 
Yields  cinnamic  acid  on  distillation.  Gives  the 
same  anhydride  as  the  (a)  -  isomeride  (Ladenburg, 

B.  22,  124).  Heated  with  HClAq  at  260°  it  is 
changed  to  (a).truxillic  acid.  HNO3  (S.G.  1-52) 
forms  a  di-nitro-  derivative  [293°]. 

Salts. — BaA"  llaq. — CaA"3|aq.— 
CaA"  63aq. — Ag.A"  :  crystalline  pp. 

Methyl  ether  Me^A".  [126°].  Needles, 
Mol.  w.  -332  (calc.  324). 

Mono -ethyl  ether  C,6H„(C02H).CO,Et. 
[172°].  Formed,  together  with  tlie  di-ethyl  ether, 
by  saturating  an  alcoholic  solution  of  the  acid 
with  HCl  (Liebermann,  B.  22,  2240).  Needles, 
yielding  AgA'.  At  320°  it  is  converted  into  a 
mixture  of  (o)-truxillic  acid  and  (o)-truxillic 
ether. 

Di-ethyl  ether 'Et„A".    [98°].    Needles,  v. 
sol.  alcohol  (Drory,  B.  22,  2260). 
Moiio-piperidide 

C,  „H„(CO.NC,Hi„).CO,H.  [261°].  Plates  (from 
water  or  dilute  alcohol).  Yields  MeA'  [201°j 
and  a  piperidine  salt  (C,,H„N)HA'  3aq  [218°], 
which  crystallises  (with  3aq)  from  alcohol  (Her- 
stein, B.  22,  2262). 

Di-piperid'ide  C,6H,,(C0.NC5HJ.  [248°]. 
Needles,  insol.  water,  sol.  alcohol. 

Mono-anilide  C,„H,  ,(C0.NHPh).C0jH. 
[220°].  Formed  by  heating  the  acid  with  aniline 
(Liebermann,  B.  26,  838).  Needles  (from  dilute 
alcohol). 

Aniline  C,„H,,,(CO.NHPh)..  [255°]. 

Anhydride  CigHijO.,.  Mol.  w.  282  (calc. 
278).    Gives  no  fluorescein. 

(5)-Truxillic  acid  C,9H,„04.  [174°].  Formed 
by  fusing  (/3)-truxillic  acid  with  potash.  Needles 
(from  water),  v.  sol.  alcohol  (Liebermann,  B.  22, 
2250;  Hesse,  A.  271,  205).  Yields  a  di-nitro- 
derivative  [226°].  Yields  cinnamic  acid  on  distilla- 
tion.— CaA"  :  rosettes  of  needles. — BaA"  4aq  : 
prisms,  si.  sol.  Aq. — CuA"  2aq. — Ag.A". 

Methyl  ether  Me.A".    [77°].  ' Needles. 

Reference. — Oxy-trdxillic  acid. 

TEUXONE  (C.,H,0)j,cc  =  2  or 3.  [289°].  Formed 
from  (a)-truxillic  acid  and  fuming  H2SO4  (S.G. 
1'96)  at  15°  (Liebermann  a.  Bergami,  B.  22, 
784 ;  23,  320).  Plates  (by  sublimation),  insol, 
water,  acids,  and  bases.  Not  attacked  by  HNO3, 
Yields  (C,H,CL),  [178°].    Anihne  and  HOAc  on 
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boiling  form  the  anilide  (C3Hj:NPh)  r  crystallising 
in  needles,  [270°],  decomposed  by  fusion. 

Phenyl-hydrazide  (C.H.iN.HPh),.  [c. 
270°].    Needles,  v.  si.  sol.  alcohol.  ' 

Oxim  (C.iHg'.NOH).,..  Very  unstable,  easily 
changing  to  an  anhydride.  Boiling  AcO  yields 
(BgH^-.NOAc),  [261°]",  m.  sol.  HO  Ac. 

TULUCUNIN  C,„H,,0,.  Occurs  in  the  bark 
of  Tarapa  Tiducuna  (Caventou,  J.  Ph.  [3]  3.5, 
189).  Light-yellow  amorphous  resin,  with  very 
bitter  taste,  si.  sol.  water,  v.  sol.  alcohol,  insol. 
ether.    Turned  blue  by  cold  H.,S04. 

TUNGSTATES,  and  derivatives  of;  v.  Tung- 
sten oxyaciijs,  s.UjTS,  and  derivatives  of,  p.  802  ; 
also  Tungsten  thio-acids,  and  salts  of,  p.  810. 

TUNGSTEN.  W.  ( Wolfram.)  At.  w.  183-6. 
Mol.  w.  is  unknown.  S.G.  18-77  (Waddell,  Avi. 
8,  280) ;  18-77  (Moissan,  C.  R.  116, 1225)  ;  19-13 
at  4°  (Roscoe,  C.  J.  [2]  10,  286)  ;  for  other  de- 
terminations V.  Bernoulli  (P.  Ill,  576),  Zettnow 
(P.  Ill,  16).  S.H.  (6°  to  15°)  -035  (De  la  Rive 
a.  Marcet,  A.  Ch.  [2]  75,  113).    S.V.S.  c.  9-7. 

Historical. — In  1785  a  new  acid  was  prepared 
by  J.  andF.  d'Elhujar  from  the  mineral  ?«oZ/ra-?!j- 
ite,  and  shown  to  be  identical  with  an  acid  ob- 
tain ed  three  years  before  from  tungstein  by  Scheele 
{Opusc.  2,  119).  The  metal  of  the  new  acid  was 
isolated  by  J.  and  F.  d'E.  For  many  years  the 
new  metal  was  known  as  wolfram  or  tungsten 
(from  Swedish  =  heavy  stone) ;  the  latter  name 
has  gradually  driven  out  the  former  in  England 
and  France,  but  the  metal  is  generally  called 
wolfram  in  Germany  ;  the  symbol  W  is  univer- 
sally employed. 

Occurrence. — Never  uncombined.  Wolfram- 
ite (tungstate  of  Fe  and  Mn)  is  found  in  con- 
siderable quantities  in  Cornwall,  Saxony,  Bohe- 
mia, &c. ;  tungstcnite,  or  scheelite  (tungstate  of 
Ca),  scheeletine  (tungstate  of  Pb),  and  some 
other  tungstates  occur  in  various  localities ; 
wolframine  or  luolfram-oclire,  WO3,  is  also  found. 
Some  tin  ores  contain  compounds  of  W,  and  W 
is  therefore  not  infrequently  found  in  specimens 
of  tin. 

Formation. — 1.  By  reducing  WO  ,  by  heating 
to  redness  in  H  (Berzelius,  P.  4,  147  ;  Wohler, 
A.  77,  262  ;  Zettnow,  P.  Ill,  16  ;  Eoscoe,  C.  N. 
25,  61,  78).— 2.  By  heating  WO,  with  Na  and 
NaCl  (Z.,  I.e.). — 3.  By  reducing  WO.,  by  mixing 
with  10  p.c.  charcoal  and  2  p.c.  resin,  and 
heating  in  a  closed  crucible  for  some  hours  to  a 
white  heat  (Filsinger,  S.  G.  1. 1878.  229).— 4.  By 
passing  vapour  of  oxyohloride  of  W  and  H 
through  a  red-hot  tube  (von  Uslar,  A.  94,  255). 
5.  By  heating  WCI5  in  H,  in  a  zinc  bath 
(Eoscoe,  I.e.). — 6.  By  strongly  heating  the  salt 
(NH,)._.W0j  in  a  carbon  crucible  (Bucholz,  P. 
Ill,  576). — 7.  By  strongly  heating  the  nitride 
{g.  v.,  p.  800)  in  H  (Wohler,  A.  73,  190). 

Preparation. — 1.  PureWO;,is  heated  to  bright 
redness,  in  a  Pt  tube,  in  a  stream  of  pure  dry  H 
(v.  Formation,  No.  1). — 2.  A  mixture  of  pure 
WO;,  and  dry  lampblack  is  heated  in  an  electric 
furnace  (Moissan,  C.  B.  116,  1225). 

WO,,  is  prepared  from  wolframite  by  heating 
the  very  finely  powdered  mineral  with  cone. 
HClAq,  pouring  off  the  solution  from  time  to 
time  and  adding  more  HClAq,  and  after  some 
time  adding  a  little  HNO^Aq  until  most  of  the 
brown  solid  is  changed  to  yellow  WOj.a-HoO, 
washing  the  residue  thoroughly  by  decautatiou, 


adding  a  considerable  quantity  of  NH,,Aq  and 
warming,  filtering  from  quartz,  unchanged 
wolframite,  Ac,  evaporating  the  solution  until 
small  lustrous  crystals  of  an  acid  ammonium 
tungstate  separate,  boiling  these  crystals  for  a 
long  time  with  HNO;,Aq,  washing,  and  heating 
the  residue  (Scheibler,  J.  pr.  83,  239 ;  cf.  Ber- 
nouUi,  P.  Ill,  .590). 

Properties. — A  steel-grey,  hard,  brittle,  crys- 
talline powder  (Riche,  A.  Ch.  [3]  50,  5).  By  re- 
ducing the  nitride  in  H,  Wohler  (.4.  73,  190)  ob- 
tained W  as  a  black  powder.  By  reducing  WO;, 
by  C  in  an  electric  furnace,  Moissan  (C -K.  116,, 
1228)  obtained  a  lustrous,  very  hard,  greyish 
white  solid.  As  produced  by  passing  the  vapour 
of  WO.,CL  mixed  with  H  through  a  red-hot  tube, 
W  forms  a  shining,  dark  steel-grey,  mirror-like 
deposit,  which  can  be  detached  from  the  tube  in. 
hard,  brittle  crusts  (von  Uslar,  A.  94,  255).  W 
can  be  melted  in  the  0-H  flame,  part  of  it  burn- 
ing to  WO,,  (Riche,  I.e.) ;  or  by  using  a  current 

j  from  600  Bunsen  cells,  in  an  atmosphere  of  N 
(Desprez,  C.  B.  29,  549).  Considerable  masses 
may  be  melted  by  employing  the  current  from  a 
dynamo  {v.  Huntington,  C.  N.  46,  163).  W  was 
regarded  by  Faraday  as  diamagnetic  (T.  1846. 
49).  The  emission  spectrum  is  described  by 
Thalen  (A.  Ch.  [4]  18,  202).  Wis  unchanged  in 
air,  but  when  the  pulverulent  metal  is  heated  it 
burns  to  WO, ;  compact  W  burns  in  air  only  at 
very  high  temperatures  ;  as  obtained  by  reducing 
WCl,  by  H,  W  is  said  to  be  pyrophoric.  Water 
is  decomposed  by  W  at  a  red  heat.  The  metal 
is  scarcely  acted  on  by  HClAq  or  H.SO.Aq ;  it  is 
oxidised  byHNO.,Aq*to  WO.,.;rH,,0";  the  pulve- 
rulent metal  dissolves  slowly  in  caustic  alkali 
solutions.  Finely  divided  W  reduces  and  ppts. 
many  metals  from  solutions  of  their  salts.  W 
combines  directly  with  Br,  CI,  I,  or  S.  W  is  not 
acted  on  by  heating  in  NH,  nor  in  CO  {v.  Eideal, 
C.  J.  55,  45 ;  Smith  a.  "Oberholtzer,  Zeit.  /. 
anorg.  Clicmie,  5,  63). 

The  at.  w.  of  W  has  been  determined  (1)  by 
reducing  WO.,  in  H,  and  again  oxidising  W  to 
WO3  (Berzelius,  P.  4,  151  [1825] ;  Schneider, 
J.2)r.  50,  158,  161  [1850]  ;  Marchand,^.  77,263 
[1850]  ;  von  Borch,  J.pr.  54,  254  [1851] ;  Eiche, 
A.  Ch.  [3]  50,  10  [1856] ;  Dumas,  A.  Ch.  [3]  56„ 
143  [1859] ;  Bernoulli,  P.  Ill,  597  [1800] ;  Persoz, 
A.  Ch.  [4]  1,  93  [1864] ;  Roscoe,  C.  N.  25,  61, 
73  [1872] ;  Waddell,  Ani.  8,  280  [1887])  ;  (2)  by 

!  determining  H,.0  in  BaWjO|,.9HoO  (Scheibler, 
J.py.  83,  324  [1861]);  (3)  by  reducing  WO3  in 
H  and  determining  H  .O  produced  (Bernoulli,  P. 
Ill,  597  [1800]) ;  (4)  by  analysing  Ag.,\YO^,  and 
FeWO^  (Zettnow,  P.  130,  16,  240  [1867]) ;  (5)  by 
analysing  WCl^  (Roscoe,  C.  N.  25,  61,  73  [1872]) ; 
(6)  by  determining  S.H.  of  W  (De  la  Rive  a. 
Marcet,  A.  Ch.  [2]  75,  113  [1840]) ;  (7)  by  deter- 
mining V.D.  of  WCI3,  WCl,  and  W0C1_,  (v.  these 
compounds).  The  older  determinations  gave 
values  for  at.  w.  varying  from  186  to  189  ;  the 
most  recent  determination  (by  Waddell)  gave 
184-04  ;  Roscoe's  determinations,  made  by  re- 
ducing WO3  to  W  and  oxidising  W  again  to  W0,„, 
by  finding  the  ratio  of  WC1„  to  AgCl  and  to  Ag, 
and  by  reducing  WCl,;  in  H,  gave  values  varying 
from  183-25  to  183-77.  The  number  183-6  is 
probably  correct  to  half  a  unit.  The  atom  of  W 
is  pentavalent  in  the  gaseous  molecule  WCl^, 

I  and  hexavaleut  in  the  gaseous  molecule  WCl,;. 
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W  is  the  fourth  member  (the  third  is  as  yet 
Tinknown)  of  the  even  series,  or  chromium,  family 
of  Group  VI.  in  the  periodic  arrangement  of  the 
elements.  W  is  followed  in  its  family  by  U,  and 
it  succeeds  Mo  and  Cr.  W  very  closely  resem- 
bles Mo ;  like  that  element  W  is  both  metallic 
and  non-metallic ;  the  balance  of  these  proper- 
ties being,  however,  not  quite  so  evenly  main- 
tained in  W  as  in  Mo.  It  is  doubtful  whether 
any  definite  salt  has  been  isolated  derived  from 
an  oxyacid  by  replacing  H  by  W.  The  oxide 
WO3  acts  as  a  fairly  acidic  oxide  ;  like  M0O3  it  is 
xemarkable  for  the  large  number  of  compounds 
it  forms,  simultaneously ,with  oxides  that  are  more 
basic  and  oxides  that  are  less  basic  than  itself. 
The  chemical  relations  of  Ware  discussed  in  the 
article  Chbomium  gbodp  of  elements,  vol.  ii.  p. 
168. 

Reactions. — 1.  Heated  in  air  burns  to  WO3 ; 
finely  divided  W  burns  easily ;  compact  W  only 
at  a  very  high  temperature  (y.  Roscoe,  C.  N.  25, 
61,73). — 2.  Heated  to  redness  in  stea??z.  gives  H 
.and  oxide  (?  WO3). — 3.  Eeacts  with  hot  nitric 
.acid,  or  aqtca  regia,  to  form  WOj.kH^O  ;  the  same 
product  is  obtained  by  heating  W  with  cone,  sul- 
j)huric  or  hydrochloric  acid,  but  oxides  inter- 
mediate between  W0„  and  WO3  are  formed  at 
first  (Eiche,  A.  Ch.  [3]  60,  15).— 4.  Pulverulent 
W  dissolves  in  boiling  cone,  potash  solution, 
giving  H  and  a  tungstate  of  K  (Eiche,  I.e.). 
5.  Heated  in  carbonyl  chloride  to  150°-200° 
WOClj  is  produced,  mixed  with  C  (Smith  a.  Ober- 
holtzer,  Zeit.  f.  anorg.  Chemie,  5,  63). — 6.  By 
heating  to  redness  with  sulphur  chloride  a  red, 
•crystalline  thiochloride,  probably  W.,S.Clg,  is 
formed  as  a  sublimate,  unstable  in  air  (S.  a.  0., 
I.e.). — 7.  Finely  divided  W  reduces  solutions  of 
several  metallic  salts  ;  AgNOj  and  AUCI3  solu- 
tions are  reduced  to  Ag  and  Au,  HgClo  to  HgCl, 
Cu,  Pd,  Pt  and  Eh  are  partially  ppd.  from  solu- 
tions ;  Bi,  Cd,  and  Pb  are  not  ppd.  (Smith,  Zeit. 
f.  anorg.  Chemie,  1,  360). 

Combinations. — 1.  Heated  in  oxygen,  WO3  is 
formed. — 2.  Combines  with  chlorine,  to  form 
WClg,  at  c.  300°  ;  with  bromine,  to  form  WBr^, 
at  a  higher  temperature  ;  and  with  iodine,  to 
form  WI„,  when  strongly  heated. — 3.  Heated 
with  sulphur,  forms  WS,. — 4.  The  compound 
W3P4  is  said  to  be  formed  by  strongly  heating 
W  in  phosphorus  vapour  (Wohler  a.  Wright,  A. 
■79,  244). 

Detection  and  Estimation. — Compounds  of 
W  form  colourless  beads  with  borax  or  micro- 
cosmic  salt  in  the  outer  blowpipe  flame.  The 
borax  bead  is  yellow  in  the  inner  flame  if  a  con- 
siderable quantity  of  a  compound  of  W  is  present. 
The  microcosmic  salt  bead  is  blue  in  the  inner 
flame  in  the  absence  of  compounds  that  them- 
selves form  coloured  beads  ;  in  presence  of  iron 
compounds  the  bead  is  blood-red,  but  addition 
of  tin  causes  it  to  become  blue.  Soluble  alkali 
tungstates  are  formed  by  fusion  with  alkali 
carbonate  or  nitrate ;  addition  of  excess  of 
H.SO^Aq,  HClAq,  HjPO.Aq,  H.CjO.Aq,  or 
HCjHjO.Aq  to  an  aqueous  solution  of  a  tung- 
state, followed  by  immersion  of  a  piece  of  zinc 
in  the  liquid,  produces  a  blue  colour  ;  addition 
of  H.,S  to  an  acidulated  solution  of  a  tungstate 
gives  no  pp.,  but  a  blue  colour.  According  to 
Mallet  (0.  J.  28,  1228),  the  successive  addition 
>of  small  pieces  of  zinc  to  the  solution  obtained 


by  adding  excess  of  cone.  HClAq  to  an  alkaline 
tungstate  produces  various  colours,  the  most 
marked  of  which  is  a  brilliant  magenta-red.  By 
adding  KCNSAq  and  then  small  pieces  of  zinc  to 
a  solution  of  an  alkaline  tungstate  in  excess  of 
cone.  HClAq,  a  deep  green  colour  is  pr6duced  ; 
and  an  amethyst  colour  is  noticed  when 
KCNSAq  is  added  to  the  solution  of  an  alkaline 
tungstate,  the  solution  is  then  diluted,  HClAq  is 
then  added,  and  lastly  zinc  is  placed  in  the 
liquid.  Very  minute  quantities  of  W  can  be 
detected  by  adding  SOAq  and  Zn  to  solution 
of  an  alkaline  tungstate,  whereby  a  light-blue 
colour  is  obtained  (M.,  I.e.,  p.  1233).  W  is  esti- 
mated as  WO3,  obtained  by  evaporation  and 
strongly  heating ;  for  separation  from  other 
elements  a  Manual  of  Analysis  must  be  con- 
sulted. 

Tungsten,  alloys  of.  By  reducing  mixtures 
of  WO3  with  oxides  of  Sb,  Bi,  Co,  Cu,  Pb,  Ni,  or 
Zn,  Bernoulli  (P.  Ill,  573)  obtained  alloys  of 
W  with  these  metals,  provided  there  was  not 
more  than  10  p.c.  of  the  foreign  metal  present. 
An  alloy  with  aluminium,  approximately  WAl^, 
was  obtained  by  Wohler  a.  Michel  {A.  115,  102) 
by  heating  a  mixture  of  WO3,  Al,  cryolite,  and 
NaCl  and  KCl.  W  alloys  with  iron ;  v.  Poleck 
a.  Griitzer  {B.  26, 35)  for  an  alloy  approximately 
W.,Fe.  An  alloy  of  9  or  10  p.c.  W  with  steel  is 
extremely  hard  (v.  Bernoulli,  I.e. ;  Philipp,  Hof- 
mann's  Ber.  ilber  chem.  Industrien,  745 ; 
Le  Guen,  C.  B.  66,  593  ;  59,  786;  63,  967  ;  64, 
619 ;  68,  592  ;  Caron,  A.  Ch.  [3]  68,  143  ;  Os- 
mond, C.  B.  104,  985  ;  Gruner,  C.  B.  96,  197). 

Tungsten,  amidonitrides  of,  v.  Tungsten 

NITRIDES,  AND  ALLIED  COMPOUNDS,  p.  799. 

Tungsten,  bromides  of.  The  elements  com- 
bine when  heated  together  to  form  WBr^,  and 
by  partial  reduction  in  H  this  gives  WBr^. 

Tungsten  pentabeomide  WBr^.  The 
formula  is  probably  molecular,  from  the  analogy 
of  WCI5.  Prepared  by  heating  W  in  excess  of 
Br  vapour,  taking  care  that  every  trace  of  water 
and  O  are  excluded.  Dark,  violet-brown  needles, 
resembling  I ;  melts  at  276°  and  boils  at  333^, 
giving  off  a  dark-brown  vapour;  decomposed  on 
distillation,  with  separation  of  Br ;  moist  air 
or  water  forms  HBrAq  and  blue  oxide  of  W  ; 
heated  to  360°  in  a  stream  of  H,  WBr.>  is  formed 
(Eoscoe,  C.  N.  25,  73 ;  cf.  Borok,  pr.  54,  254  ; 
Blomstrand,  J.  pr.  82,  408). 

Tungsten  dibromidb  WBr„.  Obtained,  as  a 
bluish-black,  velvety  solid,  when  WBt^  is  heated 
at  c.  350°  (in  a  bath  of  ZnCl2)  in  a  stream  of 
dry  H ;  WBiv,  WOBr^,  and  Br  distil  over,  and 
WBr.,  remains.  Heated  above  c.  400°  in  H  gives 
W  and  HBr  ;  with  HNOjAq  gives  WO3,  HBrAq, 
and  NH^NOjAq  (Eoscoe,  I.e.). 

Tungsten,  chlorides  of.  When  W  is  heated 
in  CI  the  compound  WCI5  is  formed,  and  by  re- 
duction in  H  or  C0„  this  gives  WCI5,  WCl^,  and 
WCl,.  Great  confusion  existed  about  the  com- 
positions of  the  chlorides  of  W  untQ  Eoscoe's 
researches  in  1872  established  the  formulae. 

Tungsten  hexachloeide  WCl^.  Mol.  w. 
395-82.  Prepared  by  heating  W  in  CI  (Eoscoe, 
C.  N.  25,  61).  The  materials  must  be  perfectly 
dry,  and  every  trace  of  air  must  be  excluded, 
else  WOCI4  is  formed  ;  the  WCl^  sublimes  on  the 
cooler  part  of  the  tube,  and  is  then  distilled 
several  times  in  a  stream  of  dry  01,  and  then  in 


TUNGSTEN 

a  current  of  dry  H  (a  small  quantity  of  WCI5  is 
formed,  and  digtils  off  with  the  H).  Teclu  {A. 
1«7,  255)  obtained  WC1„  by  heating  WO3  and 
PCI5  in  a  sealed  tube  at  170°.  WCls  forms  dark- 
violet  crystals  ;  crystallises  from  CS._,  in  brown, 
six-sided  tablets,  from  POCI3  in  steel-blue,  metal- 
like, regular  crystals  (T.,  I.e.).  Melts,  out  of 
contact  with  air,  at  275°,  and  boils  at  346-7°  at 
700  mm.  pressure  (E.,  I.e.).  V.D.  190  at  350° 
(Debray,  C.  B.  60,  820  ;  Eoscoe,  I.e.)  ;  V.D.  168-8 
at  440°  (D.,  l.c.\  E.,  I.e.;  Eieht,  B.  3,  666). 
Dissolves  readily  in  CS„,  or  POCI3  (T.,  I.e.). 
Distilled  in  CO,  gives  WCl,  and  CI ;  this  fact 
taken  in  connection  with  V.D.  at  440°  shows  that 
at  somewhat  above  b.p.  WCl^  probably  disso- 
ciates to  WCI5  and  CI.  WCl,;  is  unchanged  in 
air ;  but  if  a  trace  of  WOCI4  is  present,  HClAq 
and  WO3  are  formed.  Hot  water  x^roduces  WO3 
and  HClAq.  Heated  in  air,  or  in  0,  forms 
WOCl^  (Eoscoe,  I.e. ;  Blomstrand,  J". ^r.  82, 417). 
WOClj  is  also  formed  by  heating  WO3  with 
WCI5.  WClg  interacts  with  NH^,  at  the  ordinary 
temperature,  to  form  NH^Cl  and  WoNj  (Eideal, 
C.  J.  55,  44). 

Tungsten  pentachlobidb  WCI5.  Mol.  w. 
360'45.  Prepared  by  repeatedly  heating  WCl^ 
somewhat  above  its  b.p.  (346-7°)  in  a  stream  of 
■dry  H,  and  when  a  solid  residue  has  been  formed 
removing  the  WCI5  from  less  volatile  lower 
chlorides  by  heating  in  CO.,  (Eoscoe,  C.  N.  25, 
61).  Black,  lustrous,  needle-shaped  crystals ; 
very  deliquescent ;  melts  at  248°,  and  boils  at 
275-6°  (E.,  Lc).  V.D.  175-6  to  179-9  at  360°; 
185-7  to  186-4  at  440°  (E.,  I.e.).  Slightly  soluble 
in  CS,,  forming  a  blue  liquid  ;  forms  an  olive- 
green  solution  in  water,  but  is  mostly  decom- 
posed to  HClAq  and  blue  oxide  of  W.  Heated 
in  O  forms  WOCl,  and  CI  (E.,  I.e. ;  cf.  Blom- 
strand, J.p^:  82,  425  ;  89,  230). 

Tungsten  tetkachloeide  WCI4.  This  com- 
pound is  present  in  the  solid  residue  obtained  by 
heating  WCl^  in  H  in  the  preparation  of  WCI5 
(v.  supra) ;  it  is  prepared  by  distilling  this  resi- 
due, in  a  bath  of  H,SO,,  in  a  stream  of  dry  CO,,, 
returning  the  distillate  to  the  distilling  vessel  and 
heating  again,  and  repeating  these  processes 
several  times  (Eoscoe,  I.e.).  A  soft,  crystalline, 
greyish-brown  powder ;  very  hygroscopic ;  has 
not  been  fused  or  volatilised  ;  heated  strongly, 
it  gives  WCI5  and  WCl...  Heated  in  H  to  c.  440° 
pyrophoric  W  is  produced.  Decomposed  by 
water  to  WO.,  and  a  greenish-brown  solution 
(E.,  I.C.). 

Tungsten  dichlobide  WCL.  Prepared  by 
heating  WCl^,  in  a  bath  of  zinc,  in  a  stream  of 
dry  CO,;  WCl^  distils  off  and  WCl, remains.  A 
loose,  grey,  amorphous  powder ;  water  forms 
WO,  and  HClAq,  with  evolution  of  H  ;  interacts 
with  H  which  has  been  passed  through  HNOsAq 
to  form  WO3,  HCl,  and  NH.NOj  (E.,  I.e.). 

Tungsten,  cyanides  of.  No  cyanides  of  W 
have  been  isolated ;  according  to  Wyrouboff 
(A.  Ch.  [5]  8,  444  ;  ef.  Atterberg,  Bl.  [2]  24,  355), 
compounds  containing  W,  K,  and  FeCy^  are  ob- 
tained by  adding  HClAq  to  a  mixture  of  K 
tungstates  andK  ferrocyanide. 

Tungsten,  fluorides  of.  No  fluoride  of  W 
has  been  isolated.  According  to  Berzelius  (P. 
4, 147),  when  a  solution  of  WOj.H-.O  in  HFAq  is 
evaporated  and  the  residue  is  treated  with  water, 
a  solid  remains  which  is  free  from  F  after  being 
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heated  in  NH,.  According  to  Eiche  {A.  Ch.  [3] 
50,  41),  a  solution  of  tungstic  hydroxide  in 
HFAq  gives  crystals  of  W03.H,0  on  evapora- 
tion. 

T  ungs  to  xy  fluorides.  (Fluotungs  fates.) 
By  dissolving  tungstates  of  the  form  M.AVOj 
in  HFAq,  Marignac  obtained  a  series  of  com- 
pounds of  the  forms  2MiF.W0„F,,.a'H,0  and 
M"F,.WO,F,..tH,0,  and  also  a  few  compounds  of 
the  form  MiF.WO,F„.H,0  {A.  Ch.  [3]  69,  67). 
These  compounds  may  be  regarded  as  salts  of 
the  hypothetical  acids  H,WO„F,  and  HWO.JF, ; 
they  are  similar  to  some  classes  of  the  com- 
pounds described  as  fliwnwlybdates  (this  vol.  p. 
425). 

The  tungstoxy fluorides  etch  glass  even  when 
dry ;  they  react  slowly  with  acids,  giving 
W03.H,0.  The  salts  of  the  forms  U\\NO.^^ 
and  M"WO,Fj  were  prepared  by  dissolving 
MioWO^  and'  M"W0^  in  HFAq  and  evapora- 
ting ;  in  some  cases  also  by  dissolving  W03.H,0 
in  HFAq,  adding  MOH,  and  evaporating.  The 
salts  of  the  form  MiW0,F3  were  formed  by  dis- 
solving acid  tungstates  in  HFAq  and  evapora- 
ting. The  following  compounds  were  isolated  : 
(1)  Mi,WO,F,.xH,0 ;  M  =  NH„  a;  =  0;  M  =  K, 
x  =  l\  M  =  Na,  a;  =  0;  (2)  M"W0,Ji'i.a-H,0 ; 
M  =  Zn,a;  =  10;  (3)  MW0,F3.a,'H,0 ;  "M  =  NH„ 
a;  =  l;  M  =  K,  a;=l.  The  salts 
(NH^),WO,F,.(NH,),WO^  and  CuW0,F^.NH3 
were  also  obtained. 

By  dissolving  K,WO,,F,.H,0  in  4  p.c.  H,0„Aq, 
and  crystallising  from  dilute  H,0,_Aq  containing 
a  little  HF,  Piccini  (Zcit.  f.  anorg.  Chemic,  2, 
21)  obtained  K.WOjFi.H^O.  P.  calls  this  com- 
pound fluoroxypcrtungstate ;  it  might  also  be 
naxaaA.  pertungstoxy fluoride. 

Tungsten,  haloid  compounds  of.  When  W  is 
heated  in  a  stream  of  CI  the  compound  WCl,-  is 
formed,  and  this  by  reduction  in  H  gives  WCI5, 
WClj,  and  WCL.  The  compound  WBr^  is 
formed  by  heating  W  in  Br  vapour,  and  WBr,  is 
obtained  by  partially  reducing  WCI5  in  H. 
Small  quantities  of  WI,  are  obtained  by  heating 
W  in  vapour  of  I.  No  fluoride  of  W  has  been 
isolated.  Oxychlorides  and  oxybromides  of  the 
forms  WOXj  and  WO,X,  are  obtained  by  heating 
W  oxides  in  CI  or  Br,  and  in  other  ways.  The 
following  compounds  have  been  vaporised,  and 
the  simplest  formulaj  are  molecular :  WClg, 
WCI5,  WOCl^.  The  formulaj  WBr^,  WOBr^, 
WO,CL,  and  WO.JBr,  are  probably  molecular ; 
but  if  the  analogy  of  the  chlorides  and  bromides 
of  Mo  of  the  form  MojX„j:  is  to  be  followed  (v. 
vol.  iii.  pp.  427,  428)  it  is  probable  that  the  mole- 
cular formula  of  the  dichloride  and  dibromide  of 
W  are  not  less  than  WjXg. 

Tungsten,  hydroxides  of,  «.  Tungsten  oxides 
AND  hydkated  OXIDES  (p.  800),  also  Tungsten 
OXYACIDS  (p.  802). 

Tungsten,  iodide  of,  WL.  This,  the  only 
iodide  of  W  that  has  been  isolated,  is  obtained, 
in  very  small  quantities,  by  passing  I  vapour, 
mixed  with  CO,,  over  red-hot  W.  It  forms  a 
metal-like,  greenish  crust;  heated  in  air  it  gives 
off  I  and  leaves  WO3 ;  it  is  not  decomposed  by 
water  (Eoscoe,  C.  N.  25,  73). 

Tungsten,  nitrides  of;  and  allied  eom- 
poimds.  Compounds  of  W  with  N,  and  pro- 
bably also  with  N  and  H,  are  formed  by  heating 
WCl.or  WOCl,  in  NHj;  the  interaction  of  NHjand 
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WO,,  probably  produces  a  compound,  or  com-  I 
pounds,  of  W,  N,  H,  and  O  ;  and  a  compound  of 
\V,  N,  and  O  is  perhaps  formed  by  heating  WO, 
with  NH.Cl. 

Tungsten  nitrides.  By  passing  dry  NH3 
over  WCI5,  and  washing  away  the  NH^Cl  pro- 
duced, by  water,  Eideal  {C.  J.  55,  44)  obtained  a 
black  lustrous  powder,  agreeing  fairly  with  the 
composition  W.,N.|,  This  substance  is  insoluble 
in  HNO^Aq,  dilute  H,SO^Aq,  or  NaOHAq  ;  hot 
cone.  H.-,S04  produces  NH,,  and  WO., ;  fusion 
with  NaOH  forms  Na  tungstate ;  heating  in  air, 
or  with  aqua  regia,  oxidises  it  to  WO3  (22.,  I.e.) . 

By  continued  heating  WCle  in  NH.„  to  a 
temperature  difficult  to  regulate,  as  slightly  too 
high  a  temperature  produces  W,  Uhrlaub  ob- 
tained a  black  substance  to  which  he  gave  the 
formula  W3N,,  [Dia  Vcrbindungen  einigcr  Metalle 
mit  Stickstoff,  Gottingen,  1859). 

Tdngsten  AjriDONiTRiDES.  By  the  action  of 
NH,  on  WC1„,  Wohler  (.4.  7.3,  198)  obtained  a 
black  substance  containing  from  86'76  to  90-8 
p.c.  W,  and  8-24  p.c.  N ;  W.  supposed  this 
substance  to  be  a  mixture  of  two  amidonitrides, 
2WN,.W(NH,,).,and  2WN.W(NH,),.  W.  obtained 
similar  black  substances,  which  he  did  not 
analyse,  by  heating  chlorides  of  W  with  NH^Cl 
(A.  105,  258). 

Compounds  of  tungsten  loith  N,  H,  and  0. 
Wohler  (.4.  73, 198)  obtained  a  black  substance  by 
heating  WO,  to  dull  redness  in  dry  NH, ;  the  per- 
centage of  W  in  this  substance  varied  from  87"65 
to  88'47,  and  it  contained  7'15  p.c.  N,  and  c.  -2  p.c. 
H.  To  this  substance  W.  gave  the  formula 
WsN,„H,0^  (  =  4WN,.W,(NH,),.2WO,).  Bideal 
(C.  J.  55,  44)  passed  dry  NH,  over  WO.,  heated 
to  a  dull  redness  until  the  yellow  WO3  was 
'changed  to  a  black,  amorphous  powder ;  he 
allowed  to  cool,  and  removed  excess  of  NH.,  by 
passing  a  current  of  dry  air  through  the  tube. 
The  black  substance  thus  obtained  contained 
85-26  p.c.  W,  and  7'4  p.c.  N;  assuming  c.  -3  p.c. 
H,  the  numbers  agreed  fairly  with  the  formula 
W3N,H30,. 

Compound  of  tungsten  toith  N  and  O. 
Eideal  (I.e.)  obtained  a  black  powder,  agreeing 
in  composition  approximately  with  the  formula 
WN,.W03,  by  heating  WO3  with  NH,C1  until 
the  weight  became  constant.  According  to 
Eideal  {I.e.)  finely  divided  W  does  not  change 
when  heated  in  a  stream  of  dry  NH3,  after 
having  been  heated  to  redness  in  dry  H;  nor 
does  NH3  react  with  the  blue  oxide  of  W  when 
heated  therewith. 

Tungsten,  oxides  and  hydrated  oxides  of. 
When  powdered  W  is  heated  in  O  it  combines 
to  form  WO3 ;  by  heating  this  oxide  in  H  a  blue 
oxide  is  formed,  to  which  various  formula;  inter- 
mediate between  WO3  and  WO.,  have  been  as- 
signed ;  by  further  heating  in  H,  or  with  C,  the 
dioxide  WOj  is  produced.  There  are  indications 
of  an  oxide  with  more  O  than  WO3.  WO.,  dis- 
solves^in  acids,  but  corresponding  salts  have  not 
been  isolated;  the  blue  oxide  separates  from 
these  solutions ;  WOj  is  also  soluble  in  alkah 
solutions.  WO.,  is  insoluble  in  acids ;  it  dis- 
solves in  alkali  and  alkaline  carbonate  solutions, 
forming  tungstates  {v.  under  Tungsten  oxyacids, 
p.  802).  WO3  combines  with  many  acidic 
oxides  to  form  compounds  which  react  as  acids 
(v.  p.  801).    WO3  is  the  anhydride  of  more  than 
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one  tungstic  acid  (v.  p.  801).  None  of  the  oxides- 
has  been  vaporised ;  the  mol.  w.  of  none  is 
known. 

Tungsten  dioxide  WO,.  {Brown  oxide  of 
tungsten.) 

Formation. — 1.  By  heating  a  mixture  of 
WO3  and  C  to  redness  (Buchholz,  S.  3,  1). — 
2.  By  heating  WO.,  to  incipient  redness  in  H 
(Wohler,  A.  73,  198  ;  77,  262),— 3.  By  decompo- 
sing WC1„  or  WCU,  by  H.,0  (Eoscoe,  C.  N.  25, 
61,  73). — 4.  By  the  reaction  of  Zn  and  HClAq  on 
WO3  (Wohler,  P.  2,  345),  or  on  solution  of  a 
metatungstate  (Riche,  I.e.). 

Preparation. — WO3  is  placed  in  a  porcelain 
tube  closed  at  one  end  and  provided  with  a  long 
opening  in  the  middle ;  this  tube  is  placed  inside 
another  porcelain  tube  which  is  kept  at  red  heat, 
while  H  is  passed  through  as  long  as  water  con- 
tinues to  be  formed  (Wohler,  A.  77,  262  note) ; 
the  product  is  allowed  to  cool  in  H,  and  is  kept 
in  H  for  24  hours  (Riche,  A.  Ch.  [3]  50,  29). 

Properties. — A  brown  powder  with  a  slight 
violet  sheen  ;  prepared  by  reducing  WO3  by  Zn 
and  HClAq,  the  oxide  is  obtained  in  metal-like 
lustrous  crystals,  pseudomorphs  of  WO3.  S.G. 
12-11  (Karsten,  S.  65,  394). 

Reactions. — 1.  Moist  WO^  oxidises  rapidly  in 
air  to  WO3 ;  as  prepared  by  reducing  WO3  in 
H  it  is  pyrophoric,  but  if  allowed  to  cool  slowly 
in  H  the  product  is  not  pyrophoric  (Berzelius, 
P.  4,  147;  8,  267;  Wohler,  Z.c;  Riche,  I.e.).— 

2.  Heated  strongly   in    hydrogen  gives  W. — 

3.  Chloriiie  forms  WO.,CL  when  heated  with 
W02(Roscoe,  Z.c,  p.  63).— 4.  Heated  to  dull  red- 
ness in  a  stream  of  ammonia,  a  compound,  or 
compounds,  of  W  with  N,  H,  and  O  is  formed 
{v.  Compounds  of  W  with  N,  H,  and  0,  under 
Tungsten  niteides,  supra).  —  5.  By  heating 
with  sal  ammoniac,  Rideal  {C.  J.  55,  44)  obtained 
a  black  powder  approximately  WN._,.W03  {v. 
Compound  of  W  luith  N  and  O,  supra).— 
6..  Moist  WO.,  dissolves  easily  in  warm  hydro- 
chloric or  sulphuric  acid,  forming  reddish-brown 
solutions  from  which  blue  oxide  of  W  separates. 
WO.,  prepared  in  the  dry  way  is  scarcely  acted 
on  by  acids,  except  agua  regia,  which  oxidises 
it  to  WO3. — 7.  WO2  dissolves  in  cone,  potash 
solution,  giving  off  H,  and  forming  K  tungstate. 
8.  Reduces  mercuric  chloride  to  HgCl,  and 
ppts.  Cu._,0  from  solutions  of  copper  salts  (Riche, 
A.  Ch.  [3]  50,  5). — 9.  Heated  in  nitric  oxide  to 
below  500°  gives  the  blue  oxide  ;  oxidised  to 
WO3  by  heating  in  nitrogen  dioxide  to  c.  300^ 
(Sabatier  a.  Senderens,  C.-R.  114, 1429  ;  115,236). 

Blue  oxide  op  tungsten.  Blue  compounds 
of  W  and  0  are  obtained  by  heating  WO3  with 
reducing  agents  ;  analyses  lead  to  formulas  such 
as  W0O-,  W3O8,  or  W,0,|,  intermediate  between 
W0„  and  WO3.  Malaguti  {A.  Ch.  [2]  60,  273) 
gave  the  formula  W0O5  to  the  blue  product  of 
heating  WO3  in  H  to  c.  250° ;  von  Uslar 
{BeitrdgezurKenntniss  dcsWund  Mo  [Gottingen, 
1855])  gave  the  formula  W3O9.  Gmelin  said 
that  a  blue  oxide  of  the  composition  WjOn  is 
formed  by  strongly  heating  WO3  in  CO. 

Blue  compounds  are  also  obtained  by  strongly 
heating  NH^  tungstates  out  of  contact  with  air 
(Malaguti,  Z.c. ;  von  Uslar,  Z.c).  Aqueous  solu- 
tions of  WO3  or  tungstates  are  coloured  blue  by 
the  action  of  very  weak  reducers,  e.g.  by  exposing 
moist  WO2  on  paper  to  sunlight  (Liesegang, 
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C.  C.  1865.  943),  or  by  the  action  of  SnCLAq  on 
tungstates  (Bunsen,  .4.  138,  289 ;  v.  also 
Seheibler,  /.  pr.  83,  313).  Cone.  H,,SO,  or 
HCIAq  gives  a  blue  colour  when  heated  with  W 
(Kiche,  A.  Ch.  [3]  50,  15).  Tungstates  boiled 
with  acetic  acid  and  then  electrolysed  give  blue 
coloured  substances  (Smith,  B.  13,  753). 

Peroxides  of  tungsten.  Fairley  {C.  J.  31, 
141)  obtained  indications  of  an  oxide  with  more 
0  than  WO,,  by  dissolving  W0,,.2H,0  in 
HoO.Aq,  and  evaporating  over  H.SO^  i)i  vacuo  ; 
the  green,  transparent,  yellow  scales  thus  ob- 
tained dissolved  in  water,  forming  a  solution 
which  could  be  titrated  with  KMnO,|Aq,  witli 
separation  of  WOyxRO.  Oammerer  (Clicm. 
Zeitung,  15,  957)  found  that  WO3  dissolved  in 
boiling  HoOjAq,  with  evolution  of  0 ;  on 
spontaneous  evaporation  he  obtained  a 
yellow  powder,  to  which  he  gave  the  formula 
WO^.H.Oo.H.O  (cf.  reaction  of  H.,0,Aq  with 
CrOjAq,  vol.  ii.  p.  16G).  According  to  Pechard 
(G.  R.  112,  1060),  a  salt  Na,0.W.0,.2H,0  is 
formed  by  boiling  Na  paratungstate  solution 
with  H,0._,Aq  and  evaporating  in  vacuo. 

Tungsten  trioxide  WO3.  {Tungstic  anhy- 
dride. Sometimes  erroneously  called  tungstic 
acid.) 

Occurrence. — As  tungstic  ochre  oxwolframine 
in  Cumberland,  Connecticut,  North  Carolina,  <fec. 

Formatioyi. — 1.  By  strongly  heating  in  air 
tungstate  of  NH^  or  of  Hg^ — 2.  By  strongly 
heating  WO.j.a'H„0. — 3.  By  burning  W  in  air 
or  O. 

Preparation. — An  aqueous  solution  of  com- 
mercial NaoWO,  is  poured  into  boiling  HCIAq 
(1:1) ;  the  ppd.  WO3  is  washed  with  HCIAq  until 
NaCl  is  completely  removed  ;  it  is  then  washed 
with  water  to  remove  all  HCl,  and  dissolved  in 
NH,,Aq  ;  the  solution  is  evaporated  to  dryness, 
and  the  NH^  salt  thus  obtained  is  heated  in  an 
open  crucible  until  every  trace  of  NH,  is  driven 
off  (Eoscoe,  C.iV.25,  73).  Bernoulli  (P.  Ill,  590) 
recommends  to  boil  the  NH4  salt  for  a  long  time 
with  successive  quantities  of  HN03Aq  (to  remove 
traces  of  Na  salts),  and  to  wash  the  residual  j 
WO3  quite  free  from  acids  {cf.  Zettnow,  P.  130,  ' 
16,  210).  WO3  is  obtained  in  crystals  by  very 
strongly  heating  the  amorphous  oxide  (Bernoulli, 
P.  Ill,  595  ;  Schafarik,  17.  A.  B.  47,  246)  ;  by 
dissolving  WO.,  in  molten  borax  (Nordenskjold, 
P.  114,  612)  ;  by  strongly  heating  the  oxide  in  a 
current  of  HCl  (Debray,  C.  R.  55,  287) ;  or  by 
heating  to  whiteness  a  mixture  of  Na.AVO^  and 
NaXO,  imbedded  in  NaCl,  when  crystals  of 
W63  sublime  (D.,  I.e.). 

Na^WO,  may  be  prepared  from  wolframite 
by  heating  a  mixture  of  150  pts.  of  the  finely 
powdered  mineral  with  100  pts.  calcined  NaXOj 
and  15  pts.  NaNO,,  for  four  or  five  hours,  in  an 
iron  vessel,  lixiviating  with  water  and  crystal- 
lising {v.  Franze,  J.  pr.  [2]  4,  238 ;  cf.  Hunting- 
ton, B.  17,  203  ;  Seheibler,  /.^r.  83,  239). 

Waddell  (.4))i.  8,  380)preparespure  WO3  from 
tungstenitc,  by  treating  the  p)owdered  mineral 
with  aqita  regia,  washing  the  residue,  fusing  it 
with  KHSO.,,  dissolving  in  water,  and  fractionally 
ppg.  by  HgNOjAq ;  the  first  pps.  are  then  de- 
composed by  aqna  regia,  the  WO,  thus  obtained 
is  dried  and  fused  with  NaoCO,,  the  fused  mass 
i^  dissolved  in  water,  tartaric  acid  is  added,  and 
H.S  is  passed  into  the  solution  ;  the  filtrate 
'  Vol.  IV. 


from  ppd.  MnS,  &o.,  is  boiled  till  H^S  is  ex- 
pelled, and  is  then  fractionally  ppd.  by 
HgNOjAq  ;  the  later  pps.  are  collected,  washed, 
and  decomposed  by  heating  in  an  open  vessel. 
For  a  method  of  preparing  WO3  from  ivolframite 
V.  Preparation  of  Tungsten,  p.  797. 

Properties. — A  heavy,  canary-yellow  powder  ; 
becoming  orange-coloured  when  lieated  (Roscoe, 
C.  N.  25,  73).  Crystalline  WO3  is  described  as 
wine-yellow,  very  lustrous,  rhombic  tablets  (Nor- 
denskjold, P.  114,  612).  A  trace  of  Na  tungstate 
gives  a  green  colour  to  WO,  (R.,l.c.).  S.G. : 
amorphous,  743  to  7-16  (Zettnow,  P.  130,  16, 
240 ;  Karsten,  S.  65,  394)  ;  crystalline,  7-23  at 
17°  (Z.,  Z.c.)  ;  6-38  (N.,  I.e.).  S.H.  (8^  to  98°) 
•07983  (Regnault,  A.  Ch.  [3]  1,  129);  (22°  to 
52°)  -0894  (Kopp,  T.  1865.  71).  Melts  readily 
in  the  blowpipe  (Riche,  A.  Ch.  [.3]  50,  29)  ;  can 
be  sublimed  by  mixing  with  Na.CO.,  and  heating 
to  whiteness  (Debray,  G.  R.  55,  287)  ;  also  by 
strongly  heating  in  HCl  (Schafarik,  W.A.  B.  47, 
246).  Not  decomposed  at  m.p.  of  Pt  (c.  1750°) 
(Read,  C.  J.  65,  313  [1894]).  On  exposure  to  light 
WO.,  turns  greenish,  owing  to  partial  reduction 
(Roscoe,  Z.c. ;  cf.  Liesegang,  C.  C.  1865.  943). 
WO3  is  insoluble  in  water  or  acids,  even  in  boil- 
ing cone.  HoSO^ ;  it  dissolves  in  hot  KOHA(i, 
NH,,Aq,  or  K.COjAq,  also  in  molten  XXO^, 
KHSO,,  or  K^WO , :  also  in  molten  alkali  chlorides, 
in  air,  with  evolution  of  CI  (Schultze,  J.  pr. 
[2]  21,  437,  441).  WO3  acts  as  an  acidic 
oxide,  forming  tungstates  (y.  Tungsten  oxyacids, 
p.  802). 

Reactions. — 1.  Heated  in  hydrogen,  WO3  is 
reduced  to  the  blue  oxide,  then  to  W0._,,  and 
finally  to  W  (v.  Blue  oxide  of  tungsten,  p.  800  ; 
Tungsten  dioxide,  p.  800  ;  and  Tungsten, 
p.  797).— 2.  Reduction  to  WO^  or  W  is  effected 
by  heating  with  carbon.  —  3.  Heated  with 
potassium  or  sodium,  WO3  gives  W. — 4.  Reduc- 
tion to  the  blue  oxide,  and  then  to  WO.j,  is 
brought  about  by  zinc  and  hydrochloric  acid,  by 
stannous  ciiloriclo,  and  also  by  heating  with  water 
and  different  organic  compounds. — 5.  Heating 
with  carbon  in  chlorine  produces  W0.,C1..,  and 
WOCl,. — 6.  WOClj  is  formed  by  passing  vapour 
of  tungsten  hexachloride  over  heated  WO., 
(Roscoe,  C.  N.  25,  63).— 7.  A  mixture  of  WO3  and 
calcium  chloride  heated  to  redness  in  carbon 
dioxide  gives  WOjCl,,  (Schultze,  pr.  [2]  21, 
441). — 8.  Mixed  with  carbon  and  heated  in 
bromine,  WO3  gives  WOBr, ;  and  WO._,Br„  is 
formed  by  passing  vapour  of  tungsten  penta- 
bromide  over  hot  WO3  (Eoscoe,  I.e.  p.  73). — 
9.  WO3  is  said  to  dissolve  in  molten  alkali 
chlorides,  in  air,  giving  off  CI ;  heated  in  ab- 
sence of  air  (in  a  stream  of  C0„)  with  chloride 
of  calcium,  cobalt,  iron,  magnesium,  or  nickel,  it 
is  said  to  give  WO.Cl.,  and  MWO,  (Schultze, 
Z.c). — 10.  Heating  pliosphorus  pentachoride 
produces  WC1„  and  POCl,  (Teclu,  A.  187,  255)  ; 
but  WOjCL,  and  WOCl,  are  also  formed,  accord- 
ing to  the  relative  masses  of  WO3  and  PCI,,  and 
the  temperature  (Schifl',  A.  197,  185). — 
11.  WO,CL,  WOCl,,  and  C0„  are  formed  by 
heating  WO3  in  vapour  of  carbon  tetrachlo7'ide 
(Watts  a.  Bell,  C.  J.  33, 442).— 12.  Compounds  of 
W  with  N,  H,  and  O  {v.  p.  800)  are  formed  by 
heating  WO3  in  ammonia ;  and  a  compound  of 
W  with  N  and  0  is  probably  produced  by  heat- 
ing WO3  with  sal  ammoniac  {v.  p.  800). — 13.  WSj 
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is  formed  by  passing  sulphur  vapour,  or  hydrogen 
srdphide,  over  WO^  heated  to  ■whiteness 
(Berzelius)  ;  also  by  heating  to  redness  a  mix- 
ture of  WO3  with  6  pts.  of  mercuric  sulphide 
(B. ;  Brock,  J.  pr.  54,  254). 

Htdbates  of  tungsten  teioxide.  Various 
compounds  of  tlie  form  W03.a'H,,0  have  been 
isolated  ;  as  these  compounds  act  as  acids,  they 
are  described  under  Tungsten  oxyacids. 

Tungsten  oxyacids,  salts,  and  derivatives  of. 
Several  hydrates  of  WO.,  that  react  as  acids  are 
known.  WO3  also  combines  with  many  acidic 
oxides — such  as  PjOj,  B.f)^,  SiO,,  &c.— and  the 
compounds  so  formed  combine  with  basic  oxides 
to  form  salt-like  bodies. 

TUNGSTIC  ACIDS.  The  hydrates  of  WO, 
fall  into  two  classes  :  tungstic  acids,  wliich  are 
insoluble,  or  nearly  insoluble,  in  water ;  and 
metahmgstic  acids,  which  dissolve  in  water. 

Tungstic  acids.  The  monohydratc  WO.j.HjO, 
or  ortlwtungstic  acid  W0„(0H)2,  is  obtained  by 
dissolving  WO.,  in  hot  alkali  or  alkaline  carbonate 
solutions,  and  boiling  these  solutions  with  excess 
of  a  mineral  acid.  It  is  also  said  to  be  obtained 
by  decomposing  an  ammoniacal  solution  of  WO3 
by  CI  (Dumas,  A.  Ch.  [3]  56,  144)  ;  and  also  by 
boiling  powdered  wolframite  with  aqua  regia. 
This  acid  is  a  yellow  solid  ;  it  reddens  litmus  ; 
is  insoluble,  or  almost  insoluble,  in  water.  Ac- 
cording to  Braun  {J.  pr.  91,  39),-  it  is  changed  to 
2W03.H„0  at  100°;  according  to  Zettnow  (P. 
130,  16,  240),  this  change  is  effected  at  50°.  The 
acid  is  slowly  reduced  by  Zn  and  HClAq,  the 
final  product  being  W0„  (0.  v.  d.  Pfordten,  B. 
16,  508). 

The  dihydrate  WO:|.2H.jO  is  said  to  be  formed 
by  adding  a  mineral  acid  to  a  dilute  solution  of 
an  alkali  tungstate  M..WOj,  and  drying  in  the 
air ;  also  by  decomposing  WCI5,  W0C1„  or 
Wa.Cl.,  by  water  (Forcher,  W.  A.  B.  44  [2], 
173;  cf.  Piiche,  A.  Ch.  [3]  50,  36  ;  Anthon,  J.^jr. 
9,  6).  Forms  W03.H,0  by  drying  over  H.,S04 
(Braun,  J.pr.  91,  39).  This  hydrate  is  described 
as  an  amorphous,  white  solid  ;  reddens  litmus  ; 
somewhat  soluble  in  water,  but  insoluble  if  a 
little  acid  is  present.  By  boiling  with  dilute 
acids  is  said  to  give  W0.,.H._,0. 

The  hemihydrate  2W0.,.H20,  or  ditungstic 
acid  H^W.jO,,  is  said  by  Braun  (I.e.)  to  be  formed 
by  heating  the  monohydrate  to  100° ;  the  change 
is  complete  at  50°  according  to  Zettnow  (P.  130, 
16,  240). 

Metatungstic  acids.  Acids  of  the  com- 
position 'kWO-i-xH-.f)  are  obtained  by  decom- 
posing hot  cone.  BaW^OjjAq  by  the  equivalent 
quantity  of  H^SO,,,  filtering  from  BaSOj,  and 
evaporating  (Scheibler,  J.  pr.  83,  310)  ;  also  by 
decomposing  PbW,0|.,Aq  by  H.,S,  filtering,  and 
evaporating  (Forcher,  W.  A.  B.  44  [2],  173).  The 
composition  of  the  acid  formed  by  evaporating 
in  vacuo  over  H,.S04  is  probably  H.,W40,3.7H.,0 
(Scheibler,  I.e. ;  cf.  Persoz,  C.  B.  SA,  135  ;  Lotz, 
A.  91,  52).  BaWjOjj  is  obtained  by  ppg.  a 
hot  cone,  solution  of  (NHj)„W,0|3  by 
BaClAq ;  PbW,0,3  by  ppg.  (NHj).,W,0„Aq  by 
Pb(C,,H,0.,).,Aq  ;  (NH,).,W,0,3  is  formed  by  boil- 
ing (NHJ.,WO,,  with  W'OjAq  and  evaporating. 

According  to  Zettnow  (P.  130,  16,  240),  the 
pp.  obtained  by  decomposing  Na^WO^Aq  by  a 
mineral  acid  lias  the  composition 
4W03.H,0(  =  H.,W^0,3)  after  drying  at  200°. 


Metatungstic  acid  crystallises  in  sulphur- 
yellow  octahedra ;  the  acid  is  readily  soluble  in 
water,  forming  a  very  sour,  intensely  bitter 
hquid.  A  cone,  solution  gives  a  pp.  of  W03.2H.^O 
on  standing ;  when  a  dilute  solution  is  boiled  it 
coagulates  and  gives  a  pp.  of  white  WO3.2H2O, 
and  then  of  yellow  WO3.H..O.  The  heats  of 
neutralisation  of  H.,W.|0,3Aq  by  Na._,OAq,  KjOAq, 
BaOAq,  and  SrOAq  are  given  by  P6chard  {C.  B. 
108,  1167)  ;  the  values  are  nearly  the  same  as 
those  for  HNOsAq  and  H.SO^Aq.  When  four 
equivalents  of  base  are  added  to  H.,WjO,3Aq, 
orthotungstates  M.AVOj  are  formed  (P.,  I.e.). 

By  long-continued  boiling  2  pts.  Na^WOj 
with  1  pt.  AsjOj,  evaporating,  treating  with 
alkali  solution,  and  repeatedly  crystallising, 
Lefort  (A.  Ch.  [5]  25,  205)  obtained  fine,  very 
lustrous  crystals,  which  were  very  soluble  in 
water  and  in  alcohol ;  to  this  acid  L.  gave  the 
composition  Ii^W40i3.6H20,  and  the  name  luteo- 
metatungstic  acid. 

Colloidal  [mcta  ?)  tungstic  acid.  By  adding 
to  5  p.c.  Na.AVOjAq  rather  more  HClAq  than 
sufdced  to  neutralise  the  Na,  and  dialysing,  with 
addition  from  time  to  time  of  a  little  HClAq, 
Graham  (C.  J.  17,  318)  obtained  a  solution  in 
water  of  tungstic  acid.  The  solution  was  not 
gelatinised  by  acids,  salts,  or  alcohol  at  the 
ordinary  temperature ;  it  remained  clear  at 
200°.  According  to  Saban6efE  (J.  B.  21,  515; 
Abstract  in  C.  J.  68,  1215),  determinations  of 
the  freezing-point  of  an  aqueous  solution 
of  Graham's  soluble  acid  point  to  the  formula 
3W03.H.,0(  =  H.,W30,(,).  As  the  values  for  mol.w. 
obtained  by  S.  varied  from  679  to  996,  there 
seems  little  reason  for  adopting  the  formula 
H.>W30,„  (713)  rather  than  H„W,0,3  (944). 

TUNGSTATE  S.  A  great  many  tungstates 
have  been  prepared.  The  pi'oportion  of  basic  to 
acidic  radicle  varies  much  in  these  compounds. 
The  better  studied  tungstates  have  been  divided 
into  three  classes—  orthotungstates  MO.WO3, 
paratungstates  3MO.7WO3,  or  perhaps 
6MO.I2WO3,  and  mctatungstates  MO.4WO3— 
but  as  many  tungstates  are  known  which  do  not 
fit  into  any  of  these  classes  it  seems  better  to 
adopt  a  nomenclature  and  arrangement  similar 
to  those  employed  for  the  molybdates  {cf.  vol.  iii. 
p.  423),  based  on  the  number  of  WO3  radicles  in 
the  salts.  Arranging  the  tungstates  on  this  plan 
we  get  the  following  table.  E  =  divalent  metal, 
or  two  atoms  of  a  monovalent  metal. 

(Ortho)  Monotungstates  EO.WO3  or  EWO4 ; 
derived  from  the  acid  H.,WO,,. 

Ditungstates  E0.2Wb3  or  EW2O, ;  derived 
from  the  acid  H„W,0,. 

f  3:7  tungstaies  3EO.7WO3  orE3W,024. 

(Para)^6:12  tungstcttes  5E0.12W03  or 
[  E,W,„0,,. 

2:5  tungstates  2EO.5WO3  or  E.WjOi,. 

3:8  tungstates  3EO.8WO3  or  E3W3O.,,. 

Tritungstates  EO.3WO3  or  EW30,„;"?derived 
from  Graham's  colloidal  acid. 

(Meta)  Tetratungstates  EO.4WO3  or  EW40,3 ; 
derived  from  the  acid  H2W40,3. 

Bentatung states  EO.5WO3  o''  ^WjOig. 

Hexatung states  EO.6WO3  or  EWgOig. 

Octotungstates  KO.8WO3  or  EW(,0,5. 
\   The   tungstates  which    have    been  most 
thoroughly  examined  are  the  monotungstates 
or  orthotungstates ;  the  paratungstates,  which 
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are  either  3:7  or  5:12  salts ;  and  the  tetra-  or 
nietatungstates. 

For  thiotimgstates  v.  Tungsten,  thio-acids 
AND  SALTS  or,  p.  810. 

Orthotdngstates  or  Monotdngstates, 
EO.WO3  or  lmO^.  Salts  of  H,WO„  which  is 
the  monohydrate  of  WO3.  The  alkali  ortho- 
tungstates  are  obtained  by  dissolving  WO.,  or 
WOj.H.^O  in  alkali  or  alkali-carbonate  solutions; 
or  by  fusing  WO^  with  alkalis,  alkaUne  car- 
bonates, or  alkali  acid  sulphates,  and  dissolving 
in  water.  The  other  orthotungstates  are  generally 
obtained  from  solutions  of  the  alkali  salts  by 
ppn. ;  also  by  strongly  heating  WO.,  with  metallic 
oxides  or  carbonates  ;  also  by  fusing  the  alkali 
salts  with  metallic  chlorides,  and  washing  with 
water  (Manross,  A.  81,  243  ;  82,  35G  ;  Geuther  a. 
Forsberg,  A.  120,  2G8 ;  Schultze,  A.  126,  56). 
The  orthotungstates  are  insoluble  in  water, 
except  the  alkali  salts  and  the  Mg  salt.  Solu- 
tions of  the  alkali  salts  give  pps.  of  WO.,.H.>0 
(yellow)  or  W03.2H.,0  (white),  with  dilute 
H,,SOjAq,  HCIAq,  HNO^Aq,  or  H;,PO^Aq ;  the 
pp.  by  HCIAq  dissolves  in  a  considerable  excess 
of  cone.  HCIAq  (Mallet,  C.  J.  28,  1228) ;  cold 
solutions  of  metatungstates  are  not  ppd.  by  acids. 
According  to  Marignac  {A.  Ch.  [3]  69,  5)  the  pp. 
obtained  by  adding  an  acid  to  a  solution  of  an 
alkali  tungstate  sometimes  contains  alkali,  and 
sometimes  the  ppg.  acid,  according  to  the  rela- 
tive quantity  of  acid  used,  the  dilution,  and  pro- 
bably also  the  temperature.  Orthotungstates 
which  are  insoluble  in  water,  and  the  metals  of 
which  form  carbonates  tliat  are  insoluble  in 
alkali  carbonate  solutions,  can  be  brought  into 
solution  by  fusion  with  alkali  carbonates  and 
treatment  with  water. 

Solutions  of  orthotungstates  give  a  white  pp. 
with  HgNOjAq  ;  a  bluish-white  pp.  with 
Cu(N03)2Aq ;  a  brown  flocculent  pp.  on  adding 
KjFeCyuAq,  after  adding  HCIAq  ;  no  pp.  with 
tincture  of  galls  until  an  acid  is  added,  when  a 
copious  chocolate-coloured  pp.  is  formed  ;  and  a 
yellow  pp.  with  SnCLAq,  which  pp.  turns  blue 
when  it  is  warmed  with  a  little  HCIAq  or 
H^jSOjAq.  For  the  reactions  with  Zn  and  acid, 
and  with  KCNSAq,  Zn  and  acid,  v.  Tungsten, 
detection  of,  p.  798. 

Barium  orthotungstate  BaWO,.  Prepared 
by  fusing  7  parts  BaCl.^  with  4  parts  NaCl  and 
2  parts  Na^WO ,,  and  washing  with  water ;  white 
octahedra  (Geuther  a.  Forsberg,  A.  120,  270) ; 
fusible  with  dilliculty  (Zettnow,  P.  130,  256); 
S.G.  5-0035  at  13-5°  (Clarke,  Am.  S.  [3]  14,281). 
Hydrates  :  (!)  2BaW0j.H.,0,  by  ppg.  a  hot  solu- 
tion of  3Na.,0.7W03  by  BaOAq  (Scheibler, 
B.  B.  I860'.  208);  (2)  BaWO,.H,,0  and 
BaW0,.2H.,0,  by  adding  four  equivalents  BaO  in 
solution  to  H.,W,,0|3Aq  (P6chard,  G.  R.  108,  1167). 

Cadmium  orthotungstate  CdWO,.  Obtained 
as  a  yellow  crystalline  powder  by  fusing  together 
11  parts  CdCL,,  16  parts  NaCl,  and  4  parts 
Na.WO,,  (G.  a."F.,  I.e.,  p.  268  ;  Z.,  I.e.,  p.  240). 
The  dihydmta  CdVV0.,.2H.,0  is  obtained  by  ppg. 
a  solution  of  a  salt  of  Cd  by  Na.WOjAq  (Anthon, 
■/.  i)r.  8,  399  ;  9,  337  ;  Smith  a' Bradbury,  B.  24, 
2935). 

Calcium  orthotungstate  CaWO,.  Occurs 
native  as  sclicclitc,  S.G.  6-02  (Bernoulli,  J.  13, 
783).  Obtained  by  adding  K.,WO,Aq  to  CaCl.Aq. 
(Quadratic  octahedra    are   "formed   by  fusing 


NajWO,  with  excess  of  CaCl,  (Manross,  A.  81, 
243";  82,348);  also  by  heating  the  ppd.  salt 
with  CaO  in  a  stream  of  HCl  (Debray,  C.  B.  55, 
287). 

Chromium  orthotungstate  Cr.^(WO,).,.20H.,O. 
Obtained  as  a  green  pp.  by  adding  Na,WO,Aq'to 
CrCljAq;  loses  13H.,0  at  100°  (Lotz,  A.  91,  66). 

Cobalt  orthotungstate  CoW0j.2H._,0.  A 
violet  powder  ;  obtained  by  ppg.  Co  salt  solutions 
by  K,,WO.,Aq  (Antlion,  J.  py.  9,  344). 

Copper  orthotungstate  CuW0,.2H,0.  A 
green  powder,  melting  at  a  red  heat  and  cooling 
to  chocolate-coloured  crystals  ;  formed  by  ppg. 
Cu  salts  by  Na.,WOjAq  (A.,  I.e.). 

Ferrous  orthotungstate  FeWOj.  Obtained 
as  opaque  crystals  by  heating  WO.,  and  FcOj  in 
a  stream  of  HCl  (liebray,  C.  li.  55,  288)  ;'  also 
by  fusing  2  parts  FeCl,,,  2  parts  NaCl,  and  1  part 
Na.,WO^  (Geuther  a.  'Forsberg,  A.  120,  273  ; 
Zettnow,  P.  130,  30).  The  trUiydrate 
FeW0,.3H.,0  was  obtained  by  Anthon  {J.  pr.  9, 
343)  as  a  brown  powder  by  ppg.  a  ferrous  salt 
by  KoWOjAq.  Double  compounds  of  the  form 
mFeWO,,.7fMnW03  with  the  ratios  in:n  =  l:\, 
4:1,  3:1,  3:2,  1:2,  and  1:7  were  obtained  by  fusing 
FeCl,,,  IVInCL,  NaCl,  and  Na.AVO.,  in  varying  pro- 
portions (G.'a.  F.,  I.e.  p.  270;  ef.  Z.,  Z.c.  p.  250). 
Wolframite  has  approximately  the  composition 
FeO.MnO.WO3. 

Lead  orthotungstate  PbWO^.  Occurs  native 
as  scheelctine ;  obtained,  as  a  white  pp.,  by 
adding  K.AVO^Aq  to  solution  of  a  salt  of  Pb 
(A.,  I.e.,  p.  342)  ;  quadratic  octahedra  are  formed 
by  fusing  10  parts  Na.,WO^  with  47  parts  PbCl.,, 
S.G.  8-235  (Manross,  A.  82,  357). 

Magnesium  orthotungstate  MgWO^.  Formed, 
in  white  octahedra,  by  fusing  2  parts  MgClj 
with  2  parts  NaCl  and  1  part  NajWOj  (G.  a.  F., 
l.c.  p.  272). 

Manganese  orthotungstate  MnWO^.  Gar- 
net-brown, lustrous,  rhombic  crystals  ;  S.G.  6-7  ; 
obtained  by  fusing  2  parts  MnCl.,,  2  parts  NaCl, 
and  1  part  Na,,WO,,  (G.  a.  F.,  I.e.';  Z.,  I.e.). 

Mercurous  orthotungstate  Hg.AVO^.  A 
yellow  pp.,  formed  by  adding  solution  of  a 
mercurous  salt  to  solution  of  an  alkali  tungstate 
(A.,  I.e.). 

Nickel  orthotungstate  NiWO.,.  Formed  by 
fusing  2  parts  NiCI,  with  2  parts  NaCl  and 
1  part  Na^.WO., ;  brown,  lustrous  crystals 
(Schultze,  4.'l26,  56) ;  S.G.  6-8845  at  20-5°, 
6-8522  at  22°  (Clarke,  Am.  S.  [3]  14,  281).  The 
hcxahydrate,  NiW0|.6H.,0,  is  obtained  by  ppn. 
(A.,  I.e.). 

Potassium  orthotungstate  K.WO^.  White, 
triclinic  needles  ;  obtained  by  boiling  WO3 
with  an  equivalent  weight  of  KOHAq  or 
K.,C03Aq,  and  evaporating  (Marignac,  A.  Cli.  [3] 
69,  18  :  Anthon,  J.  pr.  8,  399  ;  9,  337).  Decre- 
pitates when  heated ;  melts  at  red  heat  (M., 
I.e.),  taking  up  CO,,  (Ullik,  W.  A.  B.  56  [2],  148  ; 
ef.  Knorre,  J.  pr.  27,  80).  Various  hydrates  are 
obtained  by  crystallising  a  solution  of  WO.,  in 
K,CO.,Aq  under  different  conditions  (M.,  I.e. ;  A., 
i.e.;  Riche,  A.  Ch.  [3]  50,  45). 

Silver  orthotungstate  Ag.AVO^.  A  pale- 
yellow,  amorphous  pp.  by  adding  Na.AVO.Aq  to 
solution  of  a  salt  of  Ag ;  melts  below  redness, 
and  becomes  crystalline  on  cooling ;  easily  soluble 
in  HNO.,Aq;  soluble  in  NH.,Aq  (Zettnow,  P. 
130,  30  ;  ef.  Muthmaun,  B.  20,  984  ;  Wuhler  a. 
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Eautenberg,  A.  114,  120).  By  evaporating  a 
solution  in  NHjAq  over  CaO  and  NHjCI,  Wid- 
mann  obtained  the  compound  Ag.,W04.4NH3 
{Bl.  [2]  20,  64). 

Sodium  orthotungstate  Na„W0|.2H,,0.  Ob- 
tained by  crystallising  a  solution  of  WO3  in  the 
equivalent  quantity  of  NaOHAq  or  Na^COsAq. 
Transparent,  colourless,  rhombic  tablets  (Ma- 
rignao,  A.  Ch.  [3]  69,  22).  Effloresces  in  vacuo, 
or  in  dry  air.  Loses  all  H.O  at  100°.  S.G. 
3-2588  at  17-5°,  3-2314  at  19°  ;  S.G.  of  Na,WO, 
=  4-1743  at  20-5°,  4-1833  at  18-.5°  (Clarke,  Am. 
S.  [.3]  14,  281).  Solubility  =  41  at  0°,  55  at  15°, 
123-4  at  100°  (Eiche,  J.  pr.  69,  10).  For  S.G.  of 
Na„W04Aq  of  different  concentrations,  v.  Franz 
(J".'pr.  [-2]  4,  238).  For  E.G.  of  Na,WOjAq  v. 
Walden  {Z.  P.  G.  1,  529). 

Strontium  orthotungstate  SrWO^.  Obtained 
by  ppn.  (Anthon,  I.e.)  ;  also  by  fusing  2  parts 
SrCL,  2  parts  NaCl,  and  1  part  Na.VVO.,  (Zett- 
now,'Z.c.-,  Schultze,  A.  126,  56). 

Zinc  orthotungstate  ZnW04.  Colourless 
tablets  ;  formed  by  fusing  2  parts  ZnCl,  with 
2  parts  NaCl  and  1  part  Na„W04  (Geut'her  a. 
Forsberg,  A.  120,  270;  cf.  Zettnow,  P.  130, 
240). 

Paeatdngstates.  A  number  of  acid  tungstates 
have  been  isolated,  the  composition  of  which  is 
expressed  by  one  of  the  formulte  3EO.7WO3  or 
0EO.I2WO3.  The  former  formula  was  given  by 
Lotz  {A.  91,  49)  and  Scheibler  (J.  pr.  83,  273)  ; 
the  latter  formula  by  Laurent  (A.  Ch.  [3]  21,  54) 
and  Marignac  (A.' Ch.  [3]  69,  5).  The  two 
formula  represent  salts  of  almost  identical  com- 
position, and  no  way  has  been  found  of  deciding 
which  formula  is  the  better  {cf.  Knorre,  J.  pr. 
[2]  27,  83).  The  acid  tungstates  of  this  series 
are  more  easily  formed  and  crystallise  better 
than  the  other  acid  salts  ;  they  are  generally 
called  paratungstatcs,  following  the  suggestion 
made  by  Marignac. 

The  alkali  paratungstatcs  are  obtained  by 
saturating  hot  alkali  solutions  with  WO3  and 
crystallising ;  most  of  the  other  paratungstatcs 
are  prepared  by  ppn.  from  solutions  of  the 
alkali  salts.  The  alkali  salts  are  soluble  in 
water,  the  other  salts  are  insoluble.  Solutions 
of  alkali  paratungstatcs  give,  with  dilute  HClAq, 
white  pps.  which  become  yellow  on  boiling 
(W03.a-H,0).  Metatungstates,  EO.4WO3,  are 
formed  by  gradually  adding  HClAq  to  boiling 
solutions  of  paratungstatcs  ;  meta-  salts  are  also 
formed  by  boiling  para-  salts  with  WOj.K.O. 
Solutions  of  paratungstatcs  are  not  ppd.  by 
SO^Aq,  HIAq,  citric,  tartaric,  or  oxalic  acid  ;  but 
the  presence  of  one  of  these  acids  does  not 
hinder  ppn.  by  HClAq.  Solutions  of  alkali 
paratungstates  give  pps.  with  salts  of  almost  all 
the  heavy  metals.  HjS  reacts  with  alkali  para- 
tungstates in  solution  to  form  solutions  of  thio- 
tungstates  which  give  brown  pps.  with  acids, 
soluble  in  {NH4)2SAq.  Paratungstates  readily 
react  with  H3PO4,  H,jAs04,  &c.,  to  form  complex 
acids  (v.  p.  807),  solutions  of  which  are  not  ppd. 
by  acids,  except  these  are  added  in  considerable 
excess ;  solutions  of  paratungstates  are,  there- 
fore, not  ppd.  by  HClAq  in  presence  of  H3PO4, 
HjAsO  p  Ti,S„0^,  &c.  For  the  reactions  of  para- 
tungstates with  PtOiHi  v-  Eosenheim  (B.  24, 
2397 ;  the  reaction  is  rather  indefinite). 

If  the  simpler  (3:7)  formula  is  adopted,  the 


paratungstates  are  represented  as  3Ei^0.7WO3, 
3E"0.7W03,  and  E"i,03.7W03,  i.e.  as  salts  of 
the  hypothetical  acid  H^WjOjj,  wherein  6H  are 
replaced  by  6E1,  3E",  or  2E"i ;  if  the  less  simple 
formula  (5:12)  is  adopted,  the  paratungstates  of 
monovalent  and  divalent  metals  are  regarded  as 
salts  of  the  hypothetical  acid  H||,W,204, 
(  =  12W03.5H,0),  wherein  lOH  are  replaced  by 
lOE'  or  5E": ;  paratungstates  of  E"'  must  be 
represented  in  this  scheme  by  the  complicated 
formula  E"i,„(W,o04,)3.  In  the  paratungstates 
which  have  been  best  examined  E^  =  NH4,  Li, 
Hg,  K,  Ag,  and  Na  ;  E"  =  Ba,  Cd,  Ca,  Co,  Cu,  Pb, 
Mg,  Mn,  Ni,  Sr,  and  Zn ;  and  Ei"  =  Al  and  Cr. 
The  simpler  formulas  are  employed  in  the  de- 
scriptions of  the  individual  salts. 

Aluminium  paratungstate  A1,W,024.9H„0. 
A  flocculent  lop.,  drying  to  gum-like  lumps  ;  ob- 
tained by  adding  (NH4)6W,0._,4Aq  to  a  solution 
of  a  salt  of  Al  (Lotz,  A.  83,  65  ;  Anthon,  J.  p>: 

8,  399  ;  9,  337). 

Ammonium  paratungstate 
(NH4)„W,0,,4.6H,,0.  Obtained  by  dissolving 
WO,,.H.,0  in  NH3Aq  and  crystallising  at  the 
ordinary,  or  a  little  above  the  ordinary,  tem- 
perature (Lotz,  A.  91,  55).  Crystallises  in 
white,  rhombic  needles  (Marignac,  A.  Ch.  [3] 
69,  25  ;  Kerndt,  J.  pir.  41,  190) ;  also  in  rhombic 
tablets  (M.,  I.e.) ;  and  is,  therefore,  dimorphous. 
Solubility  =  2-8  to  4-5  at  15°-22°  ;  when  the 
solution  is  boiled  the  very  soluble  meta-  salt 
(NH,).,W40,3  is  formed.  Loses  3-9  p.c.  H,0  at 
100° ;  when  heated  to  redness  the  blue  oxide  of 
W  remains  mixed  with  compounds  containing  N 
(M.,  I.e.).  Marignac  {I.e.)  gave  the  formula 
(NH,),„W,.04,.11H,,0  to  this  salt ;  Berzelius,  and 
Anthon  (Le.)  gave  the  formula  (NH4)2W20,.H„0  ; 
and  Eiche  {v.  Marignac,  I.e.)  the  formula 
(NH4),W40,3.5  or  6H,0. 

Various  double  salts  have  been  isolated ; 
with  Na„W,0,,  {v.  Knorre,  B.  19,  821;  Gibbs, 
Am.  7,  236) ;  with  K,,W,02,  (v.  Laurent,  A.  Ch. 
[3]  21,  59  ;  Marignac,  A.  Ch.  [3]  69,  55) ;  with 
Mg3W,0„4  V.  M.  (I.e.),  Lotz  {A.  91,  61)  ;  with 
Zn3W,0.,4  V.  Lotz  (I.C.);  with  Cd3W,0„4  v.  L. 
(I.e.) ;  with  Hg3W,0,4  v.  Anthon  (/.  pr.  8,  399  ; 

9,  337). 

Barium  paratungstate  Ba3W,0.,,.8H.,0.  A 
white  pp.  formed  by  adding  (NHj)i;W,024Aq  to 
excess  of  BaCl.,Aq,  washing  and  drying  over 
H.,S04  (Lotz,  a'.  93,  60  ;  ef.  Knorre,  B.  18,  327  ; 
19,  820).  Forms  a  double  salt  with  NagW^Oj^ 
(Scheibler,  J.i^r.  83,  314). 

Cadmium  paratungstate  Cd3W,024.16H20 ; 
white  needles,  obtained  by  adding  NasW,0„4Aq 
to  excess  of  solution  of  a  salt  of  Cd  (Gonzalez, 
J.pir.  [2]  36,  44). 

Calcium  paratungstate  CajWjOjj.lSHjO ;  a 
crystalline  pp.  formed  by  ppg.  excess  of  CaCl,,Aq 
by  Na5W;0.,4Aq,  and  drying  in  the  air  (Knorre, 
B.  18,  328).'  Forms  a  doiible  salt  with  Na^W-Osi 
(Gonzalez,  I.e.). 

Chromium  paratungstate  Cr.,W,024.9H20  ;  a 
grey  powder,  obtained  by  heating  CrClj  with 
(NH4)uW-0.,4 ;  insoluble  in  water,  but  dissolves  in 
CrCljAq  (Lotz,  A.  91,  66). 

Cobalt  paratungstate  Co3W,02|.25H20  (Gon- 
zalez, I.e.) ;  forms  a  double  salt  with  NauW,024 
(G.,  Z.c). 

Copper  paratungstate  GU3W7O24.I9H2O ;  a 

pale-green  pp.  formed  by  adding  Na^W-OoiAq  to 
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excess  of  CuSO^Aq  (Knorre,  B.  19,  826 ;  v.  also 
Gonzalez,  J.  pr.  [2]  36,  44).  Forms  a  double 
salt  with  Na,W,0,,  (K.,  I.e.). 

Lead  paratungstate  Pb,,W,Oi,, ;  a  white  pp. 
formed  by  adding  (NH,),W,0„jAq  to  Pb(N03).,Aq 
(Lotz,  A.  91,  49).  Forms  a  double  salt  with 
Na^WjOo,,  (Gonzalez,  I.e.). 

Lithium  paratungstate  Li^W;0.,,.19H20. 
Large  prisms,  unchanged  in  air ;  obtained  by 
boiling  the  proper  quantities  of  WO^  and  LlCOj 
in  water,  and  allowing  to  crystallise  (Scheibler, 
J.pr.  83,  321). 

Magnesium  paratungstate  Mg.,W,02,.24H,^0  ; 
obtained  by  ppn.  (Knorre,  B.  19,  824).  Forms 
a  double  salt  with  Na^W,0„,  (K.,  I.e.).  » 

Manganese  paratungstate  Mn^WiO.j.SlH.O 
(Gonzalez,  J.  pr.  [2]  36,  44).  Forms  a  double 
salt  with  Na,AV,0,,,  (K.,  I.e.). 

Nickel  paratungstate  Ni3W,0.,,.14H,0  (An- 
thon,  J.^jr.  9,  344). 

Potassium  paratungstate  K^W.O.ji.eH.p 
(Marignac,  A.  Ch.  [3]  69,  33,  gave  the  formula 
K|„W,._.0.„.11H20).  Prepared  by  saturating  hot 
KOHAq  with  WO.yXiiX),  and  allowing  to  cool ; 
by  boiling  K.AVOj  with  HoO ;  or  by  fusing 
wolframite  with  |  of  its  weight  of  K.^CO.,,  boil- 
ing the  product  with  water,  saturating  the 
aqueous  solution  with  CO.^,  and  crystallising  (M., 
I.e.).  White  rhombic  crystals,  isomorphous 
with  the  NHj  salt  (M.,  I.e.).  Decomposed,  by 
melting,  to  KoWO,  and  5K.,0.14WO.„  without 
forming  any  meta-  salt  (Knorre,  /.^Jr.  [2]  27,  91). 
Solubility  =  2-15  cold  water,  6'6  boiling  water. 

Various  liydratcs  have  been  obtained  (v. 
Zettnow,  P.  130,  241 ;  cf.  Lefort,  A.  Ch.  [5]  9, 
93;  15,  321;  17,470;  2.5,200).  Forms  double 
salts  with  Na,W;0,,  (v.  Marignac,  A.  Ch.  [3]  69, 
55  ;  Laurent,  A.  Ch.  [3]  21,  54). 

Silver  paratungstate  Ag^WjO^, ;  a  yellow, 
crystalline  pp.  formed  by  adding  Na,;W,0._,,Aq  to 
excess  of  AgNO^Aq  (Gonzalez,  J.pr.  [2]  36,  44). 

Sodium  paratungstate  Na,.WjOo,.16H,p. 
This  formula  is  given  by  Scheibler  {J.pr.  83, 285) ; 
the  formula  Nai^Wi^Oj,  is  given  by  Laurent  {I.e.), 
Marignac  [I.e.),  and  by  Friedheim  a.  Meyer, 
{Zeit.  f.  anorcj.  Cliemic,  1,  81).  Prepared  by  satu- 
rating hot  NaOHAq,  or  Na;CO.,Aq,  with 
WO^.xH.O  and  evaporating  to  the  crystallising 
point ;  also  by  passing  CO,  into  Na,WO.,Aq  until 
the  reaction  is  only  faintly  alkaline.  Large, 
well-formed,  white,  triclinic  crystals  (Scheibler, 
I.e. ;  Marignac,  A.  Ch.  [3]  69,  39).  Effloresces  in 
air  ;  loses  c.  f  of  its  HoO  over  H,SO,;  is  dehy- 
drated without  decomposition  at  300°  (S.,  I.e.)  ; 
heated  to  dull  redness  leaves  a  residue,  insoluble 
in  water,  containing  more  than  6WO3  to  Na.,0 
(M.,  I.e.;  also  Knorre,  J.  pr.  [2]  27,  7i). 
Melts  above  dull  redness,  giving  Na.AVO,  and 
Na.WjOi;)  (meta-  salt).  Heated  with  water  to 
150°  gives  much  meta-  salt  (K.,  I.e.).  Solubility 
8  to  9  at  35°  to  40° ;  for  the  salts  obtainable 
from  an  aqueous  solution  v.  M.  (I.e.),  and  also 
K.  {B.  18,  2362).  By  boiling  a  solution  with 
Na.CO,  transformation  to  Na^WO^  is  complete 
{v.  Schmidt,  Am.  8, 16).  A  hydrate  with  21H,_,0 
has  been  obtained  (M.,  I.e.).  Forms  double  salts 
with  Sr,,W,0,>,  (Gonzalez,  J.pr.  [2]  36,  44),  and 
with  Zn,W;0„  (Knorre,  B.  I'.J,  823). 

Strontium  paratungstate  Sr3W,0„|.8H.,0 
(Knorre,  B.  18,  327). 


Zinc  paratungstate  Zn.,W;0,,,.a;H,0  (Gon- 
zalez, J.  pr.  [2]  36,  44). 

Metatungstates  or  Tetratdngstates, 
Ki'O.lWOj  or  ll"W^0,3.  Salts  of  the  acid 
H^W^O.a  (v.  Metatdngstic  acids,  p.  802).  The 
metatungstates  may  be  obtained  by  causing 
metatungstic  acid  HjW fl^yxHD  (v.  p.  802) 
to  interact  with  carbonates,  chlorides,  or 
nitrates  ;  also  by  the  reaction  of  a  weak  acid 
(HjPOiAq  is  the  best)  with  orthotungstates,  the 
acid  being  added  as  long  as  the  pp.  of 
W03.xH,0  which  is  at  first  formed  re-dissolves  ; 
also  from  the  alkali  salts  by  double  decomposi- 
tion, or  better  from  the  Ba  salt  by  interacting 
with  sulphates ;  the  alkali  metatungstates  are 
prepared  by  boiling  solutions  of  the  ortho-tung- 
states  for  some  time  with  WOs.xH.^O. 

Most  of  the  metatungstates  are  very  soluble 
in  water  and  are  crystaUisable  from  aqueous 
solutions  ;  aqueous  solutions  are  not  ppd.  by 
acids  in  the  cold,  but  pps.  are  obtained  after 
long  standing  or  boiling.  Metatungstates  are 
changed  to  ortho-  salts  by  excess  of  alkali ; 
when  strongly  heated,  orthotungstates  are 
!  formed.  Solutions  of  metatungstates  are  not 
ppd.  by  H.,S  ;  (NH,),_.SAq  gives  a  blue  pp. ;  pps. 
are  not  obtained  with  salts  of  the  lieavy  metals 
except  Pb  and  Hg' ;  KjFeCy^,Aq  does  not  form  a 
I  PP- 

j       Ammonium  meta  tun  gstate 

i  (NH,),,W,,0,3.8H,,0.  This  formula  is  given  by 
Scheibler  (/.  pr.  83,  303)  ;   more  complicated 

'  formulie  are  given  by  Margueritte  (.1.  Ch. 
[3]  17,  477),  Laurent  (A.  Ch.  [3]  21,  62),  and 
Lotz  (A.  91,  55).  Obtained  by  boiling  the 
para-  salt  (NH^),.W,0,:,.,i'H,0  with  WO^.H.O 
(Margueritte,  A.  Ch.  [3]  17,  477) ;  also  by  boiling 
the  para-  salt  with  a  little  HNO  ,Aq  (Laurent, 
A.  Ch.  [3]  21,  62)  ;  also  by  heating  the  dry  para- 
salt  to  250°-300°  (Scheibler,  J.  2)r.  83,  304;  cf. 
Persoz,  A.  Ch.  [4]  1, 101 ;  and  Marignac,  A.  Ch. 
[4]  3,  71).  White  octahedra ;  effloresces  in  air; 
loses  7H.,0  at  100°.  Solubility  in  cold  water 
=  120  (Lotz,  I.e.),  =286  (Riche",  A.  Ch.  [3]  50, 
45).    The  solution  is  optically  refractive.  In- 

'  soluble  in  alcohol  or  ether.  Forms  a  double 
salt  with  NH^NO.,  (Marignac,  A.  Ch.  [3]  09,  61). 

Barium  metatungstate  BaWjO|.,.9H;0.  Ob- 
tained by  adding  BaCL.Aq  to  a  hot  cone,  solution 
of  Na,W,0,3  acidified  by  HClAq  (Scheibler, 
J.  pr.  83,  304).  Crystallises  in  large,  white, 
tetragonal  octahedra ;  S.G.  4'298  at  14° ;  loses 
6H0O  at  100°  ;  easily  soluble  in  hot  water,  de- 
composed by  much  cold  water  to  WO3  and 
BaWjOio.OH.^O,  which  dissolve  again  on  heating. 

Cadmium  paratungstate  CdWjOij.lOHoO. 
Lustrous,  white  octahedra  ;  unchanged  in  air ; 
obtained  by  decomposing  BaWjOijAq  by 
CdSO,,Aq  (S.,  l.e.,  p.  273). 

Calcium  metatungstate  CaWjOij.lOH^O. 
Quadratic  octahedra;  obtained  by  dissolving 
CaCO.,  in  H.,W40,3Aq  and  crystallising  (S.,  I.e., 
p.  314). 

Cobalt  metatungstate  CoW,0,3.9H,,0  (S., 
I.e.  p.  317). 

Copper  metatungstate  CuW40,3.11H.,0  (S., 
l.e  p.  317). 

Magnesium  metatungstate  MgW,0,3,8H„0 
(S.,  l.e.). 

Manganese  metatungstate  MnWiOij.lOHjO 
(S.,  I.e.  p.  273). 
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Mereurous  metatungstate  Hg..WiO,.,.25H,.0. 
Obtained,  as  a  white  pp.,  Ijy  adding  HgNOsAq  to 
solution  of  H„WjO,3  or  a  meta-  salt  (S.,  I.e., 
p.  319). 

Nickel  metatungstate  NiW^Oia.SH.O  (S.,  I.e., 
p.  273). 

Potassium,  metatungstate  K2W.,0,3.8H„0. 
Lustrous  octahedra  ;  obtained  by  boiling 
KgWjOojAq  with  WO-i.kHjO  ;  very  soluble  in  hot 
water,  considerably  less  soluble  in  cold  water  (S., 
I.e.,  p.  303).  A  pentahydrate  was  obtained  by 
Marignac  {A.  Ch.  [4]  3,  71). 

Silver  metatungstate  Ag..W^0,3.  Obtained, 
as  a  crystalline  crust,  by  adding  AgNOjAq  to 
NEjWjOijAq,  evaporating,  separating  from 
AgjWO.,,  and  evaporating  again  (S.,  I.e.  p.  318). 

Sodium  metatungstate  Na,WjO|3.10H.,O. 
Obtained  by  boiling  Na„W,0,,Aq  with  W03.a:H20 
and  allowing  to  evaporate ;  white,  lustrous 
octahedra ;  S.G.  3-8647  at  13° ;  very  soluble  in 
hot,  but  less  in  cold,  water  (S.,  I.e.  p.  303). 

Strontium  metatungstate  SrW40,3.8H20  (S., 
I.e.  p.  314). 

Zinc  metatungstate  ZnW4O,3.10H2O  (S.,  I.e. 
p.  273). 

TuNGSTATES  OTHEB  THAN  0BTH0-,  PAEA-,  AND 
META-  SALTS. 

Ditungstates.  Salts  of  the  form 
EI5O.2WO3  =  '&\\N.f)-,.  Salts  of  K  and  Na  of  this 
composition  were  said  by  Lefort  {A.  Ch.  [5]  17, 
470)  to  be  formed  by  neutralising  cold  solutions 
of  K^WOj  and  NajWO,  by  acetic  acid  ;  Knorre 
(J.  pr.  [2]  27,  83)  obtained  only  metatungstates, 
E0W4O13,  by  this  method. 

Two  to  f  ive  tungstatcs.  The  existence 
of  salts  of  the  class  2R,i0..5W03  =  E,iW50„  is 
doubtful.  Marignac  obtained  a  salt  to  which  he 
gave  the  formula  Na^W.jOi-.llH.O  along  with 
the  para-  salt  Na6W,0.,4.16H,0  (A.'Ch.  [3]  69,  50). 
The  same  salt  seems  to  have  been  obtained  by 
Lefort  (I.e. ;  cf.  Forcher  a.  Gibbs,  J.  1880.  341) 
by  adding  acetic  acid  and  alkali  to  ]Sfa,,WO.,Aq 
and  allowing  to  stand  for  some  time  (cf.  also 
Schmidt,  Am.  8,  16). 

Three  to  eight  tung states.  A  salt 
(NH.,)6W A7-8H,0  =  3(jSlHj),0.8W03.8H,,0  seems 
to  have  been  prepared  by  Marignac  (A.  Ch.  [3] 
69,  61). 

Tritungstates  E"0.3W03  =  E^WjOio. 
Lefort  (A.  Ch.  [5]  17,  470)  prepared  a  salt  to 
which  he  gave  the  formula  Na.^W30,„.6H.^0,  by 
pouring  a  boiling  solution  of  Na.,W,0j.6H.,0  (ob- 
tained by  adding  acetic  acid  to  Na^WOjAq  until 
the  liquid  shows  an  acid  reaction)  into  boiling 
acetic  acid,  allowing  to  cool,  separating  the 
lower  syrupy  layer,  and  crystallising  it.  A 
corresponding  salt  K2W30,o.2H,0  was  obtained 
by  a  similar  method ;  and  a  series  of  tritungstates 
was  prepared  by  mixing  equivalent  quantities  of 
the  Na  salt  and  metallic  acetates,  in  solution, 
and  adding  alcohol.  L.  describes  the  tritungstates 
as  easily  decomposing  in  aqueous  solutions  to  di- 
and  tetra-  salts.  The  following  salts  were  formed 
by  L.  :  —  BaW30,„.4H,0  ;  CdW30,„.4H.,0  ; 
CaW30,„.6H..O  ;  CoW30,„.4H„0  ;  FeW30,„.4H„0  ; 
PbW30,„.2H„0;  MgW30,„.4H,b  ;  MnW30,„.5H.,0 ; 
NiW30,„.4H,0  ;  K,W30,„.2H,b  ;  NaoW30,„.4H20  ; 
SrWaOin-SHjO.  Knorre's  experiments  led  him 
to  regard  Lefort's  tritungstates  as  mixtures 
(J.pr.  [2]  27,  83). 

Penta-  and  oeto-   tungstates.  Salts 


of  K  and  Na  of  the  composition  E.^WjOi^  and 
EoWsOj,  are  said  to  have  been  isolated,  the 
former  by  fusing  mixtures  of  E,W04  and  WO3, 
the  latter  by  fusing  E.,W40,3  with  E..WO4  (Knorre, 
J._pr.  [2]  27,  81,  91)." 

A  few  tungstates  that  do  not  find  places  ia 
any  of  the  foregoing  classes  have  been  described 
by  different  observers  (v.  especially  Lefort,  A.  Ch. 
[5]  9,  93;  15,  324;  17,  470;  25,  200;  also 
Scheibler,  J.  pr.  83,  237 ;  Gonzalez,  J.pr.  [2]  36, 
44  ;  Knorre,  J.  pr.  [2]  27,  93  ;  Lotz,  A.  91,  49  ; 
Feit,  B.  21, 133  ;  Cleve,  Bl.  [2]  43, 170 ;  Hogborn, 
Bl.  [2]  42,2). 

Pertungstates.  By  boiling  a  solution  of  the 
paratungstate  Na5W,024.16H.,0  with  HjO^Aq, 
and  then  evaporating  in  vacuo,  Pechard  (C.  B. 
112,  1060)  obtained  small  white  crystals  of  a  salt 
to  which  he  gave  the  formula  Na,,O.W.,0,.2H20  = 
NaW04.H20;  and  by  treating  (NH4),W,024.6H20 
in  a  similar  way  he  isolated  the  corresponding 
NH|  pertungstate.  According  to  P.  these  salts 
are  decomposed  by  alkalis  with  evolution  of  0  ; 
solutions  of  them  set  free  I  from  KIAq,  and 
react  with  HClAq,  giving  off  CI. 

Tungsten  bronzes.  Bright-coloured, lustrous, 
metal-like,  crystalline  solids,  obtained  by  the 
action  of  reducers — such  as  H,  coal-gas,  Sn,  or 
Fe — on  tungstates  of  Li,  K,  or  Na  ;  also  by  the 
electrolysis  of  these  tungstates  when  molten. 
The  composition  of  these  compounds,  which  are 
known  as  bronzes  and  are  used  as  pigments,  is 
represented  by  the  formula  MjCWOa),,,  where 
M  =  Li,  K,  or  Na.  The  constitutions  of  the  com- 
pounds are  not  known  ;  they  may  be  represented 
as  compounds  of  tungstates  with  WO.,,  by  the 
general  formula  a;M20.?/W03.3W02 ;  they  may 
also  be  represented  as  compounds  of  M2O  with  a 
radicle  composed  of  W  and  0  in  a  ratio  greater 
than  ■W:20  and  less  than  W:30 — that  is,  as 
compounds  of  M^O  with  oxides  intermediate 
between  WOj  and  WO3.  The  tungsten  bronzes 
are  insoluble  in  most  acids,  also  in  alkali 
solutions. 

Sodium  tungsten  bronzes.  These  compounds 
are  formed  by  the  interaction  of  Na  tungstates 
and  H  (Wohler,  P.  2,  350),  Sn  (Wright,  A.  79, 
221),  coal-gas  (Schnitzler,  D.  P.  J.  211,  484), 
Zn  or  Fe  (Zettnow,  P.  130,  261),  or  by  electro- 
lysing Na  tungstates  (Scheibler,  /.  _pr.  83,  321). 
According  to  Philipp  (B.  15,  499),  the  different 
processes  yield  the  same  bronze  if  the  same 
tungstate  is  used,  and  the  more  WO3  there  is  in 
the  tungstate  employed  the  richer  in  WO3  is  the 
bronze  produced.  All  the  compounds  are  in- 
soluble in  acids  or  alkalis ;  they  dissolve  in 
NaClOAq;  heated  with  NHjAq  and  AgNOaAq 
they  give  Ag  and  WO.,  (cf.  P.  a.  Sohwebel,  B. 
12,  2234  ;  15,  500  ;  Knorre,  J.  pr.  [2]  27,  51). 
These  compounds  are  slowly  oxidised  to  tung- 
states by  heating  to  redness  in  air  (K.,  I.e.), 
Philipp  (I.e.)  gave  S.G.  of  all  the  sodium  bronzes 
as  7-2  to  7-3  at  16°  to  18°. 

Purple-red  6row«eNa.,W.,09  =  Na.,0.2W03.W0, 
=  Na20.W308  =  Na2W04.W.,05.  P'repared  by 
fusing  for  c.  half  an  hour  a  mixture  of  10-9  g. 
NaoCOj,  71-7  g.  WO3  and  20  g.  tinfoil,  and  boil- 
ing successively  with  H.,0,  NaOHAq,  and  HClAq. 
Red  cubes ;  the  powder  transmits  green  light 
when  suspended  in  water  (P.,  I.e.). 

Bed-yellow  bronze  Na4W50,r,= 
2Na20.3W03.2W02  =  2Na20.W36,3.  Prepared  by 
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melting  60  to  80  g.  of  a  mixture  of  Na.,WO,  and 
WOj  in  the  ratio  2Na.,W04:WO„  adding  30  g. 
tinfoil,  and  keeping  molten  for  1  to  2  hours. 
Ked-yellow  cubes ;  the  powder  is  brownish 
yellow,  and  transmits  blue  liglit  when  suspended 
in  water  (P.,  I.e.). 

Gold-yelloiv  bronze  Na,W„0,9  = 
5Na,,0.7 WO,.5W02  =  5Na.d.W,.Ai •  Prepared  by 
heating  Na^WoOj  to  dull  redness  in  H,  powdering 
and  again  heating  in  H,  and  then  boiling  with 

H,  0,  HClAq,  and  Na._,CO.,Aq  successively.  Golden 
yellow,  crystalline  powder  (P.,  I.e. ;  ef.  Wohler, 
P.  2,  350;  Wright,  A.  79,  221). 

Blue  bronze  Na„W50,5  =  Na„0.4WO,.W02  = 
Na,O.W.,0,,,.  Prepared  by  fusing  Na^WO^  with 
more  than  2WO3,  and  adding  tinfoil ;  also  by 
melting  Na^WjO^j  (paratungstate)  and  electro- 
lysing with  6  Zn-Pt  elements  (P.,  I.e. ;  Scheibler, 
J.  jyr.  83,  321 ;  cf.  Knorre,  J.  pr.  [2]  27,  49  ;  and 
Zettnow,  P.  130,  2(51).  Dark-blue  cubes,  with  a 
red  sheen  ;  S.G.  7-28  at  17°. 

Potassium  tungsten  bronzes.  The  com- 
pound K„W,0,,,=  K,0.3W0,.W0„  =  K.O.W^O,, 
seems  to  be  the  only  one  of  this  class  that  has 
been  isolated.  Prepared  by  fusing  K.AVO.,  with 
WO3  and  adding  tinfoil ;  also  by  fusing  K._,CO.j 
with  from  SWO^  to  4WO3,  and  reducing  by  H  or 
coal  gas  ;  also  by  electrolysing  a  molten  mixture 
of  K^WO^and  WO3.  Reddish-violet  prisms,  giving 
a  blue  powder,  which  transmits  greenish  light 
when  suspended  in  water;  S.G.  c.  7"1  (Laurent, 

A.  Ch.  [2]  67,  219;  Zettnow,  P.  130,  262; 
Knorre,  J.  pr.  [2]  27,  63). 

Lithium  tungsten  bronzes.  A  compound  of 
this  class,  probably  LioW^Ois,  is  obtained  by 
fusing  Lif;W,0.,,  (paratungstate)  with  tin.  Dark- 
blue  crystals  (Scheibler,  J",  ^ir.  83,321;  Knorre, 

I.  e.,  p.  69  ;  Feit,  B.  21,  133). 

A  potassium  sodium  bronze  and  a  potassium 
lithium  bronze  have  been  obtained  (Knorre,  I.e. 
p.  66  ;  Feit,  I.e.). 

COMPLEX  TUNGSTIC  ACIDS  AND 
SALTS.  Tungstic  oxide  WO3  combines  with 
several  anhydrides,  e.g.  B.fi.^,  P0O5,  As^Oj,  SiOj, 
&c.,  and  water,  to  form  acidic  compounds,  and 
also  with  these  anhydrides  and  basic  oxides  to 
foi'm  salt-like  compounds  ;  the  whole  of  these 
compounds  are  usually  grouped  together  as 
complex  tungstic  aeids  and  compilex  tiingstates, 
and  they  are  divided  into  such  classes  as  arseno- 
tungstates,  phosphotungstatcs,  &c. 

Antimonosotungstic  Acins  AND  s.iiTS.  Ac- 
cording to  Lefort  (A.  Ch.  [5]  17,  487),  the  com- 
pounds Sb,,03-5W03.4H,,0  and  Sb,,03.6W03.8H,0 
are  formed  by  dissolving  tartar  emetic  in 
Na„0.3W0.,Aq  and  Na,0.2W03Aq  respectively. 
Gibbs  {Am.  7,. 392)  obtained 
4Ba0.6Sb20322WO,.36H.,0  and 
6Ko0.4Sb,03-12W03.25H,,0. 

Arsenotdngbtic  acids  and  salts.  Compounds 
of  the  form  As.,05l6WO.,.a-H20  have  been  ob- 
tained by  Kehrmann  (A.  245,  45;  cf.  Fremery, 

B.  17,  296) ;  and  series  of  compounds  of  As^.Oj 
with  WO3  and  basic  oxides  (Na„0,  K.,0,  BaO, 
&c.),  in  which  the  ratio  of  As,0;/.W03  is  1:6  and 
1:3,  have  been  described  by  Giljbs  (Am.  7,  313). 
Compounds  of  WO3  with  As,.03  and  bases,  and 
also  with  and  As^O,  and  bases,  and  finally 
with  AS.O3  and  P,05  and  bases,  are  described  by 
Gibbs  {I.e.). 

BOKOTUNGSTIC  ACIDS    AND    SALTS.     TwO  COm- 


pounds  of  B.^03  and  WO3  have  probably  been 
isolated,  in  which  the  ratios  of  the  oxides  are 
1:14' and  1:9  respectively  ;  compounds  of  each  of 
these  with  bases  are  known  (Klein,  A.  Ch.  [5] 
28,  350). 

Borotungstic  acid  and  salts 
B,03-14W03..tH.,0.  a  solution  containing  BA 
and  WO3  in  the  ratio  1:14  is  obtained  by  boiling 
Na,WO,Aq  with  B,,03Aq,  ppg.  by  HgNOjAq, 
decomposing  tlie  pp.  by  H.^S,  and  expel- 
ling HjS  from  the  filtrate  by  warming  (for 
details  v.  K.,  I.e.).  Compounds  of  the  form 
a:MO.B,03.14WO,.7/H,0  have  been  formed, 
where  x  =  2,  3,  and  4,  and  M  is  Ba,  K,,,  Ag._,,  Na, 
and  Sr. 

Tungstoboric  acid  and  salts.  The  com- 
pound B„0,,.9W03.a-H.^O,  usually  known  as  tung- 
stoboric acid,  is  obtained  in  yellowish  octahedra 
by  evaporating  the  solution  of  borotungstic  acid. 
A  considerable  number  of  compounds  of  bases 
with  B,,03  and  WO3,  in  the  ratio  B.,O3:0WO3, 
has  been  obtained;  most  of  them  are  of  the 
form  2MO.B.,03-f W03.a;H.,0,  M  =  (NH,).„  Ba,  Cd, 
Ca,  Co,  Cu,  Li.„  Mg,  Mn,  Hg.„  Ni,  K,.,  Na,.,  Tl„ ; 
a  few  salts  2M.,0,)-B.,03.9W03.a-H20  ■(M  =  A1  or 
Cr)  are  also  described  by  Klein  {I.e.). 

Fluotdngstates  and  allied  eompoiuids  ;  v. 
Tdngstostfluoeides  (p.  799). 

Iodotungstates.  Blomstrand  (/.  pr.  40,  327) 
described  a  compound  2K,O.I,0,,.2WO.,.3H.,0, 
obtained  by  adding  the  calculated  quantity  of 
HIO3  to  K.,WOjAq. 

Phosphotungstic  acids  and  salts.  The  oxides 
WO3  and  P.,0..  combine  in  several  proportions,  in 
presence  of  HoO,  to  form  complex  acids  which 
contain  large  quantities  of  W0-,  relatively  to  the 
P.^O.,.  A  great  many  compounds  are  known 
containing  WO3  and  P.,0.  combined  with  basic 
oxides. 

Phosphotungstic  acids.  Compounds  of  the 
form  P205.a;WO.,.7/H.O  ;  compounds  wherein 
,'■  =  24,  21,  20,  16,  and  12  seem  to  have  been 
isolated.  The  existence  of  these  compounds 
was  made  known  by  Scheibler  {B.  5,  802)  ;  they 
have  been  investigated  chiefly  by  Gibbs  (Am.  2, 
217,  281 ;  4,  377  ;  5,  361,  391 ;  7,  313,  392  ; 
P6chard,  C.  R.  109,  301 ;  110,  754 ;  and  Kehr- 
mann, B.  20,  1805,  1811;  24,  2326;  25,  1066; 
A.  245,  45  ;  Zeit.f.  anorg.  Chcmie,  1,  428;  also 
Drechsel,  B.  20, 1452  ;  and  Brandhorst  a.  Kraut, 
A.  249,  373).  The  phosphotungstic  acids  are  ob- 
tained by  boiling  H^PO.Aq  with  H2W,0,3.3;H.,0 
(meta-  acid)  ;  by  decomposing  the  mercurous 
salts  by  HClAq  ;  and  by  boiling  Na,W,0„,..rH„0 
(para-  salt)  with  Na.^HPOjAq,  decomposing  by 
HClAq,  and  dissolving  the  acids  thus  formed  in 
ether.  The  phosphotungstic  acids  are  unchanged 
in  solutions  in  dilute  acids ;  these  solutions  are 
scarcely  acted  on  by  H.S,  and  very  slightly  by 
zinc  ;  they  give  phosphates  and  tungstates  when 
boiled  with  alkalis  ;  characteristic  j^ps.  are  pro- 
duced with  alkaloids,  urea,  albumen,  &c. 

Phosphoduodecitungstic  acid  and  salts 
P.,0,,.24W03.a;H.,0  and  i/MO.P.,05.24W03..tH.,0. 
The  acid  is  obtained  by  evaporating  a  solution 
of  H3PO.,  and  H,_,W,0,3.xH,p  in  the  proper  pro- 
portion (Pechard,  I.e.) ;  by  boiling  a  solution  of 
tungstate  and  phosphate  of  Na,  in  the  ratio 
24Na.,W0,:2Na„HP0„  acidulating  with  HNO.Aq, 
ppg.  by  HgNOjAq,  decomposing  the  Hg  salt  by 
HClAq,   filtering,   and  evaporating  in  vacuo 
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(Gibbs,  Am.  2,  217) ;  by  boiling  H^POiAq  with 
BaWOj  in  the  proper  proportion,  decomposing 
by  a  small  excess  of  H^SO^Aq,  removing  H^SO^ 
by  BaOAq,  filtering,  and  evaporating  (Sprenger, 
/.  pr.  [2]  22,  418).  The  acid  crystallises  in 
white,  regular  octahedra,  or  cubes.  The  value 
for  X  in  the  formula  P,P5.24WO.|.icH20  varies 
according  to  different  observers,  from  40  to  53, 
59,  and  61.  The  salts  2/MO.P.,0,.24W03.a;H.,0 
are  obtained  by  mixing  tungstates  (normal  or 
para-  salts)  with  H.|PO.,Aq  or  a  phosphate,  and 
decomposing  by  slight  excess  of  HClAq,  HNO.,Aq, 
or  H,S04Aq  ;  in  most  cases  the  salts  ppt.  as  fine, 
white  powders  ;  in  some  cases  it  is  advisable  to 
evaporate  to  dryness,  extract  with  alcohol  and 
ether,  and  evaporate.  The  salts  have  been  de- 
scribed by  Gibbs  (I.e.) ;  Kehrmann  (Zeit.f.  anorg. 
Chemie,  1,  430) ;  K.  a.  Freinkel  {B.  24,  2327)  ; 
Sprenger  {J.pr.  [2]  122,  418) ;  and  Brandhorst  a. 
Kraut  {A.  249,  373).  Salts  have  been  obtained 
wherein  MO  =  (NHJ.O,  BaO,  CuO,  K^O,  Ag.O, 
and  Na^O,  and  i/  =  1,  2,  and  3. 

Fhospholuteotnngstic  acid  and  salts. 
P20,.16W03.«H,0  and  i/MO.P„05.16W03.£cH,0. 
The  acid  is  obtained  by  boiling  Na.^WOjAq  v/ith 
H.)PO.|Aq,  acidulating  with  HNO^Aq,  adding 
NH,C1  and  boiling,  crystallising  the  pp.  from 
NHjClAq,  evaporating  the  NH^  salt  thus  pro- 
duced with  aqua  regia,  and  crystallising  the 
acid  so  formed  from  water  (for  details  v.  K.,  I.e.). 
To  an  acid  obtained  by  decomposing  the  K  salt  by 

H.  SiPijAq,  or  the  Ag  salt  by  HClAq,  K.  gives  the 
formula  P.,05.18WO.j.xH.,0  ;  and  he  says  that 
the  salts  are  2/MO.P.>05.18W03.xH,0.  The  acid 
forms  citron-yellow,  six-sided  tablets ;  it  melts 
by  the  heat  of  the  hand,  and  is  very  soluble  in 
water.  According  to  K.  (B.  20,  1805  ;  A.  245, 
45),  salts  of  this  series  are  obtained  by  boiling 
any  phosphotungstates  with  excess  of  IJ.jPO^Aq 
in  presence  of  an  alkali  salt.  It  is  probalsle  that 
two  series  of  salts  exist — one  with  I6WO3  ^'^'^ 
another  with  ISWOj  (c/.  Gibbs,  I.e. ;  and  Pechard, 

I.  e.).  Salts  have  been  obtained  wherein 
MO  =  (NH,),,0,  BaO,  CaO,  CuO,  PbO,  and  K,0, 
and  2/  =  1,  3,  4,  and  6. 

Other  phosphotungstic  acids  and  salts. 

I.  Salts  of  the  form  i/MO.P203.22W03.a;H,0 
have  been  obtained,  wherein  MO  =  (NH|).,0,  BaO, 
and  K.,0,  and  y  =  2,  3,  4,  and  7  {v.  K.  a.  R,  B.  24, 
2327  ;  25, 1966;  K.,  Zeit.f.  anorg.Chemie,  1,435; 
Sprenger,  I.e. ;  Gibbs,  I.e.). 

II.  An  acid  of  the  form  P205.21W03.!bH.,0, 
and  saUs  i/MO.P.,05-21W03.a;H.,0,  where 
MO  =  (NH,),0,  ICO,  and  Ag.,0  and' 2/ =  8,  have 
been  isolated  (K.  a.  F.,  I.e.;  K.,  I.e.). 

III.  The  acid  P,O5.20WO3.a;H.,O  and  a  salt 
6BaO.P,,O3.20WO3.a;H.,O  were  obtained  by 
P6ohard  (i.e.)  and  Gibbs  (I.e.). 

IV.  For  the  acid  P„05.12W03.a:H.,0  and  the 
salts  2/MO.P„05.12WO.,..tH.,0,  where  MO 
=  (NH,),0,  BaO,  GaO,  CuO,' PbO,  Li„0,  MgO, 
Hg,0,  K,0,  Ag,0,  Na..O,  Tl.,0,  and'  ZnO,  v. 
P6chard  (C.  B.  110,  754). 

V.  A  few  salts  of  the  form 
2/MO.P20,.7W03.a?H.,0  have  been  obtained 
(M0  =  (NHJ.,0,  BaO,  CaO,  Hg,0,  Na.,0 ;  y 
doubtful)  (Gibbs,  I.e. ;  K.,  I.e.). 

VI.  Compounds  of  alkali  phosphates  with 
WO3,  and  with  phosphoric  acids  and  WO3,  have 
been  isolated;  also  compounds  of  alkalis  with 
H3PO3  and  WO3,  and  with  H3PO,  and  WOj, 


are  described  by  Gibbs  {Am.  5,  361 ;  7,  313, 
392). 

Platinitungstates,  v.  this  vol.,  p.  283. 

SiLicoTDNGSTic  ACIDS  AND  SAMS.  Three  com- 
pounds of  Si03  with  WO3  and  HjO,  which  react 
as  acids,  have  been  isolated,  and  many  com- 
pounds of  bases  with  SiO^  and  WO.j  have  been 
obtained  (Marignac,  A.  Ch.  [4]  3,  5). 

Silicoduodecitungstic  acid,  and  salts 
Si0.^.12W03.a;H.p  ;  as  most  of  the  salts  contain 
4M.,b  (or  2M6)  the  acid  is  usually  written 
4H,;O.SiO,.12W03.a:H,0  (  =  H8SiW,,0,,,.xH,0). 
According  to  Drechsel  {B.  20,  1452),  the  acid  is 
most  easily  obtained  by  dissolving  Na.AVOj  in 
boiling  water,  nearly  neutralising  with  HNOjAq, 
dissolving  the  crystals  that  separate  in  cold 
water,  boiling  this  solution  with  gelatinous 
SiOo.ajHjO  until  HClAq  ceases  to  give  a  pp., 
filtering,  evaporating,  adding  a  large  excess  of 
HjSO  jAq,  extracting  with  ether,  separating  the 
lowest  layer  and  evaporating  (for  details  v.  D., 
I.e.).  Large,  colourless,  dimetric  octahedra 
(with  X  =  29)  ;  loses  25H,0  at  100°,  and  all  H.,0 
at  350°.  Very  soluble  in  water  and  alkali 
solutions.  Most  of  the  salts  of  this  acid  have 
the  composition  4M..O.SiO,12WO.,.a,-H.,0,  or 
2MO.SiO.,.12\V03.sH,0';  M.,0"=  (NHJ.O,"  Hg,0, 
K,0,  AgJO,  Na.O;  MO  =  BaO,  CaO,"  MgO ;  x 
varies  from  7  to  28  (Marignac,  I.e.). 

Tuugstosilicic  acid,  and  salts.  This  name 
is  generally  given  to  an  acid  containing  SiO^ 
and  WO3  in  the  sameratio  (1:12)  as  silicoduodeci- 
tungstic  acid.  The  formula  of  the  acid  is 
generally  written  4H.,O.SiO,,.12WO3.20H,,O.  The 
acid  is  obtained  by  evaporating  a  solution  of 
silicodecitungstic  acid  to  dryness,  taking  up  with 
water,  filtering  from  separated  SiOj,  evaporating 
to  a  syrup,  and  allowing  to  crystallise.  Forms 
short,  white,  triclinic  prisms  ;  melts  under  100°, 
giving  off  16H^0  and  again  solidifying.  The 
salts  of  this  acid  are  obtained  by  dissolving  car- 
bonates in  a  solution  of  the  acid,  and  evapora- 
ting ;  they  are  more  soluble  and  less  easily 
crystallised  than  the  salts  of  the  duodeci-  acid ; 
the  salts  are  of  the  forms 

(1)  2MO(4M.,0).SiO.,.12W03.a;H.,0,  where 
M  =  Ca,  or  M.,  =  K„;' 

(2)  2M,,0.2H;0.Si'O2.12W03.a;H,0,  where 
M2=K,,  orNa,;  some  more  complex  salts  have 
also  been  isolated  (Marignac,  I.e.). 

Silico-decitungstic  acid,  and  salts.  The 
acid  4H„O.SiO2.10WO3.a-H,O  (a:  probably  =  3) 
is  obtained  by  decomposing  the  Ag  salt  by 
HClAq,  filtering,  and  evaporating  in  vaeuo  ;  the 
Ag  salt  is  prepared  by  adding  AgNOjAq  to  the 
NH4  salt  which  is  obtained  by  boiling  an  acid 
tungstate  of  NH,  with  Si0.j.xH20,  filtering,  and 
evaporating.  The  acid  forms  a  clear,  yellowish, 
glassy  solid,  which  does  not  wholly  dissolve  in 
water ;  loses  SHjO  at  100° ;  on  boiling  with 
water  most  of  the  SiO._,  separates,  and  the 
filtrate  contains  tuugstosilicic  acid.  A  few  salts 
have  been  obtained  ;  they  are  difficult  to  purify 
from  silicotungstates  and  tungstosilicates  (Ma- 
rignac, I.e.). 

Stanniphosphotungstates.  Gibbs  {Am.  7, 
392)  obtained  the  salt 

2(NH,).,O.PA-2SnO„.22W03.15H20  by  the  re- 
action of  SnCij.2NH,,Cl  and 
2Na.,0.P,0,.24W03.aH20. 
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TiTANOTUNGSTic  ACIDS.    Two  acids, 
4H.,O.Ti0...12W03.xH..O  and 
4H.,O.TiO.,.10WO3.xH„O,  are  described  by  Le- 
carme  {v.  Klein,  Bl.  [2]  36,  17). 

Vanadotdngstic  acids  and  salts.  Several 
compounds  of  WOj  with  V^Oj  and  H._,0  have 
been  described  by  Gibbs  {Am.  4,  377 ;  5, 
361,  391)  and  Eosenheim  (.4.  2.51,  197)  ; 
they  belong  to  the  forms  V..O5.IOWO3..TH..O, 
V,,0,.18W03.aH,0,  and  V,,0-,.4W03..rH,0.  Com- 
pounds of  these  with  yM,0  and  yMO  are 
also  described  ;  and  a  great  variety  of  com- 
pounds coming  under  the  general  formula 
viMO.iiV.,OypWOyxH..fi  have  been  obtained  (cf. 
Friedheim,  B.  23,  1505  ;  and  Eothenbach,  B. 
23,  3050). 

Tungsten,  oxybromides  of.  Twooxybromides, 
WO.Br,^  and  WOBr^,  are  formed  by  the  reaction 
of  Br  on  WO.,,  and  in  other  ways.  The  formula 
WOBrj  is  very  probably  molecular,  from  the 
analogy  of  WOCl^. 

Tungsten  dioxydibro.mide  WO.jBr,.  Ob- 
tained by  heating  W0._,  in  a  stream  of  Br  vapour, 
also  by  passing  vapour  of  WBr,  over  heated 
WO3  (Eoscoe,  G.  N.  25,  73);  also  by  heating 
WS3  or  a  mixture  of  WO3  and  C  in  Br  (Borck, 
J.  iw.  54,  254).  Eed,  transparent,  prismatic 
crystals  ;  appearing  black  when  hot,  and  giving 
a  yellow  powder.  Volatilised  at  red  heat  with 
partial  decomposition  to  WO3  and  WOBrj. 

Tungsten  oxytetrabromide  WOBr.,.  Ob- 
tained by  passing  Br  vapour  over  a  heated 
mixture  of  equal  parts  of  WO3  and  W,  and 
cautiously  distilling  from  less  volatile  WOjBi'j 
(Eoscoe,  G.  N.  25,  73).  Also  formed  by  passing  Br 
mixed  with  some  Ooverheated  W,  or  by  heating  a 
mixture  of  'WO3  and  C  in  Br  vapour  (Blomstrand, 
/.  pr.  82,  430).  Brownish  black,  lustrous, 
crystalline  needles;  melts  at  277°  and  boils  at 
327°.  Heated  in  moist  air  gives  WO.,  and  HBr, 
and  is  decomposed  to  the  same  products  by  water. 

Tungsten,  oxychlorides  of.  Two  oxy- 
chlorides,  W0._,C1.,  and  WOCl.,,  are  formed  by 
heating  W  in  CI  mixed  with  some  0,  and  in  other 
reactions. 

Tungsten  dioxydichloride  WO.^CL.  Ob- 
tained by  heating  W0._,  in  a  stream  of  CI,  and 
subliming  (Eoscoe,  G.  N.  25,  63) ;  also  by  pas- 
sing CO.,  over  a  mixture  of  WO.,  and  CaCL_,  heated 
to  redness  (Schultze,  J.  pr.  [2]  21,  439).  Also 
formed,  along  with  WOClj,  by  heating  W  in  CI 
mixed  with  0  ;  by  heating  WO.,  and  C  in  CI ;  by 
heating  WO3  in  CCl,,  (Watts  a.  Bell,  C.  J.  33, 
442)  ;  and  by  heating  WO3  with  PCI5  (Schiff,  A. 
197,  185 ;  cf.  Tungsten  trioxide,  Bcactions, 
No.  10,  p.  801).  Yellow,  four-sided  tablets; 
sublimes  without  melting  at  c.  266°,  with  partial 
decomposition  to  WO3  and  WOCI4.  Not  decom- 
posed in  moist  air,  nor  by  cold  water  (E.,  I.e.). 
Heated  in  dry  NH,  gives  off  NH^Cl  and  leaves 
W0„  (Eideal,  C.  J.  55,  43);  in  this  reaction 
W0.,Cl2  behaves  like  CrO.,Cl.,  (R.,  G.  J.  49,  367). 
According  to  Smith  a.  Shinn  {Zeit.  f.  anorg. 
Ghemie,  4,  381),  a  black  compound  W^O^N^H.^  is 
formed  by  heating  W0._,C1,_,  in  dry  NH3. 

Tungsten  oxytetrachloride  WOCl.,.  Mol. 
w.  341-04.  Formed  by  heating  W  in  CI  con- 
taining a  little  0  ;  also  by  passing  CI  over  a  hot 
mixture  of  WO3  and  C  ;  by  heating  WO3  in  CCl^ 
(Watts  a.  Bell,  C.  J.  33,  442)  ;  by  heating 
WCl,  or  WCl,  in  0  and  CI ;  by  heating' WCl^  with 
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H.,C.,0, ;  and  by  heating  WO.Cl.,.  Prepared  by 
passing  vapour  of  WC1„  over  heated  W0-,  in  a 
current  of  CI  (Eoscoe,  C.  N.  25,  63).  Also  by 
heating  WO3  and  PCI.,  in  the  ratio  W0.,:PCL  or 
AV03:2PC1„  distilling  off  POCl,  and  the  small 
quantities  of  WCI3  and  WC1„  that  are  formed, 
washing  the  reddish  residue  with  a  little  cold 
CS._.  (to  remove  WC1„),  then  dissolving  in  a 
larger  quantity  of  warm  CS,,  evaporating,  and 
carefully  heating  the  residue  in  a  stream  of  COj, 
whereby  the  more  volatile  WOClj  is  separated 
from  W0.,C1.,  (Schiff,  A.  197,  185). 

WOClj  forms  ruby-red,  transparent  needles ; 
melts  at  210-4°,  and  volatilises  at  227-5°,  forming 
a  Yellow  vapour  (E.,  I.e.).  V.D.  170-2  to  175-8  at 
'iM\  171-5  at  440°  {B.J.c;  cf.  Debray,  C.  B. 
60,  820).  Exposure  to  air  produces  a  crust  of 
yellow  W0.,C1.,.  Heated  in  NH.,  probably  gives 
W.,N3  (Eideal,"  G.  J.  55,  43).  Decomposed  by 
water,  with  a  hissing  sound,  to  WO3  and  HClAq 
(Eoscoe,  I.e.). 

Tungsten,  oxyfluorides  of.  No  compound 
of  W  with  0  and  F  has  been  isolated,  but  com- 
pounds are  known  which  may  be  regarded  as 
containing  WO  J".,.  These  compounds, 
W0.,F.,.2MF  and  WO.,F.,.MF,  and  also  a  com- 
pound W0.|F._,.2KF,  are  described  under  Tungst- 

OXYFLCORIDES  (p.  799). 

Tungsten,  phosphides  of.  By  heating  W  in 
vapour  of  P,  a  dark-grey  pov?der  was  obtained 
by  Wohler  a.  Wright  (k.'79,  244),  to  which  they 
gave  the  composition  W3p,|.  By  heating  a  mix- 
ture of  WO3  and  P.^Oj  in  a  graphite  crucible, 
W.  a.  W.  (I.e.)  obtained  large,  dark-grey,  lustrous, 
six-sided  prisms  ;  S.G.  5-207  ;  insoluble  in  acids, 
including  aqua  regia,  soluble  in  a  molten  mix- 
ture of  NaXO.,  and  NaNO., ;  unchanged  by 
heating  in  air,  but  burns  brilliantly  in  0.  From 
an  estimation  of  the  P,  W.  a.  W.  gave  the 
formula  W._,P. 

Tungsten,  salts  of.  No  salts  have  been 
isolated  by  replacing  the  H  of  oxyacids  by  W. 
Except  the  halides,  the  only  salts  of  W  that  are 
known  are  those  wherein  W  forms  part  of  the 
negative  radicle. 

Tungsten,  selenides  of.  By  saturating  a 
solution  of  Na,W|0|3  with  H..Se,  and  then  add- 
ing dilute  H,.SO,Aq,  Uelsmann  {A.  116,  125)  ob- 
tained a  black  pp.,  to  which  he  gave  the  formula 
WSe,  (one  estimation  of  W  is  given) ;  by  heat- 
ing this  in  a  tube  a  grey  solid  was  obtained, 
said  by  U.  to  be  WSe.^  (no  analyses).  WSC;,  is 
said  to  be  easily  soluble  in  solutions  of  alkalis, 
alkali  sulphides,  or  alkali  selenides. 

Tungsten,  sulphides  of.  Two  compounds  of 
W  and  S  are  known,  WS..  and  WS, ;  the  latter 
is  acidic,  forming  salts  M.WS4.  The  V.D.  of 
neither  has  been  determined. 

Tungsten  bisulphide  WS;,.  Obtained  by 
heating  WO,  to  whiteness  in  vapour  of  S  or  in 
H>S  (Berzelius)  ;  also  by  heating  W  and  S  ;  also 
by  heating  WO3  with  6  pts.  HgS  out  of  contact 
with  air  (Borck,  J.  pr.  54,  254).  According  to 
Carnot  (Bl.  [2]  32,  164),  WS.,  is  usually  formed 
when  a  compound  of  W  is  heated  in  a  stream  of 
dry  H.,S  {v.  also  von  Uslar,  A.  94,  256;  Corleis, 
A.  232,  262).  A  dark-grey,  graphite-like,  lustrous, 
crystalline  powder  (u.  Eiche,  A.  Ch.  !3]  50,  26). 
Is  said  to  decompose  steam  at  a  full  red  heat  ; 
reduced  to  W  by  very  long  continued  heating 
in  H. 
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Tungsten  TRisuLPHroE  WS3.  Obtained  by 
fusing  powdered  wolframite  with  -2  pts.  C,  3  pts. 
S,  and  3  pts.  NajCO,,  dissolving  in  water,  de- 
composing the  Na.,WS|Aq  tlius  produced  by 
HClAq,  washing  the  pp.  completely  out  of  con- 
tact with  O,  and  drying  at  100°  (von  Uslar,  A. 
94,  256  ;  Corleis,  A.  232, 2(54).  A  black  powder  ; 
slightly  soluble  in  water,  more  soluble  on  boiling, 
probably  with  partial  decomposition.  Soluble  in 
alkali  sulphide  solutions,  forming  thio-  salts  (v. 
Tungsten,  thio-  acids  and  salts  of,  infra). 
By  adding  to  NajWSiAq  a  little  more  HClAq 
than  was  needed  to  combine  with  the  Na,  Wins- 
singer  {Bl.  [2]  49,  452)  obtained  a  colloidal  form 
of  WS3. 

Tungsten,  sulpho-  acids  and  salts  of,  v.  next 
article. 

Tungsten,  thio-  acids  and  salts  of.  By 
saturating  (NHJ,WO.,Aq  and  K.WOjAq  with 
K,S,  Berzelius  obtained  (NH,,),WS,  and  ICWS^ 
(P.  8,  267) ;  these  salts  were  more  fully  ex- 
amined by  Corleis  {A.  232,  258),  who  also  ob- 
tained Na.,WS|,  and  also  some  thio-oxy-tung- 
states.  All  the  thio-tungstates  that  have  been 
isolated  are  ortho-  salts,  i.e.  salts  of  HoWS,,. 
Very  dilute  solutions  of  thiotungstates  can  be 
titrated  with  lAq  in  presence  of  KHCO.j  (C,  I.e.). 

Ammonium  thiotungstate  (NHJ^WSj.  Ob- 
tained by  passing  H^S  for  four  or  five  hours  into 
a  solution  of  10  g.  WO.,.H,0  in  100  c.c.  NH.,Aq 
S.G.  -94,  +  20  c.c.  water,  allowing  to  stand  for 
some  hours  in  a  closed  vessel,  and  washing  the 
crystals  that  separate  with  alcohol  and  ether. 
Forms  orange-yellow  prisms,  isomorphous  with 
(NH4)2MoS4 ;  very  easily  decomposed  in  moist 
air ;  easily  soluble  in  water,  slightly  soluble  in 
alcohol.  Heated  in  CO,  gives  WS,  (B.,  I.e. ; 
C,  I.e.). 

Ammonium  dithio-oxy-tungstate 
(NHj)„WS„02.  Obtained  by  passing  HjS  into  a 
solution  of  10  g.  WO3.H2O  in  40  c.c.  NH^Aq 
S.G.  -90,  +  10  c.c.  water,  until  the  liquid  becomes 
turbid,  and  washing  the  crystals  that  form  with 
alcohol  and  ether.  Forms  yellow,  prismatic 
crystals.  When  dry,  the  salt  is  unchanged  in 
air.  Decomposed  by  re-crystallising  from  water, 
giving  paratungstate  (NH,)gW,0„4.6H„0  (C,  I.e.). 

Potassium  thiotungstate  K0WS4.  Obtained 
by  warming  (NHj)„WS.,  with  KHSAq,  adding 
alcohol,  and  crystallising  from  cone.  KHSAq. 
Forms  yellow,  prismatic  needles  ;  easily  soluble 
in  water.  By  continued  boiling  with  KHSAq 
paratungstate  is  formed,  K„W,02,.6H,0  (C,  I.e.). 
Forms  a  double  salt  with  KNO3,  with  the  compo- 
sition K,WS,.KN03  (B.,  I.e.). 

Potassium  trithio-oxy-tungstate, 
K^WSjO.H.O.  Obtained  in  citron-yellow,  quad- 
ratic tablets,  by  passing  H..S  for  three  or  four 
hours  into  a  solution  of  lO'g.  KjWO^  in  10  c.c. 
water,  and  evaporating  in  vaeuo,  or  precipitating 
by  alcohol  (C,  I.e.). 

Potassium  monothio-oxy-tungstate 
K„WSOs.H„0.  Obtained,  in  almost  colourless, 
very  hygroscopic,  crystalline  masses,  by  passing 
H^S  into  a  solution  of  10  g.  K^WO^  in  5  c.c. 
water  until  the  liquid  is  turbid,  filtering,  adding 
4  to_5  vols,  alcohol,  separating  the  under  layer 
of  liquid,  allowing  to  crystallise,  and  washing 
•with  alcohol  and  ether  (C,  I.e.). 

Sodium  thiotungstate  Na^WS^.  Obtained, 
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but  not  pure,  by  Corleis  (I.e.),  by  decomposing 
(NHJ,,WS.,  by  NaHSAq. 

Tungsten,  thiochloride  of.  By  heating  W  to 
redness  with  S,CU,  Smith  a.  Oberholtzer  (Zeit. 
f.  anorg.  Chemie,  5,  63)  obtained  a  red,  crystal- 
line sublimate,  unstable  in  air,  probably  W.^SjClg. 

M.  M.  P.  M. 

TUNGSTEN  BRONZES  v.  under  Tungsten 
oxyacids,  p.  806. 

TTJNGSTIC  ACIDS  v.  Tungsten  os:JAcrDS, 
p.  802  ;  also  Tungsten  thio-acids,  supra. 

TUNGSTOXYFLUORIDES  v.  under  Tung- 
sten fluorides,  p.  799. 

TUNGSTEN,  ORGANIC  COMPOUNDS  OF. 
Tungsten,  heated  with  Mel  at  240°,  forms 
WMe.,!,  [110°],  which  crystallises  in  tables,  and 
is  converted  by  Ag.,0  into  WMe40,  which  dis- 
solves in  acids  (Riche,  C.  B.  42,  203  ;  Cahours, 
A.  122,  70). 

TUNICIN  V.  Animal  cellulose,  vol.  i.  p.  718. 

TURMERIC.  The  root  otAmmnum  Curcuma. 
It  contains  curcumin  (g.  v.)  and  turmerol. 

TURMERIC  ACID  C„H,,0„.  [35°].  A  pro- 
duct of  oxidation  of  turmerol  by  cold  KMnO^ 
(Jackson  a.  Menke,  Am.  6,  77).  Needles,  si.  sol. 
water,  v.  sol.  alcohol. — CaA',  3aq.  S.  (of  CaA'.,) 
1-28  at  16°.    White  needles.- AgA'. 

TURMEROL  C,„H,,0  (?).  (193°-198°  at  60 
mm.).  S.G.  -902.  [a]n=33-5°.  An  oil  oc- 
curring in  turmeric.  Distils  with  decomposition 
at  285°-290°  (Jackson  a.  Menke,  Am.  4,  368; 
6,  77).  Dextrorotatory.  Does  not  combine 
with  NaHSOj.  KMn04  oxidises  it  to  acetic, 
terephthalic,  turmeric,  and  apoturmeric  acids. 
PCI5  forms  C,<|H,;C1,  which  is  also  got  by  heating 
turmerol  with  cone.  HClAq  at  150°.  Sodium 
forms  CiaH.-ONa,  whence  isobutyl  iodide  forms 
oily  C„H2,db4H,. 

Apoturmeric  acid  C,H,(C02H).^(?).  [221°]. 
Woolly  mass,  sol.  boiling  water. 

TURPENTINE.  Semi-fluid  resins  exuding 
from  coniferous  trees.  They  consist  of  resin 
dissolved  in  oil  of  turpentine.  On  distillation 
oil  of  turpentine  passes  over  and  colophony  re- 
mains behind.  The  various  oils  of  turpentine 
are  described  under  Terpenes.  The  chief  con- 
stituent of  colophony  is  abietic  anhydride  (v. 
Abietic  acid  and  Svlvic  acid).  On  oxidation 
by  dilute  HNO3  colophony  yields  isophthalic, 
trimellitic,  and  terebic  acids  (Sohreder,  A.  172, 
93).  On  the  products  of  distillation  of  colophony 
V.  Eesins. 

TURPETHIN  C,,U,,0,,.    [c.  183°].  Occurs 

in  the  root  of  Convolvulus  Turpethum  [Ipomcea 
Turpethum)  (Boutron-Charlard,  J.  Ph.  8,  131  ; 
Spirgatis,  J.  pr.  92,  97;  A.  139,  41).  Purgative 
yellowish-brown  resin,  v.  sol.  alcohol,  insol. 
ether  (difference  from  jalapin).  Cone.  H2SO4 
forms  a  red  solution.  Boiling  alkalis  convert  it 
into  turpethic  acid.  Boiling  dilute  mineral  acids 
yield  glucose  (3  mols.)  and  turpetholic  acid  (1 
mol.). 

Turpethic  acid  C34H,i„0,9.  Amorphous 
yellowish  mass,  v.  sol.  water.  Split  up  by 
boiling  HClAq  into  glucose  and  turpetholic 
acid.— BaA".-BaH„A"„  (dried  at  100°). 

Turpetholic  acid  C„;H,„04.  [c.  88°].  Minute 
needles  (from  dilute  alcohol),  si.  sol.  ether. — 
NaA'  (dried  at  100'). — BaA',,.  Amorphous. — 
AgA'.    Amorphous  pp. 

Ethyl  ether  EtA'.    [72°].  Plates. 
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TYLOPHORINE.  An  alkaloid  in  Tijlophora 
asthmatica  (Hooper,  Ph.  [3]  21,  G17).  Crystal- 
line, si.  sol.  water,  sol.  alcohol  and  ether. 

TYPE  METAL.  An  alloy  of  15-20  parts  Sb 
with  c.  70  parts  Pb,  and  10  to  1.5  parts  Sn ;  v, 
LE.iD  ALLOYS,  vol.  iii.  p.  124. 

TYPES.  The  object  of  classification  is  to 
put  together  like  things,  and  to  put  apart  things 
that  are  unlike.  A  perfect  system  of  chemical 
classification  would  place  side  by  side  those 
elements  and  compounds  that  are  chemically 
similar,  and  it  would  also  indicate  the  relations 
that  exist  between  all  the  elements  and  all  the 
compounds.  Inasmuch  as  the  object  of  chemistry 
is  the  study  of  the  connections  between  composi- 
tion and  properties,  and  between  changes  of 
composition  and  changes  of  properties,  a  com- 
plete scheme  of  chemical  classification  must 
indicate  the  relations  of  the  substances  classi- 
fied, both  as  regards  composition  and  also  as 
regards  properties.  To  connect  composition 
with  properties  necessitates  a  thorough  know- 
ledge of  both,  and  this  knowledge  can  be  gained 
only  by  comparing  one  substance  with  other 
substances.  But,  because  of  the  large  amount 
of  detailed  investigation  that  is  required  before 
the  chemical  properties  of  an  element  or  a  com- 
pound are  known,  chemists  have  often  forgotten 
the  larger  issues  of  their  labours,  and  have 
busied  themselves  rather  with  the  examination 
of  individual  bodies  than  with  the  comparative 
study  of  many  bodies.  And,  because  of  the  im- 
perfection of  chemical  knowledge  at  any  time, 
those  who  have  attempted  the  classification  of 
chemical  substances  have  generally  paid  chief 
attention  either  to  the  composition  or  to  the 
properties  of  the  substances  to  be  classified. 
Hence  systems  of  classification  have  sometimes 
prevailed  that  were  founded  chiefly  on  similari- 
ties of  composition,  and  at  other  times  classifica- 
tory  schemes  have  been  in  vogue  that  rested 
mainly  on  similarities  of  jjroperties.  But  there 
has  always  been  a  desire,  and  generally  an  effort, 
to  classify  on  the  bases  of  composition  and  pro- 
perties. To  classify  satisfactorily  demands  the 
recognition  of  a  simple  class-mark,  which  shall 
also  be  clear,  definable,  and  invariably  applicable. 
It  is  probably  correct  to  say  that  none  of  the 
larger  classes  of  chemical  compounds  has  a 
class-mark  of  this  description.  Hence  the  main 
difficulty  in  chemical  classification.  Take,  for 
instance,  the  great  class  of  acids.  What  is  the 
class-mark  ?  What  must  be  known  about  the 
composition  of  a  compound  before  it  is  put  into 
the  class  of  acids  ?  There  is  no  single  and  suf- 
ficient class-mark  to  be  gained  by  studying  the 
compositions  of  acids.  What,  then,  about  the 
properties  of  acids  ?  Here,  too,  no  simple,  de- 
finable, and  applicable  property  has  been  found 
which  serves  to  distinguish  acids  from  all  other 
compounds.  Acids,  it  is  usually  said,  are  com- 
pounds containing  replaceable  hydrogen.  But 
the  expression  replaceable  hydrogen  has  not 
been,  and  cannot  be,  exactly  defined.  Hence,  all 
that  can  be  done  is  to  set  up  an  ideal  or  typical 
acid,  and  to  place  in  the  class  acids  those  com- 
pounds which  fairly  closely  approach  this  type 
as  regards  both  properties  and  composition. 
And  as  with  acids  so  with  other  classes  of  com- 
pounds. A  classification  by  means  of  types 
becomes  inevitable  in  such  a  science  as  chemistry, 


but  a  typical  classification  cannot  be  final  in  any 
exact  science. 

Lavoisier's  system  of  classification  rested  on 
oxygen ;  compounds  were  regarded  as  formed  by 
the  union  of  oxygen  with  other  elements  or  groups 
of  elements  ;  the  non-oxygenated  part  of  a  com- 
pound was  called  by  Lavoisier  the  rest  or  radicle ; 
compounds  of  oxygen  with  certain  radicles  were 
bases,  compounds  with  other  radicles  were  acids, 
and  salts  were  formed  by  the  union  of  bases  with 
acids.  Lavoisier  used  the  term  radicle  to  in- 
clude elements  and  groups  of  elements. 

'J'ai  (lija  fait  observer,  que  dans  le  rt-gne  mineral 
prfisque  tous  les  radicauK  oxidables  et  acidifiables  fitaient 
simples  ;  que  dans  le  regue  Tesfctal  au  contrairc,  et  sur- 
tout  dans  le  regue  animal,  il  n"en  existait  presque  pas 
qui  ne  fussent  composes  au  moius  de  deu.^  substances, 
d'hydrogL'ue  et  de  carbone :  que  souvent  I'azote  et  le 
pbosphore  s'y  reunissaieut,  et  qu'il  en  resultait  des 
radicaus  k  quatre  bases.' — TraM  iUmentaiiv  di'  Vhimie. 
[1793],  p.  251. 

About  twenty-four  years  after  Lavoisier  made 
this  statement  Berzelius  repeated  it. 

'Nachdem  wir  den  Unterschied  zwisobeu  den  Pro- 
duoten  der  organisclien  uiid  der  uuorganlscbeu  Natur, 
und  die  verscliiedoue  Art  uiid  Weise  wie  ihre  eutfernfccren 
Bestandtbeiie  untereinander  verbunden  sind,  uiiher  kenuen. 
gelernt,  haben  wir  getunden,  dass  dieser  Uuterscliied 
eigentlich  darin  bcsteht,  dass  in  der  unorgauisehen 
Natur  alle  oxydirteu  Korper  ein  einfaclvs  Radienl  haben, 
wiitirend  dagegeii  alle  orgaiiisohen  Substanzen  aus  OxyeLfn 
rait  ziLmmni>'i}'/''xf{zl'>m  litidicnl  liestelien.' — LrJirhnch  der 
Chemii;  2  Aufl.' [Stockbolm,  1«17],  vol.  i.  p.  544. 

Why  do  acids  and  bases  unite  to  form  salts? 
What  is  the  cause  of  the  formation  of  compounds 
by  the  union  of  radicles,  either  simple  or  com- 
pound ?  These  questions  were  answered  by 
Berzelius  by  appealing  to  the  fact  that  the 
electric  current  very  often  resolves  compounds 
into  two  isarts,  and  in  many  cases  also  effects 
the  combination  of  elements  or  groups  of  ele- 
ments. Eadicles  combine,  said  Berzelius,  because 
the  negative  electricity  on  one  is  thereby  neutral- 
ised by  the  positive  electricity  on  the  other. 
Thus  arose  the  electro-chemical  conception  of 
dualism  {v.  Dualissi,  vol.  ii.  p.  415 ;  of.  Kadiclb,. 
vol.  iv.  p.  393). 

In  1832  Liebig  and  Woliler  made  an  exhaus- 
tive study  of  compounds  obtained  from  bitter- 
almond  oil ;  they  showed  that  the  relations  of 
composition  and  properties  of  these  compounds 
were  brought  together,  and  expressed  in  a  con- 
sistent conception  by  supposing  that  all  the- 
compounds  contained  a  radicle  having  the  com- 
position C,H50(C  =  12,  O  =  16) ;  this  group  of  ele- 
ments, common  to  all  the  derivatives  of  bitter- 
almond  oil,  they  called  bemvijl.  The  work  of 
Liebig  and  Wohler  marked  a  great  advance  in 
chemical  classification ;  it  was  the  actual  work- 
ing out  of  the  connections  between  composition 
and  properties  of  a  number  of  compounds,  and 
the  expression  of  these  connections  in  clear  and 
definite  language.  The  term  radicle  became 
henceforth  the  expression  of  a  vivifying  concep- 
tion. The  compounds  derived  from  bitter- 
almond  oil  had  certain  common  properties,  and 
they  had  also  a  common  composition ;  they 
belonged  to  the  same  type.  The  compounds  of 
benzoyl  examined  by  Liebig  and  W/ihler  in- 
cluded such  compounds  as  these  :  C-H.O.OH, 
C;H,O.H,  C;H,0.C1,  C,H,O.CN,  C.H.O.No!,.  The 
radicle  C.HjO  is  common  to  all ;  this  radicle  is 
united  with  H,  CI,  NO.,,  CN,  or  some  other 
radicle,  in  the  different  compounds ;  neverthe- 
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less,  the  properties  of  the  compounds  are  so 
similar  that  all  are  said  to  belong  to  one  type. 
To  what  extent,  then,  it  was  asked,  may  the  pro- 
perties of  one  radicle  differ  from  those  of  another 
before  the  replacement  of  one  of  these  by  the 
other  carries  with  it  a  change  of  type  ?  The 
answer  generally  given  to  this  question  was  :  If 
the  replacing  radicle  is  chemically  similar  to  the 
radicle  replaced  the  type  will  not  be  destroyed. 
In  1834  Dumas,  from  the  study  of  the  action  of 
chlorine  on  various  organic  compounds,  an- 
nounced the  empirical  laws  of  substitution  as 
follows :  (1)  When  a  compound  containing  hy- 
drogen is  subjected  to  the  dehydrogenating  action 
of  chlorine,  bromine,  iodine,  oxygen,  &c.,  one 
atom  of  chlorine,  bromine,  iodine,  or  oxygen,  is 
taken  up  for  each  atom  of  hydrogen  lost  by  the 
compound.  (2)  The  same  rule  applies,  without 
modifications,  when  the  compound  contains  oxy- 
gen. (3)  If  a  hydrogenised  compound  contains 
water  the  hydrogen  of  the  water  is  given  up  with- 
out replacement,  and  then  another  quantity  of 
hydrogen  is  absorbed,  so  that  the  final  result 
is  a  replacement  of  hydrogen.  A  year  or  so 
later  Laurent  propounded  a  theory  of  substitu- 
tion, which  asserted  that  when  equivalent  sub- 
stitution of  hydrogen  by  chlorine  or  bromine 
occurs  the  chlorine  or  bromine  takes  the  place 
of  the  hydrogen,  and  to  a  certain  extent  plays 
the  same  part  as  the  hydrogen,  and  hence  the 
chlorinated  or  brominated  product  must  be 
similar  to  the  compound  from  which  it  has  been 
prepared.  Laurent's  views  were  much  opposed, 
for  a  time  by  Dumas  himself ;  but  they  gradually 
prevailed,  and  chemists  became  familiarised  with 
the  notion  of  the  replacement  of  such  a  decidedly 
electro-positive  element  as  hydrogen  by  an  ele- 
ment so  decidedly  electro-negative  as  chlorine, 
resulting  in  the  production  of  a  comj)ound  of 
the  same  chemical  type  as  the  original  sub- 
stance. 

About  1839  Dumas  sought  to  distinguish 
mechanical  types  from  chemical  types.  Com- 
pounds formed  one  from  the  other  by  the 
replacement  of  a  certain  number  of  equivalents 
of  one  radicle  by  the  same  number  of  equivalents 
■of  another  radicle,  and  having  their  radicles 
similarly  combined,  and  exhibiting  similar  pro- 
perties, were  said  to  belong  to  the  same  chemical 
type.  Compounds  were  said  to  belong  to  the 
same  mechanical  type  when  they  were  composed 
of  equal  numbers  of  equivalents  of  radicles,  but 
differed  essentially  in  their  properties.  Dumas 
at  this  time  regarded  the  properties  of  com- 
pounds as  conditioned  more  by  the  arrangement 
than  by  the  nature  of  their  parts.  He  compared 
compounds  to  planetary  systems,  the  iDlanets 
being  represented  by  the  atoms  of  the  com- 
pounds. One  atom,  he  said,  might  be  replaced 
by  another  atom,  or  an  atom  by  a  group  of 
atoms,  without  destroying  the  system ;  if  the 
number  of  replacing  atoms,  or  radicles,  were  the 
same  as  the  number  of  atoms,  or  radicles,  re- 
placed, and  the  relative  arrangement  of  all  the 
atoms  or  radicles  were  not  altered,  the  com- 
pounds belonged  to  the  same  type.  By  some 
such  development  as  this  the  theory  of  types 
came  to  include  the  older  theory  of  radicles. 

It  is  evident  that  the  terms  used  by  Dumas 
and  others  to  express  the  conceptions  of  the 
theory  of  types  are  vague  and  incapable  of 


exact  definition.  The  expression  '  equivalent 
radicles '  cannot  be  defined,  nor  can  an  exact 
and  invariable  connotation  be  given  to  the  ex- 
pressions '  radicles  similarly  combined '  and 
'  compounds  having  similar  properties.'  But  if 
it  had  been  possible  to  classify  chemical  sub- 
stances in  an  ideally  perfect  way  the  theory  of 
types  would  not  have  arisen.  If  there  is  to  be 
a  typical  classification  the  language  whereby 
that  classification  is  expressed  must  be  more  or 
less  vague.  Whether  a  compound  formed  from 
another  by  replacing  equivalents  of  one  kind  by 
an  equal  number  of  equivalents  of  another  kind 
does  or  does  not  belong  to  the  same  type  as  the 
parent  compound  can  be  determined  only  by  a 
careful  study  of  the  properties  of  both  com- 
pounds and  by  a  comparison  of  the  compounds 
one  with  another.  The  application  of  the 
theory  of  types  was  possible  only  when  the  pro- 
perties and  the  compositions  of  compounds  were 
exhaustively  compared.  The  theory  of  types 
produced  much  fruit,  because  it  suggested  and 
demanded  much  inquiry  into  the  fundamental 
problem  of  chemistry. 

In  1849  Wurtz  prepared  two  compounds 
which  resembled  ammonia  in  their  prominent 
characters.  These  compounds  were  found  to 
have  the  compositions  C^H^N  and  C^HjN  re- 
spectively (C  =  6).  The  similarities  between  the 
properties  of  these  compounds  and  ammonia  led 
Wurtz  to  regard  them  as  substituted  ammonias, 
and  to  express  this  conception  by  the  formulae 
C2H3.NH,,  and  C  .Hj.NH,.  One  method  by  which 
these  compounds  were  prepared  consisted  in 
treating  methyl  and  ethyl  bromides  (GiHaBr  and 
CjHjBr  ;  C  =  G)  with  ammonia,  and  then  decom- 
posing the  products  by  potash.  These  reactions 
suggested  the  view  that  the  new  compounds 
were  derived  from  methylic  and  ethylic  ethers 
(CoHjO  and  CjHjO,  according  to  the  notation 
then  used)  by  substituting  NHj  for  O.  Both 
views  agreed  in  representing  the  new  com- 
pounds as  C.,K,.NH,  and  C.|II-.NH._,  respectively. 
But  the  properties  of  the  compounds  resembled 
those  of  ammonia;  hence  the  view  that  Wurtz's 
compounds  were  derived  from  ammonia  pre- 
vailed. This  view  was  expressed  by  saying  that 
these  compounds  belonged  to  the  ammonia  type, 
and  by  comparing  the  formula  of  the  typical 
compound  with  the  formula?  of  the  compounds 
formed  after  that  exemplar  ;  thus  : 

Ty23e :  Derivatives : 

Ammonia  NH„.H.    Methylamine  NH.,.C„H3. 

Ethylamine  NH^.C^H^. 

Very  soon  after  Wurtz's  preparation  of  methyl- 
amine and  ethylamine  Hofmann  argued  that  it 
should  be  possible  to  substitute  each  of  the 
three  atoms  of  hydrogen  in  NH3  by  the  radicles 
C.,H.,  and  C,H,-,  and  so  to  obtain  the  compounds 
NH(C,H3)„  N(C,H3)3,  NH(C,H,,)„  and  N(C,,H,-,)3 
(C  =  6),  all  which  compounds  ought  to  re- 
semble ammonia  in  their  properties.  Hof- 
mann fulfilled  his  own  prophecy  by  preparing 
di-  and  tri-methylamine  and  di-  and  tri-ethyl- 
amine  ;  and,  basing  his  methods  on  the  concep- 
tion of  the  ammonia  type,  he  prepared  a  large 
series  of  ammonia-like  compounds  derived  from 
NH3,  2NH3,  &c.,  by  substituting  for  H  various 
radicles  composed  of  carbon  and  hydrogen.  The 
ammonia  type  was  thus  established. 
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About  the  year  1850  Williamson  studied  the 
relations  of  ether  to  alcohol.  The  formula  of 
ether  was  then  \vritten  CJIfi  (C  =  6,  0  =  8),  and 
that  of  alcohol  C,H,jO„.  Williamson  heated 
potassium  alcoholate  (C.,H-KO.J  with  ethylic 
iodide  (0,H.I),  expecting  to  obtain  ethylated 
alcohol  (CjH.(C.,H-)O.J  ;  but  he  obtained  common 
ether.  Williamson  suggested  that  the  formula 
then  accepted  for  etlier  should  be  doubled,  and 
written  (C^H-),,0._,.  He  also  found  that  by  heating 
common  alcohol  with  sulphuric  acid,  and  adding 
methylic  alcohol  to  the  hot  mixture,  an  ether- 
like compound  was  obtained,  the  simplest  for- 
mula, of  which  was  GJi  fi  (0  =  6,0  =  8).  Wil- 
liamson argued  that  if  common  ether  is  CjH-0, 
then  the  ether  of  methylic  alcohol  must  be 
C„H.|0,  and  that,  in  the  reaction  of  sulphuric 
acid  with  ethylic  and  methylic  alcohols  simul- 
taneously, a  mixture  of  these  two  ethers  might 
be  exjjected  to  be  jsroduced.  To  account  for  the 
facts  he  had  observed  Williamson  proposed  to 
double  the  formulfe  of  the  two  ethers  and  to 
write  them  (C,,H5),0,  and  (C,H.,),0,, ;  and  for  the 
formula  of  the  ether  formed  by  the  action  of 
sulphuric  acid  on  the  two  alcohols  simul- 
taneously he  proposed  the  formula  C.,Hj(G.,H.,)02 
[  =  2C.,H|0].  Williamson  compared  the  rela- 
tions between  the  alcohols  and  ethers  with  the 
relations  between  water,  potash,  and  potassium 
oxide.  These  relations  are  made  clearer  if  the 
formula  are  expressed  in  terms  of  the  atomic 
weights  C  =  12  and  0  =  16  ;  thus  : 

Type:  Derivatives: 
Water  H.H.O         Alcohol  C.,H,.H.O 
Ether  C„H,.C,.H,.0 
Potash  K.H.O" 
Potassium  oxide  K.K.O. 

Thus  arose  the  water  type.  To  this  were  re- 
ferred such  com]30unds  as  acetic  acid  CjHjO.H.O, 
anhydrous  acetic  acid  CjH^O.CjH^O.O,  and  many 
others. 

Gradually  the  greater  number  of  compounds, 
both  organic  and  inorganic,  came  to  be  referred 
to  four  fundamental  types — the  hydrochloric 
acid  type  HCl,  the  loater  type  HHO,  the  ammonia 
type  NHHH,  and  the  marsh  gas  type.  CHHHH. 
To  these  were  added  so-called  condensed  types 
and  mixed  types ;  sulphuric  acid,  for  instance, 
SOo.OH.OH,  was  said  to  belong  to  the  double 
VMter  type. 

H\o  ^lo 

Thus :  ^  \     gives  SO.,  ]  . 

Oxamic  acid  GO.NH;,.CO.OH  was  regarded  by 
Wurtz  as  derived  from  the  water-ammonia  type, 

h}o  h}o 

Thus:  H  1      gives  CO.,  |  . 

hIn         'h  n 

H  I  H  I 

The  great  danger  attending  the  development 
of  the  theory  of  types  was,  that  careful  investi- 
gations into  the  reactions  of  compounds  might 
easily  be  abandoned  in  favour  of  a  superficial 
examination  of  a  compound,  followed  by  a  rele- 
gation of  it  to  this  or  that  typie.  The  theory 
began  by  being  very  vague  and  elastic ;  the 
adoption  of  a  few  definite  types  rendered  it  more 
exact ;  but  the  temptation  to  manipulate  for- 


mulaj  on  paper,  and  to  invent  condensed  types 
and  mixed  types,  gradually  led  chemists  to  see 
that  the  theory  had  done  its  work,  and  that  it 
must  give  place  to  wider  views,  which  should 
also  be  more  accurate,  regarding  the  connections 
between  composition  and  properties. 

The  conception  of  types  carried  with  it,  from 
the  first,  more  or  less  vague  notions  regarding 
the  arrangements  of  the  atoms  in  those  colloca- 
tions of  atoms  that  form  the  reacting  units  of 
compounds  ;  at  any  rate,  this  conception  was 
bound  up  with  the  general  conception  of  atomic 
arrangement.  The  reacting  units  of  compounds 
that  showed  similar  properties  were  thought  of 
as  composed  of  atoms  similarly  arranged.  More- 
over, the  type  was  said  to  be  maintained  when 
an  atom,  or  a  group  of  atoms,  in  the  parent 
compound  was  replaced  by  an  equivalent  num- 
ber of  atoms,  or  groups  of  atoms.  These  two 
conceptions,  that  of  equivalency,  and  that  of 
atomic  arrangement,  led  gradually  to  the  repre- 
sentation of  the  reacting  unit,  or  molecule,  of 
a  compound  as  a  definitely  arranged  group  of 
atoms  held  together  by  actions  and  reactions 
between  individual  atoms  ;  these  conceptions  led 
to  the  wider  conception  of  valency,  and  to  a 
system  of  classification  based  on  the  notion  that 
each  kind  of  atom  is  capable  of  directly  com- 
bining with  a  limited,  and  determinable,  number 
of  other  atoms.  The  formula  given  to  chloro- 
sulphouic  acid,  witli  the  object  of  connecting  the 
composition  with  the  properties  of  this  compound, 
and  of  suggesting  relations  between  this  and 
other  compounds,  may  be  taken  as  an  example  of 
the  merging  of  the  notion  of  types  into  that  of 
valency.  This  acid  was  regarded  as  derived 
both  from  water  and  hydrochloric  acid  ;  it  was 
supposed  to  belong  to  the  mixed  water-hydro- 
chloric acid  type.  Hence  the  formula,  ClSOaH, 
was  written  thus  : — 

Type  HCl    Chlorosulphonic  acid    CI  1 

H  SO., 
HO  HO  I 

The  radicle  SO,  was  regarded  as  equivalent  to- 
2H ;  and  it  was  said  that  the  residues  of  the  two 
parts  of  the  mixed  type,  i.e.  CI  and  OH,  were 
bound  together  by  the  radicle  SO.,.  Again, 
monochlorhydrin,  C.jH-ClO.,,  was  regarded  as  a 
derivative  of  the  triple  type  HHO.HCl.HHO, 
and  was  said  to  be  formed  by  the  binding  to- 
gether of  the  three  residues  OH,  CI,  OH  by  the 
radicle  C^H- regarded  as  equivalent  to  3H.  Thus: — 


Type  HO 
H 

HCl 

H 

HO 


Monochlorhydrin  HO 
CI 
HO 


The  moment  the  conceptions  underlying  these 
formula',  and  formulae  like  these,  were  expressed 
in  the  language  of  atoms  and  molecules,  the 
notion  of  atomic  valencies  was  gained.  The 
group  of  atoms  S0,_,  replaces  two  atoms  of  hydro- 
gen, one  atom  in  the  molecule  HCl  and  one 
atom  in  the  molecule  HHO  ;  and  as  the  atomic 
group  SO.,  is  capable  of  directly  combining  with 
two  atoms  of  hydrogen,  or  such  a  number  of 
atoms  as  is  equivalent  to  two  atoms  of  hydrogen, 
this  group  binds  together  the  atom  CI  and  the 
atomic  group  OH,  and  so   the  new  molecule 
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.S0.2.0H.C1  is  produced.  This  statement  con- 
tains the  fundamental  conception  of  atomic 
valency  ;  it  also  contains  the  conception  of  types, 
and  that  of  radicles. 

The  radicles  were  compared  as  regards  their 
equivalency,  generally  in  terms  of  hydrogen ; 
then  the  elementary  atoms  were  compared, 
and  arranged  in  classes,  such  that  all  in  one 
class  were  exchangeable,  any  number  of  one 
kind  for  the  same  number  of  another  kind. 

When  the  atoms  had  been  classified  in  ac- 
cordance with  the  number  of  atoms  of  hydrogen, 
or  atoms  equivalent  thereto,  with  which  each 
was  capable  of  combining,  the  foundations  had 
been  laid  of  a  system  of  classification  which  was 
more  accurate  than  that  based  on  the  notion  of 
types,  and  which  at  the  same  time  included  the 
essential  characters  of  the  typical  system.  The 
article  CLASsmcATioN  in  the  first  edition  of  this 
Dictionary  represents  the  stage  which  had  then 
(18G3)  been  reached  in  the  process  of  fusion  of 
the  theories  of  radicles,  types,  and  valency.  The 
system  of  classification  developed  in  that  article 
is  based  (1)  on  the  compositions  of  compounds 
interpreted  by  help  of  the  theory  of  valency, 
and  (2)  on  the  properties  of  the  compounds  in- 
terpreted by  the  help  of  the  theory  of  types  ;  the 
study  of  the  properties  of  a  compound  is  used  to 
determine  the  radicles  that  the  compound  con- 
tains, and  a  knowledge  of  the  valencies  of  these 
radicles  determines  the  form  of  the  compound, 
and,  taken  along  with  the  reactions  of  the  com- 
pound, the  type  to  which  it  is  to  be  referred. 

Although  the  introduction  of  the  principle  of 
atomic  equivalency  widened  the  conception  of 
chemical  types,  it  also  tended  towards  a  method 
of  classification  which  was  based  on  too  slight  a 
study  of  the  bodies  to  be  classified.  A  super- 
ficial examination  of  a  compound  generally 
sufficed  to  bring  out  some  similarities  between 
it  and  a  well-known  typical  substance  ;  the  new 
compound  was  at  once  referred  to  its  ty^De  ;  the 
form  of  the  type  determined  the  form  of  the 
compound  under  examination ;  it  was  then  only 
necessary  to  manipulate  the  empirical  formula 
by  arranging  the  elements  in  groups,  or  radicles, 
and  to  assign  to  each  radicle  such  a  valency  as 
satisfied  the  general  rules  that  had  been  deduced 
from  the  study  of  a  few  typical  compounds.  The 
conception  of  types  became  very  mechanical  in  its 
applications,  so  mechanical  indeed  that  it  was  in 
danger  of  becoming  metaphysical.  New  radicles 
were  easily  invented,  and  their  valencies  were 
deduced  by  a  priori  arguments.  Kekul6  recalled 
chemists  to  the  study  of  properties  by  insisting 
that  the  properties  of  a  compound  are  conditioned 
by  the  properties  of  the  atoms  which  compose 
the  molecule  of  the  compound  ;  and  at  a  later 
date  MendelSeif  made  the  same  demand  by  as- 
serting that  the  properties  and  the  compositions 
of  all  compounds  are  periodic  functions  of  the 
atomic  weights  of  the  elements. 

The  notion  of  types  plays  an  important  part 
in  the  classification  of  elements  and  compounds 
that  has  arisen  from  the  practical  examination  of 
the  meaning  of  Mendeleeff's  periodic  law.  The 
periodic  classification  of  the  elements  lays  con- 
siderable stress  on  the  study  of  the  typical 
oxides,  hydrides,  hydroxides,  &c.,  of  each  group 
of  elements  ;  for  instance,  the  highest  salt-form- 
ing oxide  of  Group  I.  belongs  to  the  type  E^O, 


that  of  Group  II.  to  the  type  EjOo,  and  so  on. 
But  the  word  tyjpa  is  not  used  here  with  quite 
the  same  connotation  as  was  given  to  it  by  the 
theory  of  types.  All  that  is  implied  in  state- 
ments such  as  those  just  made  is,  that  the 
elements  of  Group  I.  combine  with  oxygen  in  the 
ratio  of  two  atoms  of  element  to  a  single  atom 
of  oxygen,  that  these  oxides  are  salt-forming, 
and  that  they  are  characteristic  of  the  elements 
of  this  group.  The  typical  oxide-form  of  each 
group  expresses  the  composition  of  that  oxide 
which  contains  the  greatest  number  of 
atoms  of  oxygen  relatively  to  one  atom  of  the 
group-element,  and  which  oxide  reacts  either 
with  acids  or  with  alkalis  to  form  corresponding 
salts.  The  oxides  that  belong  to  the  typical 
oxide-form  of  a  group  may  be  acidic  or  basic,  or 
some  of  them  may  be  acidic  and  some  basic ;  all 
that  is  asserted  of  their  joroperties  is  that  they 
are  salt-forming.  The  properties  of  the  typical 
oxide  of  any  individual  element  are  conditioned 
by  the  general  character  of  the  group,  and  the 
general  character  of  the  series,  wherein  the 
element  is  placed ;  by  the  special  character  of 
the  element  itself ;  and  by  the  position  of  the 
element  in  the  whole  periodic  system  of  classifi- 
cation. The  term  type  is  used  in  the  nomencla- 
ture arising  from  the  comparative  study  of  the 
elements  and  compounds  based  on  the  periodic 
law  with  a  wider,  and  at  the  same  time  a  more 
exact,  meaning  than  that  which  was  given  to  it 
when  the  notion  of  types  was  made  the  basis  of 
chemical  classification.  In  the  older  classifica- 
tion the  conception  of  types  was  the  basis  of 
the  system ;  the  conception  was  of  necessity 
vague,  and  hence  it  was  necessary  sometimes 
to  widen,  and  sometimes  to  narrow,  the  applica- 
tion of  the  conception.  The  modern  system 
of  classification  is  based  on  the  relative  weights 
of  the  atoms  of  the  elements,  and  the  conception 
of  types  plays  a  subsidiary  part ;  the  form  of  the 
typical  oxide,  or  hydroxide,  or  other  compound, 
is  determined,  as  the  compositions  of  all  the  com- 
pounds are  determined,  by  the  relative  masses  of 
the  atoms  of  the  elements  ;  and  the  general  cha- 
racter of  the  typical  oxide,  hydroxide,  &c.,  of  each 
group  is  determined,  as  the  special  character  of 
each  compound  of  each  element  is  determined,  also 
by  the  relative  masses  of  the  atoms  of  the  elements. 

The  periodic  classification  of  the  elements 
and  compounds  makes  use  of  the  notion  of  types 
in  another  way,  by  applying  the  conception  to 
certain  elements.  The  elements  placed  in  series 
1  and  2,  viz.  H,  Li,  Be,  B,  C,  N,  0,  and  F, 
exhibit  almost  the  whole  range  of  properties  of 
all  the  elements.  The  properties  of  the  suc- 
ceeding elements  may  almost  be  said  to  be  but 
variations  on  the  theme  announced  in  the 
change  from  hydrogen  to  fluorine.  These  eight 
elements  are  types  of  all  the  others.  In  a  some- 
what narrower  sense  the  element  lithium  sum- 
marises the  range  of  properties  shown  in 
Group  I. ;  beryllium  summarises  the  range  of 
properties  shown  in  Group  II. ;  boron,  the  pro- 
perties of  Group  III. ;  carbon,  the  properties 
of  Group  IV. ;  nitrogen,  the  properties  of 
Group  V. ;  oxygen,  the  properties  of  Group  VI. ; 
and  fluorine,  the  properties  of  Group  VII.  Each 
of  the  seven  elements  is  the  typical  element  of 
its  group.  Objections  have  been  raised  to  this 
f  use  of  the  term  typical,  on  the  ground  that  each 
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of  the  elements  in  question  differs  more  from 
any  member  of  its  group  than  any  other  two 
members  of  the  group  differ  from  one  another. 
But  if  an  element  is  to  summarise  the  properties 
of  some  ten  or  eleven  other  elements,  it  must 
differ  considerably  from  each  of  these,  while  at 
the  same  time  it  resembles  them  all.  The  ques- 
tion of  tjrpioal  elements,  and  also  that  of  typical 
oxide-forms,  &o.,  are  discussed  in  the  article 
Peeiodic  law  (vol.  iii.  p.  HOS) ;  that  article  should 
be  consulted. 

The  older  classification  by  types  prepared  the 
■way  for  the  wider  conception  of  valency,  which 
took  up  and  utilised  the  permanent  features  of 
the  typical  arrangements  of  elements  and  com- 
pounds. The  study  of  valency  led  chemists  to 
see  the  importance  of  examining  the  properties 
of  the  atoms  of  the  elements,  and  thus  made 
them  ready  to  accept  the  more  elastic,  and  more 
exact,  generalisation  of  the  periodic  law.  The 
theory  of  types  developed  into  the  theory  of 
valency,  and  the  theory  of  valency  has  been  in- 
cluded in  the  theory  of  the  periodicity  of  the 
connection  between  the  atomic  weights  of  the 
elements  and  the  compositions  and  properties 
of  the  compounds  of  the  elements.  The  general 
conception  of  types  remains  ;  we  are  still  obliged 
to  picture  to  ourselves  a  typical  acid,  a  typical 
base,  a  typical  salt,  a  typical  alcohol,  a  typical 
amide,  and  so  on.  But  this  conception  is  no 
longer  the  basis  of  chemical  classification.  We 
have  gone  deeper  down,  and  laid  the  foun- 
dations of  our  system  on  the  firmer  basis  of  the 
atomic  weights  of  the  elements.    M.  M.  P.  M. 

TYPHOTOXINE  C;H„NO,.  An  alkaloid 
obtained  from  pure  cultures  of  the  typhogen 
bacillus  (Gautier,  Bl.  [2]  48,  1.3). 

TYROSINE  C„H,,NO,t.c. 
C,H,,(OH).CH,.CH'(NH,,).CO,H.  'p-Oxij-oi..amido- 
phoii/l-propionic  acid.  Mol.  w.  181.  [235°]. 
S.G.  1-45G  (Siber,  B.  17,  2837).  S.  -04  at  20°  ; 
•65  at  100°.  S.  (90  p.c.  alcohol)  -0074  in  the 
cold.  H.F.  156,400.  H.C.v.  1,070,800.  H.C.p. 
1,071,200  (Berthelot  a.  Andr6,  Bl.  [3]  4,  227). 
[a]c  =  -  8°  in  HCIAq  at  16°  ;  -  9°  in  liOHAq  at 
20^^  (Mauthner,  M.  3,  343). 

Occurrence. — Occurs  abnormally  in  the  liver 
and  urine  {e.g.  in  cases  of  poisoning  by  phos- 
phorus (f  rerichs  a.  Stadeler,  J.  1855,  729  ;  1856, 
702 ;  Blendermann,  H.  6,  242),  in  the  cutaneous 
scales  in  pellagra  (Schmetzer,  Dissert.,  Erlangen, 
1862),  in  cochineal  (De  la  Eue,  A.  64,  35),  in 
sprouting  pumpkin  seeds  (Schulze  a.  Barbieri, 
J.  pr.  [2]  20,  401;  32,  457),  in  the  roots  of 
Stacliys  tiiberifera  (Planta,  B.  23,  1699),  in 
dahha  bulbs  (Leitgeb,  C.  G.  1888,  1397),  in 
alcoholic  extract  of  woad  leaves  (Schunck,  C.  N. 
37,  223),  and  in  beetroot  molasses  (Lippmann, 
B.  17,  2835). 

Formation. — 1.  By  potash  fusion  from  casein 
(Liebig,  A.  57,  127  ;  62,  269),  globulin,  feathers, 
hairs  (Leyer  a.  Koller,  A.  83,  332),  and  albumen 
(Nencki,  J.pr.  [2]  17,  97).— 2.  By  the  action  of 
boiling  dilute  H.,SO,  on  ox-horn  (Hinterberger, 
A.  71,  72),  on  fibrin  (Stadeler,  A.  Ill,  12  ;  116, 
57),  and  on  silk  (Weyl,  B.  21,  1529).— 3.  By 
putrefaction  of  yeast  (A.  Miiller,  J.  pr.  57,  162  ; 
Bechamp,  C.  R.  74,  115,  184),  albumen  and 
gelatin  (Jeanneret,  J.  pr.  [2]  15,  353).— 4.  In 
small  quantity  by  heating  conglutin  with  HCIAq 
(Siegfried,   B.   24,  419).— 5.    From  w-amido- 


phenyl-alanine  andHNO.,  (Friedlander  a.  Miihly, 

B.  16,  854  ;  Erlenmeyer  a.  Lipp,  A.  219,  161). 
Properties. — Stellate  groups  of  slender  silky 

needles  (from  water),  insol.  alcohol  and  ether, m. 
sol.  NH.jAq  and  KOHAq.  Laivorotatory.  Its  solu- 
tion is  not  ppd.  by  lead  acetate  or  subacetate  until 
NHjAq  is  added.  Boiling  HgtNOj).,  containing 
HNO3  turns  its  solution  red,  forminga  brownish- 
red  pp.  (E.  Hoffmann,  A.  87,  123  ;  L.  Meyer,  A. 
132,  156).  After  warming  with  cone.  H2SO4, 
diluting  with  water,  and  neutralising  with 
BaCOj,  the  solution  is  turned  violet  by  FeCl,. 
Tyrosine  gives  off  less  when  its  solutions  are 
decomposed  by  NaOH  and  Br  in  presence  of 
NH3  than  when  the  NH,  is  absent. 

Reactions.— 1.  At  270°  it  splits  up  into  CO., 
and  C„H4(0H).CH,_,.CH,,.NH,  (Schmitt  a.  Nasse^ 
A.  133,  211). — 2.  Potash-fusion  forms  ^j-oxy- 
benzoic  and  acetic  acids  (Barth,  A.  136,  110  ; 
Ost,  [2]  12,  159;  Baumann,  H.  4,  304). 

3.  KCIO3  and  HClAcj  form  tetra-chloro- 
quinone. — 4.  By  putrefactive  fermentation  it  is 
converted  into  hydro-p-coumaric  acid,  and 
finally  into  j?)-cresol  and  phenol  (Weyl,  B.  12, 
1450).— 5.  HIAq  and  P  at  150°  from  NH3  and 
jj-oxy-phenyl-propionic   acid    (Hiifner,   Z.  [2] 

4,  391 ;  6,  113).  Cone.  HCIAq  and  HBrAq  at 
240°  have  no  action.— 6.  Cone.  H.,SO,,  (4  pts.) 
at  100°  forms  crystalline  C„H,„(SO.,H)NO.„  v.  si. 
sol.  cold  water,  wliich  also  occurs  in  a  hydrated 
amorphous  form  (containing  2aq).  H  yields 
(NH,)HA"aq,  Ba{HA").,  4aq,  and  Ca(HA")„5aq 

[  (Stadeler,  ^.  116,  57).  BaC,,H,,NO.,  3aq  is  ob- 
tained from  the  product  of  the  action  of  H.SO^ 

'  (10  pts.)  on  tyrosine  (1  pt.). — 7.  MeOH,  potash, 
and  Mel  yield  crystalline  C,.,H|,,NIO.,K,  sol. 
water,  decomposed  by  warm  KOHAq  into  NMe^ 
and  the  methyl  derivative  of  p-coumaric  acid 
(Korner  a.  Menozzi,  G.  11,  550). — 8.  Potassium 
cyanatc  added  to  boiling  water  containing 
tyrosine  forms   tyrosine-hydantoic  acid 

C,  H4(0H).CH,,.CH(NH.C0.NH,!).C0,H  crystal- 
lising from  water  in  needles,  insol.  ether  (Jaff6, 
H.  7,  310).  This  body  begins  to  melt  at  155°, 
being  decomposed  above  170°.  It  gives  a  red 
colour  and  pp.  on  warming  with  Millon's  reagent. 
It  forms  KA'aq,  crystallising  from  alcohol- 
benzene. — 9.  Tyrosine  administered  to  a  dog 
appears  in  the  urine  as  tyrosine-hydantoin 

C,H,(OH).CH,.CH<^'q         [275°-280°],  which 

crystallises  from  water  in  needles,  and  is  de- 
composed by  heating  in  sealed  tubes  with  baryta- 
water  into  CO..,  ammonia  and  tyrosine.  Other 
products  found  in  the  urine  of  a  rabbit  after  a 
dose  of  tyrosine  are  hydro -jj-coumarie  and  p- 
oxy-phenyl-acetic  acids  and  phenols  (Blender- 
mann, H.  6,  251). 

I  Salts.  —  NaAHgNO^.  —  Caa.H.NOj.  — 
BaC,|H,|N03  2aq.    Prisms,  more  sol.  cold  than 

'  hot  water.— Cu(C„H,„NO,)„.  S.  -08  in  the  cold  ; 
•4  at  100°.  Got  by  adding  Cu(OH).,  to  a  boihng 
solution  of  tyrosine  (Hofmeister,  A.  189,6).  In- 
sol. alcohol.  Deposits  black  cupric  oxide 
on  boiling  with  water. — C„H||NO.,(HgO)„  2aq. — 
C„H,,NO,(HgO)„aq.  —  C„H„NO,{HgO)3  aq 
(Vintschgau,  J.  1869,  985).— Ag,C,,H„NO,  aq : 
amorphous  pp.  —  AgCgH|„N03Jraq:  crystalline 
powder.  —  B'HCl  2aq  :  needles,  decomposed  by 
water.— B'„H,PtCl„  (Gintl,  Z.  [2]  5,  704).— 
B'HjSO,,.  Slender  needles,  not  coloured  by  Fed,. 
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TYROSINE. 


Di-bromo-tyrosine  Cj,H.,Br.,N03  2aq.  S.  -46 
at  16° ;  4  at  100°.  Formed  from  dry  tyro- 
sine and  Br  vapour  (Gorup-Besanez,  A.  125, 
281).  Needles  or  tables  (from  water),  si.  sol. 
alcohol.  Ag,C„H;Br.,NO,  2aq.  — .B'HCl  liaq.  — 
B'HBr.  —  B'jH^SOj.  Prisms,  sol.  water  and 
alcohol. 

Nitro-tyrosine  C,,H|„N,0,-,  i.e.  C,,H,„(N0,.)N03. 
Formed  from  tyrosine  (1  pt.),  water  (4  pts.),  and 
nitric  acid  (4  pts.  of  S.Gr.  1-3)  in  the  cold 
(Strecker,  A.  73,70;  Stiideler,  A.  116,  77).  Pale- 
yellow  needles,  si.  sol.  cold  water. —  Salts: 
Ba(C„H<,N,05),  (dried  at  100°).  Blood-red  amor- 
phous mass. — AgoC.iHsNjOj  aq  :  orange  pp. 
changing  to  a  red  powder. — B'HCl  iiaq.  Tufts 
of  lemon-yellow  needles.— B'HNOj      S.  20. 


Lemon-yellow  needles. — B'jHjSO^.  Yellow 
needles  or  granules. 

Di-nitro-tyrosine  CgH„(N0,,),N03.  [115°]. 
Formed  by  warming  nitro-tyrosine  with  dilute 
HNO3.  Golden  plates  (from  water). — Salts: 
CaC5H,N.,0, 3aq.  Golden  six-sided  tables.— 
BaCgHjNjO,  2aq.  Euby-red  prisms  with  yellow 
reflex,  exploding  when  heated. 

Reference. — Amido-tyrosine. 

TYEOTOXICON.  A  poisonous  substance 
formed  in  milk,  containing  the  butyric  acid  fer- 
ment, which  has  stood  for  some  days.  Occurs 
also  sometimes  in  cheese  (Vaughan,  Ph.  [3]  18, 
479  ;  H.  10,  146).  When  its  aleohoho  solution 
is  mixed  with  PtCl^  and  evaporated  violent  ex- 
plosion takes  place. 
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ULEXINE  C,,H,,N,0,.    [151°].    An  alkaloid 

in  the  seeds  of  common  furze  (TJlex  curopceus) 
(Gerrard  a.  Symons,  Ph.  [3]  17,  101,  229 ;  19, 
1029 ;  20,  978,  1017).  Dehquescent  crystals,  v. 
sol.  chloroform,  insol.  ether.  Poison,  jjaralysing 
respiration  (Bradford,  J.  Pliysiol.  8,79).  Possibly 
identical  with  cytisine. — B'HCl.  Deliquescent. — 
B'H.,PtCl6.— B'2HAuCl,. 

ULTRAMARINE.  The  blue-coloured  mate- 
rial contained  in  lapis-lazuli.  Until  1828  ultra- 
marine was  obtained  by  powdering  and  washing 
lapis-lazuli ;  but  since  that  year  it  has  been 
manufactured  by  heating  to  bright  redness  mix- 
tures of  Al  silicate  [china  clay),  Na^COj  (carbon- 
ated soda  ash),  S,  and  charcoal,  and  washing, 
powdering,  drying,  and  sifting  the  product. 
(For  details  of  the  manufacture  v.  Dictionary  op 
Applied  Chemistry,  vol.  iii.  p.  891.)  The  con- 
stituent elements  of  ultramarine  are  Al,  Na,  Si,  S, 
and  0.  Treated  with  HClAq,  ultramarine  gives 
off  H^S  ;  the  solution  contains  NaCl.  AICI3,  and 
SiO.,,  and  the  residue  consists  of  SiO^,  S,  and 
some  AI2O3 ;  these  reactions  point  to  ultramarine 
being  a  compound  of  silicates  and  polysulphides. 
Much  work  has  been  done  on  the  constitution  of 
ultramarine,  but  the  results  obtained  have  not 
finally  settled  the  question.  From  analyses  and 
investigations  made  in  1891,  Brogger  a.  Biick- 
strom  {W.  J.  1891.  454)  conclude  that  the  com- 
position of  the  essential  colouring  compound  in 
natural  ultramarine  is  represented  by  the  for- 
mula Naj[Al(S.,Na)]Al,(SiOj3.  They  also  con- 
elude  that  artificial  ultramarines  may  be  ex- 
pressed by  the  following  formulie  : — 

Na3Al3Si30,,  =  N 
NaALSi,0,.;  =  A 
Naj[Ai(SNa)]Al.,Si,0,,  =  U(S,) 
Na^[Al(S„Na)]  ALSi,0,„  =  U(S.,) 
Na,[Al(S;Na)]ALSi30,;=  U(S;). 

The  main  constituents  of  the  different  varieties 
of  blue  ultramarine  are  N,  A,  and  U(S.,) ;  of 
green  ultramarine  U(S,,)  and  N  ;  and  11(8,)  is 
the  main  constituent  of  white  ultramarine,  ac- 
cording to  B.  a.  B.  Formulas  more  or  less  ap- 
13roaching  those  given  above  have  been  assigned 
to  ultramarine  by  other  observers ;  thus  Silber 
in  1880  represented  blue  ultramarine  as 
SisAl^NagSjOjo  {B.  13,  1854).  On  the  other  hand. 


some  chemists  have  regarded  the  essential  con- 
stituent of  ultramai'ine  as  a  sodium  thiosihcate; 
for  instance,  Eickmann  [B.  11,  2013  [1878])  gives 
S.Si(ONa).,  as  the  composition  of  '  ideal  ultra- 
marine blue ' ;  and  he  regards  artificial  ultra- 
marine as  a  mixture,  the  only  essential  part  of 
which  is  sodium  thiosilicate.  Clarke  {Am.  10, 
126)  suggested  a  formula  for  ultramarine  which 
should  indicate  the  relations  of  this  body  to 
various  natural  silicates  ;  in  this  respect  Clarke's 
formula  is  important  (v.  this  vol.  p.  451). 

Wliite  ultramarine  is  obtained  by  completely 
cutting  olf  air  during  the  roasting  of  the  mate- 
rials ;  it  is  changed  to  blue  by  heating  in  0, 
SO.,,  or  CI  (w. Bitter,  W.  J.  1160.226  ;  cf.  Philipp, 
B.  9,  1109 ;  10,  1227 ;  Bottinger,  A.  182,  311 ; 
R.  Hoffmann,  A.  194,  1). 

Bed  ultramarine  was  observed  by  Schefi'er, 
in  1873,  to  be  formed  in  preparing  the  ordinary 
substance  in  a  muffle  furnace  very  strongly 
heated  and  freely  exposed  to  the  air  ;  it  contains 
less  Na  and  more  Al  than  the  blue  variety  (B. 
6,  1450;  V.  also  Biichner,  D.  P.  J.  231,  446; 
Zettner,^.  8,  259,  353). 

Yelloio  ultramarine  is  formed  by  heating  the 
red  variety  in  the  air  a  little  above  360°,  for  a 
short  time  (R.  Hoffmann,  A.  194,  1).  According 
to  Biichner  {B.  7,  990),  both  the  yellow  and  red 
forms  are  produced  by  heating  blue  ultramarine 
to  300°-400°  in  0  or'SOj;  the  colour  changes  to 
red  and  then  to  yellow.  If  CI  is  passed  over 
ultramarine  before  the  formation  of  the  blue 
variety  is  completed,  at  410°,  the  colour  goes 
green,  and  then  reddish-yellow  (Zettner,  B.  8, 
259,  353) ;  by  heating  the  product  with  alkali, 
all  CI  is  removed  and  a  violet  ultramarine  is 
produced.  This  variety  goes  to  the  red  form 
when  heated  in  vapour  of  HNOaOrHCl  at  130°- 
150°  (Zettner,  I.e.). 

Green  ultramarine  is  formed  when  a  little 
Sn  is  used  in  the  roasting  process  ;  it  is  converted 
into  the  blue  substance  by  roasting  with  S. 
This  form  seems  to  be  intermediate  between 
white  and  blue  ultramarine.  According  to 
Philipp  (B.  9,  1109),  S  is  not  taken  up  in  the 
change  from  green  to  blue ;  by  heating  the  green 
form  in  sealed  tubes  with  water,  at  100°,  he  ob- 
tained the  blue,  the  water  removing  a  very  small 
quantity  of  sodium  compounds. 
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Substituted  ultramarines.  Blue  to  green, 
and  reddish-grey,  substances  have  been  formed 
by  heating  ultramarine  with  AgNOjAq,  and  by 
treating  tlie  product  of  this  reaction  with  KI, 
Lil,  BaL,  ZnL,  &c.  These  substances,  known  as 
silver  %dtrama7'inc,  potassium  ultramarine,  &c., 
probably  contain  Ag,  K,  Li,  Ba,  &c.,  in  place  of 
Na  {v.  Unger,  D.  P.  J.  212,  224,  301 ;  Philipp, 

B.  10,  1227  ;  Heumann,  A.  199,  253  ;  201,262  ; 
Forcrand  a.  Ballin,  Bl.  [2]  30,  112).  By  heat- 
ing silver  ultramarine  with  various  alcoholic 
iodides,  Forcrand  {G.  B.  88,  30)  obtained  ultra- 
marines containing  alcoholic  radicles,  such  as 
ethyl  ultramarine,  amyl  ultramarine,  &c. 
Selcnion  and  tellurium  ultramarines  have  also 
been  produced,  wherein  S  is  substituted  by  Se 
or  Te  {v.  Leykauf,  W.  J.  1876.  555;  Guimet, 
A.  Ch.  [5]  13,  102;  Plicque,  Bl.  [2]  28,  518; 
Morel,  BL  [2]  28,  522).  Various  substituted 
ultramarines  have  been  examined  by  Wunder 
{Chevi.  Zeit.  1890.  1119).  M.  M.  P.  M. 

ULMIC  ACID.  C.  66-4-63-9  ;  H.  4-6-4-5  ; 
0.  29-31'5.  C,,H,,0,.  or  C„H,„0,.  H.C. 
1983,  200.  H.F.  266,200.  Formed  by  action  of 
HCl  on  cane  sugar.  Is  an  anhydride  or  mixture 
of  anhydrides  C|jH||Og  (humic  anhydride)  (Ber- 
thelot  a.  Andre,  Bl.  [3]  7,  441,  451).  Turns 
yellow  in  air  and  sunlight,  giving  off  COo.  The 
same  thing  happens  with  the  humic  acid  ex- 
tracted from  vegetable  mould  by  KOHAq  and 
ppd.  by  HCl.  Dilute  alkalis  cause  it  to  swell 
up,  forming  insoluble  salts  and  a  small  quantity 
of  a  soluble  basic  salt.  When  cone.  KOHAq  is 
used  a  salt  is  formed,  from  which  two-thirds  of 
the  alkali  can  be  removed  by  washing,  leaving 
KCisHijOjaq,  and  is  reconverted  into  the  acid 

C,  sH,,,Oj  by  HClAij.  Ammonia  converts  humic 
anhydride  (ulmic  acid)  into  an  amido-  acid 
C,,H„NO,,,NH„  whence  HCl  sets  free  C,,,H,.NO,,j. 

Salts. — KC,sH|.,0;  aq.  Hard,  black,  in- 
soluble mass,  yielding  a  brown  powder.  The 
'  ulmin  '  of  Malaguti.  Formed  by  shaking  the 
anhydride  with  KOH  (1  pt.)  and  water  (120  pts.). 
— NaCigHjjO-  aq. — Na.,C|sH|.,0,  ccaq. 

References. — Humic,  Sacchabdmic,  and  Sac- 
cuLMic  acids. 

UMBELLIC  ACID  C,H,0,  i.e. 
[4:2:1]  CsH,(OH),.CH:CH.CO,H.  Mol.  w.  182. 
Di-oxY-ciNNAMic  ACID.  Formed  by  warming  its 
lactone,  umbelliferone  with  KOHAq  (Tiemann 
a.  Keimer,  B.  12,  994;  Posen,  B.  14,  2745). 
Yellowish  powder.  Turns  brown  at  240°,  and 
decomposes  below  260°.  Sol.  alcohol  and  warm 
water,  insol.  ether.  Eesinified  by  boiling  its 
aqueous  solution.  Reduces  warm  ammoniacal 
AgNOj,  forming  a  mirror.  FeCl,  gives  a  brown  pp. 

Methyl  derivative  C,„Ti,fi,.  [180°-185°]. 
Got  by  heating  herniarin  with  alcoholic  potash 
at  100°  (Barth  a.  Herzig,  M.  10,  105).  Needles 
(from  water). 

{a)  -  Di-methyl  derivative 
C„H,(OMe),,.CH:CH.CO,,H.  [138°].  Formed  by 
the  action  of  Mel  and  KOH  in  MeOH  on  the 
methyl  derivative  of  umbelliferone  in  the  cold 
(W.  Will,  B.  16,  2115  ;  19,  1777).  Needles,  v. 
sol.  alcohol  and  ether.  Converted  into  the 
(^)-isomeride  by  boiling  alone  or  with  HClAq. 
Both  isomerides  are  reduced  by  sodium-amalgam 
to  the  same  C,,H,,(OMe)„.CH,-,.CH„.CO,>H,  and  are 
oxidised  by  KMnO.,  to  the'  same  C,,H3(0Me),.C0„H. 
— CaA'„  2aq  :  crystals. — BaA'j  2aq  :  needles. 
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(0) -Di-methyl  derivative.  [184°]. 
Formed  as  above,  and  also  by  saponification  of 
its  methyl  ether  C,,H3(0Me),.CH;CH.C0„Me  [87°], 
which  is  got  by  evaporating  methyl-umbel- 
liferone  (1  mol.)  with  NaOH  (2  mols.)  nearly  to 
dryness,  and  digesting  the  residue  with  Mel  and 
MeOH  (Tiemann  a.  Will,  B.  15,  2079).  Needles, 
sol.  alcohol  and  ether.    SI.  sol.  cold  water. 

(a)  -  Di-ethyl  derivative 
[4:2:1]  C,H3(OEt),,.C,H2.CO,H.  Di-ethyl-umbel- 
lic  acid.  [107°].  Formed  by  mixing  ethyl- 
umbelliferone  (5g.)  with  EtI  (10  g.)  and  a  solu- 
tion of  KOH  (4  g.)  in  alcohol  (Will  a.  Beck,  B. 
19,  1780).  Small  plates,  v.  sol.  alcohol,  ether, 
and  benzene. 

{&)-Di-cthyl  derivative.  [200°].  Formed 
by  boiling  the  (a)-isomeride  for  some  time,  and 
also  by  heating  ethyl-umbelliferone  (10  g.)  with 
EtI  (9  g.)  and  a  solution  of  Na  (2,^,  g.)  in  alcohol 
for  six  hours  at  150°.  Crystals,  m.  sol.  alcohol, 
si.  sol.  water. 

UMBELLIFERONE  G.H.Oa  i.e. 

C,H,(OH)<^^^-^^.    Mol.  w.  162.    [224°].  S. 

1  at  100°.  Formed  by  the  dry  distillation  of 
various  resins,  chiefly  those  derived  from  umbel- 
liferous plants,  e.g.  galbanum,  sagapenum,  and 
asafoetida  (Sommer  a.  Zwenger,  A.  115,  15  ; 
Mossmer,  A.  119,  260;  Hlasiwetz  a.  Grabowski, 
A.  139,  100;  Hirschsohn,  C.  C  1877,  182). 
Formed  by  heating  malic  acid  (1  mol.)  with 
resorcin  (1  mol.)  and  H._,SOj  (Pechmann,  jB.  17, 
932).  Prepared  by  distilling  the  alcoholic  ex- 
tract of  gum  galbanum  (Tiemann  a.  lieimer,  B. 
12,  993).  .  Needles,  si.  sol.  cold  water  and  ether, 
V.  sol.  alcohol.  Dissolves  in  acids  without 
change.  Alkalis  above  50°  form  umbellic  acid. 
Its  solution  in  dilute  alkalis  shows  blue  fluor- 
escence. H„SO.,  forms  a  solution  with  green 
fluorescence.  Reduces  AgNO.(  on  boiling.  Yields 
(4,2,l)-di-oxy-benzoic  acid  on  oxidation  (Tiemann 
a.  Parrisius,  B.  13,  2354).  Fuming  HNO,,  and 
H..SO,,  form  C„H3(NO.,)303  [216°]  (Posen,  B.  14, 
2744). 

Acetyl  derivative  C,,H,0,.  [140°]. 
Formed  by  acetylation,  and  also  by  boiling 
di-oxy-benzoic  aldehyde  with  Ac.,0  and  NaOAc 
(Tiemann,  B.  10,  2216  ;  12,  995).  Needles,  si. 
sol.  water. 

Methyl  derivative  CmH^O.,  i.e. 

C„H3(0Me)<™-^Q  .  [114°].  Formed  by  heat- 
ing umbelliferone  with  KOMe  and  Mel  (T.  a.  E.). 
Leaflets,  nearly  insol.  water.  Appears  to  be 
identical  with  herniarin  [118°],  which  is  ex- 
tracted by  alcohol  from  Hcrniaria  Jiirsuta 
(Barth  a.  Herzig,  M.  10,  161). 

Ethyl  derivative  C,,H,„03.  [88°]. 
Plates,  V.  sol.  alcohol  (Will  a.  Beck,  B.  19, 1779). 

Oxim  of  the  methyl  derivative 

[4:2:1]  C„H3(0Me)<^^-^^Qjj.  [138°].  Formed 

from  the  methyl  derivative  of  thio-umbelliferone 
and  hydroxylamine  (Aldringen,  B.  24,  3465). 
Needles,  v.  sol.  hot  water  and  alcohol.  FeCl3 
colours  its  solution  brownish-red. 

Phenyl-hydrazidc  of  the  methyl  de- 
rivative CsH3(0Me)<^Q^'^.-^T  jjpj^.  [115°]. 

Yellow  needles,  giving  a  blue  colour  with  H.,SOj. 

3  G 
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Thio-umbelliferone.  Methyl  derivative 
C,H,(OMeXQ^-^^.  [114°].  Formed  by  heat- 
ing the  methyl  derivative  of  umbelliferone  vfith 
P.Sj  (Aldringen,  B.  24,  3465).  Needles,  sol. 
alcohol,  V.  si.  sol.  water. 

References. — Beomo-  and  Methyl-  tjmbel- 

LIFERONE. 

UMBELLOL  C^R^oO.  (216°).  V.D.  4-29. 
Occurs  in  the  volatile  oil  of  the  Cahfornian 
laurel  (Stillmann,  B.  13,  629).  Oil,  sol.  H.SO^ 
with  red  colour,  becoming  black.  Attacked  by 
Na. 

UMBELLULIC  ACID  v.  Hendecoic  acid. 
UNDECANE  v.  Hendecane. 
UNDECOIC  ACID  v.  Hendecoic  acid. 
UNDECOLIC  ACID  v.  Hendecinoic  acid. 
UNDECYLENE  v.  Hendecylene. 
UNDECYIENIC  ACID  v.  Hendecenoic  acid. 
UNDECYLIC  ACID  v.  Hendecoic  acid. 

URACIL  CO^^g^Q^CH.  Di-oxy-pyr- 

imidine.  Derivatives  of  this  compound  are 
formed  by  the  action  of  acetoacetic  ether  on 
urea,  thio-urea,  and  guanidine  (Behrend,  A.  229, 
1 ;  240,  6  ;  List,  A.  236,  1 ;  Jager,  A.  262,  365  ; 
Warmington,  -J.pr.  [2]  47,  201). 

Amido-uracil  CiH^NjO,.  Formed,  together 
with  oxyuracil  CjHjN^Oj,  by  reducing  nitro- 
uracil  (Behrend),  and  by  boiling  di-bromo-pyr- 
uvuramide  with  baryta-water  (Fischer,  A.  239, 
193).  Yellow  needles,  sol.  water.  Converted  by 
cyanic  acid  into  oxyxanthine  CjHjN.iOj,  which 
crystallises  in  needles,  si.  sol.  water,  sol.  alkalis, 
gives  with  CI  the  murexide  reaction,  may  be 
oxidised  to  alloxantin,  and  gives  some  alloxan 
with  bromine-water. 

Acetyl  derivative  G^Hgt^ffi^^Siq.  Prisms. 

Nitro-uracil  v.  Nitro-di-oxy-pyrimidine. 

Bromo-nitro-oxy-uracil.  Dihydride 

C.H.N^OsBr  i.e.  CO<™;^gi^>CBr(NO,). 

Formed  by  adding  Br  to  nitro-uracil  suspended 
in  water  (Behrend,  A.  240,  11).  Crystalline 
mass,  si.  sol.  cold  water  and  alcohol.  Boiling 
with  water  produces  brominated  nitro-methanes 
and  a  crystalline  compound  CsH^NjOj,  formed 
by  the  action  of  urea  upon  nitro-uracil.  Tin 
and  HCl  reduce  it  to  amido-uracil. 

Methyl-uracil  v.  Di-oxy-methyl-pyeimidine. 

Nitro-methyl-uracil  CsH^NjOj.  Prepared  by 
nitrating  methyl-uracil  with  HNO3  (S.G.  1-5) 
mixed  with  an  equal  volume  of  H.^SOj  (S.G.  1-84) 
(Behrend,  A.  240,  3).  Prisms  or  tables  (from 
water),  si.  sol.  hot  alcohol. 

Isomeride  v.  Niteo-di-oxy-methyl-pyhim- 
idene. 

Nitro-di-methyl-uracil    v.  Niteo-di-oxy-di- 

METHYL-PTBIMIDINE. 

Di-chloro-oxy-metliyl-uracil.  Dihydride 

€AC1,N,,03     i.e.  CCl.,<gy(Q^>gg>CO. 

Formed  by  the  action  of  chlorine  on  methyl- 
m-acil  suspended  in  water  (Behrend,  A.  236,  59). 
Tables  (from  water) ;  slowly  decomposed  by 
boiling  water.  M.  sol.  alcohol ;  not  decomposed 
by  boiling  alcohol.  M.  sol.  ether.  A  solution  of 
SnCL,  in  HGlAq  at  100°  reduces  it  to  chloro- 
methyl-uraoil  C3H5CIN2O,  which  crystallises 
from  water  in  needles.  Fuming  HNO3  gives  di- 
chloro-barbituric  acid. 


I       Di-bromo-oxy-methyl-uracil  CsH^NoBr^Oa  i.e. 

CBro<^^Q  ^^^^''^Q^.  From  methyl-uracil  (or 

bromo-methyl-uracil),  and  bromine-water  (Beh- 
rend, A.  229,  18;  236,  57).  Cubes  (from  hot 
water).  Boiling  alcohol  converts  it  into  bromo- 
methyl-uracil  C5H,,N.,BrO„.  Fuming  HNO3  forms 
di-bromo-barbituric  acid. 

Di-chloro-oxy-tri-inethyl-uracil.  Dihydride 

CO<NMe:cS;^CCl,     [144°].  Formed 

by  passing  CI  into  an  aqueous  solution  of  tri- 
methyl-uracil  (Hagen,  A.  244,  14).  Crystals,  sl. 
sol.  hot  water.  Eeduced  by  boiling  vidth  SnClj 
to  chloro-tri-methyl-uracil,  which  crystallises  in 
prisms,  m.  sol.  hot  water. 

Nitro-ethyl-uracil    v.  Nitro-di-oxy-ethyl- 

PYEUnDINE. 

Methyl-ethyl-uracil  v.  Di-oxy-methyl-ethyl- 
pyeimidine. 

Nitro-methyl-ethyl-uracil  v.  Niteo-di-oxy- 
methyl-ethyl-pyeimidine. 

Amido-uracil  carboxylic    acid  v.  Di-oxy- 

AMIDO-PYEIMIDINE  CARBOXYLIC  ACID. 

References. — Thio-methyl-uracil   and  Ur- 

AMIDO-CEOTONIC  ACID. 

UEAMIDO  -  ACETIC    ACID    v.  Hydautoio 

ACID. 

p-URAMIDO-BENZENE  SULPHONIC  ACID 

NHo.CO.NH.C,H,.SO.,H.  Formed  by  evaporating 
a  solution  of  jj-amido-benzene  sulphonic  acid 
and  potassium  cyanate  (Pellizzari,  A.  248,  156), 
and  also  by  heating  dry  |;-amido-benzene  sul- 
phonic acid  (1  mol.)  with  urea  (1^  mols.) 
(Friedel,  C.  R.  112,  868).  Pearly  plates  (from 
dilute  alcohol),  v.  sol.  water. — BaA'„  3aq  ;  mono- 
clinic  prisms,  sol.  Aq. 

o-URAMIDO-BENZOIC  ACID  C„H„NA  i.e. 
NH,.CO.NH.C,H,.CO.,H.  Formed  from  potas- 
sium cyanate  and  the  hydrochloride  of  o-amido- 
benzoic  acid  (Griess,  J.  pr.  [2]  5,  371 ;  B.  11, 
1730).  HNO3  yields  only  one  di-nitro-  derivative. 

w-Uramido-benzoic  acid  C8Hf,N„03.  S.  1  at 
100°.  S.  (96  p.c.  alcohol)  -72  at  16°.  S. 
(ether)  -127  at  16°.  Occurs  in  urine  after  a 
dose  of  «i-amido-benzoic  acid  (E.  Salkowski,  H. 
7,  113). 

Formation. — 1.  By  adding  potassium  cyanate 
to  a  boiling  saturated  solution  of  the  sulphate  of 
w-amido-benzoic  acid  (Menschutkin,  A.  153,  84  ; 
Z.  [2]  4,  275). — 2.  By  fusing  «j-amido-benzoic 
acid  with  urea  (Griess,  Z.  [2]  5,  312  ;  B.  2,  47). 
3.  By  boiling  «t-cyanamido-benzoic  acid  with 
HClAq  (Traube,  B.  15,  2122). 

Properties. — Small  prisms  (containing  aq), 
v.  sl.  sol.  hot  water.  At  200°  it  yields 
CO(NH.C,H,.C02H)2.  On  distilling  m-uramido- 
benzoic  acid  (4  pts.)  with  P.^O^  (1  pt.)  ?w-amido- 
benzoic  nitrile  [54°]  is  formed  (Griess,  B.  8, 
224).  BoiUng  KOHAq  sphts  it  up  into  7>i-amido- 
benzoic  acid,  CO.,,  and  NH,. 

Salts.—  NH.I'A'aq.  —  KA'.  —  CaA',4aq.  — 
PbA'., 2aq.— AgA'  :  curdy  pp.,  becoming  crys- 
talline. 

Ethyl  ether  mA'.  [176°].  Formed  from 
?)i-amido-benzoic  ether  and  KCyO  (Griess,  J.  pr. 
[2]  4,  293).    Plates,  sl.  sol.  hot  water. 

Amide  CJA,^.fi.,.  Formed  from  m-amido- 
benzamide  and  KCNO  (Menschutkin).  Scales 
(from  water),  decomposed  by  fusion,  sl.  sol. 
alcohol. 
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p-Uramido-benzoic  acid  Cj,H„N.O.,.  Formed 
in  like  manner  (Griess,  J.pr.  [2j  5,1369).  Plates, 
almost  iusol.  cold  water,  v.  si.  sol.  hot  water,  m. 
sol.  hot  alcohol.  Yields  some  p-amido-benzo- 
nitrile  [86°]  on  distilling  with  P„0,.— BaA',,. 
Plates,  V.  e.  sol.  cold  water. 

Di-uramido-benzoic  acid  C,|H,„N|04  i.e. 
(NH,.C0.NH),,C„H3.C0„H.  Formed  by  fusing  di- 
amido-benzoic  acid  with  urea  (Griess,  B.  2,  47). 
Small  granules,  v.  si.  sol.  hot  water.  — BaA'j 
(dried  at  130°).    Nodules,  v.  sol.  hot  water. 

References. — Amido-,  Niteo-,  and  Oxy-  ub- 

AlIIDO-BENZOIC  ACIDS. 

URAMIDO-BENZOYL  v.  Oxy-qdinazoline. 

Ij-URAMIDO-BENZYL-UREA  C„H|.,N,0.,  i.e. 
NH,.CO.NH.C„H,.CH,.NH.CO.NH,,.  [197°].  'p-u- 
I)i-uramido-toluene.  Formed  by  heating  toge- 
ther ^-amido-benzyl-amine,  hydrochloride  (1 
mol.),  and  KCNO  (2  mols.)  in  aqueous  solution 
(Amsel  a.  Hofmann,  B.  19, 1289).  Small  needles. 
Sol.  hot  water. 

UKAMIDO-ISOBUTYKIC  ACID  v.  Aceton- 

UKAJnC  ACID. 

0-URAMIBO-CINNAMIC  ACID  C,„H,„N,03  i.e. 
NH,.CO.NH.C„H,.GH:CH.CO,H.  Formed  from 
o-amido-cinnamic  acid  and  aqueous  KCNO 
(Eothschild,  B.  23,  3341).  Sol.  NH.Aq  and  hot 
HClAq. 

(/3)-URAMID0-CR0T0NIC  ACID  CH^NaOj 
i.e.  CH3.C(NH.C0.NH,):CH.C0,H.  The  ether  is 
converted  by  NaOHAq  into  the  salt  NaA',  which 
crystallises  in  needles,  v.  sol.  water  ;  but  on 
adding  acids  to  this  salt  di-oxy-methyl-pyr- 
imidine  C^H^N.^O,^  is  produced.  Methyl-uracil  is 
reconverted  by  NaOHAq  into  sodium  uramido- 
crotonate  (Behrend,  A.  229,  5). 

Ethyl  ether  EtA'.  [166°].  Formed  from 
acetoacetic  ether  and  urea.  Needles,  v.  sol. 
ether,  m.  sol.  alcohol.  Decomposed  by  warm 
HClAq  into  urea,  acetone,  CO.,,  and  alcohol. 
Alcohol  forms  CH,.C(NH.C6„Et):CH.C0.,Et 
[29°]  (Meister,  A.  244,  234). 

Amide  CH,.C(NH.CO.NH„):CH.CO.NH.,. 
[131°].    Crystals  (containing  EtOH)  (Meister).' 

Amido-uramido-crotonic  acid.  Lactam. 

C,H,(NH,)N,02  i.c.  CO^^g^Q  ®^C.NH.,  (?). 

Amido-mcthyl-uracil.  Methyl-uracil  {v.  Di-oxy- 
meihyl-pykimidine)  is  converted  by  Br  in  CS.. 
into  crystalline  bromo-methyl-uracil  C^H^BrNoO,, 
whence  cone.  NHjAq  at  150°  forms  amido- 
methyl-uracil  (Behrend,  A.  231,  250).  Satiny 
plates  (from  water),  melting  near  250°.  Sol.  alco- 
hol. The  hydrochloride  is  converted  by  potas- 
sium cyanate  into  oxy-methyl-xanthine 
C„Hj,N403  2aq,  crystallising  from  water  in 
prisms. — B'HClaq.  Monoclinic  crystals  ;  a:h:c 
=  l-629:l:2-345  ;  ^  =  52°  57'.— B'^H^PtCl,  2aq  : 
needles,  v.  sol.  water. 

Acetyl  derivative  CsH;,(NHAo)N202iaq. 
Formed  from  oxy-methyl-xantiiine  and  ACoO  at 
170°.  Thick  trimetric  prisms  (from  water). 
Decomposes  near  210°  without  melting.  Sol. 
alkalis  and  reppd.  by  acids. 

URAMIDO-ETHANE  SULPHONIC  ACID 
NH,.C0.NH.CH,,.CH,,.S03H.  Ta  wocarbamic 
■acid.  Occurs  in  small  quantity  in  urine  after  a 
dose  of  taurine  (B.  Salkowski,  B.  6,  744,  1191). 
Formed  by  evaporating  a  solution  of  taurine 
with  KCyO.  Formed  also  by  the  action  of 
bromine-water  on  ethylene-if'-thio-urea  (Gabriel, 


B.  22, 1142).  Dimetric  plates,  v.  sol.  water,  si.  sol. 
alcohol,  insol.  ether.  Decomposed  by  baryta- water 
at  140°  into  CO.,  taurine,  andNH^. — BaA'.,:  tables 
(from  alcohol). — AgA'.  Eadiating  tufts  of  crys- 
tals. 

URAMIDO  -  HEXOIC  ACID  C,H,,N.,03  i.e. 
NH,.CO.NH.CH(C,H„).CO,H.  [200°].  Formed 
by  boiling  isobutyl-hydantoin  with  baryta-water 
(Pinner  a.  Spilker,  B.  22,  690).  Needles,  v.  sol. 
alcohol  and  hot  water. — BaA'.^ :  nodular  grou]5s 
of  prisms. 

Ethyl  ether  EtA'.  [135°].  Formed  by 
heating  isobutyl-hydantoin  with  KOH  and  EtBr. 
Needles,  v.  sol.  alcohol  and  hot  water. 

Nitrite.  NH,.CO.NH.CH(C,H„).CN. 
Formed  by  heating  the  cyanhydrin  of  isovaleric 
aldehyde  with  urea  (Pinner  a.  Lifschiitz,  B.  20, 
2351).    Oil,  sol.  alcohol  and  ether.  On  warming 
with  HClAq  it  yields  isobutyl-hydantoin 

C,  H,.CH<^0  ^2^Qo,. 

Amide  NH,.CO.NH.CH(C^H,).CO.NH,. 
[170°].  Formed  from  the  nitrile  (1  pt.)  and  cone. 
HoSOj  (8  pts.)  in  the  cold.     Crystals,  v.  sol. 
water  and  alcohol. 

URAMIDO-HIPPURIC  ACID  C.^HnNjO,. 
Formed  by  fusing  ui-amido-hippuric  acid  with 
urea  (Griess,  J.  pr.  [2]  1,  235).  Nodules,  v.  e. 
sol.  hot  water.  Decomposed  by  boiling  cone. 
HClAq  into  glycocoll  and  7;i-uramido-benzoic 
acid. — AgA'.    Crystalline  pp. 

URAMIDO-NITRO-AMIDO-PHENOL 
C^HsNjO,  i.e.  C„H,(NO,)(NH,)(NH.CO.NH,).OH. 
Formed  by  reducing  di-nitro-oxy-phenyl-urea 
with  ammonium  sulphide  (Griess,  J.pr.  [2]  5, 1). 
Eeddish-brown  needles,  si.  sol.  hot  water  and 
alcohol. — B'HCl :  white  scales. — BaA',_,  3|aq  : 
steel-blue  needles,  v.  sol.  hot.  water.  Boiling 
HClAq  converts  it  into  amidocarboxamido- 
nitrophenol  CjHjNjO,,  which  yields  BaA'._,  a;aq 
and  B'HCl  aq,  and  is  reduced  by  tin  and  HClAq 
to  diamidocar boxami dop)h enol  CjH.NjOj, 
which  yields  B'HCl,  crystallising  in  plates. 

URAMIDO-DI-NITRO-PHENOL  v.  Di-niteo- 

OXY-PHENYL-UREA. 

l>URAMIDO-PHENYL-ACETIC  ACID 

NH,.CO.NH.C,iH,.CH,.CO,,H.  [174°].  Formed 
by  boiling  p-cyanamido-phenyl-acetic  acid  with 
HClAq  (Traube,  B.  15,  2122).  Small  crystals 
(containing  l^aq),  sol.  water,  alcohol,  and  ether. 

a-Uramido-phenyl-acetic  acid.  Ethyl 
e»te5-NH,.C0.NH.CHPh.C0,Et.  [139°].  Formed 
by  the  action  of  aqueous  IvCyO  on  the  hydro- 
chloride of  a-amido-phenyl-acetic  ether  (Kossel, 
B.  24,  4150).    V.  sol.  alcohol  and  hot  water. 

Nitrile  NH,,.CO.NH.CHPh.CN.  [170°]. 
Formed  by  heating  the  cyanhydrin  of  benzoic 
aldehyde  with  urea  (Pinner  a.  Lifschiitz,  B.  20, 
2351).  Converted  by  acids  into  C,,H,N,,0.,  [182°], 
crystallising  in  scales,  v.  sol.  alcohol  and  hot 
water. 

a-URAMIDO-PHENYL-CROTONIC  ACID. 

Nitrile  CHPh:CH.CH(NH.CO.NH,).CN. 
[160°].  Formed  by  heating  urea  with  the  cyan- 
hydrin of  cinnamic  aldehyde  (Pinner  a.  Lifschiitz, 
B.  20,  2351).  Needles,  v.  sol.  hot  alcohol.  Boil- 
ing HClAq  converts  it  into  di-oxy-styryl-pyrazole 
(2-  '''•)• 

.4  jiiifZc  CHPh:CH.CH(NH.CO.NH,,).CO.NH„. 
Formed  from  the  nitrile  and  cold  cone.  H.SO, 
(Pinner  a.  Spilker,  B.  22,  692).  Microcrystalhne 
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powder,  decomposing  at  210°-220°  with  evolu- 
tiou  of  NH...    Sol.  alcohol,  si.  sol.  hot  water. 

a-UEAMIDO-PKOPIONIC  ACID  C.H^NoOs 
i.e.  CH3.CH(NH.C0.NH,,).C0,H.  Lacturamic 
acid.  [155°].  Formed  by  evaporating  a  solution 
of  alanine  sulphate  mixed  with  KCyO  (Urech, 
A.  165,  99).  Formed  also  by  boihng  lactyl-urea 
with  baryta-water  (Heintz,  A.  169, 128).  Prisms, 
si.  sol.  cold  water  and  alcohol,  insol.  ether. — 
BaA',,aq  (dried  at  100°).— PbA'2aq.— AgA' : 
needles,  m.  sol.  water. 

Nitrilc  CH3.CH(NH.C0.NH,).C0,H. 
[106°]  (Frauohimont  a.  Klobbie,  B.  T'.  C.  7, 16). 

Amide  CH,.CH(NH.C0.NH2).C0.NH,. 
[196°].  Small  needles  (from  alcohol),  sol.  water. 

URAMIDO-SUCCINIC  ACID.  Amic  acid 
NH,.CO.CH,,.CH(NH.CO.NH,,).CO.,H.  [138°] 
(G.) ;  [157°]  (P.).  Succinuraniide.  Amido- 
succinuric  acid.  S.  5-4  at  23°.  Formed  by 
evaporating  the  mixed  solutions  of  asparagine 
KCyO  (Guaresohi,  G.  7,  404;  B.  10,  1747). 
Dextro-asparagine  gives  a  lasvo-  compound, 
while  Iffivo-aspai'agine  gives  a  dextro-  compound 
(Piutti,  B.  19,  1693).  Prisms,  nearly  insol.  alco- 
hol and  ether.  According  to  Piutti,  the  dextro- 
and  laevo-  compounds  both  melt  at  157°. 

Beactions. — 1.  Decomposed  by  fusion,  with 
formation  of  malyl-ureide  CsH^N^O.,  [230°- 
235°],  which  is  also  formed  by  heating  urea  with 
asparagine  at  125°  (Grimaux,  A.  Ch.  [5]  11, 
400)  and  crystallises  from  water  in  pointed 
rhombohedra.— 2.  Boiling  HGlAq  (S.G.  1-12) 
forms  malyl-ureidic  acid  C^HgNoO.,,  which  is 
also  got  by  heating  aspartic  acid  with  urea  at 
130°.  Malyl-ureidic  acid  crystallises  in  prisms 
[215°-220=],  S.25  at  100°,  which  yields  BaA'„aq 
and  is  converted  by  heating  with  bromine-water 
into  C,H,£r„N,0„  S.  3  at  100°,  CH^Br^N^Oj,  S. 
•25  at  100°,  C„H,Br.,N^05,  which  is  v.  sol.  water, 
C.HsBrN.O.,,  S.  c.  6  at  100°,  and  C,H,Br,NA, 
S.  10  in  the  cold  and  c.  22  at  100°. 

UKAMIDO-THIO-FORMIC  ACID  v.  Thio- 

ALLOPHANIC  ACID. 

DI-UKAMIDO-TOLTJENE  v.  Ukamido-benzyl- 

UREA. 

DI-^-ITHAMIDO-DI-o-TOLYL-SULPHIDE 

[2:1:4]  S(C,,H3Me.NH.C0.NH„)„.  Thio-p-tolyl-di- 
urcci.  [151°]  (when  containing  benzene  of  crys- 
tallisation). Formed  by  heating  the  hydro- 
chloi'ide  of  di-2:)-amido-di-tolyl-sulphide  with 
KCNO  (Truhlar,  B.  20,  669).  Crystallises  from 
benzene  in  white  silky  needles  (containing 
C  .H .) 

'  URAMIL  C,H5N303  i.e. 

C0<^^g'^Q^CH.NH2.  Diahiramidc.  Amido- 

barbituric  acid.  Amido-malonyl-urea.  Murexan. 
Mol.  w.  143.  Formed  by  boiling  alloxantin  with 
NH.Cl  (Liebig  a.  Wohler,  A.  26,  310;  Grimaux, 
C.  B.  87,  752)  and  by  boiling  ammonium  thion- 
urate  with  HClAq.  Formed  also  by  reducing 
nitro-  or  nitroso-  barbituric  acid  with  HIAq 
(Baeyer,  A.  127,  223).  It  is  also  a  product  of  the 
action  of  acids  on  murexide  (Beilstein,  A.  107, 
183). 

Properties.— ^iXkj  needles,  si.  sol.  hot  water, 
insol.  alcohol  and  ether.  Sol.  cone.  H,,S04  and 
re-ppd.  on  dilution.  Its  alkaline  solution  turns 
red  in  air,  forming  purpurates ;  thus  it  is  converted 
in  ammoniacal  solution  into  murexide  by  boiling 
with  air  or  HgO.    Cone.  HNO3  forms  alloxan. 


Bromine  at  85°  forms  orange  C^H^BrNjOj 
(Mulder,  B.  14,  1060). 

URAMILIC  ACID  CgHgN.O,  (?).  S.  14  in  the 
cold  ;  33  at  100°.  Formed  by  heating  uramil 
with  H2SO.1  and  water,  or  by  evaporating  am- 
monium thionurate  with  some  H^SO^  (Liebig  a. 
Wohler,  A.  26,  314 ;  Gregory,  P.  M.  24,  187). 
Transparent,  four-sided  prisms,  si.  sol.  cold  water. 
Converted  by  boiling  cone.  HNO3  into  nitro- 
barbituric  acid. 

URANATES  v.  Uranium,  oxyacids  and  salt.s 
OF,  p.  826. 

URANIUM.  U.  At.  w.  239  (not  determined 
with  very  great  accuracy).  Mol.  w.  unknown. 
M.P.  not  determined  accurately  ;  between  red 
heat  and  white  heat.  S.G.  of  fused  U  at 
'|°  =  18-685  (Zimmermann,  B.  15,  851).  S.H.  at 
100°  =  -0276  (Z.,  I.e.).    S.V.S.  12-8. 

Historical. — In  1789  Klaproth  prepared  some 
compounds  of  a  new  element  from  pitchblende  ; 
to  the  chai'acteristic  element  of  these  compounds 
he  gave  the  name  uranium,  from  oupa>/3s  =  the 
heavens,  in  allusion  to  the  planet  Uranus  which 
had  been  discovered  a  few  years  before  {GrelVs 
A.  1789  [2]  400).  The  compounds  of  U  were 
examined  by  Eichter  {Gelilen's  A.  4,  402),  Buch- 
holz  (Gehlc)i's  A.  4,  17,  134),  Lecanu  {J.  Ph.  9, 
141 ;  11,  279),  Brande  (S.  44,  1),  Berzelius  (P. 
1,  359),  and  Arfvedson  (P.  1,  245).  In  1840, 
Peligot  showed  that  the  substance  supi)osed  till 
then  to  be  U  was  really  an  oxide  of  U  {A.  Ch.  [3] 
5,  5) ;  P.  isolated  the  metal,  and  determined  the 
at.  w.  to  be  120.  Mendeleeff  in  1872  {A.  Suppl. 
8,  133;  ef.  C.  N.  41,  39  [1880])  proposed  to 
double  the  at.  w.  of  U,  making  it  240  ;  this  pro- 
posal was  completely  justified  by  the  determina- 
tion of  S.H.  of  pure  U  by  Zimmermann  in  1882 
{B.  15,  851),  and  by  the  determination  of  the 
V.D.  of  UCl,  and  UBr,  (Z.,  A.  216,  2  [1883]). 

Occtorrcnce. — Never  uncombined.  A  few 
minerals  containing  compounds  of  U  are  found 
sparsely  distributed  and  not  in  large  quantities ; 
the  chief  of  these  is  pitchblende,  which  consists 
of  UjOg  along  with  SiOj  and  oxides  of  Sb,  As, 
Ca,Cu,  Fe,  Mg,  V,&c.  Carbonate,  sulphate, phos- 
phate, niobate,  tantalate,  and  various  other  com- 
pounds of  U  are  also  found  in  varying  quantities 
in  several  rare  minerals  (v.  Zimmermann,  A.  232, 
300 ;  Hidden  a.  Mackintosh,  Am.  S.  [3]  38,  474  ; 
Hillebrand,  Am.  S.  [3]  38,  329;  40,  384). 
Lockyer  {Pr.  27,  49)  stated  that  some  of  the 
lines  in  the  emission-spectrum  of  U  coincide 
with  dark  lines  in  the  solar  spectrum.  Hutchins 
a.  Holden  (P.  M.  [5]  24,  325)  think  there  is  no 
trustworthy  evidence  in  favour  of  the  existence 
of  U  in  the  solar  atmosphere. 

Preparation. — 1.  A  mixture  of  UClj,  NaCl, 
and  Na  is  strongly  heated  in  a  closed  iron 
cylinder.  Zimmermann  {A.  116,  14)  used  a 
cylinder  of  soft  iron  with  walls  c.  3  centim. 
thick,  bored  from  a  larger  cylinder  (similar  to 
that  employed  by  Nilson  a.  Pettersson  for  pre- 
paring Be ;  B.  11,  383)  fitted  with  a  cap  which 
could  be  screwed  on  tightly.  He  placed  a  layer 
of  pure  fused  NaCl  in  the  cyhnder,  then  small 
pieces  of  Na  (c.  3  to  4  pts.  for  10  pts.  UCl,,),  then 
UClj  (which  must  be  put  into  the  cylinder  as 
quickly  as  possible,  as  it  is  hygroscopic),  and 
covered  the  whole  with  a  layer  of  fused  NaOl. 
Z.  raised  the  cylinder  to  a  white  heat,  kept  it  at 
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that  temperature  for  some  time,  cooled,  and 
washed  the  contents  with  dilute  alkali  solution, 
and  then  with  water.  According  to  Z.,  the  metal 
as  thus  prepared  is  quite  pure  {v.  infra). — 2. 
Moissan  {C.  R.  116,  347)  obtained  U,  containing 
from  5  to  13'5  p.c.  C,  by  mixing  the  oxide  pre- 
pared by  strongly  heating  U0,j(N0j)2  with  excess 
of  charcoal,  compressing  the  mixture  in  a  carbon 
crucible,  imbedding  this  in  ]MgO,  and  heating 
for  10-12  minutes  in  an  electric  furnace,  using  a 
current  of  60  volts  and  450  amperes. 

UCl.,  is  obtained  by  heating  the  nitrate 
U0._.(N03)._,  in  air,  mixing  the  oxide  thus  ob- 
tained (chiefly  UjOg)  with  C,  and  heating  in  a 
stream  of  CI  («.  Uranium  tetkachlokide,  p.  823). 
The  nitrate  is  obtained  from  pitchblende  by 
powdering  the  mineral,  washing  with  water, 
drying,  and  washing  to  remove  S  and  As,  dis- 
solving in  HNO;jAq,  evaporating  to  dryness,  dis- 
solving in  water,  filtering  from  Ve.D.,,  PbSO^,  <fec., 
evaporating  a  little,  and  allowing  to  crystallise. 
The  crystals  of  U0.j(N0.i)2  thus  obtained  are 
purified  by  draining  in  a  funnel,  washing  with  a 
little  cold  water,  drying  in  the  air,  dissolving  in 
ether  in  a  wide-mouthed  bottle,  crystallising  by 
spontaneous  evaporation,  and  re-crystallising 
from  hot  water ;  the  crystals  of  UO.j(NOs).^  are 
then  dissolved  in  water  so  as  to  form  a  cone, 
solution,  UO„.C.,0.,  is  ppd.  by  adding  B..fi.fl^kq 
to  this  solution,  the  jop.  is  washed  with  boiling 
water,  and  then  decomposed  by  heat,  and  the 
U0.>  thus  produced  is  digested  with  cone.  HClAq, 
washed,  dissolved  in  HNO^Aq,  and  the  solution 
is  crystaUised  (Peligot,  .-1.  Ch.  [3]  5,  6  ;  12,  258 ; 
cf.  Ebelmen,  A.  43,  286 ;  Wertheim,  J.  pr.  29, 
209). 

The  oxide  U^Os  used  by  Zimmermann 
(v.  supra)  for  the  preparation  of  UC1„  from 
which  pure  U  was  obtained,  was  prepared  by 
him  as  follows.  A  warm  solution  of  commercial 
uranium  hydroxide  in  HClAq  was  saturated  with 
H,,S ;  after  standing  for  some  time  the  liquid 
was  filtered  off,  NH.,Aq  and  (NHj)„CO;A<l  were 
added  in  excess,  the  liquid  was  warmed  and 
(NHjjoSAq  was  added  ;  after  standing  the  liquid 
was  filtered,  saturated  with  HClAq,  and  boiled 
till  CO.,  was  removed,  then  mixed  with  NHsAq 
and  (NHJoSAq  and  heated  on  the  water-bath 
till  most  of  the  (NH  J.^S  was  removed ;  the  pp.  of 
UO,  was  collected,  washed,  and  heated  over  the 
blowpipe  ;  the  U,jO„  thus  formed  was  dissolved 
in  HNOjAq  and  the  solution  was  crystallised ; 
the  crystals  of  UO.j(NO.,)n  were  dissolved  in 
ether,  the  solution  was  poured  off  from  insoluble 
substances,  evaporated  to  dryness,  and  the 
residue  was  strongly  heated ;  the  U^O^  which 
remained  was  again  dissolved  in  HNO,,Aq,  and 
the  crystals  that  formed  on  evaporation  were 
dissolved  in  ether,  and  the  ethereal  solution  was 
evaporated  to  dryness  and  the  residue  decom- 
posed by  heating. 

Properties.— A.  lustrous,  hard,  silver-white 

metal ;  S.G.  18-685  at  %  (Zimm  ermann,  B.  15, 

851) ;  if  UCl^  is  reduced  by  Na  at  a  red  heat,  U 
is  obtained  as  a  greyish-black  powder.  S.H.  at 
100°  =  -0276  (Z.,  I.e.).  U  is  somewhat  malleable, 
but  cannot  be  hammered  into  thin  plates.  The 
emission-spectrum,  obtained  by  the  aid  of  elec- 
tric sparks,  shows  only  a  few  lines,  the  most 
marked  being  one  in  the  yellow  (Thalen,  A.  Ch. 


[4]  18,  239).  For  the  fluorescence,  phosphor- 
escence, and  absorption-spectra  of  U  compounds 
V.  Becquerel  {A.  Ch.  [4]  27,  539),  also  Morton  a. 
Bolton  [Am.  Ch.  3,  361,  401).  U  melts  towards 
a  white  heat ;  according  to  Moissan  (C.  R.  116, 
1429),  the  metal  is  volatilised  by  heating  in  an 
electric  furnace  using  a  current  of  350  amperes 
and  75  volts.  After  long  standing  in  the  air  the 
surface  of  U  becomes  covered  with  a  steel-blue 
to  black  film  of  oxide  ;  U  that  has  been  fused 
burns  brilliantly  when  heated  on  Pt  foil  in  the 
air  ;  pulverulent  U  burns  at  150"-170°  in  the 
air.  U  combines  directly  with  CI  or  Br,  also 
with  S ;  the  metal  dissolves  in  dilute  H^SOjAq 
;  or  HClAq ;  it  is  not  acted  on  by  acetic  acid,  nor 
by  KOHAq,  NaOHAq,  or  NH.Aq. 

The  at.  w.  of  U  has  been  determined  (1)  by 
determining  U  and  CI  in  UCl^  (Peligot,  A.  Ch. 
[3]  5,  12  [1842]  ;  Eammelsberg,  1'.  55,  318 ;  56, 
125  [1842]);  (2)  by  analyses  of  UO.,.C.,0,.H.,0 
(Ebelmen,  A.  Ch.  [3]  5,  191  [1842]";  P61ig6t, 
.4.  Ch.  [3]  20,  .341  [1846]);  (3)  by  analyses  of 
UO,(C,,H30,),,.2H,,0   (P61igot,   Z.c. ;  Wertheim, 
'  J.  pr.  29,  207)  ;  (4)  by  analyses  of  the  double  salt 
'  UO„.Na(C.,H30„)3  (Wertheim,  I.e.) ;  (5)  by  trans- 
j  forming  UO,,  into  U.,0„  and  UO,.Na(C,H,0,) , 
into  Na.,UOj  (Zimmermann,  A.  232,  117,  273 
[1886]);"  (6)  by  determining  S.H.  of  U  (Zim- 
mermann, B.  15,  851  [1882]) ;   (7)  by  deter- 
mining V.D.s  of  UBr^  and  UC1<  (Z.,  .4.  216,  2 
[1883]). 

The  at.  w.  of  U  was  formerly  taken  asc.  120  ; 
in  1872  Mendeleeff  adduced  reasons  for  doubling 
this  value,  based  on  a  comparative  study  of  the 
properties  of  compounds  of  U  to  which  he  was 
led  by  considering  the  periodic  arrangement 
of  the  elements  {A.  Suppl.  8,  178  ;  C.  N.  41, 
39).  When  the  at.  w.  of  U  was  taken  as  120, 
the  formulie  given  to  the  chief  oxides,  chlorides, 
and  salts  of  this  element  were  I'O,  UC1.„  USO^, 
&c. ;  U3O,, ;  U,A.  UOCl,  UO,(NO,),  &c.;  and  U 
was  classed  with  the  iron  metals.  Mendeleeff 
pointed  out  that  U  was  very  much  heavier  than 
the  iron  metals,  that  the  oxide  U-.O,,  did  not 
form  salts  similar  to  those  derived  from  Fe-.O.,, 
I  that  the  salts  of  UO,  i.e.  USO4,  U(NO.,),,  &a., 
1  were  not  isomorphous  with  the  salts  of  MgO, 
!  FeO,  NiO,  &c.  Mendel6eff  also  drew  attention 
to  the  existence  of  a  chloride  which  would  have 
to  be  represented  as  U.^Ch,  if  U  =  120,  and  that 
this  chloride  was  obtained  by  heating  UC1._,  in  H. 
Mendel6eff  proposed  to  double  the  value  then  ac- 
cepted for  the  at.  w.  of  U,  and,  following  on  this, 
to  write  the  formula:  of  the  chlorides,  oxides, 
and  salts  as  UC1.„  U0.„  U(SOJ.„  etc.;  UjOg ; 
UO3,  UO.,Ch,  UO,(NO,),,,"&c. ;  and"UCl,,.  It  was 
pointed  out  that  many  of  these  formulse  are 
analogous  to  those  of  the  corresponding  com- 
pounds of  Cr,  Mo,  and  W  ;  and  it  was  shown 
that  the  properties  of  compounds  of  U  more 
nearly  resemble  those  of  compounds  of  Cr,  Mo, 
and  W  than  of  any  other  elements.  Especial 
stress  was  laid  by  Mendel6eff  on  the  acidic  cha- 
racter of  the  highest  oxide  of  U.  Finally,  Men- 
deleeff showed  that  an  element  with  the  proper- 
ties of  U,  and  an  at.  w.  equal  to  c.  240,  finds  its 
proper  place  in  Group  VI.,  series  12,  of  the 
periodic  arrangement  of  the  elements.  Mende- 
leeff suggested  that  the  S.H.  of  pure  U  should 
be  determined  ;  that  the  V.D.  of  the  volatile 
chloride  should  be  found ;  that  the  action  of  H 
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on  the  chloride  then  taken  to  be  UClo  should  be 
studied ;  that  salts  of  the  lower  oxide  (UO  if 
U  =  120,  UO,  if  U  =  240)  should  be  examined, 
especially  as  regards  their  isomorphism  with 
salts  of  ThO„,  SnO,,  ZrO,,  and  TeO,, ;  that  the 
crystalline  forms  of  corresponding  compounds 
of  M0O3,  WO3,  and  UO3  (U  =  240)  should  be 
studied,  and  that  an  especially  thorough  crystal- 
lographic  examination  should  be  made  of  the 
compounds  E^UOoF^;  and  that  the  physical 
properties  of  compounds  of  Cr,  Mo,  W,  and  U 
should  be  compared.  Since  the  publication  of 
Mendeleeff's  memoir,  the  S.H.  of  U,  and  the 
V.D.s  of  UBrj  and  UCl,  have  been  determined, 
the  action  of  H  on  UCl,  has  been  examined,  and 
something  has  been  done  in  the  study  of  the 
crystalline  forms  of  compounds  of  U,  including 
those  of  the  form  R,,UO  J,, ;  the  results  of  all 
these  investigations  fully  confirm  the  justness 
of  Mendeleeff's  view  that  the  at.  w.  of  U  is  c.  240, 
and  that  this  element  must  be  classed  with  Cr, 
Mo,  and  W.  The  exact  value  to  be  given  to  the 
at.  w.  of  U  has  not  been  yet  determined ;  Zim- 
mermann's  measurements  gave  238-75  from  the 
ratio  UCiU^Ofi,  and  238-67  from  the  ratio 
U02Na(C,,H30,)3:Na,UO_,  (0  =  15-96).  The  mol. 
w.  of  U  is  not  known. 

TJ  is  the  last  member  of  the  even-series 
family  of  Group  VI. ;  this  family  also  contains, 
besides  0,  the  elements  Cr,  Mo,  — ,  and  W.  The 
chromium  elements  are  both  metallic  and  non- 
metallic  in  their  chemical  relations  ;  they  form 
oxides  MO3  that  are  acidic,  and  some  of  the 
lower  oxides  are  basic.  The  oxide  UO^  forms 
some  corresponding  salts ;  a  series  of  salts  of 
the  form  UO,X  is  also  known,  where  X  =  S04, 
<fec.  Several  series  of  uranates  M.,U0^,  M.,U„0;, 
Ac,  are  known.  The  haloid  compounds  are 
UX3,  UX4,  and  UXj.  (For  a  comparison  of  the 
metals  of  the  Cr  family  v.  CHRorauM  group  op 
ELEMENTS,  vol.  ii.  p.  168  ;  cf.  Classific.4tion,  vol. 
ii.  p.  207.) 

The  atom  of  U  is  tetravalent  in  the  gaseous 
molecules  UBrj  and  UCl,. 

Beactions  and  Combinations. — 1.  Heated  in 
air  U  is  burnt  to  a  voluminous  deposit  of  U.,0g 
(perhaps  containing  also  UO,),  which  stops  the 
further  oxidation  of  the  metal.  Pulverulent  U 
burns  when  heated  in  air  to  150°-170°.— 2.  U 
burns  brilliantly  when  heated  in  chlorine,  form- 
ing UCl, ;  heated  in  bromine  to  c.  240°  part  of 
the  metal  is  changed  to  UBr,. — 3.  Heated  in 
sulphur  vapour  US,  is  produced. — 4.  It  is  gene- 
rally said  that  U  does  not  react  with  tuater  ;  but, 
according  to  Moissan  (G.  R.  116,  347),  the  metal 
obtained  by  him  by  reducing  the  oxide  by  char- 
coal in  an  electric  furnace  decomposed  water  at 
the  ordinary  temperature  ;  this  specimen  of  U 
contained  from  5  to  13-5  p.c.  C. — 5.  U  dissolves 
in  dilute  sulphwic  acid,  rapidly  on  warming, 
forming  USO^,  and  giving  off  H  ;  pulverulent  U 
dissolves  in  hot  cone.  H„SO,„  giving  off  SO, ;  the 
compact  metal  is  scarcely  acted  on  by  cone. 
H2SO4. — 6.  U  dissolves  in  hydrochloric  acid, 
dilute  or  cone,  rapidly  on  warming,  forming  a 
hyacinth-red  solution  of  UCl,,,  which  goes  green 
on  shaking  in  air,  and  then  contains  UCl^. — 
7.  Cone,  nitric  acid,  even  when  hot,  scarcely 
acts  on  U  that  has  been  fused ;  the  pulverulent 
metal  is  quickly  oxidised  by  hot  cone.  HNOjAq 
to  UjOg. — 8.  Several  metallic  salts  in  solution 


are  reduced  by  U,  with  ppn.  of  the  metals,  e.g 
HgNO.,,  AgNO',,  CuSOj,  SnCl,,  PtCl„  AuClj. 

Detection  and  Estimatio7i. —  Uranyl  salts 
(UOj.SO.,,  &c.)  are  formed  by  heating  uranates 
with  acids,  also  by  the  reactions  of  acids  with 
UO3,  and  also  by  oxidising  uranous  salts  (salts 
of  UO).  K,FeCyi;Aq  gives  a  brownish-red  pp. 
with  uranyl  salts,  soluble  in  HClAq  or  in 
(NHJjCOjAq ;  this  reaction  is  said  to  be  ex- 
tremely delicate ;  H„0,Aq  and  alcohol  give  a 
brown  pp.  (Fairley,  G.  N.  62,  227) ;  carbonates 
give  yellow  pps.,  soluble  in  excess,  forming 
yellow  liquids ;  NaOHAq  or  KOHAq  forms 
yellow  pps.,  NH|ClAq  does  not  interfere  with 
the  ppn.,  but  in  presence  of  sugar  or  tartaric 
acid  pps.  are  not  produced.  Uranous  salts  are 
produced  by  reducing  uranyl  salts  in  solution  by 
Zn  and  HClAq.  After  reduction  the  solutions 
give  green  pps.  with  KOHAq  or  NaOHAq,  the 
pps.  becoming  brown  and  then  yellow  in  the 
air ;  with  (NH,,),SAq  green  pps.  are  formed, 
quickly  becoming  dark  green,  and  black  on  boil- 
ing ;  KiFeCygAq  produces  yellow-green  pps. 
becoming  red  in  the  air  (v.  Zimmermann,  A. 
213,  285). 

U  is  generally  estimated  as  UOj  or  U3O,  (v. 
Zimmermann,  A.  232,  209).  Solutions  may  be 
reduced  by  Zn  and  H,SO,,Aq,  and  then  titrated 
with  KMnO,Aq,  the  quantity  of  O  used  corre- 
sponding with  the  change  of  UO,  to  UO3  (Z., 
I.e. ;  V.  also  Belohoubek,  J.pr.  99,  231). 

Uranium,  arsenates  of.  A  compound,  pro- 
bably U0,.As,05.  4aq,  is  described  by  Eammels- 
berg  (P. '59,' 26).  Werther  (J.  pr.  43,  321) 
describes  U0,H,As0,.  3aq,  and  various  double 
salts  of  this  compound  with  arsenates  of  Ca,  Cu, 
and  Na. 

Uranium,  bromides  of.  UBr^  is  formed  by 
heating  UjO^  mixed  with  C  in  Br  vapour ;  and 
UBrj  by  heating  UBr^  in  H.  Zimmermann  {A. 
216,  5)  failed  to  obtain  a  compound  with  more 
Br  by  heating  UBr.i  with  Br  to  230°  in  a  sealed 
tube. 

Urakium  TBTEABRoraDE  UBr.,.  (Uranous 
bromide.)  Mol.  w.  558.  Prepared  by  strongly 
heating  a  mixture  of  U3O8  and  sugar,  mixing 
with  sugar  charcoal  that  has  been  heated  to  red- 
ness, placing  the  mixture  in  a  tube,  and  heating 
it  first  in  a  stream  of  thoroughly  dried  CO,,  and 
then  in  Br  vapour,  and  allowing  to  cool  in  COj ; 
the  Br  used  must  be  perfectly  freed  from  CI, 
HBr,  and  H,0  by  distiUation  from  KBr,  MnO^, 
and  P„0,,  (Zimmermann,  A.  216,  2 ;  Alibegoff, 
A.  232',  132;  cf.  Hermann,  J.  1861.  260).  UBr^ 
forms  black,  fusible  leaflets  ;  volatile  at  red  heat, 
giving  a  vapour  with  V.D.  281  (Z.,  I.e.)  ;  very 
hygroscopic ;  dissolves  in  water,  with  a  hissing 
sound,  forming  a  green  liquid. 

By  evaporating  a  solution  of  UO,.a;H,0  in 
HBrAq,  Eammelsberg  {P.  59, 12)  obtained  green 
crystals  of  hydrated  UlSr.,,  probably  UBrj.8H,0. 

Urano  xybromides.  {Bromoxy -uranates.) 
U0,Br,.2MBr  or  M.UOJBr^.  By  the  reaction  of 
HBrAq  with  K,UO^"and  (NH4)„U04  respectively, 
Sendtner  {A.  195,  325)  obtained  yellowish, 
hygroscopic  tablets  of  the  composition 
M,U02Br^.2H,0,  where  M  =  iSlH^  and  K. 

URA.NIDM    TRIBROMIDE     UBr3.       Mol.    W.  not 

determined.  Obtained  by  Alibegoff  (A.  233, 119  ; 
cf.  Zimmermann,  A.  216,  5)  by  passing  dry  H 
over  molten  UBr.,.    Dark-brown  needles  ;  easily 
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volatilised  ;  not  changed  by  continued  heating  in 
H  ;  very  hygroscopic  ;  warmed  in  K  S,  in  com- 
plete absence  of  air,  forms  U^Sj. 

Uranium,  chlorides  of.  By  heating  U  in  CI 
both  UCl-  and  UCl,  are  produced  ;  and  by  heat- 
ing UCl,  in  H,  UCl,  is  formed. 

Uba>'idm  pentachloride  UCI5.  Mol.  w.  not 
determined ;  formula  probably  molecular,  from 
analogy  of  MoCl^  and  WCl,. 

Preparation. — 1.  By  heating  U  in  excess  of 
CI. — 2.  A  slow  stream  of  dry  CI  is  passed  over  a 
mixture  of  charcoal  and  any  oxide  of  U,  or 
UO._,CL,  heated  to  dull  redness  in  a  glass  tube  ; 
dark-green  octahedral  crystals  of  UCl^  are 
formed  near  the  heated  part  of  the  tube,  and  in 
front  of  these  needle-shaped  crystals  of  UCl,  are 
deposited,  mixed  with  a  loose  brown  powder, 
which  is  also  TJGI5.  If  the  stream  of  CI  is  rapid, 
most  of  the  UCl,  is  produced  as  a  light-brown, 
mobile  powder  (Eoscoe,  G.  J.  [2]  12,  1)33). 

Properties  and  Reactions. — UCl,  crystallises 
in  long,  dark,  needle-shaped  forms  ;  the  crystals 
are  lustrous,  and  reflect  greenish  light,  in  trans- 
mitted light  they  are  dark  ruby  red.  Both  the 
crystals  and  the  brown  powder  are  very  hygro- 
scopic. Dissolves  in  water,  with  a  hissing  sound, 
forming  a  yellow-green  liquid  and  giving  off 
HCl.  Decomposed  to  UCl^  and  CI  when  heated, 
eitlier  alone  or  in  C0._,  or  CI ;  decomposition  begins 
at  120^  in  CO,,  and  is  complete  at  23.5°.  Heat- 
ing in  NH,j  probably  produces  a  nitride  (Roscoe, 
I.e. ;  no  analyses  given). 

Combination. — A  compound  UCl,.PCl5  is  de- 
scribed by  Cronander  (J.  1873.  222)  as  an 
amorphous,  yellow  solid ;  formed  by  heating 
UO3  with  excpss  of  PCI5  iu  a  sealed  tube  for  a 
long  time. 

Uranium  tetrachloride  UCl,.  (Uranous 
chloride.)    Mol.  w.  380-48. 

Preparation.— 1.  U  is  heated  in  CI. — 2.  A 
mixture  of  charcoal  and  an  oxide  of  U,  or  UOoCl,, 
is  heated  in  a  slow  stream  of  dry  CI  (Peligot,  A. 
43,  258;  cf.  Eoscoe,  C.  J.  [2]  12,  933).  The 
crystals  that  form  nearest  to  the  heated  i^art  of 
the  tube  are  again  heated  in  a  stream  of  dry 
CO,,  whereby  traces  of  UCI5  are  volatilised  and 
removed  (Zimmermann,  A.  216,  8). — 3.  A  solu- 
tion of  ammonium  uranate  in  HClAq  is  reduced 
by  Zn,  and  the  solution  is  evaporated  and  crys- 
tallised. Arendt  a.  Knop  (C.  C.  18.57.  164)  re- 
duced, by  boiling  the  solution  for  15  min.  with 
Cu  and  a  little  PtCljAq  ;  they  then  filtered,  satu- 
rated with  HoS,  filtered,  boiled  off  H._,S,  and  crys- 
tallised. 

Properties  and  Beactions.  — ■  Dark  -  green, 
lustrous,  regular  octahedral  crystals  ;  volatilises 
at  red  heat,  in  complete  absence  of  moisture, 
giving  a  red  vapour  (Peligot,  I.e.)  with  V.D. 
192  (Zimmermann,  I.e.).  Very  deliquescent; 
fumes  much  in  air,  giving  off  HCl ;  dissolves  in 
water,  with  a  hissing  sound,  forming  a  green 
solution  that  is  unchanged  in  air  ;  gives  green, 
amorphous  UCl,  by  evaporation  in  vacuo,  but  is 
decomposed  by  evaporation  in  the  air.  When 
UCl|Aq  is  dropped  into  boiling  water  all  the  U 
is  ppd.  as  UO,..tH„0.  Solution  of  UCl,,  reduces 
salts  of  Au  and  Ag  to  the  metals,  and  PeCl^  to 
Fed,,,  &c.  By  heating  in  dry  H  one-fourth  of 
the  CI  is  removed  and  UCL,  remains  (Peligot,  A. 
43,  266).    According  to  Peligot  {I.e.),'  UCl^  com- 


bines with  several  metallic  chlorides  to  form 
double  salts. 

TJranoxy  chlorides.  (Cldomxyiiranates.) 
UO,Cl,.2MC1.2aq,  or  M,,U0,,Cl.,.2aq.  Salts  of 
this  composition,  M  =  NH|  and  K,  are  produced 
by  the  reaction  of  large  excess  of  HClAq  with 
uranates  of  NH,  and  K  (Peligot,  A.  43,  279). 
The  K  compound  is  also  formed  by  acting  on 
UOoCl,  with  excess  of  KClAq,  and  separating 
the  KCl  that  crystallises  with  the  KUO.Cl,,  me- 
chanically (Berzelius,  P.  1,  366).  The  K  com- 
pound forms  thick  plates  (for  crystalline 
measurements  v.  de  la  Provostaye,  A.  Ch.  [3]  6, 
165) ;  easily  loses  water ;  gives  off  HCl  at  a 
little  above  100°;  melts  at  red  heat,  giving  off 
CI,  and  leaving  UO,  and  KCl.  The  ammonium 
compound  forms  very  deliquescent  rhombohedra. 

Uranium  trichloride  UCI3.  Mol.  w.  not 
determined.  Obtained  by  Peligot  (I.e.)  by  heat- 
ing UCl,  in  dry  H  as  long  as  HCl  was  given  off. 
Also  formed  in  solution  by  long-continued  re- 
duction of  uranyl  salts  by  Zn  and  HClAq  (Zim- 
mermann, A.  213,  300).  A  brownish-red  solid; 
dissolves  very  readily  in  water,  forming  a  red 
solution,  which  gives  off  H  and  becomes  green 
(v.  P.,  I.e. ;  Z.,  I.e. ;  also  A.  216,  12). 

Uranium,  ferrocyanides  of.  Various  com- 
pounds are  described  by  Wyruboff  {A.  Ch.  [5]  8, 
444)  and  Atterberg  {Bl.  [2]' 24,  355)  as  obtained 
by  ppg.  KjFeCyi,Aq  by  solutions  of  salts  of  U. 
The  following  formulffi  are  given  : 
(1)    U„FeCy„.  lOaq  ;        (2)    U.,K,FeCy,.  6aq  ; 

(3)  (U6.,),,K„(FeCy,,),.6aq; 

(4)  (UO,),K„(FeCy„);.12aq. 

Uranium,  fluorides  of.  Only  one  compound, 
UF4,  has  been  isolated  with  certainty. 

Uranium  teteafluoride  UF,.  {Uranous 
fluoride.)  Mol.  w.  not  determined ;  formula 
probably  molecular,  from  analogy  of  UBr4  and 
UCl,.  Prepared  by  adding  HFAq  to  U.,Os,  boil- 
ing, pouring  off  the  yellow  solution  (which  con- 
tains UO.F,),  washing  the  green  powder  that 
remains,  first  on  a  filter  and  then  by  decantation, 
until  free  from  HFAq,  and  drying  at  100° 
(Smithells,  C.  43,  125  ;  cf.  Bolton,  Z.  [2]  2, 
j  353).  The  process  of  washing  is  very  tedious, 
and  occupies  many  days.  UF,  is  a  green 
powder  ;  insol.  in  water  and  dilute  acids;  slowly 
dissolved  by  cone,  acids;  boiling  NaOHAq  jiro- 
duces  UO,.  Heated  iu  a  Pt  crucible  with  the 
lid  on,  a  small  quantity  of  a  white,  bulky  sub- 
limate is  obtained ;  this  sublimate  is  UO^F^ 
(Smithells,  I.e.)  ;  the  residue  in  the  crucible  is 
chiefly  U0„.  Heated  on  Pt  foil,  UF,  leaves 
U3O,  (S.,  I.C.). 

Double  salts. — Bolton  {I.e.)  obtained  the 
compounds  UF,.KF  and  UF,.NaF — as  green 
powders,  insoluble  in  water  and  dilute  acids, 
giving  UO,,,  KF  (or  NaF),  and  HP  when  heated 
to  redness,  in  closed  vessels — by  the  action  of 
formic  or  oxalic  acid  on  UO^F„.  3KP  or 
UO,>F„.NaF  {v.  infra)  in  sunlight.  These  com- 
pounds may  be  called  uranofiuoridcs,  and  written 
KUF,  and  NaUF,. 

Uranium    hexafluoride  UF„    was  said  by 
Ditte  {C.  R.  91,  li5)  to  be  formed  by  heating 
U3OS  with  HFAq,  evaporating  the  yellow  liquid, 
and  beating  the  crystals  of  UF,;.8HP  thus  ob- 
I  tained  ;  but  Smithells  (C.  J.  43,  125)  has  shown 
1  that  the  substance  obtained  by  evaporating  the 
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solution  formed  by  heating  Vfig  with  HFAq  is 
UOJ?.,  (■;;.  Ubanium  oxypluokidb,  p.  828). 

Uranoxy  fluorides.  (Fluoxy-uranates.) 
These  compounds  may  be  regarded  either  as 
double  salts  of  UOoF.,  with  alkali  fluorides,  or  as 
salts  derived  from  hypothetical  acids  Hj.UO,P,,. 
The  compounds  are  formed  by  adding  alkali 
fluorides  to  solutions  of  uranous  nitrate,  and 
crystallising  under  different  conditions  (v. 
Bohon,  Z.  [2]  2,  353  ;  Baker,  C.  J.  35,763).  The 
compounds  that  have  been  isolated  belong  to 
several  series  :  (1)  MP.U02F.,.a;aq  =  MUO..F3.a;aq, 
where  M  =  Na  and  x  —  2  and  4  (Bolton) ; 
(2)  3MF.UOJ„  =  M,UO,J'5,  where  M  =  NH, 
and  K  (Bolton;  Baker);  (3)  3iai'.2UO.,F.,.2aq 
=  K3U.AF-.2aq  (Baker)  ;  (4)  5KF.2UO,.F., 
=  K5U,0jF,  (Baker);  (5)  3BaF.,.5UO,F,.2aq 
(Bolton).  Two  other  series  were  described  by 
Ditte  (C.  B.  91,  166),  4MF.U0,F,  and 
4MF.UOF4.xaq ;  but  the  experiments  of 
Smithells  (C.  J.  43,  131)  have  shown  that  these 
compounds  do  not  exist. 

Uranium,  haloid  compounds  of.  U  combines 
directly  with  Br  and  CI,  but  not  with  I;  no 
iodide,  indeed,  has  been  isolated.  The  haloid 
compounds  of  U  belong  to  the  form  UX,,  where 
X  =  Br  or  CI ;  UX^,  where  X  =  Br,  CI  or  F  ;  and 
UXj,  where  X  =  C1.  The  compounds  UBr.,  and 
UCl,  have  been  gasified,  and  the  formulte  are 
molecular.  From  the  analogy  of  WCI5  and 
M0CI5  the  formula  UCI5  is  probably  molecular ; 
this  compound  decomposes  to  UCI4  and  CI  when 
heated,  either  alone  or  in  CO2  or  CI.  From  the 
analogy  of  CrCIj  it  may  be  supposed  that  11013 
and  UBr,  are  molecular  formulae.  No  haloid 
compounds  of  U  have  been  isolated  correspond- 
ing with  the  chlorides  of  Cr,  Mo,  and  W, 
MiClj^..  No  haloid  compounds  of  U  are  known 
containing  each  more  than  one  halogen.  Various 
oxyhaloid  compounds,  chiefly  UO,,X„,  and  com- 
pounds of  these  with  alkali  haloids,  are  known. 

Uranium,  hydroxides  of,  v.  Ueanium,  oxides 
AND  HYDKATED  OXIDES  OP  (infra) ;  also  Uranium 

OXYACIDS,  and  salts  OF  (p.  826). 

Uranium,  iodides  of.  No  compound  of  U 
and  I  has  been  isolated.  Hermann  (J.  1861. 
260)  and  Sendter  (Verbind.  des  Uraniums, 
Erlangen,  1877)  failed  to  obtain  an  iodide  by 
heating  a  mixture  of  UO.,  and  C  in  I  vapour  or 
in  HI. 

Uranium,  nitride  of,  UjN^.  A  greyish-black 
powder  ;  obtained  by  heating  UCl^  in  NH3,  then 
mixing  with  NH^Cl  and  heating  for  a  long  time 
in  a  stream  of  NH.,  (Uhrlaub,  Verbind.  einiger 
Metalle  mit  Stickstojf,  Gottingen,  1859).  Eoscoe 
(C.  J.  [2]  12,  933)  states  that  a  nitride  is  formed 
by  heating  UCI5  in  NH3,  but  no  analyses  are 
given. 

Uranium,  oxides  and  hydrated  oxides  of. 

When  U  is  burnt  in  air  the  product  is  U3OS ; 
by  heating  this  oxide  with  reducers,  or  for  a  long 
time  in  a  stream  of  N  or  CO,,  UO2  is  formed ; 
UO3  is  produced  by  fusing  TJ-fig  with  KCIO3,  also 
by  heating  U0..(N03).,;  by  adding  H.,0.,Aq  to 
U0,(C.,H30,,),,Aq  or  Ub2(N03),Aq  a  hydrate  of 
UO4  is  obtained.  Besides  these  four  oxides, 
others,  intermediate  between  UO.^  and  UO3, 
perhaps  exist.  No  definite  hydrate  of  UOj  has 
been  isolated ;  the  pp.  formed  by  adding 
NHjAq  to  UCl4Aq,  or  to  solution  of  a  uranous 
salt  (^(SOj),,  d-c),  is  either  a  hydrate,  or  a 


mixture  of  hydrates,  of  UO,.  A  hexahydrate  of 
U3OS  probably  exists.  Uranic  acid  is  the  mono- 
hydrate  of  UO3.  UO,  dissolves  in  some  acids 
to  form  corresponding  salts  ;  V.fig  is  said  to 
react  with  cone.  H,S04  or  HClAq  to  form  both 
uranous  salts  UX,,  and  uranyl  salts  UO,X, 
where  X  =  a  divalent  acidic  radicle.  UO3  inter- 
acts with  several  acids  to  form  uranyl  salts 
UO,Xi';  UO3  also  reacts  as  an  acidic  oxide  with 
strong  bases,  forming  uranates,  di-uranates,  &c., 
MI2UO4,  Mi,U,0,,  &c. 

According  to  Guyard  {Bl.  [2]  1,  89),  two  oxides 
having  the  compositions  UO  and  U.,04  exist ; 
but  the  more  accurate  investigations  of  Zimmer- 
mann  (A.  213,  301)  showed  that  the  substances 
examined  by  Guyard  were  not  definite  compounds. 
P61igot  described  a  black  oxide  U..0. ;  Zimmer- 
mann  (A.  232,  273)  has  shown  that  the  substance 
is  a  mixture,  in  variable  x^roportions,  of  UO2 
and  U^Og. 

Ukanium  dioxide  UOj.  (Uranous  oxide.) 
Mol.  w.  not  known.  This  oxide  was  supposed 
to  be  the  element  U  until  1840,  when  Peligot 
proved  the  presence  of  0  in  the  substance 
(A.  Ch.  [3]  5,  5). 

Formation. — 1.  By  heating  U3O8  with  such 
reducing  agents  as  H  (Arfvedson,  P.  1,  245), 
NH4CI  and  S  (Hermann,  J.  1861.  258),  a  little 
C  (Buchholz,  Gehlen's  Ann.  4,  17,  134),  oxalic 
acid  (Wertheim,  pr.  29,  211),  &c.— 2.  By 
heating  U^Og  for  a  long  time  in  a  stream  of  N 
or  CO,  (Zimmermann,  A.  232,  283).— 3.  By 
strongly  heating  UO^.C^Oj  in  absence  of  air 
(Berzelius,  P.  1,  359),  or  in  a  stream  of  H  (Peli- 
got, A.  Ch.  [3]  5,  5 ;  Ebelmen,  A.  Ch.  [3]  5,  189). 

Preparation. — A  mixture  of  U0,C1,  and 
excess  of  NaCl  and  NH4CI  is  strongly  heated  in 
absence  of  air  ;  and  the  product  is  washed 
thoroughly  with  water,  and  dried  (Wohler,  A. 
41,  345  ;  cf.  Hillebrand,  Zeit.  f.  anorg.  Chemie, 
3,  243).  If  air  is  not  excluded  during  heating, 
some  UO3  is  obtained  (H.,  I.e.).  This  process 
gives  UO,  as  a  black  crystalline  powder.  In 
place  of  using  U0„C1,,  a  solution  of  ammonium 
uranate  in  HClAq  may  be  mixed  with  excess  of 
NaCl  and  NH4CI,  and  evaporated  to  dryness, 
and  the  residue  heated.  By  fusing  any  oxide 
of  U  with  borax  for  24  hours,  and  washing  with 
water  and  then  with  dilute  acetic  acid,  or  dilute 
HClAq,  Hillebrand  (I.e.  p.  249)  obtained  jet- 
black  octahedra  of  UO,  isomorphous  with  ThO,. 

Properties. — Prepared  by  heating 
UOj.CPj,  UO,  is  a  dark-brown,  pyrophoric 
powder  ;  if  the  temperature  has  been  kept  high 
the  oxide  is  lustrous,  reddish-black,  and  not 
pyrophoric  ;  prepared  by  lieating  UOjCl,  with 
NaCl  and  NH4CI,  UO,  forms  black,  non-pyro- 
phoric,  octahedral  crystals.  Peligot  gave  S.G. 
10-15;  according  to  Hillebrand  (I.e.),  the  S.G.  is 
nearly  11.  U0._,  is  insoluble  in  water,  HClAq, 
and  dilute  H,S6iAq;  it  dissolves  in  HN03Aq, 
and  in  cone.  H.^SOj  in  presence  of  a  little  water. 
UO2  is  oxidised  to  U3O,  by  heating  in  air. 

'Reactions. — 1.  Heated  in  air  or  oxygen 
UgOs  is  produced;  UO,  burns  brilliantly  in  the 
0-H  flame  (Clarke,  O.'A.  62,  353).— 2.  Heating 
in  chlorine  produces  UO,CL ;  when  mixed  with 
carbon  and  heated  in  chlorine,  UCI5  and  UCl^ 
are  formed.  UBrj  is  produced  by  heating  UO, 
mixed  with  carbon  in  bromine  vaxsour. — 3.  U.,Og 
is  formed  by  heating  UOj  in  tuater  vapour 
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(Eegnault,  A.  Ch.  [2]  62,  358).— 4.  Heating  in 
vapour  of  carbon  disulphidc  produces  U-jCS^ 
(Hermann,  J.  1861.  2.58 ;  H.  Eose,  G.  A.  73, 
139).  UO.,  is  said  to  be  unchanged  by  heating 
in  hydrogen  sulphide  (Arfvedson,  P.  1,  245). — 
5.  A  solution  of  UO,  in  cone,  sulphuric  acid 
gives  green  crystals  of  U(SOj),  on  evaporation. 

Hydbates  of  uranium  dioxide.  No  definite 
hydrate  of  UO.^  has  been  isolated  ;  NH.,Aq  pro- 
duces a  reddish-brown  pp.  when  added  to  UCljAq 
or  solution  of  a  uranous  salt,  this  pp.  becomes 
black  on  boiling ;  when  washed  with  air-free  ^,  ater 
and  dried  in  vacuo  it  forms  black,  coherent 
lumps.  A  black  pp.  is  also  produced  by  dropping 
UCl^Aq  into  boiling  water.  These  black  pps. 
contain  UO, ;  they  are  probably  hydrates  of 
this  oxide.  The  name  uranous  hydroxide  is 
often  given  to  the  pp.  obtained  by  either  of  the 
jirocesses  described ;  the  pp.  dissolves  in  dilute 
HjSOjAq,  HNO^Aq,  and  HClAq. 

Uranoso-uranig  oxide  U.,Os.  (Olive-grccn 
oxide  of  uranium.  JJj-anyl  uranate  U0,,.2U03.) 
Mol.  w.  not  known. 

Occurrence. — In  combination  with  Si0„,  and 
oxides  of  Sb,  As,  Ca,  Cu,  Fe,  Mg,  &c.,  in  pitch- 
blende. 

Preparation.  — XS ,  or  a  decomposable  U  com- 
jjound,  e.g.  U0,(N0.,)2,  is  heated  in  the  air  and 
then  in  a  stream  of  O,  and  is  allowed  to  cool  in 
O  {v.  Zimmermann,  A.  232,283).  For  a  method 
of  preparing  UjOj,  from  pitchblende  v.  Uranium, 
Preparation  of  (p.  821). 

Properties.  —  A  dark  olive-green  powder, 
sometimes  almost  black,  but  always  showing  a 
green  streak  when  rubbed  on  unglazed  porcelain 
(Z.,  I.e.).  S.G.  7-2  (Karsten,  S.  65,  3;)4) ;  7-31 
(Ebelmen,  J",  pr.  27,  385).  S.H. -07979  (Donath, 
B.  12,  742).  Insoluble  in  water;  slightly 
soluble  in  dilute  HClAq  or  H,SO,,Aq  ;  soluble 
in  HNOjAq,  also  in  H.SOj  with  a  little  water. 

Reactions. — 1.  Gives  off  0  when  heated  in 
air  or  in  an  indifferent  gas  ;  the  final  jjroduct  of 
heating  in  N  or  CO,,  is  UO.,  (Zimmermann,  A. 
232,  283).— 2.  Eeduced  to  UO,  by  heating  with 
hydrogen,  carbon,  sulphur ,  potassium,  or  sodium. 
3.  Heated  in  vapour  of  carbon  disidphidc 
UjO-.S.,  is  formed. — 4.  Heated  with  cone,  sul- 
phuric acid,  or  with  hydrochloric  acid  to  180°- 
200°,  gives  both  uranous  and  uranyl  sulphates, 
or  chlorides ;  reacting  as  UO,.2U03  (Z.,  A.  232, 
287). — 5.  Silver  nitrate  solution  is  slowly  re- 
duced to  Ag  (Isambert,  C.  B.  80,  1087). 

Hydrate  op  tjkanoso-dkanic  oxide.  By 
adding  NH^Aq  to  UCljAq  and  allowing  the  pp. 
to  oxidise  in  the  air,  and  drying  in  vacuo  over 
H,S04,  Eammelsberg  (P.  55,  319)  obtained  a 
greenish-black  solid  which  may  have  been  a 
hydrate  of  UjO^ ;  one  determination  of  water 
only  is  given  which  agrees  fairly  with  UjOg.  6aq. 

Uranium  tbioxide  UO3.  (Uranic  oxide. 
Uranic  anhydride.  Uranyl  oxide  (U0,)0.)  Mol. 
w.  not  known.  This  oxide  is  obtained  by  care- 
fully heating  the  hydrate  UO.,.H.O  {v.  infra)  to 
300°  (Ebelmen,  .4.  CVj.  [2]  5,  199)';  to  250°,  tem- 
perature being  gradually  raised  (Jaequelin, 
Ph.  C.  1845.  193).  The  oxide  is  also  formed  by 
heating  U0,.C0.,.2(NH,),C0,  to  300°  (E.,  I.e.). 
The  preparation  of  UO.,  may  be  conducted  by 
heating  UO._.(N03)2  in  a  Pt  basin  until  decompo- 
sition begins,  then  transferring  to  glass  tubes 


and  heating  these  in  an  oil-bath  to  250°  so  long 
as  acid  fumes  are  given  oli'. 

UO.J  is  a  chamois-yellow  powder.  S.G.  5'02 
to  5-26  (Brauner  a.  Watts,  P.  M.  [5]  11,  60). 
Ebelmen  (I.e.)  described  UO^,  obtained  by  heat- 
ing UO,.C03.2(NHJ,CO,  as  a  sealingwax-red 
powder.  When  UO^  is  heated  to  redness  it  gives 
oft  0  and  U.,Oj  remains  (E.,  I.e.  ;  cf.  Eead,  0.  J. 
65,  313  [1894]) ;  the  oxide  seems  to  be  somewhat 
volatile  at  the  temperature  of  a  porcelain  oven 
(Eisner,  /.  1866.  3-5). 

UO3  reacts  with  many  acids  as  a  basic  oxide, 
but  the  salts  formed  are  always  basic  salts  of 
the  forms  UXB.2UO3,  where  X=  the  radicle  of  a 
monobasic  acid,  and  UX.,.2U0.,  where  X  =  the 
radicle  of  a  dibasic  acid.  It  is  customary  to 
write  the  formuhe  of  these  basic  salts  as  U0,.X'2 
and  UO,.X",  and  to  call  them  uranyl  salts 

(UO2  =  uranyl) ;  thus  ^^^'^f^"-^^^^  =  UO^INO^),, 

andniSO^)^^3=uo^(Sol). 

UO3  behaves  towards  strong  bases  as  an 
acidic  oxide,  forming  uranates  M,UO,,  and  di- 
uranates  M,U,0;,  itc.  ;  these  salts  are  generally 
formed  by  fusing  U  compounds  with  bases  and  0, 
and  by  ppg.  uranyl  salt  solutions  by  strong  bases. 
When  KOHAq,  NaOHAq,  NH.,Aq,  BaOAq,  or 
CaOAq  is  added  to  a  solution  of  a  uranyl  salt, 
e.g.  to  UO,(NO;,).Aq,  the  pp.  consists  of  a 
uranate  of  the  metal  of  the  base.  Alkali 
carbonates  ppt.  alkali  uranates,  but  the  pps. 
contain  also  CO, ;  the  pps.  dissolve  in  excess 
of  the  alkali  carbonates  forming  double  car- 
bonates of  uranyl  and  the  alkali  metal,  e.g. 
U0,.C0:,.2(NH  j,,CO.,.  Addition  of  alkali  or  alkali 
carbonate  to  solutions  of  uranyl  salts  containing 
other  metallic  salts  causes  ppn.  of  a  uranate  of 
the  metal  of  the  salt  present,  generally  mixed 
with  alkali  uranate  (cf.  Uranium  oxyacids, 
and  salts  thereof,  p.  826). 

By  adding  KOHA(i  to  a  cold  solution  of  UCl, 
or  U0,(N03),,  and  dialysing,  Graham  (T.  1861. 
213)  obtained  a  solution,  free  from  acid  and 
alkali,  which  he  regarded  as  a  loose  compound 
of  sugar  and  UO;,,  and  which  he  called  sucrate 
of  peroxide  of  uranium. 

Hydrates  of  uranium  trioxide.  Pure  hy- 
drates of  UO3  are  not  obtained  by  ppg.  uranyl  salt 
solutions  by  alkalis  (v.  sujjra)  ;  but  according  to 
Ebelmen  {A.  Ch.  [3]  5,  199)  UOj.xH.O  is  pro- 
duced by  boiling  an  aqueous  solution  of 
UO,.CO.,.2(NH,),,C03  until  a  yellow  pp.  is  formed, 
and  allowing  this  pp.  to  stand  for  a  longtime. 
By  the  continued  action  of  sunlight  on  U0,(C,04) 

1  in  presence  of  water,  UO.,..rH,0  is  said  to  be 
formed  ;  after  washing  and  drying  in  the  air,  the 
solid  has  the  composition  U0.j.2H,0  ;  and  after 

I  drying  in  vacuo  the  composition  is  UOj.H.O 
(E.,  I.e.).  Berzelius  {B.  J.  24,  118)  obtained 
UO.,.H,0  by  heating  U0,(N03),,  on  a  sand-bath 
until  acid  fumes  ceased  to  be  given  off,  washing 
the  residue  with  boiling  water,  and  drying  in 

1  air.    The  same  hydrate  is  said  to  be  formed  by 

j  heating  U^O^  with  KCIO.,  until  fusion  begins, 
boiling  out  with  water,  and  drying  in  air  (Drenk- 
mann,  J.  1861.  256).  The  best  method  of  pre- 
paring U03.H,0  seems  to  be  that  given  by  Mala- 
guti  [A.  Ch.  [3]  9,  463),  viz.  boiling  a  solution 
of  U0,(N03),  in  absolute  alcohol  as  long  as  a 
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reaction  proceeds,  washing  the  yellow  solid  that 
separates  with  water,  and  drying  in  air  or  in 
vacuo;  EtNO,,,  N,,0.„  C,,HjO,  and  H.CO.H  are 
formed  in  the  reaction. 

UOj.HoO  is  described  as  a  yellow  powder ; 
S.G.  5-93  at  15°  (Malaguti,  I.e.) ;  reddens  litmus 
paper ;  when  hot  it  absorbs  CO.,  from  the  air ; 
heated  to  250°-300°  water  is  given  off  and  UO, 
remains  (Ebelmen,  I.e.;  Jacquelin,  A.  Ch.  [3]  5, 
199) ;  heated  to  redness  gives  off  O  and  leaves 
U3OS.  UO3.H0O  is  generally  called  uranic  acid  ; 

V.  IjKiNIDM  OXYACIDS,  AND  SALTS  THEREOF  (infra). 

Ubanidm  peroxide.  By  adding  U02(N03)2Aq 
to  a  mixture  of  H  ,0.,Aq  and  a  large  excess  of 
H,,SOjAq,  and  allowing  to  stand  for  a  consider- 
able time,  Fairley  (G.J.  31,  133  [1877])  obtained 
a  small  quantity  of  a  heavy,  crystalline,  almost 
white  pp.,  which  when  dried  (?  in  air,  or  at 
100°)  had  the  composition  UOj.  By  adding 
dilute  H,0,,Aq  to  solution  of  U0,,(N03),  or 
'U02(C2H30.j)„,  free  from  acids,  Fairley  (i.e.  p. 
127)  obtained  a  yellowish-white  pp.,  which  when 
dried  by  pressure  between  filter  paper  had  the 
composition  UOJ.4H2O,  and  when  dried  at  100° 
the  composition  U0|.2H,,0. 

Zimmermann  (.4.  232,  273  [1886])  failed  to 
obtain  the  tetrahydrate  UO1.4H2O  ;  according  to 
him  the  dihydrate  U0j.2H,0  is  very  hygroscopic, 
and  begins  to  decompose  at  115°.  Alibegoff 
also  obtained  only  U0,,.2H.,0  ;  he  failed  to  pre- 
pare the  anhydrous  oxide'  UO^  (A.  233,  123 
[1886]). 

Hydrated  uranium  peroxide,  dried  at  100°, 
is  a  yellowish-white  powder ;  decomposed  by 
heat,  giving  off  0  and  leaving  much  U^Os ;  re- 
acts with  alkali  solutions  to  give  UOj.a'H.O,  and 
a  solution  from  which  alkali  peruranate 
2M,,O.UOs.  8aq,  crystallises  (Fairlsy,  I.e. ;  v.  Per- 
uranates  under  IJkanium  otyacids,  and  salts 
THEREOF,  p.  827). 

Uranium  oxyacids,  and  salts  thereof. 
UOj.HoO  =  HoUO,,  reacts  with  strong  bases  as  an 
acid,  forming  uranates  M'^UOj  ;  di-uranates 
M'.jUoO,  are  also  known,  and  a  few  tri-  and 
hexa-uranates.  A  few  peruranates  are  derived 
from  hydrated  uranium  peroxide  UOj.xH.,0. 
The  compounds  of  UO,,X,  with  MX  (X  =  Br,  CI, 
or  F)  may  be  regarded  as  bromoxy-,  chloroxy-, 
and  fluoxy-uranates.  The  substance  known  as 
uranium  red  is  perhaps  UOn.ONH^.SNH^,  i.e. 
the  ammonium  salt  of  an  oxythio-uranic  acid 
(v.  Uranium  oxtsdlphides,  p.  828). 

Uranio  acid  H.UO^.  This  compound  is  ob- 
tained as  a  yellow  powder,  which  reddens  litmus 
paper,  and  is  decomiDosed  to  UO,  and  H.,0  at 
250°-300°,  and  to  U3O,,  and  O  at  a  higher  tem- 
perature, by  boiling  a  solution  of  U0.(N03).,  in 
absolute  alcohol,  washing  the  solid  that  sepa- 
rates with  water,  and  drying  in  air  or  in  vacuo. 
(For  other  methods  of  preparation,  and  more 
details  v.  Hydrates  op  uBANinir  tbioxide,  p. 
825.)  The  salts  of  H,U0,  are  prepared  indi- 
rectly. 

Uranates,  di-uranates,  Ac.  Salts  derived 
from  H.,UO,| ;  salts  derived  from  the  hypotheti- 
cal acids  H.UA,  H^UjOio,  H,U„0,g  are  also 
known. 

UEANATES.     Salts  of  the  composition 
and  M"UO,,.    These  salts  are  prepared 
by  ppg.  solutions  of  uranyl  salts  by  bases  in 
solution,  or  by  adding  alkali  solution  to  a  mix- 


ture of  a  uranyl  salt  and  a  metallic  oxide  iri' 
solution  ;  also,  in  many  cases,  by  oxidising  UjO^ 
or  UO,  in  presence  of  a  base  or  a  salt  of  a  base. 
The  uranates  are  insoluble  in  water,  and  are 
not  readily  decomposed  by  heat  excejat  the  am- 
monium salt.  Carson  a.  Norton  (Am.  10,  219)- 
have  pointed  out  that  analyses  of  uranates  al- 
ways show  considerable  differences  between  the 
percentages  of  U  found  and  calculated  ;  they 
have  found  the  same  anomaly  in  analyses  of 
uranates  of  ammonium  and  several  ammonium 
derivatives,  such  as  NEtH,,  NEt^Hj,  &c. 

Ammonium  uranates.  The  pure  salt  does  not 
seem  to  have  been  isolated.  An  impure  uranate 
containing  c.  90  p.c.  UO3  ((NHJ^UOj  requires 
84-66  p.c.  UO3)  is  obtained  by  adding  NHjAq  to 
a  solution  of  a  uranyl  salt  (P61igot)  ;  it  is  a  yel- 
low powder,  which  loses  H^O  and  NH3  above 
100°,  very  slightly  soluble  in  water,  and  insol. 
j  NH3Aq  (Arfvedson,  P.  1,  245).  An  impure  salt  is 
I  also  obtained  by  adding  NH^ClAq  or  (NH.,).,SOjAq 
to  boiling  Na^UOjAq,  as  long  as  NH3  and  CO, 
are  given  off,  washing  the  pp.,  and  drying  at  a 
low  temperature  (Anthon,  D.  P.  J.  156,  211). 
Heated  to  redness  gives  UjO, ;  many  of  the  com- 
pounds of  U  are  prepared  from  ammonium 
uranate. 

Potassium  uranate  K.UO,.  Prepared  by 
heating  6  g.  UjOj  with  HClAq  and  HN03Aq,  add- 
ing 4  g.  KCl  and  16  g.  NH,C1,  evaporating  to 
dryness,  heating  very  strongly  until  the  fused 
mass  is  orange-yellow,  and  washing  with  water 
(Zimmermann,  A.  213,  290).  The  salt  is  said 
to  be  formed  also  by  strongly  heating  UO^HPO^ 
(obtained  by  jjpg.  a  uranyl  salt  by  a  phosphate) 
with  K,SO,  (Grandeau,  A.  Gh.  [6]  8,  223). 
Orange-yellow,  rhombic  tablets ;  insol.  water, 
cold  or  hot ;  easily  sol.  acids  (Zimmermann^ 

I.C.). 

Sodium  uranate  NajUOj.  Prepared  by  fusing 
UjOs  with  NaCl  and  Na.CO,,  or  with  NaCl 
with  gradual  addition  of  NaClOg,  and  washing 
with  water ;  resembles  K^UOj  (Zimmermann, 
I.e.). 

Lithium  uranate  LijUO,  has  been  prepared 
similarly  to  K0UO4 ;  it  is  said  to  be  decomposed 
by  hot  water  (Z.,  I.e.).  Uranates  of  Ba,  Ca,  and 
Sr— MUO^— are  said  by  Ditte  (C.  R.  95,  988)  to 
be  formed  by  heating  the  chlorides  of  these 
metals  with  UjOr. 

DI-UKANATES.  Salts  of  the  composition 
M,iU„0,  and  Mi'U.,Oj.  The  formulas  may  also 
be'wntten  M'oUO^.UOj  and  Mi'UO^.UOj. 

Barium  di-uranate  BaU.O,.  Formed  by 
ppg.  U0.,(C„H30,)  Aq  by  BaOAq  (Berzelius,  P.  1, 
359) ;  also  by  heating  to  redness  U02.Ba(C.,H302) , 
(Wertheim,  J.  pr.  29,  207).  A  yellowish-red 
powder. 

Calcium  di-uranate  CaU^O,.  Formed,  ac- 
cording to  Ditte  (  C.  R.  95,'  988),  by  strongly 
heating  UjOj,  with  Ca(C103)2 ;  a  yellowish-green 
solid. 

Copper  di-uranate  CuU^Oj.  This  salt  is 
said  to  be  formed,  as  a  green  crystalline  powder, 
by  fusing  Cu(U02.PO,,)2.  8aq  with  Na^COj,  and 
washing  with  water  (Debray,  A.  Ch.  [3]  61,  451). 

Lead  di-uranate  PbU.,0,.  Formed  by  di- 
gesting U0„(G,H30.,).,Aq  with  freshly  ppd.  PbCOj 
(Wertheim,'  /.  pr.  29,  207);  also  by  adding 
NH,Aq  to  a  mixture  of  U0o(N03)„Aq  and 
Pb(N03)„Aq  (Arfvedson,  P.  1,  258).  A  yellowish- 
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red  powder,  becoming  green  when  heated ; 
strongly  heated  in  H,  gives  a  pyrophoric  mixture 
of  Pb  and  UO,. 

Potassium  di-uranate  K„U,0,.  Formed  by 
melting  together  UO,  and  K.CO.,  and  washing 
with  water;  also  by  strongly  heating  U0.,.K.,(C03), 
or  UO,,.K(C,K,0,).,  (Berzelius,  P.  l/Soij).  A 
yellowish-red  powder. 

Silver  di-uranate  Ag.XT^O;.  Obtained  by 
adding  amorphous  ICUO.,  to  molten  AgNOj,  and 
washing  with  ice-cold  water  (Alibegoff,  A.  232, 
129;  233,  117,  113).  Also  by  strongly  heating 
UO,,.Ag(C„H,0,);,  (Wertheim,  J.  lyr.  29,  221  ;  cf. 
Eammelsberg,  P.  69, 10).  An  amorphous,  yellow- 
red  solid;  easily  sol.  acids ;  decomposed  by  hot 
water  (Alibegoff,  I.e.). 

Sodium  di-uranate  Na^UoO;.  6aq.  Obtained 
by  ppg.  uranyl  salts  by  NaOHAq  (Patera,  J.  pr. 
61,  125  ;  cf.  Stolba,  Fr.  3,  74).  Loses  water  of 
crystallisation  over  H.^SO,.  A  light-yellow  to 
darkish-yellow  powder.  Known  commercially 
as  uraniuvi  yclloiv  {v.  Dictionary  of  Applied 
Chemistry,  vol.  iii.  p.  893). 

Di-uranatc  of  strontium  SrU.O,  is  said  also 
to  exist  (Ditte,  C.  B.  96,  988). 

TRI-UEANATES.  The  only  salt  that  has 
been  isolated  is  sodium  tri-uranate  Na.UjOio  > 
it  is  prepared  by  fusing  UO.^(SO.|)  with  NaCl,  and 
boiling  out  with  water.  This  salt  forms  yellow 
leaflets  resembling  mosaic  gold ;  S.G.  ()-912 ;  i 
hygroscopic;  insol.  water,  sol.  acids  (Drenk- 
mann,  J.  1861.  256).  j 

HEXA-UEANATES.    The  potassium  salt,  , 
KiUijOig.  6aq,  is  described  as  a  yellow  micro-  ' 
scopically  crystalline  jjowder,  which  loses  all 
water  at    300°-400°  ;    prepared    by  melting 
UO„(SO,)  with  KCl  (Drenkmann,  J.  1861.  255).  j 

PER-UBANATES.  By  adding  excess  of 
alkali  and  HoO.jiq  to  solutions  of  uranyl  salts, 
Fairley  (C  J.  31,  134)  obtained  salts  which  may 
beformulated  as  M^iUO^.  a-aq  and  MKE^UOg.  a;aq 
where  M  =  NHj,  K,  or  Na,  and  R  =  UOo. 

Ammonium-uranyl  peruranate 
(NHj)„(UOo)UO„.  8aq.  The  formula  may  also  be 
written  (NH,,),,O.U.,0,,.  Saq,  or 
(NHj)20.U0.,.U0„.  8aq,  or,  regarding  the  com- 
pound as  a  double  peroxide  of  U  and  NH^,  as 
2UO^.(NHj),,0,,.8aq.  The  salt  is  prepared  by 
adding  excess  of  NHjAq  and  H.^O.Aq  to  a  solu- 
tion of  a  uranyl  salt  and  ppg.  by  alcohol ;  it  is 
an  orange-yellow  solid,  readily  soluble  in  water. 
The  quantity  of  KMnOj  in  solution  decolourised 
shows  that  the  ratio  of  U  to  '  peroxide  oxygen '  in 
the  salt  is  U:30. 

Potassium  per-uranate  K,UOs.  lOaq.  This 
salt  may  also  be  looked  on  as  a  double  peroxide 
of  U  and  K  (UO,.K^O.,.10aq),  or  as  2K,O.U05.  lOaq, 
It  is  prepared  by  adding  alcohol  to  a  solution 
obtained  by  treating  "U0.(N03),,Aq  with  KOHAq 
and  excess  of  H.O.Aq,  and  rapidly  drying  the 
orange-yellow  pp.  by  pressure  in  filter  paper. 
The  salt  rapidly  absorbs  C0._,  from  the  air  and 
loses  O  ;  it  is  easily  decomposed  by  heat,  giving 
off  H.,0  and  0.  Experiments  showed  that  the 
ratio  of  U  to  '  peroxide  oxygen  '  is  U:30. 

sodium  peruranate  Na,,U0„.  Saq.  The 
formula  may  also  be  written  UO^.Na.iOj.  Saq  or 
2Na,,0.U06.  '^^I-  The  salt  is  prepared  by  dis- 
solving '  ordinary  uranic  hydrate,'  or  UO.,.  .raq, 
in  excess  of  NaOHAq  along  with  excess  of 
H,_,O.Aq,  allowing  to  crystallise  if  cone,  solutions 


I  are  used,  or  ppg.  by  a  little  alcohol  if  dilute 
solutions  are  used,  and  drying  by  pressure  in 
filter  paper.  Poleck  {B.  27, 1051  [1894])  obtained 
this  salt  by  adding  sodium  superoxide  to  solution 
of  a  salt  of  U.    The  salt  is  golden-yellow  and 
lustrous  ;  it  slowly  absorbs  CO.,  from  the  air,  and 
I  gives  off  0.    When  heated,  alone  or  in  COo,  it 
gives  off  30  ;  it  also  loses  30  in  contact  with 
1  acidified  KMnO|Aq  or  other  unstable  0  com- 
I  pounds.    The  ratio  of  U  to  '  peroxide  oxygen '  is 
j  U:30  as  measured  by  the  quantity  of  KMnO^ 
decolourised  by  a  solution  of  the  salt. 

Sodium-uranyl  per-uranate 
Nao(U0„)U0„.  6aq.  The  formula  may  also  be 
written  'Na,O.U,0,,.  6aq  or  Na,0.U0.,.ij0„.  6aq  ; 
I  or,  regarding  the  compound  as  a  double  peroxide 
of  U  and  Na,  as  2UO^.NajO.,.  6aq.  The  salt  is 
prepared  similarly  to  Na,UO^.  Saq,  but  using  only 
the  minimum  quantity  of  NaOHAq  required  for 
solution,  and  adding  alcohol,  wlien  it  separates 
as  a  red  oil  which  slowly  crystallises  to  a  red 
solid.  The  quantity  of  KMnO.,  in  solution  de- 
colourised by  a  solution  of  the  salt  showed  that 
the  ratio  of  U  to  '  peroxide  oxygen  '  is  U:30. 

Uranium,  oxybromide  of,  UOoBr^.  (Uranyl 
bromide.)  In  preparing  UBr.,,  by  heating  a  mix- 
ture of  UjOg  and  C  in  Br  vapour,  Hermann  (J. 
18(51.  260)  obtained  a  yellow,  easily  volatile 
sublimate,  which  was  probably  an  oxybromide. 
By  heating  U0._.  with  Br  and  water,  also  by 
dissolving  tJO,,  in  HBrAq,  a  colourless  liquid  is 
obtained,  which  on  evaporation  gives  yellow 
needles  of  the  hydratcd  oi'i/bromidi;  'U0.3r.,.7a,ti 
(Sendtner,  A.  195,  325).  This  compound  com- 
bines with  NH,Br  and  KBr  to  form  U0,Br,,.2MBr 
{v.  Ueanoxybromides,  p.  822). 

Uranium,  oxychloride  of,  UOXl,.  (Uranyl 
chloride.)  Formed  by  strongly  heating  UOj  in 
CI ;  a  yellow,  crystalline  solid,  easily  fused,  but 
volatilised  only  at  a  high  temperature ;  heated 
with  K  forms  UO.,  and  KCl  (Peligot,  A.  Ch.  [8] 
6,  5).  By  dissolving  U03.H.,0  in  HClAq,  also 
by  oxidising  UCl,  by  HNO.,Aq,  and  evaporating, 
yellowish -green  crystals  of  UO.,CL.a;H,,0  are  ob- 
tained (Klaproth,  CrolVs  A.  1789  [2].  387). 

By  dissolving UO._,Cl.,in  ether  and  evaporating, 
Regelsberger  (A.  227,  119)  obtained  yellow 
needles  of  the  compound  U0._,Cl,,.2Et.^0. 

U0._,C1._,  forms  compounds  with  NH",C1  and  KCl 
of  the  form  2MC1.U0„C1.,  (v.  UR.\N0XYCHL0KiriEs, 
p.  823). 

U0.,C1„  combines  with  NH.,  to  form 
U0,,C1.,"xN'H3,  where  x  =  2,  3,  and  4.'  The  first  of 
these  compounds,  U0.,C1.,.2NH.„  is  formed  by 
passing  dry  NH^  into  UO.jCl._,  dissolved  in  ether, 
drying  the  voluminous  yellow  pp.  that  forms,, 
and  then  placing  it  in  vacuo  over  H^SO^  until 
all  ether  is  removed;  the  second  comiDound, 
U0.,C1.,.3NH3,  is  formed  by  the  action  of  NH.,  on 
U0.]C1.;.2NH3 ;  and  a  mixture  of  U0,C1.,.3NH3 
and  U0._,C1._,.4NH3  is  produced  by  passing  NH, 
over  solid  UO.^Cl.,.  When  strongly  heated  in  air 
these  compounds  give  off  all  NH3  and  CI  and 
leave  U.jO„ ;  heated  out  of  contact  with  air  they 
give  UO.,  (Regelsberger,  A.  227,  119).  The  three 
compounds  are  called  by  E.  uranylammonium 
chlorides,  and  their  formulaj  are  written 
U0.,(NH3C1)„  U0.,(NH.,C1)(NH3.NH3C1),  and 
UCJnHs.NHjCI).,.  Water  reacts  thus  :— 
(1)  3UO.,'(NH3Cl).,"-i-  3H.,0  = 
(NHj).,U„0.  +  UO.,CL  -I-  4NH,C1 ; 
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(2)  U0,(NH3C1),  +  2H,0  =  UO,(OH),  +  2NH,C1  ; 
the  second  reaction  takes  place  quickly  %¥itli 
warm  water. 

Uranium,  oxyfluoride  of,  UO.,F„.  (Uranyl 
fiuoride.)  This  compound  is  isroduced  by  boil- 
ing UjOs  with  HFAq,  filtering  off  UF^  {v. 
Ukanidm  teikafluorlde,  p.  823),  and  evaporating 
the  filtrate  ;  it  is  also  formed,  in  small  quan- 
tities, by  heating  UFj  in  a  closed  Pt  crucible. 
The  compound  differs  according  to  the  method 
of  preparation  (Smithells,  C.  J.  43,  125). 

a-Oxyfluoride.  Aboflt  1  gram  UF^  is  heated 
in  a  Pt  crucible  with  the  lid  on,  temperature 
being  raised  as  quickly  as  possible ;  after  five 
minutes  the  crucible  is  allowed  to  cool,  the  light, 
bulky  sublimate  is  removed,  and  the  crucible  is 
again  heated  for  five  minutes,  and  these  pro- 
cesses are  repeated  several  times  (S.,  I.e.  p.  129). 
This  form  of  UO.^j  is  a  very  bulky,  light,  white, 
crystalline  solid  ;  it  is  very  soluble  in  water, 
forming  a  yellow  liquid ;  heated  in  air  it  is 
gradually  changed  to  Vfig. 

^-Oxyfluoride.  Vfig  is  treated  with  boiling 
HFAq  in  a  leaden  vessel,  the  yellow  solution  is 
poured  off  from  green  UF^,  heated  until  the 
excess  of  HF  is  driven  off,  and  allovped  to 
evaporate  ;  evaporation  may  be  completed  over 
H.,S04  and  CaO  m  vacuo ;  the  residue  is 
dried  at  100°  (S.,  I.e.  p.  130).  This  form  of 
UO.jF.,  is  a  yellow  saponaceous  mass ;  in  one 
instance  the  preparation  had  a  semi-crystalline 
appearance,  forming  yellow,  lustrous  scales  ;  it  is 
very  soluble  in  water  or  alcohol ;  heated  on  Pt 
foil  UjOj  is  formed  ;  heated  in  a  closed  crucible 
it  is  slowly  decomposed,  giving  UO.,.  /S-UOjFj 
probably  forms  a  com]3ound  with  HF ;  by 
evaporating  a  solution  of  U^Os  in  HFAq  over 

H. ^SOj  and  CaO  until  the  weight  was  constant, 
Smithells  {I.e.  p.  131)  obtained  a  substance 
which  gave  results  on  analyses  agreeing  fairly 
with  the  formula  U0„F,.HF.H20. 

A  solution  in  water  of  either  form  of  'UO2F2 
mixed  with  KFAq  and  KHF.Aq,  and  evaporated, 
gives  the  quadratic  fluoxy-uranate  KjUOJ^  (S., 

I.  e.  p.  130-1).  For  the  compounds  of  'UO^F^ 
with  MF  V.  Ubanoxyfldokides  (p.  824). 

Ditte  (C.  R.  91,  115)  gave  the  formula  UOF^ 
to  the  sublimate  obtained  by  heating,  in  a  closed 
Pt  crucible,  the  solid  that  remained  when  JJfi^ 
was  treated  with  boiling  HFAq.  Ditte  said  that 
this  soUd  was  UO.P.^;  Smithells  {I.e.)  has,  how- 
ever, shown  that  the  solid  obtained  by  the  method 
used  by  Ditte  is  UF^,  and  that  the  sublimate 
formed  by  heating  this  is  a-UOJP,,. 

Uranium,  oxysulphides  of.  Two  compounds 
probably  exist. 

Ukanidm  oxysdlphide  UsO^S.,.  This  com- 
position was  given  by  Hermann  (/.  1861.  258)  to 
a  dark,  greyish-black  solid,  obtained  by  heating 
UO,,  UjOs,  or  NH.,  uranate  to  redness  in  vapour 
of  OS...  Dissolves  in  cone.  HGlAq  ;  burns  when 
heated  in  air  (c/.  H.  Eose,  G.  A.  73, 139). 

Uranyl  sulphide  (UOJS.  A  brown  solid, 
obtained  by  ppg.  an  ammoniacal  solution  of  a 
uranyl  salt  by  cold  (NHj)„SAq,  and  quickly  wash- 
ing with  cone,  alcohol.  Probably  not  obtained 
pure,  as  it  quickly  decomposes  ;  water  produces 
UO.,.xH.,0  ;  at  40°-60°  it  is  changed  to  UO.,  and 
S  (Eemele,  P.  124,  114;  Zimmermann,  ^."204, 
■204).  (UO,)S  is  somewhat  sol.  water  or  dilute 
alcohol ;  dissolved  by  cone.  HClAq,  giving  UCl^ 


and  S  ;  dissolved  by  (NH|)2SAq,  only  in  presence 
of  (NHJjCOjAq  (Zimmermann,  I.e.),  forming  a 
brown  liquid. 

Uraniu7n  black.  By  allowing  (UO.JS  to 
stand  in  contact  with  freshly  prepared  (NHJjSAq, 
in  absence  of  air,  a  dull  black  amorphous  powder 
is  obtained.  This  solid  dissolves  in  mineral 
acids,  giving  off'  traces  of  H,S  ;  it  dissolves  partly 
in  warm  (NH.|),CO.,Aq,  but  not  in  warm 
(NHj)„SAq,  nor  in  caustic  alkali  solutions ; 
heated  in  a  tube  to  c.  270°  it  gives  off  a  very 
little  NH3  and  H._,0.  Zimmermann  {A.  204, 
204)  gives  the  formula  UjO,,,  to  uranium  black, 
neglecting  (as  impurities)  the  traces  of  NH3  and 
S  which  the  substance  contains. 

Uranium  red.  By  allowing  (UO.,)S  to 
stand  for  24-48  hours  in  contact  with  cold 
(NH4)2SAq,  exposed  to  air,  a  deep-red  solid  is 
obtained  ;  soluble  in  dilute  mineral  acids,  with 
separation  of  S  and  evolution  of  H^S  ;  gives  off 
NHj,  S,  and  H.O  when  heated  to  150°  and,  at 
above  200°,  leaves  UjO,  (Zimmermann,  I.e.). 
According  to  Z.,  the  formation  of  this  red 
substance  takes  place  only  when  (NHJ.^S.^Oa  is 
present  in  the  (NHJoSAq  used;  (NHJoS^Oj  is 
formed  by  the  action  of  the  air.  Z.  gives  to 
urapium  red  the  composition  U5S(NH|).209  = 
U0.,.0NHj.SNH,.2U203  (c/.  Patera,  J.  pr.  51, 
122";  Eemel6,  P.  124,  158 ;  Hermann,  J.  1861. 
14). 

Uranium,  salts  of.  Two  classes  of  salts  are 
formed  by  treating  oxides  of  U  with  acids  ;  UOj 
forms  corresponding  salts,  UX,,  when  X  =  the 
radicle  of  a  dibasic  acid,  and  UX,  when  X=  the 
radicle  of  a  monobasic  acid  ;  UO3  forms  salts 
(UO.JX  when  X  =  the  radicle  of  a  dibasic  acid, 
and  (UO.JXs  when  X=the  radicle  of  a  mono- 
basic acid.  The  salts  UX',  and  UX".^  are  called 
uranous  salts  ;  and  (UO,,)X\,  and  (UO.JX"  are 
called  uranyl  salts.  (For  reactions  of  the  two 
classes  of  salts  v.  Uranium,  Deteetion  and  esti- 
mation of,  p.  822.)  Besides  the  normal  salts,  a 
large  number  of  basic  salts  of  both  classes  is 
known,  and  also  many  double  salts. 

The  chief  uranoiis  salts  are  arsenates, 
pliosphates,  and  sulphites.  The  chief  uranyl 
salts  are  arsenates,  bromate,  double  earbonates, 
chromates,  hypophosphite,  iodate,  nitrates,  oxal- 
ate, phosphates,  pJwsphite,  selenates,  selenites, 
sulphates,  and  sulphites  {v.  Nitrates,  Sul- 
phates, &c.). 

Uranium,  sulphides  of.  When  U  is  burnt 
in  vapour  of  S,  the  disulphide  US,  is  formed ; 
by  passing  H.,S  over  heated  UBr,  the  sesqui- 
sulphide  VS;,  is  produced ;  and  by  heating  U,S., 
in  H  the  monosulphide  US  is  obtained.  The 
mol.  w.  of  none  of  these  is  known. 

Uranium  bisulphide  US,.  Prepared  by 
heating  U  in  vapour  of  S  (Peligot,  P.  54,  122 ; 
cf.  Zimmermann,  A.  216,  18) ;  also  by  heating 
UCl,  to  redness  in  H.,S  (Hermann,  J.  1861.  258). 
A  dark  greyish-black  powder  ;  becomes  crystal- 
line when  fused  with  borax ;  oxidises  slowly  in 
air,  rapidly  on  heating.  Easily  soluble  in  cone. 
HClAq  (Hermann,  Z.c). 

Uranium  sesquisulphide  U^Sj.  A  stream  of 
dry  H,S,  perfectly  free  from  air,  is  passed  over 
heated  UBi's  as  long  as  HBr  is  given  off'.  Grey- 
black  solid,  forming  pseudomorphs  of  UBr^ ; 
decomposes  in  air,  giving  off'  H,S  ;  burns  when 
heated  in  air  ;  scarcely  acted  on  by  HClAq  or 
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dilute  HNOjAq ;  decomposed  violently  by  cone. 
HNO,  (Alibegoff,  A.  233,  117). 

Ubanidm  monosulphide  us.  a  black,  amor- 
phous powder  ;  obtained  by  passing  dry  H  over 
UoSj,  kept  at  a  red  heat,  for  c.  40  hours,  until 
H„S  is  no  longer  given  off.  Similar  in  properties 
to"U.,S.,  (Alibegoff,  A.  233,  135). 

Uranium  thio-acids,  salts  of.  No  thio-  acid, 
nor  salt  of  a  thio-  acid,  of  U  has  been  definitely 
isolated.  Uranium  red  {v.  supra,  p.  828)  may 
perhaps  be  an  ammonium  oxythionate  of  U. 

M.  M.  P.  M. 

URANOXYBROMIDES    v.    p.   822,  under 

Ueanium  TETRABROJIIDE. 

URANOXYCHLOEIDES  v.  p.  823,  under 
Uranium  TETiiAcnLoRinE. 

UEANOXYFLUOKIDES    v.  p.  824,  under 

UkANIUM  TETRAFLUI  iRIDE. 

URANYL  COMPOUNDS,  compounds  of  the 
radicle  UO^ ;  v.  Uranyl  awmonidm  chlorides 
(p.  827),  Ubanttl  bromide  (p.  827),  Ubanyl 
CHLORIDE  (p.  827),  Uranyl  fluoride  (p.  828), 
Uranyl  salts  (p.  828),  Uranyl  sulphide  (p. 
828). 

URAZOLE.    A  name  given  by  Pinner  {B.  20, 
2358)  to  di-oxy-triazole,  which  may  be  repre- 
sented  as  NH.C(OH).  NH.CO^j^jj 
seniea  as  n^c(OH)>    °  NH.CO/ 

UREA  CH,N.,U,  i.e.  CO(NH„).,.  Carbamide. 
Mol.  w.  60.  [132"]  (Lubavin,  i^".'3,  305).  S.G. 
1-323  (Schroder,  B.  12,  562).  S.  (alcohol)  20  in 
the  cold ;  100  at  78°.  H.C.v.  1.52,.500.  H.C.p. 
152,200  (Stohmann  a.  Langbein,  J.  pr.  [2]  44, 
387)  ;  160,900  (Berthelot  a.  Petit,  C.  R.  109, 
759;  110,  887).    H.F.  80,800. 

Occurrence. — In  the  urine  of  mammalia, 
especially  in  that  of  flesh-eaters  (Fourcroy  a. 
Vauquelin,  ^.  D.  1799).  Occurs  in  small  quantity 
in  blood,  muscle,  chyle,  and  lymph  of  mam- 
malia (Wurtz,  C.  B.  49,  52 ;  Poisseuille  a.  Gobley, 
J.  1859,  612  ;  Verdeil  a.  Dollfus,  A.  74,  214  ; 
Munk,  Pf.  11, 100  ;  Pickard,  C.  B.  83, 1179  ;  87, 
533  ;  Gr6hant  a.  Quinquand,  C.  B.  108,  1092  ; 
Garrod,  Pr.  53,  478).  Constitutes  about  30  p.c. 
of  the  solid  substance  of  the  vitreous  humour 
of  the  eye  (Millon,  C.  B.  26,  119  ;  A.  66,  128). 
Occurs  also  in  sahva  (Rabuteau,  J.  1873,  877),  in 
cow's  milk  (Lefort,  Z.  1866,  190  ;  Vogel,  /.  1867, 
932),  and  in  other  animal  secretions. 

Formation. — 1.  By  evaporating  a  solution  of 
ammonium  cyanate  (Liebig  a.  Wohler  [1828], 

B.  J.  12,  266  ;  P.  12,  253  ;  15,  619  ;  A.  38, 108). 
2.  By  adding  a  little  NHO.,  to  an  ethereal  solu- 
tion of  cyanamide  (Cannizzaro  a.  Cloez,  A.  78, 
230)  or  by  the  action  of  dilute  (50  p.c.)  H.,SOj 
on  cyanamide  (Baumann,  B.  6,  1373). — 3.  From 
COOL  and  dry  NH^  (Eegnault,  A.  Ch.  [2]  69, 
180;  Natanson,  A.  98,  287),  guanidine  and 
NHjCl  being  formed  at  the  same  time  (Fenton, 

C.  J.  35,  793). — 4.  By  heating  carbonic  ether 
with  NH.,Aq  at  180  ".  — 5.  By  heating  ammonium 
carbamate  at  140°  (Basaroff,  J.pir.  [2]  1,  283).— 
6.  By  passing  an  alternating  electric  current 
through  a  solution  of  ammonium  carbamate 
(Drechsel,  J.  ^jr.  [2]  22,  481).— 7.  By  electrolysis 
of  ammonia  solution,  using  carbon  electrodes 
(Millot,  Bl.  [2]  46,  243).— 8.  By  passing  a  mix- 
ture of  NH.,  and  CO,  through  a  red-hot  tube 
(Uexter,  Avi.  4,  35). — 9.  Formed  by  passing  air 
charged  with  NH^  and  vapour  of  benzene  over  a 
red-hot  helix  of  platinum  wire  (Herroun,  C.  J. 


39,  471).  Acetylene,  but  not  ethylene,  may  be 
substituted  for  benzene. — 10.  By  heating  ammo- 
nium thiocarbamate  NH,„CO.SNH,,  or  by  shak- 
ing it  with  water  and  PbCOj. — 11.  Bj  the  action 
of  aqueous  KMn04  on  thio-urea  (Maly,  71/.  11, 
277).— 12.  By  the  action  of  EMnO^  on  KCy  in 
acid  solution  (Baudrimont,  J.  1880,  393). — 
13.  By  the  action  of  NH.,Aq  and  H,,S  on  copper 
fulminate  (Gladstone,  A.  66,  2). — 14.  By  heating 
oxamide  with  HgO  (Williamson,  Mc'moires  du 
Congres  scicniif.  de  Vcnise,  a.d.  1847).  — 15.  By 
oxidation  of  uric  acid. — 16.  By  the  action  of 
KCIO3  and  HCl  on  guanine  (Strecker,  A.  118, 
159). — 17.  By  boiling  guanidine  with  baryta 
(Baumann,  i3.  6,1376). — 18.  By  boiling  biguanide 
sulphate  or  phenyl-biguanide  sulphate  with 
baryta  (Emich,  ill.  12,  11).— 19.  By  the  action 
of  baryta  on  arginin  (Schulze  a.  Likiernik,  B.  24, 
2701). — 20.  By  boiling  creatin  with  baryta. — 
21.  A  product  of  oxidation  of  proteids  by 
KMnOj  (Bechamp,  A.  Ch.  [3]  48,  348;  C.  R. 
70,  866  ;  Eitter,  Bl.  [2]  16,  32).  Staedeler  (/.p)-. 
72,  251)  and  Loew  {J.  pr.  [2]  2,  289)  failed  to 
obtain  urea  in  this  manner.  Dreschel  (B.  23, 
3097)  obtained  urea  from  albumen  by  electrolysis, 
but  not  by  oxidation. 

Preparation.  —  1.  Urine,  concentrated  by 
evaporation,  is  treated  with  nitric  or  oxalic  acid, 
and  the  ppd.  nitrate  or  oxalate  of  urea  is  decom- 
posed by  CaCO.,.— 2.  A  solution  of  potassium 
j  cyanate  mixed  with  ammonium  sulphate  is  eva- 
porated on  a  water-bath  to  dryness,  and  the 
residue  extracted  with  alcohol. — 3.  A  mixture  of 
dry  KjFeCy,  (28  pts.)  and  MnO.,  (14  pts.)  is 
heated  till  sticky  on  an  iron  plate.  A  cold 
aqueous  extract  of  the  mass  is  mixed  with 
(NH4)2SOj  (20-5  pts.),  evaporated  to  dryness,  and 
extracted  with  alcohol  (Liebig). — 4.  Dry  K^FeCyj^ 
(8  pts.)  is  fused  with  KXO3  (3  pts.)  and  PbO 
(15  pts.)  added  to  the  melted  mass.  The  cooled 
mixture  is  dissolved  in  water,  mixed  with 
(NH,|),S04  (8  pts.)  evaporated,  and  extracted 
with  alcohol  (Clemm,  A.  66,  382).  Any  K,FeCyg 
left  can  be  removed  byFeSOj. — 5.  Lead  cyanate 
is  digested  with  (NH,).,SO,  (J.  Wihiams,  C.  J. 
21,  64).— 6.  From  NH.,Aq,  COS,  and  lead  car- 
bonate (Schmidt,  B.  10,  193). — 7.  By  the  action 
of  (NHJ.jSO^  on  KCyO  obtained  by  heating  dry 
KjFeCyg  with  K.Cr.O, ;  the  yield  being  25  p.c. 
of  the  weight  of  ferrocyanide  (C.  A.  Bell,  C.  N. 
32,  99). — 8.  A  stream  of  dry  NH,,  gas  is  passed 
through  phenyl-carbonate  (from  phenol-sodium 
and  COCL),  melted  in  a  water-bath,  and  the 
melt  is  then  poured  into  hot  water ;  the  aqueous 
solution  after  separation  from  the  phenol  is 
evaporated  to  crystallisation  (Hentschel,  B.  17, 
1286). 

Properties. — Dimetric  crystals,  v.  e.  sol. 
water,  m.  sol.  cold  alcohol,  insol.  CHCI3,  nearly 
insol.  ether.  Sublimes  at  130°.  In  vacuo  it 
distils  at  135°  (Bourgeois,  Bl.  [3]  7,  45).  Urea 
is  not  attacked  by  pure  HNO3  (Franchimont, 
R.  T.  C.  6,  217). 

Reactions. — 1.  When  heated  alone  at  150°- 
170°  it  yields  NH,,,  cyanuric  acid  and  biuret ; 
at  140°  it  yields  ammelide. — 2.  Decomposed 
into  CO™  and  NH^  by  heating  with  water  in 
sealed  tubes  above  100°,  by  boiUng  with  potash, 
lime,  or  magnesia,  by  warming  with  cone. 
H,^SO,,  by  evaporating  with  lead  acetate,  and  by 
the  action  of  ozone  (Gorup-Besanez,  A.  125,  207) 
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in  presence  of  free  alkali.  CaO  produces  cyan- 
amide  (Emich,  M.  10,  330).  A  3  p.c.  HCl  solu- 
tion decomposes  4  p.c.  of  the  urea  in  24  hours. 
NaOHAq  of  the  same  strength  has  less  effect. 
Cold  water  does  not  decompose  urea  (Berthelot 
a.  Andr6,  Bl.  [2]  47,  840).— 3.  Alcoholic  potash 
forms,  on  heating  in  sealed  tubes,  cyanic  acid, 
NH„  and  water  (Haller,  Bl.  [2]  45,  705).— 
4.  Urea  hydrochloride  at  145°  yields  NH^Cl  and 
cyanuric  acid  (De  Vry,  A.  61,  249). — 5.  Chlorine 
passed  over  melted  urea  forms  HCl,  nitrogen, 
NHjCl,  and  cyanuric  acid  (Wurtz,  A.  64,  307). — 

6.  Hypochlorous  acid,  hypochlorites,  chlorine- 
water,  and  liypohromites,  set  free  nitrogen,  e.g. 
CON,H,  +  8H0C1  =  C0„  +  BHCi  +  2H,0  -i-  N,,.— 

7.  Nitrous  acid  added  to  a  hot  solution 
forms  CO.  and  nitrogen  :  CONoH^ -i- N.Oa  = 
■CO,-t-2H,,d-f2N.,.  Nitrous  acid  (2  mols.)  when 
added  to  a  cold  solution  of  urea  (1  mol.)  reacts  as 
follows :  2C0N.,H,  +  N..O3  =  (NH  J..CO3  -f  2N,  -1-  CO,, 
(Claus,JB.  4,  140).— 8.  Neutral  KMnO^  has  no  ac- 
tion in  the  cold,  and  acts  but  slowly  at  100°.  In 
acid  solutions  KMnOj  gives  off  nitrogen  (1  vol.) 
and  CO,  (2  vols.)  (Bechamp,  J.  1856,  696  ;  cf. 
Wanklyn  a.  Gamgee,  6'.  J.  21,  25). — 9.  B7-omin6 
added  gradually  to  an  alcoholic  solution  of  urea 
forms  NH^Br,  cyanuric  acid,  and  nitrogen.  In 
sealed  tubes  Br  gives  NH.|Br  and  cyamelide 
(Smolka,  M.  8,  64).— 10.  Heating  with  PoO,,  forms 
cyanic  and  cyanuric  acids,  ammelide,  cyamelide, 
and  NH3  (Weltzien,  A.  107,  219).— 11.  Yields 
cyanamide  on  warming  with  Na  (Fenton, 
C.  J.  41,  262).— 12.  Cone.  HNO,  reacts  thus: 
CON.,H,  +  2HNO3  =  CO.,  +  N,0  +  NH^NOs  +  H,,0 
(Franchimont,  R.  T.  C.  2,  96  ;  3,  219).— 13.  P,S,, 
forms  crystalline  C.,H„N.jPS.,02,  which  yields 
C,H;AgN3PS.,0,.  and  aHsAgjNjPSA.  and  gives 
ofi  PH3  on  warming  (Kutschig,  M.  9,  406). — 

14.  Zinc-dust  at  a  red  heat  forms  ZnCy,,,  am- 
monia, and  hydrogen  (Aufschliiger,  M.  13,  272). 

15.  CSj  at  100°  forms  COS  and  ammonium  sul- 
phocyanide.  With  alcohol  and  CS.,  the  products 
are  mercaptan,  CO,,,  and  ammonium  sulpho- 
cyanide  (Ladenburg',  Z.  [2]  5,  253 ;  B.  1,  273  ; 
2,  271 ;  Fleury,  A.  123,  144).— 16.  Alcohols  in 
sealed  tubes  form  carbamic  ethers  and  alkyl  allo- 
phanates  (Cahours,  C.  B.  76, 1387).— 17.  Boihng 
Ac.,0  forms  aoetamide  and  diacetamide  (Hof- 
ma'nn,  B.  14, 2733).— 18.  ZnEt,  forms  CON,,H.,Zn, 
which  is  reconverted  into  urea  by  water  (Gal, 
Bl.  [2]  39,  648).— 19.  Oxalic  ether  at  135°-170° 
forms  oxamide,  allophanic  ether,  and  alcohol 
(Grabowski,  A.  134,  115).  Oxamic  ether  forms, 
on  fusion,  oxaluramide  (Carstanjen,  J.  pr.  [2]  9, 
143). — 20.  Methylamido-acetic  acid  (sarcosine) 
forms  methyl-hydantoin  on  fusion  (Huppert,  B. 
6,  1278).— 21.  Aniline  at  150°-170°  gives  NH3 
and  di-pheuyl-urea   (Baeyer,  A.  131,   251). — 

22.  Aniline  siilphonic  acid  at  120°  gives 
NH,.C0.NH.C,H,.S03H  (Ville,  Bl.  [3]  6,  6).— 

23.  Biguanide  sulphate  forms,  on  heating,  am- 
meline,  NH3  and  (NH,),,S0j  (Smolka  a.  Fried- 
reich, M.  10,  96).— 24.  Heated  with  acetone  and 
ZnCL  or  P.O,  at  110°-140°  it  gives  s-tri-methyl- 
pyridine  and  a  base  C,„H,gN  [119°];  (320°) 
(Kiehm,  A.  238,  22).  This  base  forms  hard 
monoclinic  crystals,  with  metallic  ring ;  its  solu- 
tions fluoresce.  It  gives  B'jHjPtCl^ :  [225°]. — 
25.  Heated  with  acetyl-acetone  (1  mol.),  urea 
(2  mols.)  forms  CH,(CMe:N.CO.NH.,).,,  which 
crystalhses  from  alcohol  [200°]  (Combes,  Bl.  [3] 


7,  790).    The  same  body  is  formed,  together 

with  CH2<;^^^:^>C0  [198°],  by  adding  HClAq 

or  H2SO4  to  an  alcohoUc  solution  of  urea  and 
acetyl-acetone  (Evans,  J.  pr.  [2]  46,  352  ;  48, 
499).  —  26.  Bemoyl-acetone  forms,  in  like 
manner,    Bz.CH2.CMe:N.C0.NH„    [191°]  and 

CH,,<^p^-^>C0  [227°]  (Evans,  c7-.2»-.[2]  46, 

352 ;  48,  509).— 27.  Acetoacetic  ether  (2  mols.)  and 
NaOEt  (2  mols.)  form  in  the  cold  C,3H.,.,N,0,Na„ 
[c.  165°]  (Ernert,  A.  258,  361).  Acetoacetic  ether 
in  alcoholic  solution  forms  uramido-crotonic 
acid  (g.  v.). — 28.  TJrea  reacts  with  aldehydes  in 
the  cold.  In  aqueous  solution  a  diureide 
E.CH(NH.CO.NH,,),  is  usually  formed,  while 
solid  urea  forms  triureides.  On  warming  with 
excess  of  aldehyde,  di-  and  tri-ureides  yield  tetra- 
and  hexa-ureides  (H.  Schift,  A.  151, 186).  These 
ureides  are  sparingly  soluble  neutral  solids,  and 
are  split  up  by  warming  with  acids  into  the 
parent  substances.  Benzoic  aldehyde  forms 
benzylidene-di-urea  (([.v.),  while  o-oxy-benzoie 
aldehyde  forms  C6H,(0H).CH(NH.C0.NH,).,aq, 
which  is  converted  by  acetoacetic  ether  in  alco- 
hol into  C,H,(OH).CH:N.CO.N:CMe.CH,.CO,Et 
[200°],  C,H,(0H).CH:N.C0.NH.CMe:CH.C02Et 

[204°],  and  C,H,<(^^=^;^°[g>NH,  which  de- 
composes between  260°  and  270'  (Biginelli,  B. 
24,  2963).  Acrolein  forms  (C0N.,HJ„3C3H,0, 
which  chars  at  250°  (Liidy,  M.  10,  295).  'o-Nitro- 
benzoie  aldehyde  forms  nitro-benzylidene-di- 
urea  C,H,(N02).CH(NH.C0.NH,).  aq  [200°].  In 
like  manner  cuminic  aldehyde  in  alcohol  forms 
the  di-ureide  C3H,.C6H,.CH(NH.C0.NH,,)2  [176°] 
(BiginelU,  B.  24,  2964),  and  cinnamic  alde- 
hyde forms  Ph.CH:CH.CH(NH.CO.NH,),,  [172°], 
and  compounds  melting  at  116°  and  212°. — 

29.  Chloral  added  to  cone,  aqueous  solutions  of 
urea  forms  (C„HCl30)CON„H4  [150°],  v.  e.  sol. 
hot  water,  and  (C2HCl30),,CON2H,  [190°]  nearly 
insol.  hot  water,  both  compounds  being  crys- 
talline (Jacobsen,  A.  157,  246).  Chloral  cyan- 
hydrin  at  105°  forms  the  very  stable  crystalline 
C^HjCljNjO  (Pinner  a.  Fuchs,  B.  10,  1069).— 

30.  Benzene  sulphonic  chloride  at  100°  forms 
colourless  crystals  of  CgH^SONjHjCO,,  aq  (Elan- 
der,  Bl.  [2]  34,  207).  Naphthalene  (a)-sulphonic 
chloride  acts  similarly. — 31.  Cinnamoyl  chloride 
forms  C<,H8(NH.C0.NH.C,H,.NH.C0.NH„)„  [184°] 
(Bigineih,  B.  24,  2965).— 32.  C1CH,.0H" forms 
methylene-urea,  which  is  split  up  by  hot  dilute 
H.SOj  into  formic  aldehyde  and  urea  (Von  Hem- 
melmayr,  M.  12,  89). — 33.  Trichlorolactic  acid 
and  a  little  water  form,  on  heating,  acetylene- 
urea  CjH.NA  (Pinner,  B.  17,  1997).— 34.  Hexa- 
chloro-acetojie  (2  mols.)  heated  with  urea  (1  mol.) 
at  150°  forms  C0;N2H,(C,,CL,0).,,  crystalhsing 
from  alcohol  in  hexagonal  plates  (Cloez,  A.  Ch. 
[6]  9,  145). 

Detection. — Urea  gives,  in  cone,  solution, 
crystalline  pps.  with  nitric  and  oxalic  acids. 
Urea  dissolved  in  amyl  alcohol  is  completely 
ppd.  by  an  ethereal  solution  of  oxalic  acid 
(Briicke,  M.  3,  195).  Musculus  (C.  R.  78,  132) 
filters  putrid  urine,  dries  the  filter  at  35°,  and 
employs  it  as  a  test  for  urea,  which  it  converts 
into  ammonium  carbonate.  A  cone,  aqueous 
solution  of  furfuraldehyde  followed  by  a  drop  of 
HClAq  (S.G.  1-10)  colours  a  crystal  of  urea 
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Tiolet  (Schiff,  B.  10,  774).  o-Nitro-benzoic 
aldehyde  added  to  an  alcoholic  solution  of  urea 
forms,  on  warming,  a  white  pp.  of  o-nitro- 
benzylidene-di-urea  [200°].  When  present  in 
small  quantities  this  compound  may  be  detected 
by  resolving  into  the  parent  substances  by  boil- 
ing with  very  dilute  H„SO,,  and  then  adding  a 
little  phenylhydrazine  solution,  which  produces 
a  red  colour  (Liidy,  M.  10,  295).  Mercuric 
nitrate  gives  a  white  pp.  with  solutions  of  urea. 
The  various  methods  of  estimating  urea  may 
also  be  employed  for  its  detection. 

Estimation.  —  Hypobromite  method. 
Urea  is  mixed  with  NaOH  (100  g.  in  2.50  c.c. 
water)  to  which  bromine  (25  g.)  has  been  added, 
and  the  nitrogen  collected  and  measured  (Knop, 
Ft:  9,  226  ;  Hiifner,  J.  pr.  [2]  3,  1 ;  Dupr6, 
C.  J.  31,  534;  Simpson  a.  O'Keefe,  C.  J.  31, 
838 ;  Eussell  a.  West,  C.  J.  27,  749  ;  Eykman, 
B.  T.  C.  3,  125  ;  Schleich,  J.  pr.  [2]  10,  263  ; 
Colquhoun,  C.  N.  67,  123  ;  Camerer,  Zeit.  Biol. 
29,  239).  When  this  method  is  applied  to  urine 
it  must  be  remembered  that  uric  acid  gives  off 
48  p.c.  and  creatinin  37  p.c.  of  its  nitrogen  in 
this  way  (Falck,  Fr.  21,  300).  Nevertheless,  the 
quantity  of  nitrogen  evolved  is  8  p.c.  less  than 
the  calculated  amount  (E.  a.  W.).  Using  Knop's 
solution,  ammonia,  urea,  and  oxamide  give  off 
93,  92-3,  and  75  p.c.  of  their  nitrogen  as  gas 
(Foster,  C.  J.  33,  470  ;  35,  119).  In  the  case  of 
urea  and  oxamide  the  '  suppressed  '  nitrogen  is 
present  as  cyanate  and  as  nitrate  (Pauconier  ; 
Luther,  H.  13,  500).  The  amount  of  '  sup- 
pressed '  nitrogen  is  less  in  dilute  than  in  con- 
centrated solutions  (Hiifner,  H.  1,  350;  cf. 
Pfliiger  a.  Bohland,  Pf.  38,  325  ;  39,  1,  143), 
and  is  greatly  diminished  by  the  addition  of 
1  to  5  p.c.  acetoacetic  ether  (Jacoby,  Fr.  24, 
318).  According  to  Duggan  (Am.  4,  47),  if 
bromine  is  added  to  a  solution  of  urea  in 
NaOHAq  the  yield  of  nitrogen  is  99*4  p.c.  of  the 
theoretical  amount.  In  estimating  urea  in 
urine  Pfliiger  (Fr.  26,  117)  adds  HClAq  (1  c.c.) 
to  urine  (10  c.c),  ppts.  various  nitrogenous  bodies 
by  phosphotungstic  acid,  neutralises  the  filtrate 
with,  lime  and  then  adds  an  equal  volume  of 
cone.  NaOHAq  and,  after  allowing  to  stand  for 
some  time,  decomposes  with  Knop's  hypo- 
bromite. Frothing  of  albuminous  urine  can  be 
avoided  by  first  shaking  with  a  pilule  of  fat 
(Mehu,  J.  Ph.  [5]  15,  607).  Hamburger  (R.  T.  C. 
2,  181)  introduced  a  volumetric  method  of  em- 
ploying hypobromite,  but  Pfliiger  a.  Schenck 
(Pf.  37,  399)  consider  the  method  to  be  untrust- 
worthy. E.  Salkowski  adds  two  drops  of  HClto 
urine  (2-5  c.c.)  diluted  with  5  or  10  volumes  of 
water  until  the  air  is  expelled  from  the  flask, 
then  adds  the  hypobromite,  continues  boiling, 
and  collects  the  nitrogen.  Fenton  (C.  J.  33, 
300)  recommends  the  use  of  sodium  hypo- 
chlorite, which  was  first  proposed  by  B.  W. 
Davy  (a.d.  1854).  In  this  case  free  NaOH 
must  not  be  present,  though  excess  of  Na^CO^ 
may  be  present. 

Mercuric  nitrate  method.  Urea  is 
completely  ppd.  by  a  solution  of  HgfNOj)^.  The 
white  pp.  is  not  decomposed,  and  therefore  not 
turned  yellow  by  Na.^COj.  Urine  (2  vols.)  is 
mixed  with  a  solution  (1  vol.)  prepared  from 
saturated  solutions  of  baryta  (2  vols.)  and 
Ba(N03),  (1  vol.) ;  filtered  through  a  dry  filter 


from  the  ppd.  sulphate  and  phosphate  and  15  c.c. 
(equivalent  to  10  c.c.  urine)  of  the  filtrate  are 
titrated  with  standard  mercuric  nitrate  till  a 
drop  taken  out  gives  a  yeUow  pp.  with  Na,,C03 
(Liebig,  A.  85,  370).  Assuming  the  compound 
CON,,H,,2HgO  to  be  formed,  1  pt.  urea  should 
ppt.  7-2  pts.  HgO,  but  in  practice  7-72  pts.  of 
the  latter  are  re(iuired.  A  solution  of  71-48  g. 
mercury  in  HNO^  diluted  to  1  litre  is  equivalent 
to  -01  g.  urea  per  c.c.  If  the  urine  contains 
more  than  2  p.c.  urea  the  titration  gives  too  low 
results  ;  in  this  case  the  urine  must  be  diluted. 
When  mercuric  nitrate  is  added  to  a  solution  of 
urea  nitric  acid  is  set  free.  Liebig  recommended 
the  addition  of  NaXO.,  from  time  to  time  to 
keep  the  liquid  neutral.  Pfliiger  (Ft:  19,  375) 
proceeds  as  follows  :  During  the  titration,  after 
each  addition  of  Hg(N03)._,  a  drop  is  placed  in 
contact  with  a  little  pasty  NaHCO^.  Long  before 
the  titration  is  ended,  a  yellow  colour  is  seen 
between  the  two  drops,  but  disappears  on  mixing 
them  together.  When  the  yellow  colour  is  per- 
manent, the  titration  is  near  its  end  ;  at  this 
point  the  solution  is  neutralised  by  Na..CO.,,  and 
the  titration  continued  till  a  permanent  yellow 
colour  is  got  on  mixing  the  drops.  Should  the 
entire  liquid  become  yellow  on  adding  Na-.COj,  a 
I  fresh  quantity  of  urea  solution  must  be  taken 
!  and  the  operation  be  repeated  with  greater  speed. 
The  presence  of  over  1  p.c.  NaCl  in  urine  inter- 
feres with  the  titration  when  Na._.CO;,  is  used  as 
indicator,  the  final  reaction  not  being  sharp. 
Since  NaHCO^  does  not  ppt.  HgCl.„  when  the  bi- 
carbonate is  used  as  indicator  the  titration  may 
proceed  as  if  NaCl  were  absent,  subtracting  the 
amount  of  Hg(NO.|)..  that  is  converted  into 
HgCL  by  the  chloride  (Rautenburg,  A.  133,  55  ; 
Pfeiffer,  Fr.  24,  475  ;  Pfliiger,  Fr.  27,  120).  It 
is,  however,  better  to  ppt.  the  chlorides  by 
AgNO:,  and  titrate  in  the  usual  way. 
j  Barium  carbonate  method.  The  solu- 
;  tion  is  heated  with  Bad.,  and  NH.^Aq  in  sealed 
;  tubes  at  220°-240°  and  the  ppd.  BaCO,,  weighed 
(Bunsen,  A.  65,  375).  Before  applying  this 
method  to  urine  other  substances  which  might 
form  BaCO.,  must  be  ppd.  by  phosphotungstic 
acid  (Pfliiger  a.  Bleibtreu,  Fr.  28,  377). 

Kjeldahl's  method.  Nitrogen  in  urea 
may  be  estimated  by  Kjeldahl's  method.  5  c.c. 
urine  are  heated  with  H._,SO.|  (10  c.c),  and  Nord- 
hausen  H^SO,,  (10  c.c.)  until  no  more  water  or 
gas  comes  off,  and  the  liquid  is  clear  yellow. 
After  cooling,  water  (200  c.c.)  and  NaOH  are  added 
;  and  NH.,  distilled  off.  In  the  case  of  urine  it 
must  be  remembered  that  about  13  p.c.  of  the 
nitrogen  is,  on  an  average,  combined  in  sub- 
stances other  than  urea  (Pfliiger,  Pf.  35,454; 
40,  533  ;  Camerer,  Z.  B.  24,  306). 

Other  methods.  Urea  may  also  be  esti- 
mated by  fermentation  and  determination  of 
ammonia  set  free  (Miquel,  C.  R.  Ill,  501). 

Campani  (G.  17,  137)  proposes  to  decompose 
urea  by  nitrous  acid  and  pass  the  COj  into  a 
solution  of  lime-water  of  known  strength,  and 
titrate  with  oxalic  acid. 

Cazeneuve  and  Hugouneng  (Bl.  [2]  48,  82) 
heat  urea  with  a  large  excess  of  water  and 
titrate  the  resulting  ammonium  carbonate. 

Riegler  (F.  33,  49)  decomposes  urea  with 
Millon's  reagent  and  measures  the  mixture  of  N 
and  C0„  evolved. 
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Moiner  a.  Sjoqvist  [Fr.  30,  388)  add  5  c.c. 
of  a  saturated  solution  of  BaCL  containing 
5  p.c.  baryta  to  5  c.c.  urine  and  then  add 
100  c.c.  of  a  mixture  of  97  p.c.  alcohol  (2  pts.) 
and  ether  (1  pt.).  After  24  hours  the  liquid  is 
filtered,  the  pp.  washed  with  50  c.c.  alcohol- 
ether,  and  the  filtrate  and  washings  evaporated 
at  60°  to  25  CO.,  MgO  and  some  water  added, 
and  the  evaporation  continued  as  long  as  NHj 
comes  off.  The  urea  is  then  determined  by 
Bunsen  or  Kjeldahl's  method  (Bodtker,  H.  17, 
140). 

Salts. — B'HCl.  Very  deliquescent  crystal- 
line mass,  formed  from  urea  and  dry  HCl.  De- 
composed by  water  into  urea  and  HCL  At  140° 
it  yields  NH^Cl  and  cyanuric  acid. — B'HNO.j. 
Small  plates,  si.  sol.  water  and  alcohol,  v.  si. 
sol.  HN03.-B'.,H.,C„0,.  S.  4-4  at  15°.  S. 
(alcohol  of  S.G.  -SSS')  1-65.  Monoclinic  tables  ; 
a:6:c=l:-664:-491 ;  a  =  82°  10'  (Loschmidt,  Site. 
W.  51,  ii.  7,  384).  V.  sol.  hot  water.  Ppd. 
from  its  aqueous  solution  by  oxalic  acid. — 
— B'H2C.04aq  (Lubavin,  A.  Stippl.  8,  83).— 
B'HAuCljaq:  orange-red  prisms  or  needles, 
V.  sol.  water,  alcohol,  and  ether. — B'^HAuClj : 
yellow  needles,  v.  sol.  hot  water  (Heintz,  A.  202, 
264).  —  B'„H,PtCl,2aq.  Yellow,  deliquescent 
tables,  V.  sol.  water  and  alcohol,  insol.  ether 
(Heintz,  A.  198,  91).— B'HjPO^.  Large  crystals, 
V.  sol.  water  and  alcohol,  si.  sol.  ether  (Lehmann, 
Biichn.  Re.p.  15,  224  ;  Schmeltzer  a.  Birnbaum, 
Z.  [2]  5,  206).  Its  solution  does  not  ppt.  MgSOj. 
— B'32H3P04.  Its  aqueous  solution  gives  a  crys- 
talline pp.  of  cyanuric  acid  on  heating. 

Tri-chloro-acetate  B'CaHCI.O.-  Plates 
(from  alcohol)  (De  Clermont,  J.  1873,  536).— 
The  fumarate  B'.,C4H.|0,,maleatesB'C4H.|0|, 
and  B.,'C,H,0„  malate  B'CiH^O,,  gallate 
B'C,HA,  and  succinate  B',C,H„0,,  [145°], 
all  crystallise  in  monoclinic  forms  (Loschmidt, 
Sitz.  W.  52,  ii.  238).  The  parabanate 
B'CsHjNjO,  and  tartrate  B',,CjH„0„  are  tri- 
metric. — The  citrate  B'^C^HnO,  is  triclinic 
(L.).  An  acid  tartrate  B'2Gjl,.0ii  and  an 
acid  citrate  B'C^HgOj  have  been  prepared 
(Hlasiwetz,  J.  1856,  698).  ~  Cyanurate 
iB'CjNjHjOj.  Monoclinic  crystals.  —  Picrate 
B'CeHjNjO,  [142°]  (Smolka,  M.  6,  920).  S.  1-9 
at  18-5°.  S.  (95  p.c.  alcohol)  6  at  18°.  Slender 
yellow  needles  (from  alcohol).  Tri-ehloro 
methane  sulphinate  B'CCl3.S0.,H.  [96°- 
100°].  Thin  prisms  (McGowan,  J.  pr.  [2]  36, 
220). 

Compounds  with  metallic  oxides. — 
B'„3Ag^0  (Liebig).  Formed  by  adding  moist 
Ag,,0  to  a  solution  of  urea.  Grey  powder  com- 
posed of  slender  needles.  According  to  Miilder 
{B.  6, 1019),  the  yellow  pp.  got  by  adding  NaOH 
to  a  solution  of  urea  mixed  with  AgNO^  is 
CONoHoAg.,.  It  combines  with  iodine,  forming 
CON.,H.Ag,,I,  a  greenish  mass,  darkened  by 
light"  (Tafel  a.  Enoch,  B.  23,  1554).— B',HgO. 
Got  by  adding  Hg(N0.,)2  to  a  solution  of  urea 
mixed  with  KOH.  White  pp.— B'„3HgO.  White 
pp.  formed  by  adding  HgCl^  to  a  solution  of 
urea  and  HgCL,  changes  to  a  yellow  granular 
powder  on  boiling  with  water. — B'HgO.  Formed 
by  adding  Hg(N03),  to  a  warm  solution  of  urea 
(Dessaignes,  A.  82, '232  ;  Liebig,  A.  85,  289). 

Compounds  with  metallic  salts. — 
B'AgNOj.     Prisms.     Yields  silver  cyanate  on 


boiling  with  water. — B'jPdCL.  Ppd.  by  adding 
a  solution  of  PdCl.,  to  one  of  urea  (Drechsel, 
J.  pr.  [2]  20,  4(39).— B'NaCl  aq.  [60°-70°]. 
Formed  by  evaporation  of  a  solution  of  urea  and 
NaCl.  Deliquescent  prisms.  Alcohol  extracts 
urea  from  the  compound. — B'NaNO,,  aq.  Prisms 
(from  water). — B'NH^Cl.  Deliquescent  crystals. 
— B'3(NH4Cl)oHCL  Formed  by  dissolving  urea 
in  bleaching-powder  solution  (Beckmann,  A.  91, 
367).  Large  plates,  sol.  alcohol  mixed  with 
ether.— B'4Mg(N03).,  (Werther,  J.  pr.  35,  5).— 
B',,Ca(NOjo.— B'.ZnClj.  Very  deliquescent 
crystals  (Neubauer  a.  Kerner,  A.  101,  337). — 
B'CdCL.  Needles.— B',Hg(NO.,)o3HgO.  Granu- 
lar powder  formed  by  mixing  warm  dilute  solu- 
tions of  urea  and  mercuric  nitrate.  At  the 
moment  of  formation  the  pp.  is  fiocculent. — 
B'._,Hg(N03)22HgO.  Formed  by  pouring  mer- 
curic nitrate  into  a  solution  of  urea  as  long  as  a 
pp.  is  produced,  and  keeping  the  whole  at  40° 
to  50°  for  some  time  (Liebig).  Six-sided  laminse. 
— B'.,Hg(N03)2HgO.  Formed  by  adding  an  acid 
solution  of  mercuric  nitrate  to  a  solution  of  urea 
nitrate.  Crusts  of  small  tabular  crystals  (Lie- 
big,  A.  85,  296).— B'HgClj.  Flat  crystals,  v.  si. 
sol.  cold  water  (W.). — E'l^CrgOj,  3aq.  Formed 
by  the  action  of  water  on  the  product  of  the  ac- 
tion of  CrOjCU  on  urea  (W.  J.  Sell,  Pr.  33,  267  ; 
45,  321).  Olive-green  needles  (from  hot  water). 
PtCl4  added  to  its  solution  in  hot  water  ppts. 
silky  green  needles  of  B',„Cr.,Cl,.,(PtCl4).,  2aq. 
The  chromate  treated  with  PbCL  forms  lead 
ehromate  and  a  liquid  from  which  gaseous  HCl 
ppts.  green  prisms  of  E'l^Cr^Og  6aq,  the  aqueous 
solution  of  which  heated  with  Ag,S04  gives 
dark-green  prisms  of  B',2Cr2(SOj)3  lOaq.  In  a 
similar  way  green  prisms  of  B'|2Cr,(N03)5  may 
be  got. — E'ljCrgCljO^  2aq.  Green  monoclinic 
crystals,  got  from  the  product  of  the  action  of 
CrO.,Cl,  on  urea  by  crystallising  from  cone. 
HClAq"(l  vol.)  diluted  with  water  (9  vols.).  By 
treatm.ent  with  water  it  is  split  up  into  B'|2Crs02, 
and  B'joCroClg.  By  treatment  with  cone.  HClAq 
(1  vol.)  and  water  (6  vols.)  it  is  converted  into 
the  salts  B',,Cr,ClsO,,  3aq.  —  B',„Cr,0,,4aq. 
—  B',„Cr,Br6  6aq.  — "  B',„Cr.,Cl„  6HgCU ,  — 
B',2Cr4(C204),4aq.-B',2Cr2l,«.'-  B',2Cr2(SO,,)3le. 
— B',2Cr,,(C03)2l4.  —  B',2Cr2(C03)2l„.— B',2Cr2Br,g. 
Bronze-yellow  tables,  giving  off  bromine  in 
air. — B'.,CuCl,.    Small  blue  crystals. 

Formyl '  derivative  NH„.CO.NH.CHO. 
[159°].  H.F.  13,400  (Matignon,  C.  B.  112, 
1367).  Formed  by  boiling  urea  with  cone, 
formic  acid  (Geuther,  Z.  [2]  4,  300).  Crystals, 
V.  sol.  water,  being  decomposed  into  urea  and 
formic  acid. 

Acetyl  derivative  i.e. 
NHo.CO.NHAc.  Acetureide.  Mo'l.  w.  102. 
[214°].  H.F.  -200  (M.).  S.  (alcohol)  1  in 
the  cold ;  10  at  78°.  Formed  by  boiling  urea 
with  AcCl  or  Ac,0  (Zinin,  A.  92,  405  ;  G. ; 
Zande,  R.  T.  C.  8,  235).  Got  also  by  the  action 
of  KMnO,,  on  methyl-uracil  (Behrend,  A.  229, 
29).  Four-sided  needles  (from  alcohol).  Slowly 
but  completely  decomposed  by  pure  HNO3  with 
evolution  of  CO.,  (1  vol.)  and  N„0  (2  vols.) 
(Franohimont,  B'.  T.  C.  6,  215).  It  is  not  ppd. 
by  Hg(N03)2. 

Di-acetyl  derivative  CO(NHAc)o. 
[153°].  A  product  of  the  action  of  C0C1„  on 
acetamide  at  50°  (Schmidt,  /.  pr.  [2]  5,  63). 
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Formed  also  from  mercuric  fulminate  and  AcCl 
(Scholl,  B.  23,  3515).  Needles  (from  alcohol), 
si.  sol.  cold  water. 

Chloro-acetyl  derivative 
NH,.C0.NH.C0.CH,C1.    Formed   from  chloro- 
acetyl  chloride  and  urea  (Jazukovitch,  Z.  1868, 
234  ;  Tommasi,  C.  R.  76,  640).    Thin  needles 
(from  alcohol).    Begins  to  melt  at  160°. 

Tri-chloro-acetyl  derivative 
NH^.CO.NH.CO.CCl^.    [150°].    Crystals  (from 
alcohol)  (De  Clermont,     1874,  798  ;  Meldola  a. 
Tommasi,  C.  J.  1874,  404  ;  Cloez,  A.  Ch.  [6]  9, 
219).    Nearly  insol.  hot  water. 

Bromo-acetyl  derivative 
NH,.CO.NH.CO.CH„Br.    Needles  (from  dilute 
alcohol)    (Baeyer,  A.  130,  156).    Pure  HNO3 
gives  olf  CO.,  (1  vol.)  andN^O  (2  vols.)  (Franchi- 
mont,  R.  T.  C.  6,  218). 

Tri-brom  o-acctyl  derivative 
NH,.C0.NH.C0.CBr3.  [148°].  Formed  by  the 
action  of  Br  on  an  aqueous  solution  of  di-bromo- 
barbituric  acid  (Baeyer).  Crystals,  v.  sol.  hot 
alcohol.  Yields  crystalline  B',Ba(OH).,  ccaq,  v.  a. 
sol.  water. 

Cyano-acetyl  derivative 
NH..CO.NH.CO.CHXy.     [200°-210°]  (Mulder, 

B.  12,  466).  CrystaUine. 

Butyryl  derivative  NH,.CO.NHC^H,0. 
[176°].  Formed  from  urea  and  butyryl  chloride 
(Moldenhauer,^.  94,  101).  Plates. 

Isovaleryl  derivative  C^H^NoO,. 
[191°].    Minute  i^risms,  v.  si.  sol.  water. 

Carbonyl  derivative  CO(NH.CO.NH.,)„. 
Formed  by  heating  urea  with  COCI,  at  100° 
(E.  Schmidt,  J.  pr.  [2]  5,  39  ;  Emich,  M.  10, 
347).  Powder  composed  of  minute  crystals,  v. 
si.  sol.  cold  water  and  alcohol.  Decomposed  by 
heat  into  NH^  and  cyanurio  acid.  Boihng  KOH 
also  produces  cyanuric  acid. — B'HgO :  crystal- 
line powder,  insol.  water. 

Succinyl  derivative 

C.  iH,,0,(NH.CO.NH,),.  Formed  by  heating  urea 
(2  mols.)  with  succinyl  chloride  (1  mol.)  at  65° 
(Conrad,  J.  pr.  [2]  9,  301).  Colourless  powder, 
V.  si.  sol.  hot  water. 

Methyl-malonyl  derivative 
CHMe:C,0,:N,H,CO.    [192°].    Formed  by  heat- 
ing methyi-malonie  acid  with  urea  and  POCI3 
(Franchimont  a.  Klobbie,   B.   T.   C.  7,  22). 
Pointed  plates,  v.  sol.  water  and  alcohol. 

Benzoyl  derivative  NHo.CO.NHBz.  [c. 
200°].  S.  (alcohol)  1  in  the  cold;  4  at  78°, 
Formed  by  heating  urea  with  BzCl  or  Bz„0 
at  150°  (Zinin,  A.  92,404;  Geuther,  ^.  [2]  4, 
299).  Four-sided  plates  (from  alcohol),  insol. 
ether). 

Di-benzoyl  derivative  C0(NHBz)2. 
[210°]  (S.)  ;  [197°]  (H.).  A  product  of  the  action 
of  COOL  on  benzamide  at  165°  (E.  Schmidt, 
J.  pr.  [2]  5,  58).  Formed  also  by  heating 
guanidine  carbonate  with  BZjO  at  100°  (Creath, 
B.  7,  1739),  and  by  treating  mercuric  fulminate 
with  BzCl  (HoUemann,  R.  T.  G.  10,  72  ;  B.  23, 
2998,  3742).  Needles  (from  alcohol),  si.  sol. 
water.  Aniline  at  180°  gives  NH3,  benzamide, 
benzanilide,  and  s-di-phenyl-urea. 

ii-Di-benzoyl  derivative  NH.^.CO.NBzj. 
[c.  197°].  Formed  by  heating  sodium  benzoyl- 
cyanamide  NaBzN.CN  with  BzCl,  followed  by 
boiling  alcohol  (Budd6us,  J.  pr.  [2]  42,  97). 
White  needles. 
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m-Nitro-benzoyl  derivative 
NH.,.C0.NH.C0.C,H^.N02  [1:3J.    Plates  (Griess, 
B.  8,  222). 

m-Amido-benzoylderivative  CjHgNjO,. 
Formed  by  boiling  the  preceding  body  with 
aqueous  ammonium  sulphide  (G.).  Needles  (from 
water),  decomposing  at  200°.  —  B'HClaq: 
needles.— B',H,PtCl,. 

(0)-Naphthoyl  derivative 
NH,.CO.NH.CO.C,„H,.     [215°].     Formed  from 
'  naphthoyl  chloride  and  urea  (Vieth,  A.  180, 
319).    Minute  needles,  m.  sol.  alcohol,  v.  si.  sol. 
benzene. 

Di-(l3)-naphthoyl  urea  [286°]  (Ekstrand, 
B.  20,  1353).  Needles. 

Lactyl  derivative  v.  LAciYL-nREA. 
G  ly colly  I  derivative  v.  Hydantoin. 
Befi-rcncc. — Oxy-dkea. 

UREA  CARBOXYLIC  ACID  v.  Allophanio 

ACID. 

UREA  CHLORIDES.  A  name  sometimes 
I  used  to  denote  '  alkyl-carbamic  chlorides 
X.NH.CO.Cl. 

URECHITIN  C.,„H^A-  Occurs,  together 
with  urecliitoxin,  in  the  leaves  of  Urechites 
suberccta,  growing  in  Jamaica  (Bowrey,  G.  J. 
33,  252).  Crystallises  from  alcohol  in  needles 
(containing  rcaq),  tastes  bitter.  It  is  very 
poisonous  (Pr.  27,  309).  Nearly  insol.  water, 
m.  sol.  ether.  Aj^jjears  to  be  a  glucoside.  Cone. 
H.^SO,  forms  a  yellow  liquid,  turning  red,  and 
finally  purjile,  especially  in  presence  of  an 
oxidising  agent. 

Urechitoxin  CiaH^jOj.  Bitter  poison,  split 
i  up  by  acids  into  sugar  and  urechitosetin. 

UREIDES.  Com]pounds  obtained  by  elimina- 
j  tion  of  water  between  urea  and  an  acid  or  an 
aldehyde.  Many  of  them  may  be  represented  as 
amides  in  which  NH„  is  replaced  by  NH.CO.NHj. 

BIURET  V.  vol.  i.  p.  517. 

URETHANE  v.  CAEBAinc  ether. 

ISURETINE  V.  FoRMAjvuDoxiM. 

URIC  ACID  C-,H,N  ,03  i.e. 

^•^"^NH— C  NH/"^^  (Medious,  A.  175,  243  ; 
Fischer,  S.  17,' 329,  1776).  Mol.  w.  168.  S.G. 
1-87.  H.C.p.  461,400  (Berthelot,  C.  R.  110,  887  ; 
Matignon,  G.  R.  110, 1267) ;  462,500  (Stohmann, 
J.pr.  [2]  44,  390).  H.C.v.  462,700  (M.).  H.F. 
148,100  (M.).  S.  -002  at  0° ;  -006  at  20°  ;  -0625 
at  100°  (Blarez  a.  DenigSs,  C.  R.  104,  1847  ;  of. 
Garrod,  Pr.  35,  63). 

Occurrence. — In  urine  and  in  urinary  calculi 
(Scheele,  a.d.  1776  ;  Liebig  a.  Wohler,  A.  26, 
241 ;  Horbaczewski,  M.  12,  221).  About  -5  g. 
is  daily  excreted  in  human  urine.  Uric  acid 
occurs  in  urine  of  carnivora,  herbivora  (Mittel- 
bach,  H.  12,  463),  and  of  birds.  Serpent's  urine 
is  chiefly  composed  of  acid  ammonium  urate. 
A  considerable  quantity  occurs  in  the  blood  of 
gouty  subjects,  and  sodium  urate  is  deposited 
as  '  chalk  stones.'  Very  small  quantities  are 
normally  present  in  the  liver,  lungs,  brain,  and 
blood.  It  occurs  in  the  green  gland  of  the 
fresh-water  crayfish  (Griffiths,  Pr.  38, 187).  Urea, 
glycocoll,  leucine,  and  aspartic  acid  given  to 
fowls  appear  in  the  urine  as  uric  acid  (Ja£f6  a. 
Meyer,  B.  10,  1930;  Knierim,  B.  10,  1930). 

Synthesis. — 1.  By  rapidly  heating  glycocoll 
(1  pt.)  with  urea  (lOpts.)  to  230°  (Horbaczewski, 
B.  15,  2678;  M.  3,790  ;  6,356).— 2.  By  heating 
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urea  with  tri-chloro-lactic  acid  or  its  amide 
(Horbaczewski,  M.  8,  201,  584). — 3.  By  preparing 
methyl-uraoil  from  acetoacetic  ether  and  urea ; 
converting  methyl-uracil  into  nitro-uracil  carb- 
oxylic  acid  by  treatment  with  fuming  HNO3 ; 
boiling  tlie  carboxylio  acid  with  water,  and  re- 
ducing the  resulting  nitro-uracil  to  amido-uracil, 
and  finally  to  isobarbituric  acid  by  means  of  tin 
and  HClAq ;  oxidising  the  isobarbituric  acid  to 
isodialuric  acid  ;  and  heating  the  isodialuric  acid 
(1  pt.)  with  urea  (1  pt.)  and  H.SO,  (6  pts.)  (Beh- 
rend  a.  Eoosen,  4.  251,  235). — 4.  By  fusing  urea 
(4  g.)  with  cyano-acetic  acid  (1  g.)  (Formaneb, 
B.  24,  3419). 

Preparation. — 1.  Serpent's  urine  is  dissolved 
in  boiling  KOHAq,  filtered,  and  the  uric  acid 
ppd.  by  HCl  or  dilute  H,SOj.  If  the  uric  acid  is 
much  coloured  a  little  KMnO,  or  K,Cr„0.  (Gibbs, 
Am.  S.  [2]  48,  215)  should  be  added  to  the  boil- 
ing alkaline  solution  before  ppn. — 2.  Guano  is 
boiled  with  borax  (1  pt.)  and  water  (120  pts.), 
and  the  solution  of  sodiurd  urate  thus  obtained 
ppd.  by  HCl. — 3.  Guano  is  extracted  with  dilute 
HClAq,  and  the  residue  dissolved  in  cone.  H2SO4 
and  ppd.  by  water. 

Properties. — White  anhydrous  scales  (by 
ppn.).  When  slowly  deposited  from  dilute  solu- 
tions {e.g.  urine)  it  sex^arates  as  large  crystals 
(containing  2aq).  Nearly  insol.  water,  insol. 
alcohol  and  ether.  Sol.  cone.  H,SOj  and 
reppd.  by  water.  Its  solution  in  hot  H,S04 
deiJosits  on  cooling  a  deliquescent  compound  of 
uric  acid  with  H^SO^.  Uric  acid  is  m.  sol. 
glycerin,  hot  NaOAc,  and  sodium  phosphate. 
Lithium  carbonate  (1  pt.)  dissolved  in  water 
(90  pts.)  can  dissolve  uric  acid  (4  pts.).  Aqueous 
K2CO3  also  dissolves  uric  acid. 

Reactions. — 1.  Decomposed  by  heat,  without 
fusion,  yielding  HCy  and  a  sublimate  of  oyanuric 
acid,  ammonium  cyanate,  urea,  and  ammonium 
carbonate,  and  leaving  a  carbonaceous  residue. 
2.  Water  at  180°  forms  mycomelic  acid  (Hlasi- 
wetz,  A.  103,  211). — 3.  Potash- fusion  yields 
NH3  and  potassium  oxalate,  carbonate,  and 
cyanate. — 4.  Chlorine  and  hromine  in  presence 
of  water  yield  alloxan,  urea,  and  iJarabanic  acid 
(Hardy,  4.  Ch.  [4]  2,  372).  Alloxan  is  also  pro- 
duced by  iodine,  by  HNO3,  and  by  MnOj  and 
H.SO.,. — 5.  Boiling  with  water  and  PbO,  yields 
allantoin.  Allantoin  is  also  produced  by  ozone 
(Gorup-Besanez,  A.  110,  94),  alkaline  K^FeCy,, 
EMn04  (Claus,  B.  7,  226),  and  MnO,  and  water. 

6.  Pure  HNO3  decomposes  uric  acid  in  the  cold, 
with  evolution  of  C0._,(14  vols.),N20(24  vols.),and 
nitrogen  (4  vols.)  (Franchimout,  B.  T.  C.  6, 222). 

7.  KNO2  and  HOAc  yield  urinilic  acid  (Sokoloff, 
Z.  [2]  5,  78)  and  stryphnie  acid  (Gibbs,  Am.  S. 
[2]  48,  215).— 8.  HIAq  at  165°  forms  glycocoll, 
NH,,I,  and  CO.,  (Strecker,  Z.  [2]  4,  215).— 9.  Ex- 
posed to  the  air  in  alkaline  solution  it  yields 
oxonic  and  uroxanic  acids.— 10.  A  dilute  solution 
of  sodic  urate  absorbs  oxygen  from  the  air  at  35° 
according  to  the  equation  C^H^N^Oj  +  0  +  2H,0 
=  CsHgN^Oc  (uroxanic acid).  Uric  acid  in  dilute 
NaOH  solution  is  completely  decomposed  by  35 
days'  digestion  at  35°  (Nencki  a.  Sieber,  J.  pr. 
[2]  26,  18).  5  g.  uric  acid  dissolved  in  200  c.c. 
water  and  20  g.  potash  disappeared  in  5  days. 
However,  if  no  oxygen  be  present  the  uric  acid 
is  not  affected.  — 11.  In  fermenting  urine  uric 


acid  is  completely  spht  up  into  CO.,  and  NH3 
(Sestini,  G.  20,  133). 

Detection. — Uric  acid  may  be  recognised  by 
its  insolubility  in  water  and  HClAq,  by  its  crys- 
talline character  under  the  microscope,  and 
especially  by  the  murexide  reaction.  When 
evaporated  with  HNO3  on  a  water-bath  it  leaves 
an  orange  residue,  which  is  coloured  violet-red 
by  ammonia  and  violet-blue  by  potash.  A  solu- 
tion of  uric  acid  in  aqueous  Na.,C03  produces  a 
dark-brown  spot  of  reduced  silver  when  added 
to  paper  moistened  with  AgNOs  (Schiff,  A.  109, 
65).  Uric  acid  (1  mol.)  reduces  boiling  Fehhng's 
solution,  forming  a  pp.  of  Cu.,0  (1  mol.)  (W. 
Miiller,  J.  Th.  1881,  73).  In  presence  of  KOH 
uric  acid  dissolves  CuO,  forming  a  blue  solution, 
which  slowly  deposits  white  cuprous  urate.  The 
compound  C^H^N^OiCu^O  is  ppd.  when  an  alka- 
line solution  of  uric  acid  is  treated  with  Fehling's 
solution  and  hydroxylamine  hydrochloride 
(Balke,  J.pr.  [2]  47,546).  Uric  acid  evaporated 
with  a  little  dilute  HNO3  gives  a  blue  colour  on 
shaking  with  H^SOj  and  benzene  containing 
thiophene  (Denig^s,  J.  Ph.  [5]  18,  161). 

Estimation  in  urine. — 1.  Urine  (500  c.c.)  is 
concentrated,  HCl  is  added,  and  after  twenty-four 
hours  the  pp.  is  collected  and  weighed.  Uric 
acid  may  be  separated  from  xanthine  by  ppn. 
with  cone.  H.,S04  (Horbaczewski,  H.  18,  341 ; 
I  cf.  Wulfi,  H".'l7,  634).— 2.  Urine  (200  c.c.)  is 
mixed  with  cone.  NajCOjAq  (10  c.c),  and  after 
an  hour  cone.  NHjCIAq  (20  c.c.)  added.  After 
forty-eight  hours  the  pp.  is  collected,  washed 
with  HCl  (1  pt.  of  S.G.  1-123),  diluted  with  water 
(10  pts.),  the  washings  allowed  six  hours  to 
deposit  any  dissolved  uric  acid,  the  combined 
pps.  washed  with  alcohol  and  dried  at  110° 
(Salkowski,  Fr.  16,  373).  Uric  acid  may  also 
be  ppd.  as  ammonium  urate  by  saturating  urine 
with  solid  NH4CI  (30  g.  to  100  c.c.)  (Hopkins, 
Pr.  52,  93). — 3.  Fresh  urine  is  mixed  with  very 
dilute  ('LS  p.c.)  NaOHAq,  filtered  from  phos- 
phates, and  diluted  to  S.G.  1-010.  To  300  c.c.  of 
this  solution  is  added  50  c.c.  of  magnesia  mix- 
ture [MgSO.,  7aq  (1  pt.),  NH^Cl  (2  pts.),  NH,,Aq 
(4  pts.  of  S.G.  -924),  and  water  (8  pts.)].  The 
pp.  is  filtered  off,  and  175  c.c.  of  the  filtrate 
mixed  with  -5  g.  CaCO.,  and  5  c.c.  of  a  3  p.c. 
solution  of  AgNOj.  The  pp.  is  washed  and 
dried,  and  a  nitrogen  estimation  made  by  Kjel- 
dahl's  method  (Camerer,  Z.  B.  26,  84 ;  cf. 
Salkowski,  Pf.  5,  319).— 4.  Urine  (25  c.c.)  is 
mixed  with  NaHCOj  (1  g.),  and  NHjAq  (2  to  3  c.c), 
and  ammoniacal  AgNOj  (1  to  2  c.c.  of  a  solution 
of  5  g.  AgNOj  in  100  c.c.  water,  to  which  NHjAq 
is  added  till  the  ppd.  AgjO  is  just  re-dissolved). 
The  pp.  is  collected,  washed,  dissolved  in  HNO3, 
and  the  silver  determined  volumetricaUy  by  the 
sulphocyanide  method  (Haycraft,  Fr.  25, 167 ;  30, 
648).  This  method  is  liable,  according  to  Sal- 
kowski [H.  14,  31)  and  Gossage  (Pr.  44,  284),  to 
an  error  which  may  amount  to  60  p.c.  The  error 
is  iDartly  due  to  variations  in  composition  of  the 
silver  urate,  and  partly  to  presence  of  bodies  of 
the  xanthine  group  (Deroide,  Bl.  [3]  7,  363). 
V.  also  Herrmann,  H.  12,  496  ;  Czapek,  H.  12, 
502). — 5.  In  a  solution  containing  not  more  than 
•0125  p.c.  of  uric  acid  1  c.c.  of  decinormal 
permanganate  is  reduced  by  -0074  g.  uric  acid 
(Blarez  a.  Denig^is,  C.  R.  104,  789).— 6.  By  treat- 
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ment  with  a  standard  iodine  solution  in  presence 
of  alkali  (Kreidl,  M.  14,  109). 

Salt  s.— (NH,)HA".  S.  -06  at  15°.  Slender 
needles. -(NHj)3HA".,.—  (NH,),H„A"3  (Maly,  J. 
1803,  621).— KA".  S.  3  at  16"'.  Small  needles.— 
KHA".  S.  ■13'at  20°.  Amorphous.— Na.,A"  aq. 
S.  1-5.  Nodules.— NaHA"  iaq  (dried  at*  100°). 
Crystallme  powder.  S.  "09"  at  15°;  -8  at  100°. 
Occurs  as  an  amorphous  urinary  deposit. — 
LiHA".  S.  -27  at  20 ;  -9  at  40° ;  2-5  at  100° 
(SchilUng,  A.  122,  241).— BaA"a<i  (dried  at  100°). 
Granular  pp.  S.  '013  in  the  cold. — BaHjA"„  2aq 
(dried  at  100°).  Amorphous,  insoluble  powder 
(Behrend  a.  Eoosen,  A.  251,  250).— CaA".  S. 
•OGO  in  the  cold;  -07  at  100°.— CaH.A",  2aq. 
S.  -15  in  the  cold;  -37  at  100°.  More  sol. 
KClAq. — SrA"  2aq.  Minute  stellate  groups  of 
needles.  S.  -023  in  the  cold;  -055  at  100°.— 
SrH.A".,  2aq.— MgH,^"„  Gaq.  S.  -03  in  the  cold  ; 
-6  at  100°.— PbH.,A".,  (dried  at  100°).  Insol. 
water.— PbA"  (dried'  at  100°).— Cu.A"  aq.— 
Cu3A".,(OH)2  4aq  :  green  pp. 

Reference. — Methtl-dbic  acid. 

Iso-uric  acid  C^HiNjOj.  Formed  by  boiling 
cyanamide  (1  pt.)  with  an  aqueous  solution  of 
alloxantin  (2  pts.)  (Mulder,  B.  6, 1236  ;  7,  1633). 
Powder,  almost  insol.  water.  Oxidised  by  boiling 
with  I  and  water.  Its  solution  in  KXC^  reduces 
AgN03. 

Pseudo-uric  acid  C5H^N404  i.e. 

C0<^^g^Q>CH.NH.C0.NH2.    Formed  by  the 

action  of  KCyO  on  uramil  (Baeyer,  A.  127,  3), 
and  by  heating  uramil  with  urea  at  ISO^ 
(Grimaux,  Bl.  [2]  31,  535).  White  crystalline 
powder  composed  of  small  prisms,  v.  si.  sol. 
water.  HNO3  yields  alloxan.  Boiled  with 
water  and  PbO,  it  yields  oxalic  acid,  but  no 
allantoin.  H„S04  at  150°  forms  xanthinine. — 
(NH.,)HA"  aq.— KHA"  aq :  scales.— NaH A"  2aq  : 
groups  of  prisms,  v.  sol.  hot  water. — BaA"  5aq  : 
groups  of  slender  needles. 

URINILIC  ACID  CsH;N,0„.  Formed  by  the 
action  of  KNO.,  and  HO  Ac  on  uric  acid  (Sokoloff , 
Z.  1869,  78).  '  Prisms  (from  water).— K,HA"'. 
Prisms,  v.  e.  sol.  water.  CaaA'".,.  Crystalline 
pp.  insol.  water  and  HO  Ac. — ^x^k."'„. — BajA'";. — 
CdHA'"  3aq  — CuHA'"  4aq.  Slender  red  needles. 
— Ag.,HA"'.  Pp. — AgjA'".  Gelatinous  pp.  quickly 
blackening  in  hght. 

UROBILIN. 

Occurrence. — Often  in  urine  ( Jaff6  ;  Disqud;, 
H.  2,  271 ;  C.  C.  1878,  711 ;  Eikholz,  J.Physiol. 
14,  326).    In  bile,  especially  of  the  mouse. 

Preparation. — Urine  containing  urobilin  is 
pXDd.  by  lead  acetate  and  sub-acetate  until  the 
absorption  band  at  F  is  removed.  The  pp.  is 
extracted  with  alcohol,  acidified  with  HCl  or 
H.SO4,  filtered,  diluted  with  water,  and  extracted 
with  chloroform. 

Properties. — A  red  amorphous,  shiny  sub- 
stance. Prepared  as  above  it  contains  HCl  or 
H,^S04,  as  the  case  may  be.  Its  spectrum  ex- 
hibits a  dark  band  at  F,  destroyed  by  NH3,  but 
on  adding  NaOH  another  band  near  the  red  is 
formed  (MacMunn,  Pr.  30,  250 ;  31,  26,  206  ; 
V.  also  HYDEOBiLiEDBrN,  this  vol.  p.  273. 

Detection  and  estimation  in  iwine :  Jolles, 
H.  18,  545  ;  Studensky,  C.  C.  1893,  ii.  668. 

UEOCANINIC  ACID  C,,,H,.,N,0^.  [213°].  Oc- 
curs in  dog's  urine  (Jaff6,'  B'.  7,  1669  ;  8,  811). 


Prisms  (containing  4aq),  v.  sol.  hot  water,  insol. 
alcohol  and  ether.  Decomposed  by  fusion  into 
CO.,  and  urocanine  0||H,„N|0,  an  amorphous 
base  yielding  B'H,PtCl„.— HA'2HC1 :  needles,  v. 
e.  sol.  water. — HA'2HN0., :  crystalline  pp.  insol. 
dilute  HNO3,  V.  sol.  water.— HA'R.SOj.  Minute 
needles  and  j^lates. 

UROCHLORALIC  ACID  C^HijCl^Oj  (?)  [142°]. 
S.  (ether)  -4.  Found  in  tlie  urine  after  adminis- 
tration of  chloral  (Von  Mering  a.  Musculus,  B. 
8,  662;  H.  6,  483;  Kiilz,  C.  C.  1881,  486). 
Silky  needles,  v.  e.  sol.  water  and  alcohol.  De- 
composed by  boiling  dilute  H.SO^  into  tri-chloro- 
ethyl  alcohol  and  glycuronic  acid  C,,H|„0,. — 
NaA'.— KA'.— BaA'., :  satiny  plates  (from  ether- 
alcohol). 

UROFUSCOHJEMATIN  v.  this  vol.  p.  274. 

UROLEUCIC  ACID  C„H,„0,.  [133-5°].  An 
acid  occurring  in  human  urine  which  darkens  on 
addition  of  alkalis  (Kirk,  Brit.  Med.  Jotim. 
[1888]  2,  232).  Crystals.  Its  solution  is  ppd. 
by  Pb(0Ac)2  and  gives  a  transient  green  colour 
with  very  dilute  FeClj.  FeClj  colours  the  crys- 
tals red. 

UROMELANIN  C^H.^N^O,,,.  A  black  sub- 
stance which  separates  on  treating  urine  with 
H.SOj  or  HClAq  in  presence  in  air  (Thudichum, 
J.  pr.  104,  257  ;  C.  B.  106,  1803 ;  Plosz,  H.  8, 
89  ;  Udranski,  H.  11,  537  ;  12,  32  ;  this  vol.  p. 
274).    It  yields  C|,H,„AgN,0,,  (Thudichum). 

UROHITROTOLUOLIC  ACID  C,3H,,N0„.  Oc- 
curs in  urine  of  dogs  after  a  dose  of  o-nitro- 
toluene  (Jaffe,  H.  2,  47).  Very  deliquescent. 
Asbestos-like  mass,  v.  e.  sol.  water  and  alcohol. 
Decomposed  by  dilute  H0SO4  into  o-nitro-beuzyl 
alcohol  and  a  syrupy  acid.  Salts.  —  BaA'j: 
crystalline  powder,  v.  e.  sol.  water,  insol.  alcohol. 
— C0(NH,).,HA'2^aq.  [149°].  Needles,  v.  e.  sol. 
water,  si.  sol.  cold  alcohol. 

UROROSEIN  V.  this  vol.  p.  274. 

TJROSULPHINIC  ACID  C  H.N^SO,.  Formed 
by  heating  thio-uramido-barbituric  acid  (1  pt.) 
with  H.,S04  (2  pts.)  at  160°  (Neneki,  B.  4,  724 ; 
5,  45).  "  Nodules  (from  hot  HClAq).  Its  K  salt 
crystallises  in  needles,  m.  sol.  cold  water. 

UROXANIC  ACID  C,H,N,0,.  Formed  by 
leaving  a  solution  of  uric  acid  (5  g.)  in  water 
(200  c.c.)  containing  KOH  (20  g.)  to  stand  for 
5  days  at  35°,  neutralising  by  HOAc,  filtering, 
and  evaporating  (Neucki  a.  Sieber,  J.  pr.  [2]  24, 
504  ;  cf.  Stadeler,  A.  78,  286  ;  80, 119  ;  Strecker, 
A.  155,  177  ;  Mulder,  B.  8,  1291).  Tetrahedra, 
si.  sol.  cold  water,  insol.  alcohol.  Decomjaosed 
by  boiling  water  into  CO..,  urea,  and  allanturic 
acid. — KA"3aq.  Four-sided  pearly  plates,  v. 
sol.  hot  water. — CaA"  4aq. — BaA"  5aq. — 
PbA"  Aaq.  Insol.  water. — AgjA"  :  flocculent  pp., 
turned  red  by  light. 

URSONE  C3„H4A2aq.  [265°]  (Gintl,  M.  14, 
255).  Occurs  in  the  leaves  of  the  red  bear-berry 
(Arctostaphylos  Uva-ursi)  (Trommsdorfl,  Ar.  Ph. 
[2]  80,  273  ;  Hlasiwetz,  /.  pr.  64, 123).  Needles, 
insol.  water,  acids,  and  alkalis,  si.  sol.  alcohol 
and  ether.  Cone.  H.^S04  added  to  its  solution 
in  AcjO  gives  a  red  colour,  changing  through 
blue  to  green.  Does  not  react  with  hydroxylamine 
or  phenyl-hydrazine.  Eeduced  by  HI  and  P  at 
360°  to  C,-,Ho,  (,25G°-2G7"). 

Acetyl  derivative  [264°]. 

Benzoyl  derivative  [214°]. 

3  H  2 
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UEUSHIC  ACID. 


UKUSHIC  ACID   CnH^Oj.     S.G.  ^  -985. 

Occurs  in  urushi  or  Japanese  lacquer  (Yoshida, 
C.  J.  43,  472).  Dark,  jiasty  mass,  v.  sol.  benzene 
and  ether,  insol.  water.  Br  in  CS.^  forms 
C.^Hi^r.O,.  HNO3  forms  C,  ,H„,(NO.,)202,  which 
forms  FeA'3.  Chromic  acid  mixture  forms  oxy- 
urushic  acid  Cj.HigO,.— PbA',  (dried  at  100°). 
[110°-115°].  Flocculent  pp.— FeH3A',,2aq.— 
FeHjA'g.    Deep-black  pp. 

USNETIC  ACID  C,H,„03.  [172°].  Occurs  in 
small  quantity,  together  with  usnic  acid,  in  the 
lichen  Usnea  barbata  (Hesse,  B.  10, 1326).  Flat 
prisms  (from  alcohol),  v.  sol.  ether.  FeClj 
colours  its  alcoholic  solution  bluish-violet. 
Bleaching-powder  does  not  colour  its  alkaline 
solution.  Is  perhaps  identical  with  decarb- 
usnin. 

USNIC  ACID  CisHi^O,  (Salkowski ;  Paterno) 
or  CigHj^Og  (Hesse),  or  C.gHjgO,  (Stenhouse  a. 
Groves,  C.  J.  39,  234).  Carbusnic  acid.  [195-4° 
cor.].  S.  (ether) -3  at  20°.  Occurs  in  the  lichens 
Usnea  barbata,  Usnea  florida,  Zeora  sordida 
(Knop,  A.  49,  103 ;  Eochleder  a.  Heldt,  A.  48, 
12  ;  Thomson,  A.  53,  252 ;  Stenhouse,  Pr.  18, 
222;  A.  68,  97,  114;  155,  51;  Hesse,  4.  117, 
343;  Paterno,  G.  8,  225;  Salkowski,  B.  8, 1459). 
Sulphur-yellow  monoclinic  crystals,  si.  sol.  alco- 
hol, V.  sol.  hot  ether  and  benzene.  Does  not 
yield  betorcin  when  heated.  Cone.  HjSO,,  forms 
usnolic  acid  CjjHoiO,,,  [213°]  crystallising  in 
small  yellowish  prisms  (Stenhouse  a.  Groves, 
C.  J.  39,  236).  When  it  is  heated  with  an  alco- 
holic solution  of  aniline  it  yields  the  anilide 
C|8Hj50e(NHPh),  crystallising  from  alcohol  in 
pale-yellow  plates  [171°],  and  forming  in  KOHAq 
a  yellow  solution  from  which  HCl  ppts.  CjsH.jjNOg 
[171°]. 

Salts.— NaC,sH„0e2aq  (Spica,  G.  12,432). 
Pale-yellow,  silky  needles.  —  KCigHj^Og  3aq  or 
KCisHjjOsSaq.  Pale-yellow  plates  (from  50  p.c. 
alcohol)  (Hesse,  B.  10,  1325).— KCi^H^Os  aq  or 
KCigHjjOs  aq.  Yellow  prisms  (from  93  p.c.  alco- 
hol).— CuA'., :  green  pp. 

Decarbusnein  C„H,sOg.  [175°].  Formed  by 
heating  usnic  acid  (1  pt.)  with  alcohol  (3^  pts.) 
at  150°  (Paterno,  G.  12,  234).  Yellow,"  silky 
needles,  sol.  hot  alcohol,  si.  sol.  water  and  ether. 
Not  coloured  by  FeCl3.  Not  attacked  by  AcCl. 
Eeduces  warm  ammoniacal  AgNOj.  Boiling 
KOHAq  in  absence  of  air  splits  it  up  into  HOAc 
and  deearbusnic  acid  C^HijOs,  which  crys- 
tallises from  alcohol  in  lemon-yellow  prisms 
[199°]  and  yields,  when  boiled  with  Ac„0,  two 
acetyl  derivatives  Ci^HijAcO^  [148°]  (isomeric 
with  decarbusnein)  and  CjsHi^ACoOs  [131°]. 

PjTOUsnic  acid  C,.,H,.65  (P.)';  C^B.^^  (Sal- 
kowski, B.  8,  1461).  [197°].  Formed,  together 
with  pyrousnetic  acid,  by  boiling  usnic  acid  (2 
pts.)  with  KOH  (5  pts.)  and  water  (5  pts.)  in  an 
atmosphere  of  hydrogen  (Paterno,  G.  6, 113  ;  12, 


242).  Shining  scales  (from  ether),  v.  sol.  alco- 
hol, si.  sol.  ether.  Its  alkaline  solution  absorbs 
oxygen  from  the  air,  turning  green  and  ulti- 
mately brown.  Eeduces  ammoniacal  AgNOj- 
readily.  Ac.,0  yields  an  acetyl  derivative  [205°]^ 
Alcohol  and'HCl  form  an  ether  [147°].  Pyro- 
usnic  acid  is  split  up  on  dry  distillation  in  a 
current  of  H  into  COj  and  usneole  CnHi^Oj, 
which  crystallises  from  alcohol  in  yellow  pris- 
matic talDlets  [176°]  and  is  converted  by  AcCl 
into  a  di-acetyl  derivative  [142°]. 

Pyrousnetic  acid  Cj^HuOb  i.e. 
C,3H,304(CO„H).  [186°].  Formed  by  boiling, 
usnic  acid  (10  pts.)  with  KOH  (25  pts.)  and 
water  (25  pts.)  for  15  minutes  (Paterno,  G.  12, 
238).  Colourless  plates  or  needles  (from  alco- 
hol). ACjO  yields  C,4H,3AcO«  [168°].  When 
heated  in  a  current  of  H,  pyrousnetic  acid  is 
split  up  into  CO2  and  usnetole  CjjHi^O^,  which 
crystallises  from  dilute  alcohol  in  yellowish 
needles  [179°]. 

(/3) -Usnic  acid  v.  Cladonic  acid. 

UVIC  ACID  V.  Pyeotkitaeio  acid. 

UVINONE  C^Hi.Oji.e. 
^/CMe:C.CO.C:CMe\^  .0^-701  -c  ^ 
0<CMe:C.CO.C:CMe>0  (•)  ^^47°].  Formed, 
to  the  extent  of  2  p.c,  by  distilling  pyrotritaric 
acid  (Dietrich  a.  Paal,  B.  20,  1086).  Yellow 
needles  (by  sublimation),  sol.  HOAc,  v.  si.  sol. 
alcohol.  Cone.  H,S04  forms  a  solution  with 
green  fluorescence.  Br  at  100°  forms  erystal- 
Une  C,.,H,Br,04. 

UViTIC  AICD  CgHgO^  i.e. 
C,H3Me(C0.,H).,  [1:3:5].  Mesidic  acid.  Mol.  w- 
180.  [288°].  'H.C.v.  and  p.  928,900.  H.F. 
193,100  (Stohmann,  J.pr.  [2]  40,  128).  Formed, 
together  with  uvitonic  acid,  by  boiUng  pyruvic 
acid  with  baryta-water  (Finck,  A.  122,  184). 
Formed  also  by  oxidation  of  mesitylene  or  mesi- 
tylenic  acid  (Fittig  a.  Von  Furtenbach,  Z.  [2] 
4,  1 ;  4.  147,  295),  by  oxidation  of  di-methyl- 
ethyl-benzene  (Wroblewsky,  A.  192,  217),  and 
by  "heating  CeH.Me(S0.,NH,)(CO2H)„  with  cone. 
HClAq  at  230°  (Hall  a.  Ee'msen,  Am.  2,  136). 
Slender  needles  (from  water),  v.  si.  sol.  hot 
water,  m.  sol.  alcohol  and  ether.  Yields  toluene 
on  heating  with  soda-lime  (Baeyer,  Z.  [2]  4, 
119).  The  Ca  salt  heated  with  lime  yields  m- 
toluie  acid  (Bottinger  a.  Eamsay,  A.  168,  255). 
Chromic  acid  mixture  oxidises  it  to  trimesic 
acid. 

Salts. — K,A"  :  plates  (fiom  alcohol),  v.  sol. 
water. — BaA"  aq. — CaA"  aq. — AgjA".  Nearly 
insol.  cold  water. 

Ethijl  ether [35°].  Crystalline. 

References. — Amido-,  Bromo-,   Nitbo-,  and 

OXY-DVITIO  ACID. 

Isouvitic  acid  v.  Caeboxt-phenyl-acetic  acid. 
Uvitonic  acid  v.  Methyl-pybidine-dicakb- 

OXYMC  ACID. 
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VALEEAL  V.  Vaieeic  aldehyde. 

VAIEKAL-DI-ACETOITAMINE  v.  Pentyl- 
idene  cZi-AcETONAMiNE. 

VALERALDINE  C^HjiNS-,.  Thiovaleraldine. 


[41°].  Formed  by  the  action  of  H„S  on  isovaleric 
aldehyde  ammonia  suspended  in  water  (Beissen- 
hirtz,  A.  90,  109;  Parkinson,  A.  90,  119). 
Formed  also  from  thio-isovaleric  aldehyde  and 
dry  NH3  (Schroder,  B.  4,  468).    Plates  (from 
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ether),  with  powerful  smell,  sol.  alcohol,  insol. 
water. — B'HCl.    Needles,  sol.  water. 

VALERCKEATININ     v.  Methyl-guanido- 

VALERIC  ACID. 

VALERIAN  OIL.  An  essential  oil  obtained 
from  the  root  of  Valeriana  officinalis.  It  con- 
tains a  terpene  C|„H„j  (156°)  [a]i,=  -21°,  a 
eamphene,  borneol  Cn,H|sO,  di-bornyl  oxide 
(C,„H„),0  (285°-290°),  formyl-,  acetyl-,  and 
valeryl-borneol,  and  a  little  valeric  acid  (Ger- 
hardt,  A.  Ch.  [3]  7,  275  ;  Pierlot,  A.  Ch.  [3]  56, 
291 ;  Bruylants,  J.  Ph.  [4]  27,  349 ;  B.  11,  452  ; 
Haller,  C.  E.  103,  151;  Oliviero,  C.  B.  117, 
1090). 

5t-VALEKIC  ACID  C,H,„0,  i.e. 
CH,.CH„.CH„.CH...CO.,H.  Mol.  w.  102.  (186° 
cor.).  S.G.  "g  -9562  (Zander,  A.  224,  65)  ;  if 
•9446  ;  SI  -9375  (Perkin) ;  f  -9298  (Briihl). 
C.E.  (0''-10°)  -00098  (Z.).  S.  3-5  at  16°.  S.V. 
130-0  (Z.).  M.M.  5-513  at  13-6°.  M/3  =  1-4093. 
Eoo  =43-16  (Briihl).  H.F.  137,800  (Stohmann, 
J.  pr.  [2]  49,  99).  Occurs  in  crude  wood  vmegar 
(Grodzki  a.  Kriimer,  B.  11,  1368). 

Formation. — 1.  By  saponifying  its  nitrile  {n- 
butyl  cyanide)  (Licben  a.  liossi,  A.  159,  58  ;  G. 
1,  239). — 2.  By  oxidation  of  9i-amyl  alcohol  (L. 
a.  E.). — 3.  By  the  action  of  metallic  silver  on  a 
mixture  of  EtI  and  /3-iodopropionic  acid  (W.  von 
Schneider,  Z.  [2]  5,343). — 4.  By  oxidising  a-oxy- 
5i.-caproic  acid  (ISrlenmeyer,  B.  9,  1840). — 5.  By 
heating  /3-acetyl-propionic  acid  with  HI  and  P  at 
200°  (Kehrer  a.  Tollens,  A.  206,  233).— 6.  By  re- 
ducing /3-acetyl-propionie  acid  with  sodium- 
amalgam  (Wolff,  A.  208,  110).— 7.  By  heating 
>i-propyl-malonic  acid  at  180°  (Juslin,  B.  17, 
2504;  Furth,  M.  9,  308).— 8.  By  fermentation 
of  calcium  lactate  (Fitz,  B.  13,  1309  ;  14,  1084). 
9.  By  heating  the  lactone  of  7-oxy-5!.-valeric 
acid  with  HIAq  and  P  at  240°  (Fittig,  A.  226, 
346). — 10.  A  ]Droduct  of  oxidation  of  castor  oil 
by  dilute  HNO3  (Wahlforss,  B.  22  Ref.,  438). 

Properties. — Liq[uid,  smelling  like  butyric 
acid. 

Salts. — KA'.  Plates  (from  alcohol). — 
CaA'„aci.  S.  10-267  at  0°;  8-144  at  60°.  Least 
soluble  at  60°-70°  (F.) ;— CaA'^  l^aq  (Schor- 
lemmer,  A.  161,  270).— BaA',.  S.  21-693  at  0°  ; 
23-076  at  80°. — MnA'„aq. — Cnk'^:  minute  green 
needles.  More  sol.  cold  than  hot  water. — ZnA',. 
S.  2-6  at  25°.— AgA'.  S.  -229  at  -3°  ;  -641  at 
70-5°. 

Methyl  ether  MeA'.  (127-3°).  S.G.  g 
•9097  (G.)  ;  =f  -8795.  C.E.  (0°-10°)  -00106.  S.V. 
149-1  (Gartenmeister,  4.  233,  273).  =1-3997. 
H-j-j  =50-7. 

Ethyl  ether  EtA'.  Mol.  w.  130.  (144-7° 
cor.).  S.G.  y  -8939  (G.) ;  f  -8765  (Lieben  a. 
Eossi,  A.  165,  117);  -£  -8661  (Briihl).  S.V. 
174-3.  C.E.  (0°-10°) -00111.  M/j  =1-402.  B,^ 
58-03  (B.). 

n-Propyl  etlier  PrA'.  (107-5°).  S.G.  g 
•8888.    C.E.  (0'>-10°)  -00106  (G.).    S.V.  197-8. 

n-Butyl  ether  C,H„A'.  (185-8°).  S.G.  g 
•8847.    C.E.  (0°-10°)  -00101.    S.V.  222-1. 

n-Amyl  ether  C,H„A'.  Mol.  w.  172. 
(203-7°).  S.G.  g  -8812  (G.). ;  -8568  (Briihl). 
C.E.  (0°-10°)  -00097.  S.V.  245-8.  ,11^  1-417. 
Ere  80-48. 

n-Hexyl  ether  C„H„A'.  (223-8°).  S.G.  g 
•8797.    C.E.  (0°-10°)  -00090.    S.V.  272-0. 


n-Heptyl  ether  C-H,-,A'.  (243-6°).  S.G. 
g  -8786.    C.E.  (0°-10°)  -00090.    S.V.  297-4. 

n-Octyl  ether  C„H,.A'.  (260-2°).  S.G.  g 
•8784.    C.E.  (0°-10°)  -00088.    S.V.  322-6. 

47)iide  CjH,,.CO.NH,,.  Mol.  w.  101.  [116°]. 
Pearly  plates  (Weidel  a.  Cianiician,  B.  13,  69). 
V.  sol.  water,  alcohol,  and  ether. 

Nitrile  CjH„.CN.  n-Butyl  cyanide.  (140°). 
S.G.  5  -810  (Lieben  a.  Eossi,  A.  158,  171). 
Formed,  together  with  amylamine,  by  allowing 
a  mixture  of  hexoic  amide  (1  mol.)  and  bromine 
(2  mols.)  to  run  into  a  10  p.c.  solution  of  NaOH 
(Hofmann,  B.  17,  1410). 

Isovaleric  acid  (CH,),CH.CH,.CO,,H.  Isopro- 
pi/l-acetic  acid.  (176'^  cor.).  S".G.  -9336  ;  p 
-9261  (Perkin) ;  sg  -931  (E.  a.  H.).  M.M.  5-63"5 
at  16°.    S.  4-24  at  20°. 

Vapour  tensio7i:  Eichardson,  C.  J.  49,  767. 

Heat  of  neutralisation :  Gal  a.  Werner,  Bl. 
[2]  46,  801. 

Occurs  in  the  fat  of  Delphinum  Phocama 
(Chevreul  [1817],  Corps  gras,  pp.  99,  209),  in 
valerian  root  (Grote,  B.  J.  11,  225  ;  Tromms- 
dorff  a.  Ettling,  A.  4,  229  ;  6,  176),  in  the  root  of 
Angelica  Arcliangclica  (Meyer  a.  Zenner,  A.  55, 
328),  in  the  root  of  Athamanta  Oreoseliimm,  in 
the  bark  of  the  alder  tree,  in  the  berries  and  bark 
of  the  Guelder  rose  ( Viburnum  Opulus)  (Moro,  .4. 
55,  330),  in  the  root  of  Viburnum  jiruidfolium 
(Allen,  P/i.  [3]  11,  413),  and  in  oil  of  geranium 
(O.  Jacobsen,  A.  157,  232).  A  valeric  acid  occurs 
in  rosin  oil  (Lwoff,  B.  20,  1017)  and  in  yolk 
of  wool  (suint)  (Buisine,  Bl.  [2]  48,  639). 

Formation. — 1.  By  oxidation  of  inactive  fer- 
mentation amyl  alcohol  (Dumas  a.  Stas,  A.  33, 
156;  35,  143;  Erlenmeyer  a.  Hell,  A.  160,  257; 
Pedler,  C.  J.  21,  74).— 2.  By  boihng  its  nitrile 
with  alcoholic  potash  (E.  a.  H. ;  Schmidt  a. 
Sachtleben,  A.  193,  87).— 3.  Together  with  the 
active  acid  by  oxidation  of  leucine  (amido-hexoic 
acid)  (E.  a.  H.,  cf.  Neubauer,  A.  106,  59).— 4.  By 
heating  isopropyl-malonic  acid  at  180°  (B.  11, 
596). — 5.  By  oxidising  di-methyl-allyl-oarbinol, 
treating  the  resulting  CMe,(0H).CH2.C0,H  with 
HI,  and  reducing  the  /3-iodo-valeric  acid  so 
formed  by  means  of  3  p.c.  sodium-amalgam  ap- 
plied in  an  acid  solution  (Schirokolf,  J.  pr.  [-2] 
•23,  286).— 6.  By  the  action  of  KOH  or  HClAq  on 
Athamantiti  (Schnedermann  a.  Winckler,  A.  51, 
324). — 7.  By  xjutrefactive  fermentation  of  pro- 
teids  (Iljenko,  A.  63,  269). — 8.  By  the  action  of 
CrO,  on  gelatin  and  albumen  (Schlieper,  A.  59, 
7  ;  Guckelberger,  A.  64,  71).— 9.  Fromisopropyl- 
aoeto-acetic  ether  (Frankland  a.  Duppa,  A.  145, 
84). — 10.  By  distilling  isopropyl-malonic  acid 
(Conrad  a.  Bischoff,  A.  204,  151).— 11.  A  pro- 
duct of  distillation  of  colophony  (lienard,  A.  Ch. 
[6]  1,  253). 

Prcpiaration. — 1.  Isoamyl  alcohol  is  oxidised 
by  less  than  the  calculated  quantity  of  KMn04 
in  the  cold.  Some  acetic  acid  is  formed,  but 
this  can  be  got  rid  of  by  distilling  a  dilute  solu- 
tion of  the  acids,  for  valeric  acid  passes  over  in 
the  first  quarter  of  the  distillate,  the  acetic 
acid  remaining  behind  (Duclaux,  C.  R.  105, 
171). — 2.  By  oxidising  isoamyl  alcohol  (1,000 
c.c.)  with  KXr„0,  (1000  g.)  dissolved  in  water 
(3,500  c.c.)  by  adding  in  the  cold  H„S0,|  (1,400 
g.)  mixed  with  water  (800  g.).  The  resulting 
isoamyl  isovalerate  is  saponified  by  potash 
(Pierre  a.  Puchot,  A.  Ch.  [4]  29,  229).— 3.  By 
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distilling  valerian  root  witli  dilute  phosphoric 
acid,  neutralising  the  distillate  with  NaoCOj, 
and  decomposing  the  resulting  Na  salt  by 
H2SO4.  In  purifying  valeric  acid  use  may  be 
made  of  the  fact  that  the  acid  forms  crystalline 
acid  salts  with  K  and  Na  (LesccBur,  Bl.  [2]  27, 
104). 

Properties. — Liquid,  inactive  to  light.  Its 
smell  is  powerful  and  unpleasant.  SI.  sol.  water. 
Separated  from  aqueous  solution  by  CaClj. 
Volatile  with  steam.  Mixes  with  alcohol  and 
ether.  It  is  set  free  from  its  salts  by  mineral 
acids,  by  HOAc,  by  oxalic,  tartaric,  citric,  and 
malic  acids,  but  not  by  butyric  acid.  When 
cone,  valeric  acid  is  added  to  a  solution  of  cupric 
acetate,  anhydrous  cupric  valerate  separates  in 
oily  drops,  which  soon  change  to  a  greenish-blue 
crystalline  powder  of  the  hydrated  salt ;  butyric 
acid  would  at  once  give  a  crystalline  pp.  (La- 
rocque  a.  Huraut,      Ph.  [3]  9,  430). 

Reactions. — 1.  Oxidised  by  chromic  acid 
mixture  at  20°  to  acetic  acid  and  C0„. — 2.  Boil- 
ing dilute  HNO3  forms  nitro-valerio  acid, 
methyl-malic  acid,  and  a  little  di-nitro-propane 
(when  prepared  from  valerian)  or  di-nitro- 
butane  (when  prepared  from  isoamyl  alcohol) 
(Bredt,  B.  14,  1782 ;  15,  2319  ;  cf.  Dessaignes, 
A.  79,  374).— 3.  Dilute  alkaline  KMnO^  forms 
CMe,,(OH).CH„.CO„H.— 4.  Electrolysis  of  the  K 
salt  in  cone,  solution  yields  octane  C„H,-Fr., 
(Kolbe,  A.  69,  259).— 5.  Passed  through  a  rcd'- 
hot  tube  it  yields  ethylene,  propylene,  butylene, 
and  other  hydrocarbons  (Hofmann,  C.  J.  3,  121). 
6.  The  Ca  salt  yields  di-isobutyl  ketone  on  dis- 
tillation by  itself,  valeric  aldehyde  on  distilla- 
tion with  calcium  formate,  and  methyl  isobutyl 
ketone  on  distillation  with  calcium  acetate. 

Salts. — NH4A'.  v.  sol.  water  and  alcohol. 
— (NH,)HoA'.j. — KA'.  Deliquescent  crystalline 
mass.  S'.  '(alcohol)  26  at  20°.  [140°].— 
LiA'|aq.  Nodules. — TIA'.  V.  sol.  water. — 
CaA',  3aq :  needles  (Barone,  A.  165,  120; 
Schmidt  a.  Sachtleben,  A.  193,  87  ;  Schirokoff, 
J.pr.  [2]  23,  286).  S.  18-4  at  0°  (Sedhtzky,  M. 
8,  563).— OaA'„4aq.— CaA',5aq.— BaA'„.  Tri- 
clinic  plates.    S.  94  at  18°.    S.  (alcohol)  3-3  at 

20°.— BaA'„aq.— BaA'2  2aq  SrA'^.- MnA'„  2aq. 

— ZnA',  2aq.  Crystalline. — ZnA'j.  S.  1  in  the 
cold.  S.  (80  p.c.  alcohol)  1-7  in  the  cold ;  S. 
(ether)  -2  in  the  cold ;  -5  at  35°  (Wittstein, 
J.  1847,  557).  —  ZnAM2aq.  —  ZnA'.,3aq. — 
ZnA'„  2NH3  (Lutschak,  B.  5,  30).— CuA'..  Green 
crystalline  pp.  —  CuA'^aq.  —  Bi6A/(OH)j03 
(Schucht,  Ar.  Ph.  [3]  2, 97)'.— FeA'3.— I'eA'.,(OH). 
— Fe3A',(0H).,. — PbA'o :  easily  fusible  laminse. 
— Pb3A'202.  Groups  of  needles,  si.  sol.  water. — 
AgA'.  S.  -177  at  0°  (Sedlitzky)  ;  -185  at  20° 
(Erlenmeyer). 

Methyl  ether  MeA'.  (116°).  S.G.  f 
•9007.  C.E.  (0°-10°)  -001174.  S.V.  149-6 
(Elsasser,  A.  218,  315) ;  148-3  (K.  Schiff,  A.  220, 
334).  S.H.  (21°-45°)  -491  (Kopp).  Smells  like 
bananas. 

Ethyl  ether  MA.'.  (134°).  (E.) ;  (135° 
cor.)  (Perkin).  S.G.  £  -8851  (E.)  ;  if  -8714 ; 
H  -8632  (P.).  C.E.  (0°-10°)  -001034.  S.V. 
173-4  (E.) ;  173-0  (S.).  M.M.  7-615  at  18°.  Oil, 
sol.  alcohol.  Smells  like  rennet  apples  and 
water-mint  (Pierre  a.  Puchot,  A.  Ch.  [4]  20, 
234).  Converted  by  sodium  into  oxy-decoic 
acid,  ethyl  ethoxy-decoate  (Hantzsch,  A.  249, 


64),  an  acid  C.,„B.s,0^  [c.  127°]  (295°),  and  other 
bodies  (Greiner,  Z.  [2]  2,  460 ;  Wanklyn,  C.  J. 
17,  371 ;  Geuther  a.  Greiner,  J.  1865,  319). 

n-Propyl  ether  PrA'.  (156°).  S.G.  f 
•8809.  C.E.  (0°-10°)  -000997.  S.V.  197-5  (El- 
sasser) ;  196-8  (Schiff). 

Isopropyl  ether  PrA'.  (142°).  S.G.  ^ 
•870;  i2  -854  (Silva,  A.  153, 136). 

Di-chloro-propyl  ether  CsH.CloA'. 
(245°)  at  737  mm.  S.G.  ii  1-149.  Foried 
from  epichlorhydrin  and  isovaleryl  chloride 
(Truchot,  A.  138,  298). 

Isobutyl  ether  CjHgA'.  (169°)  (Elsasser, 
A.  218,  328)  ;  (173°)  (P.  a.  P.).  S.G.  £  -8736 
(E.).  2  -8884  (P.  a.  P.).  C.E.  (0°-10°) -001027. 
S.V.  223-4  (E.j. 

Isoamyl  ether  CsHi.A'.  (188°)  (Kopp; 
R.  Schiff,  A.  234,  344) ;  (196°)  (Balard) ;  (190°) 
(Balbiano,  J.  1876,  348);  (194°)  (Kahlbaum). 
S.G.  2  -870  (Balbiano).  S.V.  244-5.  V.D. 
6-1.  Smells,  when  dissolved  in  alcohol  (7  pts.), 
like  apples. 

Octyl  ether  CgH^A'.  (250°).  S.G.  1^ 
•862  (Zincke,  A.  152,  6). 

CetyletherC.fi^^A'.  [25°].  (280°-290°) 
at  202  mm.  S.G.  ^2.  -852  (Dollfus,  A.  131, 
283). 

Ally  I  ether  C,B.,A'.  (154°).  Oil  (Cahours 
a.  Hofmann,  A.  102,  296). 

Glyceryl  derivative  v.  Glycerin. 

Chloride  Pr.CH^.COCl.  (114°)  at  726 
mm.  S.G.  f  .9887.  1-4213.  Roo  49-14. 
Liquid,  easily  decomposed  by  water  (Bechamp, 
C.  B.  42,  224  ;  Briihl,  A.  203,  24). 

Bromide  C,H,OBr.    (143°).  Liquid. 

Iodide  CXOI.  (168°)  (Cahours,  C.  R. 
44,  1252). 

Anhydride  (C^HgO),,©.  Mol.  w.  186. 
(215°)  (Chiozza,  A.  84,  106).  Converted  by 
hydrated  BaO„  into  the  oily  peroxide  (C5HaO)20., 
(Brodie,  Pr.  1-2,  655). 

Aceto-valeric  anhydride  (C,HgO).OAc. 
(147°-160°)  (Autenrieth,  B.  20.  3187). 

Amide  C^Hg.CONH,,.  [128°]  (Letts,  B.  5, 
669  ;  Hofmann,  B.  15,  982) ;  [135°]  (Schmidt  a. 
Sachtleben,  A.  193,  102).  (231°).  SUky  plates, 
i  V.  sol.  water  and  alcohol. 

I  Anilide  C^H^.CO.NHPh.  [115°]  (Chiozza, 
A.  Ch.  [3]  39,  261 ;  Kelbe,  B.  16,  1200 ;  cf. 
Dumas,  C.  R.  25,  475,  658  ;  Dessaignes,  A.  68, 
333).  SI.  sol.  hot  water,  v.  sol.  alcohol  and 
ether. 

Nitrile  ?r.CH,.CN.  Isobutyl  cyanide. 
Mol.  w.  83.  (129°)'  (R.  Schiff,  B.  19,  567). 
S.G.  2  -823.  V.D.  2^89.  Formed  by  heating 
ammonium  valerate  or  valeramide  with  P^Oj 
(Dumas,  Malaguti  a.  Leblanc,  C.  R.  25,  65'8). 
Occurs  among  the  products  of  oxidation  of 
gelatin  and  casein  by  chromic  acid  mixture 
(Schlieper,  ^.  59,  15;  Guckelberger,  ^.  64,  72), 
of  the  action  of  chlorine  on  leucine  (Schwanert, 
A.  102,  228),  and  of  the  action  of  cone.  HNO3  on 
castor  oil  (Hell  a.  Kitrosky,  B.  24,  980).  Formed 
also,  together  with  valeramide,  by  heating  valeric 
acid  with  potassium  sulphocyanide  (Letts,  B.  6, 
669).  It  is  also  got  by  the  action  of  cold  Ac^O 
on  the  oxim  of  valeric  aldehyde  (Dollfus,  B.  25, 
1915).  Prepared  by  digesting  isobutyl  iodide 
with  KCy  and  alcohol  (Erlenmeyer  a.  Hell,  A. 
160,  266).  Liquid,  smelling  like  almonds,  dis- 
solving in  about  four  times  its  volume  of  water. 
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Sodium  converts  it,  on  heating,  into  cyan- 
butine  C|,,H„-N,„  crystallising  iu  stellate  groups 
of  needles'  which  yield  B'HCl  and  B'„H„PtCl„ 
and  isconverted  bynitrous  acidinto  C|,,H„5(0H)N, 
[89°]  (E.  von  Meyer,  J.  pr.  [2]  37,  407). ' 

Active  valeric  acid  CHMeEt.CO^H.  Methijl- 
etlujl-acctic  acid.   Hydrotiglic  acid.    (177°  i.V.). 

5.  G.  ^.  -938  (Saur).  S.V.  129-1  (Lossen,  A.  251, 
60).  Occurs  in  the  essential  oil  from  the  fruit 
of  Angelica  Archangelica  (E.  MiUler,  B.  11, 
2476). 

Formation. — 1.  By  oxidation  of  isoaniyl 
alcohol. — 2.  By  reducing  tiglic  acid  with  HI  and 
P  (Schmidt  a.  Berendes,  A.  191,  117).— 3.  By 
heating  methyl-ethyl-malonic  acid  (Bischoff  a. 
Conrad,  A.  204,  151).— 4.  From  methyl-ethyl- 
acetoaoetic  ether  (Saur,  A.  188,  257). —  5.  By  re- 
ducing angelic  acid  (Schmidt,  A.  208,  261). — 

6.  By  reducing  bromo-hydro-tiglic  acid  (Pagen- 
stecher,  A.  195,  121).— 7.  By  the  action  of 
NaOEt  and  EtI  on  propionyl-propionic  acid 
(Israel,  A.  231,  219).— 8.  By  oxidation  of  the 
corresponding  aldehyde  (Lieben  a.  Zeisel,  M. 

7.  56). 

Properties. — The  acid  obtained  by  synthetic 
methods  is  inactive,  but  when  obtained  by  oxi- 
dation of  active  amyl  alcohol  it  is  dextro- 
rotatory, but  is  mixed  with  inactive  isovaleric 
acid.  By  oxidation  of  an  amyl  alcohol  [a]jy  = 
-4-4°  Guye  and  Chavanne  (C.  R.  116,  1454) 
obtained  a  valeric  acid  (174°),  [a]^  =  + 13-6°, 
S.G.  3^  -938.  By  oxidation  of  an  amyl  alcohol 
[a]j,= -5-2°  at  22°  Kogers  (C.  J.  63,  1130)  got 
a  valeric  acid  (175°),  S.G.  f  g -936,  [ajj,  =  -i- 13-9° 
at  22°.  Methyl-ethyl-acetic  acid  can  be  sepa- 
rated from  isopropyl-acetio  acid  through  the 
greater  solubility  of  its  silver  salt.  Dilute 
KMnOj  oxidises  methyl-ethyl-acetic  acid  to 
CMeEt(OH).CO,H. 

Salts. — CaA'.,  5aq  :  needles.  S.  (of  CaA'.J 
29. —  "BaA',, :  gummy  mass. — ZnA'.^.  Needles, 
more  sol.  cold  than  hot  water. — CuA'o :  bluish- 
green,  crystalline  pp. — AgA' :  groups  of  needles. 
S.  1-13  at  20°  (C.  a.  B.) ;  1-11  at  1°  (Sedlitzky, 
M.  8,  508). 

Ethyl  ether  EtA'.  (133-5°  i.V.).  S.G. 
§i  -8695. 

Nitrile  C-,H„N.  (12.5°).  S.G.  ^  -80G1. 
Formed  by  adding  Na  and  EtI  to  a  solution  of 
acetonitrile  in  benzene  (Hanriot  a.  Bouveault, 
Bl.  [2]  51,  173).  Liquid. 

Valeric  acid  CMe^.CO.H.  Tri-mrthyl-acetic 
acid.  [3.5°].  (163-5°  i.V.)!  S.G.  ^2  -905.  S.  2-2 
at  20°.  Heat  of  neutralisation  :  Gal  a.  VV^erner, 
Bl.  [2]  46,  801.  Formed  by  heating  its  nitrile 
with  alcoholic  potash  or  cone.  HClAq  at 
100°  (Butleroff,  A.  1G5,  322;  170,  151;  173,355; 
B.  5,  478).  Formed  also  by  action  of  CrO.,  on 
pinacolin  (Friedel  a.  Silva,  B.  6,  146,  826)  and 
on  tri-methyl-pyruvic  acid  (Gliicksmann,  M.  10, 
777).  Monometric  crystals.  Docs  not  yield  a 
bromo-  derivative  on  heating  with  Br,  either 
alone  or  in  presence  of  P  (Keformatzky,  B.  23, 
1.596). 

Salts. — NaA'2aq.  Prisms,  v.  sol.  water. — 
KHoA'a.  Needles,  m.  sol.  water.  — CaA'.,  5aq. — 
CaA'Jaq.  S.  7  at  1°.— SrA'„  .5aq.— BaA'„5aq. 
S.  34  at  2°  (Landau,  M.  14,  707).— MgA'.,8aq. 
— ZnA'^aq.  S.  (of  ZnA',)  1-7  at  20°.  The' cold 
saturated  solution  becomes  filled  on  warming 


with  a  solid  salt,  which  dissolves  up  again  on 
cooling. — PbA'.,. — PbHA'3 :  needles.  —  CuA'  aq  : 
greenish  pp.— AgA'.  S.  1-1  at  1° ;  1-27  at  27° 
(Stiassny,  ill.  12,  599). 

Methyl  ether  MeA'.    (101°)  (BuHeroff). 

Ethyl  ether  EtA'.  (118-5°  i.V.).  S.G. 
2  -875. 

Tert-btityl  ether  C,H„A'.    (135°  i.V.). 

Amyl  ether  CMe,.CHA'.  (165°)  (Tissier, 
Bl.  [2]  24,  -558). 

Chloride  CMe,.COCl.  (106°). 

Anhydride  (CMe3.C0)„0.  (190°). 

Amide  CMe^.CO.NH,.'  [1-54°].  (212°). 
Formed  by  heating  the  ammonium  salt  in  sealed 
tubes  at  230°  (Franchimont  a.  Klobbie,  B.  T.  C. 
6,  238).  Long  needles.  Decomposed  by  pure 
HNO,  (S.G.  1-53)  with  evolution  of  N„0. 

Methylamide  CMe,.CO.NHMe.  [91°]. 
(204°). 

Dimethylamide   CMe,.CO.NMe.,.  (186°). 

EthylamideC^le.,.CO.'i^}mi.  [49'°].  (204°). 

Diethylamide  CMe3.CO.NEt.,.  (203°). 
S.G.  ii  -891. 

Nitrile  CMe3.CN.  Tert-buti/l  cyanide. 
[16°].  (106°).  Formed,  together  with  a  poly- 
meride  (100°),  by  the  action  of  tert-butyl  iodide 
on  dry  i^otassio-mercuric  cyanide  below  5°  (But- 
leroff, A.  170,  151  ;  Freund  a.  Lenze,  B.  23, 
2806  ;  24,  2161).  Crystalline  mass  with  pun- 
gent smell.  On  heating  with  aniline  hydro- 
chloride it  yields  phenyl-valeramidine,  which 
,  forms  an  oxalate  [192°].  Hydroxylamine  forms 
the  amidoxim  CMe3.C(NH,):N0H  [116°]. 

References. — Amido-,  Bkomo-,  Culoho-,  Iodo-, 
N1TR0-,  N1TROS0-,  and  OxY-  valeuic  acids. 

M- VALERIC  ALDEHYDE 
I  CH3.CH,.CH,.CH,.CH0.    (103°).    S.G.  li  -819. 
Formed  by  distilling  calcium  w-valerate  with 
calcium  formate  (Lieben  a.  Rossi,  A.  159,  70 ; 
Zander,  A.  2-24,  81). 

Isovaleric  aldehyde  (CH3).,CH.CH,.CH0. 
Valeral.  Mol.  w.  86.  (92-5°).  'S.G.  15  -8041; 
Si  -7961  (Perkin,  C.  J.  45,  477).  /xg  1-3934. 
Bro  40-66  (Briihl).  V.D.  43-06  (calc.  43) 
(Schroder,^.  4,  400,468).  S.V.  118-5.  Formed 
by  oxidation  of  isoamyl  alcohol  (Dumas  a.  Stas, 
A.  Ch.  [2]  73,  145  ;  Parkinson,  A.  90,  114; 
Kolbe  a.  Guthrie,  4.  109,  296).  Formed  also  by 
distilling  calcium  iso-valerate  with  calcium 
formate  (Limprioht,  A.  97,  370),  by  the  distilla- 
tion of  isovalerates  (Chancel,  ^4.  60,  318;  Ebers- 
{  bach,  A.  106,  262  ;  Schmidt,  B.  5,  600),  by  oxi- 
dation of  gluten  (Keller,  A.  72,  34)  and  castor 
oil  (Arzbiioher,  ^4.  73,  202),  and  by  the  action  of 
SO3  on  leucine  (Schwanert,  A.  10'2,  226). 

Properties. — Neutral  oil,  with  pungent  fruity 
odour.  Polymerises  on  keeping.  Mixes  with 
alcohol  and  ether.  On  heating  with  ammonium 
sulphocyanide  it  yields  a  dark-red  liquid,  sol. 
alcohol,  ether,  and  HOAc  (Brodsky,  M.  8,  37). 
Alkaline  sodium  nitroprusside  gives  a  violet-red 
colour,  destroyed  by  HOAc  (Von  Bitto,  A.  267, 
376).  Combines  with  sodium  bisulphite,  form- 
ing (C,H,„0)NaHS03. 

Reaciions. — 1.  Readily  oxidised  to  valeric 
acid. — 2.  Chlorine  forms  mono-  and  di-  chloro- 
valeric  aldehydes,  and,  at  140°,  oily  C||,H|.,C1,.0 
(204°),  which  is  converted  by  alcoholic  soda 
into  C,„H,„C1,0  (209°).— 3.  PCl^  forms  C,H,„C1,. 
4.  Potash-fusion  gives  valeric  acid.— 5.  Heat- 
ing with  lime  forms  isoamyl  alcohol,  calcium 
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valerate  and  other  bodies  (Fittig,  A.  117,  68). — 
6.  Sodium-amalgam  and  water  slowly  form 
isoamyl  alcohol  (Wurtz,4. 134,201).— 7.  Sodium 
forms  isoamyl  alcohol,  sodium  valerate,  decyl 
alcohol  C,„H2,,0  (203°),  an  oil  (C,„H,sO)„  (250^- 
290°),  the  compound  C.,„Hgs03,  and  the  acid 
C,oH,j,02  (Borodin,  Z.  1864,  353 ;  B.  5,  480).— 
8.  KOH  at  0°  produces  an  oily  polymeride, 
lighter  than  water,  not  capable  of  combining 
with  NaHSOj,  and  yielding  isovaleric  aldehyde 
and  the  compounds  C|||H,aO  and  CjHggOa  on 
distillation  (Borodin,  B.  6,  982).  This  poly- 
meride, left  in  contact  with  NajCOjAq,  often 
forms  needles  of  G.^B.,Jd,  [70°].— 9.  Heating 
with  KOH  forms  the  aldehyde  C,„H,sO  and  a 
compound  C,„H.,803  (260°-290°).  S.G.  -90.— 
10.  Heating  with  zinc  at  180°  forms  deoenoic 
aldehyde  C,„H„0  (190°),  S.G.  2  -862  (Kiban, 
0.  B.  75,  96 ;  KekuM,  A.  162,  77)  and  other  pro- 
ducts.— 11.  ZnEtj  produces  the  oil  (CinHj^O),,  in 
large  quantity  (Beilstein  a.  Eieth,  A.  126,  242). 
ZnMej,  followed  by  water,  forms  methyl-isobutyl- 
carbinol  (Kuvsinoff,  J.  B.  1887,  204).— 12.  Dry 
KjCOa  at  50°  forms  an  oily  polymeride,  which  is 
reconverted  at  180°  into  the  aldehyde.  Boiling 
with  KoCOa  yields  C|„H,gO  (v.  supra),  CoHj^Oa 
(265°-270°),  and  C,5H.,s02  (235°-240°)  (Gass  a. 
HeU,  B.  8,  369).— 13.  Dry  K.COs  added  to  moist 
isovaleric  aldehyde  forms,  after  some  days, 
crystals  of  a  polymeride  [84°],  which  is  re- 
converted at  108°  into  the  original  aldehyde 
(Bruylants,  B.  8,  414).— 14.  PH^I  forms  a  com- 
pound (G5H,oO)4PH4l,  crystallising  from  ether 
in  plates  [119°],  converted  by  cold  potash  into 
(C5H,(,0)3PH4.0H,  crystalhsing  in  prisms  [125°], 
insol.  water  (De  Girard,  A.  Ch.  [6]  2,  33  ;  C.  R. 
94,  215). — 15.  On  heating  with  hypophosphorous 
acid  in  an  atmosphere  of  hydrogen  the  com- 
pound (C5H,„0).,H.jP0.,  [160°]  is  formed.  It 
yields  BaA'^  aq  (Ville,  C.  R.  109,  71).— 16.  AcCl 
at  100°  combines,  forming  chloro-amyl  acetate 
C^Hg.CHCl.OAc  (Maxwell  Simpson,  Pr.  27, 120). 
17.  m-Amido -benzoic  acid  forms  C,„H|5N0., 
[c.  130°].— 18.  Dry  HCl  forms  (C^H,,CHGl)2d 
(180°)  (Bruylants,  B.  8,  414).— 19.  Cone.  NHjAq 
forms  isovaleric  aldehyde  -  ammonia 
C4H3.CH(NH„)OH  7aq  [58°]  (Erdmann,  A.  130, 
211;  Petersen,  A.  132,  158;  Ljubavin,  B.  6, 
14G0),  which  yields,  on  allowing  its  alcoholic 
solution  to  stand,  or  on  boiling  with  potash,  the 
oily  '  trioxyamylamine '  Cj.HjjNOj,  forming 
B'HCl  [113°]  and  B',H,PtCl,.'  AgNO.,  reacts 
with  isovaleric  aldehyde-ammonia,  forming 
(G,H„N)2AgN0,  and  (C,H,iN),,AgN03  (Gold- 
schmidt,  B.  11,  1200 ;  Mixter,  j.  1878,  438).— 
20.  Alcoholic  NH3  at  150°  forms  valeritrine, 
hydrovaleritrine,  and  other  bodies.  Valeri- 
trine C,5H,,N  is  a  very  unstable  liquid  (250°- 
260°),  yielding  B'HHgCla  [88°],  B',H.,PtCl„  and 
E'C^H^NA  [130°].  Hydrovaleritrine 
C,5H,„N  or  CisH^jN  is  a  liquid,  yielding  crystal- 
line B'HCl.  S.  2-87  at  22°,  not  melted  at  180° 
(Ljubavin,  B.  6,  565). — 21.  HjS  passed  into  an 
aqueous  solution  forms  thiovaleric  aldehyde 
C^Hi^S  [69°].  An  isomeride  (115°)  is  got,  to- 
gether with  a  polymeride  [94-5°],  by  heating 
isovaleric  aldehyde  with  sulphur  at  250°  (Bar- 
baglia,  B.  13,  1574 ;  17,  2654  ;  G.  11,  95  ;  16, 
426).— 22.  CS,  and  NH^Aq  form  carbovale- 
raldine  C,,H„.,N.S.,  (Schroder,  B.  4,  469; 
Mulder,  A.  168,  2"37),  which  melts  at  109° 


(Guareschi,  A.  222,  311).— 23.  NH.,.CS.OEt  and 
HCl  form  G,H,„(NH.CS.0Et)2  [108°]  (Bischoif, 
B.  7,  1078). — 24.  H,Se  passed  into  an  aqueous 
solution  of  valeric  aldehyde  forms  C-,H|„Se 
[56-5°].— 25.  Acetone  and  dilute  NaOH  yield 
Pr.CH„.CH:CH.CO.CH,  (180°)  (Barbier  a.  Bou- 
veault,  C.  R.  118,  198). 

Ocsim  C,Hs.CH:NOH.  Mol.  w.  101.  (163°). 
S.G.  f  -8934  (in  vacuo),    fir,  1-437  (Petraozek, 

B.  16,  829  ;  Trapesonzjanz,  B.  26,  1428).  It  is 
a  sy7i-  oxim,  because  it  yields  valeronitrile  when 
mixed  with  Ac,0  and  ether  (Dollfus,  B.  25, 1915). 

Isovaleric  orthaldehyde.    Amylidene  glycol. 

Acetyl  derivativeC^B.,,.CB.(Okc).,.  (195°). 
Formed  by  heating  isovaleric  aldehyde  with  Ac,0 
at  200°. 

Benzoyl  derivative  C|Hg.CH(0Bz)2. 
[111°].  (2(54°).  Formed  by  heating  the  alde- 
hyde with  Bz,0  at  260°  (Guthrie  a.  Kolbe,  A. 
109,  298). 

Di-methyl  ether  C,B.^.CR{OUe)^.  (124°). 
S.G.  i2  -852.  Formed  from  isovaleric  aldehyde 
(2  vols.),  MeOH  (5  vols.),  and  HOAc  (1  vol.) 
(Alsberg,  J.  1864,  486). 

Di-ethyl  ether  CjH„.CH(OEt),,.  (168°). 
S.G.  ^=  '835.    Formed  in  like  manner. 

Di- isoamyl  ether  CjH3.CH(OC5H,,)2. 
(c.  248°).    S.G.  ^  -849. 

Ethyl  isoamyl  ether 

C,  H,.CH{OEt)(OC,H„).  (c.205°).  S.G.  12 -875. 
Formed  by  the  action  of  Na  on  an  ethereal 
solution  of  isovaleric  ether  (Greiner,  Z.  1866, 
465). 

Valeric    aldehyde    CHMeEt.CHO.  (91°). 

Formed  by  reducing  tiglic  aldehyde  with  iron 
and  HOAc  (Herzig,  M.  3,  123 ;  Lieben  a.  Zeisel, 
M.  7,  56),  and  by  warming  CH,:CH.CHEt.OH 
with  dilute  (1  p.c.)  B...SO,  (Kondakoff,  R.  20, 
154). 

Valeric  aldehyde  CMej.CHO.  [3°].  (75°). 
S.G.     -7927  (Tissier,  Bl.  [2]  24,  558). 

Di  -  isovaleric  aldehyde  v.  Decenoic  aide- 

HYDE. 

Reference. — Di-beomo-,  Chlobo-,  Iodo-,  and 

OXT-  VALERIC  ALDEHYDE. 

VALEROGUANAMINE  CjH.jNs  i.e. 
i'rCH2.0:N.C(NH)>s^j;jg-_  Butylguanamine. 

[173°].  Formed  by  heating  guanidine  isovalerate 
(Bandrowski,  B.  9,  240  ;  Haaf,  J.  pr.  [2]  43,  76). 
Flat  plates  (from  water).  Weak  base. — B'HCl: 
needles,  v.  sol.  water.— B'H2SO,.—B'AgN03. 

VALEROLACTIDE  v.  Oxy-valeric  acid. 

VALEROLACTONE  v.  Oxy-valekic  acid. 

VALERONE  v.  Di-isobutyl  ketone. 

VALERONITRILE  v.  Nitrile  of  Valeric 

ACID. 

VALEROVALERIC     ACID     v.  Valeryl- 

VALEBIC  ACID. 

DIVALERYL  i.e.  C,,H<,.CO.CO.C^H,. 

(270°-280°).  Formed  by  the  action  of  Na  on 
valeryl  chloride  (Briihl,  B.  12,  315).  Oil. 

VALERYL  -  ACETOPHENONE    v.  Phenyl 

BUTYL  METHYLENE  KETONE. 

VALERYL  CHLORIDE  v.  Chloride  oi  Valeric 
AorD. 

VALERYL-CYANAMIDE  v.  Cyanic  acids. 

VALERYLENE  v.  Pbntinenes  and  also 
Bkomo-  and  Di-chloro-valebylene. 

VALERYLENE  TETRABROMIDE  v.  Tetra- 
bromo-pentane. 


VANADIUM. 
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VALERYLENE    HYDRATE    v.  Penienyl 

ALCOHOL. 

VALERYLENE       HYDROCHLORIDE  v. 

Chloko-amylene. 

VALERYL- VALERIC  ACID.  Ethzjl  ether 
C,,H.„03  i.e.  CH„Pr.CO.CHPr.CO„Et.  (206°)  at 
722  mm.  Formed  by  the  action  of  sodium  on 
isovaleric  ether  (Greiner,  Z.  1866,  461 ;  Wohl- 
bruck,  B.  20,  2335).  Oil,  sol.  alcohol  and 
ether. 

VALYLENE  C.H^.  Mol.  w.  66.  (50°).  A  pro- 
duct of  the  action  of  alcoholic  potash  on  valeryl- 
ene  dibromide  (Reboul,  A.  135,  372).  Liquid, 
with  odour  of  garlic  and  prussic  acid.  Am- 
moniacal  CujCl,  ppts.  yellow  C^H^Cu,  which 
yields  the  pure  hydrocarbon  on  treatment  with 
dilute  HClAq.  Bromine  at  0°  forms  crystallme 
CjHjBru.  Ammoniacal  AgNOj  yields  a  white  pp. 
of  C.H^Ag. 

VANADATES  v.   Vanadium  oxtacids,  and 

SALTS  AND  DEEIVATIVES  THEREOF,  p.  851. 

VANADIC  ACIDS  v.  Vanadium  osyacids, 
p.  851. 

VANADIUM.    V.    At.  w.  51-2.    Mol.  w.  not 

known.  Melts  at  a  very  high  temperature ; 
probably  higher  thanm.p.  of  Mo,  which  does  not 
melt  at  1700°-1800°  (Moissan,  C.  B.  116, 1225). 
S.G.  6-5  at  15°  (Roscoe,  T.  1869.  679).  For 
emission-spectrum,  obtained  by  using  electric 
sparks,  v.  Thal6n  (A.  Ch.  [4]  18,  243). 

Historical. — In  1801  Del  Eio  announced  the 
discovery  of  a  new  metal  in  a  lead  ore  from 
Zimapan  in  Mexico  {G.  A.  71,  7) ;  to  this  metal 
he  gave  the  name  erythronium,  but  at  a  later 
time  he  thought  the  metal  was  only  impure 
chromium.  In  1830  Sefstrom  found  a  new  ele- 
ment in  the  bar-iron  and  refinery  slags  where 
iron-ore  from  Taberg  in  Sweden  was  smelted 
(P.  21,  43) ;  this  element  he  called  vanadium 
(from  a  Scandinavian  deity  Vanadis).  In  the 
same  year  (P.  21,  49)  Wohler  found  that  the 
lead  ore  examined  in  1801  by  Del  Rio  contained 
lead  vanadate  ;  and  he  showed  that  the  metal 
which  Del  Eio  had  called  erythronium,  and  had 
then  supposed  to  be  impure  chromium,  was  really 
vanadium.  In  1831  Berzelius  supposed  he  had 
prepared  vanadium  by  heating  an  oxyohloride  in 
NH,,  and  also  by  heating  the  highest  oxide  with 
K  (p.  22,  1) ;  but  in  1867  Roscoe  (T.  1868.  1 ; 
1869.  679  ;  v.  also  1870.  317)  showed  that  one  of 
the  substances  which  until  then  had  been  taken 
to  be  the  element  V  was  a  nitride,  and  that 
another  substance,  taken  to  be  V,  was  an  oxide 
of  this  element.  Roscoe  obtained  pure  V  by 
heating  VCl.^  to  redness  for  many  hours  in  dry 
H.  Roscoe  was  led  to  doubt  the  accuracy  of 
the  statement  of  the  properties  and  at.  w.  of  V 
that  had  been  accepted  on  the  authority  of 
Berzelius,  because  he  found  that  several  com- 
pounds of  V  and  Pb  were  isomorphous,  but  that 
it  was  impossible  to  assign  comparable  formul;B 
to  these  compounds  if  the  at.  w.  given  by  Ber- 
zelius for  V  were  accepted  {v.  T.  1868.  1  et  seq.). 
Berzelius  gave  the  value  68-5  to  the  at.  w.  of 
V ;  he  assigned  the  formulas  VO,  VO,,  and  VO3 
(0  =  8)  to  the  three  oxides,  and  classed  V  with 
Cr,  Mo,  and  W.  Eoscoe's  researches  showed 
that  the  at.  w.  of  the  metal  is  51-2,  that  the 
oxides  are  best  represented  as  V„0.„  V2O4,  and 
VoOj,  that  the  substance  thought  to  be  V  was 


really  chiefly  V.,0,,  that  the  compound  supposed 
by  Berzelius  to  be  VCi,,  was  VOCI3,  and  that  V 
must  be  classed  with  P  and  As. 

Occurrence. — Small  quantities  of  compounds 
of  V  are  found  fairly  widely  distributed;  the 
element  does  not  occur  uncombined.  The  chief 
minerals  that  contain  V  compounds  are  mot- 
tramite  (Cu-Pb  vanadate),  dcscloizite  (Pb-Zn 
vanadate),  dechcnitc  (Pb-Zn-Cu  vanadate), 
roscoeite  (Al  vanadate  with  K  silicate),  vana- 
dinite  (vanadate  of  lead  with  lead  chloride),  and 
some  other  minerals,  which  generally  contain 
vanadates  of  Cu,  Pb,  Zn,  or  Ca.  Small  quanti- 
ties of  compounds  of  V  are  found  in  &\\  xiisolitic 
limonites  (Bottger,  C.  C.  1873.  514),  in  some 
pitchblendes,  clays,  and  basalts,  and  in  a  few 
other  rocks.  Compounds  of  V  have  also  been 
found,  in  small  quantities,  in  the  slag  from  cop- 
per extraction  works  (Karsten,  P.  52,  629 ; 
Witz  a.  Osmond,  Bl.  [2]  38,  49) ;  in  many  speci- 
mens of  pig-iron  {v.  Riley,  C.  J.  17,  21 ;  cf. 
Hodges,  C.  N.  26,  238  ;  Walz,  Am.  Ch.  6,  453) ; 
in  some  meteorites  {v.  Apjohn,  G.  J.  27,  104) ; 
in  caustic  soda  and  sodium  phosjihate  (Schone 
a.  Rammelsberg,  B.  B.  1864.  681  ;  Donath, 
D.  P.  J.  240,  318) ;  and,  according  to  Lockyer 
(Pr.  27,  279),  probably  in  the  sun. 

Preparation. — 1.  From  the  refinery  slag 
of  the  Taberg  iron-ore.  The  finely-pow- 
dered slag  is  heated  with  KNO,  and  NaoCQ.,,  the 
fused  substance  is  digested  with  boiling  water, 
and  solution  of  a  salt  of  Ba  or  Pb  is  added  to 
the  filtered  liquid ;  the  ppd.  Ba  or  Pb  vanadate  is 
decomposed  by  boiling  with  a  slight  excess  of 
H,SO,,Aq,  and  the  solution  is  filtered  from  BaSO, 
or  PbSO,, ;  the  filtrate  is  neutralised  by  NHjAq 
and  concentrated,  and  pieces  of  NH.,C1  are 
placed  in  the  liquid  until  some  NH^Cl  remains 
undissolved  ;  the  NH^VOj  which  is  thus  ppd.  as 
a  white  crystalline  powder  is  washed  with  cone. 
NH,ClAq,  and  then  with  alcohol,  and  is  then 
decomposed  by  heating  strongly  in  an  ojaen 
vessel,  whereby  V.,05  is  produced  (Berzelius,  P. 
22,  1).  Wohler  {A.  78,  125)  employed  a  very 
similar  process  for  preparing  V2O-,  from  linwn- 
ite. — 2.  From  vanadinite.  L'Hote  (C  B. 
101,  1151)  recommends  to  mix  finely-powdered 
vanadinite  (approximately  3Pb3V._,05.PbCl.,) 
with  four  times  its  weight  of  lampblack  and  a 
little  oil,  to  heat  strongly  in  a  closed  vessel,  and 
then  to  heat  to  300°  in  a  stream  of  dry  01, 
whereby  VOCL,  is  formed,  and  distilled  over  into 
a  cooled  U-tube;  other  compounds  of  V  are 
readily  pirepared  from  VOCI3. — 3.  From  the 
cobalt-ore  of  Mottram  in  Cheshire. 
This  source  of  V  compounds  was  discovered  by 
Roscoe  (v.  G.  J.  [2]  6,  326).  The  Cheshire 
Keuper  sandstone  contains  carbonates  of  Cu, 
carbonate  of  Pb  and  galena,  black  cobalt-ochre, 
iron  oxides,  and  salts  of  As,  Ag,  Mn,  and  Ba. 
The  compound  of  V  was  probably  vanadinite. 
The  sandstone  was  crushed,  and  the  metallio 
compounds  were  dissolved  by  HClAq;  bleach- 
ing-powder  and  milk  of  lime  were  added  till 
the  reaction  was  alkaline ;  and  it  was  from 
the  ijp.  thus  obtained  that  Roscoe  prepared 
V  and  its  compounds.  The  lime  pp.  con- 
tained chiefly  As,  Cu,  Fe,  Pb,  V,  and  Ca  in 
combination  with  SO4  and  PO4 ;  it  was  heated 
in  a  furnace  with  ground  coal  to  remove  As, 
then  roasted  with  a  quarter  its  weight  of  NajCOj 
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and  lixiviated  with  water ;  the  solution  was 
saturated  with  H„S  and  filtered,  and  H.S  was 
boiled  off ;  crude  oxide  of  V  was  then  ppd.  by 
NHjAq ;  the  oxide  was  dried  and  heated  with 
cone.  HN03Aq  to  oxidise  it  to  vanadio 
acid,  which  was  then  boiled  with  saturated 
(NH,,)2C03Aq,  and  the  somewhat  soluble  NH, 
vanadate  was  crystallised  from  water,  and  then 
strongly  heated  in  an  open  vessel ;  the  YoO^ 
thus  obtained  was  suspended  in  water  into  which 
NHg  was  passed  ;  the  solution  of  NH^  vanadate 
was  filtered  from  silica,  phosphates,  (fee,  evapo- 
rated to  dryness,  and  heated  in  an  open  vessel 
until  V2O5  remained. 

The  metal  vanadium  is  prepared  by  reducing 
VOL  in  H  (for  preparation  of  VCl,  v.  Vanadium 
DiCHLOBiDB,  p.  844).  The  process  is  conducted 
in  perfectly  pure  and  dry  H ;  every  trace  of 
moisture  and  .air  must  be  excluded.  The  pure 
and  dry  H  is  passed  for  12  hours  through  a 
porcelain  tube,  connected  (by  specially  arranged 
parafiin-joints)  by  a  glass  tube  to  the  H  appa- 
ratus ;  the  VOL,  is  then  placed  in  the  porcelain  tube 
(a  special  arrangement  for  doing  this  is  described 
by  Koscoe),  and  H  is  xsassed  through  the  appa- 
ratus for  6  hours.  The  XDOrcelain  tube  is  then 
gradually  heated  to  full  redness,  and  the  passage 
of  H  is  continued  so  long  as  HCl  is  given  off, 
after  which  the  tube  is  allowed  to  cool  for  several 
hours  in  the  stream  of  H.  The  ]3roCess  occu- 
pies from  40  to  80  hours  according  as  from  1  to 
4  g.  of  VCL  are  used.  The  V  thus  obtained  con- 
tains traces  of  H  and  0.  Eeduction  proceeds 
more  quickly  at  a  white  heat,  but  the  product  is 
not  so  pure  ;  it  generally  contains  c.  95  to  96 
p.e.  V.  (For  details,  and  figures  of  the  appa- 
ratus, V.  Koscoe,  T.  1869.  679;  1870.- 317;  or 
C.  J.  [2J  8,  344  ;  9,  23.) 

Moissan  (C.  B.  116,  1225)  obtained  V  con- 
taining from  17-5  to  25-7  p.c.  C,  by  heating  a 
mixture  of  C  and  one  of  the  oxides  of  V  in  an 
electric  furnace,  using  a  current  of  70  volts  and 
1,000  amp&'es ;  with  a  current  of  70  volts  and 
350  amperes  reduction  proceeded  very  slowly. 

Vanadium,  mixed  with  V^O,,  was  obtained 
by  Eoscoe  (I.e.)  by  strongly  heating  a  mixture  of 
one  of  the  chlorides  of  VwithNain  an  atmosphere 
of  H,  and  lixiviating  with  water ;  the  admixed 
black,  powdery  VjO^  can  be  removed  from  the 
heavier,  grey,  lustrous,  metallic  powder,  by  re- 
peated washings  with  water,  and  a  substance 
containing  c.  91  p.e.  V  can  be  obtained. 

The  substance  supposed  by  Berzelius  (P.  22, 
1)  to  be  V,  and  obtained  by  heating  Y.,Or^  with  K, 
was  shown  by  Eoscoe  to  consist  chiefly  of  V^Oj. 
The  black  powder  which  Uhrlaub  (P.  103,  134") 
prepared  by  heating  V  oxychloride  in  NH3,  and 
which  he  supposed  to  be  V,  was  found  by  Scha- 
farik  (W.  A.  B.  33,  6)  to  be  VN^  (cf.  Koscoe,  I.e.). 

Properties. — A  light-grey,  lustrous  powder ; 
under  the  microscope  it  is  seen  to  be  composed 
of  crystalline,  silver-white  particles.  Does  not 
become  coherent  and  dense  when  strongly  com- 
pressed. S.G.  6-5  at  15°.  Not  magnetic.  Is 
not  oxidised  in  air  at  the  ordinary  temperature, 
nor  by  moistening  and  then  drying  in  vacuo. 
Has  not  been  melted,  except  perhaps  when  re- 
duced from  the  oxides  by  C  in  an  electric  fur- 
nace [v.  Moissan,  C.  B.  116,  1225).  When  pow- 
dered V  is  thrown  into  a  Bunsen  flame  it  burns 
brilliantly ;  when  strongly  heated  in  0  it  forms 


VoOj ;  and  when  slowly  heated  in  air  it  perhaps- 
forms  V„0,  then  V,03,  V,Oj,  and  finaUy  YjO,. 
Burns  in  CI,  forming  VCl., ;  combines  with  N 
to  form  VN  ;  also  combines  with  S.  V  is 
insoluble  in  HClAq  ;  it  dissolves  in  hot  cone. 
HoSOj  and  in  HNO.,Aq.  V  dissolves  in  molten 
NaOH,  giving  off  H,  and  forming  a  vanadate. 

V  acts  on  glass  vessels  in  which  it  is  heated,, 
forming  a  compound  with  Si ;  it  also  alloys  with 
Pt  (E.,  I.e.). 

The  at.  w.  of  V  has  been  determined  (1)  by- 
reducing  VoOj  to  V^Oj  by  heating  in  H  (Berze- 
lius, P.  22,'l5  [1831]  ;  Eoscoe,  T.  1868.  8) ;  (2)  by 
oxidising  V.,03  to  Y.,0,  hyWO,  (B.,  I.e.  [1831]) ; 
(3)  by  analysing  (V.,0.,)(S0.,).,.4H,0  (B.,  I.e.,  p.  18 
[1831]) ;  (4)  by  ppg".  VOCl,  by  AgN03Aq,  remov- 
ing excess  of  Ag  from  the  filtrate,  evaporating  to 
dryness,  heating,  and  weighing  the  V2O5  produced 
(B.,Z.c.  [1831]) ;  (5)  by  determining  the  weight  of 
Ag  required  to  ppt.  the  CI  from  VOCI3 ;  also  by 
weighing  the  AgCl  ppd. ;  also  by  filtering  from 
AgCl,  evaporating,  and  weighing  the  V^Oj  ob- 
tained (Eoscoe,  T.  1868.  23) ;  (6)  by  determining 
V.D.s  of,  and  analysing,  VCI4  and  VOCI3  (q.v.). 
The  results  obtained  by  Berzelius  (with  the 
necessary  corrections  on  account  of  the  wrong 
f  ormulse  used  by  him  ;  v.  Eoscoe,  I.e.)  gave  values 
for  at.  w.  of  V  varying  from  49-3  to  52-5 
Eosooe's  values  from  the  reduction  of  V^Or,  to 
V,0.j  varied  from  51-13  to  51-35,  and  from  the 
analyses  of  VOCI3  from  50-32  to  51-877.  The 
S.H.  of  V  has  not  been  determined. 

Vanadium  is  both  metallic  and  non-metallic 
in  its  reactions.  Y„0^  interacts  with  strong  acids 
to  form  divanadyl  salts,  V„0.,(S0.|)2,  &c. ;  hypo- 
vanadates  VjO,(OM)2  are  also  derived  from  a 
hydrate  of  V^Oj;  V^Oj  interacts  with  cone. 
H.,S04  to  form"  V,0,.3S03  and  V.,05.2S03.a;H.,0  ;. 
V,b,  also  forms  VA-H,0  (  =  HV03)  and 
V2O5.2H2O  (  =  H4V„0,),  which  react  as  acids, 
and  salts  of  the  acid  H3VO4  are  also  known ; 
VoOj  also  combines  with  various  acidic  oxides 
(P„0-,  M0O3,  &c.)  and  basic  oxides,  to  form  com- 
plex, salt-like  compounds.    The  sulphides  of 

V  dissolve  in  alkah  sulphide  solutions  ;  several 
thiovanadates  have  been  isolated,  e.g.  (NHj)3VS4; 
and  also  thio-oxyvanadates,  e.g.  Na3VS30.  The 
haloid  compounds  of  V  are  generally  decomposed 
by  water  to  oxyhaloid  compounds. 

Vanadium  is  placed  in  Group  V.,  with  N,  P, 
As,  Nb,  Sb,  Di,  Er,  Ta  and  Bi.  V  is  the  second 
member  of  the  even  series  family  of  this  group, 
the  family  consisting  of  N,  V,  Nb,  Ta  and 
an  unljnown  element  with  an  at.  w.  between 
those  of  Th  (  =  232)  and  U  (  =  239).  Group  Y 
does  not  show  a  marked  division  into  families  ; 
the  gradation  of  properties  from  N  to  Bi  is 
fairly  regular,  nevertheless  the  families  (1)  N 
and  P,  (2)  V,  Nb  and  Ta,  (3)  As,  Sb  and  Bi  are 
distinctly  indicated.  No  hydrides  of  members 
of  the  vanadium  family  have  been  isolated  with 
certainty.  The  highest  oxides,  M^O^,  are  salt- 
forming  ;  all  of  them  interact  with  alkalis  to 
form  salts  containing  the  elements  M  in  the 
acidic  radicles ;  V^Oj  also  forms  basic  salts 
(VO),^Ej;,  with  strong  acids  ;  normal  salts  have 
not  been  obtained  by  the  reactions  of  M2O5  with 
acids.  Oxyaeids  of  V,  viz.  HVO3  and  HjV„0„ 
have  been  isolated,  but  definite  oxyaeids  of  Nb 
and  Ta  are  unknown.  Both  Nb  and  Ta  form 
chlorides,   corresponding  with    their  highest 
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oxides  M„0. ;  but  the  highest  haloid  compound 
of  V  is  VX.,,  corresioonding  with  V„Oj ;  oxyhaloid 
compounds  of  V  of  tlie  form  of  VX5  exist 
(VOCl.,,  VOBr.,)  {v.  NiTEOGEN  gbodp  of  ele- 
ments, vol.  iii.  p.  571). 

In  considering  the  relations  between  vana- 
dium and  the  elements  of  Group  V.,  the  position 
of  V  in  series  4  must  be  taken  into  account : 
as  compared  with  the  elements  that  form  series 
3,  in  which  series  P  is  ^jlaced,  the  elements  of 
the  vanadium  series  are  metallic  (V  is  preceded 
by  Ti,  So,  Ca  and  K,  and  is  followed  by  Cr,  Mn, 
and  the  iron  elements) ;  the  elements  of  the 
vanadium  series  are  nearly  as  metallic,  and  also 
as  non-metallic,  as  Eb,  Sr,  Y,  Nb,  Mo,  — ,  and 
the  Eu  metals,  which  elements  form  series  6,  i.e. 
the  niobium  series.  Hence  V  would  be  expected 
to  be  distinctly  more  like  a  metal,  in  its  chemi- 
cal relations,  than  P,  and  about  equal  to  Nb  in 
its  metallic  and  non-metallic  tendencies.  As  V 
is  the  second  member  of  the  even  series  family 
of  Group  v.,  it  might  be  expected  to  resemble 
N,  which  is  the  first  of  the  even  series  elements 
of  this  group  ;  but  it  is  to  be  remembered  that 
the  differences  between  the  first  and  second  even 
series  members  of  the  groups  {i.e.  the  differences 
between  Li  and  K,  Be  and  Ca,  B  and  Sc,  C  and 
Ti,  N  and  V,  0  and  Cr,  F  and  Mn),  become  more 
marked  in  passing  from  Group  I.  to  Group  VII., 
and  it  is  also  to  be  remembered  that  the  resem- 
blances between  the  first  even  series  members 
and  the  succeeding  odd  series  members,  become 
more  marked  as  the  atomic  weights  increase  ; 
F  is  more  like  CI  and  Br  than  0  is  like  S,  Se, 
and  Te  ;  but  O  resembles  S,  Se,  and  Te  more 
than  N  resembles  P,  As,  Sb,  &c. ;  and  C  is  more 
like  Si,  Ge,  Sn,  &c.,  than  B  is  like  Al,  Ga,  In, 
etc. ;  but  C  less  resembles  Si,  ifcc,  than  N  re- 
sembles P,  <&c. 

Reactions  and  Combinations. — (Eoscoe,  T. 
1869.  679;  1870.  317.)  1.  Heated  in  air,  V 
burns  to  V.p^ ;  lower  oxides  are  first  formed  if 
the  temperature  is  low. — 2.  Does  not  decompose 
ivater  at  lOO'^. — 3.  Heated  to  redness  in  cJdorinc 
burns  to  VCl, ;  heated  in  bromine  produces 
VBr^ ;  does  not  combine  with  iocZine. — 4.  Heated 
with  excess  of  suljihur,  V  forms  V^S,  (v.  Kay, 
C.  J.  37,  728). — 5.  Heating  in  a  stream  of  pure 
nitrogen  produces  VN. — 6.  V  combines  directly 
with  silicon  and  also  v/ith  2ylatinum. — 7.  Molten 
potash  or  soda  dissolves  V,  forming  an  alkali 
vanadate  and  giving  off  H. — 8.  V  dissolves  in 
C071C.  sulphuric  acid  ('?  forming  a  vanadyl  salt) ; 
also  in  nitric  acid,  probably  forming  a  basic 
nitrate ;  also,  slowly,  in  hydrofluoric  acid 
(?  forming  VF3). 

Detection  cmd  Estimation. — Small  quantities 
of  compounds  of  V  give  a  colourless  borax  or 
microcosmic  salt  bead  in  the  outer  flame,  be- 
coming green  in  the  reducing  flame ;  if  much  V 
compound  is  present  the  bead  is  yellow  in  the 
outer  flame.  Solutions  of  VoO^  in  acids  are  not 
ppd.  by  HjS,  but  are  reduced  to  solutions  of 
V..O^  which  are  lavender-blue ;  if  reduction  is 
effected  by  Zn,  Cd,  or  Na-amalgam  the  liquid 
becomes  green,  then  blue,  and  finally  lavender- 
blue  ;  after  reduction  the  solution  bleaches 
indigo  very  rapidly,  and  soon  absorbs  0.  Solu- 
tions of  vanadates,  either  neutral  or  acidified  by 
acetic  acid,  give  finely-divided  black  pps.  with 
tincture  of  galls,  and  the  liquids  appear  like  ink. 


When  an  acidified  solution  of  a  vanadate  is 
shaken  with  an  ethereal  solution  of  H^Oo,  the 
latter  solution  becomes  dark  red  (Werther.  J".  pr. 
88,  19.5). 

Vanadium  is  generally  estimated  by  convert- 
ing it  into  an  ammonium  salt,  strongly  heating 
this  in  air,  and  either  weighing  the  V^O^  thus 
produced  or  heating  in  H  and  weighing  the 
VoO^  that  remains.  For  a  volumetric  method  of 
estimating  V  v.  Gerlach  (B.  10,  1216). 

Vanadium,  acids  of,  v.  Vanadium  oxyacids,  and 
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Vanadium,  bromides  of.  Only  one  bromide 
of  V  has  been  obtained. 

Vanadium  teibrojiiue  VBr^  Mol.  w.  not 
known  ;  from  analogy  of  PBr3,  AsBr^,  &c.,  the 
formula  VBi-j  is  proljably  molecular.  Formed 
by  heating  V  or  VN  to  redness  in  vapour  of  Br. 
Also  by  passing  Br  vapour  over  a  mixture  of 
V.p.,  and  C  kept  at  a  red  heat ;  VOBr.,  is  formed, 
then  VOBr^,  and  then  VBi-j  sublimes  (Eoscoe,  T. 
1870.  317).  Eoscoe  {I.e.)  recommends  to  pre- 
pare VBr,,  by  placing  pure  VN  in  a  porcelain 
boat  in  a  tube  of  hard  glass,  driving  out  all  air 
by  dry  CO,,  then  passing  vapour  of  Br  through 
the  tube  while  that  part  where  the  boat  is 
placed  is  heated  to  redness,  when  brown  vai^ours 
are  given  off  and  condense  on  the  cooler  parts  of 
the  tube,  and  finally  driving  out  all  traces  of  Br 
by  a  stream  of  dry  CO...  VBr^  is  a  greyish  black, 
opaque,  amorphous,  very  deliquescent  solid ; 
loses  Br  even  in  a  sealed  tube  ;  heated  gently  in 
air  gives  Y„0^,  and  at  a  higher  temperature 
V.,Oj.  Dissolves  in  water,  without  giving  oft'  any 
Br,  forming  a  brown  liquid  which  goes  green  on 
addition  of  a  few  drops  of  HClAq ;  this  reaction 
is  said  by  E.  to  be  characteristic  of  a  salt  of  V.^03. 

Vanadium,  chlorides  of.  Three  chlorides 
have  been  isolated:  VCl^,  VCI3,  and  VCl,.  V 
burns  when  heated  in  CI,  forming  VCl.,,  and  the 
other  chlorides  are  formed  by  reducing  VCl,  by 
H.  The  V.D.  of  VCl,  has  been  determined,  and 
the  formula  VCl,,  is  molecular ;  the  formula 
VC1.J  is  probably  molecular,  from  the  analogy  of 
AsCl,,  PC1„  BiClj,  &c. ;  VCl.,,  Asl.,,  PI,  and  BiCl^ 
are  the  only  haloid  comp)ounds  of  the  form  MX, 
that  have  been  isolated  in  Group  V. ;  the  mol. 
w.s  of  these  comjiounds  have  not  been  deter- 
mined. 

Vanadium  tetbachloeide  VCl,.  Mol.  w. 
192-68.    Prepared  by  Eoscoe  {T.  1869.  691). 

Formation. — 1.  V  or  VN  is  heated  in  CI. — 
2.  The  vapour  of  VOCI3,  mixed  with  excess  of 
CI,  is  passed  slowly  over  a  long  layer  of  sugar- 
charcoal  heated  to  redness. 

Preparation. — VN  is  heated  to  redness  in  a 
tube  of  hard  glass,  in  a  current  of  i3ure,  dry  CI, 
which  must  be  free  from  air.  The  first  few 
drops  of  distillate  are  rejected,  as  they  contain 
traces  of  VOCI3  formed  from  traces  of  oxide  in 
the  nitride  used.  The  dark-red  liquid  that  is 
formed  is  saturated  with  dry  CI,  then  heated  for 
some  hours  in  a  current  of  dry  CO.,  in  a  vessel 
connected  with  an  uisright  condenser,  and  then 
fractionated. 

Properties  and  Reactions. — A  thick,  dark, 
brownish-red  liquid ;  boils  at  154°  under  760  mm. 
pressure.  S.G.  1-8584  at  0°,  1-8363  at  8°, 
1-81.59  at  30°.  V.D.  98-1  at  c.  200°.  Does  not 
solidify  at  any  temperature  above  — 18°.  Slowly 
decomposes  to  VCI3  and  CI  at  ordinary  tempera- 
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tures,  more  quickly  when  exposed  to  light,  and 
rapidly  when  heated.  Gives  off  white  fumes  in 
the  air.  Dissolves  in  water,  forming  a  blue 
solution,  which  does  not  bleach ;  this  solution  is 
oxidised  by  KMnOjAq  to  HClAq  and  V.fi^Aq, 
2VC1,  taking  up  O.  Eeacts  violently  with 
alcohol  and  ether,  forming  deep-colouredliquids. 
When  heated  with  Br  in  a  sealed  tube,  VCI3  is 
formed.  VCI4  does  not  combine  with  CI  to  form 
a  higher  chloride.  H,S  reacts  with  VCI4  to  form 
VCI3,  HCl,  and  S  (Kay,  C.  J.  38,  736). 

Vakabium  trichloride  VCI3.  Mol.  w.  not 
determined,  but  formula  is  probably  molecular 
from  analogy  of  PC1„  AsClg,  &c.  Prepared  by 
heating  VCI4  in  a  retort  as  long  as  CI  is  given 
off,  and  heating  the  residual  solid  to  160°  in  a 
stream  of  dry  COj  (Koscoe,  T.  1869.  691).  Also 
by  heating  pure  V._,S3  in  a  stream  of  dry,  air-free 
CI,  separating  SXiL,  by  repeatedly  distilling  the 
liquid  product,  and  heating  the  residue  at  140° 
in  dry  CO^  to  remove  the  last  traces  of  SoClj 
(Halberstadt,  B.  15,  1619).  Lustrous,  peach- 
blossom  coloured  tablets,  resembling  CrCL, ;  S.G. 
3'0  at  18°.  Deliquesces  very  rapidly  in  air  to  a 
brown  liquid,  which  goes  green  on  addition  of  a 
drop  or  two  of  HClAq  ;  this  solution  is  oxidised 
by  KMnO^Aq,  2VCI3  taking  up  20,  to  HClAq 
and  VoOsAq.  Soluble  in  alcohol  and  in  ether. 
Heated  in  air  forms  V2O5.  Heated  in  H  is  re- 
duced to  VCl,  and  then,  gradually,  to  V. 

Vanadium;  dichlobide  VClj.  Mol.  w.  not 
known.  Formula  possibly  VoClj.  Prepared  by 
passing  vapour  of  VCl^,  mixed  with  a  large 
excess  of  pure,  dry  H,  through  a  glass  tube 
heated  to  dull  redness.  The  distillation  of  VCl, 
should  be  slow,  and  the  mixture  of  vapour  of 
VCI4  and  H  should  be  brought  at  once  into  the 
heated  part  of  the  tube.  Forms  apple-green, 
micaceous,  hexagonal  plates  ;  S.G.  3-23  at  18°  ; 
very  hygroscopic.  Dissolves  in  water,  forming 
a  violet  solution,  which  bleaches  indigo  and 
litmus,  and  reacts  as  a  solution  of  a  salt  of  V^Oo. 
Dissolves  in  alcohol  and  in  ether.  The  solution 
in  water  is  oxidised  by  KMnO^Aq  to  HClAq  and 
VPjAq,  2VCI2  taking  up  30.  Heated  in  H,  is 
slowly  reduced  to  V;  heating  to  whiteness  in 
NH,  produces  VN  (Eoscoe,  I.e.). 

Vanadium,  ferrocyanide  of,  v.  vol.  ii.  p.  337. 

Vanadium,  fluorides  of.  Only  one  fluoride, 
Vr3,  has  been  isolated  ;  there  are  indications  of 
the  existence  of  a  higher  fluoride  in  solutions  in 
<!onc.  HFAq. 

VaKADIUM  TRrFLUOBIDE  VFg.SHjO.      Mol.  w. 

not  known ;  formula  probably  molecular,  from 
analogy  of  trihalides  of  other  elements  of 
Group  V.  Prepared  by  evaporating  a  solution 
of  V.Oa  in  HFAq  at  100°,  and  orystalhsing  from 
water  containing  a  little  HFAq.  A  white  crys- 
talline crust,  consisting  of  rhombohedra.  Easily 
soluble  in  water ;  solution  reacts  acid.  Insoluble 
in  cone,  alcohol.  Efiioresces  in  air ;  loses  some 
water  at  100°,  and  aU  at  130°,  with  absorption 
of  0  ;  V2O5  is  formed  on  heating  to  redness  in 
air.  An  aqueous  solution  reduces  Ag  salts  to 
Ag,  Hg  and  Cu  salts  to  mereurous  and  cuprous 
salts  ;  alkalis  or  alkali  carbonates  ppt.V.,03.a;H,0 
from  VPjAq  (E.  Petersen,  J.  jir.  [2]  40,'44). 

Vanadofluorides.  (Fluovanadites.)  A 
number  of  compounds  of  the  forms  VFj.o'MiF 
and  VFj.sMiiFj  were  obtained  by  Petersen  (I.e.) 
by  adding  various  fluorides  to  solutions  of  VjOj 
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in  HFAq,  and  crystallising.  These  salts  are 
generally  greenish  coloured,  and  crystalline ; 
most  of  them  are  soluble  in  water,  but  not  in 
KFAq ;  they  lose  water  of  crystalhsation  from 
100°  to  200°.  The  vanadofluorides  may  be 
regarded  as  salts  of  hypothetical  acids  HVF4, 

H. ^VFj,  and  HjVFg;  they  may  also  be  formu- 
lated as  double  salts  {v.  supra).  The  following 
salts  are  described  by  Petersen  [I.e.) : 

Ammonium  vanadofluorides  NH4VF4.2aq, 
(NH4),VF5.  aq,  and  (NH4)3VF,. 

Cadmium  vanadofluoride  CdVFj.  7aq 
(Piccini  a.  Giorgis,  G.  22  [1]  55). 

Cobalt  vanadofluoride  C0VF5.  7aq. 

Niekel  vanadofluoride  NiVFj.  7aq. 

Potasskim  vanadofluoride  K,VFjj.  aq. 

Sodium  vanadofluoride  NajVoFu.  aq 
=  2VF3.5NaF.  aq  (?  Na^VF^.  aq). ' 

Zinc  vanadofluoride  ZnVFj.  7aq  (P.  a.  G., 

I.  e.). 

Vanadox yfl uorides.  {Fluoxyvanadates .) 
These  salts  are  generally  produced  by  dissolving 
V2O5  in  HFAq,  adding  metallic  fluorides,  and 
crystallising ;  also  by  dissolving  VjOj  in  solu- 
tions of  metallic  fluorides,  and  crystallising ; 
some  of  them  are  obtained  by  treating  solutions 
of  VjOj  in  metallic  fluoride  solutions  with  re- 
ducing agents,  and  then  crystallising.  The 
vanadoxyfluorides  have  been  examined  by  Baker 
(C.  /.  33,  388  [1878]),  Ditte  (C.  B.  105,  1067 ; 
106,  270  [1888]),  Piccini  a.  Giorgis  (G.  18,  188 
[1889] ;  G.  22  [1]  55  [1892]),  and  Petersen  (B. 
21,  3257  [1888] ;  more  fully  in  J.  pr.  [2]  40, 193, 
271  [1890]).  There  are  still  considerable  dis- 
crepancies between  the  results  obtained  by  the 
different  observers.  For  a  criticism  of  Baker's 
results  V.  Petersen  {J.  pr.  [2]  40,  289-92).  The 
vanadoxyfluorides  belong  to  two  main  classes  : 
(1)  those  obtained  by  dissolving  VoO^  in  HFAq, 
adding  a  fluoride  (or  carbonate),  and  crystal- 
lising :  many  of  these  salts  are  also  formed  by 
dissolving  V2O5  in  solutions  of  fluorides,  and 
crystaUising ;  (2)  those  obtained  by  partially 
reducing  solutions  of  V.,05  in  HFAq,  then  adding 
fluorides,  and  crystallising.  The  first  class  of 
salts  may  be  divided  into  (i.)  those  wherein  one 
atom  of  0  in  V2O5  is  substituted  by  2F,  and 
which,  therefore,  are  represented  as  a;MF.2/V0,F 
(VA  gi'^es  V204F„=2V0„F)  ;  and  (ii.)  those 
wherein  30  in  Yjd^  is  substituted  by  6F,  and 
which,  therefore,  are  represented  as  a;MF.7/V0F3 
(V,,0,  gives  V202F„  =  2VOF3).  Salts  of  the 
second  class  are  regarded  as  compounds  of  MF 
with  VOFo,  and  VOF.^  is  looked  on  as  obtained 
by  substituting  20  in  V„04  by  4F  (Yfii  gives 
yjd.;P,  =  2V0Fj).  The  salts  derived  from  V.,05, 
i.e.  xMF.T/VO.vP  and  xMF.yYOF^,  are  often 
called  fluoxyvanadates,  and  those  derived  from 
V„Oj,  i.e.  ccMF.j/VOF.,,  are  often  called  fluoxy- 
hypovanadates  ;  the  former  class  of  salts  will 
here  be  csdled vanadoxyfluorides,  and  the  latter 
hypovanadoxy fluorides. 

Ammonium  vanadoxyfluorides.  Three  salts 
are  described  by  Baker  (C.  J.  33,  388  [1878]), 
and  also  by  Piccini  a.  Giorgis  {G.  22  [1]  55, 
[1892] ;  the  formulse  given  by  the  different  ex- 
perimenters do  not  agree. 

Lamellar  ammonium  vanadoxyfluoride. 
This  salt  was  obtained  by  Baker  by  dissolving 
V2O5  in  NH4HF2Aq,  and  then  adding  more 
NH4HF2;  it  separates  in  small  yellow,  pearly, 
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hexagonal  plates.  P.  a.  G.  obtained  the  salt  by 
dissolving  V.,05  in  a  slight  excess  of  HFAq, 
adding  NH,F  in  the  ratio  3NH.,F:2VA. 
and  evaporating.  B.  gives  the  formula 
6NHjF.V.,05.2VOF3. 2aq ;  P.a  G.  give  the  formula 
3NH|F.2VO.,F.  If  both  formula  are  expressed 
as  3NH^F.2VO,F,  then  x  =  V\  in  Baker's  formula 
and  =  2  in  the  formula  of  ]?.  a.  G.  A  salt  ob- 
tained by  Petersen  [J.  pr.  [2]  40,  193,  271 
[1890]),  by  a  similar  process  to  those  used  by  B. 
and  by  P.  a.  G.,  was  formulated  by  him  as 
7NH,F.4VO,,F.HF. 

Pijramidal  ammonium  vanadoxyfluoridc. 
Obtained  by  Baker  by  adding  NH^HF^  to  a  solu- 
tion of  the  lamellar  salt ;  P.  a.  G.  prepared  the 
salt  by  dissolving  VoO^  in  excess  of  HFAq,  and 
exactly  neutralising  the  hot  solution  by  NH^Aq. 
This  salt  crystallises  in  yellow,  simple  pyramids 
(Baker).  The  formula  assigned  by  B.  is 
12NH|F.VoO,.2VOF3,  while  that  given  by  P.  a. 
G.  is  SNHjP.VOsF;  Petersen  gives  the  same 
formula  as  P.  a.  G.  If  Baker's  formula  is  ex- 
pressed as  3NH4F.VO.rFf,  X  must  be  put  =  If, 
and^/  =  l5. 

Acicu'lar  ammonhnn  vanadoxyfl%ioride. 
Baker  obtained  this  salt  by  dissolving  the  pyra- 
midal salt  in  warm  HFAq  and  allowing  to 
cool ;  P.  a.  G.  prepared  it  by  a  similar  reaction. 
This  salt  crystallises  in  pale-yellow  acicular 
prisms ;  when  dry  it  has  the  odour  of  HF  ;  it 
acts  on  glass.  The  formula  given  by  P.  a.  G.  is 
3NH,F.2VOF3.  aq  ;  Baker  assigned  to  this  salt 
the  formula  3NHjHF„.2VOF3 ,  but  his  analyses 
were,  admittedly,  not  very  trustworthy. 

Adopting  the  formulfo  given  by  P.  a.  G.  for 
the  three  ammonium  vanadoxyfluorides,  these 
salts  are  represented  as 

(1)  3NHjF.2VO.J?  =  (NHJjV.O^F, 

(2)  3NH,,F.V0„F    =  (NH^jVO-.F, 

(3)  3NH,F.2V6F.,  =  (NH,)3V,d,Fa. 

A  few  of  the  other  vanadoxyfluorides  seem  to 
belong  to  one  or  other  of  these  types ;  P.  a.  G.  and 
also  Petersen,  describe  a  potassium  vanadoxy- 
fluoride  3KF.2 VO^F  =  K.J,X),,F„  belonging  to  the 
same  form  as  the  lamellar  ammonium  salt.  But 
most  of  the  vanadoxyfluorides  described  belong 
to  forms  which  are  not  represented  by  the 
ammonium  salts.  The  following  are  the  principal 
salts  : — 

Ammonium  salts.  9NH,F.5V0F3.3HF ; 
7NH,F.4V0F3.HF  (Petersen). 

Potassium  salts  2KF.V0.J';  2KF.VOF3; 
3KF.2VOF3.HF ;  4KF.VF5.VOF3  (P.). 

Sodium  salt  3NaF.VOF3.VO.J^.  aq  (P. 
a.G.). 

Zinc  salts.  ZnF^.VOjF.  7aq  (P.  a.  G.) ; 
ZnF,.Zn0.2VOF3.14aq  (B.). 

In  none  of  these  compounds  does  the  atomic 
ratio  of  V  to  0  exceed  1:2.  According  to  Ditte 
{C.B.  10.5,  1067;  106,  270  [1888]),  many  com- 
pounds of  alkali  fluorides  with  V0O5  are  formed 
by  heating  the  constituents  together,  digesting 
with  water,  and  crystallising ;  the  atomic  ratio 
of  V  to  O  in  these  compounds,  as  given  by  Ditte, 
is  2:5.  The  forniulffi  assigned  to  the  compounds 
may  be  generalised  as  a;V„0-.i/MF;  M  =  K  or  Na, 
a;  =  l,  3,  and4,  and?/  =  l,2  ,4,  and  8.  Ditte  {I.e.) 
says  that  crystals  of  V205.4NH.,F.4aq  are  ob- 
tained by  dissolving  V,0.  in  hot  cone.  NH.FAq, 
and  that  this  compound  is  formed,  along  with 
VjO-.SNHjF.  4aq,  when  VjO^  is  dissolved  in  cold 


I  cone.  NH^FAq;  but  the  experiments  of  Baker, 
I  Piccini  a.  Giorgis,  and  Petersen,  all  agree  in 
I  assigning  to  the  compounds  formed  in  these 
I  reactions  formuLx  wherein  the  atomic  ratio  of 
i  V  to  0  does  not  exceed  1:2. 

Hypovanadoxyfiuo7-ides.  {Fluoxyhypo- 
vanadates.)  These  compounds  are  formed  by 
partially  reducing  mixtures  of  V.Oj  and  fluorides, 
or  carbonates,  dissolved  in  HFAq.  If  suflicient 
F  is  assigned  to  the  metal  present  to  form  the 
normal  fluoride,  then  the  atomic  ratio  of  V  to 
the  remaining  F  in  these  compounds  is  1:2,  and 
that  of  V  to  0  is  1:1 ;  the  formulro  are  written 
xMF.j/VOFj.  All  the  salts  described  by  Baker 
and  Piccini  a.  Giorgis,  except  one,  belong  to  the 
form  2MIF.V0F,  or  M"F.,.VOF,, ;  these  formulaj 
may  evidently  be  written  'M'„(orM")VOF4. 

Ammonium  hypovanadoxyfluorida 
2NH,F.V0F,.  aq(  =  (NH,)„VOF ,.  aq)  was  prepared 
by  Baker  (G.  J.  33,  395)  by  passing  H,S  into  a 
solution  of  V2O5  in  HFAq,  concentrating,  filter- 
ing, and  adding  NH^F.  The  same  salt  was  pre- 
pared by  Piccini  a.  Giorgis  (Q.  22  [1]  5.5)  by  electro- 
lytically  reducing  a  solution  of  NH,V03  in  HFAq, 
after  addingNH.F;  also  by  reducing  NH1VO3  in 
HFAq  by  SO,,Aq,  neutralising  by  NHjAq,  and 
adding  NH,,F  ;  and  in  each  case  dissolving  the 
crystals  that  were  formed  (said  by  P.  a.  G.  to  be 
3NH,F.V0F,)  in  hot  HFAq,  and  crystallising. 
Petersen  {J.  pr.  [2]  40,  196)  also  obtained  this 
salt.  The  salt  crystallises  in  clear  blue  mono- 
clinic  forms;  a:6  = -9653:1  (Baker,  Z.c). 

Petersen  (J.  pr.  [2]  40,  197)  described  two 
other  ammonium  hypovanadoxyfluorides, 
7NH,F.4VOF„.5aq  and  3NH,P.V0F,. 

The  other  hypovanadoxyfluorides  described 
by  P.  a.  G.  {I.e.)  are  2KF.V0F,  andMF,.V0F,.2aq 
where  M  =  Cd,  Co,  Ni  and  Zn.  The  K  salt  was 
prepared  by  reducing  VoO^  in  HFAq  by  SO^Aq 
and  adding  KF ;  the  other  salts  by  dissolving 
MO,  or  MCO3,  along  with  V.O^  in  HFAq,  and 
reducing  electrolytically.  According  to  Peter- 
sen {l.c.  pp.  199,  200),  the  salts  7KF.3VOFo  and 
8NaF.3VOF„.  2aq  also  exist. 

P.  a.  G.  {I.e.)  remark  that  the  tendency  to 
form  highly  fluorinated  compounds  increases  in 
the  family  V,  Nb,  Ta  as  the  atomic  weight  in- 
creases ;  thus,  VO.,F  is  not  affected  by  a  little 
HFAq,  while  Nb,,dF  forms  ]S!bOF3,  and  TaOF, 
is  converted  into  TaF-.  They  also  point  out 
that  the  three  compounds,  ZnF.,.VO.,F.  7aq, 
ZnF,,.V0F„.7aq,  and  ZnFo.VF,.  7aq,  all  crystallise 
with  the  same  number  of  molecules  of  water,  all 
contain  the  same  number  of  atoms,  have  the  same 
crystalline  form,  and  are  geometrically  iso- 
morphous. 

Vanadium  pentapldoeide  VF^.  According  to 
Petersen  (/.  pr.  [2]  40,  271),  this  compound 
exists  in  a  solution  of  V.,0-  in  cone.  HFAq.  No 
compound  was  isolated,  nor  is  any  trustworthy 
evidence  given  of  the  existence  of  VF5  iu  solu- 
tion. 

Vanadium,  haloid  compounds  of.  When  V 
is  heated  in  excess  of  CI  the  tetrachloride  VCl., 
is  produced  ;  heating  in  Br  produces  the  tri- 
bromide  VBr3.  V  does  not  combine  with  I. 
The  haloid  compounds  of  V  belong  to  the  forms 
VX^,  VX3,  and  VX„ ;  X  =  CI  in  each  case,  X  =  Br 
or  F  in  the  one  case  of  VX,.  The  formula  VX4 
is  molecular ;  the  other  formulse  are  probably 
molecular.    VCl.^,  BiClj,  Asl,,  and  PIj  are  the 
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only  clihalides  known  of  members  of  Group  V. 
Attempts  to  prepare  halides  higher  than  VX^ 
have  failed.  Solutions  in  water  of  the  haloid 
compounds  of  V  behave  like  solutions  of  the 
corresponding  oxides  in  haloid  acids ;  VCl. ,Aq  like 
a  solution  of  V,Oj  in  HClAq,  VXjAq  like  a  solu- 
tion of  V2O3  in  HXAq,  and  VCl„Aq  like  a  solu- 
tion of  V.,0.,  in  HClAq.  VCI4  is  decomposed  by 
heat  to  VCI3  and  CI,  and  heating  VClj  with  H 
produces  VClj.  VF3  combines  with  metallic 
fluorides  to  form  vanadofl^iorides,  many  of  which 
belong  to  the  form  or  M}t-V¥^  (v.  p.  844). 

Several  oxychlorides  and  oxybromides  of  V 
have  been  isolated :  VOX3  and  VOX2,  where 
X  =  C1  or  Br;  also  VOCl,  VAGI,  and  VO^Cl ; 
the  existence  of  other  oxybromides  also  is 
probable.  No  oxyfluoride  has  been  isolated 
with  certainty.  But  many  compounds  exist 
which  may  be  regarded  as  containing  the  oxy- 
tiuorides  VO.,P,  VOF3,  and  VOF„  respectively ; 
the  compounds  VOsF.a-MF  and  VOFg.xMF  are 
■obtained  by  dissolving  V2O5  and  fluorides  in 
HFAq  and  crystallising ;  they  are  described  as 
vanadoxyfluorides  (p.  844)  ;  the  compounds 
VOFo.ajMF  are  obtained  by  partially  reducing 
solutions  of  V2O5  and  fluorides  in  HFAq,  they 
are  described  as  hypovanadoxyfluorides  (p.  846). 

Vanadium,  iodides  of.  No  iodide  of  V  has 
been  isolated.  No  reaction  occurs  when  vapour 
of  I  is  passed  over  VN  heated  to  redness,  nor  do 
I  and  "V„03  react  at  any  temperature  (Eoscoe, 
C.  J.  [2]"  9,  28).  I  does  not  react  with  V^Os 
when  digested  therewith  for  a  long  time  in  pre- 
sence of  water  or  alcohol  (Guyard,  Bl.  [2]  25, 
351).  " 

Vanadium,  nitrides  of.  V  and  N  combine 
directly.    Two  nitrides  are  known. 

Vanadium  mononitkide  VN.  Mol.  w.  not 
known.  Obtained  by  heating  V  in  a  stream  of 
pure  N  ;  also  by  saturating  VOCI3  with  dry  NH3, 
and  heating  to  full  whiteness  in  a  stream  of 
NH3.  Better  prepared  by  heating  NH4VO3  in 
the  air,  and  then  heating  the  residue  to  a  full 
•white  heat  in  a  stream  of  dry  NH3  (Pioscoe,  C.  J. 
[2]  8,  344).  VN  may  also  be  prepared  by  heat- 
ing V2O3  to  whiteness  in  NH3  (B.,  I.e.).  VN  is 
a  greyish-brown,  metal-like  powder ;  heated  in 
air  it  is  oxidised  to  V^O.,  and  then  to  V^Oj; 
heated  with  soda-lime  it  gives  off  NH3. 

Vanadium  diniteide  VN,.  A  black  powder ; 
exposed  to  air  gives  off  NH3  and  is  oxidised. 
Prepared  by  saturating  VOCI3  with  dry  NH3, 
heating  the  solid  so  obtained  in  a  glass  tube  as 
long  as  NH^Cl  sublimes,  washing  the  residue 
with  water  containing  a  little  NH3,  and  drying 
in  vacuo  over  H.SO^  (Eoscoe,  C.  J.  [2]  6,  349)  ; 
examined  by  Uhrlaub,  who  did  not  succeed  in 
determining  its  composition  (P.  103,  134  ;  cf. 
Sehafarik,  W.  A.  B.  33,  5). 

Vanadium,  oxides  and  hydrated  oxides  of. 
By  gently  heating  V  in  air  the  oxide  Y.fi  is 
possibly  formed,  and,  on  continued  heating, 
oxidation  proceeds  to  V2O2,  V„03,  V.,0„  and 
finally  Y.fi^.  The  oxides  V2O4,  V263,  and  V2O2 
are  also  formed  by  reducing  V2O5  by  heating 
with  H  or  K.  Several  oxides  intermediate  be- 
tween V2O4  and  V2O5  seem  also  to  exist.  The 
oxides  V2O2,  V2O3,  V,04,  and  Yfi^  are  feebly 
basic;  V2O4  and  YjO^  are  also  acidic.  The 
oxides  of  V  correspond  in  composition  with 
the  oxides  of  N  ;   corresponding  oxides  of  Bi 


are  known.  The  names  generally  given  to  the 
oxides  of  V  do  not,  unfortunately,  tally  with  the 
names  given  to  the  corresponding  oxides  of  N  ; 
thus,  VjO,  is  generally  called  hypovanadous 
oxide,  while  NO  is  called  nitric  oxide  ;  Y.fi^  is 
I  called  vanadic  oxide,  while  the  name  nitrogen 
peroxide  is  often  quite  wrongly  applied  to  NOj. 
The  mol.  w.  of  none  of  the  oxides  of  V  is  known. 

'?  Vanadium  jionoxide  (?  Y.,0).  '  When  the 
powdered  metal  is  .  .  .  slowly  heated  in  a 
current  of  air  it  glows  brightly,  with  absorption 
of  oxygen,  forming  in  the  first  place  a  brown 
oxide  (V2O  or  V2O2) ;  and  on  further  heating 
this  oxide  again  glows,  and  xsasses  through  the 
black  trioxide  and  blue  tetroxide  to  pentoxide  ' 
(Eoscoe,  C.  J.  [2]  8,  357).  This  statement  seems 
to  contain  all  that  is  known  of  an  oxide  lower 
than  V2O2. 

Vanadium  dioxide  Y^O.,.  (Hypovanadous 
oxide.)  This  substance  was  supposed  by  Ber- 
zelius  (P.  22,  1)  to  be  V ;  Eoscoe  (T.  1868.  1) 
proved  it  to  be  an  oxide  with  the  atomic  ratio 
V:0  =  1:1.  The  mol.  w.  is  not  known;  the 
formula  is  generally  written  V2O2  rather  than 
VO,  as  the  double  formula  is,  on  the  whole, 
more  in  keeping  with  the  reactions  of  the  com- 
pound. 

Formation. — 1.  By  heating  one  of  the  higher 
oxides  with  K  (Berzelius,  I.e.). — 2.  By  passing 
vapour  of  VOCI3,  mixed  with  much  dry  H,  over 
red-hot  charcoal  (Sehafarik,  A.  109,  85).— 3.  By 
strongly  heating  V2O3  and  V2O5,  mixed  in  the 
ratio  V,03:V.,0j,  out  of  contact  with  air  (Peter- 
sen, J.'pr.  [2]  40,  193). 
I       Preparation. — A  mixture  of  much  dry  H  and 
i  vapour  of  VOCI3  (g.  v.  p.  854)  is  passed  through 
f  a  hard  glass  tube  containing  powdered  charcoal 
I  and  kept  red  hot.    Some  solid  oxychlorides  are 
I  deposited  on  the  cooler  parts  of  the  tube,  while 
i  the  V2O0  remains  mixed  with  the  C.    The  con- 
tents of  the  tube  are  then  strongly  heated  in  a 
current  of  dry  H  to  remove  traces  of  CI  com- 
pounds ;  and  the  grey  metal-like  V,0„  is  sepa- 
j  rated  from  the  C  (Eoscoe,  C.  /.  [2]"  6,  334). 
:  When  Zn,  Cd,  or  Na-amalgam  is  added  to  a 
solution  of  V2O5  in  HjSCiAq  (prepared  by  dis- 
solving the  oxide  in  hot  cone,  acid  and  diluting 
with  50  pts.  water),  the  liquid  becomes  blue, 
green,  and  finally  lavender.    The  lavender  solu- 
tion absorbs  0  very  rapidly  ;  exposure  to  the  air 
for  a  few  seconds  causes  the  colour  to  change  to 
deep  chocolate-brown.     By  determining  the 
quantity  of  standardised  KMnO^Aq  decolourised 
by  the  lavender  solution,  Eoscoe  (C.  J.  [2]  6, 
334)  proved  that  this  solution  contained  V2O2, 
probably  combined  with  SO3.    After  passing 
air  into  the  lavender  solution  until  it  becomes 
permanently  blue,  the  solution  contains  VjOj ; 
if  the  free  acid  in  the  lavender  solution  is 
neutralised  by  zinc,  and  the  liquid  is  then  ex- 
posed to  the  air  until  permanently  brown,  and 
a  little  acid  is  then  added,  a  green  solution  is 
formed  which  contains  VjOj  (E.,  I.e.). 

Properties  and  Reaetions.  —  A  light-grey, 
lustrous  powder ;  or  a  lustrous,  metal-like,  crys- 
talline crust,  S.G.  3-64 ;  very  brittle ;  fuses  at 
a  very  high  temperature.  Heated  to  redness  in 
air,  V2O2  burns  to  V3O3 ;  heated  in  0,  burns  to 
V2O5.  Insoluble  in  water ;  dissolves  in  dilute 
acids,  giving  a  lavender  solution,  which  bleaches 
strongly;    from  these    solutions  KOHAq  or 
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TSfHjAq  ppts.  a  brown  hydratecl  oxide,  which 
rapidly  oxidises  (Brierley,  C.  J.  49,  824).  Ac- 
cording to  Petersen  (J.  jyr.  [2]  40, 194),  V^O,  dis- 
solves in  HFAq,  and  on  evaporation,  solution  of 
the  residue  in   water,  and   evaporation  over 

H. _.S04,  blue,  microscopic  crystals  are  obtained, 
which  are,  perhaps,  VOF^.  .raq ;  no  analyses 
were  made.  Addition  of  alkali  fluorides  to  VoO„ 
in  HFAq  produces  various  compounds  of  the 
form  xV0F.,.2/MF  {v.  Hypovanadosyfldoeides,  ^. 
845). 

Hydrate  of  vanadium  dioxide.  By  adding 
NHjAq  to  a  lavender-coloured  solution  of  V^O,, 
(?  in  H,SO,Aq),  Brierley  (C.  J.  49,  824)  obtauied' 
a  deep-purple  gelatinous  pp.  which  he  said  was 
hydrated  Y.fi., ;  PP-  rapidly  oxidised  in  the 
air. 

Vanadium  teioxide  VjOj.  (Vanadous  oxide. 
Vanadium  sesquioxide.)  Mol.  w.  not  known. 
This  compound  was  represented  by  Berzelius  as 
VO  {V  =  68-5,  0  =  8).  1 

Formation. — 1.  By  heating  VnO-  to  redness 
in  H  (Schafarik,  A.  109,  85).  Tlie  presence  of 
traces  of  P2O5  prevents  reduction  (Boscoe,  C.  J. 
[2]  6,  331).— 2.  By  heating  in  a  carbon 

crucible  (Berzelius,  P.  22,  1). 

Preparation. — Pure  V.jO,  is  heated  in  per- 
fectly pure  and  dry  H  until  the  substance  ceases 
to  lose  weight ;  the  tube  is  allowed  to  cool  com- 
pletely in  H,  and  then  a  stream  of  dry  air  is 
passed  through  it  (Roscoe,  C.  J.  [2]  6,  331). 
When  a  solution  of  V^Or,  in  cone.  HoSO^  is  much 
diluted,  and  then  treated  with  Mg  until  the 
liquid  is  green,  this  solution  contains  V.jO,,  com- 
bined with  SO3  {v.  Vanadous  salts,  infra).  A 
similar  solution  is  obtained  from  the  lavender 
solution  of  V„0o  in  H.SOjAq  (prepared  from 
V2O5  in  HoSOj,  V.  s%t])7-a)  by  neutralising  free  acid 
by  zinc,  exposing  to  the  air,  and  adding  a  little 
acid  (Eoscoe,  C.  J.  [2]  6,  337). 

Properties  and  Reactions. — V.,03  is  a  black 
powder,  resembling  graphite  ;  or,  formed  by  re- 
ducing VOCI3  by  H,  it  is  a  black,  lustrous,  crys- 
talline crust.  S.G.  4-72  at  16°.  Does  not  fuse 
in  the  blowpipe  flame.  When  warm  V^O,  is  ex- 
posed to  the  air  it  glows  and  oxidises  to  V.,05 ; 
and  even  at  the  ordinary  temperature  it  takes  up 
0,  being  changed  after  some  months  to  V.-O4  (E., 

I.  C.).  Heated  in  CI  gives  V„0,  and  VOCI3  (R.,  I.e.). 
Heated  in  NO,  to  300°-400°  Y„0^  is  oxidised  to 
V,,05  (Sabatier  a.  Senderens,  C.  R.  115,  236). 
Heating  to  redness  in  H„S  produces  V^Sa  (Kay, 
C.  J.  37,  728).  V.,03  dissolves  in  hot  cone. 
H„S04,  forming  V^Oj.kSOj  (v.  Vanadous  s.^lts, 
infra).  y.X)^  dissolves  in  HFAq,  and  VFj.SH.O 
has  been  isolated  from  this  solution  [v.  Vanadium 

TEIFLUOBIDE,  p.  844). 

Hydeatb  op  vanadium  TEIOXIDE.  By  adding 
KOHAq,  or  NH3Aq,  to  an  aqueous  solution  of 
V,,03.4S03.9H„0  {v.  infra)  Brierley  (C.  J.  49,  824), 
obtained  a  dirty  green,  gelatinous  pp.,  which 
oxidised  rapidly  in  air.  According  to  B.,  this 
pp.  was  hydrated  V^O,,. 

VANADOUS  SALTS  V,03.xX  (X  =  acidic 
oxide)  or  V.vR.,"  (Eii  =  acidic  radicle).  Only  one 
salt  derived  from  an  oxyacid  has  been  certainly 
isolated  ;  it  has  the  composition  Vo03.4S03.a;H„0, 
or  the  formula  may  be  written  V.,H.(S0.,)4.?/H,0. 

Vanadous  tetrasulphate,  or  acid  vanadous 
siilpJiate,  V203.4S03.ccH.,0  or  V2H,,(SO.,)4.'!/H„0. 

A  hydrate  with  as  =  3  or  y  =  2  was  obtained 


by  Gerland  [B.  10,  2111  [1877])  by  heating  a 
solution  of  V,,0,|  in  a  large  excess  of  cone. 
HjSOj  for  a  long  time  at  120°,  and  treating  the 
blue  crystalline  crust  thus  formed  (consisting 
chiefly  of  VPi.SSOj.  a;aq,  v.  Hypovanadic  salts, 
p.  848)  with  boiling  water,  when  V„03.4S03.3H20 
remained.  G.  supposed  that  reduction  of  V2O4 
was  effected  by  dust  in  the  air. 

Brierley  (C.  J.  49,  822  [1886])  prepared 
V.,03.4S03.9H,0(=:V,,H,(SO,,),,.8H,0)  by  electro- 
lysing  a  solution  of  "V._.b.,  in  H.,SOj.  The  solu- 
tion was  prepared  by  reducing  V^O^  in  cone. 
H,SO  „  after  dilution,  by  SO,.  Tlie ''deep-blue 
solution  was  placed  in  a  Pt  dish  which  formed 
the  negative  electrode,  and  a  porour;  pot  contain- 
ing dilute  H^SOiAq  was  arranged  so  that  it  just 
touched  the  surface  of  the  liquid  in  the  Pt  dish  ; 
a  plate  of  Pt  immersed  in  the  H^SO^Aq  formed 
the  positive  electrode.  The  Pt  dish  was  warmed 
during  the  process,  so  that  electrolysis  and 
1  evaporation  proceeded  together.  Electrolysis 
was  continued  until  the  liquid  was  deep  green, 
and  a  drop  placed  in  a  little  water  showed  no 
trace  of  blue  colour.  Cone.  H.^SOj,  equal  to 
twice  the  bulk  of  the  green  liquid,  was  added ; 
after  24  hours  the  green,  sandy  pp.  was  collected, 
washed  with  cone,  alcohol,  and  dried  over 
H.^SOj  in  coal-gas.  The  salt  dissolved  in  water, 
and  alkali  ppd.  from  this  solution  a  dirty- 
green  gelatinous  substance,  said  by  B.  to  be 
N.,0^.xiL.fi.  This  pp.  dissolved  in  an  aqueous 
solution  of  V„03.4S03.9H._.0,  forming  a  chocolate- 
brown  solution,  giving  a  lustrous  green  solid  on 
evaporation,  which  dissolved  in  water  to  form  a 
brown  solution.  B.  concluded  that  the  brown 
solution  contained  a  compound  of  VoOg  and  SO3 
more  basic  than  V„03.4SO,. 

Gerland  (B.  li,  106  [1878])  mentions  the 
normal  vanadous  sulphate  V._,(S0j)2(  =  V._.03.3S03) 
as  if  be  had  ijrepared  it;  no  details  are  given. 

Vanadiuji  tetroxide  V.jOj.  (Hypovanadic 
oxide.)  Mol.  w.  not  known.  Eepresented  by 
Bersielius  as  VO.,(V  =  08-5,  0  =  8). 

Formation. — 1.  By  allowing  V^Oj  to  absorb 
0  from  the  air  {cf.  Hypovanado-vanadic  oxides, 
p.  851). — 2.  By  strongly  heating  a  mixture  of 
.5  pts.  V._,03  and  6  pts.  V.^O^,  in  absence  of  air. — 
3.  By  the  electrolysis  of  molten  V.,0-  (Buff  a. 
Woh'ler,  A.  110,  277].— 4.  By  heating  V„0iCl.,.5aq 
in  a  stream  of  C0„  (Crow,  C.  J.  [2]  15,  453). 

Preparation. — A  solution  of  V.^Oj  in  H.SO.,, 
obtained  by  reducing  V._.05  in  cone.  H.SO,  by 
SO.,,  is  ppd.  by  Na„CO.jAq,  and  the  pp.  is  washed 
and  dried  by  heating  in  vacuo  (Berzelius,  P.  22, 
1). — 2.  V.,03  is  exposed  to  the  air  for  some 
months,  until  the  colour  has  changed  to  blue 
(Roscoe,  C.  J.  [2]  6,  338).— 3.  VA  is  dissolved 
in  hot  cone.  HClAq ;  when  CI  ceases  to  be  given 
off  the  liquid  is  saturated  with  H^S,  filtered 
from  S,  evaporated  to  dryness  at  100°  and  the 
V^O^Clo.  xaq  thus  formed  is  heated  to  redness  in 
a  stream  of  dry  C0,_,  (Crow,  I.e.  pp.  457,  453). 

Properties  and  Reactions. — A  blue,  lustrous, 
crystalline  powder  ;  prepared  by  heating  VoO  .Cl.j 
in  CO,  it  forms  a  dark-green,  amorphous  pow- 
der (Crow,  I.e.).  Infusible  at  a  high  tempera- 
ture. Insoluble  in  water.  When  kept  in  a 
loosely-stoppered  bottle  V^Oj  gradually  absorbs 
0,  forming  V.,05  (Crow,  I.e.).  Dissolves  easily 
ui  acids,  forming  bright-blue  liquids ;  the  same 
solutions  are  obtained  by  the  action  of  moderate 
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reducers,  such  as  SOjAq,  H„SAq,  or  H2C.,04Aq, 
on  solutions  of  VjOj  in  acids,  also  bypassing  air 
into  VjO^  in  H^SOjAq  until  the  liquid  becomes 
permanently  blue  (Eoscoe,  I.e. ;  v.  infra,  Htpo- 
vANABio  salts).  Petersen  (J.  pr.  [2]  40,  194) 
supposed  that  the  blue  microscopic  crystals  he 
obtained  by  dissolving  V._,04  in  excess  of  HFAq 
and  evaporating  were  VOF„.  »aq,  but  he  did  not 
obtain  enough  to  make  an  analysis.  V2O4  dis- 
solves readily  in  alkali  solutions,  forming  hypo- 
vanadates,  M2V4O3  (g.  v.  under  Vanadium  oxy- 

ACIDS,  AND   SALTS   AND  DEEIVATIVES   THEREOF,  p. 

853). 

Hydeates  op  hypovanadic  ostde.  By  adding 
NajCOjAq,  drop  by  drop,  to  a  solution  of  V,04 
in  HClAq  or  H^SOjAq,  till  the  supernatant  liquid 
was  colourless,  filtering  rapidly  in  GOr,,  and  dry- 
ing on  a  porous  tile  over  H0SO4  in  vacuo,  Crow 
(I.e.)  obtained  the  black,  amorphous  heptahy- 
drate  V^Oj.  7aq  ;  and  on  heating  this  in  CO.,  for 
some  hours  at  100°  he  obtained  the  trihydrate 
V2O4.  3aq. 

HYPO  VAN  ADIC  (or  vanadyl)  SALTS 
V204.a;X  (X  =  acidic  oxide).  Only  a  few  com- 
pounds of  V2O4  with  acidic  oxides  have  been 
isolated.  The  sulphates  have  been  studied  more 
than  any  other  salts ;  they  are  most  simply 
represented  as  V204.a;SO.,.?/H20.  The  compound 
V2O4.2SO3  may  be  called  the  normal  sulphate  ; 
the  formula  may  be  expressed  as  V,0,.(SO,).,  or 
VO.SOj.  The  compound  V„04.3SO'3.6H20  may 
be  called  acid  sulphate  ;  the  formula  may  be 
expressed  as  V„Oo.SO.,(S04H)2..5H.O  or 
(V„0.,)H,(SO,)3.5H„0,  or  (VO.S04),.H„s64.5H,0, 
or  it  may  be  written  V.,04.2S03.H,S04.5H20. 
When  the  formula3  of  the  compounds  of  V2O4 
with  acidic  oxides  are  written  V2O4.X  the  com- 
pounds are  generally  called  hypovanadic  salts  ; 
when  the  formulse  are  written  V202.a;R  (R  = 
acidic  radicle)  the  name  divanadyl  salts  is 
usually  given  to  the  compounds ;  and  when 
these  compounds  are  regarded  as  VO.ccE,  it  is 
customary  to  call  them  vanadyl  salts.  Hypo- 
vanadic sulphates  are  obtained  (1)  by  dissolv- 

Hypovanadic  sulphates ;  or 

V2O4.2SO3 
V,0,.2S03.3H„0 
V.,04.2S03.4H.,0 

V204.2S03.7H,0 
V2O4.2SO3.10H,,O 
V,0,.2S03.13H,,0 
V2O4.3SO3.3H26 
V.,04.3S03.4H,0 
V2O4.3SO3.6H2O 

ing  V2O4  in  hot  cone.  H2SO4  and  boiling  ;  (2)  by 
dissolving  in  cone.  HjSO,,  reducing  by  SO2 
or  H2C2O4,  and  evaporating ;  (3)  by  dissolving 
VoOj  in  cone.  H2SO4  and  boihng  in  the  air  for 
some  time.  In  reaction  (3)  Y^O^.xSO^  seems  to 
be  formed  and  then  partially  reduced,  by  dust 
or  products  of  combustion  of  coal-gas,  to 
V204.a;S03 ;  the  products  are  mixtures  of 
V20,.a;S03  and  VjOj.xSOj  (Gerland,  B.  11,  98). 

Hypovanadic  disulphate,  or  normal  diva- 
nadyl sulphate,  V,04.2S03  or  V202.(S04),. 
(Vanadyl  sulphate  Vb.S04.)  Prepared  by  Ger- 
land (B.  10,  2109  [1877] ;  supplementing  B.  9, 
869)  by  dissolving  V2O4  in  a  large  excess  of  cone. 


H2SO4  and  heating  to  the  boiling-point  of  the 
liquid  for  a  long  time.  The  salt  separated  as  a 
green-blue  powder ;  insoluble  in  water,  cold  or 
hot ;  insoluble  HClAq  and  H2SO4.  (G.  does  not 
say  hov?  the  salt  was  obtained  pure  for  analysis ; 
no  analyses  are  given  of  the  salt  prepared 
exactly  as  described  above.)  Various  hydrates 
are  described  by  G.  obtained  by  different  pro- 
cesses. Crow  (C.  J.  [2]  15,  456  [1876]),  obtained 
the  heptahydrate  by  repeatedly  treating  hexa- 
hydrated  trisulphate  [v.  infra)  with  absolute 
alcohol. 

Hypovanadic  trisulphate,  or  acid  divanadyl 
sulphate,  VjOj.SSOj.ccHjO  or 
(V202)H,(S04)3.i/H,6  [1/  =  X - 1].  (Acid  vanadyl 
sulphate  (V6.S04)2.H2S04.2/H20.)  Hydrates 
with  a;  —  4  and  3  (or  ?/  =  3  and  2)  were  prepared 
by  Gerland  (B.  10,  2,  109)  ;  and  a  hydrate 
with  a;  =  6  (or  y  =  5)  by  Crow  (G.  J.  [2]  16, 
455). 

By  dissolving  V2O4  in  a  large  excess  of  cone. 
H2SO4,  heating  for  a  long  time  at  c.  120°,  and 
drying  the  small,  blue,  transparent  crystals  that 
formed  on  a  porous  tile  over  H2SO4,  Gerland 
obtained  a  substance  which  gave  analytical  re- 
sults approaching  those  required  by  the  formula 
V2O4.3SO3.4H2O.  The  salt  was  not  obtained 
quite  free  from  admixed  V203.4S03.a;H,0.  This 
tetrahydrate  was  partially  decomposed  by  cold 
water,  giving  lustrous  scales  which,  after  wash- 
ing with  alcohol  and  ether  and  drying  over 
H.,S04,  had  the  composition  of  a  trihydrate, 
V;04.3S03.3H20. 

Crow  obtained  a  hexahydrate 
V2O4.3SO3.6H2O,  by  reducing  by  SOj  a  solution 
of  VoOj  in  cone.  H2SO4,  heating  at  100°  for  some 
time,  drying  the  light-blue  crystals  that  sepa- 
rated on  a  tile,  removing  acid  by  washing  with 
ether,  and  drying  by  pressure  between  paper. 
The  crystals  deliquesced  in  air  to  a  blue  syrup  ; 
they  were  insoluble  in  ether,  and  scarcely 
soluble  in  absolute  alcohol. 

The  formulfB  of  the  various  hydrated  hypo- 
vanadic sultjhates  are  as  follows  : — 

Vanadyl  sulphates. 
VO.SO4  (Gerland). 
2(VO.S04).3H.,0  (G.) 
VO.SO4.2H2O  (Crow,  confirming 

Berzelius). 
2(VO.S04).7H.,0  (G.,  also  0.) 
V0.S0,.5H,0  (G.) 
2(V0.S04).i3H.,0  (G.) 
2(V0.S04).H,,S04.2H,,0  (G.) 
2(VO.S04).H„S04.3H,,0  (G.) 
2(V0.S04).H2S04.5H20  (C.) 

Bevan  (C.  N.  38,  294)  obtained  divanadyl 
dithionate  by  adding  BaSjO^Aq  to  V202(SOj)2Aq, 
filtering,  and  evaporating  in  vacuo  :  the  salt  was 
not  obtained  pure.  By  dissolving  V2O4  in 
HN03Aq  Berzelius  (P.  22,  1)  obtained  a  blue 
liquid  which  probably  contained  hypovanadic 
nitrate ;  but  no  solid  could  be  isolated,  as  on 
evaporation  to  dryness  decomposition  occurred, 
with  formation  of  V2O5.  V2O4  also  dissolves  in 
H3P04Aq;  on  evaporation  at  50°  blue  crystals 
are  obtained,  which  dehquesce  to  a  blue  syrup  ; 
these  crystals  are  probably  hypovanadic  phos- 
phate, but  no  analyses  are  given  (B.,  I.e.). 
BerzeUus  obtained  what  were  probably  com- 


Divanadyl  sulphates  ;  or 

VA-(S04)2 

V.,02.(S04).„3H,0 

V202.(S04)2.4H20 

VA-(S04)„.7H„0 
V'„0„.(S04);iOH.,0 
VA.(S04)„.13H„0 
(V2d2)H2(Sb4)3.2H.,0 
(V,0.,)H,(S04)3.3H.,0 
(V;0„)H2(S04)3.5H,0 
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pounds  of  V.O^  with  As.Oj,  B,0,„  CrOj,  M0O3, 
and  a  few  other  acidic  oxides  {v.  Lehrbucli  [5th 
ed.]  3,  1053). 

Vanadium  pentoxide  V._,05.  (Vanadic  oxide. 
Vanadic  anhydride.)  Mol.  w.  not  known.  Ee- 
presented  by  Berzelius  as  VO3  (V  =  68-5,  0  =  8). 

Formation. — 1.  By  strongly  heating  any  of 
the  lower  oxides  in  air  or  O. — 2.  By  heating 
NHj.VOj  in  air  to  dull  redness. — 3.  By  de- 
composing VOCI3  by  water. — 4.  By  heating 
V2O3.4SO3.  9aq  to  bright  redness  (Brierley,  C.  J. 
49,  824). 

Preparation. — Pure  VOCI3  is  decomposed  by 
water,  and  the  ppd.  V.^^is  washed  till  the  wash- 
ings are  free  from  acid  (HClAq  is  produced)  and 
heated  until  dry  (Schafarik,  J.pr.  76,  142).  For 
the  preparation  of  V^O^  from  vanadinite  and 
other  sources  of  V  compounds,  v.  Vanadium,  Pre- 
paration of  (p.  841). 

Properties. — A  pale-yellow  powder,  with  a 
reddish  tinge.  When  heated  to  full  redness  out 
of  contact  with  any  reducing  agents,  V.P5  melts, 
and  solidifies  on  cooling  to  a  mass  of  yellow-red, 
crystalline  needles,  appearing  ruby-red  by  trans- 
mitted light ;  should  the  V.^^  used  contain  V.p^, 
which  is  often  the  case  when  the  VoO^  is  pre- 
pared by  heating  NHj.VOg,  the  solid  obtained  by 
fusion  and  cooling  appears  violet  to  nearly  black, 
and  does  not  seem  to  be  crystalline  (Berzelius, 
P.  22,  1).  As  molten  V2O5  cools  nearly  to  its 
solidifying-point  much  heat  is  given  out,  and  the 
mass  glows  until  solidification  is  complete  (B.,  Z.c). 
V2O5  is  said  not  to  be  changed  at  a  white  heat, 
provided  no  trace  of  a  reducing  agent  is  present 
(B.,  I.e.)  ;  but  according  to  Bead  (C  J.  65,  313 
[1894])  molten  V.,05  gives  off  0,  producing  V2O3, 
which  on  cooling  in  air  takes  up  0,  forming 
steel-blue  crystals  of  V.p,,.  The  crystals  of  V.^O^ 
are  rhombic  {v.  Nordenskjold,  P.  112, 160).  S.G. 
(crystalline)  3-5  at  20°  (Schafarik,  J.pr.  76, 142). 
VoOj  is  odourless  and  tasteless ;  it  reddens  moist 
litmus  paper ;  1,000  pts.  boiling  water  dissolve 
scarcely  1  pt.  V.^Or,  (B.,  I.e.).  With  molten  alkalis 
or  alkali  carbonates  V,0., produces  miiacZates  (q.v. 
p.  851).  VoO,  dissolves  in  cone.  H^SO,,  HClAq, 
HNOjAq,  or  HFAq  (c/.  Vanadic  salts,  p.  850). 

According  to  Ditto  (C.  R.  101,  698),  VA 
exists  in  three  forms  :  (1)  red,  obtained  by  heat- 
ing NHj.VO.,  in  a  closed  crucible,  treating  with 
HNO3  and  repeatedly  heating  to  redness  ;  (2) 
yellow,  obtained  by  heating  NH^.VO,  to  440°  in 
a  stream  of  air  ;  and  (3)  crystalline,  obtained  by 
treating  the  yellow  form  with  HNO3,  and  then 
fusing.  D.  says  that  the  red  form  is  somewhat 
soluble  in  water,  1,000  c.c.  dissolving  8  g.  at  20°  ; 
that  the  yellow  form  is  very  slightly  soluble,  and 
the  crystalline  form  is  insoluble,  in  water.  He 
also  says  that  the  red  form  absorbs  water  from 
the  air,  producing  hydrates  with  2H,,0  and  5H.0  ; 
and  that  addition  of  NHCl,  KCl  (and  other  salts) 
to  an  aqueous  solution  of  the  red  variety  causes 
ppn.  of  a  hydrate  of  the  yellow  form  of  V.Oj, 
which  hydrate,  when  dry,  is  a  dark-red  powder 
having  the  composition  y.,0y2}if)  (  =  HjV„Oj) 
and  is  almost  insoluble  in  water.  (No  analyses 
are  given  by  D.) 

Reaetions. — 1.  When  heated  and  kept  molten, 
V.,03  is  formed,  and  this  absorbs  0  as  it  cools  in 
air  and  forms  V,0,  (Read,  C.  J.  65,  313  [1894]). 
2.  Heated  to  redness  in  hydrogen  till  it  ceases  to 
lose  weight,  V^O^  is  reduced  to  V2O3  (Schafarik, 
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A.  109,  85) ;  traces  of  prevent  the  reduc- 
tion (Roscoe,  C.  J.  [2]" 6',  331).  — 3.  Heating 
with  potassium  produces  V.,0,  (Berzelius,  P. 
22,  1).  — 4.  V2O3  is  produced'  by  heating  V.O, 
in  a  carbon  crucible  (B.,  Z.c).  For  action  "of 
Mg,  Zn,  &c.  on  solutions  of  V^O^,  v.  Vanadic 
SALTS,  (p.  850).— 5.  When  mixe'd'with  carbon 
and  heated  in  chlorine,  V.,0-  yields  VOCI3 
(Roscoe,  C.  J.  [2]  6,  342).— 6."  Electrolysis  of 
molten  V.^^  produces  V,0,,  (Bufl'  a.  Wohler,  A. 
110,  271).— 7.  According  to  Ditte  (C.  R.  103, 
55),  fusion  ivith  potassium  cyanide  produces 
V.,0,  (N,  K.,0,  and  CO.,  being  also  formed). 
Carnot  (C.  R.  104,  1803,  1850 ;  105,  119)  says 
that  a  boiling  solution  of  potassium  cyanide  '^xo- 
duces  KVO3  (CO.,  and  N  being  given  off)  ;  and 
that  by  dropping  V.^0.,  into  excess  of  boiling 
KCNAq  there  is  formed  KoV^O,,  (with  evolution 
of  N  and  CO.,).  No  analyses  are  given  either  by 
D.  or  C— 8.  Ditte  (C.  R.  103,  55)  asserts  that 
the  products  of  the  interaction  of  Vp,  and 
potassium  iodide  or  bromide  are  K.,V,,0,,,  KVO3, 
and  I  or  Br.  The  reactions  are  said  to  occur 
between  V^O^  and  molten  KI  or  KBr  ;  and  KIAq 
is  said  to  react  in  the  same  way  as  the  molten 
salt. — 9.  When  V.^  is  heated  with  molten  boron 
trioxide,  a  pale-yellow  glass  is  formed,  which  is 
said  by  Guyard  {Bl.  [2]  40,  354)  to  be  a  vanadic 
borate  ;  no  analyses,  composition,  or  methods  of 
purification  are  given. — 10.  V.p,  dissolves  in  Iwt 
cone,  sulphuric  acid,  forming  VjO^.a-SOj,  gene- 
rally along  with  more  or  less  VoOi.kSO,  {v.  Vana- 
dic SALTS,  p.  850). — 11.  V._,0,,  dissolves  in  cone, 
hydrochloric  acid  ;  CI  is  given  off  on  heating  ; 
after  the  passage  of  H,_,S  followed  by  evaporation 
at  100°  the  oxychloride  VO^Cl.  aaq  is  obtained 
(Crow,  C.  J.  30,  457  ;  cf.  Vanadium  dioxymono- 
CHLOBiDE,  p.  854). — 12.  By  dissolving  V.^0.  in 
cone,  hydrochloric  acid  in  presence  of  platinic 
chloride,  Brauner  (M.  3,  58)  obtained  large  tablets 
having  the  composition  2(V0Cl._,.PtCl,).  21aq. — • 
13.  An  oxyiodide  2V0I.,.  9aq  is  obtained,  accord- 
ing to  Ditte  (C.  R.  102,"  1310),  by  adding  excess 
of  hiidriodic  acid  to  a  warm  aqueous  solution  of 
red  V.-Oj,  removing  free  I  by  shaking  with  silver 
powder,  filtering,  and  evaporating  in  vacuo. 
(No  analyses  are  given.) — 14.  V^O^  dissolves  in 
hydrofluoric  acid,  forming  a  pale-yellow  solu- 
tion, the  colour  of  which  becomes  deeper  on 
dilution  (Picciui  a.  Giorgis,  G.  22  [1]  55). 
Petersen  (<7.  pr.  [2]  40,  271)  supposed  that  a 
solution  in  cone.  HFAq  contained  VFj;  but  he 
did  not  separate  this  compound,  nor  does  he 
give  any  direct  evidence  in  favour  of  its  exist- 
tence  beyond  the  preparation  from  the  solution 
of  V2O5  in  HFAq  of  a  compound  which  may 
be  represented  as  4KF.VF5.VOF3,  and  other 
compounds  of  the  forms  a.-MF.7/VOF3  and 
kMF.t/VOjF.  By  adding  metallic  fluorides  to 
solutions  of  VjO^  in  HFAq,  and  crystallising, 
vanadoxyfluorides  are  formed  ;  these  compounds 
are  of  the  forms  .-rMF.i/VOF,  and  aMF.T/VO  J  (v. 
Vanadoxyfluorides,  p.  844).  —  16.  Vanadoxy- 
fluorides are  also  formed  by  dissolving  V^Oj  in 
alkali  fluoride  solutions,  and  crystallising  {cf. 
infra.  Combinations,  No.  5). — 16.  If  a  solution 
of  V.,05  in  hydroflnoric  acid  is  partially  reduced, 
and  then  evaporated  with  metallic  fluorides, 
Jiypovanado.ryfluoridcs  (q.  v.  p.  845)  are  formed  ; 
these  salts  are  of  the  form  xMF.t/VOF.,.— 17.  By 
boiling  V.Oj  with  hydrogen  peroxide  solution,  a 
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black  liquid  was  obtained  that  deposited  a  black- 
brown  crust  of  indefinite  composition  (Cammerer, 
Chem.  Zcit.  19,  957).— 18.  By  fusion  with 
alkali  or  allcali  carbonates  vanadates  are 
formed  {v.  Vanadates,  p.  851). 

Combinations. — 1.  With  water,  but  not  di- 
rectly, to  form  V„0,.H,0  and  V,05.2H,0  {v. 
Metavanadic  acid  and  Pyrovanadic  acid,  under 
Vanadium  oxtacids,  and  salts  and  debivatpves 
THEKEOF,  p.  851). — 2.  With  various  acidic 
oxides  :  (1)  With  SO3  to  form  V^O^.a-SO^,  formed 
by  dissolving  VoOj  in  hot  cone.  H.,S04 ;  (2) 
with  As.,05  to  "form  y^0.^.xh.a„0.^ ;  '  (3)  with 
to  form  V.Os.kPoOj  ;  (4)  with  I„0^  to  form 
V„05.a;I.>05 ;  (5)  with  M0O3  to  form  V,05.a;Mo03 ; 
(6)  with  WO3  to  form  V„05.iKW03 ;"  (7)  with 
P,0.,  and  SiO,  to  form  V^OVxPoO^.^/SiO.,.  Most 
of  these  compounds  combine  with  the  stronger 
bases  M„0  and  MO  to  form  salt-like  compounds. 
The  compounds  of  'V„0^  with  SO3  are  described 
&svanadic  sulphates  under  Vanadic  saits  (infra) ; 
the  compounds  with  other  acidic  oxides  are  de- 
scribed respectively  as  arse^io-vanadic  acids  and 
salts,  iodo-vanadic  acids,  molybdo -vanadic  acids 
and  salts,  phospho-vanadic  acids  and  salts, 
p]iosp>ho-silico-vanadic  acid,  and  tungsto-vanadic 
acids  and  salts,  under  Vanadium  oxtacids,  and 

SALTS  AND  DERIVATIVES  THEREOF  {v.  pp.  853-4).  

3.  With  vanadium  tetroxide  to  form  oxides 
intermediate  between  V^O^  and  V.^Oj  {v.  Hypo- 
VANADO-VANADic  OXIDES,  p.  851). — 4.  With  Vana- 
dium trioxide  to  form  V2O4 ;  produced  by  heat- 
ing equivalent  weights  of  the  two  oxides  out  of 
contact  with  air  (Berzelius,  P.  22,  1 ;  Petersen, 
J.  pr.  [2]  40,  193).— 5.  With  alkali  fluorides. 
According  to  Ditte  (0.  B.  105,  1067  ;  106,  270), 
several  compounds  of  the  form  xYXf^yMF  are 
formed  by  fusing  VoO^  with  alkali  fluorides,  ex- 
tracting with  water,  and  crystallising;  D.  gives 
formulsB  where  x  =  l,  3  and  4, 2/  =  l,  2,  4  and  8, 
and  M  =  K  and  Na ;  but  he  does  not  give 
analyses  of  the  salts  (v.  Vanadoxyfluoeides, 
p.  844). 

Hydrates  of  vanadic  oxide.  The  hydrates 
V„05.H„0  =  HV03  and  \^0,.2K^0  =  'a,'VX>,  have 
been  isolated ;  these  compounds  are  acids  {v. 
Vanadic  acids,  p.  851).  Ditte  (C.  B.  101,  698) 
asserts,  without  giving  analyses,  that  a  penta- 
hydrate  V„05.5H,0  is  formed  by  absorption  of 
water  from  the  air  by  the  red  form  of  V2O5  (v. 
Vanadium  pentoxide,  Properties,  p.  849). 

VANADIC  SALTS  VA-a;X  (X  =  acidic 
oxide).  A  few  compounds  of  this  form  have 
been  isolated.  The  sulphates  have  been  better 
studied  than  the  other  salts.  Two  sulphates, 
V2O5.2S03.a;H.,O  and  V205.3S03.a;H20,  have  been 
isolated.  If  x  is  taken  to  be  2  in  the  first  salt 
and  3  in  the  second,  then  the  formulae  may  be 
written  as  (VO.,)„S04.HoS04.H„0  and 
(VO.,),S04.2H.,S64.H„0  respectively  : 
[(Vd2)2SO.,.H,,S04.H„0  =  V20,.2S03.2H20 ; 
(VO,),S04.2H„S04.H„0  =  V2O5.3SO3.3H2O].  If  the 
salts  are  anhydrous,  as  seems  most  probable  from 
the  analyses,  then  the  formulse  may  be  written 
(V02)2SO,,.S03  and  {VO,)2SO,.2S03  respectively. 
Neither  of  the  salts  can  be  regarded  as  the  nor- 
mal salt.  The  sulphates  are  obtained  by  dis- 
solving V2O5  in  hot  cone.  H„S04. 

Vanadic  disulphate  "  V205.2S03(?  a;H„0). 
Prepared  by  Berzelius  (P.  22',  39) ;  examined 
also  by  Fritsohe       pr.  53,  93),  Gerland  {B.  11, 


98),  and  Miinzig  (G.  C.  1889  (ii.)  908).  The 

salt  seems  to  be  without  water  of  crystallisation ; 

F.  (I.e.)  says  it  crystallises  with  H._,0.  V2O5  is 
dissolved  in  hot  cone.  H2SO4,  and  the  solution  is 
boiled  for  a  considerable  time,  when  small 
crystals  separate,  some  of  which  are  brown  and 
some  ruby-red,  lustrous,  and  transparent.  The 
crystals  are  heated  in  a  bath  of  molten  lead  until 
SO3  ceases  to  be  given  off  (G.,  I.e.).  According 
to  Miinzig  (I.e.),  the  orange-coloured  crystalline 
powder  that  separates  when  V2O5  is  added  to 
boiling  cone.  H,S04  until  the  acid  is  saturated 
is  V2O5.2SO3.  I3y  keeping  a  solution  of  VjO^  in 
a  large  excess  of  cone.  H2S04  at  130°-150°  for  a 
long  time,  Gerland  (I.e.)  obtained  a  hard,  opaque, 
sealing-wax  red,  crystalline  crust  composed  of 
VoOj  and  SO3  in  approximately  the  ratio 
V20,:2S03. 

VA.2S03[=(V02)2S04.S03]  is  described  by 

G.  (I.e.)  as  a  clear  red,  crystalline,  deliquescent 
solid  ;  addition  of  a  drop  or  two  of  water  ppts. 
V205.a;H20. 

Vanadic  trisulphate  V„03.3S03(?  a;H.O).  This 
salt  seems  to  have  been  obtained  by  Berzelius 
(I.e.).  Ditte  (C.  B.  102,  757)  gave  x  the  value 
3 ;  Gerland's  analyses  (I.e.)  were  inconclusive, 
the  percentage  of  water  found  varying  from 
to  7'3.  G.  (I.e.)  prepared  this  salt  by  long-con- 
tinued boiling  of  a  solution  of  V2O5  in  a  large 
excess  of  cone.  H2SO4 ;  small  crystals  separated, 
some  of  them  brown  and  some  ruby-red  and 
transparent  (probably  regular  octahedra).  When 
the  boiling  was  not  continued  for  so  long  a  time, 
G.  noticed  that  fine,  golden-yellow,  lustrous 
needles  separated.  The  composition  of  the 
crystals  in  each  case  was  very  nearly  that 
required  by  the  formula  V2O5.3SO3.  More  or 
less  V2O4.2SO3  was  always  formed;  G.  found 
that  addition  of  a  little  HCIO4  prevented  the 
formation  of  much  V2O4.2SO3. 

V2O5.3SO3  is  very  deliquescent ;  soluble  in 
cold  water  or  alcohol ;  a  slight  rise  of  tem- 
perature suffices  to  ppt.  VjOj.aiHoO.  By  adding 
to  a  solution  of  this  salt  in  cold  water  the 
proper  quantity  of  ICSOj,  G.  (I.e.)  obtained 
small,  amber -yellow  crystals,  which,  after  a  few 
washings  with  cold  water,  pressure  between 
paper,  and  drying  over  H,SO„  had  the  composi- 
tion of  the  double  salt  V265.2SO3.K2O.  6a_q.  The 
same  crystals  were  obtained  by  using  the 
disulphate  V„0,.2S03.  Replacement  of 
K^SO,  by  (NH4),,S04  produced  the  doiMe  salt 
V.205.2S03.(NH4)2b.4aq.  No  double  salts  were 
obtained  by  using  Na2S04  or  MgS04,  but  the 
trisulphate  (V2O5.3SO3)  crystallised  unchanged. 

Gerland  (B.  11,  102)  found  that  when  a  solu- 
tion of  V2O5  in  hot.  cone.  H2SO4  was  largely 
diluted  and  dialysed,  HjSOjAq  passed  rapidly 
through  the  dialyser,  along  with  small  quan- 
tities of  V  compounds,  until  the  liquid  in  the 
dialyser  contained  VjOj  and  SO3  in  the  ratio 
V2O3.3SO3,  after  which  S03Aq  passed  very  slowly 
through,  and  the  composition  of  the  substance 
in  the  dialyser  gradually  approached  V2O5.2SO3. 
By  dialysing  a  diluted  solution  of  V2O5  in  cold 
cone.  H2SO4,  the  conditions  being  the  same  as  in 
the  experiment  with  the  hot  acid,  G.  found  that 
S03Aq  passed  through  the  dialyser  regularly, 
and  that,  after  a  time,  the  ratio  of  VjOj  to  SO3 
in  the  dialyser  was  1:1-32.  G.  supposed  these 
results  to  mean  that  a  solution  of  V2O5  in  cold 
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H2SO4  contains  loose,  easily  decomposed  com- 
pounds of  V.,05  and  HoSO^,  but  that  a  solution 
of  V.Oj  in  hot  H,SOj  contains  V.Oj.SSO.,,  which 
gradually  loses  SO.,  until  V,_.05.2SO.j  is  formed. 

Solutions  of  VoOs  in  cone.  HoSO,  may  be  re- 
duced to  sulphates  of  lower  oxides  (Eoscoe,  C.  J. 
[2]  6,  334  ;  Kammelsberg,  B.  B.  1880.  787) :— Zn, 
Cd,  or  Na-amalgam  causes  reduction  to  lavender 
solutions  of  VjOo.ccSO., ;  Mg  effects  reduction  to 
green  solutions  of  VoO^-xSO^ ;  and  H.^S,  SO.^,  or 
oxalic  acid  reduces  only  to  blue  solutions  of 
V„0,,.aSO,. 

By  fusing  with  B.Pj  (Guyard,  Bl.  [2] 
25,  354)  obtained  a  green  glass,  which  he  took 
to  be  a  vanadio  borate ;  no  analyses  or  descrip- 
tions are  given. 

The  compounds  of  with  AsoO.,,  LO^.P.Oj, 
M0O3,  and  WO3  respectively — or  some  of  these 
compounds — may  perhaps  be  regarded  as  vanadic 
arsenates,  iodates,  &c. ;  v.  Aeseno-vanadic  acids 

AND  SALTS,  loDO-VANADIO  ACIDS,  &C.,  p.  853. 

Hypovanado-vanadic  OXIDES.  Several  oxides 
seem  to  exist  intermediate  between  VoO,,  and 
V.^Oj.  Eoscoe  noticed  that  VjO;,  gradually  ab- 
sorbed 0  and  H.,0  from  the  air,  forming  a 
greenish  solid ;  Brierley  (C.  J.  49,  30)  found 
that  a  pale  grass-green  substance  was  formed 
after  some  months,  having  the  composition 
V.p  ,.2V,0,,.  8aq  =  V.,0,.  4aq.  By  dissolving  this 
solid  in  dilute  H.,SOjAq,  and  neutralising  by 
KHOAq,  B.  obtained  •2N.f),AN.,0^.5K.f).  aq.  By 
gently  heating  the  compound 
27,0^.3  V,05.3(NH,)20.6aq  (v.  Hypovanado- 
VANADATES,  p.  853),  B.  (Z.c.)  Obtained  a  dark- 
green  solid  that  absorbed  water  from  the  air, 
and  then  had  the  composition  SCVoOi.VoOj).  8aq 
=  3V,0<,-8aq  (c/.  Ditte,  C.  R.  101,  151;  also 
Manasse,  A.  240,  23). 

Compounds  of  SO.,  with  oxides  intermediate 
between  V.jOj  and  V.,05  are  formed  by  the  re- 
ducing action  of  zinc  on  solutions  of  V^O^  in 
HjSO,  (y.  Kammelsberg,  B.  B.  1880.  787).' 

Vanadium  oxyacids,  and  salts  and  deriva- 
tives thereof.  Two  oxyacids  have  been  isolated, 
HVO.,  and  H^V^O,,  corresponding  with  HPO.,  and 
H,PoO, ;  salts  of  these,  also  salts  of  the  tribasio 
acid  H3VO,,,  and  several  more  complex  salts,  are 
known.  Salts  derived  from  the  hypothetical 
hypovanadic  acid  V,0,(OH),  (  =  2V,,0,-H,0) 
have  also  been  prepared ;  and  several  compounds 
are  known  which  are  most  simply  regarded  as 
xY .f> yijY „0 ,^.zMO ,  and  which  may  be  called 
hypovanado-vanadates.  VjOr,  also  combines 
with  several  acidic  and  basic  oxides  simulta- 
neously to  form  compounds  of  the  general  form 
xV „0-^.y'S^:xiilO  ;  these  compounds  are  generally 
described  as  arseno-vanadates,  phospho-vana- 

VANADIC  ACIDS.  Two  vanadic  acids, 
HVO.|  and  H4V0O,,  have  been  isolated ;  salts  of 
the  third  acid,  H^VO^,  are  known,  but  the  acid 
itself  has  not  certainly  been  prepared. 

Metavanadic  acid  HVO.,.  (Monobasic 
vanadic  acid.  Monohijdrate  of  vanadic  oxide 
VA-H.O.)  Gerland  (B.  9,872  [1876])  prepared 
this  acid  by  adding  an  excess  of  NH.,ClAq  to 
cold  CuSO,Aq,  then  adding  NH.VO^Aq  till  a 
permanent  pp.  formed,  heating  to  75°,  washing 
the  lustrous  yellow  scales  that  slowly  separated 
with  dilute  H.SO|Aq  and  SO.Aq  (to  remove 
V„0-),  then  washing  with  water,  and  drying  at 


100°  until  the  smell  of  NH.,  ceased.  Manasse 
(A.  240,  52)  obtained  HVO^by  decomposing  cone, 
solutions  of  the  Ca,  Mg,  or  Sr  salt  by  a  little 
HNOjAq,  and  washing  the  pp.  with  dilute 
HNOsAq,  and  then  with  hot  water.  Metavanadic 
acid  forms  golden-yellow  crystalline  scales ;  it 
is  unchanged  in  air ;  dissolves  very  sUghtly  in 
water  ;  insoluble  in  absolute  alcohol ;  soluble  in 
NH.Aq,  KOHAq,  or  NaOHAq.  By  adding 
NH.VOjAq  to  CuSO,,Aq,  filtering  from  the  pp. 
that  formed,  and  dialysing  for  several  days, 
Gerland  {I.e.  p.  874)  obtained  a  solution  in  the 
dialyser  of  vanadic  acid,  which  remained  clear 
when  heated,  and  on  continued  evaporation  gave 
a  pp.  of  red  amorphous  V.,0^.  Metavanadic  acid 
forms  a  series  of  salts  (v.  Meta vanadates,  infra). 

This  compound  is  used  as  a  colour  in  place 
of  gold  bronze,  under  the  name  of  vanadium 
bronze.  According  to  Guyard  (Bl.  [2]  25,  356), 
the  substance  commonly  known  as  vanadium 
bronze  is  really  an  ammonium  vanadate. 

Pyrovanadic  acid  H,V.,0,.  (Tetrabasic 
vanadic  acid.  DiJiydrate  of  vanadic  oxide 
V„05.2H,^0.)  This  acid  is  obtained  by  decom- 
posing a  fairly  cone,  solution  of  an  alkali 
vanadate  of  the  form  M,>V,0,,  or  M„V,0„i  (v. 
Tetravanadates  and  Hexavanadates,  p.  852) 
by  HNO.,Aq,  washing  with  cold  water,  and  drying 
in  the  air  (von  Hauer,  J.  pr.  80,  324).  According 
to  Ditte  (C.  R.  101,  098),  the  red  form  of  V,,0, 
(v.  p.  849)  absorbs  H„0  from  the  air,  forming 
V,A-2H,,0,  and  also  V,05.5H,0.  Pyrovanadic 
acid  is  described  as  a  brown,  amorphous  powder, 
resembling  FeO.,H., ;  dried  over  HoSO,,  it  is  said 
to  lose  half  its  water.  V£ry  slightly  soluble  in 
water ;  the  solution  is  clear  yellow  ;  it  reddens 
litmus.  HjVoO,  is  insol.  in  absolute  alcohol ; 
it  dissolves  readily  in  NHsAq.  For  salts  of  this 
acid  V.  Pyrovanadates  (p.  852). 

VANADATES.  The  greater  number  of  the 
vanadates  belong  to  the  series  (1)  MVO3,  (2) 
M,V..O„  (3)  M3VO4,  (4)  M.,V,0,„  or  (5) 
M,,V,P„.  Series  (1),  (2),  and  (3)  may  be 
called  normal  salts  ;  the  formulas  may  be 
written  as  (1)  M.,O.V.,0;,  (2)  2M..O.V.,05,  and 

(3)  3M,,O.V20,.  Series  (4)  and  (5)  may  be  called 
acid  salts ;   the  formuhe  may  be  written  as 

(4)  M,0.2V,0.,  and  (5)  M,0.3V,G,.  Acid  salts 
are  also  known  intermediate  between  series  (1) 
and  (4) ;  the  chief  of  these  are  (6)  3M„0.4V„05 
=  M,V,0.,3  (M.,0:V„0,=  l:li),  (7)  3M„0:5V„05  = 
M„V,„0..,  (M.,0:V„0,=  1:12),  and  (8)  2M.,0.3V."0.  = 
M,,V.,0„  (M.O:V,0,  =  l:li).  A  few  salts  of  the 
form  4M,,O.V.,05  =  MsV.O'^  (M,0:V,,05  =  l:i)  may 
be  called  basic  salts.  Some  salts,  especially 
those  of  Sr  and  Tl,  belong  to  more  complex 
forms. 

Eoscoe  (C.  J.  [2]  9,  28)  has  shown  that  the 
alkali  orthovanadates,  M3VO4  or  SMoO.VjO^,  are 
easily  decomposed  in  aqueous  solution  at  the 
ordinary  temperature  to  pyrovanadates,  M,V„0., 
and  MOHAq ;  but  that  orthovanadates  are 
formed,  rather  than  meta-  or  pyro-vanadates,  by 
fusing  V.Pj  with  alkali  carbonates  ;  further,  that 
aqueous  solutions  of  alkali  pyrovanadates  are 
readily  decomposed  by  COo  to  alkali  carbonates 
and  metavanadates. 

Metavanadates  M'VOs  or  M.jO.V„0;,. 

Ammonium  metavanadate  NH^VO^.  Ob- 
tained by  dissolving  V._,0-.3jH,_,0  in  excess  of 
NH3Aq,  warming,  and  allowing  to  evaporate. 
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Forms  a  white,  crystalline  crust.  Dissolves 
slowly  in  cold  water,  quickly  in  boiling  water. 
Decomposed  by  heat,  giving  Y„0^  when  air  is 
present.  According  to  Berzelius  (P.  22,  1), 
when  a  solution  of  V205.a;H,,0  in  excess  of 
NH,,Aq  is  allowed  to  evaporate  without  having 
been  heated,  NH1VO3  separates  in  lemon-yellow 
crystals  (v.  B.,  I.e.;  Koseoe,  C.  J.  [2]  6,  322; 
Ditte,  C.  B.  102,  918;  Norblad,  B.  8,  126; 
Wagner,  D.  P.  J.  223,  633  ;  Bottger,  C.  C.  1873. 
614). 

Barium  metavanadate  BaCVO,),.  aq.  A 
yellowish-white  pp. ;  obtained,  along  with  red 
crystals,  by  ppg.  NH^VOjAq  by  BaCLAq 
(Manasse,  A.  240,  23).    SI.  sol.  in  water.  Loses 

H.  0  when  heated  to  c.  200°  (Berzelius  ;  Norblad, 

I.  e.). 

Potassium  metavanadate  KVO3.  a;aq.  Formed 
by  dissolving  V2O5  in  KOHAq  in  the  ratio 
V305:KOH.  Various  hydrates  have  been  ob- 
tained as  white  crystalline  solids,  melting  to  a 
clear  yellow  liquid,  which  solidifies  to  white, 
lustrous  KVO3  {v.  Berzelius,  Z.c. ;  Ditte,  C.  B. 
104,  902,  1061',  1168). 

Sodium  metavanadate  NaVOj.  Obtained  by 
Boscoe  (C.  J.  [2]  9, 31)  by  fusing  Y„0,  and  Nn.fiO., 
in  the  ratio  V205:2NaoC03,  dissolving  in  water, 
crystallising  Na.,V,0,.  18aq,  and  passing  COj 
into  an  aqueous  solution  of  this  salt,  when  NaVOa 
crystallised  out  and  Na,,C03  remained  in  solu- 
tion. Small  yellowish-white  crystals,  probably 
monoclinic  prisms,  melting  readily  and  solidify- 
ing to  a  yellow  crystalline  mass  (c/.  Norblad,  I.e.). 
Hydrates  with  2,  4,  and  5  H„0  have  been  ob- 
tained {of.  Ditte,  Z.c). 

The  other  metavanadates  that  have  been 
prepared  are  Cd(V03),  (Ditte,  C.  B.  104,  1705) ; 
Ca(V03),.  4aq  (von  Hauer,  /.  pr.  69,  385  ;  80, 
324;  Manasse,  A.  240,  23 ;  c/.  Boscoe,  C.  J.  [2] 
9,  32) ;  Co(V03).„  3aq  (D.,  I.e. ;  Kadau,  A.  261, 
114),  forms  double  salts  with  KVO3  (E.,  I.e.)  ; 
Pb(V03),  (E.,  I.e. ;  D.,  I.e.) ;  LiVOj.  2aq  (Ditte, 
C.  B.  104,  1168) ;  Mg(V03),.  6aq  (D.,  I.e.  ; 
Manasse,  I.e.)  ;  Mn(V03)„.  4aq  (Radau,  I.e.)  ; 
AgVO3.4NH3.2aq  (D.,  l.e.);  Sr(V0.,),.4aq  (Nor- 
blad, i.e. ;  Manasse,  I.e.) ;  Zn(V03)„.2aq  (D.,  I.e.). 

Okthovanadates  MijVO^  or  3M",,0.V„03. 

Potassium  orthovanadate  K3VO,.  Obtained 
by  fusing  V2O5  with  KfiO^ ;  decomposed  by 
water,  giving  KOHAq  and  K^V^O,  (Eammels- 
berg,  B.  B.  1883.  3). 

Sodium  orthovanadate  Na3V04.a:H,0.  Eoscoe 
(C.  J.  [2]  9,  29)  obtained  the  salt  with  16H,,0 
by  fusing  VjO,  and  Na2C03  in  the  ratio 
V.>05:3Na.C03,  allowing  to  cool,  dissolving  in  as 
little  cold  water  as  possible,  quickly  adding  ex- 
cess of  cone,  alcohol,  allowing  to  stand  for  some 
hours,  washing  the  crystals  that  formed  with  small 
quantities  of  alcohol,  and  drying  on  a  porous 
plate  over  HoSOj  in  vacuo  (cf.  Czudnowicz,  P. 
120,  34  ;  Eammelsberg,  B.  B.  1883.  3).  Baker 
(C.  J.  47,  363)  obtained  Na3V0.,.a:H,0  with 
«  =  8(?),  10,  and  12  ;  he  also  obtained  the  douhU 
salt  NajVO^.NaF.igH.p.  The  crystalline  forms 
are  given  by  B.,  and'  the  various  hydrates  of 
Na3V0j  are  shown  to  be  isomorphous  with  cor- 
responding arsenates  and  phosphates.  Na.,V0  ,Aq 
changes  to  Na_,V„0,Aq  and  NaOHAq;  the  change 
occurs  slowly  at  ordinary  temperatures,  and 
rapidly  at  higher  temperatures  (E.,  I.e.). 

The  other  ortho vanadates  that  have  been  pre- 


pared areCa,(VOJ„.CaCl.,(Hautefeuille,C.iJ.103, 
600  ;  104,  501) ;  Pb3(V0,)..  and  3Pb3(VO,)„.PbCL 
(E.,  Z.c);  HJO,  (R.,  Z.C.);  TljVO^  (Carnelley;; 
C.  J.  26,  323). 

Pyrovanadates  MI4V2O,  or  2M2O.V2O5. 

Barium  pyrovanadate  Ba.^.fl^.  Obtained,  as 
a  white  amorphous  powder,  by  adding  BaCUAq 
to  freshly-prepared  NajVO^Aq,  washing,  and 
drying  at  100°.  The  salt  is  slightly  soluble  in 
water  (Eoscoe,  C.  J.  [2]  9,  33). 

Potassium  pyrovanadate  KiV^O,.  Hard,  de- 
liquescent monoclinic  prisms,  formed  by  adding 
KOHAq  to  KVO.|Aq,  rapidly  evaporating  to  a 
syrup,  and'  placing  over  H,S04  (Norblad,  B.  8, 
126). 

Sodium      pyrovanadate  Na^VjOj-ieHjO. 

Formed  by  fusing  VjO^  and  NajCOj  in  the  ratio 
V205:2Na.,C03,  dissolving,  and  crystallising ;  also 
by  exposing  NajVOjAq  to  air  free  from  CO^  until 
addition  of  alcohol  ppts.  silky  scales  (Na,V„0,) 
(Eoscoe,  I.e.,  p.  31).  White  six-sided  tables ; 
e.  sol.  water,  insol.  alcohol.  Na^VjOjAq  is  de- 
composed by  CO,,  to  Na.,C03Aq  and  NaVOgAq 
(E.,  Z.c). 

The  other  pyrovanadates  that  have  been  pre- 
pared are  2Ca,V20,.  5aq  (Eoscoe,  I.e. ;  cf.  Ditte, 
C.  B.  104, 1705')  ;  Cu,,V„0-.  3aq  (von  Hauer,  I.e.) ; 
PkVjO,  (Ditte,  Z.c.) ;  ip'b^V^O-.PbO  (Eoscoe,  Z.c.) ; 
Li4V„0,.6aq  (von  H.,  Z.c);  Mn.V^O,  (Ditte,  Z.c); 
Ag.V'^O,  (Eoscoe,  I.e.  ;  Ditte",  Z.c)  ;  Tl^VjO, 
(Carnelley,  C.  /.  26,  323) ;  Zn^V^O,  (D.,  Z.c). 

Teteavanabates  M,iV40„  or  M2O.2V2O5  (also 
called  divanadates). 

Ammonium  tetravanadate  (NH4)2V40„.  a;aq ; 
a;  =  3  or  4.  Formed  by  adding  a  little  acetic 
acid  to  boiling  NH,V03Aq  and  evaporating  in 
vacuo ;  also  by  saturating  NHsAq  with  V2O5  in 
a  closed,  warmed  flask,  and  allowing  to  eva- 
porate ;  red  prismatic  crystals  with  a  golden- 
yellow  sheen  (Berzelius,  P.  22,  1;  Eammelsberg, 
B.  B.  1883.  3  ;  von  Hauer,  Z.c;  Ditte,  C.  B.  102, 
918). 

Potassium  tetravanadate  K^fi^^.xsLq; 
a;  =  3,  4,  7,  and  10.  Obtained  by  saturating 
KjCOjAq  at  80°  with  excess  of  V2O5  and  allowing 
to  cool ;  also  by  adding  acetic  acid  to  V2O5  in 
KOHAq,  concentrating  at  80*^,  and  letting  cool 
(Ditte,  C.  B.  104,  902,  1061,  1168 ;  cf.  Norblad, 
B.  8,  126).  Orange-coloured  tablets  {v.  also 
Gibbons,  C.  N.  30,  267). 

The  other  tetravanadates  are  CaV40,,.9aq 
(Manasse,  A.  240,  23);  PbV40„  (Ditte,  Z.c); 
Li2V.,0„. 9aq (Norblad, Z.c.) ;  MgV^O,, . 9aq. (B., Z.c ; 
von  Hauer,  Z.c);  NiV,,0,,.3aq  (Eadau,  A.  251, 
114)  ;  NajV^O,,.  9aq  (Berzelius,  P.  22,  1 ;  von 
Hauer,  Z.c  ;  Norblad,  Z.c.) ;  SrVjO^.  9aq  (B.,  Z.c ; 
von  H.,  I.e.). 

Hexavanadates  Mj'VgOie.KHjO  or 
M.fi.SYfiyxB-.yO  (also  called  trivanadates). 
These  salts  have  been  described  by  Norblad 
(B.  8,  126)  and  Ditte  (C.  B.  104,  902,  1061, 
1168).  The  chief  are  those  where  M2=(NH4)2, 
Cd,  Ca,  K2  and  Na^. 

The  principal  vanadates  belonging  to  other 
series  than  those  already  mentioned  are  the  fol- 
lowing :—(l)  3M2O.4V2O,  ( =  Ma^VAs).  M  =  Ca 
and  Sr  (v.  Manasse,  I.e.) ; 

(2)  .3MO.5V2O,  (  =  M"3V,A«),  M  =  Ba,  Mg, 

(v.  Manasse,   Z.c  ;    Eadau,    A.    251,   114)  ; 

(3)  2M0.3VA  (  =  M"..V„0„),  M  =  (NH4).„  Ba, 
Li2,  Mg,  K2,  Na,  (y.  Ditte,  Z.c  ;  also  C.  B.  96, 
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1048  ;     Manasse,     I.e.  ;      Norblad,     I.e.)  ; 

(4)  m^O.Yjd,{  =  M\yjd,),  M  =  Li  and  Na  (v. 
Ditte,  I.C.). 

Several  other  vanadates  not  belonging  to  any 
of  these  series  have  also  been  described  ;  for  Ca 
and  Sr  salts  (and  double  salts),  v.  Manasse  (I.e.) ; 
and  for  Tl  salts  v.  Carnelley  (C.  /.  26,  323). 

HYPOVANADATES.  Salts  of  hypothetical 
hypovanadic  acid  V^0,(0H)2  ( =  2V.,0,.H.,0). 
These  salts  belong  to  the  form  Mi,,V40„..tH.,0 
(  =  M,0.2V,0^.xH,0).  The  formation'of  the  NH^ 
and  K  salts  was  described  by  Berzelius  ;  a  series 
of  salts  was  prepared  and  examined  by  Crow 
(C.  J.  [2]  15,  458).  The  alkah  salts  are  obtained 
by  treating  fairly  cone.  VO.^ClAq  (v.  Hydbated 

VANADIUM  DIOXTMONOCHLOEIDE,p.854)  with  eXCeSS 

of  caustic  alkalis,  allowing  the  pps.  to  settle  in 
closed  vessels,  washing  with  alkali  solution,  then 
with  dilute  alcohol  containing  a  httle  acetic 
acid,  and  finally  with  alcohol  alone,  and  drying 
between  paper.  The  salts  of  Pb  and  Ag  are  ob- 
tained by  ppn.  from  a  solution  of  the  K  salt. 
The  salts  form  brown  to  black  crystalline  pow- 
ders ;  the  alkali  salts  dissolve  in  water.  Crow 
prepared  salts  with  =  (NH J„,  Ba,  Pb,  K,,  Ag,, 
and  Na.,. 

HYPOVANADO-VANADATES.  Salts  of  the 
form  nY.,0^.mN.,0^.iM.,0.xB.,0.  Alkali  salts  of 
this  series  were  obtained  by  Brierley  [C.  J.  49, 
32)  by  reducing  V.AM  by  SO.,,  adding  Y.,Or,  in 
alkali,  then  a  slight  excess  of  alkali,  and  then 
acetic  acid  ;  pouring  into  alkali  acetate  solution, 
washing  the  pps.  with  alcohol,  and  drying  over 
CaCL.  The  salts  crystallise  in  greenish-black, 
or  black,  prisms.    The  following  were  prepared  : 

(1)  2V.A-VoO,.2Na.,0.13H20 ; 

(2)  2V,0,.V.,0-,.2K,,6.6H,,0 ; 

(3)  2V.,0,.2V.,0,.(nX).0.14H,0  ;  these  salts  are 
soluble  in  water:   (4)  2VA.4V.,0..5K„O.H,0 ; 

(5)  2V.,0,.4V.A-3(NH,,),O.GH,0  •,  these  "are  'in- 
soluble in  water. 

COMPLEX  VANADIC  ACIDS  AND  SALTS. 
Vanadic  oxide  VjOj  combines  with  several  an- 
hydrides, such  as  As._,0.,  I.O^,  PjO^,  &c.,  and  many 
of  the  compounds  thus  produced  combine  with 
basic  oxides.  The  compounds  of  V.,05  with 
certain  anhydrides  are  generally  regarded  as 
acidic  ;  and  the  compounds  formed  of  V-Ai  ^1- 
hydrides,  and  bases  are  usually  classed  as  salt- 
like substances.  It  is  quite  likely  that  many  of 
the  compounds  of  VjO^with  anhydrides,  such  as 
ASjOj,  P..>0.,,  &c.,  would  be  better  classed  as  salts, 
just  as  the  compounds  of  V.2O5  with  SO3  are 
classed  as  salts. 

Aeseno-vanadio  acids  and  salts.  By  boiling 
V.^Oj  with  excess  of  HjAsO^Aq,  and  concen- 
trating the  solution,  Fernandez  {B.  17,  1632) 
obtained  lustrous,  golden-yellow  crystals  of 
V.,05.As.P5.  llaq  (c/.  Friedheim  a.  Schmitz- 
Dumont,  B.  23,  2600).  Gibbs  (P.  Am.  A.  21, 
50)  obtained  xY.fi yyk&.O^^.  ^aq  (x  and  y  proba- 
bly either  5  and  8,  or  7  and  6),  by  decomposing 
a  mixture  of  Na  vanadate  and  arsenate  by 
HNOjAq.  For  various  compounds  of  the  form 
niYfi.^nksfi.^.pyLO,  where  m  and  n  are  1  and  1, 
2  and  3,  1  and  2,  2  and  l,&c.,  and  ^  varies  from 
1  to  5,  V.  F.  a.  S.-D.  {I.e.). 

Iodo-vanadio  acids.  Ditte  (C  B.  102,  757) 
says  that  compounds  of  V-A  and  I2O5  are 
formed  by  heating  V^O^  with  cone.  HIO^Aq  ;  he 
gives  formulae,  but  no  analyses. 


MoLTBDO-VANADic  ACIDS  AND  SALTS.  For  de- 
scriptions of  numerous  compounds  of  the  forms 
a;V.,05.?/Mo03.  z&q,  xYfi^yVLoOyiMO.  «aq,  and 
also  a;V.,05.2/Mo03.OTP205.^MO.  ^aq,  v.  Gibbs 
(P.  Am.  A.  18,  232). 

Phospho-vanadic  ACIDS  AND  SALTS.  Various 
compounds  of  Yfi^  P2O5)  ^iid  H  are  described 
by  Gibbs  (P.  Am.  A.  21,  50)  ;  D'itte  (C.  B.  102, 
757)  also  assigned  formulae  to  substances  ob- 
tained by  heating  V.,05  ^^i'^^  cone.  H3PO4. 
Friedheim  (P.  23, 1530)*obtained  V.A.P205.2H.,0 
by  dissolving  Yfi^  in  syrupy  H3PO.,. 

For  descriptions  of  a  great  many  compounds 
of  the  form  xYfiyT/FfiryViMO.  «aq,  v.  Gibbs 
(I.e.)  ;  and  of.  Friedheim  (I.e.). 

F.  divides  the  compounds  formed  by  reacting 
with  Yfi^  on  alkali  phosphates  into  two  classes, 
which  he  calls  luteo-  and  purpurea-  com- 
pounds. 

Luteo-  compounds  are  formed  by  (1)  the  inter- 
actions of  phosphoric  and  vanadic  acids  in 
solution ;  (2)  the  interactions  of  solutions  of 
phosphates  and  vanadates  in  presence  of  small 
quantities  of  acids  ;  (3)  the  interactions  of  solu- 
tions of  phosphates  and  vanadic  acid ;  (4)  the 
interactions  of  vanadates  and  phosphoric  acid, 
by  heating  solutions  nearly  to  boiling  and  eva- 
porating.   These  compounds  are  yellow,  granu- 
lar, and  indistinctly  crystalline  ;  the  alkali  com- 
pounds are  very  slightly  soluble  in  water,  solu- 
tion being  accompanied  by  decomposition.  The 
following  luteo-  compounds  are  described  by  F.: 
VA-P20,.2H.,0.  9aq, 
V.,0,.P,0,.(NH,),0.H„0. 2aq, 
2VA-PA-(NH;).,0.7aq, 
V.,0,,.P.,0,.K,O.H.,0. 2aq,  and 
2V.,05.P.,05.K.,0.  7aq. 

Purpureo-  compounds  are  formed  by  dis- 
solving vanadic  acid  in  cone,  solutions  of  alkali 
phosphates,  and  by  adding  phosphoric  acid  to 
cone,  solutions  of  alkali  vanadates ;  in  each 
case  the  solutions  should  be  strongly  heated. 
The  purpureo-  compounds  described  by  F.  belong 
to  the  form  12V._,0,.P.A-'7M.,0.  26aq ;  they  are 
dark-red  crystalline  substances,  sol.  in  water. 

F.  regards  the  luteo-  compound  of  the  form 
V205.P..0,,.2H.,0. 9aq  as  acid  phosphate  of  the 
radicle'  VO.,, '  thus  (VO.JHJ'O,.  9aq  ;  he  com- 
pares this  with  the  acid  orthophosphates 
MH.PO,,.  The  compounds  of  the  form 
V.jOj.P.A-'^sO-H.iO.  £caq  are  looked  on  as  double 
acid  phosphates  of  alkali  metal  and  VO,, 
thus  NH,{V0.,)HP04.  The  luteo-  compound's 
2V„0,.P..,05.M,,b.  a-aq  are  formulated  by  F.  as 
double  compounds  of  alkali  metavanadates  and 
(V0.,)H.,P04 ;  thus  2V,0,.P„0,,.K,0.2H,0.  5aq 
=  2("KV03.(V0.,)H.,P0^.  2iaq).  The  purpureo- 
compounds  which  belong  to  the  form 
12V,,05.P,,05.7M.p.  xaq  are  looked  on  by  F.  as 
double  compounds  of  acid  vanadates  and  acid 
phosphates ;  this  view  of  their  constitution  is 
expressed  by  the  statement 
12V.,0,.P.,0,.7M.,0.  kH.,0  = 
P,0,".2M„b.H,0  +  12V.,65.5M.,0  +{x-  1)H.,0. 
These  views  of  F.  are  considerably  modified  in  a 
later  paper  {Zeit.f.  anorg.  Chcmie,  5,  437),  where 
the  purpureo-  compounds  are  looked  on  as  di- 
vanadates  with  some  VsO^isomorphously  replaced 
by  P.,0;,.  According  to  F.,  many  of  the  substances 
described  by  Gibbs  and  by  Ditte  do  not  exist. 

Berzelius  (P.  22,  1)  described  a  compound 
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of  YJ0„  PoO^,  and  SiO„,  with  H,,0,  which  may  be 
named  phosiJho-silico-vanadic  acid. 

TUNGSTO-VANABIC  ACIDS  AND  SALTS.     The  COm- 

pounds  of  V,_,05  with  WO3  and  bases  that  have 
been  described  are  very  numerous,  and  the  for- 
mulae given  are  generally  extremely  complex 
{v.  Gibbs,  P.  Am.  A.  18,  232 ;  Eosenheim,  A. 
251, 197,  234  ;  and  especially  Friedheim,  B.  17, 
1505  ;  23,  1505  ;  24,  1173). 

Vanadium,  oxybromides  of.  Two  compounds 
of  V  with  0  and  Br  have  been  isolated  ;  VOBr, 
and  VOBi-j,  corresponding  with  two  of  the  live 
oxychlorides.  According  to  Schafarik  ( TP'.  A.  B. 
33,  14 ;  47  [11]  251),  other  oxybromides  also 
exist. 

Vanadium  oxydibkomide  VOBrj.  (Vanadyl 
dibromide.)  A  brown,  deliquescent  powder. 
Prepared  by  heating  VOBrj  (v.  infra) ;  decom- 
position to  VOBr,_,  and  Br  occurs  slowly  at  tem- 
peratures below  180°,  and  suddenly  at  180°. 
Heated  in  air  forms  YjO^ ;  dissolves  in  water, 
forming  a  blue  solution  (Eoscoe,  C.  J.  [2]  9,  26). 
Ditte  (C.  B.  102,  1310)  says  that  a  compound 
VOBr2.4H„0  is  formed,  as  dark-green,  deli- 
quescent crystals,  by  treating  red  V.,0-  with 
HBr.  D.  writes  the  formula  V203Br..2HBr;7H,0. 

Vanadium  oxytkibbomide  VOBrj.  {Vanadyl 
trihromide.)  Prepared  by  passing  vapour  of 
pure  Br  over  V^O^  heated  to  redness,  condensing 
the  yellowish-white  vapours  that  are  formed, 
removing  excess  of  Br  from  the  red  liquid  by 
heating  to  40°-50°  at  c.  100  mm.  pressure  in  a 
current  of  perfectly  dry  air,  and  then  distilling 
in  vacuo  (Eoscoe,  C.  J.  [2]  9,  24).  VOBr.,  is  a 
red,  very  hygroscopic  liquid  that  boils  at  130°- 
136°  at  100  mm.  pressure  ;  S.G.  2-9673  at  0°, 
2-9325  at  14-5° ;  decomposes  slowly  at  the 
ordinary  temperature,  and  suddenly  at  180°,  to 
VOBr,  and  Br  (E.,  I.e.). 

Vanadium,  oxychlorides  of.  Five  compounds 
of  V  with  0  and  01  have  been  isolated  :  VOOl, 
VOOI2,  VOCI3,  V.,0,,C1,  and  V0,C1.  a;aq. 

Vanadium  oxymonochlokide  VOCl.  (Vanadyl 
monochloride.)  Obtained  by  the  regulated  re- 
duction of  VOCI3  by  H.  The  mixed  vapours  are 
passed  through  a  red-hot  tube ;  VOCl  is  de- 
posited near  the  end  whereat  the  vaiDours  enter 
the  tube.  A  brown,  light,  fiocculent  powder ; 
insol.  in  water ;  easily  dissolved  bv  HNOgAq 
(Eoscoe,  C.  J.  [2]  6,  347). 

Vanadium  oxydichloride  VOGlj.  (Vanadyl 
dichloride.)  Prepared  by  heating  a  slight  excess 
of  VOCl,  with  zinc  for  some  days  in  a  sealed 
tube,  at  400°,  cutting  off  the  part  of  the  tube  on 
which  the  sublimate  of  VOCL  has  formed  (V^Oj 
and  ZnCI,  are  the  other  products),  quickly 
placing  it  in  a  wider  tube,  and  removing  VOCI3 
by  heating  in  a  stream  of  dry  C0„  at  130°.  Also 
obtained  by  passing  vapour  of  VOCI3  and  H 
through  a  red-hot  tube  ;  VOCl,  is  deposited  near 
the  end  of  the  tube  whereat  the  gases  enter,  and 
V2O2CI  at  the  further  end  of  the  tube  (Eoscoe, 
I.e.,  p.  348).  Lustrous,  grass-green,  deliquescent 
tablets;  S.G.  2-88  at  13°;  slowly  decomposed 
by  water;  soluble  in  dilute  HNOjAq.  A  com- 
pound with  PtClj,  having  the  composition 
2(VOCl„.PtCl,).21aq,  is  said  by  Brauner  (M.  3, 
58)  to  be  formed  by  dissolving  VnOj  in  cone. 
HClAq  in  presence  of  PtCl^Aq. 

Vanadium  oxytrichlobidb  VOCI3.  (Vanadyl 
trichloride.)    Mol.  w.  178-27. 


Formation. — 1.  By  heating  V2O3  gently  in. 
a  stream  of  CI  (Berzelius,  P.  22,  1). — 2.  By  heat- 
ing a  mixture  of  V0O5  and  C  in  CI. 

Preparation. — A  mixture  of  V2O5  and  sugar- 
charcoal  is  heated  to  redness  in  a  stream  of  dry 

H,  and  allowed  to  cool  in  that  gas  ;  a  stream  of 
dry  CI  is  then  passed  over  the  mixture,  which  is 
heated  to  redness,  and  the  product  is  condensed  ; 
the  liquid  thus  obtained  is  heated  for  some 
hours  in  a  flask  with  an  inverted  condenser,  in  a 
current  of  dry  CO.,,  and  then  rectified  over  Na 
(Eoscoe,  C.  J.  [2]  6,  342). 

Properties  and  Beactions. — A  clear,  mobile, 
lemon-yellow  liquid  (Berzelius,  I.e.;  Eoscoe,  Z.c; 
Schafarik,  A.  109,  85).    S.G.  1-836  at  17-5°, 

1-828  at  24°  (E.,Z.c.) ;  1-86534  at  ^,  1-63073  at 

b.p.  (Thorpe,  C.  J.  37,  348).    B.P.  127-19°  (T., 

I.  e.).  S.V.  106-25.  Does  not  solidify  above 
- 15°  (E.,  I.e.).  V.D.  88-38  at  186°  (E.,  I.e. ;  cf. 
T.,  C.  N.  24,  827 ;  Schafarik,  I.e.).  Gives  off 
thick,  yellowish-red  fumes  in  the  air.  Dissolves 
in  a  little  water,  forming  a  thick,  red  hquid ; 
dissolves  in  much  water,  forming  a  clear  yellow 
liquid ;  dissolves  in  absolute  alcohol  with  a  red 
colour,  but  the  solution  soon  becomes  blue, 
owing  to  reduction.  Heated  to  60°-70°  in  a 
closed  tube  with  ether  forms  needles  of  the  com- 
position VOClj.Et^O  (Bedson,  C.  J.  29,  309). 

Divanadium  dioxymonochlobide  V;0,C1.. 
(Divanadyl  monochloride.)  Yellow-bronze, 
microscopic  crystals,  resembling  mosaic  gold ; 
formed  by  passing  VOCI3  and  H  through  a  red- 
hot  tube.  The  crystals  are  deposited  on  the- 
part  of  the  tube  farthest  from  the  end  whereat 
the  gases  enter  (Eoscoe,  C.  J.  [2]  6,  348).  In- 
soluble in  water ;  soluble  in  HN03Aq.  This 
compound  was  thought  by  Schafarik  {A.  109, 
85)  to  be  V. 

Htdeated  vanadium  dioxymonochloride 
VOvCl.  a;aq.  (Hypovanadie  chloride 
V2d4Cl,.  xaq.)  Formed,  as  a  brown,  deliquescent 
solid,  by  passing  H,S  into  a  solution  of  V.O,  in 
hot  HClAq,  filtering  from  S,  and  evaporating 
(Crow,  C.  J.  30,  457).  Heated  in  a  stream  of 
dry  CO,  gives  off  HCl  and  H,0,  and  leaves  V^O^. 
C.  (I.e.)  gives  the  hydration  as  V2O4CI2.  5aq. 

Vanadium,  oxyfluorides  of.  No  compound 
of  V  with  0  and  F  has  been  isolated  with  cer- 
tainty. VjO,  dissolves  in  excess  of  HFAq  ;  on 
evaporation,  solution  in  water,  and  evaporation 
over  H,SOj,  Petersen  (/.  pr.  [2]  40, 194)  obtained 
blue,  microscopic  crystals  which  he  supposed, 
might  be  VOF,.  a;aq,  inasmuch  as  a  solution  of 
these  crystals  in  HFAq  treated  with  fluorides 
yielded  salts  of  the  form  xMF.yYOF^  (v.  Hypo- 
vanadoxyfluoeides,  p.  845).  P.  did  not  obtain 
enough  of  the  blue  crystals  for  analysis. 

Vanadium,  oxyiodides  of.  According  to  Ditte 
(C.  B.  102,  1310),  an  oxyiodide  2VOI,.9H,0  is 
formed,  as  a  black,  dehquescent  mass,  by  adding 
excess  of  HIAq  to  a  warm  solution  of  red  V-.O^,. 
removing  free  I  by  shaking  with  finely-divided 
Ag,  filtering,  and  evaporating  in  vacuo.  The 
compound  is  said  to  react  with  NH.,Aq, 
giving  (NHJoVjOg.  D.  writes  the  formula  as 
V,03l2.2HI.8H26  ;  but  no  analyses  are  given. 

No  reaction  occurs  when  I  is  heated  with 
V,03  (Eoscoe,  C.  J.  [2]  9,  28)  ;  nor  when  V.O^  is 
digested  with  water,  or  alcohol,  and  I  (Guyard,. 
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Bl.  [2]  25,  351).  V.,05  and  I^O-  probably  com- 
bine {v.  Ditte,  C.  n.  102,  7-57,  1019). 

Vanadium,  oxysulphides  of.  None  of  these 
compounds  has  been  certainly  isolated.  Oxy- 
sulphides  may  perhaps  be  formed  by  decompo- 
sing alkali  thiovanadates  in  solution  by  dilute 
acids  (v.  Kay,  C.  J.  37,  728). 

Vanadium,  salts  of.  Compounds  of  the 
oxides  V.p,,,  V^O,,,  and  VoOj  with  acidic  oxides 
have  been  isolated  ;  the  formulas  of  one  or  two 
of  the  compounds  may  be  written  as  derived 
from  oxyacids  by  replacing  H  by  V,  but  it  is 
simpler,  and  more  in  keeping  with  the  facts  that 
are  known,  to  represent  all  the  compounds  by 
the  general  formula  VjOj-.t/X,  where  X  is  an 
acidic  oxide.  The  best-studied  compounds  of 
V.,0.,  with  acidic  oxides  may  be  represented  as 
salts  of  the  radicle  y.f)o  (divanadyl),  or  of  the 
radicle  VO  (vanadyl)  ;  and  the  compounds  of 
VjOj  with  acidic  oxides  as  acid  salts  of  the 
radicle  VO.^.  The  sulphates  have  been  better 
studied  than  the  other  salts ;  the  following 
table  presents  the  compositions  of  the  sul- 
phates. 

I.  Vanadous  sulphates  {v.  p.  847)  : 
VA.4S03.a;aq  =  V,H,(SO.,),.?/aq  (7/  =  a;-l)  ; 
??V,03-3S0,  =  V,,(S0J3. 

II.  HijpovcDiadic  sulphates  (v.  p.  848) : 
V„0  ,.2S0 ,  =  V.,0.,.(SO,,).  =  (VO) SO,, ; 

V,0 ,.3S0,.  ,raq  =  V,0„.H„(S0^)3.  ?/aq  (y  =  x~l) 
=  (V0.S0,),.H,S0,,.2/aq. 

III.  Vanadic  sulphates  (v.  p.  850) : 
V.,0,.2S03  =  (VO,),,SO  ,.S03 ;  or  if  the  salt  con- 
tains  a;aq,  then  V.,"0,.2S03.  a'aq  = 

(VO.,).SO ,.H„S04. vaq  {y  =  x-l); 
V,,0,-3S03=(VO,),S0^.2S03;  or  if  the  salt  con- 
tains a'aq,  then 

V„0,.3S03.  a;aq  =  (V0.,)„S0^.2H,S0,.  t/H.O 
{y  =  x-2). 

Alkalis  probably  ppt.  y.O^.x&q  from  solu- 
tions of  vanadous  sulphates  {v.  p.  847) ;  from 
solutions  of  hypovanadic  sulphates  alkalis  j)pt. 
V.,0,.  a-aq  {v.  p.  848). 

V„0,  dissolves  in  oxyacids,  forming  lavender 
solutions  which  probably  contain  VjOj.  tcX,  where 
X  is  an  acidic  oxide  {v.  p.  840). 

Various  salts  of  V.Pj,  Vo0„  and  V.^Oj  besides 
the  sulphates  probably  exist,  but  they  have  not 
been  thoroughly  examined  {v.  Hypovanamc 
siLTS,  p.  848  ;  Vanadic  salts,  p.  850  ;  Aeseno- 
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p.  853  ;  Phospho-vanadic  acids  and  salts,  p.  853 ; 
and  TuNGSTo-VANAiiic  acids  and  s.alts,  p.  854). 

Vanadium,  silicide  of.  Kosooe  (C.  J.  [2]  8, 
358)  says  that  V  acts  on  glass  or  porcelain 
vessels  when  strongly  heated  therein,  forming  a 
compound  with  Si;  tubes  in  which  V  chlorides  are 
reduced  by  heating  in  H  get  coated  with  a  grey 
lustrous  mirror  of  this  compound.  No  details  or 
analyses  are  given. 

Vanadium,  silicofluoride  of.  By  boiling 
V,©,,  with  H,,Sir,Aq  and  alcohol,  Guyard  (Bl. 
[2]  40,  352)  obtained  a  greyish,  uncrystallisable 
mass  which  he  took  to  be  a  silicofluoride  of  V ; 
no  analyses  or  details  of  preparation  are  given. 

Vanadium,  sulphides  of.  Berzelius  (P.  22, 
1)  described  two  compounds  of  V  and  S,  one  ob- 
tained by  ppg.  a  solution  of  an  alkali  thio- 
vanadate  by  dilute  acid,  and  the  other  by  heat- 
ing V2O3  in  HjS.    B.  gave  the  formula  VS.,  and 


VS3  to  the  compounds  he  described.  The  sul- 
phides of  V  were  re-examined  by  Kay  in  1880 
(C.  J.  37,  728),  who  found  that  the  pp.  obtained 
by  adding  dilute  HClAq  or  H.,SO|Aq  to  a  solu- 
tion of  sodium  vanadate  saturated  with  H.,S,  or 
to  solution  of  V.pj  in  an  alkali  hydrosulphide, 
contained  O,  but  probably  had  not  a  definite 
composition  ;  and  that  the  product  of  heating 
V.,0,j  in  H.^S  is  the  trisulphide  V.iSj;  Kay  pre- 
pared three  sulphides,  V._,S.^,  V._,S3  and  V^Sj, 
corresponding  to  three  of  the  four  oxides  ;  the 
sulphidesdissolve  in  solutions  of  alkali  sulphides, 
probably  forming  thiovanadates  (q.  v.  infra). 

Vanadidsi  disulphide  V^.S...  (Hypovanadous 
sulphide.)  Prepared  by  heating  V._,S3  to  full 
redness,  for  a  long  time,  in  H  quite  free  from  0. 
Forms  black  lustrous  plates,  or  a  brownish-black 
powder ;  S.G.  4-2  to  4-4.  Absorbs  0  very  quickly 
when  heated  in  air,  giving  V._,0;j,  V.^0,,  and  then 
V.^Oj,  with  evolution  of  SO.^.  Not  acted  on  by 
boiling  HClAq,  dilute  or  cone,  nor  by  boiling 
dilute  H.^SO.Aq,  or  cold  cone.  H^.SO,,.  Dissolves 
in  hot  cone.  H._,SO,;  dissolves  in  HNO.,Aq. 
Slowly  acted  on  by  NaOHAq  or  KOHAq,  hot  or 
cold  ;  dissolves  in  (NHJ.^SAq  or  KHSAq,  form- 
ing purple  to  reddish-brown  solutions  (Kay,  I.e. 
p.  735). 

Vanadium  trisulphide  V^Sj.  (Vanadous 
s^dphide.)  Formed  by  strongly  heating  VoOj  in 
a  stream  of  H,_,S  (Berzelius,  I.e. ;  Kay,  I.e.  p. 
730) ;  also  by  heating  any  chloride  of  V,  or  VOCI3, 
to  redness  inH.,S  (K.,  I.e.)  ;  and  by  strongly  heat- 
ing V._,05  in  a  stream  of  vapour  of  CSo  so  long 
as  any  reaction  occurs  (K.,  I.e.).  Forms  dark, 
lustrous  plates,  or  a  black  amorphous  powder ; 
S.G.  3'7  to  4-0.  Oxidised  by  heating  in  air, 
finally  to  V^O-,  giving  off  SO.^.  Scarcely  acted 
on  by  dilute  HClAq  or  H._,SO,Aq,  hot  or  cold,  nor 
by  cone.  HClAq  ;  readily  oxidised  by  HNO^Aq. 
Soluble  in  (NHJ.^SAq  or  KHSAq,  forming  purple- 
red  to  golden-red  solutions ;  also  somewhat 
soluble  in  KOHAq,  NaOHAq  or  NH,.OHAq 
(Kay,  I.e.). 

Vanadium  pentasulphide  V.^Sj.  (Vanadic 
sulphide.)  Prepared  by  mixing  V.;S3  with  ^  its 
weight  of  pure  powdered  S,  heating  to  fusion  (c. 
400°)  in  a  narrow  tube  quite  filled  with  CO,  and 
sealed,  cooling,  and  dissolving  out  excess  of  S 
with  CS.^.  A  black  powder  ;  S.G.  3-0.  Heated 
in  a  gas  that  does  not  react  with  it,  VjSr,  gives 
off  S  and  leaves  V.^S3 ;  heated  in  air  gives  off  SOj, 
forming  V.^03  and  finally  V.,05.  Behaves  towards 
acids  similarly  to  V.,S3,  Dissolves  in  hot 
NaOHAq ;  also  in  (NH,).,SAq  or  KHSAq,  forming 
yellow  to  red  solutions  (Kay,  I.e.  p.  738). 

Vanadium  thio-acids,  and  salts  thereof.  No 
compound  of  V  with  H  and  S  has  been  isolated, 
but  some  thiovanadates,  and  also  some  oxy- 
thiovanadates,  have  been  prepared  by  Kriiss  a. 
Ohnmais  (B.  23,  2547). 

Ammonium  thio-orthovanadate  (NH|)3VS,|. 
Obtained,  in  purple  crystals,  resembling 
KMnO,,  S.G.  l'C2,  by  passing  H„S  into  a  solu- 
tion of  NH,V03  in  Na.Aq  S.G.  -898;  the  solu- 
tion is  saturated  in  the  cold,  and  is  kept  cold 
while  H.^S  is  passed  in.  A  brown  pp.  is  formed, 
and  this  dissolves  after  passing  in  more  H.^S  to 
a  dark-violet  liquid,  from  which  the  salt  crystal- 
lises after  some  time. 

Sodium  monoxy-thio-orthovanadate 
NaaVOSj.  5aq.     Obtained  by  saturating  30  c.c. 


856 


VANADIUM  THIO-ACIDS  AND  SALTS. 


NaOHAq  S.G.  1-122,  with  H,S,  adding  a  solu- 
tion of  3  g.  Na^V.jO,  in  6  c.c.  water,  cooling  the 
liquid  by  ice,  and  passing  in  HjS  for  4  hours. 
The  salt  was  also  obtained  without  water  of 
crystallisation  by  Kriiss  {Zeit.  f.  anorg.  Chemie, 
3,  264)  by  fusing  a  mixture  of  VjO^,  Na.jCOj,  and 
S,  until  excess  of  S  was  removed.  Small  crystals, 
that  melt  at  the  ordinary  temperature  to  a  red, 
oily  liquid  (K.  a.  O.,  I.e.). 

Sodium  trioxy-thio-ortJwvanadate 
NajVOjS.  lOaq.  Obtained  by  heating  Na^V.,0,Aq 
to  boiling,  adding  freshly  prepared  NaSHAq, 
cooling  by  ice,  and  adding  alcohol.  A  red  oil, 
that  solidifies  to  a  crystalline  mass  which  melts 
at  18°  (K.  a.  0.,  I.e.). 

Ammonium  monoxy-thio-pyrovanadate 
(NHj),V20S,..  Formed  by  passing  H.^S  into  a 
cooled  solution  of  NH1VO3  in  NHjAq  S.G. 
greater  than  -898,  and  allowing  the  liquid  to 
stand  for  some  months,  when  crystals  separate 
having  S.G.  1-715  (K.  a.  O.,  I.e.). 

Potassium  monoxy-thio-pyrovanadate 
K,Y.,OSij.  3aq.  Obtained  by  passing  H.,S  into 
KV63  in  KOHAq  S.G.  1-472,  air  being  excluded 
and  the  liquid  cooled  by  ice.  Crystals  resemble 
KMnOj;  S.G.  2-144;  loses  all  water  slowly  at 
150°.  By  evaporating  the  mother-liquor  from 
this  salt  in  vaeuo,  large  crystals  of  the  salt 
2K,V.,0Sb.  3aq  are  obtained  (K.  a.  O.,  I.e.). 

M.  M.  P.  M. 

VANADOXYFLUORIDES  and  Hypovanad- 
oxyfluorides  ;  t).  pp.  844-5. 

VANADYL  COMPOUNDS  ;  compounds  of  the 
radicle  VO :  v.  Vanadium  oxybromides  (p.  854), 
Vanadium  oxychlobides  (p.  854),   and  Hypo- 

VANADIC  SALTS   (p.  848). 

VANILLIC  ACID  v.  Methyl  derivative  of 

PkOTOCATECHUIC  ACID. 

VANILLIN  V.  Methyl  derivative  of  Peo- 

TOCATECHUIC  ALDEHYDE. 

VANILLO-DIACETONAMINE    v.  Aceton- 

AMINE. 

VAPOUR  DENSITIES.  The  term  '  vapour 
density '  is  now  generally  employed  to  signify  the 
specific  gravity  of  a  gas  referred  to  hydrogen 
as  unity.  For  descriptions  of  the  principles  of 
the  methods  used  in  determining  vapour  den- 
sities, V.  Densities,  relative,  vol.  ii.  p.  374  ; 
and  for  an  account  of  the  appUcation  of  vapour 
densities  to  finding  molecular  weights,  v.  Atomic 
AND  molecular  weights,  vol.  i.  p.  340. 

VEGETABLE  PROTEIDS  v.  Pkoteids. 

VERATRALBINE  v.  Jebvine. 

VERATRIC  ACID  v.  Di-7iiethyl  derivative  of 
Peotocatechdio  acid. 

Homo-veratric  acid  v.  Di-oxy-phenyl-acetic 
acid. 

VERATROLE  v.  Di-methyl  ether  of  Pyko- 

CATECHIN. 

VERATRUM  ALKALOIDS. 

VeratriES  C,,,H,,,NO„.  Cevadine.  [205°]. 
S.  -12  at  15°  Occurs  in  the  seeds  of  Veratrmn 
Sabadilla  (Meissner,  N.  J.  T.  5,  3  ;  Pelletier  a. 
Caventou,  A.  Ch.  [2]  14,  69  ;  Couerbe,  A.  Ch.  [2] 
52,  352  ;  Merck,  A.  95,  200  ;  Ar.  Ph.  231, 135  ; 
Delondre,  J.  Ph.  [3]  27,  417  ;  Weigelin,  C.  C. 
1872,  229  ;  Schmidt,  Ar.  Ph.  [3]  10,  513  ;  B.  9, 
1115  ;  A.  185,  224).  Occurs  also  in  the  root  of 
Sarracenia  purpurea  (St.  Martin,  Z.  [2]  2,  442  ; 
H6tet,  C.  B.  88,  185).    Prepared  by  extracting 


the  seeds  with  boiling  alcohol  containing  a  little 
tartaric  acid,  concentrating  the  extract,  adding 
water,  filtering  from  resin,  adding  NaoCO,,,  and 
shaking  with  ether.  The  ethereal  solution  is 
shaken  with  dilute  tartaric  acid  solution,  and 
the  acid  solution  mixed  with  Na.^CO^  and  ex- 
tracted with  ether.  The  ethereal  extract  is 
mixed  with  ligroin  and  allowed  to  evaporate 
spontaneously,  when  a  viscid  mass  first  separates, 
followed  by  crystals  which  are  recrystallised 
from  alcohol  (Wright  a.  Luff,  C.  J.  33,  338). 
If  commercial  veratrine  [144°]  be  dissolved  in 
alcohol  at  70°,  water  added  till  turbidity  ensues, 
and  the  solution  evaporated  at  50°  to  60°,  crystal- 
line veratrine  separates  first,  then  a  resinous 
mixture  of  veratrine  and  veratridine,  while  the 
mother-liquor  contains  veratridine  and  veratroin 
veratrate  (Rosetti,  Ar.  Ph.  [3]  21,  81). 

Properties. — Needles  (from  alcohol),  sol. 
ether,  insol.  water.  Inactive  to  light.  Very 
poisonous,  a  small  quantity  producing  vomiting 
and  purging.  Introduced  into  the  nose  it  pro- 
duces sneezing.  Alkaline  to  test  papers.  Cone. 
H2SO4  forms  a  yellow  colour  changing  to 
crimson,  1  pt.  colouring  3,000  pts.  H^SO^  (Vas- 
mer,  Ar.  Ph.  2,  74).  Cone.  HClAq  forms  a 
violet  solution  on  warming.  HNO.,  forms  a  red 
solution,  becoming  yellow.  Veratrine  mixed 
with  sugar  (3  pts.)  is  coloured  by  HjSO^  dark 
green  and  finally  deep  blue  (Weppen,  Fr.  13, 
454).  A  solution  of  ammonium  selenite  (1  g.) 
in  H2SO4  (20  c.c.)  gives  a  yellow  colour  at  30° ; 
in  3  hours  a  red  pp.  is  formed,  the  liquid  re- 
maining yellow  (Da  Silva,  C.  R.  112,  1267).  On 
heating  with  alcoholic  potash  or  baryta  it  yields 
angelic  acid  and  cevine  (W.  a.  L. ;  Rosetti ; 
Stransky,  M.  11, 482).  IClforms  ayellowflocculent 
pp.,  sol.  hot  HClAq  (Dittmar,  B.  18, 1612).  Cone. 
HClAq  yields  tiglic  acid.  Veratrine  yields  tiglic 
acid  and  (;8)-methyl-pyridine  on  distillation.  On 
distilling  veratrine  with  lime  the  products  are 
(i8)-methyl-pyridine  and  its  hexahydride  and 
isobutyric  acid  (Ahrens,  B.  23,  2705).  Vera- 
trine is  not  affected  by  boiling  dilute  HoSO,. 

Salts .— B'HCl.  Amorphous.— B'XPtCl„ : 
amorphous. — B'HAuCl^.  Yellow  needles  (from 
alcohol).— B'HAuCl,2aq  (Rosetti,  J.  1883, 1351). 
— B'HHgCl,.  Crystalline  pp.,  v.  sol.  alcohol. — 
B',H,SO,  (dried  at  100°).— B'HIj.  Reddish- 
brown  amorphous  solid  (Bauer,  J.  1874,  861). 

Benzoyl  derivative  C.,.,Hj8BzN0„.  [170°- 
180°].  Brown  crystals  (containing  li  aq)  (from 
ether).— B'HAuClj. 

Dibromide  Ca.HigBrjNOg.  Formed  by 
allowing  the  tetrabromide  to  stand  in  contact 
with  dilute  KOHAq.  Light-yellow  amorphous 
solid. 

Tetrabromide  C3„H|,,Br.,N0,,.  Formed  by 
shaking  veratrine  with  bromine-water.  Yellow 
amorphous  powder,  insol.  water,  v.  sol.  alcohol 
and  ether  (Ahrens,  B.  23,  2701). 

Cevine  C,-H,.,N03  (W.  a.  L.) ;  C^Hj^NO, 
(Rosetti).  C'evedine.  [145°]  (W.  a.  L.)  ; 
[182°-185°]  (R.).  Formed  by  boihng  veratrine 
with  alcoholic  NaOH  (W.  a.  L.).  Yellow  resin,  v. 
sol.  alcohol,  si.  sol.  ether.  Its  aqueous  solution 
becomes  turbid  on  warming.  Does  not  attack 
the  mucous  membrane,  gives  a  crimson  colour 
with  H.^SOj,  and  a  brown  colour  with  cane-sugar 
and  H,.SO|.  Its  salts  are  amorphous. — B'HHgl, 
(dried  at  100°).  Precipitate. 
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Veratridine  C^H.jNO,,  (W.  a,  L.) ; 
C,.,H,,,N03  (Roset'ti).  Vcratrine.  [180°  cor.] 
(\V.  a.  L.)  ;  [150°-1.55°]  (R.).  S.  3  at  15°.  If 
the  viscid  mass  which  separates  before  veratrine 
when  a  solution  of  the  crude  base  in  alcohol- 
ligroin  is  evaporated  be  shaken  with  ether,  ceva- 
dilline  remains  undissolved,  while  veratridine 
dissolves  in  the  ether  (Wright  a.  Luff). 
Amorphous  resin,  si.  sol.  ether.  Decomposed  by 
alcoholic  potash  into  veratric  acid  and  verine 
C.H.^NOs  [c.  95°]  (W.  a.  L.)  or  veratroin 
C„H,.N,0,g  [143°-148°]  (R.),  an  amorphous 
base,  sol.  ether.  Veratridine  dissolves  in  boiling 
water,  being  converted  into  veratroin  veratrate 
C,-,Hj,2N,0,sC,,H,o04  2aii  (Eosetti),  which  melts, 
when  anhydrous,  at  1G5°-170°.  H.SO,,  forms  a 
yellow  solution  which  turns  crimson. — Salts. — • 
B'HAuCl,.  Amorphous. — B'H.SO,  lOaq,  crystal- 
line. 

Cevadilline  C^jHj.jNOs.  Obtained  as  above 
(W.  a.  L.).  Amorphous,  si.  sol.  ether,  m.  sol. 
benzene.    Decomposed  by  alcoholic  potash. 

S  al  ts.— B'HAuCl,.— B'HHgl.,.  Gelatinous. 
Cevadilline  is  perhaps  identical  with  the  saba- 
dilline  C,,H„,N,_,0„  of  Wiegelin  (C.  C.1872,229), 
to  which  Hesse  {A.  192,  180)  assigns  the  formula 
C,,H,5N0,;  while  sabatrine  C-,,H„,N,0,;  (W.) 
or  C^oH^jNO,,  (H.)  was  probably  a  mixture  of 
decomposition-products  (Wright  a.  Lutt'). 

Veratrum  album.  The  alkaloids  in  the  root 
of  this  plant,  and  in  that  of  V.  viride,  are  de- 
scribed under  Jervine. 

VERATRUMIC  ACID  is  Veratkic  acid. 

VERINE  V.  Veeatbuji  alkaloids. 

VERNIN  C,6H.,„N„0,  3aq.  Occurs  in  young 
vetch  plants  {Vicia  saliva),  in  young  red  clover 
(Trifolium  pratense),  in  pumpkin  seeds,  in 
ergot,  and  in  the  blossom  of  Corylus  avellana 
and  Finns  sylvestris  (E.  Schulze,  /.  |jr.  [2]  32, 
447 ;  H.  10,  80,  326).  Separated  from  aspara- 
gin  by  crystallisation  from  hot  water.  Minute 
silky  prisms,  v.  sol.  hot  water,  insol.  alcohol. 
Its  aqueous  solution  is  neutral,  gives  no  pp. 
with  Pb(OAc),,  but  is  ppd.  by  AgNOj,  by  picric 
acid,  and  by  phosphotungstic  acid  in  presence  of 
HCl.  Boiling  hydrochloric  acid  forms  guanine. — 
Ag,.C|,.H,^N„Os.    Gelatinous  pp. 

'VERNONIN  C,„H„0,.  Occurs  in  the  root  of 
Vernojvia  nigritiana,  used  on  the  west  coast  of 
Africa  as  a  febrifuge  (Heckel  a.  Sclilagdenhauffen, 
C.  B.  106,  1446).  White  powder,  si.  sol.  ether 
and  chloroform,  sol.  alcohol.  Cone.  HoSO,  gives 
a  brown  colour,  changing  to  purple.  Cardiac 
poison,  80  pts.  being  required  to  produce  the 
effect  of  1  pt.  of  digitalin.  Decomposed  by 
boiling  dilute  HCl  into  glucose  and  a  resin 
C,H,„03- 

VICIN  C,gH3,N„0,,.  S.  1  at  23°.  Occurs 
in  the  seeds  of  Vicia  saliva,  V.  Faba,  and 
V.  Faba  minor  (Ritthausen,  J.  pr.  [2]  2,  333  ; 
24,  202 ;  29,  359).  Obtained  by  extracting  the 
seeds  with  cold  dilute  H.^SO,  (1:50),  neutralising 
with  lime,  filtering  from  CaSO.,,  evaporating  to 
dryness  and  crystallising  from  85  p.c.  alcohol. 
The  yield  is  -25  p.c. 

Properties. — Tufts  of  small  needles,  nearly 
insol.  alcohol.  Loses  2H.,0  at  160°.  Sol. 
alkalis  and  alkaline  earths,  reppd.  on  neutral- 
isation. Not  affected  by  boiling  baryta-water. 
Sol.  dilute  HCl  and  H,SO„  but  after  boiling  the 
solution  gives  a  deep-blue  colour  with  FeClg  and 
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NH,,  and  a  violet  pp.  with  baryta.  Boiling 
KOHAq  (S.G.  1-1)  also  forms  divicin.  When 
evaporated  with  HNO.,  (S.G.  1'2)  tlie  residue  is 
edged  with  deep  violet.  Potash-fusion  forms 
KCy. 

Salts.  —  B'34H,,SO.,.  —  B'.llHCl.  Slender 
needles. 

Divicin  C3,Hm,N3„0,^.  By  boiling  vicin  with 
water  (5  pts.)  containing  H.,SO|  (1  pt.)  at  0° 
there  is  formed  crystalline  (C3,H,,,N,,„0„)2iSO„ 
which  yields  divicin  on  treatment  with  exactly 
the  calculated  quantity  of  IvOHAq.  Flat  prisms 
(from  water).  Reduces  AgNO;,  at  once.  Not 
ppd.  by  baryta.  A  little  FeCl^  followed  by  NH^ 
gives  a  splendid  blue  colour.— B'8HN0.,.  Whet- 
stone-shaped crystals,  got  by  adding  HNO^  to  a 
solution  of  divicin. 

Convicin  C.„H.,sN^On  2aq.  Obtained  from 
powdered  vetch  seeds  by  extracting  with  alcohol, 
allowing  vicin  to  crystallise  from  the  extract, 
ppg.  the  mother-liquor  with  HgCl._,  and  potash, 
decomposing  the  pp.  with  aqueous  H^S,  and 
evaporating.  The  mixture  of  vicin  and  convicin 
so  obtained  is  treated  with  dilute  H,S04,  which 
dissolves  the  vicin  only.  Thin  plates  (from 
water),  often  resembling  leucine.  Hardly  sol. 
cold  water,  si.  sol.  alcohol.  Not  decomposed  by 
boiling  KOHAq  (S.G.  1-1).  Potash-fusion  gives 
off'  NH.J,  but  forms  no  KCy.  Insol.  cold  dilute 
HCl  and  H..SO4.  Its  aqueous  solution  gives  a 
tiocculent  pp.  with  Hg(N03),. 

VINACONIC  ACID  v.  'Tni-siEiHrLENE  di- 

CAllBOXYLIC  ACID. 

VINCETOXIN  C,„H,„0e.  [59°].  [a],,=  -50°. 
Extracted  by  milk  of  lime  from  powdered 
asclepias  root  (Tanret,  C.  B.  100,  277  ;  Bl.  [2] 
43,  620).  Occurs  in  two  forms,  one  soluble  and 
one  insoluble  in  water.  Both  forms  are  Irevo- 
rotatory,  amorphous,  si.  alcohol,  insol.  ether. 
Boiling  dilute  HCl  yields  an  amorphous,  in- 
active sugar,  which  does  not  ferment  with  yeast. 

VINYL  ALCOHOL  CH,:CH.OH.  This  sub- 
stance might  be  expected  to  be  identical  with 
aldehyde  CH3.CHO,  but  Poleck  a.  Thiimmel 
(B.  22,  2863)  suppose  it  to  be  present  in  ether 
that  has  been  exposed  to  air  and  sunlight,  and 
that  its  presence  is  indicated  by  the  formation 
of  a  pp.  C2H30HgOHg,_,Cl,  when  a  solutio'i  of 
mercury  oxychloride  in  Na,,CO;,Aq  is  added  to 
commercial  ether.  This  pp.  is  white,  and  is 
converted  by  boiling  potash  into  explosive 
greenish-black  '  acetylene  mercury  '  C._,HjO,,Hgj, 
and  by  adding  nitric  acid  to  its  alkaline  solu- 
tion into  C.HHgoOCL,  which  is  not  explosive. 
H.jS  passed  into  water  containing  the  compound 
C„H.jO.,Hg3Cl.,  yields  (7)-tri-thio-acetic  aldehvde 
[70°].  ' 

VINYL-DIACETONAMINE  v.  Acetonamines. 

VINYL-AMINE  CH,:CH.NH,.  Formed  by 
the  action  of  moist  Ag,0  or  of  KOHAq  on 
bromo-ethylamine  hydrobromide  at  48°  (Gabriel, 
B.  21,  1049,  2005).  Known  only  in  aqueous 
solution.  Volatile  with  steam.  Decomposes  in 
aqueous  solution  even  in  the  cold.  SOj  converts 
it  into  taurine. 

Salts. —  "B'HCl.  Poisonous.  Its  aqueous 
solution  is  decomposed  by  heat. — B'.H.PtClg. 
Crystals,  v.  sol.  water.  — B',2Bil3.  Minute 
scarlet  hexagonal  leaves. — B'HAuCl,.  Golden 
crystals.— B'CsHsN^Oj.  [142°].  Slender  yellow 
needles. 
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JJe/erence.— Di-ioDoviNYLAiiiNE. 
VINYL  BROMIDE  v.  Bbomo-ethylene. 
Vinyl  tribromide  v.  Tei-bromo-ethane. 
VINYL  CHLORIDE  Chloro-ethylene. 
VINYL  ETHANE  v.  Bdtyiene. 
VINYL-ETHYL-CARBINOL    v.  Pentenyl 

ALCOHOL. 

VINYL-ETHYLENE  v.  Butinene. 

VINYL  ETHYL  OXIDE  CH,,:CH.OEt. 
(35-5°  i.V.).  S.G.  i-ff-7625.  Formed  by  heat- 
ing chloro-acetal  CH„Cl.CH(OEt),  with  sodium  at 
140°  (Wishcenus,  A'1Q2,  106).  Liquid,  smelHng 
like  ether  mixed  with  allyl  compounds.  Com- 
bines with  CI  and  Br,  forming  di-chloro-  and  di- 
bromo-  di-ethyl  oxide.  A  small  quantity  (1  g.)  of 
iodine  converts  large  quantities  of  the  oxide 
(200  g.)  into  a  viscid  liquid.  Dilute  (1:4)  H^SO^ 
forms  aldehyde  and  EtHSO^. 

Reference. — Chloeo-vinyl-ethyl  oxide. 

VINYL-ETHYL-PYRIDINE 
CsHjNEt.CHiCH,.  (98°-102°at21mm.).  Formed 
by  heating  C5H3NEt.CH2.CH„OH  with  cone.  HCl 
at  170°  (Prausnitz,  B.  25,  2394).     Oil,  v.  sol. 
ether. — B',H„Hg-Cl|2.  Needles,  si.  sol.  hot  water. 

VINYL  IODIDE  v.  Iodo-ethylene. 

VINYL-MALONIC  ACID  v.  Trimethylene 

DICARBOXTLIC  ACID. 

VINYL  OXIDE  (C„H,j),0.  (39°).  Formed 
by  ^he  action  of  dry  Ag„d  on  vinyl  sulphide 
(Semmler,  A.  241,  90). 

Beference. — Hexa-chloro-di-vinyl  oxide. 

o-VINYL-PHENOL  CH„:CH.C„H,.OH. 

Methyl  ether  CH',:CH.C,Hj.OMe.  o- 
Vinyl-anisole.  (c.  198°).  "S.G.  if  1-0095,  2§ 
1-0005.  Formed  from  either  of  the  methyl  deri- 
vatives of  o-oxy-phenyl-acrylic  acid  by  successive 
treatment  with  HI  and  NaoCOjAq  (Perkin,  C.  J. 
33,  211 ;  39,  429).  Oil.  Polymerises  readily  (at 
150°),  forming  a  glassy  mass,  which,  however,  on 
distillation,  regenerates  the  original  oil.  It 
smells  like  high-boiling  coal-tar  naphtha.  It 
forms  a  colourless  compound  with  bromine. 
Forms  a  red  solid  with  K.SOj. 

2> Vinyl-phenol.  Methyl  ether 
CH,:CH.C,H,OMe.  [3°].  (205'°).  S.G.  if 
1-0029  ;  |g  -9956.  Formed  by  distilling  methoxy- 
phenyl-acrylic  acid  {q.  v.)  and  from  the  same 
acid  by  successive  treatment  with  cone.  HI 
(S.G.  1-94)  and  NaXO^. 

Beference. — Bromo-  and  Niteo-  vinyl- 
phenol. 

VINYL-PIPERIDINE  C5H,„(C,fH3)N  (?). 
(147°).  Formed  by  dehydration  of  oxy-ethyl- 
piperidine  [32°]  (Ladenburg,  B.  22,  2587). 
Liquid,  smelling  hke  tropidine  and  coniine,  v.  sol. 
water. 

Beference. — Bromo-vinyl-pipeeidine. 

p-VINYL-ISOPROPYL-BENZENE  C,iH,^  i.e. 
CeH,Pr.CH:CH„.  (204°).  S.G.  is  ■8902. 
Formed  by  distilling  cumyl-acrylic  acid  at  210° 
or  by  boiling  a-bromo-/3-cumyl-propionic  acid 
with  Na^COsAq  (Perkin,  C.  J.  1877,  ii.  660).  Oil, 
smelling  like  ouminic  aldehyde.  Partially  poly- 
merises on  boiling,  and  also  on  keeping,  forming 
a  glassy  mass,  reconverted  into  the  original 
hydrocarbon  by  heat.    Yields  CnHnBrj  [71°]. 

o-VINYL-PYRIDINE  C,H,N  i.e. 

N<cH— CH^^^-  - 
Formed  by  passing  a  mixture  of  pyridine  and 


ethylene  through  a  red-hot  tube  (Ladenburg,  B, 
20,  1643).  Formed  also  by  distilling  oxy-ethyl- 
pyridine  under  high  pressure  or  in  presence  of 
KOH  (Ladenburg,  B.  22,  2585),  and  by  the  ac- 
tion of  NaOHAq  on  /3-bromo-/8-pyridyl-propionic 
acid  (Einhorn,  A.  265,  229).  Liquid  smelling 
like  conyrine,  m.  sol.  water,  v.  sol.  alcohol.  De- 
composed by  distillation  under  atmospheric 
pressure,  but  boils  at  81°  under  29  mm.  Oxidised 
by  KMnO,,  to  picolinic  acid,  and  reduced  in  alco- 
holic solution  by  Na  to  ethyl-pyridine. — Salts:. 
B'„H,PtCi„.  [174°].  Crystals,  m.  sol.  water.— 
B'HAuCl,.    [144°].    YeUow  needles. 

Tetra-vinyl-pyridine  C,H(C,H3),N.  (277°). 
S.G.  2  1-0515.  Formed  in  the  preparation  of 
7-ethyl-pyridine  by  heating  pyridine  ethylo- 
iodide  in  sealed  tubes  at  320°  (Karan,  B.  25,. 
2776).  SI.  sol.  water.— B'„H..PtCl„.  [175^.— 
B'HAuCl^.  [148°].— B'HHgClj.  [146°].  Needles. 

VINYL-QTJINOLINE  v.  Quinolyl-ethylenb. 

VINYL  SULPHIDE  C^H.S  i.e.  S(CH:CH2)2. 
(101°).  S.G.  -913.  Constitutes  the  chief  part 
of  the  essential  oil  of  Allium  ursinum  (Semmler, 
A.  241,  90).  Liquid,  smelling  like  allyl  sulphide. 

Beactiojis. — 1.  Dry  Ag,,0  forms  vinyl  oxide. — 
2.  Moist  Ag„0  gives  aldehyde. — 3.  Alcoholic 
HgClj  forms  'crystals  of  C8H,.,Cl,Hg,,S.,,  which, 
when  heated  with  potassium  sulphocyanide, 
yields  vinyl  sulphocyanide. — 4.  PtClj  added  to 
its  alcoholic  solution  ppts.  (C„H3)^Cl|iPt2S3,  which 
is  decomposed  by  ammonium  sulphide  into 
vinyl  chloride  and  dark-brown  (C.,H3).,PtS3. — 

5.  AgNOj  forms  (C.,H3)2SAgN03.— 6.  Br  gives 
(C,H3Br,),SBro  [195°].— 7.  Oxidising  agents 
yield  COo,  oxalic  acid,  and  H2SO4  only. 

VINYL-TOLUIDINE  so  called  is  Di-^-tolyl- 
di-ethylenb-diamine. 

VIOLAQUERCITRIN  v.  this  vol.  p.  373. 

VIOLANTIN  CsHsN^O.,  4aq.  Formed  by 
mixing  hot  cone,  solutions  of  nitroso-  and  nitro- 
barbituric  acids  (violuric  and  dilituric  acids). 
Formed  also  by  warming  hydurilic  acid  with 
dilute  HNO3  (Baeyer,  A.  127,  223).  Yellowish- 
white,  crystalline  powder,  decomposed  by  water 
into  its  two  component  acids,  but  may  be  re- 
crystallised  from  HOAc  or  50  p.c.  alcohol.  It  is 
also  split  up  into  ita  components  by  salts  of  the 
stronger  acids. 

VIOLURIC  ACID  CjHjNsO,  i.e. 

C20,<^^g^C:N0H.    Nitroso -barbituric  acid, 

Mol.  w.  157. 

Formation. — 1.  From  hydurilic  acid  by  the 
action  of  nitric  acid  (S.G.  1-2)  or  nitrous  acid 
(Baeyer,  A.  127,  200).— 2.  By  heating  dilituric. 
(nitro-barbituric)  acid  with  glycerin.— 3.  By 
warming  ferrous  diliturate  with  KCy.— 4.  By 
boiling  an  aqueous  solution  of  alloxantin  with, 
hydroxylamine  hydrochloride  (Pellizzari,  G.  17, 
258). — 5.  By  adding  hydroxylamine  to  an  aqueous 
solution  of  alloxan  (Ceresole,  B.  16,  1133). — 

6.  By  adding  KNO.,  to  barbituric  acid  (Baeyer, 
A.  130,  140). 

Prqperiies. —Trimetric  crystals  (containing 
aq);  a:6:c  =  ■83:1:1-92.  M.  sol.  cold  water,  si. 
sol.  alcohol.  Its  aqueous  solution  is  ppd.  by 
alcohol.  FeSO,,  gives  a  deep  indigo-blue  colour. 
HNO3  forms  nitro-barbituric  acid.  Br  forms 
di-bromo-barbituric  acid  and  nitrous  fumes. 
Eeducing  agents  form  uranil  (amido-barbituria 
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acid).  Cone.  HClAq  forms  hydroxylamine  on 
heating. 

Salts.— NHjA'.  Dark  -blue  prisms. — KA'  2aq. 
Deep-blue  crystals,  v.  sol.  water,  forming  a  blue 
solution ;  turned  red  by  excess  of  KOH.  A 
solution  of  the  K  salt  in  cone.  HClAq  deposits 
(KA').^(HC1)3  6aq  in  colourless  efflorescent 
prisms. — BaA'„  4aq.  Eed  dimetric  tables,  nearly 
insol.  cold  water. — MgA'„  6aq.  Purple-red  crys- 
tals.— PbA'o  4aq.    Small  red  crystals. — AgA'. 

Bemyl    ether  CO<;^g^Q>C:NOC,H;. 

[226°].  Formed  by  the  action  of  benzyl  chloride 
on  silver  violurate  (Conrad  a.  Guthzeit,  B.  15, 
2849).    Silvery  scales,  sol.  hot  water  and  alcohol. 

VIRIDIC  ACID  V.  Caffetannic  acid. 

VIRIDINE  C,„H,<,N.  (251°).  S.G.  1-024. 
A  homologue  of  pyridine  occurring  in  coal-tar 
(Thenius,  C.  C.  1862,  53).  Yellowish  oil,  with 
slight  greenish  fluorescence,  si.  sol.  water,  v.  sol. 
alcohol  and  ether.  —  B'.,H.,PtClj.  Greenish 
brown,  insol.  water,  alcohol,  and  ether.  The 
mercuric  chloride  double  salt  melts  at 
35°  and  crystallises  from  water. 

Isomeride  C,,H,,,N.  (230°-235°).  Obtained, 
with  other  bases,  by  heating  methyl-ethyl-acro- 
lein  with  alcoholic  ammonia  (Hoppe-Seyler,  M. 
9,  651).— B'HAuCl^.  [93°].— B'^ajtCle.  [135°]. 

VISCIN  C|„H„,Oj  (•?).  The  glutinous  consti- 
tuent of  the  stalk,  leaves,  and  berries  of  the 
mistletoe  {Visami  album).  Extracted  from  the 
bark  by  kneading  with  water,  washing  the  sticky 
mass  with  90  p.c.  alcohol,  and  extracting  the 
viscin  with  cold  ether.  The  residue  consists  of 
viscaoutchin  and  woody-fibre  (Eeinsch,  C.  C. 
1861,  145).  Colourless,  tasteless,  semi-fluid 
mass,  S.G.  1-0,  decomposed  by  distillation, 
yielding  oily  viscene  (226°)  S.G.  -85,  which 
forms  a  crystalline  Na  salt  with  cone.  NaOHAq. 
Viscaoutchin  is  very  glutinous.     Its  S.G.  is 


•978,  and  it  is  insol.  alcohol  and  ether,  sol.  oil 
of  turpentine. 

VISCOSE  is  Destrane  [q.  v.). 

VITELLIN  V.  Pkotbids. 

VITELLOSE  V.  Proteids. 

VOLUMES,  SPECIFIC  ;  v.  Specific  volumes, 
p.  498. 

VULPIC  ACID  C,„H,,05  i.e. 
CPh.C(0H).Q.CPh.C0.3Ie  ^      Methyl  pulvate.. 

[148°].  Occurs  in  Cetraria  vulpina,  a  lichen 
growing  in  Norway,  and  used  there,mixed  with  nux 
vomica,  as  poison  for  wolves  (Bebert,  A.  2,  342  ; 
Strecker  a.  Moller,  A.  113,  56  ;  Spiegel,  B.  13, 
1629;  14,  1686;  A.  219,  15).  The  lichen  con- 
tains 2^  to  4  p.c.  of  the  acid,  which  may  be  ex- 
tracted by  warm  milk  of  lime.  Vulpic  acid  is 
also  formed  by  dissolving  pulvic  anhydride  in  a 
solution  of  KOH  in  MeOH.  It  appears  to  occur 
in  the  lichen  Parmelia  parietina  (Berzelius  ; 
Stein,  J.  1864,  553). 

Properties. — Yellow  pilates  or  needles,  sol. 
alcohol  and  ether,  v.  e.  sol.  chloroform,  nearly 
insol.  boiling  water.  Decomposed  above  200° 
into  MeOH  and  pulvic  anhydride.  Boiling  milk 
of  lime  converts  it  into  pulvic  acid.  Boiling 
KOHAq  forms  di-benzyl-glycollic  acid  and  CO^. 

Salts . — NH,,A'.  Yellow  crystals,  sol.  water. 
— BaA',,  2aq.  Yellow  needles  (from  water). — 
BaA',  7aq. — KA'aq.  Light-yellow  needles,  si.  sol. 
water. — AgA'.    Pp.    Blackens  at  100°. 

Acetyl  derivative  C|<,H|,Ae04.  [156°]. 
Colourless  needles,  insol.  NaOHAq. 

Methyl  ether  v.  Di-methyl  ether  of  Pulvic 

ACID. 

Isovulpic  acid  C.^HiiMeO^.  [124°].  Formed, 
in  small  quantity,  together  with  pulvic  anhydride, 
by  heating  vulpic  acid  at  200°  (Spiegel).  Thin 
golden  plates  (from  alcohol).  Forms  orange 
solutions  in  alkalis. 
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WACKENEODEE'S  SOLTTTION.  The  solu- 
tion obtained  by  passing  H,S  for  a  long  time 
into  nearly  saturated  SO^Aq.  The  solution  con- 
tains HoSjOe,  much  H^S.Oe,  H..S5O6,  and  pro- 
bably H.SgO,.,  along  with  H2SO4,  dissolved 
colloidal  S,  and  a  little  S  in  suspension ;  v. 
Thionic  acids,  p.  698. 

WALDIVIN  C„H„40,„.  [230°].  S.G.  1-46. 
S.  -17  at  15°  ;  3  at  100°.  S.  (alcohol)  -63.  Ex- 
tracted by  dilute  alcohol  from  the  powdered  fruit 
of  Simaha  waldlvia  (Tanret,  Bl.  [2]  35,  104; 
C.  E.  91,  886).  Hexagonal  prisms  (containing 
5aq),  v.  sol.  chloroform,  insol.  ether.  Neutral  to 
litmus.    Inactive  to  light.    Tastes  bitter. 

WATER.  H,,0.  (Hydrogen  monoxide.)  Mol. 
w.  17'96.    (For  physical  data  v.  Properties.) 

Occurrence.— Vme  water  is  never  found  in 
nature.  The  properties  of  different  specimens 
of  naturally  occurring  waters  depend  on  the  im- 
purities they  contain,  and  these  impurities  are 
derived  from  the  substances  with  which  the 
water  has  come  into  contact ;  hence  it  is  cus- 
tomary to  classify  natural  waters  in  accordance 
with  their  origin,  as  rain-water,  surface-water, 


well-water,  mineral  spring-water,  and  sca-ioater. 
The  composition  of  the  substances  found  in  these 
waters,  and  the  properties  of  the  waters,  them- 
selves— that  is,  of  the  various  more  or  less  dilute 
aqueous  solutions  —  are  discussed  in  pp.  939-960 
of  vol.  iv.  of  the  Dictionary  of  Applied  Chemis- 
try. Solid  water,  more  or  less  pure,  is  found 
as  ice  and  snow.  Water  vapour  is  a  constant  con- 
stituent of  the  atmosphere.  A  great  many  mine- 
rals, and  also  many  organic  substances,  contain, 
water  combined  with  other  compounds. 

Historical. — In  1781  Cavendish  showed  ex- 
perimentally that  water  was  the  only  product  of 
burning  H  and  0  mixed  in  certain  proportions, 
and  that  almost  the  whole  of  the  H  and  0  dis- 
appeared. The  account  of  the  experiments  made 
by  Cavendish  was  published  in  1784  (T.  1784. 
116). 

'  When  a  mixture  of  inflammable  and  tlephlogisticated 
air  \i.e.  iu  modern  language,  hydi'ogen  and  oxygen]  is  ex 
ploded  in  such  proportions  that  the  burnt  air  is  not  much 
phlogisticated,  the  condensed  liquor  contains  a  little  acid, 
which  is  always  of  the  nitrous  kind  .  .  . ;  but  if  the  pro- 
portions be  such  that  the  burnt  air  is  almost  entirely 
phlogisticated,  the  condensed  liquor  is  not  at  all  acid,  but 
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seems  pure  water,  without  any  addition  whatever  ;  and  as. 
when  they  are  mixed  in  that  proportion,  very  little  air 
remains  after  the  explosion,  almost  the  whole  being  con- 
densed, it  follows  that  almost  the  whole  of  the  inflammable 
and  dephlogisticated  air  is  converted  into  pure  water '  (I.e. 
p.  133). 

Translated  into  modern  language,  this  state- 
ment would  be  taken  as  asserting  that  water  is 
formed  by  exploding  a  mixture  of  H  and  0  in 
proper  proportions.  It  is,  however,  worthy  of 
note  that  Cavendish  did  not  himself  interpret 
his  experimental  results  as  we  interpret  them 
to-day.  He  regarded  '  dephlogisticated  air ' 
[oxygen]  as  '  nothing  but  dephlogisticated  water, 
or  water  deprived  of  its  phlogiston.'  He  said: 
*  We  must  allow  .  .  .  that  inflammable  air  [hydro- 
gen] is  either  pure  phlogiston  ...  or  else  water 
united  to  phlogiston '  {I.e.  pp.  137,  140). 

The  formation  of  water  by  burning  H  and  0 
was  thought  of  by  Cavendish  as  the  restoration 
of  phlogiston  to  water  that  had  been  deprived 
of  this  principle.  '  Water,' he  said,  '  consists  of 
dephlogisticated  air  united  to  phlogiston.' 
Cavendish  evidently  thought  of  H  and  0  as  what 
we  might  now  call  forms  of  water ;  one  of  these 
was  water  with  too  httle  phlogiston,  and  the 
other  was  water  with  too  much  phlogiston  ;  the 
explosion  restored  the  phlogistic  balance,  and 
the  properties  of  water  were  apparent.  When 
Lavoisier  had  interpreted  Cavendish's  results, 
Cavendish  spoke  of  Lavoisier's  explanation  as 
an  hypothesis :  '  According  to  this  hypothesis 
we  must  suppose  that  water  consists  of  in- 
flammable air  united  to  dephlogisticated  air ' 
{I.e.  p.  150).  Cavendish  estabhshed  the  fact 
that  water  is  the  product  of  burning  a  mixture 
of  H  and  0  in  the  ratio  (approximately)  of  2 
vols.  H  to  1  vol.  0  ;  but  he  stated  this  fact  in 
language  that  no  longer  carries  a  definite  mean- 
ing with  it.  Lavoisier  added  to  the  experimental 
basis  whereon  the  fact  rested,  and  he  expressed 
the  fact  in  language  that  still  is  clear,  definite, 
and  descriptive. 

Formation. — 1.  By  the  direct  union  of  H 
and  0  by  igniting  a  mixture  of  these  elements. 
2.  By  deoxidising  metallic  oxides,  and  many 
other  compounds  that  contain  O,  by  heating 
with  H. — 3.  By  the  decomposition  of  many 
compounds  containing  H  and  O,  by  heat,  or  by 
reactions  with  other  substances. 

According  to  Freyer  a.  V.  Meyer  {B.  25,  622), 
a  mixture  of  H  and  0  in  the  ratio  2H:0  does 
not  explode  when  slowly  passed  through  a  glass 
tube  at  606°,  and  the  temperature  of  ignition  of 
the  wet,  gaseous  mixture  is  between  650°  and 
730°.  Askenasy  a.  V.  Meyer  {A.  269,  49)  found 
that  when  pure,  dry  electrolytic  gas  was  passed 
at  a  moderate  rate  through  a  glass  tube  heated 
to  518°,  only  c.  -7  to  1-7  mgms.  of  water  were 
produced  in  ten  hours ;  and  that  a  little  more 
water,  but  still  only  a  very  small  quantity  in 
proportion  to  the  total  quantity  of  H  and  0, 
was  formed  at  606°.  Experiments  made  to  de- 
termine the  relation  between  the  quantity  of 
water  formed  and  the  time  of  the  experiment 
showed  that  no  constant  relation  could  be  arrived 
at,  even  when  every  precaution  was  taken  to 
insure  equality  of  conditions;  the  irregular 
action  of  the  surfaces  of  the  vessels  was  probably 
the  cause  of  the  irregularities  in  the  results. 

Davy  {T.  1817)  found  that  electrolytic  gas  did 
not  explode  when  the  pressure  was  so  reduced 


that  the  gas  was  rarefied  to  i  of  its  ordinary 
density.  Thomas  (C.  /.  35,  215)  found  that  the 
gas  exploded  at  168  mm.  pressure.  L.  Meyer  a. 
Seubert  (C  J.  45,  586)  found  that  the  sparks 
from  a  Euhmkorff  coil  caused  the  combination 
of  c.  I  of  a  quantity  of  electrolytic  gas  at 
c.  70  mm.  pressure,  and  that  the  remainder 
combined  when  the  pressure  was  increased  until 
it  became  the  same  as  before  the  first  explosion ; 
this  result  is  in  keeping  with  Bunsen's  deter- 
minations of  the  quantity  of  oxygen  needed  to 
prevent  the  explosion  of  2H-I-0  {v.  M.  a.  S.,  I.e. 
p.  588).  Dixon  {T.  1884.  634)  noticed  that  elec- 
trolytic gas  did  not  explode  at  a  pressure  under 
70  mm.,  but  that  explosion  occurred  under 
75  mm.  pressure  (c/.  D.,  I.e.  p.  642). 

According  to  the  experiments  of  Dixon  {I.e.), 
'  the  union  of  oxygen  and  hydrogen  is  not 
affected  by  the  presence  or  absence  of  water  ' ; 
dry  electrolytic  gas  exploded  by  the  spark  at  a 
pressure  between  70  mm.  and  75  mm.,  and  the 
wet  gas  exploded  at  the  same  pressure. 

The  velocity  of  explosion  of  electrolytic  gas 
was  found  by  Berthelot  and  Vieille  (C.  R.  95, 
151)  to  be  2,810  metres  per  second  (c/.  Explo- 
sion, vol.  ii.  p.  530). 

Preparation. — Stas  {Chem.  Proport.  110) 
prepared  pure  water  as  follows.  When  large 
quantities  were  required,  spring-water  was  very 
slowly  distilled  through  a  long  copper  tube,  bent 
into  zigzag  form,  completely  filled  with  pure 
copper  turnings  that  had  been  oxidised  by 
strongly  heating  in  0,  the  copper  tube  being 
surrounded  by  alumina  and  sand,  and  heated  to 
full  redness  ;  the  distillate  was  then  distilled  in 
an  apparatus  of  platinum. 

The  second  method  recommended  by  Stas, 
especially  when  comparatively  small  quantities 
of  pure  water  are  required,  is  based  upon  de- 
stroying the  organic  matter  in  distilled  water 
by  the  action  of  K  manganate  and  permanganate. 
The  process  is  described  by  Stas  as  follows  : — 

I  prepared  potassium  manganate  by  reacting  on  man- 
ganese oxide  with  caustic  potash  and  potassium  chlorate. 
I  shook  up  the  powdered  product  with  water,  just  sufficient 
to  dissolve  the  manganate  that  had  been  formed,  and 
allowed  the  mixture  to  settle  in  a  closed  vessel.  I  then 
added  4  or  5  p.c.  of  the  clear,  dark-green  solution  to  the 
spring  water  which  was  to  be  distilled,  and  allowed  the 
components  of  this  mixture  to  react  for  24  hours.  I  then 
poured  into  the  distillation  vessel  one  or  two  litres  of  tlie 
cone,  solution  of  potassium  manganate  that  had  been  mixed 
with  an  equal  volume  of  cone,  caustic  potash  solution  ; 
this  solution  of  potash  was  sufficiently  cone,  to  mttke  the 
salt  so  stable  that  its  dilute  solution  could  be  heated  for  a 
long  time  without  decomposition.  I  then  filled  the  dis- 
tillation vessel  to  c.  -f^  with  the  water  which  had  been  in 
contact  with  the  potassium  manganate,  and  distilled  in  the 
ordiuaiy  way.  When  boiling  began  I  moderated  the  heat, 
in  order  to  prevent  the  liquid,  which  frothed  much  for 
some  minutes,  from  passing  over.  When  the  frothing  has 
stopped,  the  water  may  be  boiled  rapidly  without  the  least 
inconvenience.  When  of  the  water  has  distilled  over, 
that  which  then  distils  is  completely  free  from  organic 
substances,  and  also  from  mineral  substances,  if  the  upper 
part  of  the  distillation  vessel  is  furnished  with  diaphragms 
to  hold  back  the  extremely  smaU  drops  that  are  always 
carried  forward  when  a  liqiud  is  boiled  vigorously. 

Stas  says  that  water  thus  prepared  is  perfectly 
free  from  organic  matter.  When  he  wished  to  ob- 
tain water  absolutely  free  from  any  form  of  solid 
matter,  Stas  re-distilled  the  water  that  had  been 
l^urified  as  described  above,  using  as  condenser  a 
long  tube  of  platinum  soldered  with  gold.  It 
is  advisable  to  distil  the  water  just  before  it  is 
to  be  used. 
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On  one  occasion  Stas  used  rain-water  instead 
of  well-water,  and  he  found  distinct  quantities 
of  ammonia  in  the  distilled  water  thus  prepared. 
To  remove  this  he  recommends  to  re-distil  with 
part  of  NaHSO,  or  KHSO.,. 

Composition  of  water. — The  gravimetric  com- 
position of  water  was  determined  by  Berzelius 
a.  Dulong  [A.  CJi.  [2]  15,  86)  and  by  Dumas 
{A.  Ch.  [3]  8,  189)  by  passing  pure  H  over  a 
weighed  quantity  of  red-hot  CuO,  and  weighing 
the  water  produced  and  the  copper  which  re- 
mained. The  results  gave  the  ratio  H:0  =  1:8 
(B.  a.  D.)  and  1:7-98  (D.).  An  extended  series  of 
measurements  by  the  same  method,  with  many 
precautions,  by  Dittmar  a.  Henderson  (C.  N.67, 
127,  139,  151,  1G4  [1893])  gave  the  ratio  H:0  = 
1:7-9327. 

Several  measurements  have  been  made  of 
the  proportion  by  volume  in  which  H  and  0 
combine  to  form  water.  Gay-Lussac  in  1805, 
and  Humboldt  in  1805  {A.  Ch.  53,  239),  found 
the  volumetric  ratio  of  H:0  to  be  2:1.  Morley, 
in  1891  (Am.  S.  [3]  41,  220,  276),  determined 
the  ratio  of  H:0  to  be  2-00023:1  by  directly 
measuring  the  volumes  of  the  gases.  In  1892 
Leduc  (C.  B.  116,  1248)  found  the  ratio  H:0  = 
2-0037:1,  from  determinations  of  the  relative 
densities  of  H,  O,  and  electrolytic  gas.  In  1893 
Scott  (T.  184,  543)  completed  a  most  carefully 
performed  series  of  syntheses  of  water  by  spark- 
iag  mixtures  of  H  and  O,  and  determined  the 
most  probable  value  of  the  volumetric  ratio 
H:0  to  be  2-00245:1. 

Properties. — Water  is  a  clear,  transparent, 
almost  colourless,  tasteless,  odourless  liquid.  A 
column  of  water  appears  slightly  blue  when 
looked  at  lengthwise.  Bunsen  (A.  72,  44) 
pointed  out  that  the  slight  blue  colour  of  water 
may  bo  observed  by  looking  at  a  shining  white 
object  through  a  column  of  water  2  metres  long, 
contained  in  a  tube  blackened  inside.  V.  Meyer 
(B.  15,  297)  recommends  to  join  five  wide,  thin- 
walled  glass  tubes,  c.  40  mm.  internal  diameter, 
and  each  c.  1^  metres  long,  by  wide  caoutchouc 
tubing,  and  thus  to  form  a  tube  e.  7|  metres 
long ;  to  lay  the  tube  perfectly  horizontal,  and 
to  close  the  end  by  smooth  glass  plates  held  in 
position  by  metallic  clasps  ;  then  to  cover  the 
tube  with  black  cloth.  On  looking  through  the 
tube  the  field  of  view  appears  quite  colourless, 
but  on  now  filling  the  tube  with  pure  water  (by 
means  of  brass  tubes  passing  through  the  metallic 
clasps)  a  deep-blue  colour  is  seen  on  looking 
through  the  column  of  water. 

The  hoiling-point  of  water  is  100^  under  the 
pressure  of  760  mm.  Zeuner  {Grundzilgc  dor 
mcchanisclicn  Wcirmethcorie,  Tab.  10  [1877]) 
gives  the  following  table,  showing  the  increase 
of  boiling-point  with  increase  of  pressure  : — 


Pressure 
in  atmos. 

1  . 

2  . 

3  . 

4  . 

5  . 

6  . 

7  . 


Boiling- 
point. 

100 

1-20-6 

133-91 

144 

152-22 

159-22 

165-34 


Pressure 
in  atmos. 

8  .  , 

9  . 

10  . 

11  . 

12  . 

13  . 

14  . 


Boiliug- 
point. 

170-81 
175-77 
180-31 
184-50 
188-41 
192-08 
195-53 


An  elaborate  table  is  given  by  Broch  {Trav. 
et  Mem.  du  Bureau  internat.  des  Poids  et  Mcs., 


1,  46  [1881])  based  on  Eegnault's  determinations  ; 
the  table  gives  the  b.p.  of  water  for  each  -1  mm. 
from  680  to  800  mm.  pressure.  (The  table  is 
given  in  Landolt  a.  Bornstein's  Pliysikalisch- 
Chemische  Tabellen  [Berlin,  1883],  pp.  47-49.) 

The  melting-point  of  ice  is  slightly  lowered 
by  pressure.  J.  Thomson  (T.  E.  16)  calculated 
that  the  m.p.  would  be  lowered  by  n  -0075°  for 
an  increase  of  n  atmospheres ;  W.  Thomson 
(P.  M.  [.3]  37,  123)  confirmed  this  calculation  by 
determining  the  m.p.  of  ice  at  8-1  and  16-8  atmos. 
Mousson  (A.  Ch.  [3]  56,  252)  kept  water  liquid 
at  —  5°  by  greatly  increasing  pressure,  and  he 
found  that  at  c.  13,000  atmos.  pressure  ice  melted 
at  -18°. 

The  specific  gravity  of  water  is  greater  at  4° 
than  at  any  other  temperature.  Exner  gives 
the  temperature  of  maximum  density  as  3-945° 
(older  determinations  are  tabulated  by  Exner, 
W.  A.  B.  68  (ii.),  463  [1873]).  The  following 
table,  showing  the  density  and  volume  of  water 
from  0°  to  100°,  is  given  by  Volkmann  (W.  14,. 
260  [1881]) ;  it  is  based  on  the  determinations 
of  Hagen,  Matthiessen,  Pierre,  Kopp,  and  Jolly  : 


Temp. 

Density  (in  vacuo') 
i.e.  wt.  of  1  c.c. 
water  in  grams. 

Volume  of  1  gram 
water  in  c.c. 

o 

0 

•999878 

1-000122 

1 

•999933 

1-000067 

2 

•999972 

1-000028 

3 

•999993 

1-000007 

4 

1-000000 

1-000000 

5 

•999992 

1-000008 

6 

•999969 

1-000031 

7 

•999933 

1-0000G7 

8 

•999882 

1-000118 

9 

■999819 

1-000181 

10 

•999739 

1-000261 

11 

•999650 

1-000350 

12 

•999544 

1-000456 

13 

•9994.30 

1-000570 

14 

•999297 

1-000703 

15 

•999154 

1-000847 

16 

■999004 

1-000997 

17 

•998839 

1-001162 

18 

•998663 

1-001339 

19 

•998475 

1-001527 

20 

•998272 

1^001731 

21 

•998065 

1^001939 

22 

■997849 

1^002156 

23 

■997623 

1-002.383 

24 

■997386 

1-002621 

25 

•997140 

1-002868 

30 

•99577 

1-00425 

35 

•99417 

1-00586 

40 

•99236 

1-00770 

45 

•99035 

1-00974 

50 

•98817 

1-01197 

55 

-98584 

1-01436 

60 

■98334 

1-01694 

65 

■98071 

1-01967 

70 

■97789 

1-02261 

75 

■97493 

1-02572 

80 

■97190 

1-02891 

85 

■96876 

1-03225 

90 

•96549 

1-03574 

95 

•96208 

1-03941 

100 

•95856 

1  04323 

862 
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Eossetti  (P.  Erganzbd.  5,  268  [1871])  gives 
the  densities  and  volumes  of  water  for  each 
degree  from  —10°  to  100°, referred  both  to  water 
-at  0°  and  to  water  at  4°  as  unity.  The  S.G.  of 
ice  is  c.  '916  at  0°  (water  at  0°  =  1)  ;  according 
to  recent  determinations  by  Zakrzevski  ( W.  47, 
155  [1893])  the  value  is  -916660. 

The  expansion  of  water  for  various  intervals 
■of  temperature  has  been  measured  by  various 
observers  ;  putting  V(  =  V,,  {l  +  at  +  bt-  +  ct"),  the 
following  values  are  given  by  Kopp  (P.  72,  1 
[1847]  -,  cf.  Pierre,  P.  86,  451 ;  Weidner,  P.  123, 
300 ;  Matthiessen,  P.  M.  [4]  31,  149  ;  Eossetti, 
T.  Erganzbd.  5,  258  ;  Hirn,  A.  Ch.  [4]  10,  32) : 
Temp.  a 
0°  to  25°         -  -000061045 
25°  to  50°  --000065415 
50°  to  75°  --00005916 
75°  to  100°       - -00008645 

For  the  expansion  of  water  above  100°  v. 
Mendeleeff  (4.  119,  1). 

As  water  freezes  it  expands  by  c. 
volume ;  one  volume  of  water  at  0°  becoming 
1-09082  volumes  of  ice  at  0°.  It  expands  when 
heated  at  temperatures  below  0° ;  Zakrzevski  ( W. 
47,  155)  gives  the  co-efficient  of  expansion 
-000077  (v.  also  Brunner,  P.  64,  116  ;  Struve,  P. 
66,  298;  Marchand,  J.  pr.  35,  254). 

The  compressibility  of  water  is  small. 
Eontgen  a.  Schneider  (W.  33,  644)  give  the 
absolute  compressibility  at  17-95°  as  -0000462 
per  atmosphere  of  pressure  {v.  also  Eamsay  a. 
Young,  T.  1892 ;  and  cf.  Grassi,  A.  Ch.  [3]  31, 
437  ;  and  Eankine,  P.  M.  [4]  1,  548  ;  also  Amaury 
a.  Descamps,  C.  B.  68,  1664;  and  Cailletet, 
G.  B.  75,  77). 

A  table  showing  the  volume  of  1  kilo,  of 


saturated  water  vapour  and  the  weight  (in 
kilos.)  of  1  c.  metre  of  the  vapour,  at  tempera- 
tures from  0°  to  200°,  is  given  by  Zeuner  (v. 
Landolt  a.  Bornstein's  Physikalisch-cheviische 
Tabellen  [Berhn,  1883],  p.  53;  cf.  Dieterici, 
W.  38,  1).  According  to  Dieterici  (I.e.)  water 
vapour  saturated  ai  0°  behaves  like  a  perfect 
gas. 

The  vapour  pressure  of  water  varies  from 
1-0288  mm.  at  - 19°  to  20926-4  mm.  at  230°  ;  for 
complete  tables  calculated  from  Eegnault's  deter- 
minations v.  Landolt  a.  Bornstein's  Physikalisch- 
chemische  Tabellen  [Berlin,  188,3]  pp.  40-46  (the 
vapour  pressure  is  given  for  each  -1°  from  —19° 

h  c 
-0000077183       - -00000003734 
■0000077587  --000000035408 
•0000031849  -0000000072848 
-0000031892  -0000000024487 

to  101°,  and  for  each  1°  from  101°  to  230°). 
Eamsay  a.  Young  (T.  1892)  give  a  table  of  the 
vapour  pressures  of  water  up  to  270°.  In  con- 
nection with  the  vapour  pressures  of  water  and 
ice,  V.  E.  a.  Y.  (T.  1884.  470).  For  an  expression 
representing  the  vapour  pressure  of  water  at  any 
temperature  up  to  325°,  v.  Antoine  (C  B.  113, 
328). 

The  spec,  heat  of  water  increases  as  tempera- 
ture rises  ;  the  quantity  of  heat  required  to  raise 
1  g.  of  water  from  t°  to  t°  +  1  is  taken  as  unity 
in  determinations  of  the  spec,  heats  of  other 
substances.  The  following  table  presents  the 
data  for  S.H.  of  water  at  intervals  of  10°  from  0° 
to  230°  (the  memoirs  by  the  different  observers 
are  :  Eegnault,  Acad.  21,  729  [1847] ;  Jamin  a. 
Amaury,  C.  B.  70,  661  [1870];  Bosscha,  P. 
Jubelbd.  549  [1874]  ;  von  Miinchhausen,  W.  1, 


(air 
therm.) 

Eegnault 

Jamin  a. 
Amaury 

Bosscha 

V.  Miinchhausen 

Henriohsen 

Baumgartner 

0° 

1-0000 

1-0000 

1-0000 

1-0000 

1-0000 

1-0000 

10 

1-0005 

1-0111 

1-0022 

1-0043 

1-0036 

1-0031 

20 

1-0012 

1-0225 

1-0044 

1-0085 

1-0079 

1-0061 

30 

1-00-20 

1-0341 

1-0066 

1-0128 

1-0131 

1-0092 

40 

1-0030 

1-0459 

1-0088 

1-0170 

1-0191 

1-0123 

50 

1-0042 

1-0580 

1-0110 

1-0213 

1-0259 

1-0154 

60 

1-0056 

1-0703 

1-0132 

1-0255 

1-0335 

1-0184 

70 

1-0072 

1-0829 

1-0154 

1-0298 

1-0419 

1-0215 

80 

1-0090 

1-0957 

1-0176 

1-0340 

1-0511 

1-0246 

90 

1-0109 

1-1087 

1-0198 

1-0383 

1-0612 

1-0276 

100 

1-0130 

1-1220 

1-0220 

1-0425 

1-0720 

1-0307 

110 

1-0153 

1-1355 

1-0242 

1-0468 

1-0837 

1-0338 

120 

1-0177 

1-1493 

1-0264 

1-0510 

1-0961 

1-0368 

130 

1-0204 

1-1632 

1-0286 

1-0553 

1-1094 

1-0399 

140 

1-0232 

1-1775 

1-0308 

1-0595 

1-1235 

1-0430 

150 

1-0262 

1-1920 

1-0330 

1-0638 

1-1384 

1-0461 

160 

1-0294 

1-2067 

1-0352 

1-0680 

1-1540 

1-0491 

170 

1-0328 

1-2217 

1-0374 

1-07-23 

1-1706 

1-0522 

180 

1-0364 

1-2369 

1-0396 

1-0765 

1-1879 

1-0553 

190 

1-0401 

1-2523 

1-0418 

1-0808 

1-2060 

1-0583 

200 

1-0440 

1-2680 

1-0440 

1-0850 

1-2249 

1-0614 

210 

1-0481 

1-2839 

1-0462 

1-0893 

1-2447 

1-0645 

220 

1-0524 

1-3001 

1-0484 

1-0935 

1-2652 

1-0675 

230 

1-0566 

1-3165 

1-0506 

1-0978 

1-2866 

1-0706 
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592  ;  10,  284  [1877  and  1880] ;  Henrichsen,  W.  8, 
83  [1879]  ;  Baumgartner,  W.  8,  6i8  [1879]). 

The  following  values  for  S.H.  of  water,  from 
0"  to  35°,  are  given  by  Bartoli  a.  Stracciati 
{A.  Ch.  [6]  29,  285) ;  the  values  in  the  column 
'  calculated  '  were  obtained  by  using  the  formula : 

S.H.    =  1-006630 

•0005939624 
+  -0000043386504- 
+  -0000004255204' 

•0000000028194* 

The  unit  is  the  quantity  of  heat  given  out  by 
1  gram  water  at  15'^  in  cooling  to  14°. 


o.xl.  caicci. 

S.H.  observed. 

0° 

1^006630 

1-00664 

1 

1-006041 

1-00601 

2 

1^005463 

1-00543 

3 

1-004898 

1-00489 

4 

1-004350 

1-00435 

5 

1-003820 

1-00383 

6 

1-003307 

1-00331 

7 

1-002824 

1-00283 

8 

1-002362 

1-00233 

9 

1-001927 

1-00190 

10 

1-001522 

1-00149 

11 

1-001146 

1-00111 

12 

1-00080 

1-00078 

13 

1-000496 

1-00048 

14 

1-000224 

1-00023 

15 

0-999990 

1-00000 

16 

0-999795 

0-99983 

17 

0-999642 

0-99968 

18 

0-999530 

0-99959 

19 

0-999462 

0-99951 

20 

0-999439 

0-99947 

21 

0-999463 

0-99950 

22 

0-999533 

0-99955 

23 

0-999652 

0-99964 

24 

0-999821 

0-99983 

25 

1-000040 

1-00005 

26 

1-000311 

1-00031 

27 

1-000633 

1-00064 

28 

1-000967 

1-00098 

29 

1-001438 

1-00143 

30 

1-001921 

1-00187 

31 

1-002459 

1-00241 

32 

1-003054 

33 

1-003668 

34 

1-004408 

35 

1-005170 

The  S.H.  of  ice  is  considerably  less  than  that  of 
water  ;  Eegnault's  determinations  gave  -474  be- 
tween —  75°  and  0°;  the  determinations  of 
Person  a.  Desains  gave  -504  between  —  20°  and 
0° ;  Ramsay  a.  Young  (T.  1884.  475)  give  the 
value  -5  as  the  mean  of  various  experiments. 
S.H.  of  water  gas  at  100°  is  given  by  Strecker 
( W.  17,  85)  as  -37  referred  to  an  equal  weight  of 
water  =  1,  and  1-36  referred  to  an  equal  volume  of 
S  H  D 

air  =  1 ;  the  ratio  ^'       given   by   S.  is  1-4, 
S.H.v.  ^ 

Jaeger  {W.  36,  165  [1889]  gave  the  value  1-33  to 
this  ratio,  and  Cohen  {W.  37,  628  [1889])  gave 
the  value  1-287  for  the  temperature  interval 
144°  to  300°. 

The  heat  of  vaporisation  of  water — i.e.  the 
quantity  of  heat  required  to  convert  1  g.  of 
water  at  100°  into  steam  at  100°— is  535-77 


gram-units,  according  to  Favre  a.  Silbermann 
(A.  Ch  [3]  37,  461).  The  following  values  are 
given  for  the  heat  required  to  convert  1  g.  of 
water  at  4°  completely  into  water  vapour ; 
606-5  when  4  =  0°,  637  when  4  =  100°,  676-6  when 
4  =  230°  (Eegnault,  Acad.  21,  035);  Dieteriei 
W.  38,  1)  gives  596-8  when  4  =  0°;  Eegnault 
I.e.)  gives  the  formula  A  =  A-)-B4  for  the  total 
heat  of  vaporisation  of  water  at  different  tem- 
peratures, and  gives  the  values  A  =  000-5,  B  = 
•305. 

According  to  Sakurai  (C.  J.  61,  495  [1892]), 
'  the  temperature  of  the  steam  escaping  from  a 
boiling  salt  solution  is  exactly  the  same  as  that 
of  the  solution.'  < 

The  heat  of  ficsion  of  ice,  i.e.  the  quantity  of 
heat  required  to  convert  1  g.  of  ice  at  4°  into 
1  g.  of  water  at  4°  is  given  as  follows  by 
different  observers  (the  values  are  in  gram-units 
of  heat):— 79-24  and 79-06  when  4°  =  0°(Begnault, 
A.  Ch.  [3]  8,  19) ;  79-25  when  4  =  0°,  74-2  when 
4  =  - 10°,  80-02  when  4  varies  from  -  2°  to  -  21° 
(Person,  A.  Ch.  [3]  21,  295  ;  30,  73) ;  77-85  at 
-2-8°,  76-75  at -4-995°,  76-11  at -0-28°,  76-0 
at -6-5°  (Pettersson,  J.  pr.  [2]  24,  129). 

The  thermal  conductivity  of  water,  from  10°  to 
18°,  was  determined  by  Winkelmann  (P.  153,  481) 
to  be  -154 ;  Bottomley  (Pf.  31, 300)  obtained  nearly 
the  same  value  ;  this  figure  means  that  heat 
sufficient  to  raise  -154  mgm.  water  from  0°  to  1° 
passes  per  second  through  a  layer  of  water  1  mm. 
thick  and  1  sq.  mm.  area,  when  the  difference 
between  the  temperatures  of  the  two  surfaces  of 
the  layer  is  maintained  at  1°.  For  electrical 
conductivity  of  water  v.  Reactions,  No.  2. 

The  refractive  indices  of  water  at  different 
temperatures,  and  for  different  lights  of  deter- 
minate wave-lengths,  have  been  measured  by 
many  observers.  The  following  values  have 
been  found  for  mh,.  :  1-33120  at  19-9°,  1-33091 
at  23-7°,  1-33050  at  26°  (Briihl,  B.  24,  644).  For 
detailed  tabulation  of  the  results  obtained  by 
Fraiinhofer,  van  der  Willingen,  Bailie,  Damien, 
Landolt,  Wiillner,  and  Eiihlmann,  v.  Landolt 
a.  Bernstein's  PJiysikalisch-Chemischc  Tabellen 
[Berlin,  1883]  205;  cf.  also  Perkin  (C.  /.  61, 
293),  who  gives  values  for  /x  for  the  lines  A  C  D 
and  F,  at  15°  and  83-7°. 

Observations  have  been  made  on  the  absorp- 
tion spectrum  of  water  and  water-gas,  but  the 
matter  has  not  been  thoroughly  investigated  (v. 
Vogel,  P.  156,326;  .Jansen,       A.  1806.  11). 

Water  crystallises,  as  ice,  in  rhombohedral 
forms  ;  snow  is  generally  found  crystallised  in 
six-sided  stars  derived  from  six-sided  prisms. 

Molecular  weight  of  liquid  water.  Several 
observations  have  been  made  which  tend  to 
show  that  the  molecular  weight  of  liquid  water 
is  greater  than  18.  Paterno  (B.  21,  3180),  from 
measurements  of  the  lowering  of  the  freezing- 
point  of  water  dissolved  in  acetic  acid,  con- 
cluded that  the  mol.  w.  might  be  18,  or  might 
perhaps  be  30.  From  the  depression  of  the 
freezing-point  of  paratoluidine  by  water  dissolved 
therein,  Eykmau  {Z.  P.  C.  4,  510)  concluded 
that  the  mol.  w.  of  liquid  water  is  pi-obably  36, 
and  this  conclusion  was  strengthened  by  Walker's 
experiments  on  the  connection  between  heats  of 
fusion  and  solubility  (Z.  P.  C.  5,  194).  From 
measurements  of  the  surface  tension  of  water 
Eamsay  and  Shields  (C.  J.  63,  1089  [1893])  con- 
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elude  that  the  mol.  w.  of  liquid  water  is  pro- 
bably 72  at  the  ordinary  temperature. 

Reactions. —1.  In  i847  Grove  (T.  1847.  1) 
Bbowed  that  water  was  decomposed  into  H  and 

0  by  heat.  Grove  formed  a  little  ball  on  the 
end  of  a  Pt  wire,  by  fusing  the  Pt,  heated  the 
globule  of  Pt  to  whiteness  by  an  electric  current, 
and  plunged  it  into  a  little  air-free  water,  nearly 
boiling,  in  a  small  basin,  with  a  test  tube  full 
of  air-free  water  arranged  to  collect  any  gas 
that  might  come  off.  Deville  (C.  B.  56,  195, 
322  [1863])  found  that  H  and  O  were  given  off 
in  considerable  quantities  when  molten  Pt  was 
plunged  under  water.  D.  noticed  no  decompo- 
sition wheti  steam  was  passed  through  a  Pt  tube 
heated  to  bright  redness,  but  by  passing  a  cur- 
rent of  an  indifferent  gas,  such  as  CO,,  through  the 
hot  tube,  and  thus  sweeping  away  the  products 
of  decomposition,  H  and  0  were  obtained. — 
2.  Water  is  scarcely  decomposed  by  an  electric 
current.  Kohlrausch  found  the  electrical  con- 
ductivity of  the  purest  water  he  could  obtain  by 
distillation  in  vacuo  to  be  2-5  x  10""  in  G.G.S. 
units,  or  c.  72  billionths  of  the  conductivity  of 
Hg  [P.  M.  [5]  18,  542).  By  calculations  based 
on  this  result,  Ostwald  concluded  that  in  a  litre 
of  pure  water  the  weight  of  water  dissociated 
into  H  and  OH  ions,  expressed  in  gram-molecules, 
is  -6  X  10-«  (Z.  P.  C.  11,  521).  By  other  methods 
of  calculation,  based  on  other  data,  Ostwald  ar- 
rived at  the  value  -2  to  -9  x  10""  for  what  has 
been  called  the  dissociation  constant  of  water 
(Z.  P.  C.  11,  521) ;  Wijs,  by  calculations  based 
on  the  hydrolysis  of  methyl  acetate,  obtained  the 
values  -1  X  10-'^  (Z.  P.  C.  11,  492),  and  -14  x  10"'' 
(ibid.  12,  514)  ;  Arrhenius  obtained  the  value 
•1125  X  10-"  {ibid.  11,  827) ;  and  Bredig,  the 
value  '6  x  10""  {ibid.  11,  829).  Later  experi- 
ments on  the  conductivity  of  water  by  Kohlrausch 
a.  Heydweiller  {Z.  P.  C.  14,  316  [1894])  with  water 
that  had  been  distilled  i7i  vacuo  ten  years  ago, 
had  then  stood  in  a  vessel  filled  with  water,  and 
been  again  distilled  in  vacuo,  gave  the  following 
results  : — conductivity  (Hg  =  1)  -014  at  0°,  -04  at 
18°,  -058  at  25°,  -089  at  34°,  -176 ;  all  these  to  be 
multiplied  by  10"'°.  K.  a.  H.  say  that  1  mm.  of 
this  water  at  0°  had  a  resistance  =  that  of  40 
million  kilometres  of  Cu  wire  of  the  same  area. 
K.  a.  H.  calculate  that  in  1  litre  of  the  purest 
water  at  18°  there  is '00008  mgm.  H  as  free  ions, 
and  '000105  mgm.  at  25°. — 3.  Steam  is  decom- 
posed by  electric  sjpay-ks  ;  for  conditions  and 
details  of  results  v.  Thomson  (Pr.  53,  90). 

The  reactions  of  water  are  so  many  that  an 
approximate  classification  of  them  into  groups 
is  all  that  can  be  attempted  here. — 4.  Many 
metals  react  with  water,  at  temperatures  varying 
from  the  ordinary  to  a  full  red  heat,  forming 
oxides  or  hydroxides  and  giving  off  H.  The  fol- 
lowing metals  decompose  cold  water :  Ba,  Cs,  Ca, 
(Ce  ?),  (La  ?),  Li,  K,  Rb,  Na,  Sr.  Al,  Fe,  Pb,  Mg, 
(?  Mn),  Mo,  Ti  react  ate.  100°  ;  and  most  of  the 
other  metals  at  temperatures  from  c.  100°  to  a 
full  red  heat. — 5.  Many  non-metals  react,  gene- 
rally slowly,  with  water,  forming  acids  and  giving 
off  O.  F  rapidly  decomposes  water  at  the  ordi- 
nary temperature  ;  01  reacts  slowly  at  the  ordi- 
nary temperature,  and  somewhat  more  rapidly 
at  a  red  heat ;  Br  reacts  more  slowly  than  CI ; 

1  has  probably  a  very  slight  (?any)  action.  S 
and  P  react  slowly  at  100°  ;  Se  is  said  not  to 


decompose  water  at  160°.  Carbon  gives  off  H  at 
a  red  heat.  Boron  acts  like  a  metal,  giving  off 
Hat  a  red  heat. — 6.  Many  haloid  compounds  react 
with  water,  giving  oxyhaloid  compounds  or 
oxides,  and  haloid  acids. — 7.  Some  metallic  sul- 
phides react  with  steam  to  form  oxides  and  HjS. 
8.  A  few  of  the  lower  oxides  decompose  water ; 
e.g.  Cr0..r-H,,0  at  the  ordinary  temperature,  and 
CO  at  c.  600°. — 9.  Water  reacts  with  many 
oxides  to  form  hydroxides  which  are  either  basic 
or  acidic ;  in  some  cases  hydrates  are  formed. 
Hydrates  of  various  salts  are  also  produced  by 
combining  the  salts  with  water  {v.  Hydrates, 
vol.  ii.  p.  703  ;  cf.  Hydroxides,  vol.  ii.  p.  733). — 
10.  Water  dissolves  very  many  compounds  of 
the  most  different  properties  {v.  Solutions,  vol. 
iv.  p.  484). 

Small  quantities  of  water  often  bring  about 
chemical  changes  that  do  not  occur  when  the 
substances  are  perfectly  dry ;  for  instance,  a 
mixture  of  dry  CO  and  0  is  not  exploded  by 
sparks,  but  a  trace  of  water  suffices  to  start  the 
change  {v.  Baker,  C.  J.  65,  611  [1894]). 

The  acidic  and  basic  characters  of  water  are 
so  nearly  balanced  that  the  compound  cannot  be 
classed  among  either  acids  or  basic  bodies.  The 
chemical  relations  of  water  to  the  compounds 
formed  by  reactions  between  it  and  other  sub- 
stances are  determined  chiefly  by  the  chemical 
characters  of  the  substances  that  react  with  it ; 
thus  the  relations  of  HOH  to  M3;(0H)j„  formed 
by  the  interaction  of  water  and  metals,  are  those 
of  an  acid  to  its  salts,  whereas  the  relations  of 
HOH  to  HX,  formed  by  the  interactions  of  water 
and  non-metals,  are  those  of  a  basic  hydroxide  to 
salts  derived  therefrom.  The  relations  between 
both  classes  of  derivatives  of  water  and  the 
parent  compound  are  sometimes  expressed  by 
saying  that  the  compounds  belong  to  the  water 
type  (v.  Types,  vol.  iv.  p.  811).    M.  M.  P.  M. 

WAX.  A  term  applied  to  various  natural 
solids  more  or  less  resembling  bees'-wax.  They 
are  compound  ethers,  but  differ  from  fats  in 
yielding  monovalent  alcohols  and  not  glycerin 
on  saponification.  They  melt  below  100°,  are 
insol.  water,  si.  sol.  or  insol.  alcohol,  and  sol. 
ether.    They  are  not  volatile. 

Bees'-wax.  [64°].  S.G.  -965.  Consists  of 
a  portion  (about  5  p.c.)  soluble  in  alcohol  (cerin) 
and  a  portion  insoluble  in  alcohol  (myricin). 
Myricin  is  myricyl  palmitate  (Brodie,  A.  67, 
180;  71,  144).  Cerin  is  chiefly  composed  of 
cerotic  acid  ;  but  it  contains  small  quantities  of 
melissic  aoid  C^„llg„0„  [90°],  and  an  acid  melting 
at  73°  (Schalfejeff,  B.  9,  278,  1688  ;  Nafzger,  A. 
224,  246).  There  is  also  present  one  or  more 
acids  whose  lead  salts  dissolve  in  ether  and 
whose  Ba  salts  dissolve  in  alcohol,  and  which 
therefore  probably  belong  to  the  oleic  series. 
Myricin  may  be  saponified  by  alcoholic  potash, 
and  the  myricyl  alcohol  separated  from  potas- 
sium palmitate  by  extraction  with  ligroin.  Crude 
myricin  yields  CCl,  and  C^Cl,;  when  heated  with 
I  and  excess  of  SbCl^  at  400°  (Hartmann,  B. 
24, 1022).  Bees'-wax  contains  two  hydrocarbons, 
one  of  which  [60°]  (c.  275°  at  11  mm.)  is  pro- 
bably ij-heptaicosane  Co-Hje,  and  the  other  [68°] 
(c.  300°  at  11  mm.)  w-hentriacontane  CjiH,;, 
(Schwalb,  A.  235,  106).  According  to  Schwalb, 
the  myricyl  alcohol  of  bees'-wax  has  the  formula 
CjiHg^O  [85°],  and  is  converted  by  heating  with 
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soda-lime  into  an  acid  C3|H„.,02  [89°],  which 
forms  a  methyl  ether  [71°]  and  an  ethyl  ether 
[70°].  Among  the  products  of  saponification  of 
bees'-wax,  ceryl  alcohol  CojHj^O  or  C^gHjjO,  and 
an  alcohol  Cj.HsoO  or  CjjHsaO  occur.  The  last- 
mentioned  alcohol  when  heated  with  soda-Ume 
gives  an  acid  C.-.H^^O,  or  C.-.H^Oj  [75-5°]. 

Carnaitba  wax  v.  vol.  i.  p.  710. 

Chinese  wax,  which  is  produced  by  an  insect, 
is  almost  entirely  composed  of  ceryl  cerotate 
(CjjHj.ja^H^aO,  (Brodie,  A.  67,  199). 

Cork  wax  v.  Cerin. 

Pine  wax  v.  Ceeopio  acid. 

Sugar-cane  wax  v.  Ceeosin. 

Japan  wax.  [42°-55°].  Obtained  in  the 
East  from  Rhus  succcdanea.  It  appears  to  be 
really  a  fat,  since  palmitin  is  its  chief  com- 
ponent. It  also  contains  the  ether  of  a  fatty 
acid  of  higher  melting-point  than  stearic  acid 
(Sthamer,  A.  43,  343;  Buri,  Ar.  Ph.  [3]  14, 
403). 

Wax  of  Ficus  gummiflua  of  Java  contains 
an  alcohol  CuHjuO  [73°],  v.  sol.  ether,  and  a 
small  quantity  (5  p.c.)  of  isoceryl  alcohol 
CjjHj.O,  si.  sol.  ether  (Kessel,  B,  11,  2112). 

Myrtle  wax.  [49°].  Got  by  boiling  the 
berries  of  3Ii/rica  cerifcra  of  North  America 
with  water  (Moore,  1862,  506).  Consists  of 
palmitic  and  some  lauric  acid  and  (20  p.c.  of) 
palmitin. 

Opium  wax.  Contains  ceryl  cerotate  and 
ceryl  palmitate  (Hesse,  B.  3,  637). 

Tobacco  wax.  Contains  C;„H,,„02  [63°],  insol. 
cold  alcohol,  sol.  ether  and  a  small  quantity  of 
C„oH,a,0.,  [64-5°],  si.  sol.  cold  ether  (Kisshng,  B. 
16,  2433). 

Coca  leaf  wax  (Hesse,  A.  271,  214).  The 
wax  from  Trujillo  coca  is  palmityl-(/3)-amyrin 
G.„H8„0,  [75°]  [a]]3  =  54-5°.  On  saponification  it 
yields  palmitic  acid  and  (/3)-amyrin  C.toHjuO 
[196°]  [a]D  =  94-2°,  which  yields  an  acetyl  deriva- 
tive [236°]  and  a  benzoyl  derivative  [228°]. 
The  wax  from  the  broad-leaved  coca  of  Peru 
and  Bolivia  melts  at  70° ;  contains  palmityl- 
((3)-amyrin  and  a  ketone,  (;3)-cerotinone  CjjHingO 
[66°],  m.  sol.  alcohol,  ether,  and  ligroin.  The 
wax  from  Java  coca  contains  the  same  sub- 
stances, and  also  some  ceryl  cerotate  and  ethers 
of  myristic  acid  and  of  oxyeerotic  acid  C^H.^Oj 
[82°],  which  is  v.  e.  sol.  hot  alcohol  and  ligroin, 
V.  si.  sol.  ether,  and  is  converted  by  Ac„0  at 
100°  into  cerotolic  acid  C,,H,,02  [70°]. 

WHEY-PROTEID  v.  Milk. 

"WINE  OIL.  Light  oil  of  wine.  An  oil  ob- 
tahied  in  the  preparation  of  ether  by  distilling 
alcohol  with  H^SO,.  The  ether  is  shaken  with 
milk  of  lime  and  fractionally  distilled,  the  suc- 
cessive fractions  being  ether,  alcohol,  and  wet 
alcohol.  Light  oil  of  wine  (-25  to  -5  p.c.  of  the 
alcohol  etherified)  rises  to  the  surface  when  the 
last  fraction  (90°-120°)  is  allowed  to  stand. 
When  dried  over  CaCl„  it  has  S.G.  m  -903. 
It  contains   0,^3.^   (157°),    EtOC,H„  (112°), 


Et.CO.C.H,,  (154°),  and  CH,.C0.C,H,3  (164°) 
(Hartwig,  J.  pr.  [2]  23,  449). 

Heavy  oil  of  wine,  which  passes  over  when 
the  temperature  is  raised  after  the  preparation 
of  ether,  consists  of  Et.,SO,  mixed  with  defines 
(Claesson,  J.pr.  [2]  19,259;  SeruUas,  4.  Ch.  ,2] 
39,  152). 

WINTERGREEN  OIL  contains  methyl  o-oxy- 
benzoate. 

WINTERENE  C.^H,,.  (260°-265°.)  S.G.  i3 
•934.  [a]j  11-2°  at  16°.  A  dextrorotatory  sesqui- 
terpene obtained  by  distilling  winterbark  (from 
Drymis  Winter'-Forster)  with  water  (Arata  a. 
Canzoneri,  G.  18,  527).  Coloured  green  by  Br 
in  CHCI3. 

WOOD  V.  LiGNONE. 

WOOD  GUM  V.  Xylan. 

WOOD  NAPHTHA  v.  Methyl  alcohol. 

WOOD  OIL.  Ourjun Balsam.  Flows  from  in- 
cisions in  the  stem  of  Dipterocarpits  costatus.  It 
contains  an  essential  oil,  which  gives  a  splendid 
violet  colour  when  its  solution  in  CS,_,  (20  pts.) 
is  treated  with  a  drop  of  a  cold  mixture  of  HNO^ 
and  H^SO.|.  The  same  reaction  is  exhibited  by 
the  balsam  itself,  and  also,  in  a  more  transient 
manner,  by  cod-liver  oil  and  copaiba  balsam 
(Pluckiger,  Ph.  [3]  7,  2).  The  essential  oil  con- 
sists chiefly  of  a  terpene  (255°)  (Werner,  /. 
1862,  461),  which  composes  65  p.c.  of  the  balsam 
(Guibourt,  J.  1876,  907).  The  resin  contains  a 
neutral  substance,  C.Jiffi^,  which  crystaUises 
from  light  petroleum  in  triclinic  prisms  [126°- 
130°]  ;  it  dissolves  in  cone.  H,SOj,  and  is  reppd. 
from  the  resulting  reddish  solution  by  adding 
water.  It  is  not  affected  by  potash-fusion 
(Pluckiger,  Ar.  Ph.  [3]  12,  58).  A  substance 
Co„H3„0.,  [129°]  is  described  by  Brix  (il/.  2,  516) 
as  ppd.  by  adding  water  to  an  alcoholic  extract 
of  wood  oil.  It  is  neutral  and  insol.  alkalis,  and 
yields  a  diacetyl  derivative  [75°] .  It  is  jjerhaps 
identical  with  the  compound  C^Hj^Oo.  Wood 
oil  also  contains  gurjunic  acid  C.,..H.,,64  [220°], 
which  crystallises  from  alcohol,  distils  with  de- 
composition at  260°,  and  forms  Ag,A". 

WOOD  SPIRIT  V.  Methyl  alcohol. 

WORMSEED  OIL.  Olcuvi  Cina.  Ob- 
tained by  steam-distillation  from  wormseed,  the 
flower-buds  of  Artemisia  Vahliana,  A.  Sieberi, 
and  A.  inculta  (Trommsdorff,  Tr.  N.  J.  3,  312  ; 
Volckel,  A.  38,  110  ;  87,  312 ;  Hirzel,  J.  1854, 
591;  1855,  655;  Kraut  a.  Wahlforss,  A.  128, 
293;  Faust  a.  Homeyer,  B.  7,  1429;  Hell  a. 
Bitter,  B.  17,  2609  ;  Wallach  a.  Brass,  A.  225, 
291).  It  consists  chiefly  of  cineol  C,„H,gO. 
Wormseed  (A.  Gallica)  also  contains  betaine  and 
choline  (Jahns,  B.  26,  1493). 

WRIGHTINE  C„H„N.  [122°].  Occurs  in 
the  juice  of  Wrightia  antidijscnterica  (Sten- 
house.  Ph.  [2]  5,  493;  Warnecke,  B.  19,  60). 
Needles  with  bitter  taste,  si.  sol.  water,  v.  sol. 
alcohol  and  ether.  Cone.  H.,S04  at  100°  gives  a 
dark-green  colour,  turned  dark  blue  by  adding 
water.  Wrightine  is  probably  identical  with 
couessine  (n.v.). 
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XANTHALINE. 


X 


[206°].  Occurs 
in  opium  (T.  a.  H.  Smith,  Ph.  [3]  23,  793). 
White  crystalline  powder,  insol.  water  and 
alkalis,  si.  sol.  hot  alcohol,  m.  sol.  benzene,  v.  e. 
sol.  chloroform.  Weak  base,  forming  yellow  salts 
from  which  it  is  ppd.  by  hot  water.  Cone. 
H„SO^  forms  a  deep-orange  solution,  from  which 
water  ppts.  the  sulphate  as  yellow  needles.  Hot 
HNOj  does  not  decompose  it.  Zinc  and  HjS04 
reduce  it  to  hydrosanthaline  Cj^HasN^O,,,  which 
forms  white  crystals  [137°],  nearly  insol.  water, 
V.  sol.  alcohol  and  benzene,  and  forms  easily 
soluble  crystalline  salts.  Hydroxanthaline  is 
coloured  deep-violet  by  H.SO.,  (even  free  from 
HNO3),  the  colour  being  destroyed  by  water,  but 
reproduced  by  H.SOj. — B'H.,Cl,,4aq  :  yellow 
needles.    Gives  off  all  its  acid  at  150°. 

TLh'STB.Km.H-E.v.  Ethyl  ether  ot  {3)-Thio- 

CAEBAMIC  ACID. 

XANTHATES.  The  salts  ES.CS.OEt  where 
E  is  a  metal ;  v.  Ethil  dithiocakbonate. 

XANTHIC  ACID  v.  Ethyl  dithiocabbonate. 
XANTHINE  CsH^NjO,  i.e. 

CO  nh'c=n/'^°-  ^^'^^'^^"^ 

152.  S.  -007  in  the  cold ;  -08  at  100°.  Occa- 
sionally found  in  urinary  calculi  (Marcet,  Essay 
on  Calculi,  London,  1819  ;  Liebig  a.  Wohler,  A. 
26,  340 ;  Lebon,  C.  B.  73,  47)  and  in  urinary 
deposits  (Bence  Jones,  C.  J.  15,  78).  Occurs  in 
small  quantity  in  the  urine  of  man,  in  the 
pancreas,  spleen,  and  liver  of  oxen,  in  the 
thymus  gland  of  the  calf,  in  muscle  of  mam- 
malia and  fishes  (Scherer,  A.  107,  314  ;  112, 
257  ;  Stadeler,  A.  Ill,  28;  116,  102;  Durr,  4. 
134,  45 ;  Kossel,  H.  6,  422),  in  some  kinds  of 
guano  (linger  a.  Phipson,  C.  N.  6,  16),  and  in 
yeast  (Sehindler,  H.  13,  432).  Occurs  also  in 
lupin  seeds  (Salomon,  1881,  1012 ;  Schulze 
a.  Barbieri,  J.pr.  [2]  27,  358),  in  pumpkin-seeds 
(E.  Schulze,  pr.  [2]  32,  457),  and  in  tea 
(Baginsky,  H.  8,  396). 

Formation. — 1.  By  the  action  of  nitrous  acid 
on  guanine  (Strecker,  A.  108,  141;  118,  151; 
131,  121 ;  Balke,  J.pr.  [2]  47,  542).— 2.  In  small 
quantity  by  heating  a  mixture  of  HOAc  and 
aqueous  HCy  (Gautier,  Bl.  [2]  42,  141). 

Preparation. — 1.  Separates  as  a  crystalline 
powder  when  NaNO,  (8  g.)  is  added  slowly  to  a 
solution  of  guanine  (10  g.)  in  HgSOj  (20  g.)  and 
water  (150  g.)  at  75°  (Fischer,  A.  215,  309).— 
2.  The  aqueous  extract  of  sprouting  lupin  seeds 
is  evaporated,  the  residue  treated  with  alcohol, 
and  the  alcoholic  filtrate  evaporated.  The 
residue  is  dissolved  in  water  and  AgNOj  and 
NH,  added.  The  gelatinous  pp.  is  dissolved  in 
hot  HNO3  (S.G.  1-1),  which  yields  on  cooling  a 
crystalline  compound  of  hypoxanthine  and  silver 
nitrate,  and  on  adding  NH,  to  the  filtrate  silver- 
xanthine  is  ppd.  (S.  a.  B.). — 3.  Urine  is  ppd. 
with  baryta-water  ;  the  filtrate  is  evaporated  to 
a  small  bulk  and  boiled  with  cuprio  acetate. 
The  pp.  is  dissolved  in  warm  nitric  acid  and 
ppd.  with  AgNOj ;  the  pp.  is  crystallised  from 
hot  diluted  HNO3,  treated  with  ammoniacal 
AgNOs,  decomposed  by  H2S,  and  the  solution 


evaporated. — 4.  A  solution  containing  xanthine 
is  treated  with  Fehling's  solution  and  hydroxyl- 
amine  hydrochloride,  and  the  ppd.  copper  com- 
pound decomposed  by  H._.S.  The  xanthine  may 
be  further  purified  by  preparing  its  lead  salt  and 
decomposing  this  with  H.,S  (Balke,  J.  pr.  [2]  47, 
552). 

Properties. — Small  scales  (by  evaporation) 
or  powder  composed  of  minute  globules,  nearly 
insol.  cold  water,  insol.  alcohol  and  ether.  V.  e. 
sol.  KOHAq  and  reppd.  by  CO.,  and  other  acids. 
Weak  base.  Does  not  form  an  acetate.  A  cold 
saturated  aqueous  solution  of  xanthine  gives 
white  pps.with  HgCL  and  AgNOj,  and  a  yellowish- 
green,  flocculent  pp.  with  hot  cupric  acetate. 
An  ammoniacal  solution  of  xanthine  is  ppd.  by 
HgCl,,  ZnCl,,  CdCl,,,  and  AgNOj.  Xanthine 
reduces  ammoniacal  cupric  chloride  (Drechsel, 
B.  25,  2454).  Xanthine  evaporated  with  nitric 
acid  leaves  a  yellow  residue  turned  orange  by 
KOH  (but  not  by  NHj),  the  colour  becoming 
violet-red  on  warming.  Solid  xanthine  added 
to  a  mixture  of  bleaching-powder  and  NaOHAq 
on  a  watch-glass  forms  a  dark-green  spot,  chan- 
ging to  brown  and  finally  disappearing.  Xanthine 
warmed  with  chlorine-water  and  a  trace  of 
HNO.,  as  long  as  gases  escape,  and  then  evapo- 
rated to  dryness,  yields  a  residue  which  is 
coloured  rose-red  by  gaseous  NH3  (Weidel,  A. 
158,  365  ;  Kossel,  E.  6,  426). 

Reactions. — 1.  Decomposed  above  150°,  giv- 
ing off  HCy,  NH3,  cyanogen,  and  CO,.— 2.  KCIO3 
and  HClAq  at  60°  form  urea  and  alloxan. — 

3.  Cone.  HClAq  at  230°  forms  glycocoll,  formic 
acid,  NH3,  and  CO.,  (E.  Schmidt,  A.  217,  311).— 

4.  NaOH  (2  mols.)  and  Pb(0Ac).2  form  a  lead 
salt  which,  if  dried  and  heated  with  Mel  at 
130°,  yields  theobromine  (Fischer). — 5.  Slowly 
attacked  by  XDure  HNO3,  the  gas  evolved  con- 
sisting of  nitrogen  (1  vol.),  CO.,  (4  vols.),  and 
N2O  (11  vols.)  (Franchimont,  B.'T.  C.  6,  223). 

Salts. — B'HCl.  Nodular  groups  of  silky 
needles. — B'H.,S04  aq.  Scales,  decomposed  by 
water.— B'BaH.,0.,.  SI.  sol.  water.— B',,Cu30.,. 
Formed  by  the  action  of  Fehling's  solution  and 
hydroxylamine  hydrochloride  (Balke). — B'AgjO. 
Yellowish-white  flocculent  pp.,  got  by  adding 
AgNOj  to  an  ammoniacal  solution  of  xanthine. 
Blackens  on  boiling. — NaC^HjN^Ojaq.  Minute 
needles. 

Bromo-xanthine  CsH-iBrNjOj.  Formed  by 
heating  xanthine  with  bromine  at  100°,  and 
also  by  the  action  of  nitrous  acid  on  bromo- 
guanine  (Fischer  a.  Keese,  A.  221,  343).  Crys- 
talline powder,  sol.  cone.  HClAq  and  HjSOj,  but 
reppd.  by  water;  si.  sol.  hot  water  and  hot 
alcohol ;  sol.  alkalis. 

Isoxanthine  C^HiNjO,  i.e. 

CO .NH.C.CH^^-   ^'o™ed  by  reducing  diazo- 

isonitroso-methyl-uracil  C5H5N5O4  with  SnClj 
and  HClAq  (Behrend,  A.  245,  223).  Needles 
(containing  ^aq),  si.  sol.  hot  water.  Dissolves 
in  Ac.^0  without  change.  On  evaporation  with 
HNOo  it  leaves  a  residue  coloured  orange  by 
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KOHAq.  Yields  C^H^BrNiOo  aq,  crystallising 
Irom  water  in  six-sided  tables. 

Pseudo-xanthine  C^H,N|0,_,.  A  product  of 
the  action  of  H.,S04  (2  pts.)  on  uric  acid  (1  pt.) 
at  120°  (Schuitzen  a.  Filehne,  B.  1,  150). 
Formed  also  by  the  action  of  nitrous  acid  on 
adenine  (Kossel,  H.  10,  258).  Powder,  si.  sol. 
water,  HClAq,  and  NH.,Aq,  v.  sol.  KOHAq.  Its 
aqueous  solution  is  acid  in  reaction,  and  on 
evaporation  with  HNO3  leaves  a  lemon-yellow 
residue,  which  is  turned  orange  on  warming 
with  KOHAq. 

The  name  pseudo-xanthine  is  also  given  by 
Gautier  {Bl.  [2]  48,  19)  to  a  substance  CjH.,N,6 
occurring  in  muscular  tissue.  This  is  a  yellow 
powder,  which  forms  a  very  soluble  hydro- 
chloride. Its  aqueous  solution  is  ppd.  by  HgCL, 
AgNO.,,  and  ammoniacal  Fb(OAc)o,  but  not  by 
Pb(OAc)._..  This  pseudo-xanthine  also  gives  an 
orange  colour  when  the  residue,  after  evapora- 
tion with  HNO3,  is  treated  with  potash. 

Paraxanthine  C;H„NjO,,.  [c.  284°].  Occurs 
in  human  urine  (Salomon,  B.  16, 195  ;  18,  340(5 ; 
H.  13,  187  ;  Thudichum,  H.  11,  415  ;  Kossel, 
H.  13,  302).  Silky  needles  or  monoclinic  tables, 
insol.  alcohol  and  ether,  si.  sol.  cold  water,  v.  sol. 
hot  water.  Sol.  NH.jAq  and  HClAq.  Poisonous, 
acting  like  caffeine  and  theobromine.  AgNO^ 
added  to  its  solution  in  HNO.,  or  NH.,Aq  gives  a 
gelatinous  or  flocculent  pp.  Picric  acid  forms  a 
yellow  crystalline  pp.  when  added  to  its  solution 
in  HClAq.  Gives  a  red  colour  (like  xanthine) 
when  the  residue  after  evaporation  with  chlorine- 
water  is  exposed  to  gaseous  NHj.  Does  not 
give  an  orange  colour  when  KOHAq  is  added  to 
the  residue  after  evaporation  with  HNO3.  Cone. 
NaOHAq  forms  a  crystalline  salt.  KOHAq 
does  the  same.  A  solution  of  paraxanthine  is 
25pd.  by  Cu(OAc)..,  phosphotungstic  acid,  HgCL, 
and  ammoniacal  lead  subacetate,  but  not  by 
mercuric  nitrate. 

Heteroxanthine  C^H^NjO.,.  Occurs  in  urine 
of  men  and  dogs  (Salomon,  B.  18,  3407  ;  H.  11, 
412).  Amorphous  powder,  v.  si.  sol.  cold  water, 
sol.  NH.Aq,  insol.  alcohol  and  ether.  Its  solu- 
tion in  HClAq  is  not  ppd.  by  picric  acid.  AgNO;,, 
HgCL,  Cu(OAc)o,  and  ammoniacal  lead  sub- 
acetate  give  pps.  When  evaporated  with  chlorine- 
water  and  HNO.,  it  leaves  a  residue  which  is 
■coloured  red  by  gaseous  NH,„  the  colour  chan- 
ging to  blue  on  addition  of  NaOHAq.  NaOHAq 
forms  a  salt  crystallising  in  tables,  v.  sol.  water, 
si.  sol.  NaOHAq.  The  hydrochloride  forms  spa- 
ringly soluble  crystalline  aggregates,  which  lose 
HCl  on  treatment  with  water. 

Hypoxanthine  v.  vol.  ii.  p.  745. 

XANTHININE  C.HjNjO,.  S.  -0025  in  the 
■cold  ;  -025  at  100°.  Formed"  by  heating  ammo- 
nium thionurate  at  200°  (Finck,  A.  132,  298). 
Got  also  by  heating  pseirdo-urie  acid  with  H„SO,, 
at  150°  (Grimaux,  Bl.  [2]  31,  535).  White 
powder,  nearly  insol.  water,  sol.  NHjAq,  forming 
a  solution  with  blue  fluorescence.  Its  solution 
gives  a  white  pp.  with  HgClj  and  a  yellow  pp. 
with  AgNOj.  Not  attacked  by  HNO3.  Sol. 
KOHAq  and  reppd.  by  CO.,.  Sol.  cone.  H.SO,, 
forming  a  laminar  sulphate,  decomposed  by 
water  with  separation  of  santhinine. — BAg^O. 
Bulky  yellow  pp.,  got  by  pouring  an  ammoniacal 
solution  of  xanthinine  into  excess  of  aqueous 
AgNO,. 


XANTHOCHELIDONIC  ACID  v.  Chelidonic 

ACID. 

XANTHOCREATININE  v.  Ceeatinine  and 
Ledcomaines. 

XANTHOGALLOL  C,sH,Br,^Os  i.e. 

C,  tLBr,0<g;g^|g^JJ>0  (?).   [122°].  Formed 

by  adding  pyrogallol  (1  pt.)  to  bromine  (10  pts.), 
leaving  the  mixture  to  stand  for  two  hours,  and 
then  shaking  with  water  and  heating  (Stenhouse 
a.  Groves,  C.  J.  28,  1  ;  A.  177,  191  ;  179,  237; 
Theurer,  A.  245,  334).  Tri-bromo-pyrogallol  is 
an  intermediate  body  in  its  preparation.  Yellow 

'  laminffi  (from  CS,,  and  ligroin),  v.  sol.  ether  and 
CS.,,  m.  sol.  ligroin.  Decomposed  by  boiling 
with  water  or  alcohol.  Very  stable  towards  oxid- 
ising agents,  even  crystallising  unaltered  from 
cone.  HNO3.  Not  reduced  by  sodium-amalgam 
or  by  zinc  and  dilute  H.SO,,.  Aniline  in  HOAc 
yields  an  anilide  [205°],  to  which  Theurer  assigns 
the  impossible  formula  C,sHjBr|,(NHPh).,05. 
j;j-Toluidine  forms  a  corresponding  ^^-toluide. 
Reacts  with  phenyl-hydrazine  acetate. 

Reactions. — 1.  NaOHAq  forms  hexa-bromo- 
benzene  dihydride  C^H.,Br6  [139°],  si.  sol.  alcohol, 
which  crystallises  in  prisms,  while  the  mother- 
liipior  contains  a  sodium  salt  of  an  acid 
C,H,Br.,03  [124°],  which  forms  BaA",  crystallis- 
ing from  dilute  alcohol  in  large  white  plates 
(Theurer).  By  the  action  of  dilute  NaUHAq 
on  xanthogallol,  Hantzsch  a.  Schniter  {B.  20, 
2033)  obtained  C,sH,Br,,(OH).,0„.  which  yields 
Ba,(C|,,H|Br,|0,,)2  and  crystalline  C|sH.|Br||Ac,,09. 
2.  NaoCO.jAq  converts  xanthogallol  in  the  cold 
into  Cu,H,Br||0<„  crystallising  from  benzene  in 
needles  [72°]  and  prisms  [131°],  yielding  the 
crystalline  derivatives  C,8H,Br|,0,,8NPhH„  and 
C„H,Br,,0s,8NH„.C„HjMe.— 3.  HBr  passed"  into 
a  cooled  solution  of  xanthogallol  in  MeOH 
forms  C|^HjBr,|0.,(OMe),.,  crystallising  from 
MeOH  in  prisms  [113°],  and  converted  by  boiling 
dilute  NaOHAq  into  an  acid  C^H,Br,,6.,(OMe)2 

'  [105°],  and  by  MeOH  and  hydrochloric  acid  into 
C„HBr,,Cl(OMe)^  [77°].  The  brominated  acid 
CBH.,Br,0.>(OMe).,  reacts  with  aniline,  forming 
crystalline  C„H.,BrjO..(OMe),NH„Ph.  Cone. 
H.,SOj  converts  C„"H'Br,"0.,(OM"e),,  iiiito  C„H,,Br,02 
[G5°]. — 4.  Hydrochloric  acid  gas  passed  into  a 
cooled  solution  of  xanthogallol  in  MeOH  forms 
C|8H4Br,,Cl303(OMe)o  [86°],  which  is  insol.  water, 
V.  sol.  alcohol,  does  not  react  with  aniline,  and 

'  is  decomposed  by  dilute  alkalis. — 5.  HCl  passed 
into  an  alcoholic  solution  of  xanthogallol  forms 
C,8HjBr,|Cl303(OEt)e,  crystallising  from  alcohol 
in  colourless  prisms  [75°],  converted  by  NaOHAq 
into  a  product  [92°].  C^H^BrnCljOo  [104°]  is  a 
bye-product  in  the  action  of  alcohol  and  HCl 
on  xanthogallol.  It  forms  large  yellow  crystals, 
V.  sol.  alcohol. 

XANTHOGENIC  ACID  v.  Ethyl  dithiocae- 

BONATE. 

XANTHOMETHYLIC  ACID  v.  Methtl  thio- 

CARBONATES. 

XANTHONE  is  Diphenylene  ketone  oxide. 
XANTHOPURPURIN  is  m-Di-oxY-ANiHRA- 

QDINONE. 

XANTHOftUINIC  ACID  v.  Oxy-quinoline 

CARBOXYLIC  ACID. 

XANTHORHAMNIN  C,„H„,0,g  (?).  Obtained 

from  Persian  berries  (the  fruit  of  Rliavmus  in- 
fectoria)  by  extracting  with  three  times  their 
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weight  of  85  p.c.  alcohol ;  the  yield  being  12  p.c. 
(Liebermami  a.  Hormann,  B.  11,  952,  1618  ;  A. 
196,  307 ;  cf.  Kane,  P.  M.  [3]  23,  3 ;  Gellatly, 
N.  E.  P.  J.  7,  252  ;  C.  N.  3,  196  ;  Hlasiwetz,  A. 
Ill,  108  ;  Bolley,  A.  115,  55  ;  C.  J.  13,  328  ; 
Stein,  Z.  [2]  5,  183,  568  ;  Behrend,  B.  11,  1353). 
Yellow  needles  (containing  2aq),  v.  sol.  water 
and  alcohol,  insol.  ether.  Has  little  tinctorial 
power.  Eeduces  FehUng's  solution  and  am- 
moniacal  AgNOj,  forming  a  mirror.  FeCl^  gives 
a  dark-brown  pp.  Ppd.  by  ammoniacal  lead 
acetate.  Boiling  dilute  H^SO^  splits  it  up  into 
rhamnetin  (2  mols.)  and  isodulcite  (4  mols.). 

Salts. — CjgHgoKjO,,,.  Yellow  powder,  v.  e. 
sol.  water. — Pb^A".    Yellow  pp. 

Acetyl  derivatives  C^gEi^iACy^O^^ 
(Schiitzenberger,  Z.  [2]  4,  668).— C^sH^Ac.jO,^. 
Powder,  v.  e.  sol.  alcohol  (Liebermann  a.  Ber- 
gami,  B.  20,  2245). 

XANTHOROCCELIN  v.  Picbo-roccelin. 

XANTHOREHCEA  RESIN  is  Acaroid  resin. 

XANTHOXYLIN  C,oH,,0,.  [80°].  Occurs, 
together  with  xanthoxylene  C,|,H,g  (162°)  in  the 
essential  oil  from  jaisan-pepper  (Xanthoxylon 
piperitum)  (Stenhouse,  Ph.  [2]  13,  423  ;  17,  19  ; 
A.  104,  237).  Silky  monoclinic  crystals,  insol. 
water,  v.  sol.  alcohol  and  ether.  Its  alcoholic 
solution  is  not  ppd.  by  AgNOj  or  lead  acetate, 
even  on  addition  of  NH^Aq. 

XENYLAMINE  v.  ^j-Amido-diphenyl. 

XENYLENE-DIAMINE  v.  ^-p-Di-AMiDO-Di- 

PHENYL. 

XERONIC  ACID  v.  Di-ETHXi-iHALEic  acid. 

XYLAN  C^HjoO^.  Tree  gum.  Wood  gum. 
S.  2  at  100°.  [a]D=-69-6°  (Tollens) ;  -84° 
(Thomson).  Obtained  from  the  bark  of  trees 
(T.  Thomsen,  J.  pr.  [2]  19,  146 ;  Poumarede  a. 
Figuier,  A.  64,  388).  Obtained,  to  the  extent  of 
1-73  p.c,  by  extracting  jute  with  dilute  (5  p.c.) 
NaOHAq ;  and  got  also  by  extracting  beech- 
wood  or  pine-wood  sawdust  with  5  p.c.  NaOHAq 
(Tollens,  A.  254,  307,  320,  324,  326  ;  Bl.  [3]  1, 
1102  ;  Winterstein,  H.  17,  381).  Obtained  also 
by  extracting  wheat  -  straw,  first  with  2  p.c. 
NHjAq,  and  then  with  5  p.c.  NaOHAq  (Tollens, 
A.  260,  291).  The  alkaline  extract  is  ppd.  with 
alcohol  and  HCl. 

Properties. — Porous  mass,  insol.  cold,  sol.  hot, 
water ;  sol.  NaOHAq.  The  hot  aqueous  solu- 
tion becomes  opalescent  on  cooling.  Insol. 
alcohol,  but  the  aqueous  solution  is  not  ppd.  by 
alcohol  unless  an  acid  or  the  salt  of  an  alkali  is 
added.  Insol.  NH.,Aq,  lime-  and  baryta-water. 
Its  aqueous  solution  is  l;T3vorotatory.  Gives 
furfuraldehyde  when  distilled  with  H2SO4  or 
HCl,  and  xylose  when  boiled  with  dilute  H^SOj. 
Gives  no  colour  with  iodine.  HNO3  oxidises 
Xylan  to  saccharic  acid,  but  gives  no  mucic  acid. 

o-XYLENE  C,,H,„  i.e.  C,H,Me,  [1:2].  Bi- 
mcthyl-benzene.  Mol.  w.  106.  [—28°]  (Colson, 
A.  Ch.  [6]  6,  128).  (142°).  S.G.  g  -8932 
(Pinette,  A.  243,  50)  ;  =i  -876  (Gladstone,  C.  J. 
59,  290).  Ma  1-4928,  1-5328.  C.E.  (0°-10°) 
-00093.  S.V.  139-9  (Sohift) ;  137-6  (Pinette). 
H.C.  1,084,274  [0,0,  =  94,000  ;  H2,O  =  69,000] 
(Stohmann,  J.  pr.  [2]  35,  41).  M.M.  13-31 
(Schonrock,  Z.  P.  C.  11,  753.  Critical  tempera- 
ture :  358°  (Altschul,  Z.  P.  C.  11,  590).  Occurs 
in  coal-tar.  The  S.G.  of  crude  xylene  varies 
between  -857  and  -866 ;  it  contains  70  to  87  p.c. 
m-xylene,  3  to  10  p.c.  jj-xylene,  2  to  15  p.c. 


o-xylene,  and  3  to  10  p.c.  fatty  hydrocarbons 
(Levinstein,  B.  17,  444 ;  cf.  Fitcig,  A.  148,  10). 
If  100  c.c.  of  the  mixture  are  boiled  for  45 
minutes  with  40  c.c.  of  HNO3  (S.G.  1-42)  diluted 
with  60  c.c.  of  water,  the  p-  and  o-xylene  are 
oxidised,  leaving  the  wt-xylene  and  fatty  hydro- 
carbons. If  the  residual  hydrocarbons,  after 
washing  with  NaOHAq  followed  by  steam  dis- 
tillation, be  shaken  for  30  minutes  with  1|: 
volumes  of  HjSOj,  the  wi-xylene  will  be  sul- 
phonated  and  dissolved,  while  the  fatty  hydro- 
carbons remain.  If  100  c.c.  of  crude  xylene  be 
shaken  with  120  c.c.  of  H2SO4,  the  0-  and  m- 
xylene  dissolve,  leaving  the  |j-xylene  and  fatty 
hydrocarbons.  On  crystallising  the  sodium 
salts  of  the  dissolved  sulphonic  acids,  sodium 
o-xylene  sulphonate  separates  first,  and  may  be 
converted  into  o-xylene  by  heating  in  a  sealed 
tube  with  HClAq  at  190°  (Jacobsen,  B.  10,  1009), 
or  by  heating  with  diluted  sulphuric  acid. 
Nolting,  Witt,  and  Forel  (B.  18,  2668)  found  25 
p.c.  of  i^-xylene  in  commercial  xylene.  According 
to  Nolting  and  Palmer  {B.  24,  1955),  crude 
xylene  may  contain  10  p.c.  of  ethyl-benzene. 
When  a  mixture  of  o-xylene  and  ethyl-benzene 
is  treated  with  Br  (20  pts.)  and  I,  tetra-bromo- 
xylene  is  formed,  together  with  a  less  highly 
brominated  ethyl-benzene  (Crafts,  C.  B.  114, 
1110). 

Formation.— 1.  By  distilling  its  carboxylie 
acids  with  lime.  —  2.  From  o-bromo-toluene, 
Mel,  and  Na  (Jannasch  a.  Hiibner,  A.  170,  117  ; 
Eeymann,  Bl.  [2]  26,  532). —  3.  By  heating 
cantharidin  withP,S5  (Piccard,  B.  12,  580).— 4. 
By  passing  Mel  through  a  mixture  of  toluene- 
and  AICI3  at  85°  (Jacobsen,  B.  14,  2628). 

Properties. — Oil,  solidifying  in  a  freezing- 
mixture  at  -  28°.  Unlike  m-  and  p-  xylene 
it  does  not  yield  a  solid  nitro-  derivative  with 
a  cold  mixture  of  H.^SO^  and  HNO3.  It  is  com- 
pletely oxidised  by  chromic  acid  mixture. 

Reactions. — 1.  Dilute  HNO3  forms  o-toluie 
acid. — 2.  Boiling  aqueous  KMnO^  oxidises  it  to 
phthalic  acid. — 3.  PCI5  at  200°  reacts,  forming 
C„H,(CCl3).CHCl2  (Colson  a.  Gautier,  Bl.  [2]  45, 
507). — 4.  Bromine  in  the  dark  forms  bromo-o- 
xylene  CjH3Me2Br  [1:2:4].  In  direct  sunshine  the 
products  are  C6H4Me.CH,Br  and  C,H,(CH,Br)2 
(Schramm,  B.  18,  1278).— 5.  AICI3  and  gaseous 
HOI  at  100°  yield  benzene,  m-  and  a  little 
xylene,  i|'-cumene  and  mesitylene  (Hesse  a. 
Tohl,  A.  270,  168). 

m-Xylene  CeH.Me^  [1:3].  V.D.  3-68  (calc. 
3-67)  (Schiff,  A.  220,  92).  (139°).  S.G.  %  -8812 
(Pinette,  A.  243,  50) ;  if?  -8715  (S.) ;  f  -8655 

(Briihl,  A.  235,  13) ;  "^Jl^  -864  (Gladstone,  G.  J. 
59,  -290).  C.E.  (0°-10°)  -00096.  1-495  (B.) 
Ma  1-4876,  Mh  1-5277.  S.V.  139-8.  H.C. 
1,084,168  (Stohmann,  J.  pr.  [2]  35,  41).  M.M. 
12-73  at  20°-30°  (Schonrock,  Z.  P.  C.  11,  753). 
Critical  temperature  :  346°  (A.).  Occurs  in  coal- 
tar  {v.  o-Xylene). 

Formation. — 1.  From  m-iodo-toluene,  Mel. 
and  Na  (Wroblewsky,  A.  192,  200).— 2.  From 
(l,3,4)-xylidine  and  amyl  nitrite  (Staedel  a.  Holz, 
B.  18,  2919).— 3.  From  toluene,  MeCl,  and  AICI3 
(Friedel  a.  Crafts,  A.  Ch.  [6]  1,  461 ;  Ador  a. 
Eilliet,  B.  11,  1627).— 4.  By  distilling  mesityl- 
enic  and  xylylic  acids  with  lime  (Fittig,  A.  148,. 
10;  156,  236). 
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Projyerties. — Liquid.  Not  attacked  by  dilute 
IINO3.  Cone.  HNO3  on  warming  forms  tri- 
nitro-xylene  [176°],  si.  sol.  a-lcohol. 

Reactions. — 1.  Oxidised  by  chromic  acid 
mixture  to  isophthalic  acid. — 2.  PCI.  at  200" 
forms  a  hexachloride  (Colson  a.  Gautier,  Bl.  [2] 
45,  508).— 3.  Bromine  in  tlie  dark  forms 
CsHjMeJBr  [1:3:4],  while  in  direct  sunshine 
C,H,Me{CH.,Br)  and  C,H,(CH..Br)„  are  produced 
(Schramm,  B.  18,  1277  ;  M.  8,  305).— 4.  AICI3 
and  gaseous  HCl  at  100°  form  benzene,  mesityl- 
ene,  and  some  p-xylene  and  if'-cumene  (Heise  a. 
Tohl,  A.  270,  168).  On  boiling  with  AICI3  the 
products  are  benzene,  toluene,  a  little  p-xylene, 
i|/-cumene,  mesitylene,  and  durene  (Anschiitz,  A. 
235,  182).— 5.  On  heating  with  Mel  and  I  at  250° 
it  yields  tlz-cumene,  mesitylene,  and  C,||H,^  (Eay- 
man  a.  Preis,  A.  223,  320).— 6.  Ethyl-malonyl 
chloride  at  60°  in  presence  of  AICI3  forms  the 
ietone  Ci^H^O.,  [63°]  (B6hal  a.  Auger,  Bl.  [3]  3, 
122). — 7.  Benzoyl  peroxide  forms  dixylylene 
C,„H,„  (265°),  S.G.  ^  -9984  (Lippmann,  M.  7, 
528).— 8.  CrOjCl,  added  to  its  solution  in  OS, 
ppts.  chocolate  brown  C^HiMe.^CrOXl,,  which  is 
converted  by  water  into  wi-toluic  aldehyde  and 
at  200°  yields  C,H^Me.CH(CrO..Cl)„  (Etard,^.  Ch. 
[5]  22,  244).— 9.  CH,C1,,  and  AlCl,  form  tetra- 
methyl-anthracene  [163°]  (Friedel  a.  Crafts, 

A.  Ch.  [6]  11,  268).— 10.  PHJ  forms  CsH,,  on 
heating  (Baeyer,  Z.  [2]  4,  455).  HIAq  and  P 
at  280'^  form  7?i-xylene  hexahydride. 

^)-Xylene  C„H^Me.,  [1:4].  [13°]  (Eeissert,  B. 
23,  2242);  [15°]  (Jannasch).  (138°).  S.G.  g 
•8801  (P.) ;  -860  (Gladstone,  C.  J.  59,  290). 
C.E.   (0°-10°)  -00098   (Pinette,  A.   243,  51). 

1-4854.  ft„  1-5253.  S.V.  140  (Schiff).  H.C. 
1,084,274  (Stohmann,  J.  pr.  [2]  35,  41).  M.M. 
12-79  at  20°-30°  (Schonrock,  Z.  P.  C.  11,  753). 
Critical  temperature  :  344°.  Occurs  in  coal-tar 
{v.  supra)  and  in  Galician  petroleum  (Pawlewski, 

B.  18,  1915).  Formed  by  the  action  of  Mel  and 
sodium  on  p-bromo-toluene  (Fittig,  A.  136,  303  ; 
Jannasch,  A.  171,79)  and  onp-di-bromo-benzene 
(V.  Meyer,  B.  3,  753).  Monoclinic  prisms; 
«:6:c  =  2-32:1:2-34  ;  y8  =  69-5°  (Baeyer,  A.  245, 
141). 

Reactions. — 1.  Dilute  HNO3  forms  p-toluie 
acid.— 2.  Chromic  acid  mixture  yields  tere- 
phthalic  acid.—  3.  PCI,  at  190°  gives  C,H^(CH,C1)., 
and  at  200°  C„H,(CCl3),,  (Colson  a.  Gautier,"  BZ. 
[2]  45,  6,  507). — 4.  Bromine  in  the  dark  forms 
C^HjBrMe.,,  while  in  dh'ect  sunshine  the  products 
are  C,HjMe.CH.£r  and  C„H,(CH.,Br)„  (Schramm, 
B.  18,  1276).— 5.  AICI3  and  HCl  at  100°  act  in 
the  same  way  as  with  o-xylene. 

References. — Beomo-,  Bbomo-nitro-,  Chloro-, 
DiCHLORO-xiTRO,   Di-ioDO-,   NiTRO-,   and  OxY- 

XTLENES. 

XYLENE-AZO-  compounds  v.  Azo-  com- 
pounds. 

XYLENE  CARBOXYLIC  ACID  v.  Di-methyl- 
BENzoio  ACID  and  Mesitylenic  acid. 

m-XYLENE  DICARBOXYLIC  ACID  C,oH,„Oj 
i.e.  C,H,Me,,(C0,H)2  [1:3:4:6].  Dimethyl-iso- 
phthalic  acid. 

{a)-Cumidic  acid.  Mol.  w.  194.  [above  320°]. 
Formed  by  heating  di-bromo-7«-xylene  dissolved 
in  ether  under  pressure  with  ClCO,.Et  and  sodium- 
amalgam.  Formed  also,  together  with  (j3)- 
cumidic  acid,  by  oxidation  of  durene  with  dilute 
HN0;;Or  of  durylic  acid  with  KMnO.,  (Schnapauff, 


B.  19,  2508).  Minute  prisms  (from  water)  or 
plates  (by  sublimation).— BaA"  l^aq  :  crystals, 
V.  sol.  water.  Yields  wi-xylene  on  distilling  with 
lime. 

Mc  thyl  ethe r  Me^A".    [76°].  Crystals. 

ni-Xylene  dicarboxylic  acid 
C„H,Me,(CO,H),  [1:3:4:5].  Dimethyl-phthalic 
acid.  Isocumidic  acid.  [280°].  Formed  by  oxida- 
tion of  {$)-  and  (7)-isodurylic  acid  (.Jacobsen,  B. 
15,  1857).  Small  crystals.  May  be  sublimed. 
Yields  ?«-xylene  on  distillation  with  lime.  The 
Ca  salt  crystallises  in  small  plates.  The  Ba 
salt  is  amorphous. 

p-Xylene  dicarboxylic  acid 
CJi.,Me.,(COM).,[l:i:-2:5].ni-iHethyl-terephtJialic 
acid.  {&)-Cumidic  acid.  Formed,  together  with 
(ci)-cumidic  acid,  by  oxidation  of  s-durene  with 
dilute  HNO3  or  of  durylic  acid  with  KMnO,  (S.). 
Minute  six-sided  prisms  (from  alcohol).  Sub- 
limes in  small  plates  without  melting.  Nearly 
insol.  hot  water.  Yields  p-sylene  on  distilling 
with  lime. — BaA"  27'aq  :  tables,  v.  sol.  water. 

Methyl  ether  Me.A".  [114°].  (c.  297°  cor.). 

Xylene  dicarboxylic  acid 

C,  H3Me(CO,H)CH„.C0.,H  [3:2:1].  [178°].  Formed 
by  oxidation  of  C,  H.,Me(CO.Et)CH,.CO.,H  (Behal 
a.  Auger,  C.  R.  109,  972).  Gives  oil  CO.  on 
fusion. 

Xylene  di-oj-carboxylic  acid  v.  Phenylene- 

DIACETIC  ACID. 

Reference. — Oxy-xylene  carbosylic  acid. 

XYLENE  GLYCOL  v.  Di-oxy-xylene. 

o-XYLENE  DIHYDRIDE  v.  Cantharene. 

7W-Xylene  dihydride  C,H,.,.  (133°).  S.G.  ^ 
•828.  V.D.  3-74  (calc.  3-88).  1-4675.  Formed, 
together  with  a  polymeride  C„,H.,,  (280°-285°) 
S.G.  22  -832,  by  heating  the  ketone  C,H„0  with 
ZvCh.  The  ketone  itself  is  obtained  by  dis- 
tilling the  anhydride  C|,|H|,0,,  which  is  got  by 
the  action  of  Ac.O  on  cineolic  acid,  formed  by 
oxidation  of  eucalyptol  (VVallach,  A.  258,  327). 
Liquid,  smelling  like  xylene.  Yields  on  nitration 
C,H3Me,(N0,)  [1:3:4]. 

p-Xylene  dihydride  CMe^^g  "^^^^CMe. 

(134°)  at  720  mm.  Formed  by  heating  di-methyl- 
quinite  dibromide  Cj,H|,Br.,  with  quinoline 
(Baeyer,  B.  25,  2122).  Smell's  like  turpentine. 
Forms  a  crystalline  compound  with  HBr. 

))i-Xylene  tetrahydride  C.H^Mej.  (119°). 
S.G.  2  ^814  ;  ii  ^794. 

Formation. — 1.  By  heating  oxycamphoric 
anhydride  C||,H,,04  with  water  at  180°  or  with 
HI  at  150°  (Wreden,  A.  163,  336).— 2.  By  heat- 
ing camphoric  acid  with  syrupy  phosphoric  acid 
at  200°. — 3.  By  distilling  camphoric  acid  with 
ZnCl,  (Ballo,  A.  197,  322).— 4.  By  heating  cam- 
phoric acid  with  HIAq  at  200°  (Wreden,  A.  187, 
171). 

Properties. — Oil.  Oxidised  by  chromic  acid 
mixture  to  acetic,  isotoluic,  isophthalic,  and 
terephthalic  acids.  HNO3  forms  tri-nitro-m- 
xylene. 

Xylene  tetrahydride  C^B.,,.  (131°).  S.G. 
22  -816.  Occurs  among  the  products  of  the  dis- 
tillation of  colophony  (Renard,  A.  Ch.  [6]  1, 
236).  Slightly  dextrorotatory  liquid.  Yields 
oily  di-  and  tri-  bromo-  derivatives.  Sulphuric 
acid  forms  an  oily  polymeride  C|,;H„s,  which  is 
oxidised  by  fuming  HNO3  to  succinic  and  oxalic 
acids.     Absorbs  oxygen.     Does  not  reduce 
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ammoniacal  AgNOj.  In  ethereal  solution  it  com- 
bines with  Br,  forming  Cj,H,_,Br.,. 

TO-Xylene  tetrahydride  (?)'C8Hi,.  (120°). 
OctonaphtJiylene.  Formed  by  the  action  of 
moist  AgoO  on  CsH,,!,  which  is  got  by  the  action 
of  Cal,at  60°  onCj,H,5Cl  (175°),  a  product  of  the 
chlorination  of  octonaphthene  (Jakowkin,  R. 
16,  ii.  294).  Oil,  smelling  like  turpentine.  Com- 
bines with  Br  (2  atoms).  An  isomeric  octonaph- 
thylene  (123°-129°)  is  got  by  distiUing  G^B.,fil 
obtained  by  chlorination  of  iso-octonaphthene 
(Putochin,  J.  B.  16,  ii.  295). 

«i-Xylene  hexahydride  C(,H,|j  i.e. 
C,H,„Me.,[l:3].  Octonaphthene.  (118°).  S.G. 
g  -7814  (Lessen,  A.  225,  110)  ;  2  -7706  (A.). 
C.E.  (0°-26°)  -001072.  V.D.  3-87.  S.V.  164-8. 
fin  =  1-419  at  22°  (Wallach,  B.  25, 923).  Occurs 
in  Baku  petroleum  (Beilstein  a.  Kurbatoff,  B. 
13,  1820;  Markownikoff  a.  Spady,  £.20,1850), 
and  among  the  products  of  the  distillation  of 
colophony  (Kenard,  A.  Ch.  [6]  1,229).  Formed 
by  heating  heptanaphthene  earbosylic  acid 
with  HIAq  and  P  (Aschan,  B.  24,  2718).  Pre- 
pared by  heating  camphoric  acid  or  ui-xylene 
with  HIAq  at  200°  (Wreden,  A.  187,  157). 
Liquid.  Not  oxidised  by  aqueous  KMnO.,.  H.,SO^ 
and  HNO3  form  tri-nitro-TO-xylene.  Sulphur  at 
220°  forms  «i-xylene. 

Isomeride  CgHij.  Iso-octonaphthene.  (122°). 
S.G.  §  -7767  -7637.  Occurs  in  Caucasian 
petroleum  (Putochin,  J.  B.  16,  ii.  295).  Liquid. 

|)-Xylene  hexahydride  C,H,„Me.,[l:4].  (138° 
cor.).  V.D.  4-01  (obs.).  S.G.  ±  -7956.  Formed 
by  heating  bromo-camphor  with  ZnCL  (K.  Schiff, 

B.  13,  1407  ;  G.  10,  320).  Liquid,  yielding  tri- 
nitro-p-xylene  [127°]  on  nitration. 

Di-XYLENE  PHOSPHINIC  ACID 
Chloride  C,H,Me.,.PCL  [1:3:4].  (2.57°). 
Got  from  mercuric  dixylyl  Hg(C,H,Me,  [4:1:3]),, 
and  PCI,  at  235°  (Weller,  B.  20,  1720). "  Liquid^ 
converted  by  water  into  the  acid  C,H.,Me2P(0H),,. 
Chlorine  forms  the  compound  CjH,Me.,PClj, 
which  is  converted  by  water  intoC|;H3Me2PO(OH), 
[194°]. 

m-Xylene-phosphinic  acid  C,.H3Me„P(OH)2 
[98°]  (Michaelis,  A.  212,  237).  Formed"  by  the 
action  of  water  on  the  chloride.  Needles  (from 
alcohol).    Probably  a  mixture. 

Chloride  C,H3Me.,.PCL  (256°).  S.G.  « 
1-24.  Formed  from  7)i-xylene,  PCI3,  and  AICI3 
(Weller,  B.  20,  1720).  It  is  a  mixture  of  the 
preceding  body  and  the  1,3,5  isomeride.  Eeadily 
absorbs  chlorine,  forming  C6H3Me.,PCl4,  whence 
S0.>  forms  CsH^McPOCl,  (280°-300'°). 

p-Xylene  phosphinic  acid  C,iH.,Me,P(OH),,. 
p-Xylene  phosphinous  acid.  Formed  by  treating 
the  chloride  with  hot  water  (Weller,  B.  21, 
1494).    Crystallises  with  difficulty. 

Chloride  CsHjMe.PCl.,.  [-30°].  (254°). 
S.G.  i|  1-25.  Formed  by  heating  p-xylene 
(150  g.)  with  AICI3  (30  g.)  andPCl3(200  g.)  for  36 
hours  with  inverted  condenser  (Michaelis  a. 
Paneck,  A.  212,  236).  Strongly  refracting 
liquid. 

m-XYLENE  i-PHOSPHONIC  ACID 

C,  jH3Me,.P0(0H),.  m-Xylcne  (a.)-phospldnic 
acid.  [194°].  S.  1-5  at  20°;  6-9  at  100°. 
Formed  by  boiling  the  chloride  C^H^MeoPCl,  (u. 
supra)  with  water  (Weller,  B.  20, 1721).  ISfeedles, 
V.  e.  sol.  alcohol.    Decomposed  into  7)i-xyleue 


and  phosphoric  acid  on  heating  with  alkalis. 
Br  added  to  dilute  solutions  forms  bromo-  and 
di-bromo-7«-xylene.  Yields  two  nitro-  derivatives 
[182°]  and  [100°]. 

Salts.  —  BaA"aq.  Plates.  —  CdH.,A",aq. 
Plates,  more  sol.  cold  than  hot  water.  — 
NiHjA".,  aq.— AgoA"  :  white  pp. 

?7j-Xyleiie  s-phosphonic  acid 
CeH3Me.>.P0(0H).,.  vi-Xylcne  {0)-phospMnic 
acid.  [161°].  S.  1-8  at  15°;  117-3  at  100°. 
Prepared  by  boiling  with  water  the  mixture  of 
chlorides  C^HjMe^.POClj  (280°-300°)  which  is 
got  by  the  action  of  SOj  on  the  mixture  of  tetra- 
chlorides C5H3Me,.PCl4  formed  by  combination 
of  chlorine  with  the  mixture  of  chlorides 
C^H^Mc^PCl.,  obtained  by  heating  ;;t-xylene  with 
PCI3  and  AlCl,  (W.).  Plates  or  needles,  v.  e. 
sol.  alcohol  and  ether.  Decomposed  by  alkalis 
into  «z.-xylene  and  phosphoric  acid. 

^>Xylene  phosphonic  acid  CsH3Me^.P0(0H).,. 
[180°].  Formed  by  the  action  of  water  on 
CeH3Me,,.PCl4  [c.  60°]  which  is  got  by  passing  CI 
through  the  product  of  the  action  of  PCI3  on  p- 
xylene  in  presence  of  AICI3  (Weller,  B.  21, 1494). 
Needles,  m.  sol.  water,  v.  sol.  alcohol,  si.  sol. 
ether.  Cone.  HHO3  forms  the  compound 
C,H,(N0.,)Me.,P0(0H)2  [224°].  KMnO^  yields 
C6H3Me(C0,H).P03H„  [278°]. 

Salts. — KHA". — BaA".  Pearly  plates, more 
sol.  cold  than  hot  water. 

Chloride  C„H3Me,,.P0Cl,.  (281°).  S.G.  if 
1-31.  Oil.  Formed  by  the  action  of  SO.,  on 
C,H3Me,.PCl4. 

Reference. — Nitho-xylene  phosphonic  acid. 

XYLENE  PHTHALOYLIC  ACID  v.  Phenyl 

XYLYL  KETONE  CABBOXYLIC  ACID. 

0-XYLENE  SULPHINIC  ACID  CgHi^SO^  i.e. 
C^HjMco.SOjH  [1:2:4].  [83°].  Formed  by' the 
action  of  zinc-dust  on  o-xylene  sulphochloride 
(Jacobsen,  B.  10,  1011).    Plates  (from  water). 

7;t-Xylene  sulphinic  acid  CuH3Me,,(S0.,H) 
[1:3:4].  [c.  50°].  Formed  by  reducing  the 
sulphonic  chloride  CeH,,Me.,.SO.,Cl  (.Jacobsen ; 
cf.  LindoiJ  a.  Otto,  A.  146,  233).  'Crystalhne. 

_p-Xylene  sulphinic  acid  CjH3Me„(S0„H) 
[1:4:2].  [85°].  Groups  of  needles  (Jacobsen, 
B.  11,  22). 

o-XYLENE  SULPHONIC  ACID  CsH,„S03  i.e. 
C„H3Me.,(S03H)  [1:2:4].  Formed  by  warming 
o-xylene'  with  H.,SO,  (Jacobsen,  B.  10, 1011 ;  11, 
22).  Tables  (containing  2aq)  (from  dilute 
H.,SO.,).— NaA'  5aq.— BaA'.,  2aq.  S.  5-8  at  0°  ; 
33-6  at  100°. 

Chloride  CAMc.SOXl.    [52°].  Prisms. 

Amide  C,H3Me,,.S6.,NH.,.  [144°].  Yields, 
two  acids  C,H3Me(CO.,H).S62NH,  on  oxidation 
by  KMnOj. 

o-Xylene  c-sulphonic  acid  C^HjMej.SOjH 
[1:2:3].  Formed  by  the  action  of  sodium-amal- 
gam on  C8H.,Me.,Gl(S03H)  [1:2:6:3]  (Kriiger,  B, 
18,  1760). 

Amide  C,H3Me.,.S0,,NHo.  Granules. 

«i-Xylene  c-sulphonie  acid  CsH3Me.^(S03H} 
[1:3:2].  m-Xylene  (fi)-sulphonic  acid.  Formed, 
together  with  a  larger  quantity  of  the  (1,3,4)- 
isomeride,  by  dissolving  jra-xylene  in  fuming 
H,,S0,  (Jacobsen,  A.  184,  188  ;  B.  11,  18).  It 
remains  in  the  acid  liquor  after  ppg.  the  (1,3,4)- 
isomeride  by  the  proper  quantity  of  water. 
Potash-fusion  yields  |j-xylenol  [74-5°]  (Jacobsen, 
B.  21,  2828).    Its  K  salt  heated  with  sodium 
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formate  forms  an  acid  C,,H,„0.^  [99°]. — KA'. — 
BaA'., :  minute  needles. — CuA'„aq. 

Chloride  C,H,Me„.SO.,CI.'  Oil. 

Amide  C,;H.,Me,,.s6.,NH,.  [96°].  Needles. 

Di-Xylene  sulphonic  acid  C5H3Me.j{SO.,H) 
[1:.3:4].  m-Xylcnc  (o.)-siilp]ionic  acid.  Formed 
as  above.  Long  flat  prisms  (containing  2aq). 
Its  K  salt  heated  with  sodium  formate  yields 
xylylic  acid. — NaA'. — BaA'^.  Small  plates. — 
ZnA'.,  9acj[. — CuA'„  6aq. 

Chloride  C„H3Me,,.S0,Cl.  [34°]. 

Amide  [137°].  Needles  (from  water). 
BzCl  at  160°  forms  C6H,Me,.S0,NHBz  [1-51°] 
(Mahon,  Am.  4,  194),  which  yields  crystalline 
Ca(C,,,H|  |NS03)^aq  and  BaA',,  si.  sol.  water. 

^j-Xylene  sulphonic  acid  C„H3Me„(S03H) 
[1:4:2].  Formed  by  sulphonating  |;-xylene 
(Beilstein  a.  Wahlforss,  A.  133,  38  ;  Fittig  a. 
Glmzer,  A.  136,  30.5;  Jacobsen,  B.  10,  1009; 
11, 22  ;  Kemsen  a.  Emerson,  Am.  8,  265).  Plates 
or  prisms  (containing  2aq).  Oxidised  by  alkaline 
KMnOj  to  sulpho-terephtlialic  and  two  sulpho-j:i- 
toluic  acids. — NaA'aq.  [148°].  Trimetric  plates; 
a:6:c  =  l-077:l:l-488  (Moody  a.  Nicholson,  C.  J. 
57,  978).— KA'aq.— BaA'.,.  S.  2-27  at  0°;  5-53 
at  100°.— CuA'.,  8aq.  Light  -  blue  triclinie 
prisms, — ZnA'.,  lOaq. 

Chloride  C,ftMe2.S0,Cl.   [26°].  Prisms. 

Amide  [148°].    Needles,  m.  sol.  hot  water. 

o-Xylene  disulphonic  acid  CcH.,Me.,(S03H)._,. 
Formecl  by  heating  (l,2,4)-xylene  sulphonic  acid 
with  CISO3H  at  150°  (Pfannenstill,  J.pr.  [2]  46, 
155). — K,A"aq. — BaA"3aq. — PbA"3aq.  Prisms. 

Chloride  C,H.,Me.,(SO..Cl).,.  [79°].  Prisms. 

Amide  C,H,'Me,(Sb,NH,).,.  [239°]. 

7«-Xylene  disulphonic  acid  CuH3Ie^(S03H)., 
[1:3:4:2].  Formed  by  heating  7)t-xyiene  with 
fuming  H,,SO,,  at  150°  (Wischin,  B.  23,  3113), 
and  by  heating  (l,3,4)-xylene  sulphonic  acid 
with  SO.,  at  150°  (P.).  Deliquescent  needles, 
converted  by  potash-fusion  into  C^H.,Me„(OH)„ 
[146°],  —  (N'H,),A".  — NaHA"  3aq.— K;A"  2aq.— ' 
BaA"3aq.  Needles,  v.  soL  water. — PbA"  3aq. — 
CuA".    Gummy  mass. 

Ethyl  ether  Et.,A".  Plates. 

Chloride  C,H.,Me.,(SO„Cl),..  [129°].  Con- 
verted by  PCI,  at  180°  (2,4,l,3)-cU-chloro-xylene 
(220°). 

Amide  C„H,.,N,S.A-  ['2^9°]-  Needles. 
Oxidised  by  KMnO,  to  CeH„(</gQ>NH)^  [225°]. 

Ethylamide  C«H,,Me.,(SO.,NHEt),„'  [135°]. 

■)K-Xylene  disulphonic  acid  C„H,jMe,,(S03H)., 
[1:3:2:6?].  Formed  in  small  quantity,  together 
with  the  preceding  isomeride,  by  heating  (1,3,2)- 
xylene  sulphonic  acid  with  C1S0,H  at  150° 
(Pfannenstill,  J.pr.  [2]  46,  154).  Needles. 

Chloride  C,H,,Me.,(S0,,Cl)2.  Oil. 

Amide.  [210°].  'More  sol.  water  than  its 
isomeride. 

^-Xylene  disulphonic  acid  C5H,.Me„(S03H)„ 
[1:4:2:6?].  Formed  by  heating  '  (1,4,2) 
C,H,,Me.,(SO.>Cl)  with  fuming  H..SO,  (Holmes, 
Am.  13,' 372';  Pfannenstill,  J.  pr.  [2]  46,  156). 
Needles,  v".  e.  sol.  water.— BaA"  3aq. — CaA"4aq. 
— MgA"  7aq.— PbA"  3aq.— Ag..A"aq. 

Chloride  0,,H„Me.,(SO„Cl),.  [75°]. 

Amide  C„H.,Me.,(SO'.,NH,,),,.  [295°]. 

References. — Bkomo-,  Beomo-nitko-,  Nitbo-, 

and  N1TBO-AMIDO-,  XYLENE  SULPHONIC  ACID. 


XYLENE  THIOSULPHONIC  ACID.  Xylyl 
ether  CsH.i.SO^S.CsH^.  Xylyl  disulphoxide. 
Formed  by  heating  xylene  sulphinic  acid  with 
water  at  150°-160°  (Otto  a.  Lindoff,  A.  146,  239). 
Oil,  v.  sol.  alcohol  and  ether. 

XYLENIC  ALCOHOL  is  Tolyl-c.4ebinol. 

XYLENIC    DIBROMIDE    v.  Di-w-bromo- 

XTLENE. 

XYLENIC  GLYCOL  v.  Di-«-osy-xtlenb. 

o-XYLENOL  C,H,„0  i.e.  C,H3Me,,.0H  [1:2:4]. 
Mol.  w.  122.  [62°].  (225°  i.V.).  H.F.p.  61,566 
(Stohmann,  J.  pr.  [2]  34,  316).  Obtained  by 
potash-fusion  from  the  sulphonic  acid  (Jacobsen, 
B.  11,  28),  and  by  the  diazo-reaction  from  (1,2,4)- 
xylidine  (Jacobsen,  B.  17,  161).  Long  needles 
(from  water).  SiCl^  yields  Si(OCj,H„)j,  crystal- 
hsing  in  prisms  (350°-360°  at  120  mm.)  (Hert- 
korn,  B.  18,  1691).  Ammoniacal  ZnBr.,  at  300° 
from  xylidine  and  dixylylamiue.  —  NaOCsH,,. 
Flat  needles,  v.  si.  sol.  NaOHAq. 

Benzoyl  derivative  [57°].  H,F.  77,768 
(Stohmann,  J.pr.  [2]  36,  8). 

o-Xylenol  C6H.,Me..(0H)  [1:2:3].  [75°]. 
(218°  i.V.).  Occurs  in  coal-tar  (Sohulze,  B.  20, 
410).  Formed  by  the  action  of  nitrous  acid  on 
c-o-xylidiiie  (Tohl,  B.  18,  2562  ;  Nolting  a.  Forel, 
B.  18,  2673).  Slender  needles.  Its  aqueous 
solution  gives  a  blue  colour  with  FeCl,,. 

c-»f-Xylenol  C„H3Me.,(0H)  [1:3:2].  [49°]. 
Obtained  from  the  crude  xylidine,  or  by  the 
action  of  HCl  on_2J-oxy-mesitylenic  acid  (Nolting; 
Jacobsen,  B.  21,  2829).  p-Xylenol  is  got  instead 
of  jw-xylenol  by  potash-fusion  from  (1,3,2)- 
xylene  sulphonic  acid  (Jacobsen,  B.  11,  26;  21, 
2828). 

■);i.Xylenol  C„H,Me.,(OH)  [1:3:4].  [26°] 
(Jacobsen,  B.  18,  3463)  ;  [28°]  (Staedel  a. 
Holz,  B.  18,  2919).  (211-5°  i.V.).  S.G.  §  1-0362. 
H.F.p.  59,501  (Stohmann,  J.pr.  [2]  34,  316). 

Formation. — 1.  From  7)i-xylene  sulphonic 
acid  by  potash-fusion  (Jacobsen,  B.  11,  24,  375  ; 
c/.  Wroblewsky,  Bl.  [2]  10,  286  ;  Wurtz,  /.  1868, 
459). — 2.  By  heating  oxy-mesitylenic  acid  with 
cone.  HClAq  at  200°  (Jacobsen,  B.  11,  2052).— 
3.  By  reduction  of  nitro-77t-xylene  and  treatment 
of  the  resulting  xylidine  with  nitrous  acid 
(Harmsen,  B.  13,  1558  ;  S.  a.  S. ;  Hodgkmson  a. 
Limpaoh,  C.  J.  63,  104). 

Properties. — Needles,  v.  si.  sol.  water, 
miscible  with  alcohol  and  ether.  Volatile  with 
steam.  FeClj  colours  its  aqueous  solution  blue 
and  its  alcoholic  solution  green,  being  changed 
to  bright  blue  on  dilution  with  water.  Yields 
the  corresponding  xylidine  and  di-xylyl-amine 
when  heated  %vith  ZnBr,,,  ammonia,  and  NH^Br 
at  315°  (Muller,  B.  20',  1041).  Potash-fusion 
forms  (4,l,3)-oxy-toluic  acid.  Yields  oily 
P0(0C,H„)3  (Kreysler,  B.  18, 1703).  SiCl^  forms 
S.(OCsH,),,  (455°)  (Hertkorn,  B.  18,  1690). 

Salt. — NaOCsHj.  V.  sol.  water  and  cone. 
NaOHAq  (unlike  Na  salts  of  other  xylenols). 

,  Methyl  ether  MeOC,H„  (192°  i.V.)  (.L)  ; 
(186°)  (S.).  H.F.p.  46,336  (Stohmann,  J.  pr.  [2] 
35,  24). 

Acetyl  derivative  CsH.OAc.  (226°  i.V.). 
s-XylenolC„H3Me„(OH)  [1:3:5].  [64°]  (T.) ;  [68°] 
(N.  a.  F.)  (220°).  Occurs  in  coal-tar  (Schulze,  B. 
20,  410).  Formed  by  the  action  of  nitrous  acid 
on  s-xylidine  (Thol,  B.  18,  362;  Nolting  a. 
Forel,  B.   18,  2679).    Slender  needles  (from 
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water).  Not  coloured  by  FeCla.— NaOCgHs. 
Plates,  si.  sol.  NaOHAq. 

p-Xylenol  C„H3Me„(0H)  [1:4:2].  [74-5°]. 
(211-5°  i.V.).  H.F.p.  61,362  (Stohmann,  J.  pr. 
[2]  34,  316).  S.G.  Si  -971.  Formed  by  potash- 
fusion  from  m-  and  fromjj-xylene  sulphonic  acid 
and  from  oxy-mesitylenic  acid  (Wurtz,  A.  147, 
373 ;  Jaeobsen,  B.  11,  26).  Formed  also  from 
^^-xylidine  by  diazotisation  followed  by  boiling 
with  water  (Nolting,  Witt,  a.  Forel,  B.  18, 
2665).  Long  flat  needles  (from  dilute  alcohol). 
Volatile  with  steam.  Its  aqueous  solution  is 
not  coloured  by  FeClj. 

Potash-fusion  gives  (3,4,l)-oxy-toluic  and 
oxy-terephthalic  acids.  KNO.,  and  HO  Ac  yield 
a  nitroso-  derivative  C6H2Me2(OH)(NO)[l:4:3:6] 
[163°],  which  is  the  oxim  of  ^-xyloquinone 
(Oliveri,  G.  12,  162  ;  Goldschmidt  a.  Sohmid, 

B.  18,  568). 

Salt. — NaOCgHg.  Large  plates,  si.  sol.  cold 
NaOHAq. 

Methyl  ether  MeOCgH.,.    (194°  i.V.).  Oil. 

Ethyl  ether -EtOC.B.,.  (199°)  (S.);  (205°) 
(N.  W.  a.  F.).    Oil.    H.F.p.  54,150. 

Acetyl  derivative  CgH^OAc.  (237°  i.V.). 
S.G.      1-0264.    Oil,  not  solid  at  -20°. 

Xylenol.  (220°).  Occurs  in  beechwood-tar 
(Marasse,  A.  152,  75  -,  Tiemann  a.  Mendelssohn, 
£.10,  57).  Oil.  Yields  CsH<,OMe  (220°).  On 
boiling  with  aqueous  KMnOj  it  yields  an  acid 
which  is  converted  by  potash-fusion  into  M-oxy- 
isophthalic  acid  [300°]. 

References. — Bromo-  and  Nitro-  xylenols. 

XYLENOLIC  ACID  v.  Oxt-di-methyl-ben- 

ZOIC  ACID. 

o-XYLENOL  SULPHONIC  ACID  CgHioSOi  i.e. 
C8H„Me„(OH).S03H.  Formed  by  sulphonation  of 
(l,2,4)-xylenol  (Jaeobsen,  B.  11,  24).  FeClj 
gives  a  violet  colour  in  neutral  solutions. — NaA'. 
Slender  prisms  or  small  laminas. — BaA'j.  Nodu- 
lar groups  of  minute  lamin»,  si.  sol.  cold  water. 

m-Xylenol  (a)-sulphonic  acid.  Formed,  to- 
gether with  the  ()3)-isomeride,  by  dissolving 
1,3,4) -xylenol  in  H,SOj  (J.).  FeCl^  gives  a  violet- 
blue  colour.— NaA'.  Tables. — KA'.  Plates. — 
BaA'o.  Leaflets. 

m-Xylenol  (/S) -sulphonic  acid 

C,  H2Me,(OH).S03H  [1:3:4:2]  (Jaeobsen,  A.  195, 
283).  Formed  as  above.  Coloured  violet-blue 
by  FeCls.  Converted  by  potash-fusion  into 
(2,5,l)-oxy-toluic  acid.  —  NaA'  4aq.  Laminse. 
— BaA'j.  Minute  needles,  less  soluble  than  the 
Ba  salt  of  the  (a)-  acid.  By  sulphonating  (1,3,4)- 
xylenol  by  CISO3H,  Hodgkinson  (C.  J.  63, 
110)  obtained  a  xylenol  sulphonic  acid  yielding 
BaA'^aq. 

m-XylenoI  sulphonic  acid 
C,H2Me2(OH).S03H  [1:3:6:4].  Formed  from 
CsHjMe2(NHj).S03Hbythediazo-reaction(Sartig, 
A.  280,  336).  Slender  needles,  v.  sol.  water  and 
alcohol.  The  acid  and  its  salts  give  with  FeClj 
a  bluish-violet  colour  turned  green  by  alcohol. — 
KA'. — BaA'„  aq.  Needles,  v.  e.  sol.  water. — 
PbA',2aq. 

Ethyl  derivative  C„H2Me.,(OEt).S03H. 
Formed  by  heating  diazo-m-xylene  sulphonic 
acid  with  alcohol  under  pressure.  Minute  tables, 
v.  sol.  water  and  alcohol. — BaA'2  3aq.  Minute 
plates,  V.  sol.  water. 

^j-Xylenol  sulphonic  acid.  Formed  by  dis- 
solving ^-xylenol  in  warm  HoSO^.  Hydrated 


leaflets. — NaA'5aq.  Tables. — BaA'j.  Minute 
needles. 

Reference. — Nitro-xylbnol  sulphonic  acid. 
XYLENYL-AMIDOXIM  v.  Di-methyl-ben- 

ZOIC  ACID. 

XYLENYL  ALCOHOL  v.  Di-oxy-xylene. 
XYLENYL  CHLORIDE  v.  Tetra-w-chloro- 

XYLENE. 

XYLETIC  ACID  is  Osy-di-methyl-benzoic 
acid. 

XYLIC  ACID  is  Di-methyl-benzoic  acid. 
XYLIDIC  ACID   is  Toluene  dicarboxylio 

ACID. 

c-o-XYLIDINE  C,H3Me,,(NH,)  [1:2:3].— 
Di-methyl-phe7iyl-ainine.  Amido-xylene.  Mol. 
w.  121.  (223°  i.V.)  at  739  mm.  S.G.  -991, 
Obtained  by  reducing  di  -  bromo  -  o  -  xylidine 
C5HMe.,Br2(NH,)  [1:2:4:5:3]  with  sodium-amal- 
gam in  the  cold  (Tohl,  B.  18,  2562).  Got  also 
by  heating  (l,2,4)-xylenol  with  NH^Br  and  am- 
monio-zinc  bromide  at  300°  (Miiller,  B.  20, 1039). 
Prepared  from  o-xylene  by  nitration  and  reduc- 
tion (Nolting  a.  Forel,  B.  18,  2671  ;  Wroblewski, 
B.  18,  2904).  Oil.  When  oxidised  by  KXr^O, 
and  H2SO4  it  yields  a  small  quantity  of  o-xylo- 
quinone  [55°].  Converted  by  the  diazo-reaction 
into  o-xylenol  [73°].  H.SO^  and  HNO3  give 
(4,l,2,3)-nitro-xyhdine  [114°]  and  (6,l,2,3)-nitro- 
xylidine  [65°]  (Nolting  a.  Stoecklin,  B.  24,  567). 
— Salts:  B'HClaq.  Plates.  Begins  to  sublime 
at  100°.— B'HNOj.  Needles.— B'^HjSO^.  Large 
plates,  si.  sol.  water. 

Acetyl  derivative  C^HsMe^NHAc.  [134°] 
(N.  a.  F.) ;  [131°]  (T. ;  W.).    Slender  needles. 

i-o-Xylidine  C,H.,Me„(NH2)  [1:2:4].  [49°]. 
(226°).  S.G.  iL-S  1-0755.  Prepared  from  o- 
xylene  by  nitration  and  reduction  (Jaeobsen,  B. 
17,  159).  Got  also  by  heating  «i-toluidine  hydro- 
chloride with  MeOH  at  300°  (Limpach,  B.  21, 
643).  Monoclinic  crystals,  not  coloured  by  ex- 
posure to  light  and  air.  Gives  no  colour  with 
bleaching  powder.  Its  solutions  colour  pine- 
wood  yellow.  On  nitration  it  yields  (6,1,2,4)- 
nitro-xylidine  [137°]  and  an  isomeride  [80°]  (N. 
a.  S.).  Yields  a  saffranine  on  oxidation  together 
with  di-amido-di-plienyl-amine  (Nietzki,  B.  19, 
3163).— Salt :  B'HClaq.  Prisms,  v.  sol.  water. 
Yields  >|'-cumidine  when  heated  with  MeOH  at 
310°  (N.  a.  F.). 

Acetyl  derivative  CJIMeti'^'B.^o).  [99°]. 

c-m-Xylidine  CgHjMe^NH^)  [1:3:2].  (p)- 
Xylidine  (214°  i.V.)  at  7'39  mm.  (N.  a.  F.). 
S.G.  ?2  -9942  (W.).  Formed  by  distilling  p- 
amido-mesitylenic  acid  with  lime  (Schmitz,  A. 
193,  179)  and  by  reducing  c-nitro-«i-xylene 
(Grevingk,  B.  17,  2430).  Obtained  from  com- 
mercial xylidine  by  crystallisation  of  the  sul- 
phate ;  the  last  mother-liquor  depositing  crys- 
tals which  are  converted  into  the  acetyl  deri- 
vative by  distillation  with  HOAc.  The  acetyl 
derivative  is  saponified  by  treatment  with  dilute 
(25  p.c.)  B.„SO,  (Nolting  a.  Pick,  B.  21,  3150 ; 
cf.  Wroblewsky,  B.  12,  1226).  Gives  ?»-xylo- 
quinone  [73°]  on  oxidation  (Nolting  a.  Forel, 
B.  18,  2676).  Yields  (4,l,3,2)-nitro-xylidine 
[82°]  on  nitration  (Nolting  a.  Stoecklin,  Bl.  [3] 
5,  381).— Salts:  B'HCL— B'HCUaq.  S.  9-7 
at  18°.  Monoclinic  plates.  Yields  mesidine 
on  heating  with  MeOH  at  310°.— B'HNOj.  S. 
2-2.  Needles. — B'jHoSOi.  Very  soluble  needles. 
— B'H2S04  2iaq.    S.  *60. 
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Acetyl  derivative  [174°]  (G.) ;  [176-5°]  | 
(N.  a.  F.).  Needles. 

B  671  soy  I    derivative    [140°].  Needles. 
Yields  benzoyl-nitro-xylidine  [178°]  on  nitration  i 
(Hiibner,  A.  208,  318). 

s-?»-Xylidine  C„H3Me„(NH„)  [1:3:5].  (222° 
i.V.).  S.G.  i5  -972.  Formed  by  reduction  of 
s-nitro-7K-xylene  [71°]  (Tirol,  18,  362;  N61- 
ting  a.  Forel,  B.  18,  2678).  On  oxidation  by 
KoCr^O,  and  H,SOj  it  gives  «j-xyloquinone  [73°]. 
By  boiling  the  diazo-  compound  with  water 
xylenol  [68°]  is  formed.  ClCO.,Et  forms 
C6H3Me,NH.CO.,Et  [77-5°]  (Frentzel,  C.  C.  1888, 
136i).— 'B'HCl.  MeOH  at  250°-300°  yields  iso- 
cumidine  C,H,,Me,(NH,)  [5:4:3:1]  (Limpach,  B. 
21,  643).— B'H,SOjaq.— B'HNO;,.  S.  4-66  at  13°. 

Acetyl  derivative  [140-6°]  (N.  a.  F.) ; 
[138°]  (T.);  [144-5°]  (W.).  Colourless  plates 
(from  alcohol  or  ether). 

i-«i-Xylidine     C,H,Me„(NH,)  [1:3:4].  (o)- 
Xylidine.    (215°)  at  745  mm.'(G.).  S.G. 
•9184  (H.).    S.V.  148-3. 

Formation. — 1.  By  reducing  i-nitro-Hi- 
xylene  (Deumelandt,  A.  144,  273  ;  Tavildaroff, 
B.  2,  553  ;  Wroblewsky,  A.  192,  215  ;  207,  91  ; 
Grevingk,  B.  17,  2430 Wallach,  A.  258,  331). 
It  may  be  isolated  from  commercial  xylidine  by 
conversion  into  hydrochloride  and  several  crys- 
tallisations from  water  ;  the  yield  being  about 
40  p.c.  (Nolting  a.  Forel,  B.  18,  2677).— 2.  By 
heating  o-  and  p-toluidine  hydrochloride  with 
MeOH  at  300°  (Hofmann,  B.  9, 1295;  Limpach, 

B.  21,  640).— 3.  By  distilling  (4,3,l,5)-amido- 
mesitylenic  acid  with  lime  (Schmitz,  A.  193, 
177). — 4.  By  heating  i-m-xy\eno\  with  ammo- 
nium-zinc bromide  and  NH^Br  (Miiller,  B.  20, 
1039). 

Reactions. — 1.  When  dissolved  in  H.,SOj 
(10  pts.)  it  yields  C„H.,Me.,(NH.,)(NO„)  [1:3:4:6] 
[123°]  on  nitration  (Nolting  a.  Collin,  B.  17, 
265).— 2.  The  hydrochloride  heated  with  MeOH 
at  310°  yields  mesidine.— 3.   ClCO„Et  forms 

C,  H3Me,.NH.C0,,Et  [57°]  (Frentzel,  C.  C.  1888, 
1361). — 4.  When  mixed  with  di-amido-di-phenyl-  j 
amine  it  yields  a  saffranine  on  oxidation  (Nietzki, 

B.  19,  3163).— 5.  When  m-xylidine  (4  pts.)  is 
heated  with  S  (1  pt.)  at  190°  it  gives  off  H„S 
and  forms  a  base  C,eH,„N,,S  [107°]  (283°  at 
14  mm.)  which  crystallises  from  alcohol  in 
yellowish-white  prisms  and  yields  C,sH,5AcN„S 
[227°]  (Anschiitz  a.  Schultz,  B.  22,  582).  By 
further  heating  with  sulphur  a  homologue  of 
primuline  is  formed. — 6.  QSnanthol  forms  oily 
CijH^iNO  (Leeds,  B.  16,  288).— 7.  Acrolein  yields 

C,  ,H,3N,  a  reddish-yellow  mass  which  on  dis- 
tillation yields  cryptidine  C„H,,N  (270°)  (Leeds, 
A.  C.  J.  5,  1). 

Salts. — B'HCl.  Monoelinic  prisms. — 
B'HCl  iaq.  Plates  (Staedel  a.  Holz,  B.  18, 
2919).— B'„H„PtCl6.— B'HBr.— Trimetrio  plates. 
— B'HNOj.— B'2HoS0^4iaq.  Cubes.  Loses 
xylidine  on  evaporation  of  its  solution  (Nolting 
a.  Pick,  Bl.  [2]  50,  606).— B'HjPO.,.  Only  phos- 
phate formed  (Lewy,  B.  19,  2728)— B'H.,C.,0,. 
S.  3-32  at  18°.— B'oZnCL  (Lachovitch,  M.  9, 
514).  —  B'HgH„(SO.,);  aq.  — B'2Cu.,H,(S03).,  (De- 
nig^s,  C.  B.  112,  870). 

Formyl  derivative  CgH3Me2NH.CHO. 
[111°]  (G.)  ;  [114°]  (G.  a.  M.).  Got  by  heating 
the  base  (12  g.)  with  formic  acid  (5g.)  at  150° 
(Gasiorowski  a.  Merz,  B.  18,  1011;  Gudemann, 


B.  21,  2549).  Crystals  (from  water).  Converted 
by  P.Sj  at  100°  into  the  thioformyl  derivative 
[105°]. 

Mono-acetyl  derivative 

C,  H3Me,(NHAc).  [129°].  Needles  or  plates 
(from  dilute  alcohol).  P-.S^  forms  the  compound 
C.HjMcNH.CSMe  [95°]  (Jacobsen  a.  Ney,  B.22, 
907). 

Di-acetyl  derivativ  e  CJlJAe.^'^A.c^. 
[60°].  Formed,  together  with  the  mono-acetyl 
derivative,  by  boiling  the  base  with  Acfi  (Wal- 
lach, A.  258,  301). 

Benzoyl  derivative  C^HjMejNHBz. 
[192°].  Needles  (Hiibner,  A.  208,  318).  Con- 
verted by  HNO3  into  the  nitro-benzoyl  deriva- 
tive [184°]  which  is  reduced  by  tin  and  HOAc 

to  C,H„Me,<^^j^^CPh  [195°]. 

Phthalyl  derivative  [158°].  Prisms 
(from  alcohol). 

p-Xylidine  C,H3Me,,(NH„)  [1:4:2].  [15-5°] 
(Michael,  B.  26,  39).  (215°  i.V.)  at  739  mm.  (N. 
a.  F.)  ;  (213-5°  uncor.)  (M.) ;  (220°)  (S.).  S.G. 
•980.  Obtained  from  vi-xylene  by  nitration  and 
reduction  (Schaumann,  D.  11,  1537  ;  Nolting 
a.  Forel,  B.  18,  2664  ;  19,  2680).  Occurs  to  the 
extent  of  about  25  p.c.  in  commercial  xylidine, 
from  which  it  may  be  isolated  by  dissolving  in 
warm  HjSOj  and  pouring  into  hot  water.  The 
sparingly  soluble  Di-xylidine  sulphonic  acid 
crystallises  out,  and  the  mother-liquor,  after 
successive  treatment  with  CaC03  and  Na2C03, 
yields  on  evaporation  sparingly  soluble,  pearly 
plates  of  sodium  p-xylidine  sulphonate,  which 
on  distillation  with  lime  give  jj-xylidine  almost 
without  loss.  May  also  be  got  from  crude 
xylidine  by  means  of  its  benzylidine  derivative. 

Reactions. — 1.  Oxidised  by  K.jCr._,0,  and 
HjSO,,  to  _23-xyloquinone  [123°],  the  yield  being 
70  p.c.  —  2.  Converted  by  the  diazo-  reaction 
into  2>xylenol  [75°]  (210°).— 3.  On  heating  with 
sulphur  it  yields  C,sH|,;N._,S  [144°],  which  crys- 
tallises from  alcohol  in  yellowish  needles,  and 
yields  an  acetyl  derivative  [212°]  (Anschiitz  a. 
Schultz,  B.  22,  585).— 4.  The  hydrochloride 
heated  with  MeOH  at  290°  under  pressure  forms 
rlz-cumidine  (Limpach,  B.  21,  646). — 5.  Benzoic 
aldehyde  forms  C,H3Me„.N:CHPh  [102°]  (Pflug, 
A.  255,  168).  The  same  body  [96°]  is  got  by 
adding  benzoic  aldehyde  to  an  alcoholic  solution 
of  thionyl-j3-xylidine  (Michaehs,  A.  274,  237). 

Salts. — B'HCl  aq.  Leaflets,  subliming  at 
125°-130°  in  needles.— B'HNOj.  Needles.— 
B'H„SO^.   Plates,  si.  sol.  water.— B'„H,C.,Oj. 

Formyl  derivative  Ci,H,,NO.  '[112°]. 
Needles  (Pflug,  A.  255,  168). 

Acetyl  derivative  C^HjMe.NHAc.  [139°]. 
Prisms.  Yields  on  nitration  acetyl-nitro-jj- 
xylidine  [192°]. 

Bromo-acetyl  derivative 
C.HjMeo.NH.CO.CHoBr.  [145°].  Formed  from 
bromo-acetyl  bromide  and  ^'-xylidine  in  benz- 
ene (Abenius,  J.  2Jr.  [2]  40,  435).  Needles  (from 
diliTte  alcohol).  Boiling  alcoholic  potash  con- 
verts it  into  an  azine  and  the  compound 
C,H3Me.,NH.C0.CH„.0Et  [50°]. 

bxalyl  derivative  (CsH3MejNH),C,,02. 
Formed  by  heating  the  oxalate  at  130°.  Needles, 
subliming  at  125°.  An  oxalyl-xylidine  [204°] 
was  obtained  by  Genz  {B.  3,  227)  from  crude, 
commercial  xylidine. 
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XYLIDINE. 


Benzoyl  derivative  CuH^MeoNHBz. 
[140°].  Needles. 

References. — Bromo-,  Chloro-,  and  Nitko- 

SYLIDINE. 

XYLIDINE  SULPHONIC  ACID  v.  Amido- 

XYLENE  SDLPHONIC  ACID  and  BrOMO-  and  NlTRO- 
XTLIDINE  SULPHONIC  ACIDS. 

XYLIDINIC  ACID  v.  Toluene  DiCAUBOxyLic 

ACID. 

XYLINDEIN.  0,  65-5  p.c. ;  H,  4-7  p.c. ; 
N,  I'O  p.c.  A  green  colouring  matter  in  green 
decayed  wood  (Kommier,  C.  B.  66,  108;  Lieber- 
mann,  B.  7,  1102).  Extracted  by  phenol  and 
ppd.  by  alcohol  or  ether.  Four-sided  blue  plates, 
with  coppery  lustre.  H.SO.,  forms  a  green  solu- 
tion. Eideal  (C.  N.  53,  277)  finds  that  the  blue 
substance  in  decayed  birch-wood  is  soluble  in 
chloroform,  while  the  blue  resin  obtained  from 
coniferin  by  successive  treatment  with  H2SO4 
and  water  is  insol.  chloroform. 

XYLITONE  C,„H,gO.  Xylite  oil.  (2.52°) 
(Pinner,  B.  15,  589;  16,  1729);  (c.  240°) 
(Claisen  a.  Ehrhardt,  B.  22,  1013).  S.G.  -935. 
A  product  of  the  action  of  HCl  on  acetone  (P.). 
Formed  also  by  the  action  of  NaOEt  on  mesityl 
oxide  in  ether,  and  in  the  preparation  of  acetyl- 
acetone  by  the  action  of  boiling  EtOAc  and 
NaOAc  on  acetone  (C.  a.  E.).  Oil,  easily  resini- 
fied  by  strong  acids. 

Dixylitone  C,,H,„0„.  (310°-320°).  A  pro- 
duct of  the  action  of  HCl  on  acetone  (Pinner). 

XYLOHYDROQUINONE      v.  Htdroxylo- 

QUINONE. 

XYLOIC  ACID  V.  Di-methtl-benzoic  acid. 

XYLONIC    ACID    C,B-^,0,.  =  17-48°. 

Formed  by  oxidising  xylose  with  bromine  (Tol- 
lens,  A.  260,  307).  Dextrorotatory.  Its  Ca, 
Zn,  and  Ag  salts  are  amorphous. — SrA'.,. 
[a]c= -H  12-14°. 

XYLONITRILE  v.   Nitrile  of  Di-methyl- 

BENZOIC  ACID. 

0-XYLOQUINONE  G^Hfi^  i.e. 
C,;H.Me,,0.,[l:2:3:6].  [55°].  Formed  by  oxidation 
of  c-o-xylidine  by  K._.Cr.,0,  and  H.,SOj,  the  yield 
being  about  10  p.c.  (Nolting  a.  Forel,  B.  18, 
2673).  Yellow  needles  (by  sublimation),  v.  si. 
sol.  water,  m.  sol.  alcohol  and  ether. 

m  -  Xyloquinone  CJIMeG^  [1:3:2:5]. 

[73°].  Formed  by  oxidation  either  of  c-ni-  or 
s-7)i-xylidine  with  K.,Cr.,07  and  H.jSO^  (Nolting 
a.  Forel,  B.  18,  2679)!  Got  also  by  oxidation  of 
mesidine  (Nolting  a.  Bauman'n,  B.  18,  1151). 
Yellow  needles. 

p-Xyloquinone  C„H,,Me.,02ri:4:2:5].  Phlor- 
one.    Metaplilorone.    Mol.'w*  136.  [124°]. 

Formation. — 1.  Occurs,  together  with  tolu- 
quinone  and  other  bodies,  among  the  products 
of  the  action  of  MnO,  and  H^SOj  on  coal-tar 
and  beechwood-tar  (Kommier  a.  Bouilhon,  C.  R. 
55,  214 ;  Gorup-Besanez  a.  von  Bad,  Z.  [2]  4, 
560;  Carstanjen,  J.  pr.  [2]  23,  425).— 2.  By 
oxidation  of  p-xylylene-diamine  (Nietzki,  B.  13, 
472  ;  A.  215, 168).— 3.  By  oxidation  of  ifz-cumenol 
(Carstanjen,  J.  pr.  [2]  23,  430).— 4.  By  oxida- 
tion of  <J/-cumidine  by  CrOj  (Nolting  a.  Th. 
Baumann,  B.  18,  1151 ;  Sutkowski,  B.  20,  977). 
5.  By  distiUing  xylidine  (213°)  with  H,SO,  and 
MnOj ;  the  yield  being  6  p.c.  (C.).— 6.  By  oxida- 
tion of  p-xylidiue  with  K,Cr.,0,  and  H„SOj,  the 
yield  being  over  70  p.c.  (Nolting,  Witt,  a.  Forel, 


B.  18,  2667).— 7.  By  heating  diacetyl  with  dilute 
NaOHAq  (Van  Pechmann,  B.  21,  1420). 

Preparation. — 1.  Commercial  xylene  (130°- 
140°)  is  heated  with  H,SO,,  at  100°  for  six  days  ; 
the  product  poured  into  water ;  neutralised  by 
CaCOj ;  treated  with  K„CO,j ;  and  the  K  salts  of 
the  sulphonic  acids  fused  with  potash.  The 
product  is  dissolved  in  water,  acidified,  and  ex- 
tracted with  ether  ;  and  the  mixture  of  xylenols 
so  obtained  is  dissolved  in  warm  HjSOj,  and 
then  diluted  with  water  and  distilled  with  MnO,,. 
Crystals  of  p-xyloquinone  appear  in  the  con- 
denser and  receiver  (Carstanjen,  J.  pr.  [2]  23, 
427). — 2.  'Yellow  carbolic  acid'  or  'creosote,' 
the  mother-liquor  from  which  phenol  has  crys- 
tallised, is  dissolved  in  H^SO^,  diluted  with 
water,  and  then  distilled  with  MnOj.  The  solid 
found  in  the  receiver  is  crystallised  from  alcohol 
when  the  first  crop  of  crystals  is  xyloquinone 
(E.  Carstanjen,  J.pr.  [2]  23,  423). 

Properties. — Long  yellow  needles  (from  benz- 
ene), si.  sol.  water  and  cold  alcohol,  v.  sol.  ether. 
May  be  sublimed.    Volatile  with  steam. 

Reactions. — 1.  Distilled  with  zinc-dust  gives 
a  hydrocarbon  that  oxidises  to  terephthalic 
acid. — 2.  Eeduced  by  aqueous  SO,  to  hydroxylo- 
quinone. — 3.  Cone.  HCl  converts  it  into  a  mix- 
ture of  mono-  and  di-chloro-hydro-xyloquinones, 

C,  HClMe,(OH),  [147°]  and  C„Cl„Me,(OH).,  [175°]. 

Mono-oxim  C,;H,Me,,0(NOH).  Nitroso-p- 
xylenol.  [168°].  Formed  by  heating  ^j-xylo- 
quinone  (2  pts.)  with  an  alcoholic  solution  of 
hydroxylamine  hydrochloride  (1  pt.)  (Gold- 
sohmidt  a.  Schmid,  B.  18,  568  ;  Sutkowski,  B. 
20,  978).  Obtained  also  by  adding  KNO,  and 
excess  of  HOAc  to  an  alkaline  solution  of 
_2:i-xylenol  (Oliveri,  G.  12, 162).  Yellowish  needles 
(from  alcohol),  v.  sol.  alcohol,  ether,  and  benzene, 
insol.  cold  water.  Alkalis  form  a  deep  orange- 
red  solution.  Eeduced  by  SnCL  to  amido-^j- 
xylenol.  Oxidised  by  alkaline  K.,FeCy6  to  nitro- 
^-xylenol. 

Di-oxim  C„H„Me,,(NOH),,.  [272°].  Formed 
by  boiling  the  quinone  (1  mol.)  with  an  alcoholic 
solution  of  hydroxylamine  hydrochloride  (2  mols.) 
(Sutkowski,  B.  20,  977).  V.  si.  sol.  alcohol, 
acetic  acid,  and  benzene,  insol.  water.  Dissolves 
in  alkalis  with  a  yellow  colour.  By  tin  and 
HCl  it  is  reduced  to  xylylene-p-diamine.  Its 
di-acetyl  derivative  C„H.jMea(N0Ac)2  crys- 
tallises from  acetic  acid  in  small  yellow  prisms, 
[170°],  v.  sol.  alcohol  and  benzene. 

References. — Di-beomo-    and  Chloeo-xylo- 

QUINONE. 

XYLORCIN  V.  Dl-OXY-XYLENE. 

XYLOSE  V.  p.  538. 

XYLOSTEIN.  A  glucoside  in  the  berries  of 
Loniccra  Xylosteum  (Hiibschmann,  J.  1856,  691 ; 
•  Enz,  C.  C.  1856,  393).  Crystalline,  insol.  water, 
sol.  alcohol  and  ether. 

XYLOYL-BENZOIC  ACID  v.  Phenyl  xylyl 

KETONE   CARBOXYLIC  ACID. 

I       XYLOYL-FOKMIC  ACID  v.  Xylyl-glyoxylic 

ACID. 

^;p-DIXYLYL  C,,H,g  i.e. 
[4:1:3]  C„H,,Me„.C,H,Me,,  [3:4:1].     [125°].  Pre- 
pared by  distilling  mercury  di-p-xylyl  (Jacobsen, 
B.  14,  2112).    Long  needles  (from  alcohoH. 

Dixylyl.  (290°-295°).  Formed  from  b'romo- 
m  (?)-xylene  and  Na  (Fittig,  A.  147,  38).  Liquid. 


XYLYL-BUTYPJC  ACID. 
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Di-xylyl  (so-called).  (295°)  (Oliveri,  G.  12, 
158).  Is  got  by  wanning  commercial  xylene 
with  H„SO_,,  but  never  from  xylene  which  has 
been  made  irom  xylene  sulphonic  acid.  Hence  it 
is  probably  not  a  benzene  derivative  (Armstrong, 
C.  J.  45,  150).  It  is  a  colourless,  fluorescent 
liquid,  smelling  like  copaiba  balsam. 

XYLYL-ACETAMIDE  v.  Acetyl  derivative  of 
Xyluiine  and  Amide  of  Xylyl-acetic  acid. 

XYLYL-ACETIC  ACID 
[1:3:4]  C,H,Me.,.CH,,.CO,H.      [102'].  Formed 
from  its  amide,  which  is  got  by  the  action  of 
yellow  ammonium  sulphide  on  xylyl  methyl 
ketone  (Willgerodt,  B.  21,  534).  Slender  needles. 

Aviide  C„H„.CH,,.CO.NH,.  [183°]. 

lieference. —  Osy-xylyl-agetic  acid. 

XYLYL  ALCOHOL  is  Toly-l-carbinol. 

XYLYL-AMIDO- ACETIC  ACID  C,„H,,,NO.,f.c. 
[1:3:4]  C„H;,Me,.NH.CH,.CO,H.  [134°].  Formed 
by  boiling  j;j-xyiidine  (2  mols.)  with  water  and 
chloro-acetie  acid  (1  mol.)  (Ehrlich,  B.  1(3,  205). 
Prisms  (from  dilute  alcohol).  Insol.  water,  v. 
sol.  acids. 

Xylide  C„H„.NH.CH,.CO.NHC,H„.  [128°]. 
Formed  by  boiling  xylidine  (2  mols.)  with 
chloro-acetie  ether  (1  mol.).  Thick  needles 
(from  alcohol),  insol.  water  and  HClAq. 

XYLYL-AMIDO-CKOTONIC  ETHER 
[1:3:4]  C„H,Me,.NH.GMe:CH.CO,,Et.  Formed 
from  )«-xylidine  and  acetoacetic  ether  (Conrad  a. 
Limpaeh,  B.  21,  526).  Decomposed  on  heating 
into  (Py.  1,  3;  2,4)-oxy-tri-methyl-quinoline, 
di-xylyl-urea,  and  alcohol. 

XYLYL-AMIDO-ETHYL-PHTHALIMIDE 
[1:3:4]  C„H,Me,.NH.C,H,.N:C,H,0,.  [123°]. 
Formed  by  heating  bromo-ethyl-phthalimide 
with  ;)i-xylidine  at  140°  (Newman,  B.  24,  2107). 
Small  needles,  v.  e.  sol.  benzene,  si.  sol.  cold 
alcohol. 

DI-«j-XYLYL-DI-AMIDO-OIAZTHIOLE 

C,,H,„N,,S  ix.  S<c|nSc"h:',):N-  t'^^"]" 
by  oxidising  (l,3,4)-xylyl-thio-urea  with  aqueous 
H„0.,  (Hector,  B.  23,  308).  Insol.  water.  Forms 
a  very  soluble  hydrochloride. — B'.,H^PtCl„.  De- 
composes at  214°-217°. — B'nAgNOj.  Explodes 
on  heating.  Blackened  by  sunlight.  — B'C,iH.jN.,07. 
[218°].  Yellow  crystals,  V.  sol.  alcohol.  Cyanogen 
passed  into  its  alcoholic  solution  forms 
C,,H.,„N,SCy,  [103°]. 

Acetyl  derivative  C,sH,,|AcNjS.  Needles. 

Benzoyl  derivative  C|sH,,,BzN,S.  [212°]. 

Nitrosamine  C„H,,,(NO)NjS.  [146°]. 

XYLYLAMINE  v.  Xylidine  and  Mbthyl- 

BENZYL-AMINE. 

Di-o-xylyl-amine  (CsH„),,NH.  (330°-345°). 
Formed,  together  with  xylidine,  by  heating 
(l,2,4)-xylenol  with  ammonio-zinc  bromide  and 
NH,Br  at  300°  (Miiller,  B.  20,  1039).  Liquid, 
solidified  at  a  very  low  temperature. 

Di-i«-xylyl-amine.  (305°-310°).  Formed  in 
hke  manner  from  ijj-xylidine.  Oil. 

Di-xylyl-amine.  [162°].  Formed,  together 
with  a  liquid  isomeride.  by  heating  xylidine  with 
its  hydrochloride  (Girard  a.  Vogt). 

XYLYL-BENZYL-AMINE  C,.H,-N  i.e. 
C,,H,Me.,.NH.CH,Ph.     (c.   205°   at   15  mm.). 
Formed    by  heating   w-xyhdine  with  benzyl 
chloride  at  100°  (Joblin-Gonnet,  Bl.  [3]  G,  21). 
Yellowish  oil,  sol.  alcohol  and  benzene. 


^j-Xylyl-benzyl-amine 
[l:4:2]C,.H3Me.,.NH.CH.,Ph.     (322°)    (Pflug,  A. 
255,  108). 

o-XYLYL  BENZYL  KETONE  C|,H,„0  i.e. 
C,,HjMe.,.CO.CH,Ph.  [95°].  (210°-22b°  at  25 
mm.).  Formed  from  o-xylene,  phenyl-acetic 
chloride,  and  AICI,  (Wege,  B.  24,  3540).  Plates,, 
sol.  alcohol,  V.  sol.  ether.  Yields  a  crystalline 
oxim.  NaOEt  and  benzyl  chloride  yield 
C„H3Me,.C0.CH(CH,Ph)Ph  [75°]. 

■)»-Xylyl  benzyl  ketone 
[1:3:4]    C„H.,Me.,.CO.CHPh.    (350°).  Formed, 
together  with  a  smaller  quantity  of  an  isomeride 
[93°],  by  the  action  of  AlCL,  on  a  mixture  of 
7«.-xylene  and  phenyl-acetic  chloride  (Sollscher, 

B.  15,  1681).  Yields  C„H,Me(CO.,H),  [3:4:1]  on 
oxidation.  NaOEt  and  benzyl  chloride  form 
oily  C,H„.CO.CHPh.CH.,Ph  (305°-375°). 

p-Xyiyl  benzyl  ketone  C,H„.CO.CH,,Ph. 
(220°-230°  at  26  mm.).  Formed  in  like  manner 
from  jj-xylene  (Wege).  Yields  an  oxim  [99°]  and 
a  phenyl-hydrazide  [90°].  NaOEt  and  benzyl 
chloride  yield  C,H,,.CO.CHPh.CH,Ph  [60-5°]. 

«i-XYLYL-BENZYL-THIO-US,EA 

C,  H„NH.GS.XHCH,,Ph.  [85°].  Formed  from 
benzyl-thiocarbimide  and  7;i-xylidine  in  alcohol 
(Dixon,  C.  J.  59,  558).  Monoclinic  prisms,  v. 
sol.  boiling  alcohol  and  chloroform. 

XYLYL  BEOMIDE  v.  Bkomo-xylene. 

XYLYL-io-i-BUTANE  C„H3Me,.CMe;,.  (201°). 
Formed  from  i;j-xylene,  isobutyl  bromide,  and 
AlCL,  (Baur,  B.  24,  2840).  Got  also  from  isobutyl 
alcohol,  7n-xylene,  and  H„SO,  or  ZnCL  (Nolting, 
B.  25,  791).  Oil,  yields  mesitylenic  and  trunesic 
acids  on  oxidation. 

XYLYL-BUTYL  ALCOHOL 
[2:4:1]  C„H,Me.,.CHPr.OH.     (above  270°).  Got 
by  reducing  xylyl  propyl  ketone  with  zinc-dust 
and  KOHAq,  or  with  sodium-amalgam  (Claus, 
J.py.  [2]  46,  474).    Oil,  v.  sol.  alcohol  and  ether. 

Tri-xylyl-butyl  alcohol  (C„H„).,C.CMe,.OH. 
(above  300°).  Formed  from  -xylene,  tri-chloro- 
tcit-hxxiyl  alcohol,  and  AlCl.,  (Willgerodt  a. 
Genieser,  /.  pr.  [2]  37,  361).  Oil,  smelling  like 
mushrooms. 

7(;.XYLYL-?t-BUTYEIC  ACID 
[l:3:4]G,H3Me,,.CH,.CH,,.CH,.CO,H.  [70°]. 
Formed  by  saponifying  the  amide  (Claus,  J.  pr. 
[2]  46, 476).  Needles,  V.  sol.  hot  water.  Maybe 
sublimed. — BaA'._,  4aq. — CaA'.j4aq.  Prisms,  v.  sol. 
water  and  alcohol. 

Amide  C„H3Me2.C3H,;.CO.NH2.  [124°].  Got 
by  heating  xylyl  propyl  ketone  with  S  and 
ammonium  sulphide  in  sealed  tubes  at  250°. 
Flat  silky  needles.    May  be  subhmed. 

^>Xylyl-7i-butyric  acid 
[l:4:2]C,H,Me,,.CH,,.CH,,.CH,.CO,,H.  [70°]. 
Needles,   si.   sol.   cold  water.  —  BaA'„  4aq.  — 
CaA'.,4aq.  Needles,  sol.  water  and  alcohol. 

A'mide  C,H,,.G,H„.CO.NH,,.  [125°].  Formed 
from  p-xylyl  propyl  ketone  (C).  Flat  needles,  v. 
sol.  hot  water. 

«t-Xylyl-isobutyric  acid 
[1:3:4]    C,H,Me,.CH,.CHMe.CO.,H.   [70°].  Flat 
pearly  needles,  sol.  hot  water,  alcohol,  and  ether. 
May  be  sublimed. 

^7«icZc  C,H,.a,H,..C0.NH2.  [120°].  Got  by 
heating  xylyl  isopropyl  ketone  with  S  and 
ammonium  suliDhide  at  235°  (Claus,  J.'jpr.  [2]  46, 
483).    Needles,  sol.  hot  water. 
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XYIYL-CAKBAMIC  ACID 

[1:3:4]  C^HaMe^.NH.COjH.  Ethyl  ci/terEtA'. 
[58°].  Formed  from  m-xylidine  and  chloro- 
formic  ether  (Hofmann,  B.  3,  657 ;  Frentzel, 
€.  C.  1888,  1361).  Needles. 

Xylyl-carbamic  acid 
[l:3:5]C„H3Me.,.]S[H.CO„H.    Ethyl  ether  EtA'. 
[77-5°]  (Frentzel). 

DI-p-XYLYL-CARBINOL 
([2:5:1]  C.HjMe.J^CH.OH.   [131°].    Formed  by 
reducing  di-p-xylyl  ketone  with  zinc-dust  and 
KOH  (Elbs,  J.  pr.  [2]  35,  484  ;   B.  19,  408). 
White  needles  (from  alcohol),  nearly  insol.  Aq. 

XYLYL  CYANATE  [1:3:4]  C6H3Me.,.N:CO. 
,(205°)  (Frentzel,  C.  C.  1888, 1361). 

Xylylcyanate  [1:3:5]  C,H3Me,,.N:C0.  (208-5°). 

XYLYL  CYANURATE 
[1:3:4]  (C6H3Me2)3N3C303.  [162°]  (Frentzel,  C.  C. 
1888,  1361). 

XYLYLENE  ALCOHOL  v.  Di-oxy-xtlene. 

XYLYLENE-DI-ALLYL-DI-THIO-DI-UREA 
(CH3),C,H.(NH.CS.NH.C3H,),,  [1:4:2:6].  [112-5°]. 
Made  from  _p-xylylene  diamine  and  allyl  thio- 
carbimide  (Lellmann,  A.  228,  252).  Needles 
>(from  alcohol).    Not  decomposed  on  melting. 

Mi.XYLYLENE-5«-DIAMINE 
CsH„(CH3),(NH.,).>  [1:3:4:6].  m-Di-amido-m-xylene 
[105°].  Formed  by  reduction  of  nitro-xylidine 
[123°]  or  of  di-nitro-xylene  [93°]  (Fittig,  A.  147, 
18  -,  Grevingk,  B.  17,  2426 ;  Witt,  .B.  21,  2419). 
White  crystals.  Sublimable.  Does  not  yield  a 
eurhodine  on  boiling  with  nitroso-dimethyl- 
aniline,  NaOAc,  and  HOAc.  —  B"2HC1.  — 
B'-H^SnClj.— B"H„SO,.    Crystalhne,  v.  sol.  Aq. 

m-Xylylene-o-diamine 
C5H.,Me„(NH.,).,  [1:3:5:6]  [78-5°].  Formed  by  reduc- 
tion'of  [2:4:i]  C„H3Me„.N,.C,ELMe.,.NH„  [1:3:5:6] 
(Nolting  a.  Forel,  B.  18,"  2683)  and  also  by  the 
action  of  tin  and  HClAq  on  di-bromo-di-nitro-?»- 
xylene  [191°]  (Jacobsen,  B.  21,  2821),  and  on 
(5,l,3,6)-nitro-xylidine  (Hofmann,  B.  9,  1298). 
Plates  (from  water),  si.  sol.  cold  benzene,  sol. 
ether. 

«j-Xylylene-7)i-diainine 
C,H2Me,(NH2)2  [1:3:4:2].  [64°].  Formed  by  re- 
duction of  nitro-xylidine  [78°]  or  of  di-nitro-m- 
xylene  [82°]  (Grevingk,  B.  17,  2426).  White 
needles.  Gives  a  Bismarck  brown  with  nitrous 
acid  and  a  chrysoidine  with  diazobenzene. 

^-Xylylene-o-diamine 
C„H.,Me.,(NH,),  [1:4:2:3].  [75°].  Formed  by 
reduction  of  c-di-nitro-^-xvlene  (Lellmann,  A. 
228,  251;  Nolting,  B.  19,  145).  White  needles 
(by  sublimation).  Gives  a  deep-red  colour  with 
FeClj. 

^^-Xylylene-Dt-diamine 
C6H2Me,,(NH2).,  [1:4:2:6].     [102°].     Formed  by 
reducing    (2,6,l,4)-di-nitro-xylene     (L. ;  N.). 
Needles  (by  sublimation).    Behaves  like  a  m- 
diamine. 

p-Xylylene-^-diamine 
C,H„Me„(NH.,).,  [1:4:2:5].  [142°]  (S.) ;  [147°] 
(N.  a.  F.) ;  [150°]  (N.).  Formation.— 1.  By  re- 
duction of  xylene-azoxylidine  (amido-azo-xylene) 
[2:5:1]  C,H3Me.,.N„.C„H„Me.,.NH,  [1:2:5:4]  by  zinc 
and  HOlAq  (Nietzki,  'B.  "13,  471 ;  Nolting  a. 
Forel,  B.  18,  2685).— 2.  By  reduction  of  nitro-p- 
xylidine  [142°]  (Nolting,  Witt,  a.  Forel,  B.  18, 
.2666  ;  von  Kostaneeki,  B.  19,  2318 ;  Marckwald, 
JB.  23,  1021).— 3.  By  reduction  of  the  di-oxim  of 


^j-xyloquinone  C6H.,Me.,(N0H)2  with  tin  and 
HCl  (Sutkowski,  B.  20,  979). 

Properties.  —  Colourless  needles,  sol.  hot 
water  and  alcohol,  m.  sol.  benzene  and  ether. 
Yields  xyloquinone  [123°]  on  oxidation.  Not 
oxidised  by  exposure  to  air.    May  be  sublimed. 

Salts.— B"2HC1.  Colourless  leaflets.  -- 
B"H2S04.    Crystalline  meal. 

o-Xylylene  cKo-diamine 
[1:2]  C,H,(CH.,.NH2).,.  Formed  by  heating  the 
phthalimide  CsHj(CH...N:C.,0,:C6Hj)„  with  eonc. 
HClAq  at  200°  (Strassmann,  B.  21,  579).  Alka- 
line liquid,  smelling  strongly  like  ammonia. 
Absorbs  CO.,.  Gives  with  FeCl,  a  pp.  of  yellow- 
ish-red needles.— B"2HCl.—B"2HAuCl4.  Yellow 
plates. — B"2C(iH3N30,.  Yellow  needles,  decom- 
posing above  170°  without  melting. 

Acetyl  derivative  C^^^kc^^.  [146°]. 

Benzoyl  derivative  Ci^^^Z2^,^.  [168°]. 

m-Xylylene-exo-diamine 
[1:3]  C,H^(CH,.NH„),.  (247°).  Formed  by  the 
action  of  cone,  hydrochloric  acid  at  220°  on  the 
C,H,(CH,,.N:CsH^O,).,  [237°],  which  is  got  by 
heating  potassium  phthalimide  with  di-to-bromo- 
wi-xylene  (Bromme,  B.  21,  2705).  Liquid,  sol. 
water,  miscible  with  alcohol  and  ether.  Absorbs 
CO,,.  —  B"2HC1.  Needles  (from  water).  — 
B"2H2PtCl5.— B"C6H3N30;.  Yellow  spangles, 
decomposing  at  187°. 

Acetyl  derivative  C^^(C'E.2-^^kc)^. 
[119°].    Crystalline  mass,  v.  sol.  hot  water. 

Reference. — NiTKO-XYLYLENE-DiAinNE. 

XYLYLENE-BENZEN  YL- AMIDINE  v.  Benz- 

ENYL-XYLYLENE-DIAMINE. 

XYLYLENE  BROMIDE  v.  Di-beomo-xtlene. 
XYLYLENE-CHLORO-MALONIC  ETHER  v. 

Chloko-xylylene-malonic  ether. 

Xylylene-ftro-di-chloro-malonic  ether  v.  Di- 

CHL0RO-PHENYLEXE-DI-lIETHYL-DI-M.UiONIC  ETHER. 

XYLYLENE-ETHENYL-AMIDINE  CioHi^N^ 

i.e.  CMe  <^-^>C„H,,Me.,.  Formed  by  reducing 

C,H,Me,(NO„)(NHAc)  [1:3:5:4]  with  tin  and  HCl 
(Hobrecker,  B.  5,  922).  Eesinous  mass. — 
B'HCl.  Large  needles.— B'oHjPtCle.—B'HNOa. 
Long  needles. 

XYLYLENE  IODIDE  v.  Di-iodo-xylene. 

XYLYLENE-DI-MALONIC  ACID  v.  Phenyl- 

ENE-DI-METHYL-DI-MALONIC  ACID. 

O-XYLYLENE  SULPHIDE  CsHgS  i.e. 

C,H^<^^g2^S.    [c.  0°].    Formed  by  heating 

di-cD-bromo  o-xylene  with  K„S  (Laser,  B.  17, 
1824  ;  Hjelt,  B.  22,  2904).  '  Oil,  smelling  like 
mercaptan.  Very  unstable,  quickly  turning  into 
a  black  resin. — B'.,HgCl„.    Long  needles. 

Methylo-iodide  B'Mel.  [155°]. 

Di-xylylene  disulphide 
[1:3:4:5]  C,H,Me2:S2:C„H2Me,  [5:4:3:1].  '  [118°]. 
Formed  by  heating  xylylene-diazosulphide  at 
200°-250°  (Jacobsen  a.  Ney,  B.  22,  911).  Cone. 
H.,S04  forms  a  blue  liquid,  remaining  blue  on 
dilution. 

M-DI-XYLYL-ETHANE  C^H^,  i.e. 
CH3.CH(C»Hg)„.    (324°).    S.G.  -£  -966.  Formed 
from  ethylidene  chloride,  wi-xylene,  and  AICI3 
(Anschiitz,  B.  18,  665 ;  A.  235,  326).  Oil. 

Reference. — Chloro-di-xylyl-ethane. 

DI-XYLYL-ETHYLENE  C.sH,^  i.e. 
C,H3Me„.CH:CH.C,H3Me.,.  Tetra-inethyl-stilbene. 
[106°].  '  (325°-340°).    "Formed  by  distilling 
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C„H.,Me,.CH,.CH,Cl,  which  is  got  from  di-chloro- 
di-ethyi  oxide,  7)i-xylene,  and  H^S04  (Hepp,  B. 
7,  1416).  Spangles  (from  alcohol),  sol.  ether 
and  CS„.  Unites  with  bromine.  Oxidised  by 
dilute  HNO3  to  (l,3,4)-di-methyl-benzoic  acid 
[122°]. 

Di-xylyl-ethylene  C.H^Me^.CHiCH.CAMe,. 
[157°].  Formed  in  like  manner  from  p-xylene. 
Plates  (from  alcohol).  Less  soluble  than  the 
preceding  isomeride. 

Tetra-xylyl-ethylene 
(C„H3Me„)„C:C(C„H3Me.,)2.  [245°].  Formed  from 
xylene,  CHCl,,  and  AICI3  (Schwarz,  B.  14,  1528). 
Yellow  plates. 

w-XYLYL-ETHYLENE  -DIAMINE 
C„H3Me„NH.C,H.,.NH,,.  (274'=').  Formed  from 
!)i-xylyl-amido-ethyl-phthalimide  and  HCl  (New- 
man, 24,2197).— B'HCl.  [173°].— B'sHPtCl^. 
— B'C^HjNP,.  [141°].  Eeddish-yellow  needles, 
V.  e.  sol.  alcohol. 

DI-7)i-XYLYL-ETHYlENE  DIKETONE 
C.,H,,(CO.C,H,Me.,  [4:3:1]).,.  [129°].  Formed  from 
«i-xylene,  succinyl  chloride,  AlCl,  and  CSj 
(Clans,  B.  20,  1375).  Needles,  insol.  water,  v! 
sol.  alcohol  and  ether.  Dilute  HNO3  oxidises  it 
to  (l,3,4)-di-methyl-benzoic  acid. 

OxUn  C,H,(C(N0H).C„H,)2.  [140°]. 

Phenyl -hydra  2  ids 
C,H,(C(N,HPh).C8H,,)„.    [189°].  Crystals. 

Bi-p-xylyl  ethylene  diketone 
C,H,(C0.C,H3Me,,  [2:4:1])..      [123°].  Formed 
from  jj-xylene,  succinyl  chloride,  AICI3,  and  CSo 
(Clans).  Needles. 

m-XYLYL  ETHYL  KETONE 
[1:3:4]  C,H3Me,,.C0.C,H,.     (239°).    Light  oil, 
with  aromatic  odour,  not  solid  at  — 10°  (Claus, 
J.  pr.  [2]  43,  140).     Yields  (l,3,4)-di-methyl- 
benzoic  acid  on  oxidation. 

Phenyl-hydrazide  [126°].  Plates, v.  sol. 
hot  water,  alcohol,  and  ether. 

2)-Xylyl  ethyl  ketone 
[4:1:2]  C^HjMe^.CO.CoH,.  (238°uneor.).  Formed 
from  2^-xylene,  AICI3,  and  propionyl  chloride 
(Claus  a.  Fickert,  B.  19,  3182).  Oil.  Oxidised 
by  KMnO^  to  C6H3Me„.CO.CH.,.CO,H  [132°]  and 
some  (4,l,2)-di-methyl-benzoic  acid. 

wj-XYLYL  ETHYL  KETONE  CARBOXYLIC 
ACID  [4:2:1]  C,;H3Me,.C0.CH,.CH,.C0,H. 

Di-methyl-benzoyl-ioropionic  acid.  [108°]. 
Formed  from  iK-xylene,  succinyl  chloride, 
AICI3,  and  CS,,  (Claus,  B.  20,  1376).  Needles,  v. 
sol.  hot  water,  insol.  cold. — NH^A'. — KA'  4aq. 
V.  sol.  water. — NaA'  4aq.  Needles. — BaA',  3aq. 
Needles. — PbA'.,:  white  pp. — AgA':  white  crystal- 
line pp. 

p-Xylyl  ethyl  ketone  carboxylic  acid 

[4:1:2]  C,H3Me,,.CO.CH,.CH2.CO,H.  [84°]. 
Formed  from  2^-xylene  in  like  manner  (C). 
Colourless  needles. 

XYLYL-DI-ETHYL-PHOSPHINE 
C.-HsMeo-PEt,,.    (260°).    Formed  by  the  action 
of   ZnEt.  on  C6H3Me„.PCl„  (Czimatis,  B.  15, 
2016).  Thick,  colourles's  oil.'  Yields  B'Mel  [90°], 
B',Me,PtCl,  [202°],  and  B'Etl  [136°]. 

m-XYLYL-GLYOXALINE  CsH.N^^j^.-^^. 

[32°].    (279°).    Formed  by  the  action  of  HNO3 

on  CeH,N<^J|  [192°],  which  is  got  by 

the  action  of  HCl  on  the  product  of  the  action 
of  amido-acetal  on  m-xylyl-thio-urea  (Marck- 


wald,  B.  25,  2368).  SI.  sol.  water.— Auro- 
chloride  [165°].— Pi  crate.  [159°].  YeUow 
needles,  m.  sol.  chloroform. 

o-XYLYL-GLYOXYLIC  ACID 
[4:3:1]  C,H3Me.,.C0.C0,H.     [92°].     Formed  by 
oxidising  o-xylyl  methyl  ketone  with  alkaline 
K3FeCys  (Buchka  a.  Irish,  B.  20,  1766).— BaA'j. 

?«-Xylyl-glyoxylic  acid 
[4:2:1]  C,H3Me,.C0.C0,,H.  [54°].  Formed  by 
oxidising  ?)i-xylyl  methyl  ketone  with  KMnO^ 
(Claus,  B.  19,  231  ;  J.  pr.  [2]  43,  142).  Flat 
prisms.  Yields  (4,2,1)  di-methyl-benzoic  acid 
on  boiling  with  dilute  HNO3.  Gives  rise  to 
C3H<,.CH(0H).C0.,H  [119°]  on  reduction.— 
CaA',2aq.  Needles.— BaA'.,2aq.— AgA'.  Needles, 
sol.  hot  water. 

|j-Xylyl-glyoxylic  acid 
[5:2:1]  C,H3Me,.C0.C0.,H.  [70°-80°].  Formed 
by  oxidation  of  ^-xylyl  methyl  ketone  by  aqueous 
KMuOj  (Claus  a.  WoUner,  B.  18,  1859).  Crys 
talline,  v.  sol.  alcohol,  ether,  and  HOAc,  v.  si. 
sol.  water.  Splits  up  above  200°  into  CO,  and 
di-methyl-benzoic  aldehyde.  Oxidised  by  HNO3 
to  C„H3Me,.C0,H.  Ac,0  and  NaOAc  yield  di- 
methyl-cinnamic  acid. — BaA',,  6aq  :  small  felted 
needles. — CaA',  3aq. — AgA' :  crystalline  pp. 

Ethyl  ether  mA'.  Oil. 

XYLYL  GLYOXYLIC  ALDEHYDE 
[1:3:4]  C„H3Me,.C0.CH0.  Oxim  [95°].  Fonaed. 
from  xylyl  methyl  ketone,  NaOEt,  and  CjH^NO, 
(Soderbaum,  B.  25,  3463).  Needles  (from  benz- 
ene-ligroin).  Acetic  anhydride  gives  the  acetyl 
derivatives  of  the  syn-oxim  C„H,,.CO.CH:NOAo 
[54°]  decomposed  by  alkalis  with  formation  of 
C„H3Me.,.C0„H  [126°]  and  by  hot  Ac.,0  yielding 
C6H3Me„.C0.CN  [47°].  AcCl  converts  the  oxim 
into  C,H3Me.,.C(0H).,.CH:N0Ac  [142°],  whence 
cold  NaOH  forms  C„H3Me,.CH(0H).C0,H  [103°],. 
while  NaOHAq  at  50°  forms  '  xylyl  formoin ' 
0sH,.C0.CH(0H).C0.C0.C,H3  [155°]. 

DI-XYLYL-GUANIDINE 
HN:C(NH.C„H5  [1:2:4]),.     [158°].     Formed  by 
the  action  of  PbO  and  alcoholic  ammonia  on  di- 
xylyl-thio-urea  (Hofmann,  B.  9,  1295).  Needles, 
(from  alcohol). 

XYLYL-HYDRAZINE 
[4:2:1]  C„H3Me,,NH.NH,,.  [85°].  Formed  from 
xylidine  by  diazotisation  followed  by  reduction 
with  Na,S03,  the  resulting  CsH<,.N,H,.S03Naiaq 
being  then  treated  with  zinc-dust  and  HOAe 
(Klauber,  M.  11,  282).  Pale-yellow  needles,  v. 
si.  sol.  water,  v.  sol.  alcohol.  Reduces  Fehling's 
solution  on  warming.  On  heating  with  aceto- 
acetic  ether  it  yields  a  crystalline  body  [203°] 
reduced  in  alcoholic  solution  by  Na  to  oxy- 
xylyl-methyl-pyrazole. 

Salt.— C'HC12aq.    [183°].    Small  needles. 

Di-o-xylyl-hydrazine 
[3:2:1]  C,H3Me,NH.NHC,,H3Me.,  [1:2:3].  [141°], 
c-Hydrazo-o-xylcnc.  Got  by  heating  nitro-o- 
xylene  (20  g.)  with  NaOH  (20  g.),  alcohol  (100 
c.c.)  and  zinc-dust  (25  g.),  and  reducing  the  pro- 
duct with  alcoholic  ammonium  sulphide  (Nolting 
a.  Strieker,  Bl.  [2]  50,  613).  White  needles,  soL- 
alcohol  and  ether.    Easily  oxidised  by  air. 

it-Di-o-xylyl-hydrazine 
N.,H,,(C,H3Me.,[l:3:4]).,.    [107°].    Formed  by  re- 
ducing   nitro-o-xylene  with  sodium-amalgam 
(N.  a.  S.).    Yellowish  white  needles,  sol.  alco- 
hol. 
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Di-77i-xylyl -hydrazine 
N„H„(C,H3Me,  [1:3:5])2.    [125°].    Obtained  from 
s-nitro-«4-xylene  (N.  a.  S.).    Needles,  easily  oxi- 
dised by  air. 

M-Dl-jK-xylyl-hydrazine 
NoH^CCeHjMe.,  [1:2:4]).,.  [122°].  Got  by  warm- 
ing nitro-ira-xylene  (30  g.)  with  NaOH  (30  g.), 
zinc-dust  (40  g.),  and  alcohol  (250  c.c.)  and 
treating  the  xylene-azo-xylene  so  obtained  with 
alcoholic  ammonia  and  H„S  (N.  a.  S.).  White 
needles,  sol.  alcohol  and  ether. 

Di-p-xylyl-hydrazine 
N,H„(C„N,jMe,  [1:2:5]),.    [145°].    Formed  from 
nitro-p-xylene  (N.  a.  S.).    Needles,  not  affected 
by  air. 

XYLYLIC  ACID  v.  Di-methtl-benzoic  acid. 

a-Xylylic  acid  v.  Tolyl-acetic  acid. 

jp-XYLYLIDENE-DI-IMINE 
■CsH,(CH:NH),  [1:4].    Formed  by  the  action  of 
alcoholic  NH3  or  dry  NH3  gas  upon  terephthalic 
aldehyde  (Oppenheimer,  B.  19,  576).  Glassy 
brittle  crystals.    V.  si.  sol.  alcohol  and  ether. 

DI-XYLYL-KET0NECO(C,H3Me,),,.  (c.340°). 
Obtained  from  (7;z.  ?) -xylene,  COCl,,  and  AICI3 
(Ador  a.  Eilliet,  B.  11,  399).  Liquid,  not  solid 
at  —  60°.  Split  up  by  long  boiling  into  11,0  and 
C„H,s. 

Di-^-xylyl  ketone 
[2:5:1]  C^HjMe^.CO.C.HaMe,,  [1:2:5].  (327°  un- 
cor.).  Formed  from ^j-xylene,  CS,,  and  COCl,  in 
closed  vessels ;  the  yield  being  55  p.c.  (Elbs, 
J.  pr.  [2]  35,  481).  Oil.  Quickly  decomposed 
by  distillation  into  H,0  and  [B.  2,  l',4')-tri- 
methyl-anthracene  [227°].  Eeduced  by  zinc- 
dust  and  alcoholic  KOH  to  di-p-xylyl-carbinol 
[131°]. 

Di-xylyl-tetraketone 
C  Jii.CO.CO.CO.CO.CsHsMe.,  [4:3:1].  [180°]. 
Formed  by  the  action  of  cold  HNO3  (S.G.  1-4) 
on  C,,H,.C0.CH(0H).C0.C0.C3H,,  (Soderbaum,  B. 
25,  3475).  Scarlet  needles  (from  OS,).  On  dis- 
solving in  HOAc  and  ppg.  by  water  it  yields  a 
dihydrate  [100°]  C.,„H„.,Os. 

XYLYL  MEECAPTAN  C^HjMe^.SH.  (214°). 
S.G.  i2  1-036.  Got  by  treating  xylene  sulphonic 
chloride  with  Zn  and  dilute  H,SO.,  (Yssell,  Z. 
1865,  360),  and  also  by  heating  xylyl  ethyl 
xanthate  with  alcoholic  potash  (Leuckart,  J.  pr. 
[2]  41,  192).  Liquid.  —  Hg(S.C8H3)2.  — 
Pb(S.Cj,Hg)„.    Yellow  powder. 

TRI-^3-XYLYL-METHANE  CHICsHjMe^ls. 
£188°].  (above  860°).  From  di-^-xylyl-carbinol, 
jj-xylene,  and  P^Oj  by  boiling  for  four  hours 
(Elbs,  J.  pr.  [2]  35,  484).  Crystalline  grains 
(from  alcohol),  v.  sol.  ether  and  benzene. 

o-XYLYL  METHYL  KETONE 
[4:3:1]  C,H3Me.,.CO.CH3.  (246°).  Formed  from 
^-xylene,  AcCl,  and  AICI3  (Glaus,  B.  18,  1856 ; 
19,  232  ;  J.  pr.  1890,  410).  Oil,  smeUing  like 
coumarin  (Armstrong  a.  Kipping,  C.  J.  63,  81). 
Yields  (4,3,l)-di-methyl-benzoic  acid  on  oxida- 
tion. Cone.  HClAq  forms  C,oH2„0  [114°].  R.O^ 
gives  a  body  melting  at  165°.  Zinc-dust  reduces 
the  ketone  to  CsH,.CH(0H).CH3  (257°). 

Oxim  C,H,,.C(N0H).CH3.  [86°].  Prisms 
(from  dilute  alcohol),  converted  by  AcCl  into 
C3H,.C(N0Ac).CH3  [72°]. 

P lienyl-hydrazide.    Colourless  prisms. 

m-Xylyl  methyl  ketone 
[4:2:1]  C6H3Me,,.CO.CH3.    (228°).    Formed  from 
m-xylene,  AcCl,  and  AICI3  (Claus,  B.  19,  230). 


Obtained  also  by  boiling  lu-xylene  with  HOAc, 
ZnCL,  and  POCI3  (Frey,  J.  pr.  [2]  43, 120).  Oil, 
smelling  like  peppermint.  Not  condensed  by 
HClAq.  Yields  Ci^H^BrjO  [69°].  Keduction  by 
HI  yields  C5H3Me.,.CH„.CH3  (184°)  (Claus,  J.  pr. 
[2]  45,  380).  HNO3  gives  CjoH.gNA  [108°] 
(Claus,  J.pr.  [2]  41,  492). 

j5-Xylyl  methyl  ketone 
[5:2:1]  C,H3Me„.CO.CH3.  (225°  uncor.).  S.G. 
i2  -9962.  V.D.  4-93.  Formed  from  ^-xylene, 
AcCl,  and  AlCl,  (Claus  a.  Wollner,  B.  18,  1856). 
Oil,  V.  sol.  alcohol  and  ether.  Oxidised  by  cold 
aqueous  KMnO^  top-xylyl-glyoxylic  acid.  Dilute 
HNO3  forms  di-methyl-benzoic  and  methyl- 
phthalic  acids. 

Oxim  C,H,,.C(N0H).CH3.  [58°]. 

XYLYL  METHYL  KETONE  CARBOXYLIC 
ACID  V.  Methtl-bbnzoyl-acetic  acid. 

XYLYL-DI-METHYL-PHOSPHINE 
C,H3Me.,.PMe,.     (230=).    Formed  from  ZuMe^ 
and  C6H3Meo.PCl,,  (Czimatis,  B.  15,  2016).  OU. 
Unites  with  CS„,  forming  a  compound  [115°]. 

XYLYL-METHYL-THIOHYDANTOIN 

[1:3:4]  C.HjMej.N^^g-^^^.    [165°].  Formed 

from  xylyl-thiocarbimide  and  alanine  (Marek- 
wald,  B.  24,  3282).    Needles,  v.  sol.  alcohol. 

XYLYL  PENTADECYL  KETONE 
CeH3Me,.CO.C,5H3,.    [37°].    (269°  at  15  mm.). 
Formed  from  «i-xylene,  palmityl  chloride,  and 
AICI3  (Krafft,  B.  21,  2269).    Small  plates,  yield- 
ing di-methyl-benzoio  acid  [126°]  on  oxidation. 

XYLYL  PHENYLAMYL  KETONE 
C^HjMc.CO.CHPh.C^H,.    [91-5°].    Formed  by 
Friedel  and  Craft's  method  (Wege,  B.  24,  3541). 

XYLYL-PHENYL-  v.  Phentl-xtltl-. 

TEI-XYLYL  PHOSPHATE  PO(OC„H3Me2)3. 
The  0-  and  p-  compounds  are  formed  by  heating 
0-  and  ^:i-xylenol  with  POCI,  (Kreysler,  B.  18, 
1702).  They  are  oils,  v.  sol.  ether,  alcohol,  and 
benzene. 

i)i-XYLYL-PHTHALIDE 

C,H,/™(^^;'^>0.  [84°].  Got  by  heating 

C,H3Me„.C0.C,H,.C0.,H  with  zinc  and  HCl 
(Gresly,  A.  234,  237)'.  Needles  (from  alcohol), 
si.  sol.  benzene. 

XYLYL-PROPIONIO  ACID 
[1:3:4]  C„H3Me2.CH,.CH,.C0.,H.  [105°].  Formed 
by  saponifying  the  amide.    Silky  needles,  v.  sol. 
hot  water. — BaA',  6aq.    Plates,  m.  sol.  water. — 
CaA'.,  4aq. — AgA'.    White  powder. 

Amide  C,H3Me„.C.,H,.CO.NH2.  [107°].  Got 
by  heating  the  oxim  of  7)z.-xylyl  ethyl  ketone  with 
yellow  ammonium  sulphide  under  pressure 
(Claus,  J.  pr.  [2]  46,  477).    Needles,  sol.  hot 

Mi-XYLYL  PROPYL  KETONE  C,„H,50  i.e. 
[4:2:1]  C6H3Me,.CO.Pr.  (251°).  Form'ed  from 
7;{-xylene,  butyryl  chloride  and  AICI3  (Claus, 
[J.  pr.  [2]  46,  474).  Oil,  v.  sol.  alcohol  and 
ether.  Yields  ??i-xylyl-glyoxyhc  acid  [54°]  on 
oxidation  with  KMnO,,. 

Oxim.    Crystals,  v.  e.  sol.  alcohol. 

p-Xylyl  propyl  ketone  [5:2:1]  C5H3Meo.CO.Pr. 
(249°).  Formed  in  like  manner  from  ^-xylene. 
Light  oil. 

Oxim  [47°].    Colourless  needles. 

o-Xylyl  isopropyl  ketone 
[4:3:1]  CjH3Me2.CO.Pr.  (258°).    Oil,  smelling  Uke 
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turpentine  (Clans,  J.  pr:  [2]  46,  484).  Yields 
di-methyl-benzoic  acid  [163°]  ou  oxidation. 

Oxim  [68°J.    Large  prisms. 

7«-Xylvl  isopropyl  ketone 
[4:2:1]  C,H3Me,,.C0.Pr.    (245°).     Oil,  yielding 
7!Z.-xylyl-giyoxylic  acid  on  oxidation  by  KMnO^. 

Oxim  [97°].    Prisms  (from  alcohol). 

Phenyl-hydrazida  [129°].  Crystals. 

^j-Xylyl  isopropyl  ketone 
[5:2:1]  C,H,Me,,.CO.Pr.   (240°).     Formed  from 
^_)-xylene,  isobntyi'yl  chloride,  and  AlCl.j  (Clans, 
J.  pr.  [2]  46,  484).    Oil,  smelling  like  mush- 
rooms. 

Oxi  m  [76°].    Plates  and  prisms. 

TETRA-o-XYLYL  SILICATE  Si(OC,H,Me,,),. 
(c.  460°).  Formed  by  heating  o-xylenol  with 
SiCIj,  the  yield  being  85  p.c.  of  the  theoretical 
amount  (Hertkorn,  B.  18,  1691).    Large  prisms. 

Tetra-7)i-xylyl  silicate  Si(0C,H3Me,)i.  (45.3°- 
457°).  Formed,  in  like  manner,  from  »4-xylenol. 
Oil. 

7)i-XYLYL  THIOCARBIMIDE  C„H„NS  i.e. 
[4:2:1]  C„H3Me„.N:CS.  Formed  from  di-xylyl- 
thio-urea  and  P-.O;  (Hofmann,  B.  9,  1295). 
Crystals.  Converted  by  PhOEt  and  AlCL,  into 
C,H„NH.CS.C,H^.OEt  [140°]  (Gattermann,  B.  25, 
3530). 

XYLYL  ETHYL  DITHIOCARBONATE 

CS(OEt).SC,H3Me2.     Formed  from  potassium 


xanthate  and  m-diazo-xylene  chloride  (Leuckart, 
J.  pr.  [2]  41,  192).  Oil,  converted  by  heating 
with  alcoholic  potash  into  xylyl  mercarjtaa 
(214°). 

DI-XYLYL-THIO-UREA 
CSfNH.C^HaMe,, [1:2:4]),.     [153°].    Formed  by 
digesting  xylidine  with  CS,.  as  long  as  B..,S 
escapes  (Hofmann,  B.  9,  1205).    Crystals  (from 
alcohol). 

XYLYL-UREA  NH,.C0.NHC,.H3Me,  [1:2:4]. 
[186°].  Formed  from  crude  xylidnie  sulphate 
and  potassium  cyanate  (Geuz,  B.  3,  226). 
Needles  (from  alcohol). 

s-Xylyl  urea  NH...CO.NH.C,-H3Me„[l:3:5]. 
[162°]  (Frentzel,  C.  C.  1888,  1361). 

Di  -  s  -  xylyl  -  urea  CO(NHC,H,Me,  [1:3:5] ).,. 
[275-]  (F.)  ;  [251°]  (G.  a.  C).  Foriied  from 
s-xylidine  and  COCI.  (F.).  Formed  also  from 
7«-xylyl  cyanate  and"  xylidine  (Gattermann  a. 
Cantzler,  B.  25,  1089).  Needles. 

Di.7;i-xylyl-urea  CO(NH.C,  H,,Me,  [1:2:4]),. 
[263°].  A  product  of  the  distillation  of  jw-xylyl- 
amido-crotonic  acid  (Conrad  a.  Limpach,  B.  21, 
527).    Sublimes  when  melting. 

Di-xylyl-urea  CO(NHC,H,Me,),.  Formed  by 
heating  urea  (1  pt.)  with  crude  xylidine  (3  pts.). 
Felted  needles  (from  hot  alcohol),  not  melted  at 
250°  (Genz,  B.  3,  226). 

Preference. — Methyl-benzyl-ueea. 
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YTTERBIUM.  Yb.  At.  w.  c.  173.  This  name  I 
is  given  to  the  metal,  not  yet  isolated,  of  an 
earth  separated  byMarignac,  in  1878,  from  crude 
erbia  obtained  from  gadolinite  or  cuxeiiite.  The 
claim  of  ytterbia  to  rank  as  a  definite  homo- 
geneous compound  is  not  yet  satisfactorily  estab- 
lished. 

The  discovery  of  a  new  earth  in  a  mineral 
from  Ytterby  in  Sweden  was  announced  in  1788 
by  Gadolin  ;  in  1797  Eckeberg  confirmed  the  dis- 
covery. The  new  earth  was  named  yttria,  and 
the  mineral  from  which  it  was  obtained  was 
called  gadolinite.  Kesearches  into  the  nature  of 
yttria  were  conducted  by  Berzelius  in  1819  {v. 
Lehrbuch  [5th  ed.]  2),  Mosander  in  1839  and 
1843  {J.  pr.  30,  27),  Scheerer  in  1842,  Cleve  and 
others.  In  1878  Marignac  made  a  careful  ex- 
amination of  erbia  [A.  Ch.  [5]  14,  247)  ;  he 
fractionally  decomposed  erbium  nitrate  by  heat, 
and  obtained  an  earth  which  he  called  ytterbia. 
The  erbia  used  by  Marignac  was  pink,  and  gave, 
in  solution,  an  absorption  spectrum ;  the  new 
earth  was  white  and  showed  no  absorption  spec- 
trum. Nilson  {B.  12,  654 ;  13,  1439  [1879-80]) 
IDrepared  ytterbia,  but  found  a  reacting  weight 
for  the  earth  different  from  that  assigned  to  it  by 
Marignac.  By  repeated  fractional  decomposition 
by  heat  of  the  nitrate  of  ytterbium,  Nilson 
separated  another  earth  which  he  called  scandia 
(c/.  Scandium,  this  vol.,  p.  431).  Nilson  {B. 
13,  1430)  in  1879  made  a  fuller  examination  of 
ytterbia,  and  determined  the  at.  w.  of  the  metal 
of  this  earth,  and  the  properties  of  several  salts 
of  the  metal.     In  this  memoir  Nilson  asserted 


that  erbia  was  separable  into  seven  distinct  earths : 
erbia  jiroper,  scandia,  terbia,  thulia,  ytterbia, 
yttria,  and  Soret's  X  (afterwards  called  holmia). 
{cf.  Erbium,  vol.  ii.  p.  456 ;  and  Metals,  habb, 
vol.  iii.  p.  245). 

OcczMToice.  — Along  with  erbia,  scandia,  yttria, 
&c. ,  in  very  small  quantities  in  a  few  rare  Scandin  a- 
vian  minerals,  chiefly  in  gadolinite  and  euxcnite. 
Nilson  {I.e.)  obtained  c.  20  g.  ytterbia  from  6-7 
kilos,  of  the  crude  earths  prepared  from  c.  15 
kilos,  gadolinite. 

Preparation  of  ytterbia. — Nilson  {B.  13, 1430) 
mixed  finely  powdered  euxcnite  or  gadolinite,  c. 
400  g.  at  a  time,  with  four  times  its  weight  of 
KHSO^,  fused  over  a  powerful  burner,  pulverised 
the  fused  mass,  and  thoroughly  exhausted  with 
cold  water ;  he  ppd.  the  aqueous  solution  by 
ammonia,  washed  the  ppd.  hydrated  oxides,  and 
dissolved  in  HNO.,Aq  ;  after  boiling  the  solution 
for  some  time  and  filtering,  he  ppd.  by 
oxalic  acid,  washed  the  pp.,  dried  it,  and  heated 
strongly  until  it  was  decomposed.  The  crude 
earths  thus  obtained  were  freed  from  K,CO,,  by 
boiling  with  water,  and  were  then  dissolved  in 
HNO.jAq  ;  the  solution  was  evaporated  to  dry- 
ness, and  the  residue  was  fused  until  red  vapours 
began  to  come  off.  The  reddish-yellow,  opaque 
solid  was  then  treated  with  boiling  water,  where- 
by a  reddish-yellow  pp.  was  formed,  which  was 
filtered  off  by  means  of  a  suction-pump.  (This 
pp.  contained  oxide  of  Th,  along  with  oxides  of  Ce, 
Fe,  and  U.)  The  reddish  filtrate  was  evaporated 
to  dryness,  and  tbe  solid  nitrates  thus  obtained 
were  piartly  decomposed  by  heating,  the  soluble 
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(undecomposed)  portion  removed  by  solution 
in  water,  the  residue  dissolved  in  HNO.,Aq, 
the  solution  evaporated  to  dryness,  the  resi- 
due partly  decomposed  by  heating,  the  unde- 
composed nitrates  were  removed  by  washing 
with  water,  the  residue  was  dissolved  in  HNOjAq, 
and  so  on.  After  thirty  repetitions  of  this  process 
a  solution  was  obtained  that  showed  merely 
a  trace  of  red  colour  after  thirty-five  repetitions 
the  solution  was  quite  colourless,  and  showed 
only  two  faint  absorption  bands,  one  in  the  green 
and  the  other  in  the  red ;  after  forty  repetitions  a 
solution  was  obtained  which  gave  only  the  red 
band  ;  and  when  the  process  of  partial  decomposi- 
tion by  heat  had  been  repeated  sixty-eight  times 
a  solution  in  HNO^Aq  was  obtained  which  showed 
no  trace  of  an  absorption  spectrum.  This  solu- 
tion was  saturated  with  H,,S,  the  small  yellowish- 
brown  pp.  of  PtSj  was  filtered  off,  the  filtrate 
was  ppd.  by  pure  oxalic  acid,  the  pp.  was  washed, 
dried,  and  decomposed  by  heating  strongly,  and 
pure  ytterbia  was  thus  obtained.  For  a  modifica- 
tion of  this  method  of  separating  ytterbia  from 
accompanying  earths  v.  Auer  von  Welsbach  (M. 
4,  630). 

Atomic  weight  of  ytterbium. — The  metal  has 
not  been  isolated ;  the  at.  w.  was  determined 
by  Nilson  (B.  13,  1433)  by  dissolving  pure  Yb^O^ 
(v.  supra)  in  HNO^Aq,  adding  a  suitable  quantity 
of  H.jSOjAq,  evaporating  on  a  water-bath  to  drive 
off  HNO3,  then  on  a  sand-bath,  and  finally  over 
a  flame  until  all  free  H2SO4  was  removed, 
weighing  the  Yb2(S04)j,  thus  obtained,  and 
analysing  it.  Nilson  dissolved  pure  YbjOj  in 
HlSfOgAq,  evaporated  to  dryness,  partially  de- 
composed the  nitrate  by  heat,  treated  with  water, 
&c.,  as  described  stipra,  and  in  this  way  obtained 
seven  fractions,  each  of  which  was  converted  into 
sulphate.  The  results  are  presented  in  the  fol- 
lowing table : — 


■Weight  of 
taken 

Weight  of 
sulphate 
formed 

Pctge.  composition 
of  sulphate 

Atomic  W. 
of  Yb. 

SO, 

1-0063 

1-0139 
-8509 
•7371 

1-0005 
•8090 

1-0059 

1-6186 
1-6314 
1-3690 
1-1861 
1-6099 
1-3022 
1-6189 

62-171 
62-149 
62-155 
62-145 
62-147 
62-126 
62-134 

37-829 
37-851 
37-845 
37-855 
37-853 
37-874 
37-866 

173-21 
173-03 
173-08 
178-00 
173-01 
172-84 
172-91 

Mean.    ....  62-147 

37-853 

173-01 

Chemical  relations  of  ytterbium. — If  Yb  is 
really  a  homogeneous  substance,  it  must  be 
placed  in  Series  10  of  Group  III.  in  the  periodic 
classification  of  the  elements.  This  group  con- 
tains the  following  elements : 

Even  series — 
2  4  6  8  10  12 

B(ll)  Sc(44)  Y(89)  La  (139)   Yb  (173)  — 

Odd  series — 

3         5         7  9  11 

Al  (27)  Ga  (70)  In  (114)       —      Tl  (204) 

A  comparison  of  the  position  of  Yb  with  the 
positions  of  elements  placed  in  Series  10  {v. 
table  on  p.  811  of  vol.  iii.)  shows  that  Yb 


ought  to  be  decidedly  more  metallic  than  B,  and 
somewhat  more  metallic  than  Al,  Ga,  or  In  ;  the 
data,  however,  are  too  meagre  to  allow  a  detailed 
comparison  to  be  made.  Little  is  known  of  the 
properties  of  compounds  of  Yb  ;  but  what  is 
known  broadly  confirms  the  conclusions  drawn 
from  the  position  of  the  element  in  the  periodic 
scheme  of  classification  (c/.  Eahths,  metals  of 
THE,  vol.  ii.  p.  424). 

Ytterbium  oxide  YbjOj.  (Ytterbia.)  A  very 
heavy,  white,  infusible  powder  ;  slowly  acted  on 
by  acids  when  cold  or  gently  warmed,  but  readily 
dissolved  by  dilute  acid  solutions  when  boiling. 
Solutions  in  acids  are  colourless,  and  show  no 
absorption  spectra.  The  emission  spectrum  of 
a  solution  in  HClAq,  obtained  by  help  of  the 
spark,  shows  several  lines,  themost  conspicuous 
of  which  have  the  wave-lengths  6221,  5556, 
5476,  5352,  and  5334  [v.  Lecoq  de  Boisbaudran, 
C.  B.  88,  1342).  S.G.  9-175.  S.H.  (0°-100°) 
•0646  (Nilson,  I.e.). 

Hydrated  ytterbium  oxide.  A  white,  gela- 
tinous, but  heavy  pp.  obtained  by  adding  NHjAq 
to  a  solution  of  a  salt  of  Yb  ;  shrinks  much 
when  dried,  and  absorbs  G0„  from  the  air. 
Easily  soluble  in  acids  (Nilson,  I.e.). 

Ytterbium  salts.  Nilson  (I.e.)  prepared  am 
oxalate,  an  acid  selenite,  and  a  sulphate ;  and 
Marignac  (C.  B.  87,  578)  prepared  a  formate. 

Ytterbium  oxalate  Yb2(C204)3.  lOaq.  A  white, 
microscopically  crystalline  powder;  insoluble 
in  water,  scarcely  soluble  in  dilute  acids ;  un- 
changed in  air ;  gives  up  part  of  its  water  at 
100°.  Prepared  by  adding  oxalic  acid  to  a  warm 
solution  of  the  sulphate. 

Ytterbium  selenite  Yb203.4Se02.  5aq.  Ob- 
tained by  adding  NaoSeO^Aq  to  a  solution  of 
Yb2(SOj3,  washing  the  ppd.  normal  selenite,  dis- 
solving in  water  containing  a  large  excess  of 
H2Se03,  evaporating  nearly  to  dryness,  and  wash- 
ing the  residue  with  water.  A  white  crystalline 
salt,  insoluble  in  water.    Loses  4II2O  at  100°. 

Ytterbium  sulphate  Yb2(SO.,)3.  Prepare  d  by 
dissolving  Yb.,03  in  HNOjAq,  adding  H2S04Aq, 
evaporating  on  a  water-bath  to  drive  off  HNO3, 
then  on  a  sand-bath,  and  finally  over  a  flame  at 
low  redness  till  all  HoSO^  is  removed.  An  opaque, 
white  solid.  Dissolves  in  water  when  a  large 
quantity  is  added  at  once  ;  if  a  little  is  added 
much  heat  is  produced,  the  salt  combines  with 
the  water,  and  then  dissolves  very  slowly  when' 
more  water  is  added.  Decomposed  at  a  red 
heat,  fully  at  a  white  heat.  S.G.  3-793.  S.H. 
-1039  at  0°  to  100°. 

A  hydrated  sulphate  Yb2(S04)3. 8aq  was  ob- 
tained by  Nilson  in  large,  white,  lustrous  prisms 
by  evaporating  a  solution  of  Yb„(S0.|)3  in  water 
at  a  gentle  heat.  M.  M.  P.  M. 

YTTRIUM.  Y.  At.  w.  c.  89-6.  The  name 
yttrium  is  given  to  the  metal  of  an  earth  ob- 
tained from  a  few  rare  Swedish  minerals.  The 
separation  of  a  new  earth  from  a  mineral  found 
at  Ytterby,  in  Sweden,  was  made  by  Gadolin  in 
1788.  The  existence  of  the  new  earth  was  con- 
firmed in  1797  by  Eckeberg,  and  the  earth  was 
called  by  him  yttria.  Subsequent  researches 
carried  on  by  Berzelius,  Mosander,  Scheerer, 
Berlin,  Delafontaine,  Popp,  Bahr  a.  Bunsen, 
Marignac,  and  others  showed  that  the  yttria  of 
Gadolin  and  Eckeberg  was  a  mixture  of  many 
oxides  (c/.  Erbium,  vol.  ii.  p.  456  ;  Scandium,  vol.. 
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iv.  p.  431 ;  Yttebbium,  this  vol.  p.  879  ;  and  v. 

infra,  Hoiiwgencttij  of  Yttria). 

Occurrence. — About  30  to  35  p.c.  of  yttria,  in 
combination  with  SiOj,  is  found  in  the  exceed- 
ingly rare  Swedish  mineral  gadolinite ;  some 
specimens  of  orthite  also  contain  yttria,  and  the 
earth  has  also  been  found,  in  combination  with 
Nb.,0-,  and  Ta^O-,  in  specimens  of  euxcnite.  The 
oxides  that  generally  accompany  yttria  in  these 
rare  minerals  are  ceria,  didymia,  erbia,  lanthana, 
lime,  magnesia,  soda,  and  oxide  of  iron. 

Preparation  of  yttria. — The  crude  oxides  of 
yttrium,  erbium,  <fec.,  are  separated  from 
gadolinite  by  the  method  of  Bahr  a.  Bunsen 
described  under  Eebium  (vol.  ii.  p.  457).  Ma- 
rignac  {A.  CJi.  [5]  14,  247)  converted  the  oxides 
into  nitrates,  heated  the  nitrates  in  a  Pt  basin 
until  red  fumes  came  off  freely ;  treated  the 
residue  with  water,  and  separated  the  solution, 
which  contained  much  Yt  nitrate,  from  insoluble 
basic  nitrates  of  Er,  &c.  He  then  evaporated 
the  solution  to  dryness,  heated  again  until  par- 
tial decomposition  was  effected,  again  treated 
with  water,  poured  off  the  solution,  evaporated 
it  to  dryness,  partially  decomposed  the  solid 
nitrates  by  heat,  and  so  on.  After  some  hun- 
dred repetitions  of  these  processes,  approxi- 
mately pure  yttria  was  obtained.  Auer  von 
Welsbach  (4f.  4,  630)  separated  approximately 
pure  yttria  from  the  crude  earths  obtained  from 
gadolinite  by  a  long-continued  series  of  opera- 
tions based  on  the  facts  (1)  that  yttrium  nitrate 
is  less  readily  decomposed  to  basic  salts  than 
erbium  nitrate  when  a  fairly  cone,  solution  of 
these  nitrates  is  heated  with  the  oxides  of  the 
metals  made  into  a  paste  with  water,  and 
(2)  that  basic  yttrium  nitrates  dissolve  in  a  solu- 
tion of  the  normal  nitrates  of  Y  and  Er  more 
readily  than  basic  erbium  nitrates. 

References. — Gadolin  (Crell's  Annal.  1796  [1] 
313);  Eckeberg  {Scher.  J.  3,  187);  Klaproth 
(Scher.  J.  5,  531) ;  Vauquelin  (Scher.  J.  5,  552)  ; 
Berzelius  (Scher.  J.  16,  250,  404  ;  and  Lehrbuch 
[5th  ed.],  2,  177)  ;  Berlin  (P.  43,  105) ;  Scheerer 
(P.  56,  483) ;  Mosander  (P.  M.  23,  251) ;  Popp 
(A.  131,  179) ;  Delafontaine  (Ar.  Sc.  [2]  21,  97  ; 
22,  30;  25,  112;  51,  48;  61,  273);  Bahr  (A. 
135,  376) ;  Bahr  a.  Bunsen  (A.  137,  1)  ;  Cleve 
a.  Hoglund  (Bl.  [2]  18,  193,  279)  ;  Cleve  (Bl.  [2] 
21,  344). 

Preparation  of  yttrium. — The  metal  has  not 
been  obtained  pure.  Wohler  in  1828  (P.  13, 
580)  obtained  impure  yttrium  by  reducing  the 
chloride  by  sodium.  In  1864  Popp  (A.  131, 179) 
dissolved  yttria  in  HClAq,  added  NH|ClAq,  eva- 
porated, separated  and  dried  the  double  chloride 
of  yttrium  and  ammonium  thus  formed,  mixed 
this  with  Na,  the  double  salt  and  the  Na  being 
arranged  in  alternate  layers,  heated  the  mixture 
in  a  closed  crucible  till  action  began  and  then 
allowed  the  reaction  to  proceed ;  washed  the 
fused  mass  with  water,  separated  unreduced 
yttria  by  levigation,  washed  the  dark-grey  powder 
that  remained  with  water,  and  then  with  alcohol, 
and  dried  it  over  H.^SO^.  In  1890  Winkler 
(B.  23,  787)  obtained  a  black  powder  that  de- 
composed water  by  heating  yttria  and  finely- 
divided  Mg  in  the  ratio  Y,,0.i:3Mg  (cf.  Yxtkia, 
p.  882).  Popp  describes  yttrium  as  a  dark-grey 
powder  resembling  ferrum  redactuni,  decom- 
Ijosing  cold  water  slowly  and  hot  water  rapidly. 
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easily  dissolved  by  dilute  acids,  including  acetic 
acid,  decomposing  boiling  KOHAq,  and  NH,ClAq 
at  the  ordinary  temperature,  with  evolution  of 
H  and  NH., ;  the  metal  burns  brilhantly  when 
heated  on  Pt  foil ;  when  heated  in  0  it  burns 
with  a  very  dazzling  light. 

An  examination  of  the  emission  spectrum  of 
yttrium  was  made  by  Thalen :  the  most  pro- 
minent lines  observed  had  the  wave-lengths 
6191,  6131,  5987,  5971,  6662,  .5496,  5402,  5205, 
5200,  5088,  4900,  4881,  4854,  4374,  and  4309 
(Kongl.  Sw.  Vetens.  Acad.  Handl.  12). 

The  atomic  weight  of  yttrium  was  deter- 
mined by  Berzelius,  Delafontaine,  Popp,  Bunsen 
a.  Bahr  (v.  supra,  References)  by  analyses  of  the 
sulphate,  or  by  transforming  yttria  into  the  sul- 
phate ;  the  values  varied  from  92-2  to  102-3. 
In  1873  Cleve  a.  Hoglund  (y.  B.  6,  1467)  made 
more  accurate  determinations  by  analysing  purer 
specimens  of  Yt.,(S0j)3,  and  obtained  the  value 
89-6. 

Chemical  relations  of  yttrium. — Assuming 
yttrium  to  be  a  homogeneous  element  with 
at.  w.  c.  89,  it  must  be  placed  in  Series  6  of  Group 
III.  in  the  periodic  arrangement  of  the  elements. 
This  group  contains  the  earth  metals  ;  yttrium 
is  preceded  in  the  even  series  family  by  B  and  Sc, 
and  is  succeeded  by  La  and  Yb.  A  consideration 
of  the  position  given  to  Y  in  the  periodic  clas- 
sification shows  that  the  element  ought  to  closely 
resemble  the  other  metals  of  the  earths.  Too 
little  is  known  of  the  properties  of  many  of  the 
earth  metals  to  allow  of  a  detailed  comparison 
of  them  one  with  another.  A  general  account 
of  the  relations  of  these  metals  will  be  found  in 
Eaeths,  metals  of  the  (vol.  ii.  p.  424). 

The  homogeneity  of  yttria. — The  properties 
described  as  belonging  to  yttria  before  1885  were 
the  properties  of  a  mixture  of  at  least  five,  and 
perhaps  six,  different  bodies,  according  to  Crookes 
(C.  N.  54,  13,  155).  Crookes  subjected  '  yttria ' 
to  a  prolonged  process  of  fractionation  by  am- 
monia (for  a  description  of  this  method  v.  Earths, 
vol.  ii.  p.  423),  and  he  then  examined  the  phos- 
IDhorescence  spectra  of  vaiious  fractions.  Crookes 
concludes  that  yttrium  is  a  compound,  or  per- 
haps a  very  intimate  mixture,  of  simpler  bodies. 
For  details  of  the  phosphorescence  spectra  of 
the  substances  obtained  by  fractionating  '  yttria  ' 
V.  Metals,  hare  (vol.  iii.  p.  248).  By  thirty-two 
fractionations  of  '  yttria  '  by  ppn.  with  NH,Aq, 
followed  by  twenty-six  fractionations  by  ppn. 
with  oxalic  acid,  Lecoq  de  Boisbaudran  (C.  R. 
103,  649  [1887])  obtained  a  white  specimen  of 
yttria  which  gave  no  iDhosphorescence  spectrum 
when  mixed  with  lime,  and  which,  when  con- 
verted into  chloride,  gave  a  spark  spectrum, 
showing  only  the  lines  of  yttrium. 

Yttrium,  bromide  of,  YBr3.9H.,0.  Colourless, 
very  deliquescent  tablets ;  obtained  by  dis- 
solving YoO,  in  HBrAq  and  concentrating  (Cleve, 
Bl.  [2]  18",  193).  The  anhydrous  salt  is  obtained 
by  Duboin  (C.  B.  107,  99,  243)  by  heating  YA 
to  redness  on  a  support  of  gas-carbon  in  a  cur- 
rent of  CO  and  ]3r  vapour.  Very  soluble  in 
water  or  alcohol ;  insoluble  in  ether. 

Yttrium,  chloride  of,  YCl,,.uH,0.  Obtained 
by  dissolving  yttria  in  HClAq,  evaporating  to 
dryness  on  a  water-bath,  dissolving  in  alcohol, 
and  evaporating  over  H.^SO^  (Cleve,  I.e.).  Crys- 
tallises in  large,  colourless,  very  deliquescent, 
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rhombic  prisms  (C,  I.e.).  The  anhydrous  com- 
pound is  formed  by  heating  yttria  to  redness  on 
a  support  of  gas-carbon  in  a  slow  stream  of  CO 
and  CI  (Duboin,  I.e.).  By  evaporating  a  solution 
of  yttria  in  HClAq  with  addition  of  NH^Cl  a 
double  compoimd  of  YCl.,  and  NH^Cl  is  obtained ; 
double  compounds  with  KCl  and  NaCl  are  formed 
by  fusing  the  constituent  chlorides  together. 
Popp  (/1. 131, 179)  described  the  double  compound 
YCl,.3HgCl.,.9H.,0.  Cleve  (Bl.  [2]  31,  195)  de- 
scribed YClySnClj.SH^O. 

Yttrium,  fluoride  of,  iYY^.YL.f).  Obtained  as 
a  gelatinous  pp.  by  adding  HFAq,  or  solution  of 
an  alkali  fluoride,  to  solution  of  a  salt  of  yttrium 
(Cleve,  Bl.  [2]  18,  193). 

Yttrium,  iodide  of,  (?Yl3).  Deliquescent 
crystals,  soluble  in  alcohol ;  obtained  by  evapo- 
rating a  solution  of  yttria  in  HIAq  (Berlin,  P. 
43,  105  ;  no  analyses  given). 

Yttrium,  oxides  of.  Besides  yttria,  Y^Oj, 
there  probably  exists  another  oxide  containing 
more  oxygen. 

Yttbia  YjOg.  {Yttrium  sesguioxide.)  h.  hy- 
drate, probably  Y2O3.6H2O  (Popp,  I.e.),  is  ob- 
tained, as  a  gelatinous  pp.  closely  resembling 
hydrated  alumina,  by  ppg.  the  solution  of  a 
salt  of  yttrium  by  ammonia.  The  oxide  is 
formed  by  strongly  heating  this  hydrate  ;  also 
by  decomposing  by  heat  the  carbonate,  nitrate, 
or  oxalate  of  yttrium  in  presence  of  air.  Yttria 
is  described  as  a  heavy,  white  or  almost  white 
powder,  S.G.  5-078  (Cleve,  I.e.)  ;  5-046  (Nilson 
a.  Pettersson,  B.  13,  1459).  S.H.  (0°-100°) 
•1026  (N.  a.  P.,  I.e.).  By  heating  amorphous 
yttria  with  CaCL  for  some  hours,  and  washing 
with  warm  water,  Duboin  (C.  R.  107,  99,  243) 
obtained  highly  refractive  crystals  of  Y20.„ 
scarcely  acted  on  by  acids  or  by  fused  NajCO.,. 
Yttria  is  a  markedly  basic  oxide  ;  it  absorbs  CO2 
from  the  air,  and  decomposes  solutions  of  am- 
monium salts,  giving  off  NH^.  Yttria  is  insoluble 
in  water ;  it  dissolves  slowly  in  cold  HClAq, 
HNOjAq,  or  H^SOjAq,  but  more  rapidly  on 
warming.  By  heating  a  mixture  of  yttria  and 
finely-powdered  Mg,  in  the  ratio  Y203:3Mg, 
Winkler  {B.  23,  787)  obtained  a  black  powder 
which  slowly  gave  off  H  from  cold  water,  rapidly 
from  hot  water,  and  dissolved  in  dilute  HCIAq, 
with  violent  evolution  of  H. 

Yttrium  peboxide.  By  adding  HjOoAq  and 
NH3Aq  to  a  solution  of  sulphate  or  nitrate  of 
yttrium,  Cleve  (Bl.  [2]  43,  53)  obtained  a  white 
gelatinous  pp.  to  which  he  gave  the  composition 
Y,0,, ;  but  this  formula  cannot  be  regarded  as 
final. 


Yttrium,  salts  of.  The  salts  which  are 
formed  by  replacing  the  H  of  acids  by  yttrium 
belong  to  the  form  Y,X3,  where  X  =  2CIO3,  2N0.j, 
SO3,  SOj,  CO3,  |P0j,  &c.  Almost  all  the  yttrium 
salts  of  oxyacids  that  have  been  prepared  are 
normal  salts  ;  a  basic  nitrate,  and  an  acid  ortho- 
phosphate  and  selenate,  are  known.  Many  of 
the  salts  are  obtained  by  dissolving  yttria  in 
acids  and  evaporating  ;  those  salts  which  are 
insoluble,  or  but  slightly  soluble,  in  water  are 
formed  by  ppn.  from  the  nitrate  or  sulphate. 
The  salts  formed  by  ppn.  are  the  arsenate, 
borate,  carbonate,  chromate,  iodate  and  period- 
ate,  oxalate,  phosphates,  selenite  and  sulphite  ; 
besides  these  salts,  the  following  salts  of  oxy- 
acids are  known,  and  are  soluble  in  water : 
bromate,  chlorate  and  perehlorate,  nitrate, 
selenate,  sulphate,  thiosulphate  and  tungstate. 
Kievr  double  salts  are  known ;  the  principal 
are  Y,(C03)3.M„C03.a:H.,0, 
Y„(C„6j3.3M2C.,'Oj.a-H..O*  and 
Y2(Sbj3.mM..Sb4.«H,,0,  where  M  =  an  alkali 
metal.  Duboin  (C.  R.  107,  99,  243)  obtained  a 
silicate  Y203.Si02  by  very  strongly  heating  a 
mixture  of  3  pts.  yttria  with  30  pts.  CaCl.,, 
and  washing  with  water.  The  yttrium  salts  of 
oxyacids  have  been  examined,  chiefly  by  Cleve 
(Bl.  [2]  18,  193,  289 ;  21,  344 ;  v.  also  Berlin, 
P.  43,  105  ;  Hogbom,  Bl.  [2J  42,  2  ;  Popp,  A. 
131,  179). 

Yttrium,  sulphide  of.  No  compound  of 
yttrium  and  sulphur  has  been  isolated  with  cer- 
tainty. Addition  of  (NH4),SAq  or  NH^HSAq  to  a 
solution  of  a  salt  of  yttrium  ppts.  hydrated  oxide. 
By  fusing  yttria,  S,  and  an  alkali  carbonate,  and 
washing  the  fused  mass  with  water,  a  yel- 
lowish-green solid  is  obtained  that  is  insoluble 
in  water,  but  is  partly  decomposed  thereby  to 
hydrated  oxide  and  H„S  ;  this  solid  dissolves  in 
acids,  giving  off  H^S.  The  same  solid  seems  to 
be  obtained  by  strongly  heating  yttria  in  H  laden 
with  CS.j.  No  compound  of  yttrium  and  S  was 
obtained  by  heating  yttria  with  Na.Ss.  By  heat- 
ing YCI3  in  a  stream  of  HjS,  HCl  is  given  off, 
and  a  yellow  powder  remains,  which  is  decom- 
posed by  water,  with  evolution  of  much  H^S  (v. 
Popp,  A.  131,  179).  According  to  Popp  (I.e.),  the 
composition  of  this  substance  is  Y.,S3. 

By  passing  dry  H.,S  over  a  mixture  of  YCI3 
with  excess  of  NaCl,"  heated  to  c.  1000°  in  a 
boat  of  gas-carbon,  Duboin  (C.  B.  107,  99,  243) 
obtained  a  greenish,  crystalline  solid,  which 
when  washed  with  water  left  transparent, 
greenish  lamella  of  the  double  compound 
Y.Sj.Na^S.  M.  M.  P.  M. 
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ZANZALOIN  V.  Aloin. 

ZEORIN  C,3H,,0.  [231°].  Occurs  in  the 
ethereal  extract  from  Zeora  sordida  (Paterno, 
G.  7,  281,  508).  Small  pyramids  with  hexa- 
gonal base  (from  ether-alcohol),  v.  si.  sol. 
alcohol  and  ether,  insol.  water.  Neutral.  Not 
attacked  by  alkalis  or  dilute  acids. 


ZINC.  Zn.  At.  w.  c.  65-8  (v.  infra). 
Mol.  w.  c.  65-3  at  c.  1400° ;  probably  the  same 
in  solution  in  Hg  (v.  infra).  Melts  at  419°  (de- 
termined by  air  thermometer ;  V.  Meyer  a. 
Kiddle,  B.  26,  2443) ;  at  417-57°  (determined 
by  platinum  thermometer,  Callendar  a.  Grifiiths, 
C.  N.  63,  1) ;  for  older  determinations,  giving 
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m.p.  from  340°  to  450°,  v.  Carnelley's  Melting-  j 
and  Boiling-point  Tables  (1,  14).  Boils  between 
•130°  and  954°  (Deville  a.  Troost,  C.  R.  90,  773) ; 
at  930°  (Violle,  C.  B.  94,  720  ;  cf.  Troost,  C.  B. 
94,  788).  S.G.  e.  6-9  to  7-2  (v.  Schiff,  A.  107, 
69  ;  Kalischer,  B.  14,  2750 ;  Quincke,  P.  135, 
642  ;  Spring,  B.  16,  2724).  V.D.  34-3  at  c.  1400° 
(Mensching  a.  V.  Meyer,  B.  19,  3295).  S.H. 
(0°  to  100°)  -0935  (Bunsen,  P.  141,  1) ;  (19°  to 
47°)  -0932  (Kopp,  T.  155,  71;  cf.  Scliiiller  a. 
Wartha,  B.  8,  1016).  C.E. ;  if  length  of  bar  at 
0°  =  1°,  then  length  at  i;°  =  (1  +  m) ;  if  volume  at 
0-=V„,  then  volume  at  t°={l  +  -m};  3  = 
•00002976  from  0°  to  100°  (Matthiessen,  P.  M. 
[4]  32,  472).  Heat  of  fusion  for  1  kilo  =  28,130 
(Person, /I.  Ch.  [3]  24,129).  T.C.  (Ag  =  100) 
28-1  (Wiedemann,  P.  M.  [4]  19,  243).  E.G. 
(Hg  at  0°  =  1)  16-1  at  0°,  16-92  at  100°  (Benoit, 
P.  M.  [4]  45,  314) ;  14-83  at  15°  (Kirchoff  a. 
Hausemann,  W.  13,  406).  Chief  lines  in  emis- 
sion spectrum  6360,  6100,  4924,  4911,  4809, 
4722,  4679  (Huggins,  T.  154,  139 ;  cf.  Thalen, 
Determin.des  Longueurs d'Ondedes  Raics  Mital- 
liques  [Upsala,  1868]  ;  and  Ames,  P.  M.  [5]  30, 
33)  ;  for  wave-lengths  of  lines  of  high  refrangi- 
bility  V.  Hartley  a.  Adeney  (T.  1884  [1].  97). 
Zinc  crystallises  in  tabular  hexagonal  plates, 
a  :  c  =  1-356425  (WilUams  a.  Burton,  Am.  11, 
219  ;  cf.  Stolba,  J.  pr.  89, 122  ;  96, 178  ;  Sharpies, 
Am.  S.  [3]  7,  223;  Noggerath,  P.  39,  324; 
Nickles,  A.  Ch.  [3]  22,  37  ;  G.  Eose,  B.  B.  1852. 
26  ;  P.  107,  448  ;  Storer,  P.  Am.  A.  6  ;  Cooke, 
Am.  S.  31,  191).  The  metal  is  probably 
dimorphous.  H.C.  [Zn,0]  =  85,430  (Thomsen, 
Th.  3,  275).  Eefraction  equivalent  =  9-8  (Glad- 
stone, Pr.  18,  49). 

Historical. — That  copper  acquired  a  reddish 
colour,  and  that  its  properties  were  modified,  by 
melting  with  certain  ores,  was  known  to  the 
ancients  and  the  alchemists  ;  the  ore  with  which 
copper  was  generally  melted  to  form  brass  was 
called  cadmia  fossilis.  The  fact  that  a  lustrous 
solid  could  be  obtained  by  heating  cadmia  fossilis 
seems  to  have  been  known  to  the  ancient  writers 
on  mineralogy.  According  to  Kopp  (Qeschiclite 
dor  Chemie,  4,  116),  the  earliest  use  of  the  word 
zinc  is  found  in  a  writing  of  the  fifteenth  cen- 
tury attributed  to  Basil  Valentine.  Paracelsus, 
in  the  sixteenth  century,  speaks  of  zinc  as  a 
definite  metal-like  substance,  and  assigns  it 
to  the  class  of  bastard  or  semi-metals.  The  name 
'  zinc  '  was  applied  during  the  seventeenth  and 
eighteenth  centuries  alike  to  zinc  ores  and  to  the 
metal-like  substance  obtained  from  these  ores. 
Boyle  speaks  of  zinc,  and  also  uses  the  word 
spelter,  or  spiauter,  a  term  of  Indian  origin  ac- 
cording to  Kopp.  Tolerably  pure  zinc  seems  to 
have  been  obtained  from  zinc  ores  about  1720 ; 
probably  by  Henckel  {v.  Percy's  Metallurgy, 
1,  520). 

Occurrence.  —  Zinc  is  found  in  small 
quantities  ;  Becker  {J.  M.  1857.  698),  and 
Phipon  (C.  R.  55,  218)  noticed  the  occurrence 
of  native  zinc  in  Victoria.  Considerable  quanti- 
ties of  compounds  of  zinc  occur  in  many  places  ; 
the  commonest  ores  are  calamine  (carbonate), 
siliceous  calamine  (silicate),  blende  (sulphide), 
and  red  zinc  ore  (oxide) ;  aluminate,  arsenate, 
phosphate,  and  sulphate  of  zinc  are  also  found, 
but  in  smaller  quantities.  Small  quantities  of  , 
Cd  compounds  occur  in  most  zinc  ores.    The  I 


ash  of  a  plant  that  grows  on  the  waste  heaps  of 
the  zinc  works  in  Ehenish  Prussia  [Viola  cala- 
minaria)  is  said  to  contain  compounds  of  zinc 
(Braun,  P.  92,  175).  Zinc  compounds  have  been 
found  in  some  springs  (v.  Hillebrand,  (J.  S.  Geolog. 
Survey  Bull.  No.  113  [1893]).  Traces  of  zinc 
compounds  have  been  found,  according  to 
Lechartier  a.  Bellamy  (C.  R.  84,  687),  in  the 
human  liver,  in  calves'  liver,  in  beef,  hens'  eggs, 
wheat,  barley,  maize,  beans,  and  vetches. 

Formation. — Zinc  ore,  generally  carbonate 
or  sulphide,  is  roasted  in  reverberatory  calciners  ; 
the  roasted  ore  is  mixed  with  half  its  weight  of 
powdered  charcoal,  coke,  or  anthracite,  and 
heated  in  crucibles  or  retorts  arranged  so  that 
the  reduced  metal  distils  from  the  impurities  ; 
the  metal  is  condensed  and  collected  in  suitable 
vessels,  and  CO  passes  off.  For  details  and 
descriptions  of  the  different  forms  of  apparatus 
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Preparation. — Commercial  zinc  generally 
contains  from  -5  to  3-3  p.c.  lead,  with  c.  -2  to 
•5  p.c.  iron  and  cadmium,  and  small  traces  of 
arsenic. 

Pure  zinc  was  prepared  by  Eeynolds  a. 
Eamsay  (C.  J.  51,  854  [1887])  by  dissolving 
zinc  sold  as  free  from  common  impurities  in 
dilute  H.,SOjAq,  evaporating,  crystallising  the 
sulphate  several  times,  electrolysing  a  solution 
of  this  salt,  the  metal  being  deposited  on  an 
electrode  of  Pt  wire,  dissolving  the  metal  in 
dilute  HClAq,  ppg.  ZnO.H,  by  NH,Aq,  dis- 
solving the  pp.  in  excess  of  NH.,A([,  and  jjpg. 
ZnS  by  H^S  ;  the  ZnS  was  dissolved  in  HClAq, 
and  again  ppd.  from  an  ammoniacal  solution 
by  HjS  ;  the  pp.  was  well  washed,  dissolved  in 
pure  dilute  H.SOjAq,  and  the  sulphate  obtained 
on  crystalhsation  was  re-crystallised  several 
times ;  an  aqueous  solution  of  this  sulphate  was 
then  electrolysed,  using  a  Pt  wire  as  electrode, 
and  the  metal  was  melted  in  a  tube  of  hard 
glass  from  which  the  air  had  been  exhausted. 
By  distilling  this  metal  in  vacuo  in  a  tube  of 
hard  glass,  very  pure  zinc  was  obtained.  Pul- 
hnger  (C.  J.  57,  816  [1890])  distilled  zinc  sold 
as  '  chemically  pure  '  in  a  hard  glass  tube,  bent 
slightly  towards  the  closed  end,  placed  in  a 
combustion  furnace,  the  open  end  being  con- 
nected with  a  good  water-pump.  By  melting 
the  distilled  zinc  in  a  tube  of  hard  glass  with  a 
small  bulb  blown  on  the  end,  the  part  of  the 
tube  between  the  bulb  and  the  wider  portion 
containing  the  zinc  being  capillary,  and  the 
open  end  being  connected  with  a  water-pump, 
he  obtained  the  zinc  in  jierfectly  bright,  smooth, 
lustrous  spheres  free  from  hollows  ;  the  pump 
was  stopped  while  the  zinc  was  molten,  and  the 
increased  pressure  caused  the  molten  metal  to 
filter  through  the  capillary  tube  into  the  bulb. 
For  the  preparation  of  pure  zinc  by  electrolysis 
of  an  ammoniacal  solution  of  the  sulphate,  v. 
Myers  (C.  R.  74,  195). 

Stolba  (C.  C.  1884.  419)  says  that  zinc  can 
be  obtained  free  from  As  and  nearly  free  from 
iron  by  the  combined  interaction  of  S  and 
water  vapour.  He  mixes  burnt  gypsum  with 
one-fourth  its  weight  of  S  powder,  moulds  the 
moistened  mixture  into  spheres  about  5  cm. 
diameter,  and  sinks  these  to  the  bottom  of  a 
crucible  containing  molten  zinc ;   vapours  of 
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H.,S  and  S  are  given  off,  and  the  molten  metal  is 
thereby  briskly  agitated.  When  the  reaction  is 
completed,  the  little  balls  are  taken  out,  the 
upper  crust  is  removed,  and  the  operation  is 
repeated  if  necessary. 

Zinc-chist  is  obtained  either  in  the  distil- 
lation of  the  metal,  or,  in  not  such  fine  division, 
by  crushing  and  powdering  the  metal  in  an  iron 
mortar  at  a  temperature  somewhat  below  the 
m.p.  of  zinc.  The  ZnO^H,  always  present  in 
specimens  of  zinc-dust  maybe  removed  by  digest- 
ing with  NH^ClAq  and  then  with  NH.,Aq,  and 
drying  on  a  porous  tile  in  vacuo  (Carnegie, 
C.  J.  53,  471). 

Properties. — Zinc  is  a  white  metal,  with  a 
slight  shade  of  blue ;  it  is  very  lustrous  when 
polished.  Commercial  zinc  is  brittle  at  the 
ordinary  temperature,  but  it  becomes  malleable 
between  100°  and  150°  ;  at  210°  it  again  becomes 
brittle,  and  at  that  temperature  it  can  be  finely 
powdered  in  a  mortar.  Pure  zinc  is  said  to  be 
malleable  at  the  ordinary  temperature.  Com- 
mercial zinc  that  has  been  heated  to  100°-150° 
retains  its  malleability  when  it  cools.  Kahlischer 
(B.  14,  2747)  noticed  that  rolled  zinc  ceased 
to  give  a  ringing  sound  when  struck  after  it  was 
heated  to  c.  160°-300°,  that  it  could  then  be 
bent  easily,  and  that  when  bent  it  emitted  a 
sound  like  the  '  cry  '  of  tin ;  he  found  that  the  zinc 
became  crystalline,  and  the  crystalline  structure 
was  more  decided  the  higher  the  temperature ;  the 
S.G.  was  very  slightly  increased,  and  the  electri- 
cal resistance  was  reduced  by  c.  3  p.c.  Zinc  is 
a  softer  metal  than  copper  ;  its  hardness  is  in- 
creased by  rolling.  The  tensile  strength  of  zinc 
varies  much  with  the  mode  of  preparation. 
Zinc  crystallises  easily,  especially  when  pure  ; 
the  form  is  that  of  hexagonal  plates  (for  refer- 
ences V.  supra,  beginning  of  this  article).  Zinc 
melts  at  c.  420°,  and  boils  somewhat  below  1000° 
(v.  supra).  Molten  zinc  expands  somewhat 
during  solidification.  The  metal  can  be  distilled 
at  a  full  red  heat  ;  the  vapour  takes  fire  in  the 
air,  and  burns  with  formation  of  ZnO  and  the 
production  of  a  bright  white  light.  Zinc  exposed 
to  the  ordinary  air  becomes  very  gradually 
covered  with  a  thin  film  of  a  basic  carbonate  which 
protects  the  mass  of  the  metal  from  further  corro- 
sion ;  in  pure  dry  air  zinc  is  unchanged.  Zinc  dis- 
solves in  dilute  acids,  generally  with  evolution 
of  H  (v.  infra,  Reactions  with  sulphuric  and 
nitric  acids) ;  it  also  dissolves  in  solutions  of 
caustic  potash  or  soda.  When  impure  zinc  is 
amalgamated  it  resists  the  action  of  acids.  Zinc 
is  not  acted  on  by  mineral  lubricating  oils  ;  some 
of  the  commoner  animal  oils  attack  it  slightly 
{v.  Eedwood,  C.  S.  I.  5,  362).  Zinc  ppts.  most 
of  the  other  metals  from  their  solutions ;  if  a 
piece  of  impure  zinc  is  dissolved  in  an  acid, 
most  of  the  metallic  impurities  (As,  Cd,  Cu,  Pb, 
&c.)  remain  undissolved  as  long  as  undissolved 
zinc  is  present.  Zinc  combines  directly  with 
O,  S,  Se,  Te,  the  halogens,  and  P  ;  it  forms 
alloys  with  many  metals.  Pure  zinc  does  not 
decompose  boiling  water,  but  the  commercial 
metal  reacts  and  gives  off  H.  Zinc-dust  usually 
contains  some  ZnOjHo ;  it  is  said  also  to  contain  H, 
produced  by  the  interaction  of  Zn  and  ZnO.,H, 
{v.  Greville  Williams,  C.  N.  52,  205,  268). 

Atomic  and  molecular  weights  of  zinc.  In 
1809  Gay-Lussac  {Mm.  S.  d'A.,  2,  174)  deter- 


mined the  weight  of  ZnO  obtained  by  dissolving 
a  determinate  weight  of  zinc  in  nitric  acid, 
evaporating  to  dryness,  and  strongly  heating  the 
residue  ;  Berzelius  in  1811  repeated  the  experi- 
ment of  Gay-Lussac  (G.  A.  37,  400 ;  v.  also  P. 
8,  184) ;  and  in  1843  Erdmann  made  similar  ex- 
periments {v.  Berzelius'  Lehrbuch,  3, 1219).  The 
values  obtained  for  the  at.  w.  of  zinc  were  65-39 
(G.-L.),  65-41  (B.),  and  64-94  and  64-88  (E.).  In 
1844  Favre  decomposed  ZnC^O,  by  heating  in 
air,  and  determined  the  weights  of  ZnO  and  CO, 
produced;  the  value  65-85  was  thus  obtained  for 
the  at.  w.  of  zinc.  In  the  same  year  Favre  ob- 
tained the  value  65-78  by  dissolving  zinc  in 
dilute  HiSO^Aq,  burning  the  H  given  off  by 
passing  it  over  hotCuO,  and  weighing  the  water 
i  thus  produced  {A.  Ch.  [3]  10,  163).  In  1884 
I  Marignac  determined  the  CI  and  the  Zn  in 
[  ZnCl,,.2KCl,  and  obtained  the  value  65-18  for  the 
I  at.  w.  of  zinc  {A.  Ch.  [6]  1,  309  ;  v.  also  Bau- 
bigny,  C.  R.  97,  908  [1883]).  By  dissolving  zinc 
in  dilute  Il.SOjAq  and  measuring  the  H  given 
off,  van  der  Plaats  concluded  that  the  at.  w.  of 
zinc  is  65-18  (C.  R.  100,  52  [188.5]).  Eeynolds 
a.  Eamsay,  in  1887,  by  measuring  the  H  given 
off  by  the  interaction  between  very  pure  zinc 
and  H-.SOjAq,  obtained  the  value  65-48  (C.  J. 
51,  854).  By  oxidising  zinc  to  ZnO,  by 
HNOjAq,  in  1888,  Morse  a.  Burton  obtained  the 
i  value  65-1  (Am.  10,  311).  In  1889  Gladstone  a. 
Hibbert  (C.  J.  55,  443)  determined  the  ratio  of 
zinc  dissolved  to  silver  deposited  by  one  and  the 
same  electric  current ;  taking  the  at.  w.  of  silver 
as  107-66  (the  value  adoisted  in  this  Dictionary) 
the  at.  w.  of  zinc  was  found  to  be  65-29. 

In  1886  Mensching  a.  V.  Meyer  (B.  19,  3295) 
found  the  V.D.  of  zinc  at  c.  1400°  to  be  34-3,  a 
number  which  shows  that  the  gaseous  molecule 
of  zinc  is  monatomic.  Kamsay,  in  1889,  deter- 
mined the  lowering  of  the  vapour  pressure  of 
!  Hg  produced  by  dissolving  zinc  therein  (C.  J. 

55,  521) ;  assuming  that  equal  volumes  of  dilute 
\  solutions  contain  equal  numbers  of  molecules, 
and  that  the  molecular  weight  of  liquid  Hg  is 
200,  Kamsay's  results  indicate  that  the  mole- 
cules of  zinc  in  dilute  solutions  of  this  metal  in 
Hg  are  monatomic.  The  experiments  of  Hey- 
eock  a.  Neville  (C.  J.  57,  376  [1890],  and  61, 
888  [1892])  on  the  lowering  of  the  freezing- 
points  of  Bi,  Cd,  Pb,  Sn,  and  Na  by  solution  of 
zinc  in  these  metals  tend  to  confirm  the  con- 
clusion that  the  molecule  of  zinc  in  dilute  solu- 
tions in  these  metals  is  monatomic. 

Chemical  relations  of  zinc.  Zinc  is  the 
second  odd-series  member  of  Group  II.  in  the 
periodic  classification  of  the  elements.  Zinc  is 
preceded  in  the  odd  series  of  this  group  by  Mg 
and  is  followed  by  Cd,  — ,  and  Hg  ;  the  members 
of  the  even  series  of  Group  II.  are  Be,  Ca,  Sr, 
Ba,  — ,  — .  Zinc  is  the  second  member  of  series 
6  ;  it  is  preceded  in  this  series  by  Cu,  and  is 
succeeded  by  Ga,  Ge,  As,  Se,  and  Br.  The 
general  chemical  character  of  zinc  is  that  of  a 
metal ;  its  oxide  ZnO  is  basic,  its  chloride  ZnCU 
is  volatilisable  without  decomposition.  No  acids 
are  known  containing  zinc,  and  the  molecule  of 
the  element  is  monatomic.  The  fact  that  com- 
pounds of  ZnO  and  K.,0  are  obtained  by  dis- 
solving ZnOoHo  in  KOHAq  and  adding  alcohol 
shows  that  the  hydroxide  of  the  metal  has 
feebly  marked  acidic  properties,  and  the  isola- 
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tion  of  a  number  of  osychlorides  and  basic 
carbonates,  nitrates,  and  sulphates  illustrates 
the  fact  that  zinc  is  less  positive  than  Mg,  which 
is  the  first  member  of  the  zinc  family  of  Group 
II.  For  a  general  account  of  the  properties  of 
the  family  of  which  zinc  forms  a  member  v. 
Magnesium  uroup  of  elements,  vol.  iii.  p.  163. 
The  atom  of  zinc  is  divalent  in  the  gaseous 
molecules  of  its  compounds. 

Reactions  and  Combinations. — 1.  Zinc  is  un- 
changed in  pure  dry  air ;  in  ordinary  air  the 
surface  layers  are  slowly  converted  into  a  basic 
carbonate,  which  protects  the  metal  beneath. 
Heated  strongly  in  air  or  oxygen,  zinc  burns  to 
ZnO. — 2.  Heating  zinc  in  bromine,  chlorine,  or 
iodine  produces  ZnBr^,  ZnCL,  or  Znl„. — 3.  When 
zinc  is  heated  in  pliosphorus  vapour,  phosphide 
of  zinc  (g.  v.,  p.  890)  is  formed. — 4.  By  heating 
zinc  with  selenion  vapour,  a  compound  of  Zn 
and  Se  is  formed  (v.  Zinc  selenide,  p.  890). — 
5.  Zinc  combines  with  tellurium  when  the  ele- 
ments are  heated  together  {v.  Zinc  telldkide, 
p.  891). — 6.  Sulphur  and  zinc  combine  when  a 
mixture  of  these  elements  is  very  strongly  com- 
pressed (Spring,  B.  IB,  1000). — 7.  Zinc  decom- 
poses water  at  a  red  heat.  Commercial  samples 
of  zinc  decompose  water  at  100^  (L'Hote,  C.  R. 
101, 1153). — 8.  ZnSis  formed  by  strongly  heating 
zinc  in  a  stream  of  hydrogen  sulphide ;  when 
hydrogen  selenide  is  used  the  product  is  ZnSe, 
and  by  heating  the  metal  in  hydrogen  telluride 
ZnTe  is  formed  {v.  Margottet,  C.  R.  84,1293).— 
9.  Zinc  is  said  to  reduce  carbon  monoxide  at  a 
very  high  temperature. — 10.  Zinc  is  suiserficially 
oxidised  by  heating  to  dull  redness  in  nitric 
oxide  (Sabatier  a.  Senderens,  C.  B.  114,  1429). 
Oxidation  in  nitrogen  dioxide  (NO.,)  is  effected 
at  300^  (S.  a.  S.,  C.  B.  115,  236)".— 11.  Many 
metallic  oxides  are  reduced  by  heating  with 
zinc. — 12.  Zinc  reacts  with  sulphurous  acid 
sohition;  according  to  Schweizer  (y.  C.  N.  2'i, 
293),  the  products  are  ZnSO.„  along  with 
HoS.^OjAq,  H^S^OjiAq,  and  S. — 13.  Zinc  dissolves 
in  hydrochloric  acid,  giving  off  H  and  forming 
ZnCl...  Reynolds  a.  Eamsay  (C.  J.  51,  857)  say 
that  pure  zinc  scarcely  reacts  with  boiling  hydro- 
chloric acid.  For  reactions  of  zinc  with  sul- 
phuric and  nitric  acids,  v.  infra. — 14.  Zinc  dis- 
solves slowly  in  hot  solutions  of  caustic  soda  or 
potash,  giving  oU  H,  and  forming  Zn0..rM._,0  (ef. 
Zinc  hyuroxide,  p.  888) ;  the  reaction  is  much 
hastened  by  adding  iron  or  Pt  along  with  the 
zinc. — 15.  Many  metallic  salts  in  solution  are 
reduced  by  zinc,  with  jjpn.  of  the  metals,  e.g. 
salts  of  As,  Cd,  Cu,  and  Pb. — 16.  When  zinc- 
dust  is  shaken  with  an  aqueous  solution  of 
ferric  chloride,  the  whole  of  the  ferric  salt  is 
very  rapidly  reduced  to  ferrous  chloride  (for 
details  of  the  application  of  this  reaction  in  the 
estimation  of  ferric  iron,  v.  Carnegie,  C.  J.  53, 
468  [1888]).— 17.  According  to  Siersch  (/.  1867. 
257),  zinc  dissolves  in  sodium  cldoride  solution, 
forming  ZnCl,,.2NaClAq,  ZnO,  and  H.  —  18. 
Poumarede  (J.  pir.  73,  496)  says  that  nearly  all 
chlorides  and  fluorides  are  reduced  by  reacting 
with  vapour  of  zinc  in  an  atmosphere  of  H. — 
19.  By  heating  to  redness  a  mixture  of  zinc 
tilings  and  sodium  nietaphosphate,  Hvoslef 
{A.  100,  99)  probably  obtained  phosphides  of 
zinc  (v.  Zinc  phosphides,  p.  890). — 20.  Zinc  re- 
acts with  sodium  hydrogen  sulphite  solution, 


forming  ZnSO:,,  Na„S,0.,Aq,  and  Na,SO.,Aq  (v. 
Hyposulphites,  this  vol.  p.  592).— 21.  By  heat- 
ing zinc  with  zinc  sulphide  jn  an  exhausted 
tube,  some  of  the  ZnS  is  carried  forward  and 
deposited  in  the  front  part  of  the  tube ;  probably 
at  a  high  temperature  ZnS  is  decomposed,  and 
there  exist  only  Zn  and  S,  and  at  a  lower  tem- 
perature these  recombine  to  form  ZnS  (Morse  a. 
White,  Am.  11,  348).  A  similar  phenomenon  is 
noticed  on  heating  zinc  with  zinc  oxide  (M.  a. 
W.,  I.e.  p.  258). — 22.  ZnS  is  formed  by  strongly 
heating  zinc  and  mercuric  sulphide  or  zinc  and 
potassiimi  polysulphides  {v.  Zinc  sulphide, 
p.  890). 

When  slips  of  zinc-foil  are  immersed  in 
CuSOjAq,  a  deposit  of  finely-divided  Cu  is 
formed  on  the  zinc.  This  copper-zinc  couple  is 
an  energetic  reducing  agent ;  KClO^jAq  is  reduced 
to  KClAq,  KN0,Aq  to  KNO.Aq  and  NH,Aq, 
KjFeCysAq  to  K^FeCy^Aq,  SO.Aq  to  S,  As.OjAq 
to  AsHj,  C.HjNO,  (in  alcohol)  to  C„H,NH,,  &c. 
{v.  Gladstone  a.  Tribe,  C.  J.  33,  306). 

Reactions  of  zinc  loith  sulpliuric  and.  nitric 
acids.  Commercial  zinc  dissolves  easily  in 
dilute  H.^SOjAq,  with  formation  of  ZnSO^Aq  and 
evolution  of  H.  In  1830  De  la  Rive  noticed  that 
very  little  action  took  place  between  approxi- 
mately pure  zinc  and  HoSO.|Aq;  this  fact  has 
been  confirmed  by  other  experimenters.  Rey- 
nolds a.  Ramsay  (C.  J.  51,  857  [1887j)  found 
that  zinc  prepared  by  repeated  electrolysis  of 
the  sulphate  and  distillation  in  vacuo  scarcely 
reacted  with  H,SO.|Aq  ;  L'Hute  (C.  R.  101, 1153) 
also  asserted  that  pure  zinc  does  not  react  with 
H.SO^Aq.  Divers  a.  Shimidzu  (C.  /.  47,  598 
[1885])  observed  very  great  differences  between 
the  rate  of  action  of  thesameH._SO,Aq  on  sheets 
of  commercial  zinc  of  the  same  size.  Pullinger 
in  1890  (C.  J.  57.  815),  and  Weeren  in  1891 
(B.  24,  1785),  made  somewhat  elaborate  inves- 
tigations into  the  connections  between  the  con- 
ditions and  the  rate  of  the  interaction  of  zino 
and  H.SO^Aq. 

Pullinger  used  '  pure  '  sulphuric  acid  diluted 
with  three  times  its  weight  of  water  ;  and  zinc 
prepared  by  distilling  that  sold  as  '  chemically 
pure  '  in  vacuo  and  casting  in  balls  under  pres- 
sure to  prevent  the  formation  of  cracks  or  hol- 
lows (v.  supra.  Preparation  of  zinc,  p.  885).  He 
found  that  when  the  surface  of  the  zinc  was  very 
I  smooth — this  was  best  accomplished  by  ira- 
mersing  in  agua  regia  for  10  or  15  seconds, 
and  washing  with  water — and  the  acid  was 
boiled  for  some  hours  before  the  experiment, 
there  was  practically  no  reaction  at  20°-25° 
(spheres  of  zinc  weighing  c.  2^  g.  lost  from  5  to 
6  mgms.  in  20  hours).  Pullinger  found  that 
the  presence  of  small  quantities  of  PLS,  SO^,  or 
H.^SjOjAq  did  not  affect  the  weight  of  zinc  dis- 
solved by  the  boiled  H,SO,Aq  ;  addition  of  some 
H,0,,  materially  increased  the  rate  of  action ; 
and  H^jSOjAq  that  had  been  electrolysed  before 
use  dissolved  from  four  to  ten  times  more  zinc 
than  some  of  the  same  acid  that  had  not  been 
electrolysed  ;  addition  of  a  few  drops  of  HNO..Aq 
considerably  increased  the  action  ;  when  a  few 
drops  of  HIAq  were  added  to  the  H,,SO.|Aq  prac- 
!  tically  no  action  occurred.  P.  supposed  that  all 
1  the  '  p)ure  '  acid  used  by  him  contained  traces  of 
I  an  oxidising  substance,  probably  H_,S._.Os,  and 
that  the  solvent  action  was  due  to  this.  P. 
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insists  on  the  important  connection  between  the 
rate  of  action  and  tlie  smoothness  or  rougimess 
of  til e  surface  of^tlae  zinc  used.  But  lie  con- 
cludes that  '  in  all  probability  piire  dilute  sul- 
phuric acid  would,  at  ordinary  temperatures,  be 
entirely  without  action  upon  metallic  zinc, 
whether  the  surface  of  the  latter  were  rough  or 
smooth.' 

Weeren  used  zinc  which  he  found  to  be 
chemically  pure  by  analysis  ;  he  gives  no  ac- 
count of  his  method  of  preparation  nor  any  de- 
tails of  his  analytical  results.  W.  found  that 
the  weight  of  pure  zinc  dissolved  by  pure 
H,SO|Aq  (1:20)  at  the  ordinary  temperature,  and  ; 
under  a  pressure  of  10  mm.,  was  c.  ten  times 
greater  than  the  weight  dissolved  at  760  mm. 
j)ressure ;  but  the  weights  of  impure  zinc  dis- 
solved at  the  two  pressures  were  almost  the 
same.  The  pure  zinc  used  by  W.  dissolved  fairly 
rapidly  in  boiling  H,SOjAq ;  in  one  case  when 
2*1  mgm.  dissolved  at  0°  after  thirty  minutes' 
action,  122  mgm.  dissolved  in  the  boiling  acid. 
W.  found  that  the  solubility  of  his  pure  zinc 
increased  very  slowly  as  temperature  rose  up  to 
■within  1°  of  the  b.p.  of  the  acid  used,  but  that 
when  ebullition  actually  began  the  solubility  of 
the  zinc  suddenly  increased ;  the  weight  of  pure 
zinc  dissolved  by  H„SOjAq  at  100°  and  boiling, 
was  c.  sixteen  times  greater  than  the  weight  of 
the  same  zinc  dissolved  by  the  same  acid  at  100° 
but  kept  from  actually  boiling  by  pressui-e.  On 
the  other  hand,  W.  noticed  that  as  much  impure 
zinc  dissolved  at  100°  when  the  acid  was  boil- 
ing as  when  it  was  prevented  by  pressure  from 
boiling.  Addition  of  oxidisers,  CrOj  or  H^O,, 
enormously  increased  (c.  300  times)  the  solu- 
bility of  pure  zinc  in  H,,SOjAq  at  18°-20°,  but 
only  slightly  increased  (c.  six  times)  the  solu- 
bility of  impure  zinc.  W.  supposes  that  when 
pure  zinc  is  immersed  in  pure  H„SO.,Aq  a  slight 
reaction  occurs,  and  that  the  H  produced 
is  attracted  to  and  held  firmly  on  the  sur- 
face of  the  zinc,  and  that  the  reaction  ceases 
because  the  surface  of  the  metal  is  protected  by 
the  layer  of  H.  Increase  of  temperature  does 
not  appreciably  affect  the  rate  of  action,  because 
the  layer  of  H  remains  fixed  to  the  surface  of 
the  zinc,  but  when  the  acid  boils  the  H  is  re- 
moved and  rapid  dissolution  occurs  ;  any  condi- 
tions which  remove  the  layer  of  H  increase  the 
solubility  of  the  zinc.  W.  supposes  that  the  rate 
of  dissolution  of  impure  zinc  in  HjSO^Aq  is  not 
much  affected  by  boiling,  presence  of  oxidisers, 
&c.,  because  H  is  not  given  off  at  the  surface  of 
the  zinc,  but  at  the  surface  of  the  more  negative 
impurities.  The  rapid  solution  of  zinc  in 
HNOjAq  is  connected,  according  to  W.,  with  the 
rapid  oxidation  of  the  Hproduced  at  the  surface 
of  the  zinc,  and  hence  the  production  of  a  layer 
of  water  on  the  surface  of  the  metal  which  de- 
stroys the  attraction  between  the  zinc  and  any 
H  that  may  escape  oxidation. 

As  regards  the  products  of  the  interaction  of 
zinc  and  sulphuric  acid,  when  the  acid  is  fairly 
concentrated  (c.  H.SO^.H^O  to  c.  H,SOj)  SO,  is 
given  off,  and  at  moderately  high  temperatures 
TiS  and  S  are  also  produced  (v.  Calvert  a.  John- 
son, C.  J.  [2]  4,  435  [1867]).  A  qualitative  ex- 
amination of  the  products  by  Pattison  Muir  a. 
Adie  (C.  J.  .53,  47  [1888])  showed  that  ZnSO,,  is 
the  only  salt  of  zinc  produced,  with  any  concen- 


tration of  acid,  and  at  any  temperature  up  to 
the  b.p.  of  the  acid  used ;  that  with  approxi- 
mately pure  zinc  little  or  no  SO.,  or  HoS  is 
formed  unless  the  temperature  be  high  ;  and 
that  the  purer  the  zinc  the  less  is  the  quantity 
of  S  produced  (c/.  Ditte,  A.  Ch.  [6]  19,  68). 

The  products  of  the  interaction  of  zinc 
and  nitric  acid  are  Zn(N03)»Aq,  Zn(NO„).,Aq, 
NHjNOaAq  and  NH,NO.,Aq,  and  NO,  N^O^;  and 
N.  Acworth  found  that  when  HNOjAq  reacts 
with  zinc  in  presence  of  (NH,)N03  the  chief 
gaseous  product  is  N  (along  with  some  N„0  and 
NO)  (C.  28,  828  [1875]).  Acworth  a'  Arm- 
;  strong  studied  the  reaction  of  HNOjAq  and  Zn 
more  fully  in  1878  (C.  J.  32,  54), and  found  that 
the  only  gaseous  products  were  N,  NjO,  and  NO 
(cf.  Deville,  C.  B.  70,  22,  550  [1870]).  Accord- 
ing to  Divers  (C.  J. 43, 443  [1883]),  alittle  NH,,OH 
is  formed  when  cold  HNO^Aq  (3  to  4  p.c.)  is 
poured  on  to  granulated  zinc  and  quickly  poured 
off  again.  Divers  a.  Shimidzu  (C.  J.  47,  597 
[1885])  found  that  considerable  quantities  of 
NH,OH  are  produced  by  the  combined  reaciion 
of  HNOjAq  and  H^SO^Aq,  or  HNOsAq  and 
HClAq,  on  zinc  (v.  Hydkoxylamine,  Formation, 
vol.  ii.  p.  734).  Divers  {I.e.)  thought  that  zinc 
does  not  form  Zn(N0„)2bya  direct  reaction  with 
HNO^Aq,  but  by  interacting  with  some  of  the 
Zn(N03).,  formed  by  the  primary  action  of  the 
metal  on  the  acid.  The  products  of  the  inter- 
action of  zinc  and  HNO^Aq  have  been  examined 
recently  by  Montemartini  (G.  22  [1],  277  [1892]), 
who  says  that  free  H  is  not  produced  (he  also 
says  that  no  NHjOH  is  formed),  and  that  in 
addition  to  nitrate  and  nitrite  of  zinc  and 
ammonium,  hyponitrite  is  also  produced  ;  the 
gaseous  products,  according  to  M.,  are  N.^O,  NO, 
NO2,  and  N ;  there  is  no  nitrous  acid  formed, 
says  M.,  if  the  HN03Aq  contains  more  than  30 
p.c.  HNO.„  and  no  NOj  if  less  than  30  p.c.  HNO, 
is  present.  M.  also  gives  determinations  of  the 
quantities  of  the  various  products  at  different 
temperatures,  and  of  the  rate  of  reaction  with 
different  concentrations  of  HNOsAq  {Abstract  in 
C.  J.  62,  1279  [1892]). 

Zinc,  alloys  of.  Alloys  of  zinc  have  been 
formed  with  most  metals  by  fusing  the  consti- 
tuents together ;  the  alloys  are  generally  hard, 
some  of  them  are  brittle.  With  antimony,  two 
crystalline  alloys  are  formed  by  melting  the 
metals  together,  in  the  ratios  3Zn:2Sb  and 
Zn:Sb,  and  allowing  to  cool  very  slowly;  Cooke 
{Am.  S.  [2]  18,  229  ;  20,  222)  formulates  these 
alloys  as  ZnjSbo  and  Zn^Sh,  respectively.  These 
alloys  react  with  water  and  give  off  H.  Alloys 
with  arsenic  are  foi'med  by  heating  together  Zn 
and  As,  or  Zn  and  As._,03,  or  by  heating  Zn  in 
vapour  of  As  and  H ;  by  the  last  method 
Descamps  {C.  B.  86,  1022,  1065)  obtained  crys- 
tals agreeing  in  composition  with  the  formula 
ZnjAso.  Spring  (B.  16,  324)  formed  an  alloy  by 
compressing  Zn  and  As,  in  the  ratio  3Zn:2As, 
at  0,500  atmospheres.  Zinc  alloys  with  bismutJi 
when  the  metals  are  melted  together,  but  on  cool- 
ing two  layers  are  formed,  the  upper  containing 
zinc  with  c.  2  p.c.  Bi,  and  the  lower  Bi  with  from 
8  to  14  p.c.  zinc.  An  alloy  of  zinc  with  bismuth 
and  lead  (3  pts.  Zn,  5  pts.  Bi,  and  5  pts.  Pb) 
melts  at  94-5°.  For  descriptions  of  alloys  with 
calcium  v.  Caron  (C.  B.  48,  440;  50,  547); 
Wohler  {A.  138,  253) ;  and  Norton  a.  Twitchell 
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{Am.  J.  10,  70).  B7-ass  is  composed  of  alloys  of 
zinc  with  copper  (v.  vol.  ii.  p.  2.54  ;  and  for  de- 
tails V.  Dictionary  of  Applied  Chemistet,  vol. 
iii.  p.  1052).  Alloys  of  zinc  with  copper  and 
nickel  form  German  silver  •  most  modern 
bro7izes  are  alloys  of  zinc  with  copper  and  tin 
(v.  vol.  ii.  p.  254  ;  and  for  details  v.  Dictionary 
OF  Applied  Chemistry,  vol.  iii.  p.  838).  Zinc 
alloys  with  iron  (for  details  v.  Dictionary  of 
Applied  Chemistry,  vol.  iii.  p.  1051).  For 
alloys  with  lead  v.  vol.  iii.  p.  125  (also  Krant, 
S.  C.  I.  5,  537).  Alloys  with  lead  and  tin  are 
mentioned  in  vol.  iii.  p.  125  {i\  also  Wright  a. 
Thompson,  Pr.  48,  25).  For  alloys  with  viag- 
nesium  v.  Parkinson  {J.  pr.  101,  375).  Zinc  and 
•mercury  form  a  number  of  amalgams,  which  are 
brittle  when  a  little  Hg  is  present  and  pasty 
when  much  Hg  is  present  (for  references  v.  8.  C.  I. 
9,  512).  For  alloys  with  platinum  v.  this  vol. 
15.  288.  For  alloys  with  silver  v.  Wright  a. 
Thompson  (Pr.  48,  25). 

For  an  account  of  the  formation  of  zinc 
alloys  by  immersing  zinc  in  various  metallic 
solutions  V.  Mylius  a.  Fromm  {B.  27,  630 
[1894]). 

Zinc,  amide  of,  Zn(NH,_,)._,.  This  compound 
was  obtained  by  Franklaud  (Pr.  8,  502)  by 
passing  dry  NH.j  into  an  ethereal  solution  of 
ZnEto.  A  white,  amorphous  powder  ;  unchanged 
at  200^,  but  decomposed  at  a  red  heat  to  ZiiaN.^ 
(v.  Zinc  nitride,  p.  889)  and  NH3 ;  reacts  with 
water  to  form  ZnO^H.,  and  NH,,. 

Zinc,  bromide  of,  ZnBr,.  Formula  probably 
molecular,  from  analogy  of  ZnCl.,.  S.G.  3-lj4o 
at  10°  (Bodeker).  Melts  "at  394°  (Carnelley,  C.J. 
33,  277).  Boils  at  69.5°  to  699°  (C.  a.  Wilhams, 
C.  J.  33,  283)  ;  at  650°  (Freyer  a.  V.  Meyer,  B. 
25,  622).    H.F.  [Zn,Br-]  =  7.5,930  (Th.  3,  275). 

Preparation. — 1.  Zinc  filings  are  heated  to 
dull  redness  in  a  stream  of  Br  vapour. — 2.  Zinc, 
or  ZnOoH,,  is  dissolved  in  a  slight  excess  of 
HBrAq,  the  solution  is  evaporated  to  dryness, 
and  the  dry  residue  is  sublimed  out  of  contact 
with  air. 

Properties  and  Reactions. — White  needles  ; 
very  deliquescent.  Easily  soluble  in  water, 
alcohol,  or  ether  [v.  Berthemot,  J.  Ph.  14,  610). 
Thomsen  gives  [ZnBr-*,Aq]  =  15,030  [Th.  3,  275). 
Aqueous  solutions  of  ZnBr^,  of  different  concen- 
trations have  the  following  specific  gravities 
according  to  Kremers  [P.  108,  115) : — 


S.G.  ZiiBr.Aq  at  ID  o".  P.c.ZiiBra. 

1-1849  18-3 

1-3519  31-7 

1-5276  43-2 

1-7082  52-6 

1-  8525  59-1 

2-  1027  68-0 


Combinations. — 1.  With  ammonia  to  form  a 
series  of  compounds.  These  compounds  were 
examined  by  Kammelsbevg  (P.  55,  240),  and, 
more  recently,  by  Andr6  [Bl.  [-2]  39,  398  [1883]). 
By  dissolving  ZnBr.,  in  NH.,Aq  under  different 
conditions,  A.  obtained  (1)  ZnBr.,.2NH3.H..O, 
(2)  3ZnBr.,.8NH,.2H.>0,  (3)  3ZaBr.,.iONH,,.H„0, 
and  (4)  ZnBr.,.5NH,  ;'by  saturating  hot  NH.BrAq 
with  ZnO,  he  obtained  3ZnBr,,.6NH,.H„0.— 
2.  With  ccssium  bromide,  to  form  ZnBr.,.3CsBr 
and  ZnBr2.2CsBr  (Wells  a.  Campbell,  'Zcit.  /. 
anorg.  Chemie,  5,  273). 


Zinc,  chloride  of,  ZnCl,.  Mol.  w.  c.  136. 
Melts  at  262°  (Braun,  P.  154,  190).  Boils  at 
708°-719°  (Carnelley  a.  Williams,  C.  J.  33,  284) ; 
at  730°  (Freyer  a.  V.  Meyer,  B.  25,  622).  S.G. 
2-753  at  13° '(Bodeker).  V.D.  at  890°  to  907°  = 
66  (F.  a.  M.,  Z.c).  H.F.  [Zn,Cl-]  =97,210  {Th. 
3,  275). 

Formation. — 1.  By  heating  zinc  filings  in 
CI. — 2.  By  heating  a  mixture  of  2  pts.  HgCl,  and 
1  pt.  zinc  filings  in  a  retort. — 3.  By  distilling  a 
mixture  of  equal  pts.  ZnSOj  and  CaCl,,  or  a 
mixture  of  1  pt.  ZnO  and  2  pts.  NH|C1. — 4.  By 
dissolving  zinc,  or  ZnO._.H.,,  in  HClAq,  evapo- 
rating to  dryness,  and  heating  the  residue  in  a 
retort. 

Preparation. — 1.  Zinc  filings  are  heated  in  a 
small  retort  in  a  stream  of  CI ;  the  product  is 
distilled. — 2.  Zinc,  or  ZnOjHo,  is  dissolved  in  a 
slight  excess  of  HClAq  ;  the  solution  is  evapo- 
rated to  dryness,  and  the  residue  is  distilled  from 
a  small  retort. 

Properties  and  Reactions. — A  white,  semi- 
transparent,  crystalline,  very  caustic  solid  ;  very 
deliquescent.  Easily  soluble  in  water,  also  in 
alcohol.  Thomsen  gives  [ZnCl-,Aq]  =  15,630 
{Th.  3,  275).  Sublimes  at  a  red  heat.  An 
aqueous  solution  is  partly  decomposed  on  eva- 
poration, giving  oxychlorides  ('j.f.).  Oxychlorides 
are  also  formed  by  heating  a  solution  of  ZnCl.> 
in  HClAq  with  ZnO,  also  with  HgO  or  VhO. 
Kremers  (P.  105,  360)  gives  the  following  data  : 

S.G.  ZnCLAq  P.c.  ZiiCIa 

1-1275  13-8 

1-2466  25-8 

1-3869  37-5 

1-5551  49-2 

A  cone,  solution  of  ZnCl.,  is  often  used  as  a 
bath  for  maintaining  fairly  iiigh  constant  tem- 
peratures. Dry  ZnClj  is  used  as  a  caustic  ;  also 
as  a  dehydrating  agent ;  a  dilute  aqueous  solu- 
tion is  employed  as  an  antiseptic. 

Combinations.—  !.  With  water.  By  keeping 
ZnCLAq  containmg  70-5  p.c.  ZnCl.,  at  0°  for 
24  hours,  Engel  (C.  R.  102,  111)  obtained  large 
crystals  of  the  trihydrate,  ZnCL.3H._,0,  melting 
at  7°.  When  ZnCLAq  containing  79-9  p.c. 
ZnCl.,  at  0°  is  kept  for  a  long  time  it  solidifies  ; 
on  heating  to  16°  a  part  melts  and  a  part 
remains  solid  ;  the  liquid  part  is  the  dihydrate 
ZnCl.,.2H.,0,  and  the  solid  part  is  the  hydrate 
2ZnCl.,.3H.,0  (E.,  I.e.).  By  heating  a  syrupy 
solution  of  ZnCl._.  with  a  little  HClAcj,  Schindler 
{Mag.  Pharm.  36,  45)  obtained  octahedral  crys- 
tals of  the  monohydrate  ZnCL.H.p.  According 
to  Engel  (I.e.),  the  hydrate  obtained  by  S.  was 
2ZnCL.3H.p. — 2.  With  hydrogen  chloride  and 
ivater.  Engel  (M.  5,  432)  obtained  the  com- 
pounds 2ZnCl.,.HC1.2H.,0  and  ZnCl.,.HCL2H,0 
by  passing  HCl  gas  into  ZnCl.,Aq,  and  adding 
zinc  from  time  to  time,  and,  when  the  solution 
had  the  S.G.  of  2-0,  cooling  to  0°. — 3.  Various 
compounds  of  ZnCU  with  ammonia  have  been 
described  ;  the  formula  ZnCl...NH„  ZnCL.2NH.„ 
2(ZnCl.,.2NH,).H,0,  ZnCL.lNH^.H^O, '  and 
ZnCl.>.5NH.,.H.,0  have  been  given  to  compounds 
obtained  by  dissolving  ZnCl.,  in  NHjAq,  passing  in 
NH,,  and  evaporating  under  different  conditions 
(y.Marignac,  Ann.  M.  [5]  12,  1  ;  Divers,  C.  N.  18, 
13;  Priwoznik,  P.  142,  467;  Davis,  C.  N.  25, 
265  ;  Andre,  A.  Ch.  [6]  3,  84,  98 ;  Thorns,  B.  20, 
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743).— 4.  Lang  {B.  21,  1578)  described  a  com- 
pound with  pyridine,  ZnCl.,.2C5H5N.— 5.  ZnCl,, 
combines  with  alkali  chlorides.  Compounds, 
ZnCl,.NH,Cl.a;H,,0,  ZnCl2.2NH,Cl.£cH,0,  and 
ZnCl,,.3NH,Cl  are  described  by  Schindl'er  {Mag. 
Phann.  36,  45),  Marignao  {J.  1857.  217),  Eam- 
melsberg  (P.  94,  508),  and  Hantz  (A.  66,  287). 
A  compound  ZnCl„.2KCl  is  described  by  B.  (I.e.) 
and  M.  (I.e.) ;  and  a  compound  ZnCl.,.2NaC1.3H20 
by  M.  {I.C.).  Wells  a.  Campbell  (Zeit.  f.  anorg. 
Chemie,  5,  273)  describe  two  compounds  with 
CsCl,  to  which  they  give  the  formulaa 
ZnCl2.2CsCl  and  ZnCL.SCsCl.— 6.  With  zinc 
oxide,  V.  Oxychlorides,  p.  891. 

A  solution  of  zinc  in  cone.  HClAq,  to  which 
as  much  NH|C1  has  been  added  as  the  weight  of 
zinc  dissolved,  is  used  for  cleaning  the  surfaces 
of  metals  that  are  to  be  soldered  together  ;  any 
oxide  on  the  metallic  surfaces  reacts  with  the 
NH,C1  present  to  form  chloride  which  dissolves 
in  the  ZnCl^  solution. 

Zinc,  cyanide  of,  and  double  zinc  cyanides  ; 
V.  vol.  ii.  p.  347.  For  details  regarding  the  con- 
ditions of  formation  and  the  properties  of  zinc- 
mercuric  cyanide,  v.  Dunstan,  C.  J.  61,  666 
[1892]. 

Zinc,  ferrocyanide  of ;  v.  vol.  ii.  p.  337. 

Zinc,  fluoride  of,  ZnP^.  Formula  probably 
molecular,  from  analogy  of  ZnCU.  Formed  by 
heating  zinc  or  ZnO  to  redness  in  a  stream  of 
dry  HF  ;  also  by  the  interaction  of  fused  ZnCl, 
and  dry  HF  at  800°  to  900= ;  also  by  heating' 
the  hydrated  salt  to  redness  in  dry  HF  (Poulenc, 
C.  R.  116,  581  [1893]).  The  tctrahydrate 
ZnF.,.4H>0  is  obtained  by  evaporating  a  solution 
of  zinc  in  HFAq,  and  crystallising.  The  salt 
ZnF2  crystallises  in  colourless  needles,  probably 
monoclinic.  S.G.  4-84  at  15° ;  the  crystals  act 
strongly  on  polarised  light  (P.,  I.e.).  Clarke 
{Avi.  S.  [3]  13,  291)  gives  S.G.  of  ZnF„  as 
4-556  at  17°,  and  4-612  at  12° ;  and  the  S.G.  of 
ZnF,,.4H,0  as  2-567  at  10°  and  2-535  at  12°. 
ZnF„  is  slightly  soluble  in  cold,  more  soluble  in 
hot,  water ;  it  is  insoluble  in  alcohol  at  95°  ; 
soluble  in  boiling  HClAq,  H,SO^Aq,  or  HNO^Aq 
(P.,  I.e.).  Heated  in  air,  or  to  redness  in  steam, 
it  is  wholly  changed  to  ZnO ;  fusion  with  alkali 
carbonates  produces  ZnO  and  alkali  fluorides  ; 
heating  with  H.^S  forms  ZnS,  and  with  HCl 
forms  ZnCL.  It  is  reduced  by  H  at  a  red  heat 
(P.,  Z.c).  ZnF.,  forms  double  salts  with  AlF,j 
and  with  alkali  fluorides.  Berzelius  (P.  1,  26) 
described  the  salts  ZnF2.2AlF,  and  ZnF„.2KF ; 
and  Wagner  {B.  19,  896)  the  salts 
ZnF,.2NH,F.  2aq,  ZnF„.KF,  and  ZnF„.NaF.  The 
compound  ZnF.,.ZrFj.  6aq(  =  ZnZrFg.  6aq)  is  de- 
scribed by  Marignac  (A.  Ch.  [3]  60,  257) ;  S.G. 
2-255  at  12°  (Topscie,  C.  C.  4,  76).  For 
ZnFo.SiFj  V.  Zinc  silicofluohipe,  p.  890. 

Zinc,  hydrophosphide  of,  ZnPH.  A  white, 
friable  solid  having  this  composition  was  ob- 
tained by  Drechsel  a.  Finkelstein  {B.  4,  352)  by 
passing  dry  PH,  into  a  cooled  ethereal  solution 
of  ZnEtj.  The  compound  can  be  kept  in  a 
closed  vessel ;  in  air  it  absorbs  moisture  and 
rapidly  decomposes,  giving  off  PH3. 

Zinc,  hydrosulphide  of.  According  to  Thom- 
sen  (B.  11,  2044  [1878]),  the  pp.  obtained  by 
mixing  NaliSAq  and  ZnSO,,Aq,  in  equivalent 
quantities,  is  probably  a  hydrosulphide  of  zinc 
(no  analyses  or  formula  given).    Addition  of 


two  equivalents  of  NaSH  in  solution  to  an 
equivalent  of  ZnSO.,  in  solution  produces  no  pp., 
but  the  solution  gives  a  pp.  of  ZnS  or  hydro- 
sulphide  on  standing,  or  on  addition  of  acid  or 
soda  (T.,  Z.c).  According  to  von  Zotta  (M.  10, 
807  [1890]),  the  pp.  supposed  by  Thomsen  to 
be  zinc  hydrosulphide  has  the  composition 
ZnS,H,,.2ZnS.  When  four  equivalents  of  NaSH 
are  added  to  one  equivalent  of  ZnSO^,  both 
in  solution,  and  the  clear  solution  is  boiled,  or 
treated  with  acid  or  alkali,  a  pp.  of  ZnSoH2.2ZnS 
is  obtained  (von  Z.,  l.c).  Linder  a.  Picton  (C.J. 
61, 130  [1892]  obtained  evidence  in  favour  of  the 
existence  of  compounds  of  Zn,  S,  and  H,  pro- 
bably 7ZnS.H„S  and  12ZnS.H2S,  by  passing 
H,_,S  into  water  at  0°  with  ZnC.H^  in  suspension  ; 
they  failed  to  isolate  a  definite  compound  with 
certainty. 

Zinc,  hydroxide  of,  ZnO,H-,.  (Zinc  hydrate. 
Hydrated  zinc  oxide.)  Obtained,  as  a  white 
fiocculent  jjp.,  by  adding  to  solution  of  a  salt  of 
zinc  rather  less  KOHAq  than  is  sufficient  to  de- 
compose the  whole  of  the  salt,  washing  thoroughly, 
and  drying  at  a  low  temperature.  According  to 
Ville  (C.  R.  101,  375),  ZnO.,H,  is  obtained  in 
crystals  by  shaking  very  finely-powdered  ZnCOa, 
or  basic  carbonate,  with  twice  as  much  KOH  in 
10  p.c.  solution  as  is  theoretically  required  for  the 
decomposition  of  the  carbonate ;  formation  of 
crystals  of  ZnO,_,Ho  begins  at  once,  and  is  com- 
plete after  twenty  to  thirty  minutes.  ZnO,H,  is 
said  to  be  obtained  in  lustrous  rhombic  prisms 
by  immersing  zinc  in  contact  with  iron  or  copper 
in  NHjAq  (Nioklte,  A.  Ch.  [3]  22,  31  ;  Cornu,  Bl. 
5,  64  [1863]).  Bodeker  (A.  94,  358)  obtained  the 
monohydrated  hydroxide  ZnO^H.^HoO  in  very 
lustrous  octahedra  by  keeping  a  saturated  solu- 
tion of  the  hydroxide  in  NaOHAq  in  a  closed 
vessel  for  some  weeks.  S.G.  of  ZnO.,H,  is  given 
by  Nickl^is  (I.e.)  as  2-677,  and  by  Filhol  (A.  Ch. 
[3]  21,  415)  as  3-053.  Thomsen  gives 
[Zn,0,ff  0]  =  82,680  (Th.  3,  275).  ZnO,,H,,  dis- 
solves easily  in  acids,  fonning  salts  ZnX'j. 

ZnOoH,  also  dissolves  in  caustic  alkali  solu- 
tions, and  in  (NH.|).,CO.,Aq.  By  adding  alcohol 
to  a  solution  of  ZnO.H.  in  KOHAq,  Laux  (A.  9, 
183)  obtained  small  lustrous  crystals  (?ZnO,K..)  ; 
Fremy  (C.B.  15,  1106)  obtained  (?)  ZnO.K^.ZnO; 
by  using  NaOHAq  Comey  a.  Jackson  (B.  21, 
1589  [1888])  obtained  two  compounds  derived 
from  ZnO,H,  by  replacing  H  by  Na.  They 
shook  a  solution  of  ZnO,,H.  in  cone.  NaOHAq 
with  alcohol,  separated  the  upper  (alcoholic) 
layer  and  allowed  it  to  crystallise,  and  treated 
the  lower  (watery)  layer  repeatedly  with  alcohol 
until  it  solidified.  The  crystals  from  the  lower 
layer  had  the  composition 

Zn30,.Na,H,,.17H,0(  =  Zn,(OH),(ONa)4._17H20), 
agreeing,  except  in  water  of  crystallisation,  with 
an  ammonium  compound  described  by  Malaguti 
(C.  R.  62,  413  [1866])  ;  this  compound  melts  at 
c.  70°,  rapidly  absorbs  CO.,  from  the  air,  loses 
12H.,0  at  lOO"",  is  insol.  in  ether,  and  is  decom- 
posed by  water,  but  not  in  presence  of  excess  of 
NaOH,  with  formation  of  ZnO  and  a  little 
ZnOjH,.  The  crystals  from  the  upper  layer  had 
the  composition 

2ZnO,NaH.7H,0  =  (2Zn(OH)(ONa).7H,0), 
corresponding  with  the  compound  descriljed  by 
Fremy  (l.c.)  ;  this  compound  forms  white  radi- 
ating needles,  which  do  not  melt  at  300° ;  it 
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absorbs  C0._,  from  the  air  more  slowly  than  the 
other  compound,  is  decomposed  by  alcohol  or 
water,  and  does  not  lose  H,.0  until  heated  above 
200°  {v.  Am.  11,  145  [1889]).  C.  a.  .J.  failed  to 
obtain  compounds  derived  from  ZnO.,H2  by  re- 
placing H  by  NHj  or  Mg.  Compounds  of  ZnO 
with  BaO,  CaO,  and  MgO  are  described  by 
Bertrand  (C.  B.  115,  939) ;  these  compounds  are 
of  the  forms  2ZnO.MO.,'eH,0. 

Zinc,  iodide  of,  Znl.^.  Formula  probably 
molecular,  from  analogy  of  ZnCl,,.  Formed  by 
heating  together  zinc  and  iodine,  and  subliming; 
also  by  digesting  I  with  water  and  excess  of  zinc 
until  the  liquid  is  colourless  and  evaporating  over 
H._,SO,,  (Eammelsberg,  P.  43,  065).  Crystallises 
in  white  octahedra  ;  S.G.  4-096  (Budeker) ;  melts 
at  c.  446°  (Carnelley,  C.J.  33,  278) ;  and  boils  at 
c.  024°  (C.  a.  Williams,  v.  Carnelley's  Mclting- 
ancl  Boiling-point  Tables,  1,  23).  H.F. 
(Zn,I-]  =  49,230  ;  [Zn,I-,Aii]  =  00,.540  (Th.  3, 
275).  Heated  in  air  Znl,  gives  off  I,  and  ZnO 
remains.  Kramers  (P.  Ill,  61)  gives  the  follow- 
ing data  : — 

S.G.ZnI.Aq     P.c.ZiiI,     S.G.  ZnLAq     P.e.  Znl, 

1-2340  23-1  1-9746  63-5 
1-5121  42-6  2-3976  76-0 
1-7871  56-3 

Hot  Znl.Aq  is  said  to  dissolve  zinc  in  con- 
tact with  the  air,  and  on  filtering  an  oxyiodide 
is  said  to  be  deposited  (Miiller,  J.  pr.  26,  441). 
Znl._,  Aq  also  dissolves  I ;  Baup  (J.  Ph.  9,  37 
[1823])  says  enough  I  is  dissolved  to  form  Znl^. 

ZnL  combines  with  NH.,.  By  allowing  a 
solution  of  Znl,  in  NH^Aq  to  evaporate,  Eam- 
melsberg (P.  48,  152)  obtained  lustrous,  four- 
sided  prisms  of  ZnIj.4NH3,  decomposed  by  water 
with  production  of  ZnO.  Various  douhle  com- 
pounds with  other  iodides  have  been  described  : 
ZnI,..2MI,  where  M  =  NH^,  K  or  Na  (Eammels- 
berg, I.e.;  also  P.  43,  665);  ZnI„.2CsI  and 
Znl2.3CsI  (Wells  a.  Campbell,  Zcit.  f.  anorg. 
Chemic,  5,  273);  2ZnI..BaI„  (E.,  l.c.)\ 
ZnL.2Bil3. 12aq  (Linau,  P.  ill,  240). 

Zinc,  nitride  of,  Zn^No.  Obtained  by  Frank- 
land  (Pr.  8,  602)  by  heating  zinc  amide 
(Zu(NH,),, ;  i;.  p.  887)  to  low  redness.  A  grey, 
pulverulent  solid  ;  unchanged  by  heating  to  red- 
ness out  of  contact  with  air ;  reacts  violently 
with  water  to  give  ZnO-.H,  and  NH3. 

Zinc,  nitroprusside  of,  v.  vol.  ii.  p.  341. 

Zinc,  oxides  of.  Besides  the  normal  basic 
oxide  ZnO,  there  seems  to  be  another  higher 
(?  superoxide)  of  zinc. 

Zinc  oxide  ZnO.  Formula  not  certainly 
molecular. 

Occnrrence. — With  oxides  of  Mn,  and  Fe,  as 
red  zinc  ore  a,nd  franklinite. 

Formation. — 1.  By  burning  zinc  in  air  or  0. 
2.  By  strongly  heating  ZnO,,H,,  Zn(N0.,),, 
ZnCOj,  or  another  salt  of  zinc  with  a  volatilisable 
acid. 

Prcparatioyi. — Pure  ZnSO,,,  prepared  as  de- 
scribed under  Zinc,  I'reparation  (p.  883),  is  dis- 
solved in  water,  and  the  solution  is  varn  slowly 
added  to  a  boiling  solution  of  pure  NaXO^  con- 
taining rather  less  NaXO.,  than  suffices  to  de- 
compose all  the  ZnSO.|.  The  pp.  of  basic  zinc 
carbonate  is  washed  by  decantation  with  boiling 
water  until  the  washings  are  free  from  carbonates 


and  sulphates ;  it  is  then  dried,  powdered, 
and  heated  either  in  a  Hessian  crucible,  or, 
better,  in  a  flask  of  hard  glass,  until  a  portion 
taken  from  the  middle  dissolves,  wlien  cold,  in 
acid  without  effervescence.  The  solid  is  now 
finely  powdered,  sifted  through  a  fine  sieve, 
a^in  heated,  and  then  rubbed  up  with  water, 
and  washed  and  dried.  ZnO  is  prepared  in 
crystals  by  heating  ZnCI,  to  redness  in  steam 
(Daubr^e,  G.  R.  39,  153)  ;  also  by  heating  the 
amorphous  oxide  slowly  in  a  stream  of  H 
I  (Eegnault,  A.  Ch.  [2]  62,  350  ;  Deville,  A.  Ch.  [3] 
I  43,  477)  ;  also  by  heating  the  amorphous  oxide 
to  whiteness  in  a  stream  of  O  (Sidot,  C.  P.  69, 
202)  ;  also  by  heating  Zn(N03),  to  redness 
(Briigelmann,  W.  4,  283). 

Properties. — A  slightly  yellow,  powdery  solid; 
becomes  darker  yellow  when  heated,  but  recovers 
its  original  colour  on  cooling.  S.G.  5-5  to  6-7 
I  (v.  Briigelmann,  B.  13,  1741  ;  Filhol,  A.  Ch-.  [3] 
21,  415  ;  Herapath,  C.  J.  1,  42  ;  Karsten,  S.  65, 
394).  S.G.  crystalline  (at  15°)  6-782  (Briigel- 
mann, W.  4,  286).  ZnO  crystallises  in  slightly 
yellow,  lustrous,  hemimorphous  pyramids  be- 
longing to  the  hexagonal  system  (B.,  I.e.). 
Thomsen  (Th.  3,  275)  gives  H.F.  [Zn,0]  =  85,430. 
Eichards  a.  Eogers  {Am.  15,  567'  [1893])  found 
that  ZnO,  prepared  by  heating  Zn(NO.|).j,  gave  off 
some  gas  when  dissolved  in  dilute  acids  ;  the 
maximum  amount  of  gas  from  10  g.  ZnO  was 
20  c.c. ;  the  gas  consisted  chiefly  of  N,  with  a 
little  0 ;  the  higlier  the  temperature  to  which 
the  Zn(N03)o  had  been  heated  the  less  was  the 
quantity  of  gas  obtained ;  but  some  N  always 
came  off,  even  from  ZnO  which  had  been  heated 
to  the  softening  temperature  of  porcelain.  Mois- 
san  (C.  B.  115,  1034  [1893])  states  that  ZnO 
volatilises  readily  when  heated  in  an  electric 
furnace,  and  condenses  again  in  transparent 
crystals.  ZnO  is  not  decomposed  at  c.  1750° 
(Eead,  C.  J.  66,  313  [1894]). 

Bcactions  and  Combinations. — 1.  ZnO  is  a 
basic  oxide.  It  interacts  with  most  acids  to 
form  salts  ZnX(X  =  2N0.„  SO,,  *P0,„  &c.)  and 
water. — 2.  With  fairly  cone,  caustic  soda  or 
potash,  salts  are  formed  which  are  most  simply 
regarded  as  derived  from  ZnO^H.,,  with  H  re- 
placed by  Na  or  K  {v.  Zi.\c  hyueoxide,  p.  888). — 
3.  ZnO  is  reduced  to  Zn,  with  exjjlosive  violence, 
by  heating  with  maqnesiiim  (v.  Winkler,  B.  28, 
128).^4.  Morse  a.  White  {Am.  11,  258)  heated  a 
mixture  of  ZnO  and  zinc  in  an  exhausted  tube, 
and  found  that  a  deposit  of  ZnO  formed  in  the 
front  part  of  the  tube.  They  suppose  that  some 
of  the  original  ZnO  is  decomposed  by  the  com- 
bined action  of  heat  and  zinc,  and  that  zinc  and  O 
exist  together  in  the  hot  part  of  the  tube,  but 
combine  in  the  cooler  parts  of  the  tube  to  form 
ZnO. — 5.  Oxyehlorides,  oxybromides,  and  pro- 
bably oxyiodides  of  zinc  are  formed  by  heating 
ZnO  with  zinc  chloride,  bromide,  and  iodide  re- 
spectively.— 6.  ZnO  is  reduced  to  zinc  by  heating 
with  carbon  or  in  carbon  monoxide. — 7.  ZnO 
does  not  directly  interact  with  water ;  ZnOoHj 
is  produced  by  ppg.  a  zinc  salt  solution  by  an 
alkali  {v.  Zinc  hydroxide,  p.  888). — 8.  By  heat- 
ing ZnO  with  oxides  of  aluminium,  chromium, 
and  iron  along  with  B,,0.|  in  a  pottery  furnace 
until  the  B.O.,  was  volatilised,  Elielmen  (.1.  Ch. 
[3]  33,  34)  obtained  the  compounds  ZnO.Al.Oj, 
ZnO.Cr.Oj,  and  ZnO.Fe.O^. 
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Zinc  peroxide.  In  1818  Thenard  (.4.  Ch.  [2] 
9,  55)  obtained  what  he  called  '  deutoxide  de 
zinc '  by  the  action  of  HoO.Aq  on  gelatinous 
ZnO.>H,,  and  also  by  adding  KOHAq  to  a  solu- 
tion of  ZnOjH,  in  HClAq  to  which  H.,0.,  had 
been  added.  In  1884  Haas  {B.  17,  2249)  ob- 
tained a  white,  tasteless,  neutral,  gelatinous  pp. 
by  adding  H^OjAq  to  solutions  of  zinc  salts  and 
then  adding  NH.,Aq ;  after  washing  and  drying 
at  100°,  the  solids  had  approximately  the  com- 
positions ZnjO,  and  Zn305.  H.  thinks  it  pro- 
bable that  the  substances  obtained  by  him  were 
compounds  of  ZnO  and  ZnO, ;  the  formula 
2Zn0.3ZnOo  agrees  well  with  some  of  his 
analyses. 

Zinc,  oxybromides  of.  Oxybromides  of  zinc 
are  formed  by  heating  solutions  of  ZnBr.,  with 
ZnO,  and  by  partially  ppg.  ZnBr„Aq  by  NH^Aq. 
Several  compounds  have  been  described  by 
Andr6  {Bl.  [2]  39,  398  [1884]) : 

(1)  ZnBr„.4ZnO.£cH.,0,  x  =  10,  13,  and  19; 

(2)  ZiiBr,.5Zn0.eH  ,0  ;  (3)  ZnBiv6Zn0.35H,0. 
Zinc,  oxychlorides  of.  These  compounds  are 

formed  by  adding  to  ZnCl.,Aq  a  quantity  of  NH.,Aq 
less  than  sufficient  for  complete  ppn.;  also  by 
boiling  ZnCLAq  with  ZnO,  or  with  certain  other 
metallic  oxides.  Schindler  (Mag.  Pliarm.  36, 
45)  obtained  ZnCl,.3Zn0.4H,0  by  boiling 
ZnCLAq  with  ZnO,  and  the  same  compound  by 
partially  ppg.  ZnCLAq  by  NHjAq.  By  adding 
to  ZnCLAq  so  much  NH3Aq  that  the  pp.  which 
formed  at  first  partly  dissolved,  and  also  by 
treating  ZnCL.4NH3  with  water,  Kane  (A.  Ch. 
72,  296)  obtained  ZnCL.6ZnO.10H„O.  Andre 
(C.  R.  106,  854)  obtained  2ZnCL.3Zn0.11H,0  by 
Ijoiling  ZnCLAq  with  HgO  and  letting  the  solu- 
tion cool ;  using  PbO  he  obtained  another  oxy- 
chloride,  probably  ZnCL.3ZnO,  combined  with 
ZnCL.PbO. 

Zinc,  oxyiodides  of.  According  to  Miiller 
(J.  pr.  26,  441  [1842]),  ZnLAq  dissolves  zinc 
when  warmed  therewith  in  the  air;  on  cooling, 
an  oxyiodide,  Znl2.3ZnO.2aq,  is  ppd. 

Zinc,  oxysulphides  of.  The  compound 
4ZnS.ZnO  occurs  native  as  voUzite,  as  spherical 
globules  in  some  specimens  of  galena.  A  com- 
pound having  the  same  composition  was  found 
in  a  furnace  flue  at  Freiberg  by  Karsten  {S.  57, 
186).  By  heating  dry  ZnSOj  to  redness  in  H, 
Arfvedson  obtained  a  yellow-coloured  oxysul- 
phide  ZnS.ZnO  (P.  1,  59). 

Zinc,  perbromoplatinocyanide  of,  v.  vol.  ii.  p. 
345. 

Zinc,  phosphides  of.  Zinc  and  P  combine 
when  heated  together,  forming  a  greyish,  lus- 
trous, somewhat  malleable  compound.  By  heat- 
ing finely  powdered  zinc  in  vapour  of  P, 
Schrotter  obtained  a  compound,  with  S.G.  4-76, 
having  the  composition  ZnjP^  (W.  A.  B.  1859. 
301).  Vigier  obtained  the  same  compound  by 
heating  zinc  in  H  until  distillation  began,  and 
then  passing  H  laden  with  vax)our  of  P  over  the 
zinc.  The  same  compound  was  formed  by 
Eegnault  (A.  Ch.  [4]  9,  162)  by  heating  to  white- 
ness a  mixture  of  MgHPOj,  ZnS  and  C ;  along 
with  the  Zn.,F.,  were  formed  crystals  of  another 
phosphide,  probably  ZnP ;  and  by  treating 
Zn,jP^  with  dilute  acid,  an  amorphous,  yellow 
solid  remained  which  detonated  when  mixed 
with  KCIO3  and  struck,  and  which  was  perhaps 
ZnP|j.    The  compound  Zn3P2  was  obtained  by 


Hvoslef  (A.  100,  99)  by  strongly  heating  a  mix- 
ture of  ZnO,  F-jOr,,  and  C.  By  heating  a  mix- 
ture of  NaPOj  and  zinc  shavings  in  a  retort,  H. 
(I.e.)  obtained  a  yellowish  red,  loose  sublimate 
which  contained  Zn  and  P  ;  and  by  heating  the 
fused  mass  in  the  retort  with  HClAq,  grey  lus- 
trous tablets  of  ZnP„  remained.  Liipke  {C.  C. 
1890  [ii.]  642)  formed  zinc  phosphide  (%  ZnjP^) 
by  adding  amorphous  P  to  molten  zinc  covered 
with  (NHj)„CO., ;  this  phosphide  was  not  decom- 
posed by  water,  but  was  slowly  decomposed  by 
dilute  HClAq,  giving  off  PH3. 

For  the  compound  ZnPH  v.  Zinc  htdrophos- 
PHIDE,  p.  888. 

Zinc,  platinoeyanide  of,  v.  vol.  ii.  p.  344. 

Zinc,  salts  of.  Many  salts  are  obtained  by 
replacing  the  H  of  acids  by  zinc.  The  greater 
number  of  the  salts  of  zinc  are  normal  salts  ; 
several  basic  carbonates,  nitrates,  and  sulphates 
are  known.  The  following  are  the  chief  salts  of 
zinc  derived  from  oxyacids : — Arsenite  and 
arsenate,  borate,  bromate,  carbonates,  chlorate 
and  percMorate,  chromates,  iodate  and  |)e7'- 
iodatcs,  molybdates,  nitrates  and  nitrites, 
phosphates  and  phosphites,  sclenate  and  selenite, 
silicate,  stilphates  and  sulphite,  thiosulphate, 
tungstates,  vanadates  [v.  Caebonates,  Nitrates, 
Sulphates,  A'c). 

Zinc,  selenide  of,  ZnSe.  This  compound 
is  formed,  in  reddish-yellow,  regular  crystals, 
S.G.  5-40,  by  heating  zinc  to  redness  in  a  stream 
of  H,,Se,  and  then  subliming  in  a  slow  stream  of 
H  (Riargottet,  C.  B.  84,  1293). 

Zinc,  selenocyanide  of,  v.  vol.  ii.  p.  348. 

Zinc,  silicofluoride  of,  ZnSiPe-GHoO.  Ob- 
tained in  hexagonal  plates,  easily  sol.  in  water, 
by  evaporating  to  a  small  bulk  a  solution  of 
ZnO  in  H„SiF„Aq(Berzelius).  S.G. 2-104  (Topsoe, 
C.  C.  4,  76). 

Zinc,  stannifluoride  of,  ZnSnF|j.6H,0 ;  v. 
this  vol.,  p.  724. 

Zinc,  sulphocyanide  of,  v.  vol.  ii.  p.  353. 

Zinc,  sulphide  of,  ZnS.  This  compound  is 
not  formed  by  heating  together  zinc  and  S,  as 
the  S  volatilises  before  the  temperature  of  com- 
bination is  reached. 

Occurrence. — As  zinc  blende. 

Preparation. — 1.  By  repeatedly  subjecting  a 
mixture  of  zinc  and  S,  in  the  ratio  Zn:S,  to  a 
great  pressure ;  the  product  resembled  zinc 
blende  (Spring,  B.  16,  1,000).— 2.  By  rapidly 
heating  a  mixture  of  zinc  filings  and  cinnabar 
in  a  retort ;  formation  of  ZnS  occurs  with  de- 
tonation ;  Hg  distils  oft'. — 3.  By  heating  ZnO  with 
S. — 4.  By  heating  ZnO,  or  ZnO^H™,  in  a  stream 
of  H^S  ;  in  the  case  of  ZnOjH.,  formation  of 
ZnS  takes  place  very  slowly  [v.  Wagner,  D.  P.  J. 
197,  334). — 5.  ZnS  is  also  formed  by  heating 
dry  ZnSO,  with  S  and  C— 6.  ZnS  is  obtained 
by  passing  H.,S  into  a  neutral  or  alkaline  solu- 
tion of  a  zinc  salt,  or  into  a  solution  in  a  weak 
acid,  such  as  acetic  acid,  washing  the  pp.,  drying 
it  at  100°,  and  heating  in  a  stream  of  dry  H.,S. 
The  pp.  dried  at  100°  is  said  to  be  2ZnS.H;0 
(Geiger  a.  Eeimann,  Mag.  Pharm.  31,  178 ;  cf. 
Souchay,  Fr.  7,  78). 

Properties  and  Reactions. — S.G.  of  ZnS  =  3-93 
(Karsten,  S.  65,394);  S.G.  of  blcnde  =  A-Qi  to 
4-07  (v.  Neumann,  P.  23,  1).  Thomsen  (Th.  3, 
276)  gives  H.F.  of  ZnS.a-H.O  as  [Zn,S„TH-0} 
=  41,580.    ZnS  prepared  by  ppn.  is  a  yellowish 
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solid;  easily  sol.  in  acid,  forming  salts  of  Zn 
and  giving  off  H,,S.  2inc  blende  is  a  grey  to 
black  crystalline  solid  ;  slowly  acted  on  by  acids. 
By  repeatedly  washing  ppd.  ZnS,  also  by  passing 
H.,S  into  water  containing  pure  ZnO.,H.,  in  sus- 
pension, Winssinger  (Bl.  [2]  49,  452  [1888])  ob- 
tained colloidal  ZnS,  sol.  in  water ;  the  solution 
could  be  boiled  until  all  excess  of  H„S  was 
expelled  without  ppn.  of  ZnS.  ZnS  prepared  by 
adding  excess  of  NH^Aq  to  ZnCljAq,  ppg.  all  the 
zinc  as  ZnS  by  H^S,  washing  and  drying  the  pp., 
and  then  heating  nearly  to  whiteness  in  a  Hessian 
crucible  inside  a  plumbago  crucible,  is  very 
phosphorescent  (v.  Henry,  C.  R.  115,  503). 

By  heating  ZnS  with  zinc  in  a  vacuous  tube, 
Morse  a.  White  (Am.  11,  348)  found  that  some 
of  the  ZnS  was  carried  forward  and  deposited  on 
the  cooler  part  of  the  tube  ;  they  supposed  that 
some  of  the  ZnS  was  decomposed,  and  that  Zn 
and  S  existed  in  the  hottest  part  of  the  tube  and 
combined  in  the  cooler  portions.  By  heating 
blende  with  I  and  a  little  water  some  ZnSOj  is 
formed  (Filhol  a.  Melhies,  A.  Ch.  [4]  22,  58; 
Lasaulx,  J.  1870.  1272). 

According  to  Schiff  (yl.  115,  7i),apolijsulpJdde 
of  zinc,  probably  ZnS^,  is  formed  byppg.  a  neutral 
solution  of  a  salt  of  zinc  by  KiS^Aq,  and  drying 
the  pp.  over  H,SO,,.  Spring  (5."l6, 1000)  thought 
that  a  polysulphide  of  zinc  was  probably  formed 
by  strongly  compressing  a  mixture  of  zinc  with 
excess  of  S. 

Zinc,  telluride  of,  ZnTe.  Obtained,  in  large 
ruby-red,  .regular  crystals,  by  strongly  heating 
zinc  in  a  stream  of  H.,Te,  and  then  subliming  in 
a  slow  current  of  H  (Alargottet,  C.R.  84, 1293). 

Zinc,  titanifluoride  of,  ZnTiF^;  v.  this  vol., 
p.  742.  M.  M.  P.  M. 
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Zinc  methyl  or  Zinc  metliide  ZnCH^  i.e. 
ZnMe.,.  Mol.  w.  95.  V.D.  3-29  (calci  3-30). 
[-40°]  (Haase,  B.  26,  1053).  (46°).  S.G.  Mli 
1-386. 

Formation. — 1.  By  heating  methyl  iodide 
■with  zinc  in  sealed  tubes  at  150°.  The  com- 
pound IZnMe  is  formed  as  an  intermediate  p>ro- 
duct.  The  reaction  takes  place  more  easily 
when  the  Mel  is  mixed  with  two-thirds 
of  its  volume  of  ether  and  heated  to  100°, 
but  it  is  then  difficult  to  separate  the  ether  from 
the  ZnMe„  (Frankland,  A.  85,  346;  111,  62; 
Wanklyn,  'C.  J.  13,  124  ;  Butlerow,  A.  144,  2  ; 
Ladenburg,  A.  173,  147). — 2.  By  heating  finely 
granulated  zinc  with  HgMe_,  in  a  sealed  tube  for 
24  hours  at  120°,  and  distilling  the  product 
(Frankland  a.  Duppa,  G.  J.  17,  30).— 3.  IZnMe 
is  formed  in  24  hours  if  Mel  is  left  in  contact 
with  a  large  amount  of  copper-zinc  couple  (Glad- 
stone, C.  J.  35,  109). 

Preparation. — Zinc  filings  (9  pts.)  are  heated 
with  reduced  copper  (1  pt.)  till  the  copper-zinc 
couple  is  produced,  and  the  product  treated  with 
Mel  (Gladstone,  G.  J.  35,  569). 

Properties. — Colourless  mobile  liquid,  taking 
fire  on  exposure  to  air  Decomposed  by  water 
into  CH,  and  Zn(0H)2.  By  very  careful  oxida- 
tion it  appears  to  yield  Zn(0Me)2  and  crystalline 
ZnMe(OMe),  which  is  split  up  by  water  into 
Zn(0H)2,  methyl  alcohol,  and  CH,,. 

Reaetions. — 1.  Acetyl  chloride  (1  mol.)  forms 
CH3.CCl(OZnMe).CH3,  which  is  slowly  converted, 
by     further     treatment    with    ZnMe,,  into 


CH3.CMe(0ZnMe).CH,-^ClZnMe,  crystallising 
in  ijrisms,  and  converted  by  water  into  tert- 
butyl  alcohol,  CH,,  zinc  chloride,  and  Zn(OH)„. 
The  compound  CH,.CCl(0ZnMe).CH3  yields 
acetone  on  addition  of  water  (Butlerow,  Z.  1864, 
365,  702  ;  Pawlow,  N.  Petersb.  Acad.  Bull.  22, 
497  ;  Bogomoletz,  A.  209,  88).— 2.  Bromo-acetyl 
bromide,  followed  by  water,  yields  methyl-iso- 
propyl-carbinol  (Winogradoff,  A.  191,  127).— 3. 
In  ethereal  solution  secondary  hexyl  iodide  has 
no  action  at  100°  ;  but  at  125°  the  products 
appear  to  be  CH,,  ethyl  iodide,  and  hexylene 
(Purdie,  C.  J.  39,  464).— 4.  Ghloral  followed  by 
water  forms  CCl,.CHMe.OH,  while  butyric 
chloralyieldsC.HiCl^.CHMe.OH.- 5.A^i7rico.ride 
passed  into  ZnMe,  forms  CH,N„0,>(ZnMe), 
which  is  decomposed  by  water,  yielding  crys- 
talhne  (CH.,N.,0 J„Zn  aq,  from  which  the  Na  salt 
CH.,N.,0.,Na  aq  of  '  di-nitro-methylic '  acid  may 
be  obtained  (Frankland,  A.  99,  369). 

Zinc  ethyl  or  Zinc  ethide  ZnEt.,.  Mol.  w. 
123.  [-28°]  (Haase,  B.  26,  1053").  (118°). 
S.G.  i2  1-182.  H.F.  -31,800  (Guntz,  G.  B.  105, 
673).    V.D.  4-26  (obs.  and  ealc). 

Formation. — 1.  By  heating  zinc  or  zinc- 
sodium  alloy  with  EtI  or  a  mixture  of  EtI  and 
ether  (Frankland,  C.  J.  2,  297  ;  3,  44  ;  Tr.  142, 
431;  145,259;  A.  95,  28;  Wanklyn,  G.  J.  13, 
124 ;  Pebal,  A.  118,  22  ;  121,  105  ;  Bieth  a. 
Beilstein,  A.  123,  245;  126,  248;  Chapman, 
Laboratory,  1,  195  ;  Alexejeif  a.  Beilstein,  G.  B. 
63,  171;  Eathke,  A.  152,  2-20;  Wiclielhaus,  J. 
1868,  425). — 2.  By  heating  granulated  zinc  with 
HgEt,  in  sealed  tubes  for  36  hours  at  100° 
(Frankland  a.  Duppa,  G.  J.  17,  3).— 3.  From 
zinc  filings  and  EtBr  (Wichelhaus,  A.  152,  321). 

Prcpiaration. — Clean  zinc  tilings  (180  g.)  are 
mixed  with  copper  (20  g.)  reduced  from  the 
oxide  at  a  dull-red  heat  hj  coal  gas ;  the  mix- 
ture is  rapidly  heated  over  a  very  large  Bunsen 
flame,  and  is  well  shaken  meanwhile.  As  soon 
as  the  filings  begin  to  cake  together  and  the 
copper  is  no  longer  visible,  the  copper-zinc 
couple  has  been  made.  The  flask  is  now  con- 
nected with  an  inverted  condenser,  inclined 
slightly  upwards,  and  when  it  is  cold  ethyl 
iodide  (175  g.)  is  added.  Dry  CO,  is  passed 
through  the  apparatus,  and  the  flask  heated  by 
a  water-bath ;  in  half  an  hour  the  EtI  ceases  to 
run  back  from  the  condenser,  for  it  has  been 
converted  into  IZnEt.  The  apparatus  is  now 
tilted  so  that  the  condenser  is  inclined  down- 
wards, and  heated  in  a  bath  of  paraffin.  The 
reaction  2IZnEt  =  Znl,-i-  ZnEt,  now  takes  place, 
and  ZnEt,  (60  g.)  is  collected  in  a  receiver  kept 
full  of  CO",  (Gladstone  a.  Tribe,  C.  J.  26,  445  ; 
35,  569). 

Properties. — Colourless,  mobile  liquid,  fuming 
in  the  air,  and  quickly  taking  fire,  burning  with 
a  luminous  green-edged  flame,  and  giving  off 
!  clouds  of  ZnO.  Immediately  decomposed  by 
I  water  into  Zn(OH),  and  ethane.  In  like  manner 
it  attacks  organic  compounds  containing 
hydroxyl  or  amidogen,  with  elimination  of 
ethane.  It  causes  india-rubber  to  swell  remark- 
ably. 

Reactions. — 1.  Gradually  treated  \vith  dry 
oxygen  it  appears  to  produce  ZnEt(OEt)  and 
Zn(OEt),  successively  (Frankland).  According 
to  Deniuth  a.  Meyer  (B.  23,  394),  the  passage  of 
oxygen  through  a  solution  of  ZnEt  in  ligroin 
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{7  vols.)  yields  EtZn.O.O.Et,  which  is  decom- 
posed by  heat,  sometimes  with  explosive  violence. 
The  compound  EtZn.O.OEt  sets  free  I  from  a 
solution  of  KI  and  yields  alcohol  when  distilled 
with  dilute  H^SO^. — 2.  SulijJiur  iovms  zincmer- 
captide  Zn(SEt)2.  Se  appears  to  act  in  like 
manner  (Chabrie',  Bl.  [3]  2,  788). — 3.  Iodine 
forms  IZnEt  and  ZnL  successively,  together 
with  EtI.  Bromine  acts  in  like  manner.  Zinc 
■ethyl  takes  fire  in  chlorine. — 4.  Dry  ammonia 
forms  Zn(NH„),  and  ethane  (Frankland,  Pr.  8, 
502). — 5.  Nitric  oxide  is  absorbed  by  an  ethereal 
solution  of  ZnEtj  forming  crystalline  ZnEt._,(NO), 
which  melts  below  100°  and  is  split  up  by  water 
into  ethane  and  C^Hj.NoOo.ZnOH.  Carbon  dioxide 
passed  into  an  aqueous  solution  of  this  salt  ppts. 
zinc  carbonate,  while  zinc  '  dinitroethylate ' 
(C.,H5N.,0.,)„Zn  remains  in  solution  (Frankland, 
Tr.  1857,  59  ;  A.  99,  342  ;  C.  J.  37,  570).  The 
salt  (CoHjN.^O.JjZn  aq  crystallises  in  prisms, 
yields  NH.,  and  NH^Et  on  treatment  with  sodium- 
amalgam  (Zuckschwerdt,  A.  174,  302),  and 
HNO3  and  NH.,Et  on  treatment  with  alcoholic 
potash  (Zorn,  B.  15,  1008).  The  diuitroethyl- 
ates  NaA',  BaA'.j,  CaA'jSaq,  MgA'.^,  CuA'., -jaq, 
AgA',  and  Ag.,A'(N03)  were  prepared  by  Frank- 
land. — 6.  SO,,  forms  zinc  ethane  sulphinate 
(Hobson,  C.  J.  10,  455).— 7.  PCI,  yields  PEt, 
(Hofmann  a.  Cahours,  Tr.  1857,  578).— 8.  SiCl4 
gives  SiEt^.— 9.  Heated  with  EtI  at  170°  it 
forms  91-butane  and  Znl,.  Ethane  and  ethylene 
are  also  formed  (Brodie,  C.  J.  3,  405).  ZnEtj 
does  not  act  on  amyl  iodide. — 10.  Displaces  halo- 
gens in  organic  compounds  by  ethyl. — 11.  Adds 
itself  to  a  carbonyl  group.  Thus  with  di-ethijl- 
ketone  it  forms  Et2C(0ZnEt).Et,  which  is  con- 
verted by  water  into  tri-ethyl-carbinol.  Di-pro- 
joyl  ketone  forms,  in  like  manner,  ethyl-di-i^ropyl- 
carbinol.  Ketones  containing  the  grouiD  CO.CH3 
act  differently,  forming  condensation-products  ; 
thus  acetone  yields  mesityl  oxide  and  phorone 
(A.  Saytzeff,  /.i^r.  [2]  31,  319).  Zinc  ethyl  has 
no  action  on  paraldehyde  (Wedensky,  J.  pi'.  [2] 
39,  538).  With  acetic  aldehyde  it  forms 
CHg.CHEt.OZnEt,  which  is  converted  by  water 
into  sec-butyl  alcohol. — 12.  In  some  cases  it  can 
add  ZnEt  and  H  to  a  carbonyl  group,  C._,Hj  being 
■evolved.  Thus  ZnEto  converts  chloral,  dissolved 
in  pure  ether,  into  crystalline  CCLj.CH^.OZnEt, 
which  is  converted  by  water  into  tri-chloro-ethyl 
alcohol  (Delacre,  Bl.  [2]  48,  784).  Further 
action  of  zinc  ethide  on  chloral  yields 
(CCl3.CII._,0)2Zn,  a  white  powder.  In  like  manner 
butyric  chloral  is  converted  into  C^H.iCIj.CHo.OH. 
In  this  splitting  off  of  an  oleflne,  ZnEto  differs 
from  ZnMe,,  but  resembles  zinc  propyl  and  zinc 
isobutyl  (Garzarolli,  A.  223, 162).— 13.  Can  dis- 
place oxygen  by  two  ethyl  radicles;  thus  it  con- 
verts oxahc  ether  into  COoEt.CEt.,.CO,,Et  (Frank- 
land  a.  Duppa,4.142,  1  ■,'Pr.  12,*39(j).— 14.  Can 
displace  ethoxyl  by  ethyl.  Thus  it  converts 
formic  ether  into  HCEt(OZnEt).OEt  and  then 
into  HCEt(OZnEt).Et,  which  is  turned  by  water 
into  di-ethyl-carbinol  (Wagner  a.  Saytzeff,  A. 
176,  351). — 15.  Can  displace  chlorine  by  hydro- 
gen. Thus  with  chloro-benzoic  acid  the  first 
product  is  probably  C„H4(ZnEt).C02Et,  which  is 
■converted  by  water  into  benzoic  ether,  C.jH„,  and 
ZnO. — 16.  With  benzonitrilc  at  150°,  and  sub- 
sequent treatment  with  alcohol,  cyaphenine  is 
formed  (Frankland  a.  Evans,  C.  J.  37,  563).  It 
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polymerises  phenyl-acetonitrile  in  the  same  way, 
forming  cyanbenzine.— 17.  Cyanogen  forms 
ZnCy,,  and  EtCN  (Frankland  a.  Graham,  C.  J. 
37,  740). — 18.  Azobenzcne  is  reduced  by  ZnEto, 
followed  by  water,  to  aniline  (Frankland  a.  Louis, 
C.  J.  37,  563). — 19.  Acts  on  primary  and  second- 
ary amines,  giving  off  ethane,  but  has  no  action 
on  tertiary  amines  (Frankland,  Pr.  8,  502  ;  Gal, 
J.  Ph.  [5]  7,  484).  ZnEt.  has  no  action  on 
nicotine  or  quinoline,  but  forms  with  many 
alkaloids  containing  0  compounds  from  which 
the  alkaloids  are  regenerated  by  water. — 20.  Acet- 
amide  gives  (AcNH).,Zn,  while  oxamide  gives 
C.,0.,(NH).>Zn.— 21.  Acts  on  HgCL,  forming 
CiHgEt  and  HgEt.  (Buckton,  A.  109,  218). 
HgoCL,  yields  HgEto,  mercury,  and  ZnCL. — 

22.  AgCl  forms  ZnCL,  silver,  and  butane. — 

23.  CCI4  forms  EtCl,  ethylene,  and  propylene 
(Rietha.  Beilstein,4.124,  242).— 24.  Chloroform 
yields  amylene  (R.  a.  B.),  while  bromoform gives 
propylene  and  EtBr  (Alexejefl'  a.  Beilstein,  C.  B. 
68,  172).  CHCl.J  produces  ethylene,  butane, 
and  hydrogen  (Borodine,  A.  126,  239). 

Zinc  bromo-etliide  ZnBrEt.  [02°].  Formed 
by  the  action  of  the  copper-zinc  couple  on  EtBr 
at  100°  (Gladstone  a.  Tribe,  C.  J.  27,  410). 
Pearly  scales,  decomj^osed  by  heat  isartly  into 
ZnBr.,  and  ZnEt.,  and  partly  into  Zn,  ZnBr.,, 
C2H.„'and  C,H,. 

Zinc  iodo-ethide  ZnlEt.  Formed  in  like 
manner.  Crystalline.  Split  up  by  heat  into 
Znl,  and  ZnEt.,. 

Zinc  propyl  ZnPr.,.  (148°)  (S.) ;  (146°) 
(Gladstone  a.  Tribe,  B'.  6,  1136)  ;  (150°)  (Pape, 
B.  14,  1873).  Formed  by  heating  propyl  iodide 
with  zinc  and  a  small  quantity  of  an  alloy  of 
zinc  and  sodium  (Stcherbakofl',  Bl.  [2]  37,  345). 
Heavy  liquid,  with  disagreeable  odour.  Reacts 
with  aldehydes,  forming  propylene  and  such  com- 
pounds as  RCH.^.OZnPr,  which  yield  secondary 
alcohols  on  addition  of  water. 

Zinc  isopropyl  ZnPr.,.  (136°)  with  decom- 
position ;  (96°  at  40  mm.).  Got  by  heating  PrI 
(170  g.)  with  ether  (100  g.),  zinc  (100  g.),  and 
zinc-sodium  (3  g.)  at  100°  (Ragozin,  J.  R.  24, 
549).  Fuming  liquid.  Yields  crystalline  Zn(0Pr)2 
on  exposure  to  air.  Split  up  at  132°  into  Zn  and 
hydrocarbons  (Gladstone  a.  Tribe,  C.  J.  39,  6). 

Zinc  isobutyl  Zn(CjH„).,.  (166°)  at  734  mm. 
(Garzarolli-Thurnlackh  a.  Popper,  A.  223,  167). 
Formed  from  zinc  and  Pr.CH.,I.  Got  also  from 
Zn  and  Hg(C,H„).,  (Cahours,  Bl.  [2]  21,  357). 

Zinc  isoamyl  Zn(C.Ji,,),.  (220°).  S.G.  2 
1-022.  V.D.  0-95  (calc.  6-87).'  Prepared  by  heat- 
ing zinc  with  Hg(C,H„),  (Frankland,  .4. 85,  360 ; 
130,  122).  Liquid,  fuming  in  the  air  but  not 
taking  tire.  Takes  fire  in  oxygen.  When  added 
to  cooled  aldehyde  it  yields,  after  addition  of 
ice-cold  water,  methyl-isoamyl-carbinol,  iso- 
propyl-ethylene,  and  ethyl  and  isoamyl  alcohols 
(Sokoloff,  C.  C.  1887,  988). 

ZINCAXES.  Compounds  derived  from 
ZnO.,H.,  by  replacing  H  by  positive  metals ;  v. 
Zing  hydkoxides,  p.  888. 

ZIKCONATES  v.  under  Zirconium  hydroxide, 
p.  890. 

ZIRCONIA  ;  oxide  of  zirconium  (g.  v.,  p.  896). 

ZIRCONIUM.  Zr.  At.  w.  c.  90  (v.  p.  894). 
Mol.  w.  not  known.  Melts  above  m.p.  of  Si  (i.e. 
above  c.  1300°)  (Troost,  J.  1865.  183).  S.G. 
4-15  (Troost,  I.e.)  ;  4-25  (Moissan,  C.  B.  116, 
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1222).    S.H.  (0''-100°)  -066  (Mixter  a.  Dana,  A. 
169,  388  [1875]). 

Historical. — Kiaproth  in  1789  (Beitrcigc,  1, 
203,  227)  announced  the  discovery  of  a  new 
earth,  in  combination  with  silica,  in  the  rare 
mineral  zircon.  The  same  earth  has  been  found 
in  a  few  other  rare  minerals,  such  as  euclialyte, 
polyviignite,  fergusonite,  &c.  Bright-coloured 
varieties  of  zircon  are  generally  called  hyacinth,  ' 
the  greyish  or  brown  kinds  are  called  zirconito, 
and  a  variety  which  is  nearly  colourless  is  known 
as  jargon. 

In  1845  Svanberg  (A.  56,  223)  stated  that 
zirconia  was  a  mixture  of  at  least  three  oxides, 
but  Berlin  (■/.  pr.  58,  147),  Marignac  (.4.  Ch.  [3] 
GO,  257),  and  Hermann  {J.  pr.  31,  75  ;  97,  331) 
failed  to  obtain  any  evidence  of  the  composite 
character  of  zirconia.  At  a  later  time,  Sorby  (-B. 
2,  126,  193  [1869]),  and  also  Forbes  (B.  2,  337, 
383),  thought  they  had  obtained  spectroscopic 
indications  of  the  presence  of  another  earth  in 
zircon ;  but  it  was  shown  that  the  abnormalities 
observed  were  due  to  traces  of  compounds  of 
uranium  (Sorby,  C.  iV.  21,  73;  Knop,  -^1.159, 
44  ;  c/.  Hannay,  C.  J.  26,  703). 

Occurrence. — Never  uncombined.  The  prin- 
cipal naturally  occurring  compound  of  Zr  is 
zirconite,  which  is  more  or  less  pure  ZrSiO,,. 
This  mineral  is  found  in  small  quantities  in  the 
sand  and  alluvial  deposits  of  certain  rivers  in 
Ceylon,  and  in  the  older  rocks  in  many  parts  of 
the  world ;  it  has  been  found  in  the  granites  of 
Sweden,  Switzerland,  Tyrol,  and  North  America 
(v.  J.  M.  1877.  97). 

Formation. — 1.  By  heating  K„ZrF,;  with  K 
(Berzelius,  P.  4,  117  [1825]).— 2".  By  passing 
vapour  of  ZrF,  over  Na  in  a  red-hot  tube  (Troost, 
C.  B.  61,  109  [1865]).  — 3.  By  heating  ZrO.,  with 
Mg  (Phipson,  J.  pr.  96,  353  [1865]).— 4.  By 
melting  ZrO._,  in  a  carbon  crucible  in  an  electric 
furnace  ;  or  by  mixing  ZrO, with  carbon,  melting 
in  an  electric  furnace,  then  mixing  the  Zr 
carbides  thus  formed  {v.  Carbides,  p.  894)  with 
excess  of  ZrO.,  and  again  melting  (Moissan, 
C.  B.  116,  1222'  [1893]). 

Preparation. — 1.  Finely  powdered  zirconite 
(ZrOo.SiO„)  is  thoroughly  mixed  with  an  excess 
of  finely  powdered  carbon,  the  mixture  is  com- 
pressed into  small  cylinders  which  are  placed  in 
a  closed  carbon  crucible  and  heated  in  an  electric 
furnace  (with  a  current  of  30  to  35  amperes  and 
70  volts),  while  a  stream  of  CO.,  is  sent  through 
the  crucible  ;  the  greater  part  of  the  SiO.,  is  thus 
volatilised  (Troost,  C.  B.  116,  1428).  The 
carbides  of  Zr  in  the  crucible  are  now  mixed 
with  excess  of  ZrO.,  and  melted  in  the  electric 
furnace  (Moissan,  C.  B.  116,  1222).— 2.  Finely 
powdered  and  sifted  zirconite  is  mixed  with  2  to  3 
times  its  weight  of  KHF.,,  the  mixture  is  heated  to 
bright  redness  for  c.  15  mins.,  and,  after  cooling, 
is  boiled  with  water  containing  a  little  dilute 
HFAq ;  K,,SiF,;  is  removed  by  filtration,  the 
filtrate  deposits  ICZrF,.  on  cooling.  The  K^ZrF,, 
is  re-crystallised  from  water,  then  dried,  mixed 
with  I^,  and  heated  in  a  vessel  of  glass  or  iron  ; 
the  product  is  washed  with  water,  digested  for  a 
long  time  with  cone.  HClAq  at  40°,  then  washed 
with  water  containing  NH^Cl,  and  finally  with 
alcohol  (Berzelius,  I.e.;  Troost,  xi.  136,  353). 
This  method  yields  amorphous  zirconium. 
According  to  Bailey  {Pr.  46,  74  [1889]),  the  only 


method  that  gives  nearly  pure  amorphous  Zr  is 
to  heat  ZrO^  with  Mg  foil  (not  powder)  and  treat 
with  HClAq. — 3.  One  part  dry  K._,ZrF,;  is  mixed 
■with  Ih  pts.  Al,  and  the  mixture  is  heated  to  the 
melting-point  of  iron  in  a  crucible  made  of  gas 
coke ;  the  product  is  digested  with  cone.  HClAq 
diluted  with  twice  its  volume  of  water,  when  the 
crystalline  leaflets  of  Zr,  that  have  formed  on 
the  surface  of  the  Al,  separate  from  the  mass  of 
Al  before  the  latter  is  wholly  dissolved.  When 
the  whole  of  the  Al  has  dissolved  an  alloy  of  Zr 
and  Al  remains,  besides  the  crystalline  leaflets 
of  Zr ;  if  the  temperature  of  reduction  is  not 
sufficiently  high,  the  main  product  is  the  Zr-Al 
alloy  (Troost,  I.e.;  cf.  Franz,  B.  3,  58).  This 
method  yields  crystalline  zirconium. 

Various  methods  have  been  used  for  decom- 
posing zirconite  and  obtaining  compounds  of  Zr. 
Franz  {B.  3,  58)  fuses  the  powdered  mineral 
with  KHSO,,  treats  the  fused  material  with 
boiling  water  containing  a  little  H.^SOj,  washes 
the  insoluble  3ZrO.^.SO.,  thus  formed,  and  adds 
it,  in  small  portions  at  a  time,  to  molten  NaOH  ; 
he  then  lixiviates  with  cold  water,  dissolves  the 
ZrO.^  that  remains  in  hot  cone.  HjSO^,  dilutes, 
ppts.  by  NH.|Aq,  washes,  dries,  and  decomposes 
the  ZrO._,.a-H.,0  by  heat.  The  method  of  fusing 
with  KHFo  used  by  Marignac  {v.  supra.  No.  2) 
yields  pure  K.,ZrF|j  very  readily ;  Zr(SO,).^  may 
be  obtained  by  heating  the  K..ZrF,.  with  cone. 
H.,SO,,  (V.  Hiortdahl,  A.  137,  34  ;  'cf.  J.  pr.  83, 
201).  For  other  methods  v.  Hermann  {J.  pr. 
97,  330)  ;  Scheerer  (P.  59,  48) ;  Stromeyer  (A. 
113,  727) ;  Chancel  (J.  pr.  74,  471) ;  Berlin  (J. 
p>r.  58, 145) ;  Henneberg  ( /.  38,  508)  ;  Bailey 
(Pr.  46,  74  [1889]). 

Properties. — Zirconium  has  been  isolated  as 
black  amorphous  powder,  and  also  as  a  greyish 
crystalline  solid. 

Amorphous  zirconium  (v.  Prcpcu-ation, 
No.  2)  is  a  black  powder,  which  is  extremely 
I  porous  and  resembles  p)owdered  charcoal ;  when 
pressed  with  a  burnisher  it  agglomerates  to 
graphite-like  lamina;.  After  being  heatedstrongly, 
and  then  cooled,  in  vacuo,  it  is  said  to  glow  and 
burn  when  exposed  to  air.    The  porous  amor- 
phous metal  is  said  not  to  conduct  electricity. 
:  Amorphous  Zr  is  stated  to  be  insoluble  in  ordi- 
j  nary  acids,  including  agita  J't'f/ift;  but,  according 
I  to  Bailey  {Pr.  46,  74  [1889]),  it  dissolves  in  cold 
cone.  H.,SO, ;  HFAq  dissolves  it  readily,  H  being 
given  off.    It  is  oxidised  by  heating  in  the  air, 
when  it  burns  to  ZrO.,  with  a  brilliant  white 
light ;  oxidation  is  also  effected  by  fusion  with 
caustic  or  carbonated  alkalis,  or  with  KNO-,  or 
KCIO,. 

Crystalline  zirconiiim  {v.  Preparation, 
No.  3)  is  a  very  lustrous,  greyish,  brittle,  solid, 
which  resembles  Sb  in  appearance ;  very  hard, 
easily  scratching  glass  and  ruby  (Moissan,  C.  B. 
116,  1222).  S.G.  4-15  (Troost,  J.  1865.  183) ; 
4-25  (Moissan,  I.e.).  S.H.  (0°  to  100°)  -066  (Mixter 
a.  Dana,  A.  169,  388  [1873]).  Crystalline  Zr 
burns  in  the  0-H  flame  ;  it  is  not  oxidised  in 
O  until  heated  to  whiteness  ;  it  dissolves  slowly 
1  in  hot  cone.  HClAq,  and  is  very  slightly  acted 
on  by  HNO,|Aq  or  H.^SO^,  even  when  warm  ;  cold 
HFAq  dissolves  it  readily.  Molten  KCIO,,  or 
KNO3,  is  said  to  be  without  action  ;  molten  KOH 
dissolves  the  metal  as  long  as  any  moisture  is 
present. 
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According  to  Troost  {J.  1865.  183),  Zr  melts 
above  the  m.p.  of  Si  (i.e.  above  c.  1300°).  The 
emission-spectrum  of  Zr  has  been  mapped  by 
Thal6n ;  the  chief  hnes  are  6127  in  the  red,  and 
in  the  bkie,  4815,  4771,  4738,  470y,  and  4686. 

The  at.  w.  of  Zr  was  determined,  (1)  by  Ber- 
zeUus  (P.  4,  126;  8,  186  [1825]),  by  finding  the 
ratio  of  ZrOo  to  SO^  in  the  sulphate  ;  (2)  by 
Hermann  {J.  pr.  31,  77  [1844j)  by  analysing 
ZrCl,:  (3)  by  Marignac  (A.  Ch.  [3]  60,  270 
[I860]),  by  analysing  K.,ZrF, ;  (4)  by  Bailey  (Pr. 
46,  74  [1889]),  by  decomposing  Zr(SOJj  by  heat 
and  weighing  the  ZrOj  produced  ;  (5)  by  Mixter 
a.  Dana  {A.  169,  388  [1873]),  by  determining  the 
■S.H.  of  Zr;  (6)  by  DevUle  a.  Troost  (P.  108, 
636,  641  [1859]),  by  determining  the  V.D.  of 
ZrCl4.  The  results  of  Berzehus  gave  the  at.  w. 
of  Zr  as  89-2  ;  those  of  Hermann,  88-5  to  90-7 ; 
those  of  Marignac,  90'3  to  90-6  ;  and  the  results 
obtained  by  Bailey  gave  90-4  as  the  at.  w.  of  the 
metal. 

Zirconium  is  the  third  member  of  the  even- 
series  family  of  Group  IV.  in  the  periodic  classi- 
fication of  the  elements.  This  group  contains 
the  following  elements  : — 
men  Series  2  4  6  8  10  12 
C  Ti  Zr  Ce  —  Th 
Odd  Series  3       5       7       9  11 

Si     Ge    Sn     —  Pb 

As  is  to  be  expected  from  its  position  in  the 
classificatory  system,  Zr  is  a  metal  with  some 
non-metallic  properties  ;  the  oxide  ZrO._,  forms 
corresponding  salts,  many  of  which  are  basic 
salts  ;  the  haloid  compounds,  ZrX^,  are  probably 
all  volatilisable  without  decomposition  (the  V.D. 
of  ZrCl^  only  has  been  determined),  but  aqueous 
solutions  yield  oxyhalides  on  evaporation  ;  hy- 
drated  ZrO.,  reacts  as  a  weak  acid  towards  strong 
bases,  forming  zirconates  ;  salts  are  known  de- 
rived from  the  acid  H.,ZrF^ ;  there  is  an  oxide 
higher  than  ZrO,,,  probably  ZrO.,.  For  a  more 
detailed  comparison  of  Zr  with  the  other  even- 
series  elements  of  Group  IV.  v.  Titanium  group 
OF  ELEMENTS  (tMs  vol.  p.  749),  and  cf.  Tin 
GKODP  OF  ELEMENTS  (this  vol.  p.  735).  The 
atom  of  Zr  is  tetravalent  in  the  gaseous  mole- 
cule ZrClj. 

Reactions  and  Combinations. — 1.  Heated  in 
air,  or  oxygen,  Zr  burns  to  ZrO.^,  giving  out 
dazzlingly  white  light ;  amorphous  Zr  burns 
easily,  crystalline  only  at  a  white  heat,  and  then 
merely  superficially. — 2.  Both  amorphous  and 
crystalline  Zr  dissolve  readily  in  hydrofluoric 
acid,  giving  off  H  and  forming  ZrF^. — 3.  Ac- 
cording to  Bailey  (Pr.  46,  74),  amorphous  Zr 
dissolves  in  cold  cone,  sulphuric  acid.  Both 
forms  dissolve  in  aqiia  regia. — 4.  Cone,  hydro- 
chloric acid  reacts  with  Zr,  when  warm,  forming 
ZrCl4  solution.  Crystalline  Zr  is  said  to  interact 
with  gaseous  hydrogen  chloride,  at  dull  redness, 
forming  ZrCl^. — 5.  Amorphous  Zr  is  oxidised  by 
molten  potash  or  soda,  also  by  molten  nitre  or 
potassium  chlorate ;  the  crystalline  form  of  Zr 
is  said  not  to  be  acted  on  by  molten  KNO3  or 
KCIO3,  and  by  molten  caustic  alkalis  only  as 
long  as  there  are  traces  of  moisture  present. — 
6.  Zr  combines  directly  with  the  halogens,  to 
form  ZrXj,  and  probably  with  sulphur  (v.  Sul- 
jphide,  p.  897). 

Detection  and  Estimation. — Addition  of  hot 


cone.  KjSOiAq  to  solutions  of  salts  of  Zr  ppts. 
white  basic  sulphate  of  Zr,  which  is  insoluble  in 
water  and  nearly  insoluble  in  much  HClAq. 
Turmeric  iDaper  becomes  reddish-brown  when 
immersed  in  a  solution  of  a  salt  of  Zr  in  HClAq ; 
the  reaction  is  completely  masked  by  the  pre- 
sence of  boric  acid  (v.  Brush,  J.  pr.  62,  7). 
Bailey  (C.  J.  49,  481  [1886])  found  that  addition 
of  H^O.Aq  to  a  slightly  acid  solution  containing 
salts  of  Zr,  along  with  salts  of  Fe,  Nb,  and  Ti, 
ppd.  the  whole  of  the  Zr  as  ZrOj  (or  Zr.,0^),  but 
none  of  the  other  metals.  Troost  makes  use  of 
the  comparatively  small  volatihty  of  ZrO^,  at  a 
very  high  temperature,  to  separate  this  oxide 
from  tiiO,  (v.  C.  R.  116,  1428). 

Zr  is  generally  estimated  as  ZrO, ;  salts  of 
volatilisable  acids  are  decomposed  by  heat ;  or 
solutions  may  be  ppd.  by  NH,,Aq  and  the  pp. 
washed,  dried,  and  strongly  heated. 

Zirconium,  alloys  of.  An  alloy  of  Zr  with 
aluminium  is  obtained  in  the  preparation  of 
Zr  by  reducing  K.,ZrFg  by  Al  (•;;.  Preparation  of 
2ircmiium,iio.3}'.  Mellis  (Z.  [2]  6,  296)  obtained 
crystals  having  the  composition  ZrAlj  (or  per- 
haps Zr2Al^Si)  by  heating  to  whiteness  a  mix- 
ture of  1  pt.  powdered  zirconite  with  5  pts. 
cryolite  powdei-,  10  pts.  mixed  KCl  and  NaCl, 
and  1  pt.  Al,  treating  with  dilute  HClAq,  and 
separating  the  larger  crystals  of  the  alloy  from 
the  finer  crystals  of  Si. 

Zirconium,  bromide  of,  ZrBr^.  Formula 
probably  molecular,  from  analogy  of  ZrCl^.  Ob- 
tained by  mixing  finely  powdered  ZrO,  with 
sugar  charcoal,  making  into  balls  with  starch 
paste,  drying,  and  heating  to  bright  redness  in 
a  current  of  dry  CO,  and  dry  Br  (Mellis,  Z. 
[2]  6,  296).  ZrBr.,  is  a  white,  microscopically 
crystalline,  hygroscopic  powder ;  it  is  easily 
volatilised  ;  heated  in  H  it  is  not  reduced  to  a 
lower  bromide.  Contact  with  moist  air  or  water 
pi'oduces  the  oxybromide  ZrOBr.^ ;  evapoi"ation 
of  an  aqueous  solution  gives  the  heptahydrate 
of  this  compound  ZnOBr,.7H,0  in  large  needle- 
shaped,  transparent  crystals  (M.,  I.e.). 

Zirconium,  carbides  of.  By  heating  an  in- 
timate mixture  of  ZrO,  and  Cin  the  electric  arc, 
in  an  atmosphere  of  CO,,  Troost  (C.  P.  116, 1227 
[1893]  obtained  a  very  hard,  steel-grey  solid, 
approximating  closely  to  the  composition  ZrC^. 
By  using  less  C,  other  carbides  seem  to  be  pro- 
duced (c/.Moissan,  C.  R.  116, 1222),  but  analyses 
of  other  compounds  are  not  given.  ZrC,  dissolves 
easily  in  dilute  HFAq,  but  is  not  acted  on  by 
other  acids.  Moissan  (I.e.)  says  that  carbides 
of  Zr  containing  more  than  5  p.c.  C  (ZrC,  con- 
tains c.  21  13.C.  C)  take  fire  fairly  easily  when 
exposed  to  the  air  ;  Troost  says  that  carbides 
with  a  small  proportion  of  C  are  only  super- 
ficially oxidised  by  heating  to  redness,  but  that 
those  with  much  C  burn  brilliantly  at  that 
temperature. 

Zirconium,  chloride  of,  ZrCl^.  Mol.  w. 
c.  231-5.  V.D.  117  at  440=  (DeviUe  a.  Troost, 
P.  108,  636). 

B'ormation. — 1.  By  heating  Zr  in  CI. — 2.  By 
heating  an  intimate  mixture  of  ZrOj  and  C  in 
CI. — 3.  By  passing  vapour  of  SiCl,  over  heated 
ZrO,  (Troost  a.  Hautefeuille,C.  R.  75,  1819). 

Preparation. — A  mixture  of  ZrO,  with  c.  its 
own  weight  of  lampblack  is  made  into  a  paste 
with  oil ;  little  balls,  c.  the  size  of  hazel-nuts, 
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are  formed  of  this,  and  these  are  covered  with 
powdered  charcoal,  and  heated  to  full  redness  in 
a  closed  crucible  until  the  oil  is  completely 
charred ;  the  pellets  are  then  heated  to  bright 
redness  in  a  tube  of  hard  glass,  while  a  current 
of  dry  CI  is  passed  through  the  tube  ;  the  ZrClj 
which  forms  on  the  cooler  parts  of  the  tube  is 
sublimed,  in  a  stream  of  dry  CI,  into  a  tube 
drawn  out  into  bulbs,  which  are  sealed  off  when 
the  operation  is  finished  (v.  Bailey,  Pr.  46,  74). 

Properties,  Reactions,  and  Combinations. — 
A  white  solid  ;  volatilises  unchanged  at  c.  400^. 
Dissolves  in  ivater,  with  production  of  heat ;  the 
solution  on  evaporation  gives  oxyclilorides 
(q.  v.).  Does  not  interact  with  zinc  etliide  at 
180°  (Hinsberg,  A.  239,  253).  Combines  with 
ammonia  to  form  ZrCl4.4NH3 ;  with  sodium 
chloride  to  form  ZrCl,.2NaCl  (Paykull,  B.  6, 
1467). 

Zirconium,  ferrocyanide  of.  According  to 
Hornberger  (.4.  181,  232),  the  pp.  formed  by 
adding  K4FeCy,Aq  to  a  solution  of  a  salt  of  Zr, 
when  washed  and  dried,  has  the  composition 
Zr.j(PeCye)2  (?) ;  it  is  a  blue  powder  with  a  greenish 
tinge,  insoluble  in  water,  decomposed  by  acids, 
giving  off  HCN. 

Zirconium,  fluoride  of,  ZrF^.  Formula  pro- 
bably molecular,  from  analogy  of  ZrCl4. 

Formation. — 1.  The  hydmtcd  compound 
ZrF,,.3aq  is  formed  by  slowly  evaporating  a 
solution  of  ZrO,,H„,  or  ZrF,,  in  HFAq.— 2.  By 
heating  ZrO.,  with  twice  its  weight  of  (NHjHFj 
to  dull  redness,  till  all  the  ammonium  salt  is 
volatihsed  (Marignac,  A.  Ch.  [3]  60,  263). 

Preparatio)i.—J)e\i\le  {A.  Ch.  [3]  49,  84) 
•obtained  ZrFj  by  heating  to  whitenes-s  a  mix- 
ture of  finely  powdered  zirconite  and  fluorspar 
in  a  stream  of  HCl  (?  ZrSiO^-f- 2CaF„  + 2HC1  = 
ZrF,  +  CaCl,,  +  CaSiO, -)- H,0). 

Properties  and  Reactions. — Prepared  as  de- 
scribed, ZrF^  is  a  colourless,  transparent,  crys- 
talline (probably  hexagonal)  solid  ;  volatilisable 
at  white  heat ;  insoluble  in  water  and  acids. 
ZrF^  prepared  by  heating  ZrO,  with  (NH.,)HF,, 
is  said  to  be  soluble  in  water  and  in  dilute 
HFAq.  The  crystals  of  ZrF,.3aq  are  partially 
decomposed  on  drying.  Heated  to  full  redness 
in  air,  ZrF.,  gives  ZrO,,  and  HF. 

Combijiations. — l.With  water  (v.  Formation, 
No.  1)  to  form  ZrF^.Saq. — 2.  With  various  me- 
tallic fluorides  to  form  compounds  of  the  form 
ZrF4.a;MF.?/H20.  These  salts  are  often  called 
zircono- fluorides,  or  fluo-zircmiates ;  they  are 
better  named  zirconi- fluorides.  The  zir- 
coni-fluorides  have  been  examined  chiefly  by 
Marignac  {A.  Ch.  [3]  60,  257)  ;  they  are  obtained 
either  by  gradual  evaporation  of  solutions  con- 
taining the  constituent  fluorides,  or  by  adding 
hydroxides  or  carbonates  of  the  various  metals 
to  solutions  of  ZrF4  in  HFAq,  and  evaporating. 

Ammonium  zirconi-fluorides.  Two 
salts  are  described  :  (1)  2NH,F.ZrF4  = 
(NH|)„ZrF„,  rhombic  crystals,  isomorphous  with 
K,ZrF„;  (2)  3NH4F.ZrF4,  small  octahedra, 
showing  simple  refraction  (Baker,  C.  J.  35, 
762). 

Cadmium  zirconi-fluorides.  Two  salts 
seem  to  exist :  (1)  2CdF2.ZrF4. 6aq,  monoclinic 
crystals,  isomorphous  with  the  Mn  salts ;  (2) 
CdF,_,.2ZrF4. 6aq,  laminar,  fan-shaped  groups  of 
crystals. 
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Manganese  zirconi-fluorides.  (1) 
MnF,,.ZrF4.5aq;  and  (2)  2MnF,.ZrF4.  6aq. 

Nickel  zirconi-fluorides. 
(1)  NiF„.ZrF4. 6aq,  hexagonal  prisms  ;  S.G.  2-227 
(Topsoe,  C.  C.  4,  76)  ;  and  (2)  2NiF,,.ZrF4. 12aq, 
monoclinic  crystals.     The  first  salt  forms  a 
double  salt  with  K.,ZrF,.,  viz.  NiZrFg.ILZrFj.Saq. 

Potassium  zirconi-fluorides. 

(1)  ICZrFj ;  obtained  by  strongly  heating  zir- 
conite with  two  or  three  times  its  weight  of 
KHF,,  boiling  with  very  dilute  HFAq,  filtering 
from  KjSiFj,  and  allowing  the  filtrate  to  cool. 
Crystallises  in  rhombic  crystals,  terminated  by 
six-sided  pyramids  ;  solubihty  = -78  at  2°,  1-4  at 
15°,  1-7  at  19°,  and  25  at  100°.  S.G.  3-582 
(Topsoe,  I.e.);  (2)  KF.ZrF4.aq  (  =  KZrF,.aq); 
obtained,  in  monoclinic  crystals,  by  dissolving 
the  preceding  salt  in  water  containing  a  large 
excess  of  ZrF4.  (3)  3KF.ZrFj(  =  K.,ZrF,)  ;  ob- 
tained by  crystallising  K.ZrF,,  from  a  solution 
containing  excess  of  KF ;  small,  brilliant, 
regular  octahedra,  with  simple  refraction  (v. 
Baker,  C.  J.  35,  762).  Soluble  in  water  ;  the 
hot  cone,  solution  deposits  K,ZrF„  on  cooling. 

Sodium  zirconi-fluorides.  The  salt 
5NaF.2ZrF4  is  said  to  be  always  formed  in 
whatever  proportion  the  constituent  fluorides 
are  mixed.  Small,  monoclinic  crystals ;  solu- 
bility at  18°  =  -38,  and  at  100°  =  c.  1-6. 

Zinc  zirconi-fluorides.  (1)  ZnZrF,..6aq; 
isomorphous  with  ZnSiF^.  6aq  and  ZuSnF,j.  6aq, 
crystallising  in  regular  hexagonal  prisms,  easily 
soluble  in   water.     S.G.   2-255  (Topsoe,  I.e.). 

(2)  2ZnF,.ZrF4. 12aq  ;  deposited  from  a  solution 
containing  excess  of  ZnF,_„  in  monoclinic  crys- 
tals, isomorjjhous  with  2NiF,,.ZrF4. 12aq. 

Zirconium,  hydride  of.  By  heating  ZrO.^ 
and  Mg  powder,  in  the  ratio  ZrO.,:2Mg,  in  an 
atmosphere  of  H,  Winkler  (B.  2i,  888 ;  cf.  B. 
23,  2666)  obtained  a  black  powder  which  burnt 
in  0,  and  contained  c.  -73  p.c.  H.  On  treating 
this  with  dilute  HClAq,  Mg  and  MgO  dis- 
solved, H  being  given  off,  and  a  black  residue 
was  left  which  W.  regarded  as  ZrH,.  Supposing 
the  reduction  of  the  ZrO.,  had  ijroceeded  in 
accordance  with  the  equation  ZrO,  +  2Mg  +  2H  = 
2MgO  +  2ZrH„  the  product  would  have  con- 
tained 53-44  p.c. ZrH,,  and,  therefore,  would  have 
given  1-15  p.c.  H ;  as  only  -73  p.c.  H  was  found, 
W.  concluded  that  c.  \  of  the  ZrO,  had  been 
reduced. 

Zirconium,  hydroxide  of,  (?)  ZrO  ,H,.  Addi- 
tion of  NH.,Aq  to  a  solution  of  a  salt  of  Zr  pro- 
duces a  white,  bulky,  gelatinous  pp.of  ZrO.,.xH,0. 
According  to  Berzelius,  the  dry  pp.  has  the  com- 
position Zr02.H„0  =  ZrO.H, ;  Hermann  (J.  pr. 
97,  318)  gave  the  formula  ZrO.,.2H..O  =  Zr04H4 
to  the  pp.  dried  at  17-5°  ;  Paykull  {B.  12,  1719) 
said  that  after  drying  in  vacuo  the  composition 
was  ZrO,.3H,0.  and  after  drying  at  100° 
ZrO,.H,0.  A  detailed  examination  of  the  de- 
hydration of  the  pp.  formed  by  adding  NH,Aq 
to  a  cold  solution  of  ZriSOj)..  was  made  by  Car- 
nelley  a.  Walker  (C.  J.  53,  68,  82  [1888]).  The 
loss  of  water  by  the  air-dried  pp.  was  fairly  regu- 
lar to  c.  90°,  when  the  pp.  had  apx^roximately  the 
composition  ZrO,.2H,0  ;  the  loss  was  then  less 
rapid,  but  very  regular,  up  to  e.  385°,  whereat 
the  composition  was  approximately  2Zr02.H,0  ; 
somewhere  between  385°  and  415°  there  was  a 
sudden  increase  in  the  percentage  loss  of  water 
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for  a  rise  of  10',  this  increase  being  accompanied 
by  a  change  of  colour  from  grey  to  pure  white  ; 
at  415°  the  composition  was  approximately 
24ZrO.,.H.,0  ;  water  was  then  given  off  very  regu- 
larly, until  at  c.  560°  dehydration  was  completed. 
C.  a.  W.  conclude  that  probably  no  definite 
hydrate  of  ZrO^„  unchanged  throughout  a  fair 
range  of  temperature,  is  formed  by  heating 
ZrOo.a;H,0  ppd.  from  a  salt  of  Zr;  they  think 
that  the  change  of  colour  which  accompanies 
the  comparatively  large  percentage  loss  of  water 
at  c.  400°  is  an  accompaniment  of  a  condensa- 
tion of  molecules  chiefly  of  the  composition 
9i(2Zr02.H,0)  to  molecules  chiefly  of  the  com- 
position 7t(24Zr02.HjO).  There  is  a  distinct  re- 
semblance between  the  phenomena  of  the  de- 
hydration of  ZrOo.xHoO  and  those  of  the 
dehydration  of  SiCiH^O,  SnO.,.a-H.,0,  and 
TiO,..TH,0. 

iiydrated  ZrO,  ppd.  cold,  and  washed  with 
cold  water,  dissolves  easily  in  the  ordinary  acids, 
including  oxalic  acid  (Bailey,  C.  J.  49,  481), 
forming  salts  ZrX^^  and  ZrX"2 ;  when  ppd.  hot, 
or  washed  with  hot  water,  the  pp.  is  only  slowly 
dissolved  by  the  ordinary  acids.  According  to 
Paykull  (B.  12,  1719),  moist  ZrO,.KH,,0  absorbs 
CO,  from  the  air.  IDigestion  with  Zr(S04).>Aq 
produces  basic  sulphates  3ZrO„.4S03.  loaq  and 
6ZrO,.7SO.,.  19aq  (P.,  I.e.). 

ZiBcoN.wES.  ZrOo.,TH„0  behaves  as  a  weak 
acid  towards  the  stronger  bases.  A  few  salts 
have  been  prepared  which  are  most  simply  re- 
garded as  derived  from  Zr(OH).j  by  replacing  H 
by  alkali  and  alkaline  earth  metals ;  these 
zirconates  are  obtained  by  heating  ZrO._,  with 
bases ;  they  have  been  examined  chiefly  by 
Hiortdahl  {A.  1.37,  .84,  236  [1865]). 

Sodium  zirconates.  (1)  NajZrOj 
(  =  Na,O.ZrO.,) ;  obtained  by  heating  ZrO,  with 
NajCC),  in  the  ratio  ZrO^iNa^COj ;  the  crystalline 
mass  thus  formed  is  gradually  decomposed  by 
water  with  separation  of  amorphous  ZrO,.  (2) 
NajZrOj  (  =  2Na,,O.ZrO„)  ;  obtained  by  heating 
ZrOo  with  a  considerable  excess  of  NaoCO,,  to 
whiteness  for  a  considerable  time ;  decomposed 
by  water,  with  formation  of  (3)Na20.8Zr02. 12aq, 
which  forms  hexagonal  tablets. 

Zirconates  of  calcium  and  magnesium  were 
obtained  by  H  {I.e.]  by  heating  to  redness  mix- 
tures of  ZrO,  with  '  SiO„  and  CaCU  or  MgCL. 
Ouvrard  {C.  R.  112,  1444  [1891])  describes 
litliium  zireonate,  LioZrO,,  obtained  by  fusing 
ZrOo  with  LiCl,  and  cooling  slowly  ;  when  LioCOj 
was  used,  and  the  fused  mass  was  treated  with 
boiling  water  containing  a  little  acetic  acid,  pure 
ZrOj  remained. 

Zirconium,  nitride  of.  In  fusing  amorphous 
Zr  with  Al,  in  a  cracked  lime  crucible,  Mallet 
(Am.  S.  [2]  28,  346  [1858])  obtained  a  dark-grey, 
porous  solid,  which  gave  yellowish  lustrous 
microscopic  cubes  when  treated  with  HClAq  ; 
the  crystals  were  unchanged  by  aqua  regia  or 
alkali  solutions;  when  fused  with  KOH  they  gave 
ofi  NHj.  The  yellow  crystals  were  probably  a 
nitride  of  Zr. 

Zirconium,  oxides  of.  Besides  zirconia,  ZrO 
there  exists  a  higher  oxide,  jDrobably  ZrO^ ;  and, 
possibly,  also  a  lower  oxide  (?)  ZrO. 

Zirconium  dioxide  ZrO.,.  (Zirconia.  Zirconic 
anhydride.)    Mol.  w.  not  known. 

Pi-eparation. — There  are  many  methods  for 
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preparing  ZrO.,  from  zireonite.  1.  The  mineral 
is  heated  to  redness  and  thrown  into  water,  and 
the  least-coloured  pieces  are  finely  powdered  and 
levigated  ;  the  powder  is  very  strongly  heated 
with  four  times  its  weight  of  NajCO.j,  in  a  Pt 
crucible,  and  the  product  is  heated  with  excess 
of  HClAq  ;  the  whole  is  evaporated  to  dryness  ; 
the  residue  is  digested  with  water,  filtered  from 
SiO.,,  and  ZrO.,.a;H.,0  is  ppd.  by  NHjAq.  The  pp. 
is  washed  and  dissolved  in  HClAq,  and  the  solu- 
tion is  nearly  saturated  with  Na^COj,  and  boiled 
with  Na.jS.jOjAq  as  long  as  SO^  is  given  off, 
whereby  ZrO._..rHoO  is  ppd.  (Berzelius,  P.  4, 124 ; 
8,  186  ;  Hermann,  J.  pr.  31,  77  ;  Chancel,  A. 
108,  237  ;  Stromeyer,  A.  113,  127).— 2.  Very 
finely  powdered  zireonite  is  boiled  with  cone. 
HClAq,  and  the  residue  is  washed  with  water 
and  dried ;  100  g.  of  the  dried  powder  are 
added  to  400  g.  molten  NaOH,  with  which 
20  g.  NaF  have  been  mixed,  and  the  whole 
is  heated  in  a  nickel  crucible  until  the  action 
ceases,  when  the  molten  mass  is  poured  on  to  a 
sheet  of  nickel,  and,  after  solidification,  is  plunged 
into  water ;  the  portion  insoluble  in  water  is 
dissolved  in  HClAq,  the  solution  is  evaporated 
to  dryness,  and  treatment  with  HClAq  and 
evaporation  to  dryness  are  repeated  several 
times  to  remove  SiO.,  and  HF.  The  solution  in 
HClAq  is  then  ppd.  'by  NHjAq  ;  the  ZrO.,.a;H20 
is  thoroughly  washed  by  decantation,  dissolved 
in  the  smallest  possible  quantity  of  cone.  HClAq, 
and  the  solution  is  evaporated  to  dryness ;  the 
residue  is  washed  in  a  funnel  with  cone.  HClAq 
mixed  with  4  pts.  of  alcohol ;  the  washed  solid 
is  then  repeatedly  crystallised  from  cone.  HClAq. 
The  white,  lustrous  crystals  of  ZrOCI,.a;H,0 
thus  obtained  are  dissolved  in  water,  and 
ZrO...!cH..O  is  ppd.  by  NHjAq  (Venable,  C.  N. 
64,  315  [1891] ;  cf.  IBailey,  Pr.  46,  74  [1889] ; 
cf.  Preparation  of  Zirconium,  p.  893).  By 
heating  ppd.  ZrO^.^H^O  to  c.  550°,  ZrO.^  is  ob- 
tained. 

Crystalline  zircmiia  is  obtained  from  the 
amorphous  form  (1)  by  fusing  with  borax  at  a 
very  high  temperature,  and  washing  with  HClAq 
(Nordenskjold,  P.  114,  612  ;  Knop,^.  157,  363) ; 

(2)  by  fusion  with  microcosmic  salt  (K.,  I.e.) ; 

(3)  by  heating  to  dull  redness  in  dry  HCl  at  a 
pressure  of  three  atmospheres  (Hautefeuille  a. 
Perrey,  C.  B.  110,  1038)  ;  (4)  by  melting  and 
volatilising  in  an  electric  furnace,  using  a  current 
of  360  amperes  and  70  volts  (Moissan,  C.  B. 
116,  1222  [1893])  ;  (5)  by  heating,  to  dull  red- 
ness, a  salt  of  Zr  with  an  acid  that  can  be 
removed  by  heating,  in  a  current  of  dry  HCl 
(H.  a.  P.,  I.e.). 

Properties. — Amorphous  zirconia  is  a 
white,  tasteless,  inodorous  powder  ;  S.G.  c.  5  ; 
insoluble  in  acids,  except  in  cone.  HoSO^  (v. 
Reactions,  No.  7)  or  HFAq.  Crystalline 
zirconia  is  a  transparent,  colourless  solid; 
S.G.  5-1  (Moissan,  I.e.),  5-42  (Knop,  I.e.),  5-7 
(Nordenskjold,  I.e.).  The  crystals  are  described 
by  N.  (I.e.)  as  quadratic  prisms,  isomorphous  with 
S'nO._,  (tinstone)  and  TiO._,  (rutile).  The  crystals 
are  extremely  hard ;  they  scratch  glass  easily 
(Moissan,  I.e.).  It  is  generally  said  that  when 
ZrOj  is  heated  to  incipient  redness  it  glows 
brightly,  and  becomes  denser ;  but  the  experi- 
ments of  Carnelley  a.  Walker  (C.  J.  53,  82 
[1888])   on  the  action  of  heat  on  Z1-O2.xK.fl 
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make  it  probable  that  the  glowing  is  an  accom- 
paniment of  the  dehydration  from  approximately 
2ZrO,.H,0  to  approximately  24ZrOo.H,0.  Zir- 
conia  reacts  towards  acids  as  a  basic  oxide, 
forming  salts  ZrX'^  and  ZrX".,  (many  of  which 
are  basic  salts) ;  it  also  decomposes  alkali  car- 
bonates, and  some  other  alkali  and  alkaline 
earth-salts,  when  fused  therewith,  forming 
zirconates  jjtZrO.j.nM.^O  {v.  Zirconates,  p.  806). 

Reactions. — 1.  When  ZrO„  is  heated  to  a 
very  high  temperature  it  melts,  boils,  and  vola- 
tilises, condensing  in  crystals  ;  Moissan  (C  B. 
IIG,  1222  [1893])  effected  the  volatihsation  in 
a  crucible  heated  in  the  electric  furnace, 
using  a  current  of  360  amperes  and  70  volts. — 
2.  When  very  strongly  ]icated  with  excess  of  car- 
bon, carbides  are  formed  ( v.  Carbides,  p.  894). 
Heating  in  a  carbon  crucible  in  the  electric  fur- 
nace produces  Zr  (M.,  I.e.). — 3.  Heating  with 
inacjnesiuin  produces  Zr,  perhaps  also  an  oxide 
lower  than  ZrO.,  (Winkler,  B.  23,  2642 ;  24,  888  ; 
Phipson,  J.  pr.  96,  353  ;  Bailey,  Pr.  46,  74 ;  c/. 
Z irconium  monoxide).  When  heated  with  mag- 
nesitim  in  an  atmosphere  of  hydrogeyi,  some 
ZrH,  is  perhaps  produced  (v.  Zirconium 
hydride,  p.  895). — 4.  ZrCl^  is  formed  by  heating 
ZrO„,  mixed  with  carbon  in  a  stream  of  chlorine; 
using  bromine  produces  ZrBr,,  {v.  B^-omido  and 
Chloride,  p.  894).  —  5.  ZrF^  is  formed  by 
heating  ZrO,  to  dull  redness  with  excess  of 
ammonium  fluoride. — 6.  K._,ZrFg  is  formed  by 
slightly  heating  ZrOo  with  excess  of  potassium 
hydrogen  fluoride,  boihng  with  very  dilute 
HFAq,  and  filtering. — 7.  Zr(SO  ,),  is  obtained  by 
heating  ZrO„  with  excess  of  a  mixture  of  2  pts. 
cone,  suljohioric  acid  and  1  pt.  water. 

Zirconium  peeoxide.  By  adding  H._,0,Aq 
and  NH3Aq  to  a  solution  of  Zr(SOj),,  Cleve  (Bl. 
[2]  43,  53)  obtained  an  oxide  containing  more 
O  than  ZrO„ ;  to  this  oxide  he  gave  the  formula 
ZrOa.  Bailey  in  1886  (C.  /.  49,  149,  481)  ex- 
amined the  pp.  obtained  by  adding  H._,0,Aq  to 
solution  of  Zr(SOj)„ ;  according  to  B.,  the  moist 
pp.  has  the  composition  Zr^O^,  and  this  com- 
position is  unchanged  after  keeping  (moist)  for 
some  months.  In  Bailey's  paper  in  1889  (Pr. 
46,  74)  he  gives  the  composition  ZrOa.SHoO  to 
the  oxide  ppd.  by  HjCAq,  either  from  an  acid  or 
an  alkaline  solution  of  Zr(SO,),,  after  drying  over 
PoO, ;  and  the  composition  Zr.,05  after  drying  at 
160°.  The  oxide  ZrO^.a-H^O  was  obtained  (C.  J. 
49,  485)  by  preparing  a  solution  of  Zr(SO|)..  by 
heating  K,ZrP,.  with  H^SO,,,  and  at  once  adding 
H,0.,Aq.  Zr  peroxide  is  insol.  in  very  dilute 
(1  p.a)  H,,SO,Aq  or  H.C,,H30,Aq  (B.,  I.e.).  Bailey 
(I.e.)  employed  the  ppn.  of  ZrOa.a'H.O  to  separate 
Zr  from  Fe,  Nb,  and  Ti. 

Zirconium  monoxide  (?)ZrO.  By  heating 
ZrO„  and  powdered  Mg,  in  the  ratio  ZrO.,:Mg,  in 
a  stream  of  H,  Winkler  (B.  23,  2668  [1890])  ob- 
tained a  black  powder,  which  he  allowed  to  cool 
in  H,  then  kept  for  some  time  in  CO,,  freed  from 
Mg  by  treatment  with  dilute  HClAq,  washed  with 
water  containing  HCl,  then  with  alcohol,  and 
finally  with  ether,  and  dried  in  vacuo.  He  thus 
obtained  a  deep-black  powder,  which  was  un- 
acted on  by  HClAq,  HNOjAq,  or  H,S04Aq,  even 
on  warming,  and  which  burnt  to  ZrO,  when 
heated  in  air.  W.  supposed  this  black  powder 
to  be  ZrO. 
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Zirconium,  oxyacid  of.  Hydrated  zirconia, 
ZrO,.a'H,0,  reacts  as  a  weak  acid  towards  strong 
bases  {v.  Zirconates,  p.  896). 

Zirconium,  oxybromide  of,  ZrOBrj.icHjO. 
ZrBr,  dissolves  in  water  ;  on  evaporation,  trans- 
parent needle-shaped  crystals  are  formed,  to 
which  Mellis  (Z.  [2]  6,  296)  gave  the  composi- 
tion ZrOBrj.7H„0.  By  dissolving  ZrO,.a-H,0  in 
HBrAq  and  evaporating,  WeibuU  (B.  "20,  1394 
[1887])  obtained  lustrous  needles  of  ZrOBrj.SHp, 
isomorphous  with  Zr0Cl,.8H,0. 

Zirconium,  oxychlorides  of.  Various  oxy- 
chlorides  have  been  described.  (1)  ZrOCl,.a-H,0 ; 
prepared  by  dissolving  ZrO,..z-H„0  in  HClAq  and 
evaporating  (for  details  as  to  the  best  conditions 
V.  Weibull,  B.  20,  1394).  Hermann  (J.  pr.  31, 
77)  gave  the  formula  as  ZrOCl,.9H..O ;  MeUis  (Z. 
[2]  6,  296)  gave  2ZrOCl,.9H„0;  and  Weibull  (I.e.) 
ZrOCl,.8H,0  {v.  also  PaykuU,  B.  C,  1467  ;  and 
Bailey,  Pr.  46,  74).  (2)  Zr.OCl., ;  prepared  by 
Troost  a.  ■  Hautefeuille  (C.  R.  73,  563)  by  pass- 
ing steam  and  vapour  of  ZrCl,  through  a  red-hot 
tube.  (3)  2Zr,,03Cl,.15H,,0  ;  prepared  by  Ende- 
mann  (j.pr.  [2]  11,  219)  by  adding  ether  to  a 
warm  alcoholic  solution  of  ZrOCl,,.;rH,0. 

Zirconium,  oxyiodides  of.  By  adding  the 
calculated  weight  of  Bal,,  in  solution,  to  Zt{BO^o 
dissolved  in  a  slight  excess  of  H^SO^Aq,  filtering, 
evaporating  over  H,SO„  and  removing  free  I 
from  the  residue  by  CS,,  Hinsberg  {A.  239,  253 
[1887])  obtained  a  white,  amorphous  powder, 
easily  soluble  in  water,  giving  off  I  in  moist  air, 
to  which  he  gave  the  formula  ZrlOjHj.aHjO 
{x  probably  =  3). 

Zirconium,  oxysulphide  of ;  v.  Zirconium 
SULPHIDES  {infra). 

Zirconium,  salts  of.  The  salts  formed  by 
the  replacement  of  H  of  acids  by  Zr  belong  to 
the  forms  ZrX,"  and  ZrX/ ;  many  basic  salts 
are  known.  The  following  are  the  chief  salts  of 
Zr  derived  from  oxyacids  : — Arsenates,  borates, 
carbonates,  nitrates,  oxalates,  pihosphates, 
selenites,  silicates,  S7ilp>hates,  and  sidphitcs. 

Zirconium,  silicofluoride  of,  (?)ZrSiF(i; 
probably  obtained  by  Berzelius  by  evaporating  a 
solution  (?  of  ZrO,.;rH,0  in  H^SiF^Aq)  (v.  Lehr- 
bueh,  3,  505  [5th  ed.]). 

Zirconium,  sulphides  of.  According  to 
I  Berzelius  {v.  Lehrbuch,  2,  189  [5th  ed.]),  a  com- 
pound of  Zr  and  S  is  formed  by  heating  the 
elements  together  in  vacuo,  or  with  H.  The 
compound,  to  which  no  formula  is  assigned,  is 
described  byB.as  a  dark-brown  coloured  powder; 
unacted  on  by  H,S04Aq,  HNOjAq,  or  HClAq ; 
slowly  attacked  by  boiling  aqua  regia;  dissolved 
easily  by  HFAq,  giving  oft  H„S ;  insol.  in  KOHAq, 
and  decomposed  by  fusion  with  KOH  to  K,,S  and 
ZrO,.  By  strongly  heating  ZrO,  in  vapour  of 
CS^'Premy  {A.  Ch.  [3]  38,  326  [1853])  obtained 
a  graphite-like  solid,  which  was  rapidly  acted 
on  by  HNOjAq,  with  separation  of  S  ;  Premy 
supposed  that  the  substance  might  be  an  oxy- 
sulphide. 

Zirconium,  sulphocyanide  of.  By  adding 
Ba(SCN)„  to  Zr(SO,),  solution,  Hornberger  {A. 
181,  232  '[1876])  obtained  a  solution  which,  he 
said,  contained  Zr(SCN)4 ;  this  solution  quickly 
decomposed,  depositing  a  yellow  solid,  while 
Zr(SCN),  remained  in  solution. 
I  '  M.  M.  P.  M. 
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ADDENDA. 

[DESCRIPTIVE  INOEGANIC  CHEMISTRY  ONLY.] 


ALUMINIUM  (vol.  i.  p.  141).  Pre.paratio7i.— 
By  electrolysing  a  molten  mixture  of  AlFg.SNaF 
with  NaCl  (Minet,  C.  B.  Ill,  603  [1890])'.  The 
best  results  are  obtained  by  using  the  salts  in 
the  ratio  AlF3.3NaF:6NaCl ;  details  of  the  quan- 
tities to  be  used,  the  strength  of  current,  &c,  are 
given  by  M. 

Properties.— M.m&\,  (C.  R.  Ill,  603  [1890]) 
gives  m.p.  of  Al  as  675° ;  and  S.G.  at  820°  as 
1-76.  The  S.H.  of  Al  is  given  by  Richards  (C.  N. 
65,  97  [1892])  as  -224  at  20°,  -232  at  100°,  and 
•2845  at  the  m.p.  =  625°  ;  the  S.H.  of  molten  Al 
at  650°  =  -308,  according  to  Pionchon  (C  R.  115, 
162  [1892]).  The  molecule  of  Al  in  dilute  solu- 
tion in  tin  is  perhaps  diatomic  (Heycock  a. 
Neville,  C.  J.  57,  376  [1890]). 

Reactio7is. — Volatilises  in  electric  furnace, 
with  current  of  250  amperes  and  70  volts 
(Moissan,  C.  R.  116,  1429  [1893]).  Not  ap- 
preciably acted  on  by  NOj  at  500°  (Sabatier  a. 
Senderens,  C.  B.  115,  236  [1892]).  An  amalgam 
is  formed  by  bringing  Al  into  a  solution  of  a 
mercuric  salt  (Klaudy,  C.  C.  1893  [1]  201 ;  ab- 
stract in  C.  J.  64  [11]  376  [1893]).  Heated  with 
NaPOs  in  a  current  of  H,  from  28  to  31  p.c.  of 
the  P  distils  over  ;  P  is  also  obtained  by  heating 
Al  with  any  phosphate  of  Ca  or  Mg  (Eossel  a. 
Frank,  B.  27,  52  [1894]).  According  to  Lunge 
(C.  N.  65,  110  [1892]),  vessels  made  of  Al  may 
be  used  for  holding  articles  of  food,  at  least  at 
the  ordinary  temperature,  without  danger  of  the 
metal  being  dissolved ;  this  result  is  confirmed 
by  Balland  (C.  B.  114,  1536  [1892]). 

Aluminium,  alloys  of  (vol.  i.p.  143).  For  an 
alloy  with  gold,  AljAu,  v.  Heycock  a.  Neville  (C  /. 
65,  74  [1894]). 

Aluminium,  chloride  of  (vol.  i.  p.  144). 
Nilson  a.  Pettersson  {Z.  P.  C.  4,  206  [1889]) 
made  a  number  of  determinations  of  the  V.D.  of 
AICI3 ;  they  find  that  the  compound  gradually 
■dissociates  above  its  b.p.  until  c.  800°,  when  its 
V.D.  becomes  constant  and  corresponds  with  the 
formula  AlCl,.  AICI3  may  be  prepared  by  heating 
an  alloy  of  Al  and  Cu  nearly  to  redness  in  dry 
HCl ;  AICI3  distils  over  unmixed  with  any  Cu 
compound  (Mabery,  B.  22, 2658  [1889]).  Sabatier 
{Bl.  [3]  1,  88  [1889])  says  that  crystals  of  the 
hydrated  chloride  after  being  in  vacuo  for  three 
months  at  20°  over  HjSOj  have  the  composition 
AlCl3.6H,0. 

Aluminium,  oxides  of  (vol.  i.  p.  146).  By 
heating  AI2O3  with  Mg,  in  the  ratio  Al^OjiMg, 
Winkler  (B'.  23,  780  [1890])  obtained  a  brownish- 
black  powder  which,  he  says,  contained  a  con- 
siderable quantity  of  an  oxide  lower  than  Al,,03, 
probably  AlO.  By  the  incomplete  combustion 
of  Al,  Pionchon  obtained  a  dark-grey  powder,  said 
by  P.  to  have  the  composition  Al^O,  =  2Al20,,.Al.,0 
(C.  R.  117,  328 ;  abstract  in  C.  J.  64  [li]  572 
[1893]).    By  heating  amorphous  AUOj  to  in- 


cipient redness  in  HCl  gas  at  a  pressure  of  three 
atmos.,  Hautefeuille  a.  Perrey  (C.  R.  110,  1038 
[1890])  obtained  crystals  of  corundum.  Accord- 
ing to  Bead  (C.  J.  65,  313  [1894]),  Al^Oj  is  un- 
changed at  c.  1750°. 

Aluminium,  phosphide  of  (vol.  i.  p.  146). 
A  grey  crystalline  powder,  AI3P5,  was  obtamed 
by  Eossel  a.  Frank  (B.  27,  52  [1894])  by  heating 
Al  in  vapour  of  P,  and  then  heating  the  product 
till  P  ceased  to  come  off. 

AMMONIA  (vol.  i.  p.  196).  Formation.— 
According  to  Loew  (B.  23, 1443  [1890]),  traces  of 
NH3  are  formed  by  shaking  Pt  black  with  very 
dilute  NaOHAq  in  the  air.  NH3  is  also  formed 
by  the  combined  action  of  Pt  black  and  dextrose 
on  KN03Aq  (L.,  I.e.,  p.  675). 

Properties. — Ludeking  a.  Starr  {Am.  S.  [3]  45, 
200  [1892])  give  S.H.  of  liquid  NH3  as  -8857. 
For  measurements  of  the  wave-lengths  of  the 
lines  in  the  emission  spectrum  of  NH,,  v.  Mag- 
nanini  (Z.  P.  C.  4,  435  [1889]).  Perkin  (C.  J. 
55,  689,  728  [1889])  gives  M.  M.  of  NH3  in 
aqueous  and  alcoholic  solutions  ;  also  Mol.  K.  of 
various  NH^  salts  in  solution.  Tables  showing 
the  solubility  of  NH3  in  alcohol  of  various  con- 
centrations, at  10°,  20°,  and  30°,  are  given  by 
Del6pine  (J.  Ph.  [5]  25,  496  ;  v.  abstract  in  C.  J. 
62,  1049  [1892]).  For  the  freezing-points  of 
aqueous  solutions  of  NH3  v.  Pickering  {C.  J.  63, 
181  [1893]). 

Beactions. — Dry  NH,  does  not  combine  with 
dry  hydrogen  chloride  when  these  gases  are 
mixed  (Baker,  C.  J.  65,  611  [1894]).  Nor  do 
dry  NH3  and  dry  carbon  dioxide  combine 
(Hughes  a.  Soddy,  C.  N.  69, 138  [1894]).  Michel 
a.  Grandmongin  {B.  26,  2565  [1893])  say  that 
the  products  of  passing  NH3  over  heated  per- 
oxide of  Ba,  Pb,  Mn,  or  Na,  are  N  with  a  little 
HNO,  and  HNO3,  and  oxide  or  hydroxide  of  the 
metal.  The  reactions  of  liquid  NH3  with  CrClj 
and  FeClj  are  described  by  Christensen  {Zeit.  f. 
anorg.  Chemie,  4,  227  ;  abstract  in  C.  J.  64 
[11]  469  [1893]). 

AMMONIUM  COMPOUNDS  (vol.  i.  p.  200). 

Ammonium  amalgam  (vol.  i.  p.  201).  From 
measurements  of  the  polarisation  given  by  this 
substance  in  a  solution  of  NH^Cl  against  zinc 
amalgam,  and  a  comparison  of  these  measure- 
ments with  the  polarisations  given  by  metallic 
amalgams,  Le  Blanc  concludes  that  ammonium 
amalgam  really  exists  {Z.  P.  C.  5,  467 ;  abstract 
in  C.  J.  58,  1204  [1890]). 

Ammonium  chloride  (vol.  i.  p.  202).  Baker 
(C.  /.  65,  611  [1894])  asserts  that  the  V.D.  of  the 
dry  salt  at  350°  is  28'7,  corresponding  with  that 
required  by  the  formula  NH_,C1.  B.  also  says 
that  no  reaction  occurs  when  dry  NH4CI  and 
dry  CaO  are  heated  together. 

ANTIMONY  (vol.  i.  p.  282).  Beactions.— 
Montemartini  (G.  22,  384,  426)  finds  that  no 
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appreciable  quantity  of  NH.,  is  formed  by  the 
interaetiou  of  Sb  and  HNO.|Aq  varying  from 
2  to  70-3  p.c.  HNO:, ;  N0„  is  practically  the  only 
gaseous  product  of  the  reaction ;  when  70  p.c. 
HNOjAq  is  used,  the  residue  probably  has  the 
composition  (SbO)N03. 

Antimonates  (vol.  i.  p.  285).  Several  salts 
have  been  prepared,  by  double  decomposition 
from  the  K  salt,  by  Beilstein  and  0.  v.  Bliise 
(C.  C.  1889.  803 ;  abstract  in  C.  J.  56,  1123). 
AH  the  compounds  are  salts  of  HSbO^ ;  B.  a.  B. 
conclude  that  the  only  well-marked  antimonates 
are  derived  from  this  acid.  Ebel  {B.  22,  3044 
[1889])  describes  several  metantimonates. 

Antimonites  (vol.  i.  p.  285).  For  antimonites 
of  K  and  Na  v.  Cormimbctuf  (C.  R.  115,  1305  ; 
abstract  in  C.  J.  64  [11],  171  [1893]). 

Antimony,  bromide  of  (vol.  i.  p.  286).  The  b.p. 
of  SbBr^  is  given  as  275°  by  Freyer  a.  V.  Meyer 
{Zcit.f.  anorcj.  Chcmic,  2,  1  [1892]). 

Antimony,  trichloride  of  (vol.  i.  p.  286). 
Boils  at  223°  (Freyer  a.  V.  Meyer,  Z.c). 

Antimony,  pentachloride  of  (vol.  i.  p.  287). 
The  V.D.  at  218°  and  58  mm.  pressure  was  found 
to  be  144-7  (corresponding  with  the  formula 
SbCl,)  by  Anschiitz  a.  Evans  {A.  253,  95  [1890]). 
Double  compoimcls  of  SbCl.j  with  KbCl  and 
CsCl  are  described  by  Saunders  {Am.  14,  152 
[1892]),  and  by  Wheeler  {Am.  8.  [3]  46,  269 
[1893]). 

Antimony,  fluoride  of  (vol.  i.  p.  287).  The 

double  com/pound  SbF3.2AniF  is  described  by 
H.  von  Helmliolt  {Zcit.f.  anorg.  Chemie,  3,  115 
[1893]). 

Antimony,  hydride  of  (vol.  i.  p.  288).  The 

temperature  whereat  decomposition  of  SbH., 
begins  is  given  by  Brunn  {B.  22,  3202  [1889]) 
as  c.  150°.  For  the  reactions  of  SbHj  with 
AgNO,Aq  V.  Vitali  {abstract  in  C.  J.  64  [11], 
206  [1893]). 

Antimonic  oxide  (vol.  i.  p.  290).  When  heated 
to  dull  redness  SboO-  gives  off  0,  forming 
.Sb.,Oj,  which  at  c.  1750°  is  further  reduced  to 
SbA  (Bead,  C.  J.  65,  313  [1894]). 

Antimonious  sulphide  (vol.  i.  p.  291).  Black 
Sb.,S.,  is  formed,  according  to  Mitchell  {C.  N. 
07,'  291  [1893]),  by  passing  CO.,  into  boiling 
water  with  ordinary  Sb.-Sj  in  suspension.  Picton 
(C.  J.  61,  142  [1892])  obtained  a  colloidal  Sh.S;, 
in  very  fine  suspension  in  water,  by  allowing 
solution  of  tartar  emetic  to  flow  into  saturated 
H,SAq. 

Antimony,  thio-chlorides  and  thio-iodides 
of  (vol.  i.  pp.  292-3).  Ouvrard  {C.  B.  116, 
1516  [1893])  describes  SbSCl  and  Sb^S-CL,  ob- 
tained by  the  action  of  H.^S  on  SbCl^ ;  and  SbSI 
formed  by  heating  Sblj  to  150°  in  dry  H„S,  and 
8b._,S.jI„  formed  by  heating  Sb^^Sj  with  I  and 
crystallising  from  CS.,. 

ARSENIC  (vol.  i.  p.  301).  A  full  account  of 
the  different  forms  of  As  obtained,  along  with 
As,,0.„  by  subliming  As  in  a  tube  is  given  by 
i:etgers  {Z.  P.  C.  4,  403 ;  abstract  in  C.  J.  64 
[11],  570  [1893]).  Petersen  gives  the  following 
heats  of  oxidation,  and  atomic  volumes,  of  the 
inotropic  forms  of  As  {Z.  P.  C.  8,  601  [1891])  :— 

[As-,0^]  At.  volume 
Grey,  rhombohedric     .    156,830  13-1 
Grey-black,  amorphous    154,840  15-94 
Brown,  amorphous          163,500  15-99 


Arsenic,  bromide  of  (vol.  i.  309).  AsBr^ 
combines  with  NH^  toformAsBr3.3NH3  (Besson, 
C.  B.  110,  12-58  [1890]). 

Arsenates  (vol.  i.  p.  307).  For  arsenates  of 
Cd  V.  A.  de  Schulten  {Bl.  [3]  1,  473  [1889]) ;  for 
arsenates  of  Cu,  and  of  Cu  and  Na,  v.  Hirsch 
{C.  C.  1891  [1].  15  ;  abstract  in  C.  J.  60,  644) ; 
many  double  arsenates  of  K,  and  of  Na,  with 
Cd,  Co,  Mg,  Mn,  Ni,  and  Zn  are  described  by 
Lefevre  (C.  R.  110,  405  [1890]). 

For  thio-arscnatcs  of  Cu,  Hg,  Zn,  and  Zn  and 
Na,  V.  Preis  {A.  257,  178  [1890]). 

Arsenites  (vol.  i.  p.  306).  For  the  prepara- 
tion, by  double  decomposition  from  the  salt 
2KAsO.,.As^O.„  and  properties,  of  the  arsenites 
of  the  following  metals  v.  Eeichard  {B.  27, 1019 
[1894]) :— Al,  Ba,  Cd,  Ca,  Cr,  Co,  Cu,  Au,  Fe, 
Pb,  Mg,  Mn,  Hg,  Ni,  Pd,  Pt,  Ag,  Sr,  Sn,  Ti,  U, 
and  Zn  (references  and  criticisms  of  former  in- 
vestigations are  given).  Stavenhagen  {Zelt.  f. 
angcw.  Clicmie,  1894.  165)  obtained  the  double 
salt  of  K  arsenite  and  sulphate,  K.,AsO,,.10Iv^,SO4, 
by  evaporating  solutions  of  the  constituents 
after  mixing. 

Arsenic  acid  (vol.  i.  jj.  307).  For  a  detailed 
account  of  the  reaction  of  HoS  with  solutions  of 
HjAsOj  V.  Brauner  a.  Tomeetehek  (C  J.  53, 145 
[1888]). 

Arsenious  chloride  (vol.  i.  p.  310).  Accord- 
ing to  Besson  {C.  R.  109,  940  [1889]),  AsCI, 
solidifies  at  — 18°,  forming  white  needles ;  at 
—  30°  AsClj  absorbs  much  CI,  forming  a  li(iuid 
which  does  not  solidify  at  —  60°,  and  which 
with  water  gives  olf  much  CI  and  forms  Aa.OjAq. 
Besson  (C.  R.  110,  1258  [1890])  says  that  the 
compound  formulated  by  Kose  as  2AsCl3.7NHj 
is  really  ASCI3.4NH,. 

Arsenious  fluoride  (vol.  i.  p.  310).  Moissau 
{A.  Ch.  [6]  19,  280  [1891])  prepared  AsF^  by 
heating  As^O.,  with  HF  ;  he  gives  b.p.  as  63°  at 
760  mm.,  and  says  that  it  solidities  to  white 
crystals  at  -8-5°.  Besson  {C.  R.  110,  1258 
[1890])  describes  the  compound  2ASF3.5NH3. 

Arsenic,  trihydride  of  (vol.  i.  p.  310).  Brunn 
{B.  22,  3202  [1889])  finds  that  the  first  products 
of  the  action  of  air,  or  0,  on  AsH^  are  solid 
■JiAsH  and  H.,0,  and  the  next  products  are  As 
and  H^O.  AsH.j  and  H„S  do  not  react  in  absence 
of  air  at  the  ordinary  temperature,  either  as 
gases  or  in  solution  {B.,  I.e.).  AsH.,  begins  to 
decompose  at  c.  230°  {B.,  I.e.).  For  the  re- 
actions of  AsH,,  with  AgNOjAq  y.  Vitali  {abstract 
in  C.  J.  64  [11]  206  [1893]). 

Arsenious  iodide  (vol.  i.  p.  311).  Besson 
(C.  R.  110,  1258  [1890])  describes  the  com- 
pounds ASI3.4NH3  and  ASI3.I2NH3. 

Arsenious  sulphide  (vol.  i.  p.  315).  Picton 
(C.  J.  61,  140,  144  [1892])  obtained  an  aqueous 
solution  of  colloidal  As  .Sj,  containing  also  some 
very  finely  divided  sulphide  in  suspension,  by 
allowing  AsoOjAq  to  flow  into  saturated  H,  SAq, 
into  which  H.^S  was  continually  passing,  and  re- 
moving H.S  by  a  stream  of  H. 

Arsenic  pentasulphide  (vol.  i.  p.  315)  ASjSr,  is 
obtained,  according  to  McCay  (Am.  12,  .547 
[1891],  by  passing  H.S  for  a  long  time  into  a 
hot  solution  of  an  alkali  dihydrogen  arsenate, 
and  then  ppg.  by  a  mineral  acid. 

Arsenic,  thiochlorides  and  thio-iodides  of 
(vol.  i.  p.  316).  Ouvrard  (C.  jR.  116,  1516 
[1893])  obtained  AsiS  CL,  by  passing  H.,S  into 
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AsCl.j,  and  washing  the  pp.  with  CS.,.  By  lieat- 
ing  1  pt.  As,,S3  with  10  pts.  AsC\,  to  150°  he 
obtained  AsSCl. 

AZO-IMIDE  {v.  Hydrazoic  acid,  p.  919, 
Addenda). 

BARIUM  (vol.  i.  p.  440).  Eichards,  in  1893, 
made  an  elaborate  experimental  revision  of  the 
at.  w.  of  Ba  (P.  Am.  A.  28,  1 ;  29,  55).  As  a 
mean  result  of  the  most  trustworthy  experi- 
ments, E.  adopts  137'1  as  the  at.  w.  of  Ba 
(0  =  15-96).  Limb  (C.  B.  112,  1434  [1891]) 
failed  to  obtain  any  Ba  by  electrolysing  fused 
BaCl,„  or  Bad,  mixed  with  NaCl. 

Barium,  carbide  of.  By  heating  a  mixture 
of  Ba  amalgam  and  powdered  charcoal  in  H, 
Maquenne  (C.  B.  114,  361  [1892])  obtained  grey 
BaCj ;  decomposed  by  water,  giving  BaO„H„Aq 
and  C„H.,;  v.  also  Moissan,  C.  B.  118,  683 
{abstract  in  C.  J.  66  [1],  314  [1894]). 

Barium,  chloride  of  (vol.  i.  p.  441).  By 
bringing  BaClj  into  contact  with  liquid  NH^, 
and  allowing  the  gas  to  escape  at  0°  and  760  mm., 
.Joannis  obtained  BaCL-SNHj  (0.  B.  112,  337 
[1891]). 

Barium,  fluoride  of  (vol.  i.  p.  441).  BaF.,  is 
obtained  in  microscopic  crystals  by  adding 
BaCljAq  (3-6  p.c.)  to  boihng  lOPAq  (1  p.c), 
boiling,  washing,  drying,  and  heating  strongly 
(Moissan,  Bl.  [3]  5,  152  [1891]).  Poulenc 
(C.  B.  116,  987  [1893])  obtained  BaF.  in  well- 
formed  octahedra  by  fusing  amorphous  BaFj 
with  KHF,  and  KCl. 

Barium,  nitrides  of.  Maquenne  (C  B.  114, 
220  [1892])  obtained  a  mixture,  probably  con- 
taining some  Ba^Nj,  by  heating  Ba  amalgam  to 
redness  in  a  current  of  N.  Berthelot  a.  Matignon 
(A.  Ch.  (7)  2, 144  [1894])  say  that  BaN,  is  formed 
by  heating  AmNjAq  with  BaO.H.Aq. 

Barium  monoxide  (vol.  i.  p.  442).  BaO  is 
unchanged  at  c.  1750°  (Bead,  C.  J.  65,  313 
[1894]) ;  it  liquefies  at  c.  2,000°,  but  is  not  de- 
composed at  c.  2,500°  (Moissan,  C.  B.  115, 
1034  [1892]). 

Barium  dioxide  (vol.  i.  p.  443).  BaO.  is  de- 
composed by  salts  of  Al,  Cr,  Co,  Fe,  &c. ;  some 
salts — e.g.  those  of  Ca,  Li,  K,  Na — do  not  react 
with  BaO..  {v.  Kwasnik,  B.  25,  65).  For  decom- 
position of  BaOo  by  heat  v.  Le  Chatelier  (C.  B. 
115,  654  ;  abstract  in  C.  J.  64  [11],  71  [1893]). 

BERYLLIUM  (vol.i.  p. 504).  Kriissa.  Moraht 
(B.  23,  727  [1890])  obtained  hexagonal  crystals 
of  Be,  mixed  with  BeO,  by  heating  BeF„.2KF  to 
redness  with  Na.  K.  a.  M.  (I.e.  p.  2552)  ob- 
tained the  value  9'03  for  the  at.  w.  of  Be  by 
converting  BeO  into  BeS04.4H,0,  and  this  again 
to  BeO.  Gibson  (C.  J.  63,  909'[1893])  describes 
metliods  for  preparing  BeO  from  beryl. 

Beryllium,  fluoride  of  (vol.  i.  p.  506).  Peter- 
sen (Z.  P.  C.  5,  263  [1890])  gives  the  thermal  data 
H.F.  [BeO-H-',2HFAq]  =  19,683.  The  double 
compound  BeF„.2AmF  is  described  by  H.  von 
Helmholt  {Zeit'.f.  anorg.  Chemie,  3,  115  [1893]). 

Beryllium,  oxide  of  (vol.  i.  p.  506).  By 
dissolving  BeO.a-aq  in  KOHAq,  Kriiss  a.  Moraht 
{B.  23,  727  [1890])  obtained  potassium  beryllate 
BeOoK.^  (?),  mixed  with  KjCOj,  as  a  snow-white, 
silky  solid. 

BISMUTH  (vol.  i.  p.  509).    The  at.  w.  of  Bi 

was  re-determined  by  Classen  in  1890  (B.  23, 
938  [1890]),  by  converting  Bi  into  nitrate,  and 


this  into  Bi.Oj ;  the  mean  result  was  208'38 
(0  =  15-96).  '  Schneider  (J".  _pr.  [2]  42,  553;  44, 
23  [1891])  criticises  Classen's  results,  and  main- 
tains that  Marignac's  value  (almost  exactly  208) 
is  as  trustworthy  as  that  obtained  by  C.  The 
molecule  of  Bi  in  dilute  solution  in  tin  is 
perhaps  diatomic  (?)  (Heycock  a.  Neville,  C.  J. 
57,  376  [1890]). 

Preparation. — Classen  (I.e.)  says  that  pure 
Bi  is  best  prepared  by  electrolysing  a  solution 
of  the  metal  in  HNOsAq,  using  a  cone  of  Pt  as 
the  negative  electrode,  then  washing  with  alco- 
hol, and  fusing  with  KCy. 

Properties.  —  Melts  at  264°,  according  to 
Classen  (I.e.) ;  at  269-22°,  according  to  Callendar 
a.  Griffiths  (G.  N.  63,  1  [1891]).    S.G.  9-7474 

(C,  I.e. ;   no  temperature  given) ;  9-787  at  ^, 

9-673  solid  at  the  m.p.,  10-004  liquid  at  the  m.p. 
(Vicentini,  Bend.  Acad.  Lineei,  6  [11],  121, 147 
[1891]).  For  S.G.  of  liquid  Bi  from  235°  to  280°' 
V.  Cattaneo  (Bend.  Aead.  Lineei,  7  [11],  88 
[1892]).  For  electrical  resistance  v.  E.  v.  Aubel 
(C.  B.  108,  1102  [1889]). 

Beactions. — According  to  Veley  (Pr.  48,  458 
[1891]),  Bi  does  not  dissolve  in  30  p.o.  HNOgAq 
at  30°  if  HNOo  is  absent ;  but  Bi  dissolves 
readily  in  1  p.c.  HNO.Aq. 

Bismuth,  bromide  of  (vol.  i.  p.  511).  BiBr, 
boils  at  453°  (V.  Meyer,  A.  264,  122  [1891])'. 
Cavazzi  a.  TivoH  (G.  21  [11],  306  [1892])  describe  a 
lustrous,  black,  hygroscopic  solid,  PBrH(BiBr2).j, 
obtained  by  allowing  BiBr3  to  fall  gradually  into 
PH,  (abstract  in  C.  J.  62,  279). 

Bismuth,  chloride  of  (vol.  i.  p.  512).  Boils 
at  435°-441°  (uncor.)  _(V.  Meyer,  I.e.).  The  only 
double  chloride  of  Bi  and  K  of  those  hitherto 
described  that  exists  is  BiCl.,.2KCl.  2aq,  accord- 
ing to  Brigham  (Am.  14,  164  [1892]).  B.  has 
also  prepared  BiCls.KCl.  aq. 

Bismuth,  fluoride  of  (vol.  i.  p.  512).  H.  von 
Helmholt  describes  the  double  fluoride  BiFj.AmF 
(Zeit.  f.  anorg.  Chemie,  3,  115  [1893]). 

Bismuth,  iodide  of  (vol.  i.  p.  513).  Astre 
(G.  B.  110,  525  [1890])  obtained  the  double 
iodide  2BiI.j.KI  by  keeping  I,  KCl,  Bi,  and  water 
in  contact  for  some  weeks,  and  then  crystallising 
from  Et  acetate. 

Bismuthous  oxide  (vol.  i.  p.  513).  Classen 
(B.  23,  938  [1890])  gives  S.G.  as  9-044.  Bead 
(C.  J.  65,  313  [1894])  found  Bifi^  to  be  unchanged 
at  c.  1750°. 

Bismuth,  oxysulphide  of  (vol.  i.  p.  516).  By 
passing  dry  HB  into  boiling  benzene  containing 
Bi„Oj  in  suspension,  P.  v.  Scherpenberg  (C.  C. 
1889.  [11]  643)  obtained  Bi,0,S. 

Bismuth,  selenide  of  (vol.  i.  p.  516).  The 
double  compound  Bi.,Se3.K.,Se  is  described  by  P, 
V.  S.  (I.e.). 

Bismuth,  sulphide  of  (vol.  i.  p.  516).    P.  v. 

S.  (I.e.)  obtained  the  double  compound  BioS3.K^S 
by  fusing  BLO^  with  K  polysulphide. 

BORON  (vol.  i.  p.  524).  The  at.  w.  of  B  has 
been  determined  by  Abrahall  by  the  analysis 
of  BBr,  (G.  J.  61,  650  [1892]) ;  the  value  ob- 
tained was  10-67  (O  =  15-96).  Also  by  Kamsay  a. 
Aston  (G.  J.  63,  207  [1893])  by  finding  the  per- 
centage of  water  in  crystallised  borax,  and  by 
distilling  fused  borax  vrith  HClAq  and  CH3.OH  and 
weighing  the  residual  NaCl ;  the  values  varied 
about  11,  but  showed  considerable  differences^ 


BORON. 


901 


Eimbach  (B.  26,  104  [1893]),  by  titrating  solu-  I 
tions  of  borax  with  standard  HClAq,  using 
methyl  orange  as  indicator,  obtained  the  vahie 
10-91  (0  =  15-90).  The  following  values  for  S.H. 
of  amorphous  B  are  given  by  Moissan  a.  Gautier 
{C.  B.  116,  9-24  [1893]):  0°  to  100°  =  -3006, 
0°  to  192°  =  -3407,  0°  to  234°  =-3573.  For 
atomic  refraction  of  B  v.  Ghira  {G.  23  [1],  452; 
■abstract  in  C.  J.  64  [11],  517  [1893]). 

Preparation. — According  to  Moissan  (C.  B. 
114,  319  [1892]),  the  methods  employed  to  give 
amoiyhous  boron  yield  substances  containing 
from  c.  45  to  c.  72  p.c.  of  B.  M.  (I.e.  p.  392) 
says  that  nearly  pure  amorpihous  B  is  obtained 
by  heating  to  redness  a  mixture  of  one  pt. 
powdered  Mg  with  3  jsts.  fused  B.,0^,  washing 
with  HClAq,  KOH  in  alcohol,  HFAq,  and  water 
(the  process  is  tedious,  details  are  given) ;  by 
fusing  this  laroduct  with  50  pts.  B.,0.f,  and 
washing  with  HClAq  &c.,  a  brown  powder  is 
obtained  containing  e.  98-5  p.c.  B,  with  traces  of 
Mg  and  small  quantities  of  other  impurities. 

Properties  and  Bcactions. — The  properties  of 
amorphous  boron  a,i'e  described  by]\Ioissan(Ci?. 
114,  617  [1892]).  Brown  powder;  S.G.  2-45. 
Does  not  fuse  in  electric  arc,  but  volatilises  {M., 
C.  B.  117,  423  [1893]);  increases  in  density 
■when  heated  to  c.  1500°  in  H.  Specific  electrical 
resistance  =  801  megohms.  Burns  in  air  at 
c.  700°.  Combines  directly  with  Br,  CI,  (not  I), 
N  at  c.  1200°,  Se,  S,  (not  Te) ;  also  with  Al,  Fe, 
iVIg,  Pt,  and  Ag.  Eeduces  many  oxyacids  and 
oxides  when  heated  therewith  ;  HCIO3,  HIO3, 
HNO3,  and  H.,SO|  are  readily  reduced;  As-.Oj 
and  As.O^,  C0,"N,0,  P,05,  SiO,,  steam,  and  SO, 
are  also  reduced ;  many  metallic  oxides  are 
reduced  to  metals,  often  with  explosive  violence ; 
molten  KOH  gives  olf  H  ;  metallic  fluorides  are 
generally  decomposed,  giving  BF., ;  many  other 
metallic  salts,  both  in  solution  and  when  heated 
as  solids,  are  reduced  by  amorphous  boron. 

Boron,  bromide  of  (vol.  i.  p.  525).  BBr^  boils 
at  90°  (Freyer  a.  V.  Meyer,  Zcit.  f.  anorq. 
Chemie,  2,  1).    Ghira  {Z.  P.  C  12,  768  [1893]) 

gives  S.V.  94-72;   and  S.G.  g  =  2-64985.  Ac- 
cording to  Besson  (0.  B.  112, 1001  [1891]),  when 
a  mixture  of  gaseous  HI  and  BBr,  is  passed  j 
through  a  glass  tube  at  300°-400°  the  products  j 
are  BBr,I,  BBrI,,,  and  BI3.    BBr.I  and  BBrI, 
are  colourless  liquids,  distilling  at  c.  125°  and  [ 
180° ;  they  are  rapidly  decomposed  by  air  and  i 
light.    Tarible  (C.  B.  110,  1521  [1893])  says 
that  BBrj  combines  with  PBr.,  and  PBr^  to  form 
compounds  easily  decomposed  by  water,  CI,  or 
NH3  in  the  cold.  Besson  (C.  B.  114,  542  [1892])  j 
describes  BBr3.4NH,j,  obtained  by  passing  dry 
NH,  into  BBr.,  in  dry  CCl^  at  0°.  [ 

Boron,  carbide  of,  B,C.  Moissan  (C.  B. 
118,  556  [1894])  says  that  B  and  C  combine 
■when  amorphous  B  is  mixed  with  0.  |  its  weight 
of  sugar  charcoal,  and  the  mixture  is  heated  in 
the  electric  furnace  for  some  minutes,  using  a  { 
current  of  250-300  amperes  and  70  volts.  After 
treating  the  product  with  HNO^Aq,  and  then 
with  liClO.jand  HNO^Aq,  the  carbide  remains  as 
a  very  hard,  lustrous,  black,  crystalline  i^owder  ; 
S.  G.  2-51 ;  burns  very  slowly  in  O  at  c.  1000°; 
acted  on  by  CI  below  1000°,  but  not  by  Br,  I,  S, 
P,  N,  or  mineral  acids  ;  reacts  with  molten  KOH  j 
or  KNaCOj  [abstraet  in  C.  J.  66  [11],  279  [1894]).  I 


Boron,  chloride  of  (vol.  i.  p.  525).  BCI3  boil- 
ing at  17°  (Frever  a.  V.  Meyer,  Zeit.  f.  anorg. 
Chemie,  2,  1).    Ghira  (Z.  P.  C.  12,  768  [1893]) 

gives  S.G.  "-=1-43386,  and  S.V.  81-94. 

Boron,  fluoride  of  (vol.  i.  p.  526).  According 
to  Besson  (C.  B.  110,  80  [1890]),  BF.,  unites  with 
PH3  at  c.  -  30°  to  form  2BF3.PH3,  decomposed 
by  water  giving  off  H  and  PH,. 

Ammonium  6o)'o/litonf/c  is  described  by  Stolba 
(C.  C.  1890.  [1]  211  ;  abstract  in  C.  J.  58,  560). 

Boron,  hydride  of  (vol.  i.  p.  526).  Sabatier 
(C.  B.  112,  865  [1891])  says  that  the  gas  pro- 
duced by  adding  HClAq  to  the  brown  powder 
formed  by  heating  B.^Oj  with  Mg  in  H  has  a 
very  disagreeable  odour,  burns  with  a  green 
flame,  gives  a  brown  pp.  with  AgNOjAq,  deposits 
B  when  passed  through  a  glass  tube  at  a  dull 
red  heat  (H  coming  off),  and  is  decomposed  by 
electric  sparks,  giving  pure  H.  The  gas  contains 
a  little  B  hydride,  according  to  S.  [I.e.) ;  cf. 
Winkler  (B.  23,  772  [1890]). 

Boron,  iodide  of  (vol.  i.  p.  527).  BI3.  Pre- 
pared by  Moissan  (C.  B.  112,  717  [1891]),  (1)  by 
heating  I  and  B  to  700°-800° ;  (2)  by  heating 
amorphous  B  (dried  in  H  at  200°),  in  a  stream 
of  dry  HI,  in  a  tube  of  hard  glass  until  the  glass 
nearly  softens ;  (3)  by  passing  HI  and  BCI3 
vapours  through  a  porcelain  tube  heated  to  red- 
ness. The  product  is  dissolved  in  CSo,  shaken 
with  Hg,  and  allowed  to  crystallise.  Colourless 
crystals,  very  hygroscoi^ic,  rapidly  become 
coloured  in  light.  Melts  at  43°  and  boils  at 
210°.  Decomposed  by  water,  giving  HIAq  and 
H.BOjAq.  (For  other  reactions  v.  abstract  in 
C.  J.  60,  979  [1891].)  For  compounds  with 
NH,  V.  Besson  (G.  B.  114,  542  [1892] ;  absti  act 
in  C.  J.  62,  771). 

Boron,  oxide  of  (vol.  i.  p.  527),  B.O,.  For 
reduction  by  Mg  powder,  giving  Mg  boride,  v. 
Winkler  (B.  23,  772  [1890]).    The  compound 

B.  ,03.P.^0.  (  =  BPOj)  is  obtained  by  evaporating 
HjEOjAq  mixed  with  H3POJ,  heating  to  redness, 
and  washing  with  hot  water  (G.  Meyer,  B.  22, 
2919  [1889]). 

Borates  (vol.  i.  p.  529).  For  some  new 
borates  of  Li,  lib,  and  Cs  v.  Eeischle  (Zeit.  f. 
aiiorg.  Chemie,  4,  166  [1893]).  For  remarks  on 
the  classification  of  alkali  and  alkaline  earth 
borates  v.  Le  Chatelier  (C.  B.  113,  1034  [1891]). 
For  a  full  account  of  Mn  borate,  v.  Hartley  a. 
Eamage  (C.  J.  63,  129  [1893]).  The  compounds 
6FeO.FeBr,.8B,,03  and  6ZnO.ZnBr,.8B,,0,  are 
described  by  Eousseau  a.  Allaire  (C.  B.  116, 1445  ; 
abstract  in  C.  J.  64  [11],  518  [1893]). 

Boron,  phosphide  of.  According  to  Besson 
(C.  B.  113,  78  [1891]),  a  phosphide  of  B  is  ob- 
tained by  passing  PH3  into  BBr^,  and  heating 
the  product,  BBr3.PH3,  to  300°,  when  it  gives 
HBr  and  B  phosphide.  The  phosphide  is  .said 
to  be  a  brown  powder,  insoluble  in  water,  react- 
ing with  boiling  cone,  alkali  solutions  to  give 
PHg ;  gives  off  P  when  heated  to  redness  in  N 
(for  other  reactions  v.  abstract  in  C.  J.  60,  1418 
[1801]). 

Boron,  selenide  of.  (?B._,Se3).  Obtained,  as 
a  yellowish  grey  powder,  decomposed  violently 
by  water,  giving  H^Se  and  some  Se,  by  heating 
B  to  full  redness  in  a  current  of  H.,Se  (Sabatier, 

C.  B.  112,  1000  [1891]). 
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Boron,  sulphides  of  (vol.  i.  p.  531).  For  heat 
of  formation  of  B^Sj  v.  Sabatier  (C.  B.  112,  862  ; 
abstract  in  C.  J.  60,  981  [1891]).  Moissan  {C.  B. 
115,  203  [1892])  gives  details  of  various  methods 
of  preparing  B2S3,  and  describes  the  reactions  of 
this  compound  {v.  abstract  in  C.  J.  62,  1393 
[1892]).  According  to  M.  (I.e.  p.  271),  boron 
pentasulpliidc ,  B^S,,  is  obtained  by  heating  BI3 
with  rather  less  than  one  equiv.  of  S  in  CSj 
solution  at  60°  for  many  hours.  M.  describes 
the  compound,  which  was  not  obtained  pure,  as 
a  light  white  crystalline  powder,  S.G.  1"85. 

BROMHYDEIC  ACID  (vol.  i.  p.  532).  The 
V.D.  has  been  determined  by  Biltz  at  — 15°  and 
-28°  {Z.  P.  C.  10,  354  [1892]);  the  results 
agree  with  the  V.D.  required  by  the  formula 
HBr.  The  M.  M.s  of  HBrAq  from  15-47  to 
65*59  p.c.  HBr  have  been  measured  by  Perkin 
(G.  J.  55,  706  [1889]). 

Preparation. — 1.  By  the  interaction  of  P,  Br, 
and  H„0,  v.  Fileti  a.  Crosa  {G.  21,  64  [1891] ; 
cf.  Gassman,  abstract  in  C.  J.  64  [11],  453  [1893]). 
2.  By  passing  HjS  into  Br  covered  with  water 
(Recoura,  C.  B.  110,  784  [1890]).— 3.  By  adding 
H.,SOiAq  S.G.  1-41  to  KBr  (Feit  a.  Kubierschky, 
J.' Ph.  [5]  24,  159  ;  abstract  in  0.  /.  60,  1320 
[1891]  ;  V.  also  Addyman,  C.  J.  61,  97  [1892] ; 
and  cf.  L6ger,  abstract  in  C.  J.  64  [11],  114 
[1893]). 

Hydrates.-Vickennz  (P.  M.  [-5]  36, 11  [1894]) 
has  isolated  HBr.3H._,0  and  HBr.4H.,0  ;  the 
former  melting  at  —48°  and  the  latter  at  —55-8°. 

Beactions. — For  the  decomposition  of  HBrAq 
by  H.,S04Aq  of  different  concentrations  v.  Addy- 
man (C.  J.  61,  98  [1892]). 

BROMINE  (vol.  i.  p.  534).  Mol.  w.  in  solu- 
tion in  water  or  acetic  acid  =  159-5  (Br.,)  (Paterno 
a.  Nasini,  .B.  21,  2154  [1888]).  The  V.D.s  of  Br 
from  15°  to  280°,  and  at  pressures  from  15  to 
760  mm.,  have  been  determined  by  Perman  {Pr. 
48,  45  [1891]) ;  no  indications  of  dissociation 
were  obtained.  For  measurements  of  the  ab- 
sorption of  light  by  Br  v.  Camichel  {C.  B.  117, 
307  ;  abstract  in  C.  J.  64  [11],  561  [1893]). 

Bromates  (vol.  i.  p.  538).  Lithium  bromate 
LiBrO^  ;  prepared  by  the  interaction  of 
Ba(Br63)2Aq  and  Li.SOjAq  (Potilitzin,  J.  B. 
22,  392;  abstract  in  C.  J.  62,  1275  [1892]). 
Potassium  bromate  KBr03.  The  decomposi- 
tion of  this  salt  by  heat  has  been  studied  by 
Cook  (C.  J.  65,  802  [1894]) ;  decrepitation  occurs 
at  c.  180°,  with  evolution  of  Br  ;  the  salt  fuses 
at  a  higher  temperature,  and  O  is  evolved,  with- 
out any  Br,  until  KBr  remains ;  no  oxy-  com- 
pounds are  formed. 

Strontium  bromate  begins  to  decompose  at  c. 
240° ;  the  principal  change  is  to  SrBr.,  and  O,  but 
SrO  is  also  formed  (Potilitzin,  J.  B.  22,  454; 
abstract,  with  summary  of  quantitative  results, 
in  C.  J.64:  [11],  11  [1893]). 

CADMIUM  (vol.  i.  p.  654).  Determinations 
of  the  at.  w.  have  been  made  by  Partridge  (Ain.  S. 
[3]  40,  377  [1891]),  and  by  Morse  a.  Jones  (Am. 
14,  261  [1892]).  P.  converted  GdC^O^  into  CdO 
by  heating,  CdSO^  into  CdS  by  heating  in  H^S, 
and  CdC,Oj  into  CdS  by  heating  in  HjS.  M.'a. 
J.  converted  Cd  into  Cd(N03)2,  and  this  into  CdO 
by  heating.  The  results  all  lie  about  112  (1;. 
abstract  in  C.  J.  60,  399 ;  cf.  Clarke,  ibid.  390 
[1891],  and  62,  1397  [1892]).    Lorimer  a.  Smith 


{Zeit.  f.  anorg.  Chemie,  1,  364  [1892])  obtaines!- 
values  varying  from  112-182  to  111-908  (0  =  16). 
The  molecule  of  Cd  in  dilute  solution  in  tin  may 
be  diatomic  (v.  Heycock  a.  Neville,  C.  J.  57,  376 
[1890]).  Cd  melts  at  320-68°,  according  tc 
Callendar  a.  Griffiths  (determined  by  Pt  ther- 
mometer, C.  N.  63,  1  [18911).  For  the  line- 
spectrum  of  Cd  V.  Ames  (P.  M.  [5]  30,  33  [1890]). 
According  to  Williams  {Am.  14,  273  [1892]),  Cd 
crystallises  in  hexagonal  and  polyhedral  forms ; 
axial  ratio  a:c  =  1:1-6554.  Cd  is  superficially 
oxidised  at  a  dull-red  heat  by  nitric  oxide: 
(Sabatier  a.  Senderens,  C.  B.  114,  1429  [1892]). 
Montemartini  [G.  22  [1]  250;  v.  abstract  in 
C.  J.  62,  1278  [1892])  has  analysed  the  gases 
produced  by  the  interaction  of  Cd  and  nitric 
acid  ;  with  excess  of  HNOjAq  (27-5  p.c.)  at  8°, 
N,  NO,  N,0  and  NH3  are  produced. 

Cadmium,  alloys  of  (vol.  i.  p.  655).  For  an 
alloy  with  gold,  CdAu,  v.  Heycock  a.  Neville 
(C.  /.  61,  914  [1892]  ;  cf.  ibid.  65,  65  [1894]). 
]?or  alloys  with  copper,  gold,  and  silver,  pre- 
pared by  immersing  Cd  in  solutions  of  salts  of 
the  other  metals,  v.  Mylius  a.  Fromm  [B.  27, 
630  [1894]). 

Cadmium,  bromide  of  (vol.  i.  p.  655).  For 
the  double  compounds  CdBrj.ccCsBr,  a;  =  1,  2,  and 
3,  V.  Wells  a.  Walden  (Zeit.f.  anorg.  Chemie,  5, 
266  [1893]). 

Cadmium,  chloride  of  (vol.  i.p.  655).  Kwasnik 
{Ar.  Ph.  229,  569;  abstract  in  C.  J.  62,  566 
[1892])  describes  CdCl,,.2NH3  and  CdCl.NHj. 
For  the  double  compounds  CdCl„.CsCl  and 
CdCU.2CsCl,  V.  Wells  a.  Walden  (I.e.).  Double 
compounds  with  HCl,  NH,,C1,  LiCl,  and  KCl, 
of  the  form  CdCL.MCl.  a;aq,  are  described  by 
Chassevant  (A.  Ch.  [6]  30,  5;  v.  abstract  in  C.  J. 
66  [11],  18  [1894]). 

Cadmium,  fluoride  of  (vol.  i.  p.  655).  CdFj 
is  obtained  by  (1)  the  interaction  of  HF  and  Cd 
at  a  red  heat ;  (2)  the  interaction  of  HF  and 
fused  CdClo,  or  CdO  at  a  red  heat ;  it  is  a  colour- 
less, transparent  solid ;  S.G.  6-64  ;  somewhat 
soluble  water,  insoluble  alcohol  of  95°  (Poulenc, 
C.  B.  116,  581  [1893]). 

Cadmium,  iodide  of  (vol.  i.  p.  656).  For  the 
double  compounds  CdI.,.xCsI,  when  x  =  l,  2,  and 
3,  V.  Wells  a.  Walden  (I.e.). 

Cadmium,  oxides  of  (vol.  i.  p.  656).  CdO  is 
unchanged  at  c.  1750°  (Bead,  C.  J.  G5,  313 
[1894]). 

According  to  KourilofJ  (J.  B.  22,  171 ; 
abstract  in  C.  J.  62,  1278  [1892]),  the  compound 
CdOj.CdOjHo  is  obtained  by  heating  CdOjHj  with 
'H.jd.Ji.ci.  Morse  a.  Jones  (Am.  12,  488  ;  abstract 
in  G.  J.  58,  1376  [1890])  obtained  small 
crystals,  which  they  say  were  cadmous  oxide 
CdjO,  by  gently  heating  CdOH  ;  the  hydroxide 
was  obtained  by  heating  CdCL,,  CdBr,,  or  Cdl2, 
with  excess  of  Cd,  to  the  melting-point,  in  N,  or 
in  vacuo,  and  treating  with  water,  when  CdCl2, 
CdBr,,  or  Cdl,  dissolved,  a  little  CdOjHj 
separated,  and  CdOH  remained  as  a  white 
amorphous  powder. 

Cadmium,  salts  of  (vol.  i.  p.  656).  For  the 
electrical  conductivities  of  very  dilute  solutions 
of  CdBr,,  CdClj,  Cdl.„  K,CdI„  Cd(N0,)2,  and 
CdSO„  V.  Wershoven  (Z.  P.  C.  5,  481  [1890]). 

Cadmium,  sulphide  of  (vol.  i.  p.  657).  TwO' 
forms  (and  perhaps  more)  of  CdS  seem  to  exist, 
one  lemon-yellow  and  the  other  red  ;  they  differ 
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slightly  in  S.G.,  and  in  crystalline  form;  the  yel- 
low is  said  to  change  to  the  red  by  friction  (v. 
Buchner,  Chcm.  Zeit.  11,  1087,  1107  ;  15,  778  ; 
von  Klobukoff,  J.  pr.  [2]  39,  412  ;  abstracts  in 
C.  J.  54,  224  [1888] ;  56,  946  [1889]  ;  62,  778 
[18921).  A  solution  of  colloidal  CdS  was  ob- 
tained by  Prost  (C.  C.  1888.  32  ;  abstract  in 
C.  J.  54,  653  [1888])  by  completely  ppg.  an  am- 
moniacal  solution  of  CdSO.,  by  HoS,  washing 
well,  suspending  the  pp.  in  water  and  jiassing 
in  H._,S.  A  solution  with  4  grms.  CdS  per  litre 
remained  clear  for  many  days ;  one  with  11 
grms.  coagulated  in  24  hours. 

CESIUM  (vol.  i.  p.  657).  According  to 
Beketoff  (/•.  abstract  in  C.  J.  62,  274  [1892]),  Cs 
is  obtained  by  heating  CsOH  with  c.  I  its  weight 
of  Al. 

Caesium,  haloid  compounds  of  (vol.  i.  p.  658). 

A  series  of  c<:impounds  of  the  form  CsX,j,  where 
X3  =  Br3,  I3,  or  Br  and  I,  CI,  Br  and  I,  &c.,  is 
described  by  Wells  a.  Penfield  (Am.  S.  [3]  43, 
17 ;  abstract  in  C.  J.  62,  773  [1892]).  Double 
compounds  of  Cs  haloids  with  haloid  compounds 
of  Cd,  Cu,  Mg,  Hg,  Pb,  and  Zn  are  described 
by  Wells  (and  others)  (Am.  S.  [3]  44,  221  ;  Zcif. 
f.  aiiorg.  Clicmie,  3,  195  ;  5,  266,  273,  300,  304, 
306 ;  abstracts  in  G.  J.  64  [11],  67,  322  [1893]  ; 
66  [11],  45,  47  [1894]). 

Caesium,   hydroxide    of  (vol.   i.    p.  658). 
S.G.  %  4-0178  ;  [CsOH.AqJ  =  15,876  ; 
[CsOHAq,HClAq]  =  13,790  (Beketoff,  C.  C.  1891. 
[11]  451). 

Caesium,  oxide  of  (vol.  i.  p.  658).  According 
to  Beketoff  (J.  R.  25,  433;  abstract  in  C.  J.  (i6 
[11],  234  [1894]),  Cs.,0  reacts  with  slightly  moist 
H  to  give  Cs  and  Cs'OH. 

CALCIUM  (vol.  i.  p.  663).  The  molecule  in 
dilute  solution  in  tin  may  be  diatomic  {v.  Hey- 
cock  a.  Neville,  C.  J.  57,  376  [1890]). 

Calcium,  carbide  of.  By  heating  120  g.  CaCOj 
with  70  g.  sugar  charcoal  in  the  electric  furnace 
with  a  current  of  350  amperes  and  70  volts, 
Moissan  (C.  R.  118,  501  [1894])  obtained  lus- 
trous, yellow  crystals  of  CaC,, ;  S.G.  2-22  at  18°  ; 
insoluble  in  most  solvents  ;  reacts  with  CI,  Br, 
and  I  at  250°-350°  ;  burnt  to  CaCOj  by  O  at  a 
red  heat ;  interacts  violently  with  water,  giving 
off  pure  acetylene,  and  with  steam  giving  CaCO.,, 
C,  H,  and  C.,H..  {abstract  in  C.  J.  66  [1],  313 
[1894]). 

Calcium,  oxide  of  (vol.  i.  p.  666).    CaO  is 

unchanged  at  c.  1750°  (Read,  C.  65,  313 
[1894]).  According  to  Veley  (0.  /.  63,  821 
[1893] ;  65,  1  [1894]),  dry  CaO  does  not  appre- 
ciably combine  with  dry  C0„,  S0„,  or  CI  below 
300°.  Baker  (C.  J.  65,  611  [1894])"says  that  dry 
CaO  does  not  react  with  drij  SO3,  nor  with  dry 
NH,C1.  Moissan  (C.  B.  115, 1034  [1892])  obtained 
crystals  of  CaO  by  heating  ordinary  hme  in  the 
electric  furnace. 

Calcium,  oxychloride  of  (vol.  i.  p.  666).  Pre- 
pared by  boiling  CaO  with  cone.  CaCl,Aq  ;  crys- 
tallises in  thin,  lustrous  needles ;  decomposed 
by  water,  alcohol,  &c. ;  dissolves  in  glycerin. 
Composition  is  probably  3CaO.CaCl,.  15a(i  (Za- 
horsky,  Zeit.f.  anorg.  Chcmie,  3,  34  [1893]). 

Calcium,  oxyiodide  of.  By  heating  CaO  with 
Cal^Aq  in  a  sealed  tube  at  150°  for  6  hours, 
Tassilly  {Bl.  [3]  9,  629  [1893])  obtained  needles 
of  CaI,.3GaO.  16aq. 


CAKBON  (vol.  i.  p.  684). 

Diamond.  Moissan  (C.  B.  116,  218;  118, 
320  ;  abstracts  in  C.  J.  64  [11],  275  ;  66  [11], 
189  [1893  and  1894])  obtained  grey-black  car- 
bonado by  dissolving  C  in  iron,  heating  to 
2000°-3000°,  and  rapidly  cooling  the  exterior 
by  water  or  by  plunging  into  a  bath  of  melted 
lead ;  the  liquid  interior  expands  as  it  cools 
and  produces  a  very  high  pressure.  Diamond 
blackens,  swells,  and  changes  to  graphite  in  the 
electric  furnace  (M.,  C.  B.  117,  423  [1893]).  For 
various  reactions  of  diamond,  v.  Moissan  (C.  R. 
116,  460  ;  abstract  in  C.  J.  64  [11],  319  [1893]). 

Graphite.  For  accounts  of  graiDhites  pre- 
pared in  different  ways,  the  compositions  of  the 
graphitic  oxides  obtained,  and  the  H.F.s  of  these 
oxides,  V.  Berthelot  a.  Petit  (Cii.  110, 101, 106  ; 
;  abstract  in  C.  J.  58,  448  [1890]).  For  the  action 
of  cone.  HNO3  on  various  graphites,  v.  Luzi  (B. 
24,  4085  ;  26,  1412  [1892  and  1893]). 

Amorphous  carbon.  Mixter  {Am.  S.  [3]  45, 
363;  abstract  in  C.  /.  64  [11],  571  [1893])  de- 
scribes the  interactions  of  charcoal  and  N,  S,  O, 
and  the  halogens.  According  to  Ernst  {J.  pr. 
I  [2]  48,  31 ;  abstract  in  C.  J.  64  [11],  401  [1893]), 
.  the  composition  of  the  products  of  combustion 
of  coke  (CO  and  C0._)  depends  almost  wholly  on 
the  temperature;  the  maximum  formation  of 
CO2  is  at  c.  700°,  at  1,000°  CO  is  the  only  pro- 
duct. 

Allotropy  of  carbon.  The  following  heats 
of  combustion,  and  atomic  volumes,  are  given 
by  Petersen  {Z.  P.  C.  8,  601  [1891])  :— 

[CO''].  At.  volume. 

Amorphous  .  96,530  to  96,980       6-7  to  8 
Graphite  .  .  .  93,360  5-3 
Diamond .  .  .  93,240  to  94,550  3-4 

For  the  reactions  of  various  forms  of  C  with 
K.,Cr.,0,  and  K.SO^  v.  Wiesner  (ill.  13,  371; 
abstract  in  C.  J.  62,  1273  [1892])  ;  and  with 
HNO,  and  KCIO,  v.  Schutzenberger  (0.  B. 
Ill,  774 ;  abstractin  C.  J.  60,  265  [1891]). 

Carbon,  tetrabromide  of  (vol.  i.  p.  688). 
Collie  (C.  J.  65,  262  [1894])  finds  that  very 
many  compounds  of  carbon  give  CBr^  when 
heated  with  NaOHAq  and  Br. 

Carbon,  bromochorides  of  (vol.  i.  p.  688). 
The  three  compounds  CBrCl,,  CBr._,CL,  and 
CBrCl,  are  formed  by  heating  CHCL,  and  Br  to 
225°  in  a  sealed  tube  (Besson,  C.  R.  114,  222 
[1892].) 

Carbon,  tetrafluoride  of,  CFj.  Mol.  w.  88-37. 
V.D.  44-6.  Prepared  by  the  direct  union  of  C 
(purified  lampblack)  and  F  at  the  ordinary 
temperature ;  by  the  reaction  of  F  with  CCl^ 
slightly  heated,  or  with  CHCl,  at  100°,  or  with 
CHj  (Moissan,  C.  R.  110,  296,  951 ;  abstracts 
in  C.  J.  58,  557,  944  [1890  )  ;  also  by  heating 
AgF  with  CCl,  to  220°  in  a  sealed  tube  (Chabrie, 
C.  R.  110,  279  [1890]).  M.  recommends  to 
pass  vapour  of  CCl^  over  AgF  at  195°-200°,  to 
let  the  vapours  pass  through  a  serpentine  tube 
kept  at  —  23°,  and  to  collect  the  gas  over  Hg  ;  the 
gas  is  kept  in  contact  with  fragments  of  caout- 
chouc (to  remove  CCl,,),  then  shaken  with  ab- 
solute alcohol,  in  which  it  dissolves,  and  then 
expelled  by  heat,  collected  and  shaken  with 
H.jSO,,  (to  remove  alcohol  vapour)  ;  metal  vessels 
must  be  used.  CF4  is  a  colourless  gas,  liquefying 
at  —15°  and  760  mm.  pressure,  or  at  20°  under 
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a  pressure  of  4  atmos.  Other  fluorides  seem  to 
be  formed  along  with  CP, ;  Chabri6  (I.e.)  says 
that  AgF  and  C,>C1,  yield  C,P,. 

Carbon,  tetra-iodide  of  (vol.  i.  p.  689).  Mois- 
san  (C.  B.  113,  19 ;  abstract  in  C.  J.  60,  1420 
[1891])  prepares  CI,  by  heating  CCl,  (free  from 
CHCI3)  with  excess  of  BI3  to  90°  in  a  sealed  tube, 
washing  the  crystals  with  NaHSOaAq,  drying, 
and  slowly  subliming  in  vacw.  CI,  reacts 
with  CI  to  form  CCl,  and  chlorides  of  I ;  reduced 
to  CHI3  by  H  at  140°  (for  other  reactions  v. 
M.,  I.e.). 

Carbon  monoxide  (vol.  i.  p.  689).  For 
some  experiments  on  the  sparking  of  CO,  with 
the  formation  of  brown  solids,  v.  Berthelot  (C.  B. 
110,  609)  and  Schutzenberger  (0.  B.  110,  660  ; 
abstracts  in  C.  /.  68,  691  [1890]).  Winlder  (B. 
24,  873  [1891])  finds  that  CO  is  reduced  to  C,  at 
a  fuU  red  heat,  by  Mg ;  carbides  of  Mg  are  pro- 
bably formed  (c/.  W.,  B.  23,  2642  [1890]). 

Carbon  dioxide  (vol.  i.  p.  691).  For  S.H.  of 
CO2  V.  Kurnakoff  [J.  B.  22,  '^'di;  abstract  in 
C.  J.  64  [11],  5  [1893]).  CO,  is  reduced  by 
heating  to  redness  with  Mg,  amorphous  C  and 
some  CO  being  formed  (Winkler,  B.  23,  2642  ; 
24,  873  [1890-91]).  Dry  CO^is  said  not  to  com- 
bine with  dry  NH3  (Hughes  a.  Soddy,  C.  N.  69, 
138). 

Carbon,  oxycMoride  of  (vol.  i.  p.  692).  COCl, 
becomes  viscid,  but  remains  clear,  at  —76° 
(Haase,  B.  26,  1052  [1893]). 

Carbon  disulpMde  (vol.  i.  p.  693).  The  con- 
tractions observed  when  mixtures  of  CS.,  and  air 
are  exploded  show  that  the  reaction  is  more 
complicated  than  is  shown  by  the  equation 
CS,,  +  302  =  CO,  +  2S02;  the  volume  of  CO^ 
found  is,  practically,  in  accordance  with  the 
equation,  but  the  volume  of  SO2  is  smaller ; 
some  of  the  N  of  the  air  is  oxidised  [v.  Pedler, 
C.  J.  57,  626  [1890]).  By  heating  CS^  with 
excess  of  aqua  regia,  Schlagdenhauffen  a.  Bloch 
(J.  Ph.  [5]  28,  241  [1893])  obtained  S0(0CCl3)CL 
Decomposition  of  CS,,  heated  in  dry  N,  begins 
at  216°,  and  explosion  with  0  at  a  higher  tem- 
perature (Baker,  C.  J.  66,  611  [1894]). 

Tricarbon  disulpMde  C3S,.  B.  von  Lengyel 
{B.  26,  2960  [1893])  obtained  this  compound  by 
keejping  the  vapours  of  CS,_,  in  an  electric  arc 
between  C  poles  for  some  hours,  filtering  off  the 
black  substance  formed,  allowing  the  red  filtrate 
to  stand  over  Cu  for  6  to  8  days,  and  evaporating 
in  a  current  of  dry  air.  CjS,  is  a  deep-red 
liquid,  S.G.  1-27389 ;  the  vapour,  even  in 
minute  quantities,  causes  violent  catarrh  ;  can 
be  distilled,  with  partial  change  to  a  black  solid, 
at  60°-70°  and  reduced  pressure  ;  insoluble 
water,  but  dissolved  by  EtOH,  Et,0,  CS,,  CHCI3, 
or  CgHg.  A  cone,  solution  in  CS,  deposits  a 
black  solid ;  the  same  solid  is  formed  by  gently 
heating  the  liquid,  if  heating  to  100°-120° 
is  rapid  the  change  is  explosive.  The  black 
solid  is  probably  a  polymeride.  A  solution  of 
C3S2  in  CS,  reacts  with  Br  to  form  C3S,Br6.  (For 
other  reactions,  v.  abstract  in  C.  J.  66  [11],  91 
[1894].) 

Carbon,  thiobromide  of,  CjSjBrg  ;  formed  by 
the  action  of  Br  on  a  solution  of  C3S2  in  CS2  {v. 
supra). 

Carbon,  thiochloride  of  (vol.  i.  p.  695).  The 

polymeride  of  tliio-carbonyl  chloride  has  the 
molecular  formula  (CSCl,),,  according  to  the 


cryoscopic  determinations  of  Carrara  {G.  23  [11: 
12 ;  abstract  in  C.  J.  66  [11],  15  [1894]). 

CERIUM  (vol.  i.  p.  723).  For  details  regard 
ing  the  preparation  of  Ce  compounds  free  from 
compounds  of  Di  and  La,  v.  Schottliinder  {B. 
25,  378  [1892]);  also  Bricout  (C.  B.  118,145 
[1894]). 

Cerium,  hydride  of.  According  to  Winkler 
{B.  24,  873  [1891]),  a  compound  of  Ce  and  H, 
probably  CeHj,  is  formed  by  reducing  CeO,  by 
Mg  in  presence  of  H. 

Cerium  dioxide  (vol.  i.  p.  726).  CeO,  is  un- 
changed at  c.  1760°  (Bead,  C.  J.  65,  313 
[1894]). 

CHLOKHYDRIC  ACID  (vol.  ii.  p.  5).  Biltz 
(Z.  P.  C.  10,  354  [1892])  finds  that  the  V.D.  at 
-  77°  agrees  with  the  formula  HCl.  Perkin  (C.  J. 
55,  703,  705  [1889]  has  determined  M.  M.  of 
HClAq  and  HCl  in  iso-amyl  oxide  ;  the  values 
obtained  for  HCl  in  Aq  are  c.  double  those  for  HCl 
in  iso-amyl  oxide.    For  measurements  of  the 

B.  C.  of  HCl  in  different  solvents,  v.  Kablu- 
kofi  {Z.  P.  G.  4,  429  [1889]).  For  revised  tables 
giving  S.G.  of  HClAq,  v.  Lunge  a.  Marchlewski 
(Zeit.f.  anorg.  Chemie,  1891.  133). 

For  the  relations  between  the  number  of 
molecules  of  HCl  required  to  ppt.  one  mol.  of 
different  chlorides,  and  the  reduction  of  the 
freezing-points  of  solutions  of  the  chlorides  and 
of  HCl,  V.  Engel  (C.  B.  117,  845  ;  abstract  in 

C.  J.  66,  40  [1894]). 

Bailey  a.  Fowler  (0.  J.  53,  755  [1888])  find 
that  when  HCl  stands  over  P,0.-  the  gas  is  ab- 
sorbed, with  production  of  POCI3  and  HPO3 ; 
and  that  when  HCl  and  0  stand  over  Hg  an 
oxychloride,  probably  Hg,0Cl2.H,0,  is  formed. 
Baker  (C.  J.  65,  611  [1894])  states'  that  dnj  HCl 
does  not  combine  with  dry  NHj  when  the  gases 
are  mixed. 

CHLORINE  (vol.  ii.  p.  10).    For  the  S.G.  of 

liquid  chlorine  from  —80°  to  77°,  and  the 
vapour  pressures  from  —88°  to  146°,  Knietsch 
{A.  259,  100  [1890]).  For  the  preparation  of  CI 
for  use  in  the  laboratory,  v.  Klason  (B.  23,  330  ; 
abstract  in  C.  J.  58,  446  [1890]).  Shenstone 
(C.  J.  61,  445  [1892])  finds  that  CI  obtained  by 
heating  PtClj  always  contains  some  HCl  and 
0,  with  water,  and  perhaps  a  trace  of  N.  CI 
expands  when  brought  into  sunlight.  Eichard- 
son  {P.  M.  [5]  32,  277  [1891])  has  constructed 
an  instrument  wherein  the  expansion  is  used 
to  measure  the  intensity  of  light.  Baker  (C.  J. 
65,  611  [1894])  found  that  no  explosion  occurred 
when  a  mixture  of  equal  vols,  of  dry  CI  and  dry 
H  was  exposed  to  bright  sunlight ;  and  that 
after  exposure  to  bright  sunshine  for  two  days, 
and  to  difiused  light  for  two  days,  more  than  a 
quarter  of  the  mixture  remained  unchanged. 

Pedler  (0.  J.  57,  613  [1890])  has  examined 
the  interaction  of  CI  and  water  in  troijical  sun- 
light ;  he  finds  that  there  is  very  little  action 
unless  there  is  an  extremely  large  excess  of 
water.  With  very  much  water  and  little 
CI,  exposed  to  the  full  light  of  the  sun  in 
the  hot  season  in  India,  the  main  reaction  is 
2H„0  +  2C1,  +  Aq  =  4HClAq -(- O, ;  with  diffused 
sunlight  HClAq  and  HClOAq  are  formed  at  first, 
and  finally  HClAq,  HClOjAq,  and  0.  Harker 
(^.  P.O.  9, 673  [1892]),  from  an  extended  investiga- 
tion of  the  explosion  of  mixtures  of  CI,  H,  and 
O,  concluded  that  when  there  is  insufficient  H  to 
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combine  •with  all  the  CI  and  all  the  0,  a  division 
of  the  H  between  the  CI  and  0  occurs ;  and  that 
tlie  product  of  the  numbers  of  molecules  of 
HCl  and  0,  divided  by  the  product  of  the  num- 
bers of  molecules  of  H.O  and  CI,  is  a  constant, 
or,  in  other  words,  that  the  law  of  Guldberg  a. 
Waage  holds  good.  According  to  Gautier  a. 
Charpy  {C.  R.  113,  597  [18'Jl]),  there  is  no  re- 
action between  Mg  or  Zn  and  liquid  CI  at  the 
ordinary  temperature,  very  little  reaction  with 
Fe  or  Ag,  and  rather  more  with  Cu. 

Chlorates  (vol.  i.  p.  18).  Spring  a.  Prost 
{£7.  [3]  1,  340  [1898])  have  determined  the 
quantities  of  CI  obtained  by  decomposing  by 
heat  chlorates  of  Al,  Ba,  Cu,  Pb,  Hg,  K,  Ag, 
Na,  and  Zn ;  the  amount  of  CI  varied  from 
•02-  p.e.  from  KCIO3  to  14-4.5  p.c.  from  Zn(C103),. 

Calcium  chlorate.  Dry  Ca(C103)o  melts 
between  300°-350°,  having  previously  given 
from  3  to  5  p.c.  of  its  weight  of  0  ;  the  rate  of 
evolution  of  O  increases,  at  330°,  until  c.  GO  p.c. 
of  tlie  total  0  is  given  off,  after  which  the  rate 
decreases.  For  the  quantities  of  O  evolved,  of 
Ca(ClO^).,  decomposed,  and  of  CaCl,  and 
Ca(ClOj),"  formed,  v.  abstract  in  C.  /.  62",  1275 
[1S92]. 

Potassium  chlorate.  McLcod  (C  J.  55,  184 
:[188y])  concluded  from  his  experiments  that 
-when  KCIO.,  is  heated  with  MnO.,  some  KMnO,, 
is  formed  and  again  decomposed  {v.  Manganese 
PEROXIDE,  vol.  iii.  p.  183),  and  that  CI  is  always 
given  off  in  this  reaction.  In  1893  (B.  26, 1790) 
Erunek  stated  that  CI  is  not  given  off  when 
KCIO3  and  MnOj  are  heated  together,  but  that 
ozone  is  produced.  McLeod  {G.  J.  65,  202 
:[1894])  has  proved  that  CI  is  produced  in  the 
reaction.  Fowler  a.  Grant  (C.  J.  57,  272  [1890]) 
have  studied  the  influence  of  various  oxides  on 
the  decomposition  of  KCIO.,  (references  are 
given  to  older  memoirs) ;  they  support  McLeod's 
view  of  the  reaction  with  IMnO,,,  and  think  that 
the  oxides  of  Fe,  Co,  Cu,  and  Ni  react  similarly 
to  MnOo ;  acidic  oxides,  such  as  V,,Oj,  and 
WO.,  cause  -evolution  of  0  accompanied  by 
much  CI,  a  vanadate,  uranate,  or  tungstate  being 
also  formed  ;  powdered  glass  or  sand  also  assists 
the  reaction,  but  only  when  very  finely  divided 
(v.  summary  of  conclusions,  C.  J.  57,  281-2). 
According  to  Thorpe  a.  Perry  (C  J.  61,  925 
[1892]),  the  main  reaction  which  occurs  when 
an  intimate  mixture  of  KCIO.,  and  iodine  is 
heated  is  2KCIO3  4- 1.,  =  2KIO3  +  CI,,,  and  some 
of  the  CI  reacts  with  unchanged  I  to  form  i 
ICl  and  ICl,,.  Basset  (0.  J.  57,  760  [1890])  \ 
examined  the  reactions  between  KCIO3,  water, 
and  iodine ;  he  concluded  that  the  main  re- 
action, at  80°,  in  the  presence  of  a  very 
small  quantity  of  HNO^Aq,  is  as  shown  by 
tlie  equation  61,  +  lOKClO^  +  6H.,0  +  Aq  = 
6KHI.,0,;Aq  +  4KClAq  +  GHClAq  ;  in  evaporating 
the  solution  to  dryness  CI  was  given  off,  and 
the  results  of  several  experiments  led  to  the  re- 
presentation of  the  change  produced  by  evapo- 
ration to  dryness  as  12KHI..0,  -1-  8KC1  -I-  i2HCl  = 
llKHL0„-^9KCl-f-6H,0  -f  ic'l  +  ICl.HCl 4CL. 
For  determinations  of  the  quantities  of  oxidising 
gases  (CI  and  oxides  of  CI)  removed  by  passing 
air  through  KClO^Aq  mixed  with  HClAq,  v. 
Pendlebury  a.  McKillop  (C.  S.  Proc.  1893-4. 
.[No.  128]  211). 

Strontium  chlorate.    For  experiments  on  the 


decomposition  of  this  salt  by  heat,  giving  SrCl.,, 
Sr(C10,,).„  and  0,  v.  Potilitzin  (•/.  R.  21,  451 ;  ab- 
stract in  C.  J.  58,  696  [1890]). 

CHROMIUM  (vol.  ii.  p.  152).  S.H.  of  pure 
Cr  (0°  to  98°)  =  -12162  (Jiiger  a.  Kriiss,  13.  22, 
2028  [1889]).  The  at.  w.  of  Cr  was  re-determined 
by  Kawson  in  1889  [C.  J.  55,  213)  by  strongly 
heating  (NHj).,Cr;,0;,  measuring  the  N  given  off, 
and  weighing  the  Cr.,0.,  that  remained;  also  by 
reducing  (NH,).,Cr,,0;Aq  to  CrCljAq  by  HClAq 
and  alcohol,  ppg.  by  NH.,Aq,  and  weighing  Cr^Oa 
produced ;  the  mean  value  thus  obtained  was 
52-06,  or  51-98  reduced  to  0°  and  a  vacuum 
(0  =  15-96).  Menieke  in  1891  {A.  261,  339  ;  ab- 
stract in  C.  J.  60,  882  [1891])  re-determined  the 
at.  w.  of  Cr  by  estimating  (1)  Ag  and  Cr,  and 
also  0,  in  AgoCrO^  and  in  Ag.,Cr0j.NH3,  (2)  O  in 
KjCr.O,;  (3)  Oand  Cr  in  (NHj',Cr.,0,;  the  extreme 
values,  from  thirty-six  experiments,  were  52-12 
and  51-83  ;  twenty-eight  of  the  experiments  gave 
values  between  51-9  and  52.  According  to  Prinz 
(C.  R.  116,  392  [189.3]),  Cr  crystallises  in  minute 
cubes  with  pyramidal  faces.  For  the  absorption 
spectra  of  salts  of  Cr,  v.  Lapraik  {J.  pr.  [2]  47, 
305  [1893]). 

Preparation.— Gl&tzel  {B.  23,  3127  [1890]) 
says  that  almost  perfectly  pure  Cr  can  be  ob- 
tained by  reducing  CrCLj.KCl  by  Mg  powder  (for 
i  details  V.  abstract  in  C.  J.  60,  152  [1891]). 
Placet  (C.  R.  115,  945  [1892])  prepares  Cr  by 
electrolysing  a  solution  of  Cr  alum,  containing 
an  alkali  sulphate  and  H.SO,.  Moissau  {C.  B. 
i  116,  349  [1893])  says  that'Cr  can  be  obtained  by 
reducing  a  mixture  of  Cr„03  and  C  in  the  electric 
furnace,  using  a  current  of  50  volts  and  100  am- 
peres, and  then  brealcing  up  the  product,  which 
contains  from  8-6  to  12-9  p.c.  C,  and  heating  it, 
mixed  with  more  Cr-.O^,  again  in  the  electric 
furnace  in  a  carbon  crucible. 

Chromic  acid  (vol.  ii.  p.  154).  Miss  Field 
(C.  /.  61,  405  [1892])  has  found  that  only  CrOj 
is  obtained  by  working  according  to  Moissan's 
directions  for  jareparing H._.CrO,.  Determinations 
of  the  increase  in  the  b.p.  of  water  caused  by 
solution  of  CrOj  led  to  the  conclusion  that  an 
aqueous  solution  of  Cr03  contains  some  II.,CrOj 
and  probably  also  H._,Cr._,0;. 

Chromic  bromide  CrBr,  (vol.  ii.  p.  161).  Ee- 
coura  (C.  R.  110,  1029,  1193)  obtained  green 
CrBr3.6H,0  by  boiling  saturated  Cr0.,Aq  with  a 
large  excess  of  HBrAq  and  concentrating  ;  deli- 
quescent crystals,  soluble  alcohol,  insoluble  ether, 
ijnchanged  when  kejat  solid,  but  solution  soon 
becomes  blue  and  then  violet,  with  rise  of  tem- 
perature. By  boiling  a  green  solution,  then 
saturating  with  HBr  while  cold,  filtering,  and 
drying  the  pp.  thus  formed  on  porous  jjlates, 
crystals  of  the  blue  variet}',  CrBr3.6H,0,  were  ob- 
tained ;  very  soluble  water,  insol.  alcohol.  Heat 
of  solution  of  blue  crystals  =  28,700  ;  and  of 
green  =  1,360.  The  blue  solid  is  changed  to  the 
green  at  100°.  (For  more  details  v.  abstract  in 
C.  J.  58,  1063  [1890].) 

Chromic  chloride  CrClj  (vol.  ii.  p.  161).  Mar- 
chetti  (G.  22  [11],  375  [1892])  finds  that  the 
molecular  lowering  of  the  freezing-point  of  water 
by  the  violet  form  of  CrCl,  is  considerably  greater 
than  that  caused  by  the  green  form. 

Chromic  fluoride  CrF3  (vol.  ii.  p.  162). 
Fabris  (G.  20,  582  [1890])  obtained  CrF.,.9H,0, 
as  a  green  crystalline  pp.,  by  adding  excess  of 
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NH|FAq  gradually  to  a  cold  solution  of  violet 
Cr,(S04)3.  Slightly  sol.  water;  insoluble 
NH,PAq  or  alcohol ;  heating  in  air  leaves  Cr.O,. 
Poulenc  (C.  B.  116,  253  [1893])  obtained  CrF, 
in  green  crystals  by  heating  CrCla,  CrjOj,  or 
CrF^.xHoO  in  HF. 

Chromous  fluoride.  According  to  Poulenc 
(I.e.),  CrF,,  is  formed  by  heating  Cr  to  redness  in 
HF,  or  by  the  interaction  of  CrClj  and  HF  at 
the  ordinary  temperature.  CrF,,  after  fusion, 
is  described  as  a  transparent,  green,  crystalline 
mass  ;  S.G.  4-11 ;  slightly  sol.  water,  insol.  alco- 
hol. Heated  in  air  it  gives  Cr.,03.  (For  more 
details  v.  abstract  in  C.  J.  64  [11],  281  [1893].) 

Chromic  oxide  Cr.fi.^  (vol.  ii.  p.  164).  Moissan 
{C.  B.  115,  1034  [1892])  found  that  Cr  A  melted 
to  a  black  mass,  dotted  with  black  crystals,  in  an 
electric  furnace,  using  a  current  of  55  volts  and 
30  amperes. 

Chromium  trioxide  Cr03  (vol.  ii.  p.  164). 
For  action  of  water  v.  Chromic  acid,  p.  905.  Re- 
duced to  Cr.p^  by  NO  at  the  ordinary  tempera- 
ture (Senderens  a.  Sabatier,  C.  B.  114,  1476 
[1892]).  For  the  reaction  of  CrOjAq  with  O  and 
BaO,,H.,Aq — said  to  give  a  pp.  approximately 
BaCrOj— i;.  Peehard,  G.  B.  113,  39  {abstract  in 
C.  J.  60,  1431  [1891]). 

Chromium  salts  (vol.  ii.  p.  167).  According 
to  Recoura  (C.  B.  112,  1439 ;  abstract  in  C.  J. 
60,  1430  [1891]),  the  green  solutions  obtained  by 
heating  solutions  of  the  normal  violet  chromic 
salts  contain  free  acid  and  a  soluble  basic  salt  ; 
in  the  case  of  the  sulphate  this  soluble  basic 
salt  is  said  to  be  2Cr203.5S03.  For  preparation 
of  green  soluble  normal  sulphates  v.  Recoura, 
C.  B.  113,  857  {abstract  in  C.  J.  62,  411  [1892]). 

CHROM-AMMONIUM  COMPOUNDS  (vol.  ii. 
p.  158).  Petersen  {Z.  P.  G.  10,  580  [1892])  finds, 
by  cryoscopic  determinations,  that  the  formulas 
usually  assigned  to  the  chief  salts  of  this  class 
are  probably  molecular.  For  a  discussion  of  the 
constitution  of  these  salts  v.  Jorgensen  {J.  pr. 
[2]  42,  206  ;  45,  274). 

CHROMATES;  and  derivatives  (vol.  ii.  p. 
154). 

Ammonium  chromates.  According  to  Jiiger 
a.  Kriiss  (S.  22,  2028  [IS89]),  7iormal  arnmoiiiiim 
chromate  has  not  hitherto  been  obtained  pure  ; 
they  prepare  the  pure  salt  by  adding  excess  of 
NH3Aq  S.G.  -9  to  CrOjAq  free  from  H.SOAq, 
warming  until  the  solid  that  separates  dissolves, 
and  placing  in  a  freezing  mixture.  (NHj)jCr04 
crystallises  in  long,  monosymmetrie,  golden 
needles,  a:6:c  =  l-9603:l:2-4452  ;  S.G.  1-886  at 
11°. 

Ammonium  trichromate  (NH4)„Cr30,„  is  pre- 
'pared  by  J.  a.  K.  {I.e.)  by  dissolving  (NHJjCrjO, 
in  hot  cone.  CrOaAq,  concentrating,  and  drying 
at  100°  the  red  crystals  that  separate  on  cooling ; 
S.G.  2-342  at  13° ;  explodes  at  190°,  giving  oil 
NOj,  and  leaving  Ci-fi.,- 

Ammonium  tetrachromate  {l^'H.^).2Crfi^3  is 
formed  by  dissolving  the  trichromate  in  warm 
HN03Aq  S.G.  1-09,  and  letting  cool  slowly;  S.G. 
2-343  at  10° ;  melts  at  170°,  and  suddenly  de- 
composes at  175°,  giving  off  NO  and  leaving 
Cr^Oj.  J.  a.  K.  {I.e.)  failed  to  obtain  hexa- 
chromate  ;  they  say  that  no  nitro-chromates  are 
obtained  by  treating  ammonium  chromates  with 
HNOjAq.  (For  more  details  v.  abstract  in  G.  J. 
56,  1117  [1889].)    Various  double  comj^ounds  of 


(NHJ„Cr„Oj  with  HgCL,  are  described  by  J.  a.  K. 
{l.c.).'    '  . 

Ceric  dichromate  CeO2.2CrO3.2H2O.  Pre- 
pared by  passing  a  current  of  2-5  to  3  volts 
through  a  slightly  acid  solution  formed  by  dis- 
solving Ce2(C03)3  in  Cr03Aq ;  insoluble  water, 
boiling  water  forms  yellow  Ce(Cr04),  and  then 
Ce0,,.a;H20  (Brieout,  G.  B.  118,  145  [1894]). 

Lead  chromates.  For  double  compounds  of 
PbCrOj  with  Li,>CrO„  ICCrO^,  and  NajCrO^,  v. 
Lachaud  a.  Lepierre,  G.  B.  110,  1035  '{abstract 
in  G.  J.  58,  1065  [1890]). 

Mercury  chromates.  For  basic  mercuric 
chromates  and  a  double  compound  of  HgCrO, 
with  NH.HgCl  V.  Jager  a.  Kriiss,  B.  22,  2028 
{abstract  in  G.  J.  56,  1120  [1889]). 

Potassium  chromates.  Jiiger  a.  Kriiss  {I.e.) 
])xe])a,i:e. potassium  trichromate  K-.d-jO,,,  by  treat- 
ing K,Cr,0,  with  HNOjAq  S.G.  1-19,  pouring  off 
from  KNO3  that  separates,  and  crystallising  ; 
S.G.  2-648  at  11°.  K.^CrjO,,  is  quickly  decom- 
posed by  water  to  CrOjAq  and  K.CrjOjAq  ;  melts 
at  250*^.  Potassium  tetrachromate  K.Cr^Oij  is 
prepared  by  J.  a.  K.  {I.e.)  by  dissolving  K,Cr.,0, 
in  hot  cone.  HNO^Aq  S.G.  1-41  ;  S.G.  2-649"  at 
11° ;  not  deliquescent ;  decomposed  by  water  ; 
crystallises  unchanged  from  HNO.,Aq  S.G.  1-41. 
Schmidt  {B.  25,  2917  [1893])  says  that  no  nitro- 
chromate  is  obtained  by  the  action  of  HNOjAq 
on  K.Cr^O, ;  the  substances  obtained  by  Darm- 
stiidter  {v.  vol.  ii.  p.  158)  were  mixtures  of  KNO3 
and  K,Cr,0,3. 

Silver  chromates.  Pure  silver  chromate 
Ag.fiiO^  is  prepared  by  J.  a.  K.  (I.e.)  by  re- 
peatedly boiling  Ag._,Cr20,  with  water  as  long 
as  anything  dissolves  ;  it  is  a  deep-green  solid, 
insol.  water. 

Sodium  perchromate.  Haussermann  (J.  p>r. 
[2]  48,70;  afcsii-aciinC./.  64  [11],  471)  describes 
a  salt  NagCr^Oi;.  28aq,  prepared  by  adding  Na202 
to  a  thin  paste  of  CrOjHj  and  water,  kept  atlO°- 
20°. 

Thallium  chromates.  For  preparation  of 
TLCrO.,  and  the  double  compoundTLGi-O^.K.,GiOt 
V.  Lachaud  a.  LexDierre,  Bl.  [3]  6,  232  {abstract 
in  C.  J.  62,  567  [1892]). 

Uranium  chromates.  For  double  uranyl 
chromates  v.  Formanek,  A.  257,  102  {abstract  in 

G.  J.  58,  852  [1890]). 
lODOCHROMATES  (vol.  ii.  p.  157).    A  series 

of  salts  of  the  forms  I02.0.CrO.,.OMi  and 
(IO,.O.CrO.,.0)„M"  has  been  obtained  by  Berg 
{G.' B.  104,  1514  [1887];  111,  42  [1890]); 
MI  =  NH„  Li,  K,  Ag,  and  Na  ;  M"  =  Co,  Cu,  Mg, 
and  Ni.  Most  of  the  alkali  salts  were  formed  by 
dissolving  the  alkali  iodate  in  excess  of  CrOjAq 
and  crystallising ;  the  other  salts  were  usually 
prepared  by  dissolving  the  oxide  or  carbonate  of 
the  metal  in  excess  of  Cr0,Aq  and  adding 
HIOiAq.  (For  details  v.  abstracts  in  G.  J.  52, 
776  [1887] ;  58,  1378  [1890].) 

PHOSPHOCHROMATES.    By  adding  cone. 
HiPO.Aq-hCrOaAq  to  K.,C03Aq,  Blondel  (C. 
118, 194  ;  abstract  in  G.  J.  66  [11],  193  [1894]) 
obtained  compounds  of  the  form 
wK20.P.,05.wCr03.  a  aq,  m  being  2  and  3,  w  4  and 
8,  and  x  being  0  or  1. 

SULPHOCHROMATES.  In  1882  Cross  a. 
Higgin  described  a  compound  of  Cv^O.^,  SO.,,  and 

H.  ,6  {G.  J.  41, 113),  and  also  compounds  of  Cx.fin 
S63,  K2O,  and  HjO.    Recoura  (C.  B.  114,  477 
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[1892];  116,  1367;  117,  37,  101  [1893])  has 
made  a  more  complete  examination  of  these  and 
allied  compounds.  By  evaporating,  at  100°, 
solutions  containing  violet  Cr2(SOj)3  and  K.SOj, 
in  the  molecular  ratio  1:1,  1:2,  and  1:3,  K. 
obtained  chroniosulpliuric  acid  Hfi^.J^^O^^, 
cliromodisulphuric  acid H,Cr,(S0.|)5, andc/iroJHO- 
trisulphuric  acid  H|3Cr.,(S0,|)B ;  by  using  various 
sulphates  in  place  of  H.^S04  he  obtained  chromo- 
sulphates,  cliromodisulphatcs^  and  chromoiri- 
sulphates.  The  acids  are  green  powders,  easily 
sol.  water ;  they  gradually  decomi^ose  in  solu- 
tion ;  dilute  BaCLAq  ppts.  Ba  chromosulphates, 
but  cone.  BaCljAq  gives  BaSO,.  E.  obtained 
chwmopyrostdpJmric  acid  Cr,_,(OH),,(S,0,H)j  by 
evaporating  a  solution  of  Cr._,(Sb.,).,  and  H^SO,,,  in 
the  molecular  ratio  1:5,  at  100°,  and  heating  the 
dark-green  syrupy  liquid  so  obtained  to  110°- 
115°  for  some  days.  The  acid  forms  brittle, 
transjjarent,  pale-green  laminns.  Salts  of  the 
form  Cr,(S,;0;)2(0M),_,  are  obtained  by  adding 
alkalis  to  the  acid  in  solution ;  these  salts  K. 
calls  pyrosulpihochromitcs.  By  adding  cone. 
HClAq  or  H2SO4  to  a  solution  of  chromopyro- 
sulphurie  acid,  E.  obtained  a  compound 
Cr.,(OH)2(S20,),,  piyrosulpliochromic  hydroxide, 
isomeric  with  chromosulphuric  acid  Cr„(SO,,),,H.,. 
(For  more  details  v.  abstracts  in  C.  J.  62,  783 
[1892]  ;  64  [11],  470,  528  [1893].) 

COBALT  (vol.  ii.  p.  217).  Winkler  has  re- 
determined at.  w.  of  Co,  (1)  by  dissolving  elec- 
trolytically  deposited  Co  in  HClAq,  evaporating 
to  dryness,  and  determining  CI  in  the  CoCl,  ob- 
tained {Zeit.  f.  anorg.  Clicmic,  4,  10  [1893]) ; 
(2)  by  finding  the  quantity  of  Ag  deposited  from 
solution  of  Ag.>SO,  by  electrolytically  deposited 
Co  {I.e.  p.  462).  The  values  obtained  were  all 
about  59-6  (Ag  =  107-66). 

Alleged  decomposition  of  cobalt.  Kriiss  a. 
Schmidt  [B.  22,  11,  2026  [1889])  supposed  they 
had  separated  Ni  into  two  constituents  {v.  vol. 
iii.  p.  600)  ;  and  they  thought  that  Co  also  was 
probably  not  a  homogeneous  substance.  Eemm- 
ler,  in  1893,  obtained  a  number  of  specimens  of 
COjO.j,  by  ppg.  CoCLAq  by  KOHAq  and  Br  water, 
treating  the  pp.  with  NH.,Aq,  which  gradually 
dissolves  it,  decanting  off  the  amnioniacal  solu- 
tion at  intervals  during  9  months,  evaporating 
each  and  heating  in  CO.,;  the  different  speci- 
mens of  Co-.Oj  were  heated  in  H,  and  the  quan- 
tity of  Co  obtained  in  each  case  was  determined. 
The  values  thus  obtained  for  the  at.  w.  of  Co 
varied  from  59-53  to  58-3.  E.  concluded  that  Co 
purified  by  the  ordinary  methods  is  not  a  homo- 
geneous substance.  Winkler's  determinations  of 
the  at.  w.  {v.  supra),  however,  gave  very  con- 
stant values. 

Reactions. — Heated  in  NO  to  150°,  CoO  is 
formed  (Sabatier  a.  Senderens,  C.  -B.  114,  1429 
[1892])  ;  finely  divided  Co  burns  in  N0„  at  the 
ordinary  temperature,  giving  CO1O5 ;  but  if  the 
NO,,  is  largely  diluted  with  N,  a  black  compound 
is  formed,  Co^NO^,  called  by  S.  a.  S.  (C.  B.  115, 
236  [1892])  ni'tro-cobalt.  This  compound  reacts 
rapidly  with  ILO,  giving  off  NO,  and  forming  a 
solution  containing  Co(NO.,),,  with  a  very  little 
Co(N02)2,  Co  remaining  insoluble,  and  sometimes 
also  a  basic  nitrite  ;  when  heated  in  N,  oxides 
of  N  are  given  off  and  then  rapid  decomposition 
occurs  with  formation  of  Co  and  oxides  of  Co  ; 
when  mixed  with  combustible  substance,  CojNOj 


explodes  (S.  a.  S.,  Bl.  [3],  9,  669  [1893]).  Monte- 
martini  {G.  22  [1],  250)  finds  that  the  gases  pro- 
duced by  the  interaction  of  Co  and  excess  of 
HNOjAq  (27-5  p.c.)  are  NH„  N.,0,  and  N  {v. 
abstract  in  C.  .1.  &2.  1278  [1892])." 

Cobalt,  chloride  of  (vol.  ii.  p.  219).  For  the 
solubility  of  CoCl,_,  in  water,  and  the  changes  of 
colour  produced  by  diluting  the  solution,  with  a 
discussion  of  the  hydrations  and  dehydrations 
that  accompany  these  changes,  v.  Etard,  C.  R. 
113,  699  (abstract  in  C.  J.  62,  278  [1892]); 
Engel,  Bl.  [3]  6,  239  (abstract  in  C.  J.  62, 
569  [1892]);  and  Potilitzin,  Bl.  [3]  6,  264 
(abstract  in  C.  J.,  I.e.  p.  571).  The  double 
compounds  CoCl.,.HCl.  3aq,  CoCL.LiCl.3aq,  and 
CoCl.,.NH|Cl.  6aq  are  described  by  Chassevant 
(A.  Ch.  [6]  30,  5  [189.3]). 

Cobalt,  fluoride  of  (vol.  ii.  p.  220).  Poulenc 
(C.  R.  114,  1426 ;  r.  abstract  in  C.  J.  02,  1159 
[1892])  prepares  CoF,^  by  heating  CoCL,  with  ex- 
cess of  NHjP  for  15  minutes,  and  repeatedly 
washing  the  double  fluoride  C0F2.2NH4F  thus 
obtained  with  boiling  alcohol.  By  heating  CoF, 
to  1200°-1300°  in  HF,  the  salt  is  obtained  in 
small,  rose-red  prisms  ;  S.G.  4-43.  The  double 
compoiincl  CoF„.2KP  is  formed  by  heating  CoCL, 
with  KHF,,  (P.',Lc.  p.  746  ;  abstract.  I.e.  p.  781)1 

Cobalt,  iodide  of  (vol.  ii.  p.  220).  For  solu- 
bility in  water  of  Col^,  and  the  formation  of 
various  hydrates  attending  solution,  v.  Etard, 
C.  R.  113,  699  (abstract  in  C.  J.  62,  278  [1892]). 

Cobaltous  oxide  CoO  (vol.  ii.  p.  220).  This 
oxide  melts  in  the  electric  furnace,  and  forms 
rose-coloured  crystals  (Moissan,  C.  R.  115,  1034 
[1892]). 

Cobaltous  hydroxide  CoO,,H„  (vol.  ii.  p.  220). 
A.  de  Schulten  (G.  R.  109,  266'[1889])  obtained 
this  compound  in  microscopic,  brownish-red, 
four-sided  prisms,  S.G.  3-597  at  15°,  by  heating 
10  g.  CoCl.,.  6aq  in  60  c.c.  water  with  250  g.  KOH, 
in  a  flask  filled  with  coal-gas,  letting  stand  for 
24  hours,  and  washing  away  the  lighter  amor- 
phous products  of  the  reaction. 

Cobalto-cobaltic  oxides  (vol.  ii.  p.  221).  Ee- 
garding  Co.,Or,  and  oxides  intermediate  between 
this  and  Co.,6,,  v.  Schroder,  C.  C.  1890.  [1]  931 
(abstract  inG.  J.  58,  1213  [1890]).  Co^O,  heated 
to  c.  1750°  loses  all  its  O,  and  leaves  Co  (Eead, 
C.  J.  65,  313  [1894]). 

Cobalt,  dioxide  of.  By  the  reaction  of  lAq 
and  NaOHAq  on  CoSO,|Aq,  filtering,  and  acidify- 
ing with  acetic  acid,  Vortmann  (B.  24,  2744  ; 
abstract  in  G.  J.  60,  1429  [1891])  obtained  a 
greenish-black  pp.  nearly  agreeing  with  the  for- 
mula CoO„.  For  compounds  of  CoOj  with  BaO 
V.  Eoussea'u,  G.  B.  109,  64  (abstract  in  G.  J.  56, 
1115  [1889]). 

Cobalt,  salts  of  (vol.  ii.  p.  221).  Marshall 
(C.  J.  59,  760  [1891])  has  prepared  the  salts 
Co,,(S04)3. 18aq  and  Co,.(C,,0,),.3(NH,)„CA-  6aq 
by  electrolysing  a  solution  of  CoSO^  inH^SO^Aq, 
and  of  CoC.,0,A(|  containing  (NH,)oC.,Oj. 

COBALTAMMINES  (vol.  ii.  p'.  222).  By 
cryoscopic  determinations,  Petersen  (Z.  P.  C. 
10,  580  [1892])  concludes  that  the  formute  gene- 
rally given  to  the  chief  cobaltammines  are  mole- 
cular. For  a  discussion  of  the  constitution  of 
these  com))ounds,  Jorgensen  (/.  p)r.  [2]  41, 
429,  440  [1890] ;  42,  200  ;  45,  274  [1891-92]). 
For  various  octammincs,  v.  Vortmann  a.  Blas- 
berg  (B.  22,  2648),  and  V.  a.  Magdeburg  (B.  22, 
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2630  ;  abstracts  in  C.  J.  58,  14  [1890]).  V.  a. 
Morgulis  (B.  23,  2644 ;  abstract  in  C.  J.  58,  13 
[1890]),  describe  several  mercuricobaltaminincs. 
A  number  of  croceo-,  luteo-,  and  xantho-  salts,  and 
also  several  flavo-  salts  isomeric  with  the  croceo- 
salts,  are  described  by  Jorgensen  in  Zeit.  f. 
anorg.  Chemie,  5,  147  {abstract  in  C.  J.  65  [11], 
50  [1894]). 

COPPER  (vol.  ii.  p.  251).  An  elaborate  in- 
vestigation of  the  at.  w.  of  Cu  has  been  made 
by  Bichards,  P.  Am.  A.  26,  240  [1891]  (v.  C.  N. 
65,  236,  &c. ;  abstract  in  C.  J.  64  [11],  12 
[1893]).  CuSOj.SHjO  was  analysed  and  syn- 
thesised,  and  CuO  was  analysed;  the  final 
value  obtained  by  E.  is  63-604  (0  =  16),  or  63-44 
(0  =  15-96).  The  molecule  of  Cu  in  dilute  solu- 
tion in  tin  is  probably  monatomic  (Heycock  a. 
Neville,  C.  J.  57,  376  [1890]).  For  the  absorp- 
tion spectra  of  solutions  of  CuCl.,,  CuSO,, 
and  Cu(N0.,)2,  v.  Evan,  P.  M.  [5]  83,  317 
(abstract  in  C.  J.  64  [11],  149  [1893]). 

Preparation. — For  the  preparation  by  electro- 
lysis of  pure  copper  v.  Kichards  (P.  Am.  A.  25, 
199,  206  [1890]). 

Reactions. — Heated  in  the  electric  furnace, 
using  a  current  of  70  volts  and  350  amperes,  Cu 
rapidly  volatilises,  and  the  vapour  forms  CuO  in 
the  air  (Moissan,  C.  R.  116,  1429  [1893]).  Ac- 
cording to  Neumann  (M.  13,  40  [1893]),  the  H 
occluded  in  Cu,  prepared  by  reducing  CuO  by 
H,  cannot  be  wholly  expelled  by  heating  in  a 
stream  of  CO., ;  some  of  the  CO,  is  also  absorbed 
by  the  Cu.  N.  also  says  that  Cu  reduced  by 
vapour  of  MeOH  or  EtOH,  or  by  coal  gas,  re- 
tains very  small  traces  of  C  and  H  after  being 
heated  to  220°.  Montemartini  (G.  22,  384, 
397,  426  [1892])  says  that  the  reaction  between 
Cu  and  HNO.,Aq  of  less  than  30  p.c.  produces 
Cu(N03)2  and'  HNO.,,  the  HNO,  then  decompo- 
sing to  HNOj,  NO,  and  H.O ;  with  acid  more 
cone,  than  30  p.c.  HNO^  some  NO,  is  produced 
with  a  little  NjOai  ^'^d  with  70  p.c.  acid  only 
NO2  is  given  off ;  no  appreciable  quantity  of 
NHj  is  produced  with  acid  from  3  to  27-5  p.c. 
HNO3.  According  to  Freer  a.  Higley  [Am.  15, 
71  [1893]),  the  only  gaseous  products  of  the  re- 
action of  Cu  with  excess  of  HNOjAq  S.G.  1-4 
(c.  65  p.c.  HNO3)  are  NOj  and  N„6.i,  c.  90  p.c. 
NO.,  and  10  p.c.  N.,03.  Cu  is  superficially  oxi- 
dised in  NO  at  a  dull  red  heat  (Sabatier  a. 
Senderens,  C.  R.  114, 1429  [1892] ).  Eeduced  Cu 
absorbs  NO2  at  the  ordinary  temperature,  forming 
a  brownish  powder  CujNO.,  (S.  a.  S.,  G.  R.  115, 
236  [1892]).  For  the  reactions  of  this  nitro- 
■copper  V.  S.  a.  S.,  C.  R.  116,  756  {abstract  in 
G.  J.  64  [11],  374  [1893]). 

Copper,  alloys  of  (vol.  i.  p.  253).  For  a  de- 
scription of  alloys  of  Cu  with  Cd,  Sn,  and  Zn, 
prepared  by  immersing  plates  of  Cd,  Sn,  or 
Zn,  in  solutions  of  salts  of  Cu,  v.  Mylius  a. 
Fromm,  B.  27,  630  {abstract  in  C.  J.  66  [11],  235 
1894]). 

Cuprie  bromide  (vol.  ii.  p.  254).  According 
to  Sabatier  (0.  R.  118,  980  [1894]),  the  green 
crystals  that  separate  from  CuBr._Aq  are 
CuBr.j.  4aq.  A  solution  of  CuBr.,  in  cone. 
HBrAq  has  an  intense  purple  colour  which 
becomes  less  marked  on  dilution,  but  even  with 
•0015  mgm.  Cu  in  solution  the  colour  can  be  de- 
tected (S.,  I.e.)  The  double  salts  CuBr.^.CsBr  and 
■CuBr.„2CsBr  are  described  by  Wells  a.  Walden 


{Zeit.  f.  anorg.  Chemie,  5,  304  ;  abstract  in  C.  J. 
66  [11],  47  [i894]). 

Cupric  chloride  (vol.  ii.  p.  255).  Tzuehanoff 
(/.  P.  25,151;  abstract  in  C.  J.  66  [11],  47  [1894]) 
finds  that  theE.C.  of  dilute  blue-coloured  CuCLAq 
increases  with  increase  of  concentration  to  a 
maximum,  after  which  it  decreases  while  the 
colour  changes  to  yellowish-brown.  For  heats  of 
solution  and  dilution  of  CuCl„.  2aq,  v.  Eeicher  a. 
Deventer  {Z.  P.  C.  5,  659  [1890]). 

Double  saZfo.— CuCL.HCl.3aq, 
CuCl„.LiCl.a-aq,  CuCL.NHjCl,  CuCl.,.2NH,Cl.  2aq, 
CuCl.,.KCl,  and  CuCL.2KCl.  2aq  '  (Chassevant, 
A.  Ch.  [6]  30,  5  [1893]) ;  CuCl.,.CsCl, 
CuCl,.2CsCl.  xaq  (w  =  0  and  2),  and  2CuCl,.3CsCl 
(Wells  a.  Dupree,  Zeit.  f.  anorg.  Chemie,  5,  300 
[189.3]). 

Cuprous  chloride  (vol.  ii.  p.  255).  Wells 
{I.e.,  p.  306)  describes  the  double  salts 
2CuCl.CsCl,  2CuC1.3CsCl,  and  CuC1.3CsCl.  aq. 

Cupric  fluoride  (vol.  ii.  p.  256).  Poulenc 
(C.  R.  116,  1446;  abstract  in  C.  J.  64  [11], 
525  [1893])  prepares  CuF.,,  as  a  white  amorphous 
powder,  by  heating  NH^F  with  CuF...  2aq  ;  by 
heating  in  HF  at  500°  (not  above)  the"  CuF„  be- 
comes crystalline.  Crystalline  CuF.,  is  also  ob- 
tained by  heating  CuO,  or  CuF...  2aq,  in  HF 
at  400°  (P.,  I.C.).  Heated  to  300°  'in  air  CuO  is 
formed  ;  heating  in  steam  gives  CuO  and  HF ; 
HjS  forms  CuS  and  HF  ;  HCl  forms  CuCl,.  CuF., 
absorbs  water  from  the  air,  and  becomes  blue. 
H.  von  Helmholt  {Zeit.  f.  anorg.  Chemie,  3, 
116  [1892])  describes  the  double  salts  CuF„.KF, 
CuF„.EbF,  CuF.,.AmF.  a;aq,  and  CuF.,.2AmF'2aq. 

Cuprous  fluoride  (vol.  ii.  p.  256).  According 
to  Mauro  {Real.  Acad.  Lincei,  1892  [1].  194  ; 
abstract  in  C.  J.  64  [11],  124  [1893]),  Cu,F„  does 
not  exist,  and  the  substance  obtained  by  Berze- 
lius  was  almost  certainly  merely  im^jure  copper. 
Poulenc,  however  (C  P.  116,  1446;  abstract  in 
C.  J.  64  [11],  525  [1893]),  says  that  Cu.F.,  is 
formed  by  heating  Cu,,Cl.,  to  dull  redness  in  HF 
(the  action  is  not  complete  until  1100°-1200°) ; 
also  by  heating  CuF.,  in  HF  at  c.  600°,  raising  the 
temperature  to  1100°-1200°  towards  the  end  of 
the  reaction.  P.  describes  Cu^Fj  that  has  been 
fused  as  a  ruby-red,  transparent  solid,  with  a 
crystalline  fracture ;  exposed  to  moist  air  it 
changes  to  CuF„.  xaq ;  it  is  easily  reduced  by  H 
at  a  red  heat. 

Cuprous  iodide  (vol.  ii.  p.  256).  Brun 
(C.  P.  114,  667;  abstract  in  C.  J.  62,  1157 
[1893])  describes  double  compounds  with 
(NH,)„S„03  and  NH,I,  and  also  with  (NH,)„S,.03 
and  Cu.,S,03- 

Cuprous  oxide  (vol.  ii.  p.  258).  Eussell 
(C.  N.  68,  308  [1893])  prepares  Cu.,0  by  com- 
pletely reducing  CuSO^Aq  mixed  with  excess  of 
NaCl  by  SO,,  heating  till  excess  of  SOj  is  re- 
moved, and  then  ppg.  by  Na.jCOj,  added  solid  to 
the  hot  solution.  With  HFAq,  CuF.,Aq  and 
Cu  are  formed  (Poulenc,  C.  R.  116,  1446' [1893]). 

Cupric  oxide  (vol.  ii.  p.  258).  Moissan 
(C.  P.  116,  1034  [1892])  says  that  CuO  is  en- 
tirely decomposed  in  the  electric  furnace  at  c. 
2500°,  yielding  Cu  and  a  crystalline  compound 
of  CuO  and  CaO  (the  reaction  was  effected  in 
a  block  of  CaO).  By  heating  CuO  to  whiteness, 
in  a  Fletcher  injector-furnace,  in  an  oxidising 
atmosphere,  Bailey  a.  Hopkins  (C.  /.  57,  269 
[1890])  obtained  a    very  hard,  yellowish-red 
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solid  asreeing  with  the  formula  Cu.jO.  Eichards 
(P.  Am.  A.  '26,  281  [1891])  found  that  CuO  oc- 
cludes gas,  chiefly  N  ;  when  prepared  by  heating 
Cu(N03).,  the  oxide  retained  c.  -08  p.c.  of  its 
weight  of  N,  which  could  not  be  removed  by 
heating.  For  experiments  on  the  dehydration  of 
CuO.xHoO  V.  Spring  a.  Lucion  {Zcit.  f.  anorg. 
Chemie,'2,  195;  abstract  in  C.  J.  64  [11],  210 
[1893]).  For  colloidal,  jelly-like  Cu0.a'H,0  v. 
J.  van  Bemmelen  (Zcit.  f.  anorg.  Chemie,  5, 
406 ;  abstract  in  C.  J.  66  [11],  191  [1894]). 

Copper,  oxybromides  of  (vol.  ii.  p.  260). 
Dupont  a.  Jansen  (Bl.  [.3]  9,  193  ;  abstract  in 
C.  J.  64  [11],  463  [1893])  obtained  the  salt 
3CuO.CuBr,,.3aq  by  heating  Cu,Br,Aq  with  CuO 
in  a  sealed  tube  at  200°,  or,  better,  by  heating 
neutral  dilute  Cu,,Br.,Aq  at  225°  ;  the  compound 
crystallised  in  green  rhombohedral  plates,  S.G. 
4-39. 

Copper,  oxychlorides  of  (vol.  ii.  p.  260),  v. 
Eousseau,  C.  B.  110,  1261  {abstract  in  C.  J.  58, 
1058  [1890]). 

Copper,  oxysulphides  of  (vol.  ii.  p.  260),  v. 
Cliche,  Ar.  Ph.  228,  374  (abstract  in  C.  J.  58, 
1211  [1890]). 

Copper,  phosphides  of  (vol.  ii.  p.  200).  For 
descriptions  of  Cu^P.^  and  Ca,P,  prepared  by 
heating  Cu  in  vapour  of  P,  v.  Granger,  C.  B. 
113,  1401  ;  and  for  Cu„Po,  prepared  by  heating 
red  P  with  excess  of  Cu  phosphite  and  water, 
V.  G.,  C.  B.  117,  231  {abstracts  in  C.  J.  62,  410 
[1892]  ;  and  64  [11],  526  [1893]). 

Cupric  sulphide.  From  experiments  on  the 
interaction  of  H._,S  and  CuSOjAq,  and  CuSO|Aq 
in  presence  of  acetic  acid,  Linder  a.  Pictou 
{C.  J.  61,  120  [1892])  conclude  that  a  compound 
7CuS.HjS  is  formed,  and  that  then  such  com- 
pounds as  9CuS.H.,S  and  22CuS.H.,S  are  pro- 
duced, and  finally  (CuS)„  is  formed. 

COPPER-AMMONIUM  COMPOUNDS  (vol.  ii. 
p.  262).  Several  derivatives  of  cupriammoniimi 
bromide  are  described  by  Eichards  a.  Shaw 
(P.  Am.  A.  28,  247  [1893]). 

FERRICYANIDES. 

Barium  ferricyaaide  (vol.  ii.  p.  337)  ;  v. 
Kammelsberg,  pr.  [2]  39,  455  {abstract  in 
C.  J.  50,  950  [1889J). 

Lead  ferricyanide  (vol.  ii.  p.  339)  ;  v.  Eam- 
melsberg  {I.e.). 

Potassium  ferricyanide  (vol.  ii.  p.  339) ;  v. 
Kassner,  Chcm.  Zeit.  13,  1701  {abstract  in  C.  J. 
58,  352  [1890]). 

DIDYMIUM  (vol.  ii.  p.  382).  For  an  inves- 
tigation into  the  separation  of  Di  and  Er,  v. 
Kruss,  A.  265,  1  {abstract  in  C.  J.  00,  1424 
[1891]).  For  the  emission  spectra  of  oxides  of 
neodymium  and  praseodymium,  v.  Haitinger, 
M.  12,  362  {abstract  in  C.  J.  62,  2  [1892]). 
Bead  (C.  J.  65,  313  [1894])  says  that  DijOj  is 
unchanged  at  c.  1750°. 

ERBIUM  (vol.  ii.  p.  450).  For  the  separation 
of  compounds  of  Er  and  Di,  v.  Kriiss,  A.  265,  1 
{abstract  in  C.  J.  60,  1424  [1891]). 

FERRITES  (vol.  ii.  p.  547).  J.  van  Bem- 
melen a.  Klobbie  {J.  pr.  [2]  46,  497  [1893])  say 
that  Fe.Oj.K.O  and  Fe,>0.,.Na._,0  are  obtained,  in 
crystals,  by  continued  heating  Fe,>0,  with  cone. 
KOHAq    and    NaOHAq  respectively  ;  these 


ferrites  are  decomposed  by  water,  giving 
FcO^.H.O. 

FLAME  (vol.  ii.  p.  549).  Eeference  should 
be  made  to  Sraithells  a.  Ingle  on  '  The  Structure 
and  Chemistry  of  Flames'  in  C.  J.  61,  204 
[1892],  and  to  Lewes  on  'The  Luminosity  of 
Coal-gas  Flames '  in  ibid.  p.  322. 

FLUORHYDRIC  ACID  (vol.  ii.  p.  558). 
Berthelot  a.  Moissan  {G.  B.  109,  209  [1889])  give 
the  thermal  data  [H,F]  =  37,600  ;  [H,F,Aq]  = 
49,400.  For  the  description  of  an  apparatus  for 
purifying  HFAq,  v.  Hamilton  (C.  N.  60,  252 
ri889]). 

FLUORINE  (vol.  ii.  p.  500).  Moissan  (C.  B. 
Ill,  570  [1890])  determined  the  at.  w.  (1)  by  con- 
verting Na^CO.,  into  NaF,  and  this  into  Na;,SO, ; 
(2)  by  converting  CaF.,  into  CaSO,,  and  (3)  by 
converting  BaF.,  into  BaSO, ;  the  mean  of  the 
results  regarded  by  M.  as  the  most  trustworthy 
wasl9'05.  V.D.at  the  ordinary  temperature,  18'3 
(Moissan,  C.  B.  109,  861  ;  v.  abstract  in  C.  J. 
58,  208  [1890]).  A  column  of  F  one  metre  long 
shows  no  definite  absorption  bands  (M.,  I.e. 
p.  937)  ;  for  the  emission  spectrum  v.  M. 
(/.c;  abstract  in  C.  J.  58,  329  [1890]).  F  does 
not  liquefy  at  —95°  at  the  ordinary  pressure 
(M.,  A.  Ch.  [0]  25,  125  [1893]).  Gladstone  (P. if. 
[5]  31,  1  [1891])  has  determined  the  atomic  re- 
fraction of  F  in  C.HjF  to  be  a':  follows  for  the 
different  lines  of  the  solar  spectrum,  at  22-8°  : — 
A  C  D  F  G  H 
at.  refraction  -63  -63  -53  -48  -44  -35 
The  values  are  much  smaller  than  those  for  CI, 
Br,  or  I,  which  are  10-0,  15-23,  and  25-2  for  the 
line  A. 

Formation. — According  to  Brauner  (C  J. 
65,  393  [1894]),  F  is  given  off  when  SKF.PbF^.HF 
{v.  Lead  tetbafluoride,  p.  915)  is  heated  to  dull 
redness. 

Bcactions. — F  combines  with  the  more 
porous  forms  of  carbon  at  the  ordinary  tem- 
perature, with  incandescence,  forming  CF,  ;  the 
denser  forms  of  C  combine  with  incandescence 
at  from  50°  to  100°  (Moissan,  C.  B.  110,  276 ; 
abstract  in  C.  J.  58,  557  [1890]).  For  a  dis- 
cussion of  the  chemical  relations  of  F,  v. 
Moissan,  Bl.  [3]  5,  880  [1891]. 

GALLIUM  (vol.  ii.  p.  597).  Lecocq  de  Bois- 
baudran  (C.  B.  114,  815  ;  abstract  in  C.  J.  62, 
930  [1892])  gives  measurements  of  the  chief 
lines  in  the  spark  emission  spectrum  of  Ga  ;  the 
spectrum  varies  much  according  to  the  condi- 
tions under  which  the  spark  is  applied. 

GERMANIUM  (vol.  ii.  p.  610).  A  new 
mineral  from  Bolivia,  canfielditc,  Ag,GeS,,,  iden- 
tical in  composition  with  argyrodito  from  B'rei- 
berg,  but  crystallising  in  isometric  forms  (the 
form  of  argyr-odite  is  monoclinic),  is  described 
by  Penfieki  in  Am.  S.  [3]  46,  107  {abstract  in 
C.  J.  66  [11],  18  [1894]). 

GOLD  (vol.  ii.  p.  647).  Mallet  {Pr.  40,  71 ; 
abstract  in  C.  J.  58,  708  [1890])  has  re-deter- 
mined the  at.  w.  of  gold  by  various  methods  ;  the 
mean  value  obtained  is  190-9,  but  the  value 
190-88  M.  thinks  is  more  trustworthy.  The  mole- 
cule of  gold  in  dilute  solution  in  tin  is  probably 
monatomic  (Heycock  a.  Neville,  C.  J.  57,  376 
[1890]).  Gold  volatilises  considerably  in  the 
electric  furnace  with  a  current  of  70  volts  and 
300  ampiires  (Moissan,  C.  B.  110,  1429  [1893]). 
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Concerning  the  volatilisation  of  gold  v.  Eose 
(C.  J.  63,  714  [1893]).  Neumann  {M.  13,  40 
[1892])  says  that  gold  absorbs  from  i'd  to  48'5 
times  its  volume  of  0  at  c.  460°.  According  to 
Petersen  (Z.  P.  C.  8,  601  [1891]),  the  heats  of 
formation  of  AU2O3.3H0O  from  gold,  (1)  reduced 
from  AUCI3,  (2)  from  AuHBrj,  and  (3)  from 
AuBr,  differ  very  markedly.  From  the  results 
of  many  experiments  on  the  reaction  between 
gold  and  KCNAq,  Maclaurin  [C.  J.  63,  724 
[1893])  concludes  that  O  must  be  present  to 
accomplish  solution,  and  that  the  equation 
4Au  +  8KCNAq  +  0.,  +  2H„0  = 
4(AuCN.KCN)Aq  +  4KOHAq  (Eisner,  J.  pr.  37, 
833  [1846])  expresses  the  jiroportion  between  K 
and  Au  in  the  solution. 

Gold,  alloys  of  (vol.  ii.  p.  648).  For  an  alloy 
with  Cd,  AuCd,  v.  Heycock  a.  Neville  (0.  J.  61, 
914  [1892]).  For  alloys  with  Cd  and  Sn,  v. 
H.  a.  N.  (0.  J.  59,  936  [1891]).  For  alloys  with 
Al  and  Sn,  Cd  and  Bi,  Cd  and  Pb,  and  Cd  and 
Tl,  V.  H.  a.  N.  (0.  J.  65,  65  [1894]).  For  alloys 
with  Cdand  with  Zn,  prepared  by  immersingplates 
of  Cd  and  Zn  in  solution  of  a  salt  of  gold,  v. 
Myhus  a.  Fromm  {B.  27,  630 ;  abstract  in  0.  J. 
66  [11],  235  [1894]). 

Gold,  bromides  of  (vol.  ii.  p.  648).  Petersen 
{J.  pr.  [2]  46,  328)  upholds  the  existence  of 
AuoBr.,  against  the  statements  of  Kriiss  a. 
Schmidt  {B.  20,  2634) ;  in  a  later  paper  {J.  pr. 
[2]  47,  301)  K.  a.  S.  still  maintain  that  AuBr,  is 
the  ultimate  product  of  the  reaction  of  Br  with 
gold  {v.  abstracts  in  C.  J.  64  [11],  126,  284).  For 
the  double  salts  AuBr^.CsBr  and  AuBr.,.RbBr,  v. 
Wells  a.  Wheeler  {Am.  S.  [3]  44,  157  [i892]). 

Gold,  chlorides  of  (vol.  ii.  p.  649).  Petersen 
{J.  pr.  [2]  46,  328;  48,  88)  maintains  that 
Au.,Cl4  is  a  definite  compound ;  Kriiss  a.  Schmidt 
(J.'p)r.  [2]  47,  301 ;  Zeit.  f.  anorg.  Chemie,  3 
421)  say  this  substance  is  a  mixture  (v.  abstracts 
in  C.  J.  64  [11],  126,  284,  474  [1893]). 

Double  salts  of  AuClj  with  CsCl  and  BbCl 
are  described  by  Wells  a.  Wheeler  {I.e.) ;  for  a 
double  salt  AuClj.AgCl,  v.  Hermann  {B.  27, 
696  ;  abstract  in  C.  J.  66  [11],  234  [1894]). 

Gold,  sulphides  of  (vol.  ii.  p.  651).  Concern- 
ing the  conditions  of  formation  of  AUoS,,  v.  An- 
tony a.  Lucchesi  {O.  19,  545 ;  abstract  in  G.  J. 
58, 1216  [1890]). 

Auric  sulphide  AU0S3.  This  compound  is 
formed,  according  to  A.  a.  L.  {G.  20,  601 ;  21 
[11],  209 ;  abstracts  in  C.  J.  60,  526  ;  62,  280 
[1892]),  by  passing  H„S  into  a  solution  of 
AuClj.LiCl  kept  at  -iO°,  extracting  LiCl  by 
absolute  alcohol,  and  drying  in  N  at  70°.  AujS, 
is  a  black,  amorphous  solid  ;  decomposed  by 
heat  at  200°-205°  to  Au  and  S  (for  other  reactions 
V.  abstracts,  I.e.). 

Schneider  ( U.  S.  Geol.  Survey  Bull.  No.  90, 
66  [1892])  obtained  aqueous  solutions  of  colloidal 
AujS  and  AujSj. 

HYDEAZOIC  ACID  {v.  p.  919,  Addenda). 

HYDROGEN  (vol.  ii.  p.  719).  The  ratio  be- 
tween the  densities  of  H  and  O  is  1:15-882  ;  the 
weight  in  grams  of  1  litre  of  H  is  -08991  (Eay- 
leigh,  Pr.  53,  134  [1893]).  For  solubility  in 
■water,  and  in  alcohol,  v.  Timof^eff  {Z.  P.  C.  6, 
141)  ;  Winkler  {B.  24,  89)  ;  Henrich  {Z.  P.  C. 
9,  435)  ;  {abstracts  in  C.  J.  60,  15,  384  [1891]  ; 
62, 1043  [1892]).    For  the  line  spectrum  of  H,  v. 


Ames  (P.  M.  [5]  30,  48  [1890]) ;  and  cf.  Griin- 
wald  {M.  13,  111 ;  abstract  in  C.  J.  62,  1381 
[1892]). 

Wilm  {B.  25,  217 ;  abstract  in  C.  J.  62,  563 
[1892])  describes  a  lecture  experiment  to  show 
the  occlusion  of  H  by  Pd.  Regarding  the  occlu- 
sion of  H  by  other  metals  v.  Streintz  {M.  12, 
642  ;  abstract  in  G.  J.  62,  567  [1892]). 

Baker  (C.  J.  05,  611  [1894])  found  that  a 
mixture  of  equal  volumes  of  dry  H  and  dry  CI 
did  not  explode  in  bright  sunlight,  and  that 
more  than  a  quarter  of  the  mixed  gases  re- 
mained uncombined  after  exposure  for  two  days 
to  diffused  light  and  two  days  to  bright  sun- 
shine. 

Reactions. — Neumann  {Z.  P.  C.  14,  193 
[1894])  has  examined  the  reducing  action  of  H 
occluded  by  Pt  on  solutions  of  salts  of  Al,  Sb, 
As,  Bi,  Cd,  Cu,  Co,  Au,  Fe,  Pb,  Mg,  Mn,  Hg,  Ni, 
Pd,  Ag,  Sn,  Tl,  and  Zn.  Regarding  the  rate  of 
combination  of  H  and  0,  v.  Wateb  (p.  860). 
Regarding  the  explosion  of  mixtures  of  H  with 
O  and  CI,  V.  Chlorine  {Addenda,  pp.  904,  905). 

Hydrogen  dioxide  (vol.  ii.  p.  722).  Schone 
{B.  26,  3011 ;  27,  1233  [1893-4J)  affirms  the  oc- 
currence of  HjO,  in  the  atmosijliere  against  the 
contention  of  Ilosva  {B.  27,  920). 

Formation. — Regarding  the  formation  from 
ether  v.  Dunstan  a.  Dymond  {C.  J.  57,  574,  988 
[1890]).  HjOoAq  is  formed  by  the  action  of  light 
on  H„C,0,Aq,  excess  of  0  being  present  (Richard- 
son, 'C'.  J.  65,  450  [1894]).  Richardson  {C.  J. 
63,  1110  [1893])  has  examined  the  formation  of 
H^Oj  in  urine  exposed  to  sunlight. 

Preparation. — By  making  commercial  3  p.c. 
HoOoAq  distinctly  alkaline  by  Na.,CO.j,  filtering, 
shaking  with  10-12  vols,  of  ether,  separating  the 
ethereal  solution,  evaporating  this  to  -01--0025 
of  its  original  volume  on  a  water-bath,  and  re- 
moving the  rest  of  the  ether  by  standing  in  a 
bell-jar  over  sohd  paraffin,  Shiloff  (/.  B.  25,  293  ; 
abstract  in  C.  J.  66  [11],  186  [1894])  obtained  a 
thick,  transparent,  slightly  acid  liquid,  S.G. 
1-2475,  containing  79-6  g.  B..,0„  in  100  c.c.  For 
preparation  of  cone.  HjOoAq  v.  Talbot  a.  Moody 
{abstract  m  G.  J.  64  [11],  369  [1893]). 

Molecular  weight.  Tammann  in  1889 
{Z.  P.  G.  4,  441)  by  eryoscopic  measurements 
determined  mol.  formula  to  be  HjO^ ;  but  T.'s 
results  were  called  in  question  by  Carrara  in 
1893  ((?.  22  [1],  341),  who  found  mol.  w.  33-92 
(HoOj)  from  cryoscoiDic  measurements,  and  this 
result  was  confirmed  by  Orndorff  a.  White  {Am. 
15,  347  [1893]),  and  also  by  Tammann  himself 
{Z.  P.  C.  12,  431  [1893]). 

Reactions. — Regarding  the  reaction  between 
n,0,Aq  and  KMnO^Aq,  v.  Engel  {BI.  [3]  6,  17 ; 
abstract  in  C.  J.  62,  277  [1892]). 

Hydrogen  sulphide  (vol.  ii.  p.  725).  Henrich 
{Z.  P.  G.  9,  435  [1892])  gives  the  absorption 
coefficient  of  H„S  by  water  as  4-4015--0891174 
4-  -000619544=.  Hughes  (P.  M.  [5]  33,  471  [1892]) 
says  that  H,S  dried  by  CaCL  and  PoOj  does  not 
redden  dry  litmus  jsaper,  and  does  not  react  with 
BaO  or  FeoOj,  nor  with  salts  of  Sb,  As,  Bi, 
Cd,  Co,  Cu,  Pb,  Hg,  Ag,  or  Sn.  According  to 
Pedler  (C.  J.  57,  625  [1890]),  the  equation 
2H„S  +  30„  =  2S02  +  2H.,0  correctly  represents 
the  explosion  of  H^S  and  air  or  0. 

HYDROXYLAMINE  (vol. ii.  p.  734).  NH,OH 
has  been  isolated,  as  a  solid,  by  Lobry  de  Bruyn 
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(7?.  T.  C.  10,  100  ;  11,  18  ;  abstracts  in  C.  J.  62, 
402,  1391  [1892]).  NH,,0H.HC1  dissolved  in 
MeOHis  treated  with  CH.,bNa  solution,  and  most 
of  the  MeOHis  distilled  off  at  100  mm.  pressure ; 
the  residue  is  distilled  in  small  portionsat  40  mm. 
pressure  (for  details  v.  C.  J.,  I.e.).  For  the  pre- 
paration from  2NH„0H.ZnCl.,  v.  Crismer,  Bl. 
[3]  6,  793  {abstract  in  C.  J.  62,  771  [1892]).  For 
details  of  suitable  apparatus  for  the  fractionation 
of  NH,.OH  in  vacuo,  v.  Briihl  {B.  26,  2508  [1893] ; 
cf.  L.  de  B.,  B.  27,  967 ;  and  reply  by  B.,  ibid., 
1347  [1894]).  For  thermal  data  of  NH.OH,  v. 
Berthelot  a.  Andr6  (C.  B.  110,  830  ;  abstract  in 
C.  J.  58,  934  [1890]).  Hydroxylamine  is  a  white 
inodorous  solid,  melting  at  c.  33^,  and  remaining 
superfused  at  0°;  boils  at  SB"*  under  22  mm. 
pressure;  decomposes  at  90°-100°,  and  detonates 
at  a  higher  temperature.  S.G.  1'35  ;  S.G.  when 
liquid,  1'23.  A  drop  heated  in  a  test  tube  explodes 
very  violently  (v.  Briihl,  I.e.).  B.,  I.e.,  discusses 
the  molecular  refraction  of  NH.,OH.  NH^OH 
is  fairly  stable  up  to  15°,  then  gradual  decomposi- 
tion occurs,  giving  NH.,,  HNO._„  and  H;,N._,02, 
which  react  with  unchanged  NH..OH  producing 
N„0  and  N  (L.  de  B.,  B.  27,  967 ;  abstract  in 
C.  J.  66  [11],  278  [1894]).  For  a  full  ac- 
count of  the  reactions  of  NH„OH  v.  Lobry  de 
Bruyn  {I.e. ;  abstract  in  C.  J.  '62,  1391  [1892]). 
NH„0H.HC1  in  water  and  NaNO,Aq  react  to 
form  Na.,N.,0.,Aq  {v.  Tanatar,  J.  R.  25,  342; 
abstract  in  C.  J.  66  [11],  136  [1894]  ;  cf. 
Wislicenus,  B.  26,  771 ;  abstract  in  C.  J.  64, 
318  [1892]).  For  the  reactions  of  2NH„0H.H„S0, 
with  NaOHAq  t;.  Kolotoff  {J.  R.  25,  295  ;  ab- 
stract in  C.  J.  66  [11],  187  [1894]).  For  com- 
pounds of  NH.OH  with  metallic  salts,  v.  Crismer 
{Bl.  [3]  3,  114')  ;  Goldschmidt  a.  Syngros  {Zcit. 
f.  anorg.  Chemie,  5,  129) ;  and  j?eldt  {B.  27, 
401)  {abstracts  in  C.  J.  58,  558  [1890] ;  66  [11], 
45,  187  [1894]).  Kolotoff  discusses  the  constitu- 
tion of  NH.OH  in  J.  B.  23,  3  {abstract  in  C.  J. 
64  [11],  114"  [1893]).  Kjellin  {B.  26,  2377)  de- 
scribes NHEt.OH  and  NHMe.OH  {abstract  in 
C.  J.  06  [11],  9  [1894]). 

INDIUM  (vol.  iii.  p.  1).  The  molecule  of 
indium  in  dilute  solution  in  tin  is  perhaps 
diatomic  {v.  Heycock  a.  Neville,  G.  J.  57,  376 
[1890]).  Binder  a.  Picton  (C.  J.  61,  134  [1892]) 
failed  to  isolate  indium  hydrostdpliidc,  but  they 
think  that  it  is  formed  by  passing  H.,S  into 
water  with  In,,0:j.a:'H._,0  in  suspension  ;  the  con- 
tinued passage  of  H^S  produces  In.^S.,.  Bead 
(C  J.  65,  313  (1894])  found  that  indimii  sesfiui- 
oxide,  InoO,,  is  unchanged  at  c.  1750^. 

IODH'YDRIC  acid  (vol.  iii.  p.  11).  For  the 
Mol.  E.  of  HIAq  from  20-77  to  67-02  p.c,  v. 
Perkin  (C.  J.  55,  708  [1889]).  For  a  research 
on  the  dissociation  of  HI,  v.  Bodenstein  {Z.  P.  C. 
13,  56  [1894]  ;  abstracts  in  G.  J.  64  [11],  369  ; 
66  [11],  12  [1893-4]).  Pickering  {B.  26,  2307) 
has  isolated  three  hydrates  of  HI :  HI.2H..0, 
melting  at  c.  -  43° ;  HI.3H..0,  melting  at  c.  -  48° ; 
and  HI.4HjO,  melting  at  c'.-36-5°. 

IODINE  (vol.  iii.  p.  14).  The  mol.  w.  of 
iodine  dissolved  in  Et.,0  or  CS.,  was  found  by 
Beckmann  {Z.P.  C.5,  7'6  [1890j)'to  be  2.54,  from 
determinations  of  the  boiling-points ;  these  re- 
sults were  confirmed  by  Sakurai  {G.  J.  61,  997 
[1892]).  By  determining  the  lowering  of  the 
f.p.  of  naphthalene  by  solution  therein  of  I, 


Hertz  {Z.  P.  C.  6,  358  [1890])  found  the  value 
254  for  the  mol.  w.  of  iodine. 

According  to  Meineke  {Ghcm.  Zcitung,  16, 
1219,  1230),  very  pure  I  is  prepared  by  covering 
ordinary  I  with  a  solution  of  CaCl,_,  S.G.  1-35, 
mixed  with  a  little  cone.  KIAq  and  a  few  drops 
of  HClAq,  heating  until  the  I  fuses,  letting  cool, 
washing  the  I,  drying,  and  subliming  it  twice, 
the  hrst  time  with  addition  of  a  little  BaO. 

For  the  reactions  of  I  with  KCIO3,  and  with 
KClO.j  and  water,  v.  Potassium  chlorate  {Ad- 
denda, p.  905). 

Iodine  monochloride  (vol.  iii.  p.  17).  For 
thermal  data  bearing  on  the  two  forms  of  ICl, 
V.  Storteubeker  {Z.  P.  G.  10,  183 ;  abstract  in 
G.  J.  62,  1387  [1892]).  Tanatar  {J.  B.  25,  97  ; 
abstract  in  G.  J.  64  [11],  514)  gives  details  of  the 
methods  for  preparing  the  two  forms  of  ICl. 

lodates  (vol.  iii.  p.  21).  For  iodatcs  nf  ea:sium 
and  rubidium,  v.  Wheeler,  Am.  S.  [3]  44,  123 
{abstract  in  C.  J.  64  [11],  68  [1894]).  Pure 
potassium  iodatc  is  prepared,  according  to  Groger 
{Zcit.  aiigew.  Gheviie,  1894.  13),  by  heating  to 
100°  for  20-30  minutes  20  g.  KI  in  as  little 
water  as  possible  mixed  with  40  g.  pure  KMnOj 
in  1,000  c.c.  water,  reducing  excess  of  IvMnt)^  by 
cautious  addition  of  alcohol,  filtering,  adding 
acetic  acid  till  acid,  evaporating  to  c.  50  c.c, 
washing  the  crystals  of  KIO.,  with  cone,  alcohol, 
and  drying.  By  heating  KIO3  till  it  fuses,  O 
and  some  I  are  given  off,  and  KI  finaUy  remains ; 
no  other  oxy-  compounds  are  formed  (Cook,  G.  J. 
65,  802  1 1894]). 

IRID'IUM  (vol.  iii.  p.  46).  From  analyses  of  the 
salts  IC1,.3KC1.  aq  and  ICl3.3NH,Cl.  aq,  Joly  de- 
duced the  value  192-75  for  the  at.  w.  of  Ir  {G.  B. 
110,  1131  [1890]).  According  to  Prinz  (O.  R. 
116,  392  [1893]),  Ir  crystallises  in  regular  octa- 
hedra  and  in  forms  derived  therefrom.  Myhus 
a.  Foerster  {B.  25,  665  [1892])  stated  that  Ir  is 
slightly  volatilised  when  heated  in  a  current  of 
CO  and  CI  to  0.  238° ;  Antony,  however  ( G.  22 
[11],  547  [1893]),  asserts  that  no  trace  of  any 
volatile  compound  of  Ir  is  formed  under  these 
conditions. 

Irid-ammonium  salts  (vol.  iii.  p.47).  Palmaer 
{B.  22,  15  ;  23,  3810  [1889-90])  describes  a  num- 
ber of  irido-ammonium  compounds.  He  calls 
them  iridiumpentammine  salts,  and  formulates 
them  as  Ir(NH3)5Xi3 :  compounds  are  described 
where  X3  =  Cl„  ClBr.,,  C1I.„  CISO^,  C^NOj),, 
C1(N0.,)„,  C1C.,0|,  ClPtCls;  also  where  X3  =  Br,", 
BrSO,,  and  Br(N03),.  One-third  of  the  CI  in 
the  salt  when  X.,  =  01^  is  not  removed  by  the 
action  of  cold  H.,S0,,Aq  or  cold  AgNOjAq  ;  the  re- 
actions of  the  salts  are  similar  to  those  of  the 
purpureo-cobaltammines  {v.  vol.  ii.  p.  227)  {v. 
abstracts  in  G.  J.  56,  352  [1889] ;  60,402  [1891]). 
In  B.  24,  2090  {v.  abstract  in  G.  J.  60,  1165 
[1891])  P.  describes  compounds  analogous  with 
the  roseo-cobaltic  salts  Co2(NH3),|,(H„0).^X^i3.xaq; 
as  the  Ir  salts  are  almost  colourless,  P.  thinks 
the  prefix  rosea-  is  unsuitable ;  he  calls  them 
iridium  aquo]}entaimnines,  and  formulates  them 
as  Ir(NH,),(H._,0)Xi3.  Salts  are  described  in 
which  X,,  =  Br.„  Cl.„  and  (NO.,),.  The  chloride 
Ir(NH3),(H.,0)Cl3  is  formed  by  boihng,  for  five 
hours,  5  g.  ir(NH,|).Cl3  with  1^-  times  the  calcu- 
lated weight  of  KOH  in  50  c.c.  water,  filtering, 
partially  freezing  the  filtrate,  adding  30  c.c. 
fuming  HClAq,  washing  the  pp.  thus  formed 
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with  22  p.c.  cold  HClAq  and  then  with  alcohol, 
dissolving  in  water,  and  again  ppg.  by  cone. 
HClAq  (for  details  v.  abstract  in  C.  J.  60,  1166 
[1891]). 

Iridium  tribromide  (vol.  iii.  p.  48).  Com- 
pounds of  this  bromide  with  PBrj  are  described 
by  Geisenheimer  (0.  B.  Ill,  40 ;  abstract  in 
C.  J.  58,  1.383  [1890]).  By  heating  Ir02.xH,0 
with  IrBr,  and  PBr^,  red  needles  of  IrBrj.SPBrj 
are  formed ;  by  heating  this  with  PBi^,  black 
crystals  of  IrBr3.2PBr.,  are  produced. 

Iridium  tetrabromide  (vol.  iii.  p.  48).  Geisen- 
heimer {I.e.)  describes  the  compound  IrBr,.2PCl3, 
obtained  by  heating  IrBr.,.3PBr3  with  PCI3. 

Iridium  trichloride  (vol.  iii.  p.  48).  The 
following  compounds  with  PCI,  are  described  by 
Geisenheimer  (C.  R.  110,  1004 ;  abstract  in 
C.  J.5S,  1068  [1890]).  IrCl,.3PCl3;  IrCl3.2PCla; 
IrCl3.PCl,.2PCl3  ;  IrCl^.PCl^.PCl,.  Various 
compounds  of  IrClj  with  H3PO3  and  H.,PO„ 
and  salts  of  these,  are  also  described.  G. 
{C.  R.  110,  1336  ;  abstract  in  C.  J.  58,  1069 
[1890])  also  describes  the  complex  compounds 
2IrP3Cl,5.5AsCl3  and  IrCl3.2PCl3.2AsCl3.  For  the 
salts  IrCl3.3KGl.  aq  and  IrCl3.3AmCl.  aq,  v.  Joly 
(C.  B.  110,  1131 ;  abstract  in  G.  J.  58,  1067 
[1890]).  For  a  description  of  IrCl3.3LiCl.  ccaq,  v. 
Antony  ((?.  23  [1],  190  ;  abstract  in  C.  J.  64  [11], 
380  [1893]).  According  to  A.  (G.  23  [1],  184; 
abstract  in  C.  J.  64  [11],  379  [1890]),  the  passage 
of  H,,S  through  a  2  p.c.  solution  of  IrCl3.3KCl 
produces  pps.  which  are  mixtures  of  Ir^^i 
IrSj. 

Iridium  dioxide  (vol.  iii.  p.  50).  For  methods 
of  preparing  IrO„  v.  Geisenheimer  (C  R.  110, 
855  ;  abstract  in  C.  J.  58,  948  [1890]). 

Iridium  disulphide  (vol.  iii.  p.  50).  IrS.,  is 
obtained  by  passing  H,S  over  IrCl.,.3LiCl  at  4° 
to  7°,  washing  with  absolute  alcohol,  and  drying 
at  90°  to  100°  in  a  current  of  CO..  (Antony,  G. 
23  [1],  190 ;  abstract  in  C.  J.  64  [11],  380 
[1893]). 

IRON  (vol.  iii.  p.  51).  Lockyer  {Pr.  54,  359 
[1893])  gives  the  emission  spectrum  obtained  by 
using  very  fine  electrolytically  deposited  iron  as 
the  poles  of  an  electric  lamp. 

Properties  and  Reactions. — Iron  volatilises 
in  the  electric  furnace,  using  a  current  of 
350  amperes  and  50  volts  (Moissan,  C.  R.  116, 
1429  [1893]).  Iron  is  superficially  oxidised  by 
heating  to  dull  redness  in  NO  (Sabatier  a.  Sen- 
derens,  C.  R.  114,  1429  [1892])  ;  heated  in 
NO,  to  c.  350°,  reduced  iron  is  oxidised  with  in- 
candescence to  Fe.,03  (S.  a.  S.,  C.  R.  115,  236 
[1892]  ;  cf.  abstract  in  C.  J.  66  [11],  95  [1894]). 
Montemartini  (G.  22  [1],  250)  says  that  NH,, 
NoO,  and  N  are  formed  by  the  solution  of  iron  in 
excess  of  27'5  p.c.  HN03Aq  (for  quantities,  v. 
abstract  in  C.  J.  62,  1278  [1892]).  For  quan- 
tities of  iron  dissolved  by  HNOjAq  of  different 
concentrations,  v.  Gautier  a.  Charpy  (C.  R. 
112,  1451 ;  abstract  in  C.  J.  60,  1426  [1891]). 

Passivity  of  iron.  Concerning  the  passi- 
vities of  steel  and  wrought  iron  to  HNOjAq,  v. 
Andrews  {Pr.  48,  116 ;  49,  481  ;  abstracts  in 
C.  J.  60,  250,  and  64  [11],  16  [1891  and  1893]). 

Iron,  bromochloride  of.  The  compound 
FeBrCl,  was  obtained  by  Lenormand  {C.  R. 
116,  820  ;  abstract  in  C.  J.  64  [11],  377)  by 
heating  FeCU  with  excess  of  Br  in  a  sealed  tube 
at  c.  100°.    The  compound  is  opaque  in  thin 


j  sections,  and  green  by  reflected  light ;  very  de- 
j  liquescent ;   crystallises  probably  in  hexagonal 
plates  ;  easily  sol.  alcohol  and  ether,  CS„,  &c., 
can  be  sublimed  by  heating  in  a  tube  containing 
I  a  little  Br. 

!       Iron  carbide.    Arnold  a.  Bead  (C.  J".  65,  788 

[1894])  confirm  the  existence  of  Fe3C  in  steel 
I  {v.  Abel,  Proc.  Inst.  Median.  Engineers,  1885. 
30 ;  also  Miiller,  Stahl  und  Eisen,  No.  5) ; 
A.  a.  R.  say  that  two  forms  of  FejC  are  found 
in  steel. 

Iron  carbonyls.  In  1891  Mond  a.  Quincke 
{G.  J.  59,  604)  obtained  a  compound  of  Fe  with 
CO ;  further  investigation  of  the  reaction  by 
Mond  a.  Langer  (C.  J.  59,  1090  [1891])  led  to 
the  isolation  of  two  compounds. 

Ferropentacarbonyl     Fe(C0)5.     Mol.  w. 

195-55.    V.D.  at  142°  =93-2,  S.G.  j-|  =  1-4664  ; 

distils  completely,  without  decomposition,  at 
102-8°  under  749  mm.  pressure ;  solidifies  at 
-21°. 

Preparation. — FeC„0.„  ppd.  by  adding  a 
slight  excess  of  KjCoOjAq  to  hot  FeSOjAq,  is 
well  washed,  and  dried  at  120° ;  it  is  then 
heated  in  a  slow  stream  of  H,  temperature  being 
raised  until  the  substance  in  the  tube  is  black, 
and  then  kept  constant  until  gas  ceases  to  come 
off,  when  the  current  of  H  is  stopped  ;  the  pro- 
duct is  allowed  to  cool  in  H,  placed  in  water 
without  coming  into  the  air,  and  treated  with 
successive  quantities  of  boiling  water  until  sul- 
phate is  removed ;  it  is  then  quickly  dried  on 
plates  of  gypsum,  placed  in  the  combustion 
tube,  heated  to  c.  300°  in  H  till  quite  dry,  and 
allowed  to  cool  in  H.  The  tube  is  then  con- 
nected with  a  gas-holder  containing  CO,  and  the 
H  is  completely  displaced  by  CO ;  one  end  of 
the  tube  is  then  sealed,  and  the  open  end  is  kept 
in  connection  with  the  supply  of  CO.  After 
24  hours  the  tube  is  heated  to  c.  120°,  while  a 
slow  current  of  CO  is  passed  through  it,  and  the 
issuing  gases  are  passed  through  a  tube  kept  at 
—  20°.  When  iron  carbonyl  ceases  to  come  over, 
the  tube  is  let  cool,  and  is  then  again  put  in 
connection  with  the  CO  supply.  These  processes 
are  repeated  many  times  ;  the  daily  yield  of  the 
carbonyl  is  not  more  than  0.  1  g.  from  100  g. 
iron. 

Properties. — A  pale-yellow,  somewhat  viscous 
hquid ;  unchanged  in  the  dark,  but  in  sun- 
light gives  solid  Fe2(C0),  {v.  infra) ;  slowly 
decomposed  on  exposure  to  air,  giving  chiefly 
FeaOj.xH^O  ;  completely  decomposed  at  180°  to 
Fe'  and  "CO ;  soluble  in  EtOH,  Et,0,  C^H,.,, 
mineral  oils,  &c.  (For  S.G.,  V.D.,  &c.,  v.  supra.) 
Fe(C0)5  is  not  acted  on  by  dilute  H^SOjAq, 
HClAq,  or  HN03Aq  at  the  ordinary  temperature ; 
but  is  rapidly  decomposed — to  Fe(N03)3Aq, 
FeCl3Aq,  or  FeBrgAq— by  cone.  HNOjAq,  ClAq, 
or  BrAq. 

Diferroheptacarbonyl  Fe„(CO),.  Obtained 
by  exposing  Fe(C0)5  in  a  sealed  tube  to  sunlight 
for  some  hours,  collecting  the  solid  that  forms, 
washing  with  ether,  and  drying  over  H.^SO^  for 
a  short  time.  Yellow,  lustrous  flakes  ;  gradually 
decomposed  by  exposure  to  air,  turning  brown. 
Not  acted  on  by  H^SO^Aq  or  HClAq  at  the 
ordinary  temperature  ;  decomposed  by  HNOjAq,. 
CI,  or  Br. 

Iron  carbonyls  seem  to  be  present  in  water- 
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gas  ;  also  sometimes  in  compressed  coal-gas  (v. 
Boscoe  a.  Scudder,  C.  J.  Proc.  1891.  No.  101). 

Ferrous  chloride  (vol.  iii.  p.  53).  Chasse- 
vant  {A.  Ch.  [6]  30,  5  [1893])  describes  the 
double  salts  FeCl...  2AmCl,  FeCl^.LiCl.  3aq,  and 
reCl,.2KCl. 

Ferric  chloride  (vol.  iii.  p.  54).  By  deter- 
mining the  rise  of  b.p.of  alcohol  and  ether  when 
PeClj  is  dissolved  in  these  solvents,  Miiller 
(C.  B.  118,  644  ;  abstract  in  C.  J.  66  [11],  282 
[1894])  finds  that  the  molecular  formula  of  the 
chloride  in  these  solutions  is  FeCl^.  FeCljAq 
reacts  with  many  metallic  sulphides,  when 
heated  therewith  in  sealed  tubes  ;  FeCLAq,  S, 
and  a  chloride  of  the  metal  of  the  sulphide  are 
generally  formed  (Canimerer,  C.  C.  1891  [11]. 
870;  abstract  in  C.  J.  ()2,  18  [1892]).  Seubert 
a.  Dorrer  {Zeit.  f.  anorq.  Cliemie,  5,  339,  411  ; 
V.  abstracts  in  C.  J.  66  [11],  140, 190  [1894])  have 
made  a  full  investigation  of  the  interaction 
of  FeClsAq  and  KIAq ;  their  results  are  in 
keeping  with  the  hy^jothesis  that  the  direct  re- 
action 'FeCljAq  +  KiAq  =  FeCl.Aq  +  KClAq  +  lAq 
is  counterbalanced  by  the  reverse  reaction 
FeCLAq  +  KClAq  +  iAq  =  FeCl.Aq  -I-  KIAq. 
S.  a.  D.  think  that  the  first  stage  of  the  re- 
action is  to  produce  an  iodochloride ;  thus 
FeCLAq -f KIAq  =  FeICl,Aq-i- KClAq;  that  this 
then  decomposes,  more  or  less  completely 
(according  to  conditions  of  concentration,  time, 
temperature,  and  mass),  into  FeCl.,Aq  and  IAq  ; 
and  that  FeICl,Aq,  and  probably  FeCl.,Aq,  are 
re-formed  until  equilibrium  is  established. 
S.  a.  D.  do  not  agree  with  the  explanation  of  the 
mechanism  of  the  reaction  given  by  Carnegie 
{v.  vol.  iii.  p.  55).  Koozeboom  {Z.  P.  C.  10,  477 
[1892])  has  investigated  the  conditions  of  equi- 
librium in  aqueous  solution  of  the  hydrates  of 
FeCL ;  he  has  isolated  hydrates  2FeCl,.,rH20 
where  s;  =  4,  5,  7,  and  12.  (For  details,  v. 
abstract  in  C.  J.  64  [11],  119  [1893]).  For 
a  study  of  the  interaction  of  FeCliAq  and 
oxalic  acid,  v.  Lemoine,  C.  R.  116,  981  (abstract 
in  C.  J.  64  [11],  405  [1893]).  A  compound  of 
FeCL  with  nitrosyl  chloride,  FeCl.,.NOCl,  was 
obtained  by  Sudborough  (C.  J.  59,' 660  [1891]), 
by  immersing  iron  in  liquid  NOCl,  and  letting 
the  liquid  stand  over  H^SO., ;  the  compound 
forms  small  golden-brown,  deliquescent  crystals 
(c/.  vol.  iii.  p.  56  ;  Combinations,  No.  7). 

Ferrous  fluoride  (vol.  iii.  p.  56).  FeF„  was 
obtained  by  Poulenc  {C.  R.  115,  941  ;  abstract 
in  C.  J.  64  [11],  122  [1893])  by  passing  air-free 
HF  over  red-hot  iron  or  dry  FeClj ;  small,  white, 
rhombic  prisms ;  S.G.  4-09 ;  decomposed  by 
heating  with  H^SOj,  Na.,C03,  steam,  air,  HCl, 
or  H. 

Ferric  fluoride  (vol.  iii.  p.  56).  Poulenc  (I.e.) 
obtained  FeF^,  in  small,  very  refractive,  greenish 
crystals,  S.G.  3-87,  by  passing  HF  over  red-hot 
iron,  Fe^O,,  FeF^.a-aq,  or  FeClj ;  also  by  dropping 
FeF,,.  a'aq  into  fused  AmCl  and  heating  in  a  cur- 
rent of  an  inert  gas.  FeF,  does  not  fuse  at 
1000°  ;  but  is  decomposed  by  heating  in  air,  also 
by  fusion  with  NaoCO,,  by  heating  in  steam,  or 
■with  HCl  or  H.SOj.  According  to  Speransky 
(J.  R.  24,  304  ;"  abstract  in  C.  J.  64  [11],  314 
[189.3]),  FeF.,Aq  shows  a  very  small  electrical 
conductivity  ;  there  is,  therefore,  no  appreciable 
electrolytic  dissociation  ;  as  the  solution  scarcely 
effects  any  inversion  of  cane  sugar,  S.  concludes 
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that  there  is  practically  no  hydrolytic  dissocia- 
tion. Cryoscopic  determinations  showed  that 
the  molecules  in  a  dilute  aqueous  solution  are 
chiefly  FeF.,,  but  indicated  the  existence  of  Fe,F„ 
in  moi'e  cone,  solutions. 

Iron,  nitrides  of  (vol.  iii.  p.  59).  Fowler 
(C.  N.  08,  152  [1893])  obtained  Fe,N  by  heating 
reduced  iron  in  a  rapid  stream  of  NH,.  (For 
details  v.  abstract  in  C.  J.  66  [11],  50  [1894].) 

Ferric  oxide  (vol.  iii.  p.  61 ;  also  p.  57  for 
hydrates).  Ate.  1750°  Fe„0.jis  completely  changed 
to  FejO,  (Bead,  C.  J.  65,'3i3  [1894]) ;  in  the  elec- 
tric furnace  Fe.,0.,  is  formed,  partly  melted  and 
partly  crystallised  (Moissan,  C.  R.  115,  1034 
[1892]).  According  to  J.  van  Bemmelen  a. 
Klobbie  (.J.  pr.  [2]  46,  497  [1893]),  crystallised 
Fe20,j.H^0  is  obtained  by  treating  with  water  the 
hexagonal  crystals  of  Fe._,0.,.Na.O  formed  by 
heating  Fe^Oj  for  some  time  with  cone.  NaOHAq  ; 
the  crystalline  Fe.O^.H.O  is  not  hygroscopic  ; 
HjO  is  given  off  below  100°. 

Iron,  oxychlorides  of  (vol.  iii.  p.  62).  Eousseau 
(C.  i?.  110,  1032;  113,643;  116,392;  abstracts 
in  C.  J.  58,  1063  [1890]  ;  62,  119  [1892]  ;  64  [11] 
280  [1893])  describes  compounds  a-FeCl.,.7/Fe,,03. 
some  crystalline  and  some  amorphous,  formed  by 
heating  FeCl,,Aq  at  different  temperatures,  and 
also  by  the  interaction  of  FeCl^  and  steam. 

LANTHANUM  (vol.  iii.  p.  116).  Bettendorff 
{A.  256,  159  [1890])  obtained  the  value  138-28 
for  the  at.  w. ;  and  Brauner  (B.  24,  1328  [1891]) 
the  value  138-21  (0  =  16). 

Winkler  {B.  24,  873  [1891])  obtained  results, 
by  heating  La„03  with  Mg  in  H,  which  pointed 
to  the  existence  of  a  hydride  of  La  (cf.  Brauner, 
I.e.). 

LEAD  (vol.  iii.  p.  122).  The  molecule  in 
dilute  solution  in  tin  is  jsrobably  monatomic 
(Heycock  a.  Neville,  C.  J.  57,  376  [1890]).  The 
m.p.  of  lead  was  found  by  Griffiths  a.  Calendar 
(using  a  Pt  thermometer)  to  be  327-69°  (C.  N. 
63,  1  [1891]).  Lehmann  (Z.  K.  17,  274  [1890]) 
says  that  lead  separated  electrolytically,  by  a 
weak  current,  crystalUses  in  leaflets  that  are 
probably  monosymmetric,  but  that  the  crystals 
are  regular  octahedra  when  separated  by  a 
strong  current.  Veley  (S.  C.  I.  10,  206  ;  sum- 
mary of  conclusions  in  C.  J.  62,  410  [1892])  has 
examined  the  interaction  of  lead  and  nitric  acid  : 
an  acid  of  intermediate  concentration  acts  most 
rapidly ;  when  HNO.,  is  present  the  action  in- 
creases. Montemartini  (G.  22,  384,  397,  426 
[1892])  found  that  a  little  NH3  was  produced, 
especially  with  dilute  HNOjAq.  Lead  rapidly 
oxidises  to  PbO  when  heated  in  NO  ;  oxidation 
occurs  at  c.  200°  in  NO,,  with  formation  of  a 
basic  nitrate  (Sabatier  a.  Senderens,  C.  B.  114, 
14'29;  115,  236  [1892]). 

Lead,  bromide  of  (vol.  iii.  p.  125).  Several 
double  compounds  of  PbBr,  with  alkali  bromides 
have  been  described.  For  PbBr.,.2AmBr.  aq  and 
2PbBr.,.AmBr,  v.  Wells  a.  Johnston,  Am.  S.  [3] 
46,  25'{abstract  in  C.  J.  64  [11],  523  [1893]) ;  for 
PbBr.,.KBr.  .Taq  and  PbBr.,.2KBr.  aq,  -y.  Herty, 
Avi.  '15,  357  (abstract  in'  C.  J.  66  [11],  465 
[1894]) ;  for  2PbBr.,.EbBr  and2(PbBr.,.2EbBr).  aq 
V.  Wells,  Am.  S.  [3]  46,  34  (abstract  'in  C.  J.  66 
[11],  324  [1893]);  and  for  K^PboBrg. 4aq  and 
KjPb^Brl),.  4aq,  v.  Wells,  I.e.  p.  190  (abstract, 
I.e.  p.  524). 
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Lead,  chlorides  of  (vol.  iii.  p.  125).  The 

statement,  on  p.  125  (vol.  iii.),  that  only  one 
chloride  has  been  isolated  is  no  longer  true  ; 
PbCl4  was  prepared  by  Friedrich  in  1893. 

Lead  tetrachloride  (vol.  iii.  p.  126).  PbCl^ 
has  been  obtained  by  Friedrich  {B.  26,  1434 ; 
abstract  in  0.  J.  64  [11],  415  [1893]  ;  cf.  M.  14, 
605 ;  abstract  in  C.  J.  66  [11],  16  [1894]),  by 
passing  CI  into  HClAq  containing  PbCU  in  sus- 
pension, adding  NH^Cl  to  the  solution  thus  ob- 
tained, separating  and  drying  the  compound 
PbCl4.2NHjCl  thus  formed,  adding  it  to  cone, 
cooled  H,SO,,,  allowing  the  oily  drops  that 
formed  to  collect  at  the  bottom  of  the  vessel,  and 
shaking  these  drops  repeatedly  (and  quickly) 
with  cone.  H„S04.  PbCl^  is  a  transparent,  yellow, 
very  refractive  liquid,  fuming  in  moist  air  with 
formation  of  PbClj  and  CI ;  it  is  unchanged  in 
contact  with  cold  cone.  H2SO4,  but  when  heated 
with  the  acid  it  decomposes  explosively  to  PbCl^ 
and  CI ;  when  heated  with  cone.  HjSO,  in  a  j 
current  of  CI,  some  PbCl^  passes  over,  but  at  c. 
105°  explosion  occurs.  PbCl,  has  S.G.  8-18  at 
0°  ;  at  c.  — 15°  it  solidities  to  a  yellowish,  crys- 
talline mass.  A  hydrate  is  formed  with  a  little 
water ;  but  addition  of  more  water  produces 
HClAq  and  PbO.,.  By  adding  PbCl^  to  a  little 
cooled  cone.  HClAq,  a  crystalline  compound, 
probably  PbCl4.2HCl,  is  formed. 

Several  double  salts  of  PbCl^  with  alkali 
chlorides  have  been  isolated.  Classen  a. 
-Zahorski  [Zeit.  f.  anorg.  Chemie,  4,  100)  give 
the  formula  2PbCl4.5AmCl  to  the  salt  formed  by 
digesting  PbCl^  with  liquid  CI  and  fuming 
HClAq,  and  adding  AmCl ;  but  Friedrich  {I.e.) 
says  the  compound  is  PbCl4.2]S[H|Cl.  For  com- 
pounds PbCl4.2MCl,  when  M  =  NHj,  Cs,  K,  and 
Eb,  V.  Wells  {Am.  S.  [3]  46,  180 ;  abstract  in 
G.  J.  64  [11],  523  [1893]) ;  C.  a.  Z.  {I.e.}  describe 
compounds  of  PbClj  with  the  hydrochlorides  of 
pyridine  and  quinoline  {abstract  in  C.  J.  64  [11], 
464  [1893]). 

Lead  dichloride  (vol.  iii.  p.  125).  Several 
double  compounds  with  alkali  chlorides  are  de- 
scribed by  Eandall  {Am.  15,  494  [1893]);  Wells 
a.  Johnston  {Am.  S.  [3]  46,  25  [1893]) ;  and  Wells 
{I.e.  p.  34).  The  compounds  are  of  the  forms 
PbCl2.2MCl,  PbCl2.3MCl.  aaq,  and  2PbCl,.MCl 
{v.  abstracts  in  C.  J.  64  [11],  523,  524  [1893]). 

Lead,  fluorides  of  (vol.  iii.  p.  127).  Brauner 
(C.  65,  393  [1894])  has  prepared  the  com- 
pound PbF4.3KF.HF  in  various  ways ;  the 
simplest  process  being  to  dissolve  Pb(C.^H302)4 
(v.  Red  oxide  of  Lead,  Addenda,  infra)  in  cone. 
HFAq  and  add  KP.  By  acting  on  this  salt 
with  cone.  H^SOj,  B.  obtained  evidence  of  the 
formation  of  lead  tetrafluoride,  PbP but  he  did 
not  succeed  in  isolating  the  compound. 

Lead,  iodide  of  (vol.  iii.  p.  127).  Several 
double  compounds  of  Pbl2  with  alkali  iodides 
have  been  isolated  by  Wells,  W.  a.  Johnston,  and 
Herty  {v.  References  under  Lead  bkomide,  p.  914). 
For  the  compound  Pbl2.2Mgl2. 16aq,  v.  Otto  a. 
Drewes  {Ar.  Ph.  229,  179;  abstract  in  C.  J. 
64  [11],  984  [1893]). 

Lead  iodobromides  and  iodochlorides  (vol. 
iii.  p.  128).  Miss  Field  (C.  J.  63,  540  [1893]) 
has  described  the  compounds  "PbBrj.Pblj, 
2PbCl2.Pbl2,  and  SPbCL.Pbl,. 

Lead  protoxide  (vol.  iii.  p.  128).  PbO  is 
unchanged  at  c.  1750°  (Bead,  C.  J.  65,  313 


[1894]).  The  hydrate  2PbO.H.O  (vol.  iii.  p.  129) 
is  obtained  in  large  crystals  by  allowing  a  solu- 
tion of  PbO  in  liOHAq  to  cool  in  the  air  ;  COj 
is  absorbed,  and  the  hydrate  is  deposited  in 
colourless,  tetragonal  crystals,  a:b:c  =  1:  •624 
(Luedeking,  Am.  13,  120  [1891]). 

Ked  oxide  of  lead  (vol.  iii.  p.  130).  Hutchin- 
son a.  Pollard  (C.  J.  63,  1136  [1893])  have  ex- 
amined the  reaction  of  Pb.,04  with  glacial  acetic 
acid,  and  have  isolated  lead  tetracetate 
Pb(C2H302)4,  melting  at  c.  175°,  and  decom- 
posing a  little  above  that  temperature. 

Note.— The  formula  PbOiOC.H^O),  said  to 
be  assigned  by  Jacquelain  to  the  salt  obtained 
by  him  (vol.  iii.  p.  130,  col.  2,  line  28  from  top  ; 
and  p.  131,  col.  2,  line  24  from  bottom)  should 
have  been  given  as  Pb02(C4H303)3  old  notation. 

Plumbates  (vol.  iii.  p.  132).  Kassner  {Ar. 
Ph.  [3]  28,  109  ;  abstract  in  C.  J.  58,  561  [1890]) 
describes  plumbates  of  Ba,  Ca,  and  Sr.  Ee- 
garding  the  dissociation  of  Ca  plumbate,  v.  Le 
Chatelier  (C.  R.  117,  109  ;  abstract  in  C.  J.  64 
[11],  524  [1893]). 

Lead  oxyiodides  (vol.  iii.  p.  132).  Groger 
{M.  13,  510  ;  abstractin  G.  J.  62,  1892)  describes 
the  compound  PbO.PbL. 

Lead,  salts  of  (vol.  iii.  p.  132).  The  salt 
Pb(C.,H30.,)4  {v.  supra.  Red  oxide  of  lead)  be- 
longs to  the  type  PbXi4,  to  which  form  PbCl4 
also  belongs. 

Lead,  sulphide  of  (vol.  iii.  p.  133).  According 
to  Hannay  (C.  J.  Proc,  Nos.  139  and  141  [1894]), 
when  air  is  passed  into  molten  PbS,  one  half  of 
the  lead  remains  as  lead,  and  one  half  is  volati- 
lised, and  deposited  as  PbS  ;  H.  accounts  for 
this  change  by  supposing  the  reaction  to  be 
2Pb8-h02  =  Pb-fPbS.S02,  the  volatile  PbS.SO^ 
being  decomposed  in  the  colder  part  of  the 
apparatus  to  PbS  and  SOj. 

Lead  sulphobromide  and  sulphochloride 
(vol.  iii.  p.  133).  Parmentier  {C.  R.  114,  298; 
abstract  in  G.  J.  62,  685  [1892])  obtained  the 
compounds  PbS.PbBr,  and  PbS.PbCL,  by  dis- 
solving the  halides  in  their  acids  and  shaking 
the  liquids  while  SS  was  passed  over  the  sur- 
faces of  the  solutions. 

LITHIUM  (vol.  iii.  p.  147).  Guntz  {G.  R. 
117,  732  [1893])  recommends  to  use  a  mixture 
of  equal  weights  of  LiCl  and  KCl,  for  the 
electrolytic  preparation  of  the  metal ;  the  mixture 
melts  at  450°  and  the  m.p.  decreases  as  electro- 
lysis proceeds.  (For  details  as  to  size  of  elec- 
trodes, strength  of  current,  &c.,  v.  abstract  in 
C.  J.  66  [11],  91  [1894].)  Holt  a.  Sims,  G.  J. 
65,  443  [1894],  find  that  traces  of  a  peroxide  are 
formed,  along  with  hUO,  by  burning  Li  in  O. 

Lithium,  amide  of,  LiNHj.  Formed  by 
gently  heating  clean  Li  in  a  stream  of  NH^  until 
violent  action  ceases,  and  then  heating  to  c. 
400°  until  the  reaction  is  finished.  A  white, 
crystalline,  transparent  solid ;  melts  between 
380°  and  400°  ;  decomposes  in  cold  water  slowly, 
giving  LiOHAq  and  NH, ;  decomposed  by  heat- 
ing in  air,  but  without  taking  tire  (Titherley, 
C.  J.  65  ;  504  [1894] ;  q.  v.  for  further  reactions). 

Lithium,  bromide  of  (vol.  iii.  p.  150).  The 
hydrates  LiBr.  xaq,  where  a;  =  1  and  2,  are  de- 
scribed by  Bogorodsky  (J.  B.  25,  316  [1893]). 

Lithium,  chloride  of  (vol.  iii.  p.  150).  For 
LiCl.  aq  and  LiCl.  2aq  v.  Bogorodsky  {I.e.).  For 
the  double  compounds  LiCl.MClj.  a;aq,  where 


MANGANESE. 


915 


M  =  Cn,  Co,  Fe,  Mn,  or  Ni,  v.  Chassevant  (C.  R. 
113,  646;  115,  113;  abstracts  in  C.  J.  62,  118, 
1275  [1892]). 

Lithium,  fluoride  of  (vol.  iii.  p.  150).  Poulenc 
{Bl.  [3]  11,  15  [1894])  obtained  LiF  in  regular 
octahedra  by  heating  the  amorphous  fluoride 
with  KHFo  and  KCl,  and  washing  with  water  ; 
si.  sol.  water,  insol.  95  p.c.  alcohol ;  melts  at 
c.  1000°  in  H,  and  partially  volatilises  at  1100°- 
1200°. 

Littium,  hydroxide  of  (vol.  iii.  p.  150).  For 

the  freezing-points  of  aqueous  solutions  of  LiOH 
V.  Pickering  (C.  J.  63,  899  [1893]). 

Lithium,  nitride  of.  Ouvrard  (C.  R.  114, 120 
[1892])  obtained  a  black  solid,  probably  Li^N, 
by  heating  commercial  Li  to  dull  redness  in  N. 

Lithium,  oxides  of  (vol.  iii.  p.  151).  Almost 
the  only  product  of  heating  Li  in  0  is  Li._,0  ; 
only  traces  of  a  peroxide  are  formed  (Holt  a. 
Sims,  C.  J.  65,  443  [1894]). 

MAGNESIUM  (vol.  iii.  p.  157).  Burton  a. 
Vorce  {Am.  12,  219  [1890])  obtained  the  value 
24-22  (0  =  15'90)  for  at.  w.,  by  converting  pure 
Mg  into  MgINO,),,  and  this  toMgO.  The  mole- 
cule of  Mg  in  dilute  solution  in  tin  is  probably 
monatomic  (Heycock  a.  Neville,  C.  J.  57,  376 
[1890]).  Mg  crystallises  in  holohedval  hexa- 
gonal forms,  a:c  =  1:1"6202,  isomorphous  with 
Zn  and  Be  (B.  a.  V.,  I.e.). 

According  to  Montemartini  (G.  22,  384,  397, 
426  [1892]),  a  considerable  quantity  of  H  is  given 
off  when  Mg  interacts  with  HNO.,Aq  (c.  13  p.c.) ; 
the  quantity  of  NH^  formed  increases  with  con- 
centration of  the  acid  uja  to  40  p.c.  HNO.,, 
after  which  it  decreases.  Mg  burns  in  NO  at  a 
dull  red  heat  (Sabatier  a.  Senderens,  C.  R.  115, 
236  [1892]).  Giorgis  (G.  21,  510  [1891])  says 
that  Mg  dissolves  in  water  saturated  with  CO., ; 
that  H  is  given  off,  and  crystals  of  MgCO.,.  3aq 
are  deposited.  For  the  interactions  of  Mg  and 
chlorides  Seubert  a.  Schmidt  {A.  267,  218; 
abstract  in  C.  J.  62,  776  [1892]).  Winkler  has 
made  an  extended  examination  of  the  interac- 
tions of  Mg  and  oxides  {B.  23,  44,  120,  772, 
2642  ;  24,  873,  1966  ;  abstracts  in  C.  J.  58,  331, 
451,  693,  1372  [1890]  ;  60,  801,  1155  [1891]). 

Magnesium,  bromide  of  (vol.  iii.  p.  159). 
Beketoff  (v.  abstract  in  C.  J.  62,  762  [1892]) 
gives  H.F.  [Mg,Br-]  =  121,700.  The  doxible  salt 
2MgBr.,.PbBr,.  16aq  is  described  by  Otto  a.  Drewes 
(Ar.  Ph.  229",  585 ;  abstract  in  C.  J.  62,  566 
[1892]). 

Magnesium,  chloride  of  (vol.  iii.  p.  159). 

Skinner  (C.  J.  61,  341  [1892])  gives  the  boiling- 
points  of  solutions  of  MgCl„  in  water  and  alco- 
hol, from  c.  4-5  to  c.  14-5  p".c.  MgCl,,. 

Magnesium,  iodide  of  (vol.  iii.  p.  161). 
Beketoff  (Z.c.)  gives  H.F.  [Mg,r-']  =  84,800. 

Magnesium,  nitride  of  (vol.  iii.  p.  161).  For 
description  of  an  experiment  to  demonstrate  the 
formation  of  Mg,,N„  v.  Merz  (B.  24,  3,940  ;  ab- 
stract in  C.  J.  62,  409  [1892]). 

Magnesium,  oxide  of  (vol.  iii.  p.  161).  MgO 
is  unchanged  at  c.  1750°  (Bead,  C.  J.  65,  313 
[1894]) ;  heated  in  the  electric  furnace,  it  melts 
with  a  current  of  70  volts  and  350  amp(^res 
(Moissan,  C.R.  115,  1034;  cf.  C.  B.  116,  1429 
[1892-3]).  Kichards  a.  Rogers  (P.  Am.  A.  28, 
200  [1893])  found  that  MgO,  prepared  by  evapo- 
rating MgCOj,  or  Mg,  with  HNOjAq  and  heat- 


ing very  strongly,  retained  c.  10  times  its  volume 
of  gas,  chielly  0  and  N. 

Magnesium,  silicides  of  (vol.  iii.  p.  162). 
Eegarding  the  formation  of  compounds  by  heat- 
ing together  Mg  and  Si,  v.  Winkler  (B.  23,  2642  ; 
abstract  in  C.  J.  58,  1373  [1890]). 

MANGANESE  (vol.  iii.  p.  177).  Moissan 
(0.  B.  116,  349  [1893])  obtained  Mn  containing 
4  to  5  p.c.  C,  by  fusing  MnO  with  charcoal 
(keej)ing  MnO  in  excess)  by  means  of  a  current 
of  60  volts  and  300  amperes.  Prelinger  {M.  14, 
353;  abstract  in  C.  J.  66  [11],  49  [1894])  pre- 
pared pure  Mn  by  heating  Mn  amalgam  (formed 
by  electrolysing  MnCl.Aq  using  a  cathode  o; 
Hg)  in  pure  H. 

Mn  is  described  by  P  (I.e.)  as  a  grey  porous 
metal ;  unchanged  in  dry  air ;  reacts  slowly 
with  cold,  rapidly  with  warm,  water  ;  dissolves 
in  NH,,ClAq  giving  off  NH,,  and  H  ;  S.G.  7-4212 
referred  to  water  at  4°.  Moissan  (C.  B.  116, 
1429  [1893])  found  that  Mn  volatilises  readily  in 
the  electric  furnace,  using  a  current  of  80  volts 
and  380  amp^^res.  Montemartini  [G.  22,  384, 
397, 426  [1892])  says  that  the  gaseous  products 
of  the  interaction  of  Mn  and  HNO.,Aq  are  H, 
NH.„  N,  and  N.,0.  Finely  divided  Mn  reacts 
with  CO  at  c."400',  producing  MnO  and  C 
(Guntz,  C.B.  114,  115  [1892]). 

Manganese,  alloys  of.  The  i^resence  of  c. 
•5  p.c.  Mn  in  iron  or  steel  scarcely  affects  the 
properties,  except  by  slightly  increasing  the 
tenacity  and  malleability ;  a  very  hard  tool-steel 
is  formed  with  c.  1^  p.c.  Mn.  Alloys  with  iron 
containing  from  7  to  30  p.c.  Mn  are  extremely 
hard  and  tough. 

Manganese,  amalgams  of  (vol.  iii.  p.  179). 
Prelinger  {M.  14,  353  ;  abstract  in  C.  J.  66  [11], 
49  [1894])  prepared  Mn,,Hg5  by  passing  a  cur- 
rent from  a  kathode  of  Hg  through  saturated 
MnCl.,Aq  to  an  anode  of  C,  or  Pt-Ir,  in  a  porous 
vessel,  washing  in  running  water,  squeezing  out 
excess  of  Hg,  and  drying  in  H  over  CaCL.  By 
heating  gently  in  a  stream  of  pure,  dry  H,  pure 
Mn  was  obtained. 

Manganous  chloride  (vol.  iii.  p.  179).  Chasse- 
vant {A.  Ch.  [6]  30,  6  [1893])  describes  several 
double  salts  of  MnCU ;  viz.  MnCU.AmCl.  2aq, 
MnCl.,.2AmCl.  aq,  and  MnCl.,.LiCl."  3aq.  For 
the  doitble  salts  M.KCl.  2aq,  M.CsCl.  2aq  ; 
M.2XC1.2aq,  X  =  NH„  Cs,  Eb  ;  2M.MgCl.,.  12aq 
(M  =  MnCl.,),f.  Saunders  {Am.  14,  127;  abstract 
in  C.  J.  62',  780  [1892]). 

Manganic  chlorides  (vol.  iii.  p.  180).  Ee- 
garding the  composition  of  the  chloride  in  the 
solution  obtained  by  dissolving  MnO.,  in  HClAq, 
V.  Vernon  {P.  M.  [5]  31,  469),  and  Pickering 
(P.  M.  [5]  33,  284)  {abstracts  in  C.  J.  62,  19, 
687  [1892]). 

Manganese  peroxide  (vol.  iii.  p.  183).  Ee- 
garding the  compositions  of  the  hydrated  oxides, 
approximately  MnO„.  .Taq,  prepared  by  different 
methods,  v.  'Gorgeu  {Bl.  [3]  4,  16  [1891]).  G. 
(C.  B.  110,  857;  abstract  in  C.  J.  58,  946 
[1890])  gives  some  details  regarding  the  inter- 
action of  MnO,,.  ;raq  and  H,_0.,Aq.  Heated  in  the 
electric  furnace,  MnO..  melts,  gives  off  0,  and 
leaves  MnO  (Moissan, "C.  B.  115,  1034  [189'2]). 
Mn.,03  is  said  to  be  formed  by  heating  MnO.,  to 
c.  400°  in  NO  (Sabatier  a.  Senderens,  C.B.iU, 
1476  [1892]).  McLeod  {C.  J.  65,  202  [1894]) 
has  confirmed  his  former  observation  that  CI  is 
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given  off  when  MnO,  and  KCIO3  are  heated 
together.  Eegarding  compounds  of  MnO.,  with 
basic  oxides,  v.  Eousseau  (C  B.  112,  525  ;  114, 
72;  116, 1060  ;  abstracts  in  C.  J.  60,  645  [1891] ; 
62,569  [1892];  64  [11],  416  [1893]). 

Permanganates  (vol.  iii.  p.  186).  Eegarding 
the  interaction  of  permanganates  with  H.,0„Aq, 
V.  Gorgeu  (0.  B.  110,  958  ;  abstract  in  C.'j."58, 
1062  [1890]).  Klobb  {Bl.  [3]  3,  508  ;  abstract  in 
C.  J.  58,  947  [1890])  describes  compounds  of 
NH3  with  permanganates  of  Cd,  Cu,  Ni,  and  Zn. 

Barium  pcrma7iganate  BaMn^Og  (the  formula 
is  wrongly  printed  BaMnO^  in  vol.  iii.  p.  186). 
For  the  preparation  of  this  salt  from  KMnO^Aq 
and  Ba(N03).Aq  v.  Muthmann  (B.  26,  1016;  ab- 
stract in  G.  J.  64  [11],  324  [1893]). 

Calcium  permanganate.  The  formula  given 
on  p.  186  of  vol.  iii.  is  wrong ;  it  should  be 
CaMn,0,.5H„0. 

Potassium  permanganate  (vol.  iii.  p.  186). 
TivoU  [G.  19,  630  [1890])  gives  the  following  as 
the  reactions  that  occur  when  pure  AsH3is  passed 
into  dilute  KMnO^Aq :  (1)  2KMn04Aq  + AsHj 
=  KoHAsO^Aq  +  Un.f),,  +  HjO ;  (2) 
2KMn04Aq  +  ASH3  =  K^HAsOaAq  +  2Mn02  +  Kp. 

Silver  permanganate  (vol.  iii.  p.  187). 
AgMnO^  decomposes  slowly  at  the  ordinary 
temperature,  rapidly  at  100°,  and  very  rapidly 
at  135°  (Gorgeu,  G.  B.  114,  912 ;  abstract  in 
G.J.  62,  942  [1892]). 

Manganous  sulphide  (vol.  iii.  p.  188).  The 
pp.  produced  by  adding  (NHj)HSAq  to  an 
ammoniaeal  solution  of  a  Mn  salt,  after  wash- 
ing in  an  atmosphere  of  HoS  and  drying  in  COj 

at  70°,  is  MnS  ;  S.G.  |^  =  3-55.   By  heating  to 

300°-320°,  or  by  leaving  in  contact  with 
(NHJHSAq  for  some  days,  the  reddish  MnS 
becomes  green  without  changing  its  composi- 
tion ;   the  green  form  of  MnS  is  crystalline, 

S.G.  j|°  =  3-63  (Antony  a.  Donnini,  Q.  23  [1],  560 

[1892]). 

MASEIUM.  In  1892  (C.  J.  61,  491)  Eich- 
mond  a.  Husseinoft  obtained  indications  of  the 
existence  of  an  element  before  unknown  in 
specimens  of  Egyptian  fibrous  alums.  The  sup- 
posed new  element  gave  reactions  indicating 
analogies  with  Be,  Ca,  and  Zn ;  the  results  ob- 
tained by  decomposing  the  oxalate  by  heat  led 
to  the  at.  w.  of  c.  228.  The  authors  suggested 
the  name  masrium,  from  the  Arabic  name  for 
Egypt. 

MEKCURAMMONIUM  COMPOUNDS  (vol. 
iii.  p.  206). 

Mercuro-ammonium  salts  NHi^a^Hg^-X  (vol. 
iii.  p.  207).  Barfoed's  conclusion  that  these  sup- 
posed compounds  are  really  mixtures  of  mercuri- 
compounds  and  Hg  is  confirmed  by  Pesci  {O. 
21  [11],  569  [1891]).  The  product  of  the 
interaction  of  HgCl  and  NH3Aq,  described  as 
dimcrcuro-ammonium  chloride  NHjHgj.Cl  in 
vol.  iii.  (p.  208),  leaves  metallic  Hg  when 
treated  with  ammoniaeal  (NH,)2S04Aq,  ac- 
cording to  P.  When  the  reaction  of  HgCl 
with  NHjAq  proceeds  out  of  the  light,  P. 
says  that  the  change  is  2Hg„Cl2 -t- 4NH3Aq 
=  (NHg2)Cl.NHjCl  +  2NH,ClAq  +  2Hg.  Similarly 
the  reaction  of  NHjAq  with  Hg.,S04  produces 
a  double  compound  of  dimercuro-ammonium 
sulphate  ((NHg,,)2S0,.(NHJ„S0J  and  Hg ;  and 


_(NHg,)N03.NHjN03  and  Hg  are  formed,  accord- 
ing to  P.,  when  HgNOjAq  is  treated  with  NHjAq. 

Merc uri- ammonium  salts  NH^Hg.X.  Ee- 
garding the  conditions  of  formation  of  compounds 
of  mercuri-ammonium  chloride  NH.,Hg.Cl  (vol. 
iii.  p.  208)  with  HgCl.  and  NH.,(Hg„0)Cl,  v. 
Balestra  (G.  21  [11],  294  ;  abstract  in  C.  J.  62, 
276  [1892]). 

Dimercuri-ammonium  salts  NHg.,X  (vol.  iii. 
p. 209).  Pesci  (G. 20, 485  [1890])  has  examined  the 
conditions  of  formation  of  various  salts  of  this 
class,  especially  the  nitrate  NHg.^.NOj  and  com- 
pounds of  this  with  NHjNOa-  The  sulphate 
(NHg2).,S0.,.  2aq  was  formed  by  saturating  cone. 
NHgAq  with  HgSO.,,  allowing  the  solution  to 
evaporate  in  an  atmosphere  of  NH3  over  CaO, 
and  collecting  the  first  crop  of  crystals  ;  various 
compounds  of  (NHgl.SO^  with  (NHJ^SO,  are 
also  described  {v.  absiractin  C.  J.  60,  268  [1891]). 

MERCURY  (vol.  iii.  p.  212).  Heycock  a. 
Neville's  results  (C.  J.  57,  376  [1890])  show  that 
some  condensation  from  monatomie  molecules 
perhaps  occurs  in  dilute  solutions  of  Hg  in  tin. 
For  corrected  tables  of  the  vapour  pressures  of 
Hg  for  each  10°  from  180°  to  480°,  and  each  1° 
from  330°  to  360°,  v.  Young  (C.  J.  59,  629 
[1891]). 

Jager  {W.  48,  209  [1893])  recommends  to 
prepare  pure  Hg  by  converting  Hg  that  has  been 
distilled  in  vacuo  into  HgNOs  and  electrolysing 
a  solution  of  the  salt,  using  Pt  as  cathode  and 
distilled  Hg  as  anode.  Shenstone  (C.  J.  61,  452 
[1892])  noticed  that  Hg  adheres  to  glass  when 
brought  into  contact  with  CI,  Br,  or  I.  Monte- 
martini  (G.  22,  384,  397,  426  [1891])  finds  that 
the  amount  of  NO  produced  by  the  interaction 
of  Hg  and  HNOjAq  decreases  as  concentration 
of  the  acid  increases  ;  that  NOj  is  produced  with 
acid  more  cone,  than  27'5  p.c.  HNO3,  HgNOj 
is  formed  with  25  p.c.  acid,  but  Hg(N03).,  with 

I  50  to  70  p.c.  acid ;  no  NH3  is  formed  with  27 

I  and  50  p.c.  acid. 

I  Mercuric  bromide  (vol.  iii.  p.  215).  HgBrj 
boils  at  326°,  according  to  Freyer  a.  V.  Meyer 
{Zcit.  f.  anorg.  Ghcmic,  2,  1  [1892]). 

Mercurous  chloride  (vol.  iii.  p.  215).  Harris 
a.  V.  Meyer  have  re-determined  the  V.D.  of 
calomel  at  448°  and  518° ;  the  value  obtained 
was   117"5.     H.  a.  M.  obtained  considerable 

j  quantities  of  Hg  and  HgCh  by  allowing  the 
vapours  obtained  by  heating  calomel  to  c.  465° 
to  diffuse  along  a  glass  tube ;  also  by  heating 
calomel  at  420°  for  half  an  hour  in  a  distillation 
flask  at  33  mm.  pressure.  By  heating  calomel 
to  240°-260°,  and  bringing  a  piece  of  KOH, 
which  had  been  heated  to  c.  250°,  into  the 
vapour,  they  noticed  that  the  surface  of  the 
KOH  at  once  became  covered  with  yellow  HgO  ; 
they  also  found  that  a  piece  of  gold  leaf  held 
for  a  moment  in  the  vapour  was  amalgamated  (if 
kept  for  some  time  in  the  hot  vapour  the  yellow 

I  colour  was  restored).  H.  a.  M.  think  their  re- 
sults leave  no  doubt  that  the  vapour  obtained 
by  heating  calomel  is  Hg  +  HgCL,  and  that  the 
molecular  formula  of  calomel  is  HgjCU. 

The  reaction  of  Hg.,CL  with  NHsAq  gives 
(NHg,)Cl.NHjCl  and  Hg,  according  to  Pesci  {v. 
supra,  Mercuro-ammonium  salts). 

Mercuric  chloride  (vol.  iii.  p.  217).  HgClj 
boils  at  307°  (Freyer  a.  V.  Meyer,  Zeit.f.  anorg. 
Chemie,  2,  1  [1892]).     The  white  substance 
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produced  by  the  reaction  of  HgCl.,Aq  with  a 
silver  photographic  image,  or  with  pulverulent 
Ag,  is  HgAgCl.,,  according  to  Jones  ( S.  C.  I.  12, 
983;  abstract'in  C.  J.  66  [11],  138  [1894]). 

Mercuric  cyanide ;  for  an  account  of  the 
conditions  of  formation  and  properties  of  the 
double  mercury-Bine  cyanide,  v.  Dunstan  (0.  J. 
61,  666  [1892]). 

Mercury,  haloid  compounds  of  (vol.  iii.  p. 
219).  Wells  (Am.  S.  [3]  44,  221  ;  abstract  in 
■C.  J.  64  [11],  68  [1893])  describes  a  number  of 
double  comi50unds  of  mercury  and  cassium 
halides;  the  compounds  belong  to  the  forms 
(1)  CsjHgX,,  (2)  Cs,HgX„  (3)  Cs,H&I„  (4)  CsHgX,, 
(5)  CsHg.X,,  (6)  CsHg^X,,;  X  =  CI,  Br  or  I;  in 
some  cases  the  total  X  atoms  comjprise  two  dif- 
ferent halogens. 

Mercury  hydrosulphide ;  for  experimental 
attem^jts  to  prepare  a  definite  compound,  v. 
Linder  a.  Picton  (C.  J.  61,  123  [1892]). 

Mercury  phosphide  (vol.  iii.  p.  223).  By 
heating  Hg  and  PIj  in  a  sealed  tube  for  many 
hours  at  275 '-300°,  and  removing  Hgl.^  by  treat- 
ment with  KIAq,  Granger  {C.  R.  115,  229 
[1892])  obtained  Hg^P.^  in  lustrous,  metal-like, 
hexagonal  crystals,  appearing  red  by  trans- 
mitted light,  and  giving  a  brown  powder.  The 
compound  gives  Hg  and  P  when  heated ;  heated 
in  air  it  burns ;  detonates  when  mixed  with 
KCIO3  and  struck  ;  burns  in  CI ;  dissolved  by 
ag;ua  rcgia. 

Mercurous  sulphide  (vol.  iii.  p.  224).  Antony 
a.  Sestini  (G.24  [1],193  [1894])  obtained  a  black 
powder  by  passing  dry  H„S,  diluted  with  CO.,, 
over  dryHg,,Cl,  or  Hg(C,H,0.,).  kept  at  -10°"; 
when  freshly  prei^ared  the  black  powder  was 
scarcely  changed  in  dry  HCl  at  — 18°,  but  at  a 
somewhat  higher  temperature  (below  0°)  HgoCl.^ 
was  quickly  formed.  The  substance  dissolved 
in  cold  K._,SAq  or  Na^.SAq,  but  when  temperature 
rose  above  0°  the  solution  became  turbid  and 
ppd.  Hg.  A.  a.  S.  think  their  results  show 
that  Hg.,S  exists  at  low  temperatures  {abstract 
in  C.  J". "66  [11],  318  [1894]). 

Mercury  sulphochloride  (vol.  iii.  p.  225). 
The  compound  2HgS.HgCl2  is  formed,  according 
to  Colson  (C.  R.  115,  657  [1892]),  by  passing 
H,S  into  a  solution  of  HgCl^  in  dry  benzene. 

'  MOLYBDENUM  (vol.  iii.  p.  421).  Smith  a. 
Maas  {A.  C.  J.  15,  397  [1893])  obtained  the 
mean  value  95-85  (0  =  15-96)  for  the  at.  w.  of 
Mo,  by  heating  NavMoO^  in  a  current  of  dry 
HCl  and  weighhag  the  NaCl  that  remained 
(Mo03.2HCland  H^Owere  formed  and  removed). 
Smith  a.  Oberholtzer  [Zeit.  f.  anorg.  Clieniic,  5, 
63  [1893])  say  that  a  mixture  of  MoOCl^  and 
Mo(CO)Cl4  is  formed  by  heating  Mo  to  150°- 
200°  in  COCL ;  and  that  Mo,S,Cl,,  is  produced 
by  heating  Mo  to  redness  in  SjCl..  Mo  is  said 
to  ppt.  Ag  from  AgNOjAq,  Au  from  AuCljAq, 
HgCl  and  then  Hg  from  HgCl.Aq,  and  Cu  from 
solutions  of  its  salts  (Smith,  Zeit.  f.  anorg. 
Chemie,  1,  360  [1891]).  Montemartini  (G.  2-2, 
384,  397,  426  [1891])  finds  that  no  NH^  is  formed 
in  the  interaction  of  Mo  and  HNO^Aq  with  from 
3  to  70  p.c.  HNO3;  the  most  vigorous  action 
occurs  with  acid  c.  50  p.c,  but  the  whole  of  the 
metal  is  not  oxidised  to  MoO^,  a  nitrate  being 
probably  formed  ;  the  gaseous  products  are  NO 
and  NO^,  the  quantity  of  NO  decreasing  as  the 
concentration  of  the  acid  increases. 


Molybdenum,  carbides  of.  By  heating  a 
mixture  of  MoO,  and  charcoal  in  the  electric 
furnace,  Moissan  (C.  R.  116,  1225  [1893])  ob- 
tained a  very  hard  carbide,  containing  from 
9-77  to  9-9  p.c.  C  ;  S.G.  8-6. 

Molybdenum  sesquioxide  (vol.  iii.  p.  431). 
Heating  Mo.,0,,  in  NO  produces  MoO.,  (Sabatier 
a.  Senderens,  C.  R.  114,  1429  [18^2]}. 

Molybdenum  trioxide  (vol.  iii.  p.  432).  M0O3 
partially  volatilises,  and  is  partially  reduced  to 
one  of  the  blue  oxides,  at  c.  1750°  (Read,  C.  /. 
65,  313  [1894]).  According  to  Smith  a.  Ober- 
holtzer (Zeit.  f.  anorg.  Cheniic,  4,  230  [1893]), 
the  products  of  heating  M0O3  in  HBr  are 
(1)  MoO,.3HBr,  and  (2)  Mo.O.Br, ;  when  HI  is 
used  and  the  temperature  kept  at  105°-120°,  a 
blue  oxide  Mo.,0.,.  ,raq  is  formed;  HF  at  300°- 
400°  forms  Mo.'O.F^  (v.  abstract  in  C.  J.  64  [11], 
471  [1893]).  Cammerer  (Chcm.  Zeit.  15,  957  ; 
abstract  in  C.  J.  62,  944  [1892])  says  that 
2Mo03.H„0.,.H.,0  is  formed  by  boiling  M0O3  with 
H.O.Aq-' 

Molybdenum,  oxybromides  of  (vol.  iii.  p.  433). 
Smith  a.  Oberholtzer  (Zeit.  f.  anorg.  Chcmie, 
4,  236  [1893])  describe  Mo..O.,Br^ ;  square  plates, 
colour  of  KMnO,.  Formed,  along  with 
MoO.,.3HBr,  by  heating  M0O3  in  HBr. 

Molybdenum,  oxychlorides  of  (vol.  iii.  p.  433). 
For  the  products  of  the  interaction  of  M0O.2CI2 
and  NHj,  v.  Smith  a.  Lehner  (Zeit.  f.  atwrg. 
Chemie,  4,  374  ;  abstract  in  C.  J.  64  [11],  529 
[1893]). 

Molybdenum,  oxycyanide  of.  By  dissolving 
MoO.,  in  KCyAq,  and  adding  a  strong  acid, 
Pechard  (C.  R.  118,  804  [1894])  obtained 
MoO.jCyj.  Easily  decomposed  by  contact  with 
acids ;  double  compounds  with  KCy  and  AgCy 
are  also  described. 

Molybdenum,  oxyfluorides  of  (vol.  iii.  p.  433). 
For  Mc.OjF^,  a  white,  crystalline,  deliquescent 
soUd,  obtained  by  heating  M0O3  in  HF  at  300°- 
400°,  V.  Smith  a.  Oberholtzer  (I.e.). 

Molybdenum,  thiochloride  of.  For  Mo^SsCl^, 
V.  S.  a.  0.  (I.e.  5,  63). 

Molybdates,  and  derivatives  thereof  (vol.  iii. 
p.  423).  For  compounds  of  molybdates  of  NH., 
and  K  with  SO.,  and  SeO.,,  v.  Pdchard  (G.  R. 
116,  1441 ;  117, '104  ;  abstracts  in  C.  J.  64  [11], 
530  [1893]). 

Permolijbdates.  By  the  reaction  of  H^CAq 
with  K„Mo30i„Aq,  P6chard  (C.  R.  112,  720; 
abstract  in  C.  J.  60,  988  [1891])  obtained  potos- 
simii  permolybdatc  K^Mo.^Ojj.  4aq  ;  the  corre- 
sponding NHj  salt  was  also  formed. 

Arseno -molybdates  (vol.  iii.  p.  425).  For 
salts  of  this  class,  v.  Friedheim  (Zeit.  f.  anorg. 
Chemie,  2,  314 ;  6,  11,  27  ;  abstracts  in  C.  J. 
64  [11],  283 ;  66  [11],  238  [1893-4]). 

lodomolybdates.  A  great  many  salts  of  the 
form  .rMoO^.i/IjOj.asMO  are  described  by  Blom- 
strand  (Zeit.  f.  anorg.  Chemie,  1,  10;  abstract 
in  C.  J.  64  [11],  122  [1893]). 

Phospliomolybdates  (vol.  iii.  p.  426).  Fried- 
heim (Zeit.  f.  anorg.  Chemie,  4,  275  ;  6,  11,  27  ; 
abstracts  in  C.  J.  64  [11],  472  ;  66  [11],  238 
[1893-4])  describes  several  salts  of  this  class. 

Fluomolybdates  (vol.  iii.  p.  425),  v.  Picoini 
(Real.  Acad.  Lincei,  7  [1],  267  ;  abstract  in  C.  J. 
62,  784  [1892]),  and  Mauro  (I.e.,  1892  [1].  194  ; 
abstract  in  C.  J.  64  [11],  124  [1893]). 
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NICKEL  (vol.  iii.  p.  498).  The  at.  w.  has 
been  re-determined  (1)  by  Schiitzenberger,  by 
reducing  oxides  of  Ni  in  H  (C.  B.  114,  1149 
[1892]);  (2)  by  Winkler,  by  estimating  CI  in 
NiClj  prepared  from  electrolytioally  deposited 
Ni  {Zeit.  f.  anorg.  Chemie,  4,  10  [1893]). 
Schiitzenberger' s  values  varied  from  58-50  to 
59'8  ;  Winkler's  mean  value  from  the  gravi- 
metric determinations  was  58'903,  and  from  the 
volumetric  determinations  58-910  (01  =  35-37, 
Ag=  107-66).  Kriiss  a.  Schmidt  {Zeit.f.  anorg. 
Chemie,  2,  235  [1892])  insist  that  the  substance 
called  nickel  is  not  an  element,  but  Winkler 
(Z.c.)  controverts  this  statement  {v.  abstracts  in 
O.  J.  64  [11],  212,  469  [1893]).  The  molecule  of 
Ni  in  dilute  solution  in  tin  is  probably  monatomic 
(Heyeook  a.  Neville,  C.  J.  57,  376  [1890]). 
Schiitzenberger  (C.  R.  113,  177  [1891])  says  that 
a  volatile  compound  is  formed  by  passing  dry 
HCl  over  finely  divided  Ni  heated  to  dull  red- 
ness. Montemartini  (G.  22  [1],  250  ;  abstract  in 
C.  J.  62,  1278  [1892])  gives  the  quantities  of 
NH3,  N2O,  N,  and  HNO,  (no  NO)  produced  by 
the  reaction  of  excess  of  HNOsAq  (27-5  ji.c.)  with 
Ni.  Heated  to  200°  in  NO,  the  oxide  NiO  is 
formed  without  anyNijO.,  (Sabatier  a.  Senderens, 
0.  B.  114,  1429  [1892]).  By  passing  NO,, 
diluted  with  N,  over  reduced  Ni,  nitro-nichel 
(?  Ni,NO.,)  is  obtained ;  it  resembles  nitro-cobalt 
(2.  v'.,  p.  908)  (S.  a.  S.,  Bl.  [3]  9,  669  [1893]). 

Nickel  carbonyl  Ni(CO).i.  {Nickel  carbon- 
oxide,  vol.  iii.  p.  501.)  Mol.  w.  was  confirmed 
by  Mond  a.  Nasini  {Z.  P.  C.  8,  150  [1891]),  by 
finding  the  depression  of  the  freezing-point  of 
benzene.  S.G.  1-35613  at  0°,  1-27132  at  36° 
(water  at  4°  =  1) ;  S.G.  at  b.p.  =  1-25406 ;  molecular 
volume  =  136-04 ;  critical  temp.  =  151°.  For  some 
reactions  Berthelot  (C.  B.  112, 1343;  abstract 
in  C.  J.  60,  1427  [1890]). 

Nickel,  chloride  of  (vol.  iii.  p.  601).  A 
volatile  substance,  decomposed  by  heating,  is 
said  to  be  formed  by  passing  dry  HCl  over  dry 
NiCI,  at  dull  redness  (Schiitzenberger,  G.  B. 
113,  177;  V.  abstract  in  C.  J.  60,  1429  [1890]). 
Chassevant  {A.  Ch.  [6]  30,  5  [1893])  describes 
the  double  compounds  NiCL.AmCl.  6aq  and 
NiCLLiCl.  3aq. 

Nickel,  fluoride  of  (vol.  iii.  p.  502).  Poulenc 
{C.  B.  114,  1426  [1892])  obtained  amorphous 
NiP.,  by  heating  NiClj  with  excess  of  NH4F,  and 
washing  away  NH^Cl  with  boiling  alcohol ;  by 
heating  in  HF  to  1200°-1300°,  the  amorphous 
NiF.,  became  crystalline,  forming  green  prisms, 
S.G.  4-63,  not  acted  on  by  warm  HNO.jAq, 
HClAq,  or  H.SOjAq.  Heated  in  air,  NiFj  gives 
NiO  ;  heated  with  S  it  gives  NiS  ;  and  with  H 
it  is  reduced  to  Ni  (for  other  reactions,  v.  abstract 
in  C.  J.  62,  1159  [1892]).  The  double  salt 
NiF.,.KP  is  formed  by  heating  NiCl,  with  KHF,, 
and  washing  away  KCl  by  water  (P.,  G.  B.  114, 
746  [1892]). 

Nickel  monoxide  (vol.  iii.  p.  502).  NiO  melts 
and  forms  green  crystals  in  the  electric  furnace 
(Moissan,  C.  B.  115,  1034  [1892]).  NiO  occludes 
small  quantities  of  N  and  O  (Eichards  a.Eogers, 
P.  Am.  A.  28,  200  [1893]). 

Nickel  sesquioxide  (vol.  iii.  p.  502).  NijOj 
fuses,  gives  up  all  its  O,  and  leaves  Ni  at  c.  1750° 
(Bead,  G.  J.  65,313  [1894]). 

Nickel  peroxide  (vol.  iii.  p.  603).  Campbell 
a.  Trowbridge  (J.  Anal,  and  App.  Chem.  7,  301; 


abstract  in  G.  J.  66  [11],  238  [1894])  conclude 
that  an  oxide  with  more  0  than  Nifi^  can  be 
obtained  by  ppg.  NiS04Aq  by  Na2C03Aq  in  pre- 
sence of  Br  at  different  temperatures. 

Nickel  monosulphide  (vol.  iii.  p.  503).  Ee- 
garding  the  oxidation  of  this  salt  in  air,  to 
NiSO.,.6NiO,  &o.,  v.  P.  de  Clermont  (G.  B.  117, 
229  ;  abstract  in  C.  /.  64  [11],  528  [1893]). 

NIOBIUM  (vol.  iii.  p.  505).  Nb.Os  is  not 
changed  at  c.  1750°  (Bead,  C.  J.  65,  313  [1894]). 
Piocini  {Zeit.  f.  ajiorg.  Ghemie,  2,  21  [1892]) 
has  preijared  potassium  fluoxyperniobate 
Nb0.pi',.2KF.aq. 

NITRAMIDE  N02(NH2).  Thiele  a.Lachman 
{B.  27,  1909  [1894])  obtained  this  compound  by 
throwing  NO,_,.NK.CO,,K  (potassium  nitro-car- 
bamate)  into  a  mixture  of  ice  and  excess  of 
H.^SO.,,  extracting  with  ether,  and  evaporating 
in  a  stream  of  air.  Crystallises  in  clear  prisms, 
which  melt  at  72°  with  decomposition  ;  decom- 
posed instantly  to  N.,0  and  H^O  by  alkalis, 
alkali  carbonates,  borax,  or  Na  acetate. 

NITRATES  (vol.  iii.  p.  509).  Eousseau  a. 
Tite  (C.  B.  115,  174  [1892])  find  that  many 
basic  nitrates  are  completely  decomposed  by 
heating  with  water  at  150°-200°.  Eegarding 
the  formation  of  basic  nitrates  of  Cd,  Ca,  Ni, 
and  Zn,  v.  E.  a.  T.  {G.  B.  114,  1184)  ;  Eiban 
{G.  B.  114,  1357) ;  and  Werner  {C.  B.  115,  169); 
(abstracts  in  G.  J.  62,  1156,  1157,  1276  [1892]). 

NITRIC  ACID  (vol.  iii.  p.  517).  Eegarding 
the  colours  produced  by  diluting  red  fuming 
HNOjAq  V.  Marchlewski  {B.  24,  3271  [1891]). 
For  revised  tables  showing  the  composition  of 
HN03Aq  of  different  concentrations  v.  Lunge  a. 
Eey  (S.  G.  I.  1891.  643).  Eegarding  the  mag- 
netic rotations  of  HNOjAq  v.  Perkin  (C  J.  63,  ^ 
57  [1893]).  Hall  (Am.  13,  564)  has  examined 
the  rate  of  production  of  H  and  O,  and  the  effect 
on  the  concentration  of  the  acid,  by  the  slow 
and  steady  electrolysis  of  HNOjAq  {abstract  in 
G.  J.  62,  680  [1892]).  The  interactions  of 
HNO.jAq  with  many  metals  have  been  examined 
by  Montemartini  {G.  22  [1],250,277,  384,397,  426 
[1891] ;  abstracts  in  G.  J.  62,  1278,  1402  [1892]), 
Veley  {S.  G.  I.  10,  206;  and  elsewhere),  and 
others  ;  the  results  are  noted  under  various 
metals.  Pickering  {G.  J.  63,  436  [1893])  has 
isolated  the  hydrates  HNO.^.H.O  and  HNO3.3H2O ; 
the  freezing-points  of  HNO^Aq,  from  1-82  to 
86-19  p.c.  HNO3,  are  given  by  P. 

NITROGEN  (vol.  iii.  p.  556).  S.G.  of  N  (air 
=  1)  =  -97209  ;  1  litre  weighs  1-25749  g.  (Eay- 
leigh,  Pr.  63,  134  [1893]).  =  1-2053  at  - 190° 
(liquid  N,  containing  5  p.c.  0)  (Liveing  a.  Dewar, 
P.  M.  [5]  36,  328  [1893]).  Absorption  coefficient 
in  alcohol,  v.  Henrich  {Z.  P.  G.  9,  435  [1892]). 
Diffusion  in  water,  v.  Duncan  a.  Hoppe-Seyler 
{Zeit.  physiol.  Ghemie,  17, 147  [1893]). 

Preparation  of  pure  nitrogen.  Threlfall 
(P.  M.  [5]  35, 1  [1893])  gives  minute  directions 
for  preparing  pure  N  by  passing  air  and  NH, 
over  hot  Cu,  and  absorbing  traces  of  0  by 
CrCUAq;  exact  directions  for  preparing  the 
CrCl.Aq  are  given,  and  the  paper  contains  nume- 
rous details  regarding  the  purifications  of  the 
reagents  used  in  the  process. 

Supposed  allotropic  form  of  nitrogen.  Threl- 
fall {I.e.)  has  repeated  experiments  on  sparking 
extremely  pure  N  {v.  vol.  iii.  p.  557) ;  no  con- 
densation occurred  down  to  — 10°  and  c.  8  mm. 
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pressure,  but  when  Hr-  is  present  a  compound  of 
N  and  Hg  is  formed  (probably  Hg,jN.,,  v.  vol.  iii. 
p.  221).  Kegarding  the /ixafio!!-  of  nitrogen  by 
growing  plants,  v.  Beyerinck,  also  Schloesing  a. 
Laurent  {abstracts  in  C.  J.  62,  1019,  1021 
[1892]). 

Nitrogen,   hydrides   of  (vol.  iii.  p.  559). 

Sydrazoic  acid  N3H.  For  new  methods  of  pre- 
paVing  N3H  V.  Curtius  {B.  24,  3341  ;  26,  1263; 
abstracts  in  C.  J.  62, 112  ;  64  [11],  463  [1892-3]). 
Wislicenus  (B.  25,  2084  [1892])  has  obtained 
N3H  by  the  interaction  of  NH.,  and  N,,0.  From 
i  g.  to  ^  g.  Na  is  heated  in  a  stream  of  NH,  ! 
until  all  is  converted  into  NaNK^ ;  a  current  of 
dry  N.,0  is  then  passed  over  the  NaNH,  at  150"- 
250°  as  long  as  NH3  is  given  off  (2NaNH.,  +  N,0 
=  NaNj  +  NaOH  +  NH.,).  By  dissolving  the  pro- 
duct in  water,  filtering,  decomposing  by  dilute  [ 
H^SOjAq,  and  distilling,  N^HA.q  is  obtained.  ! 

The  following  salts  are  described  by  Curtius 
{B.  24,  3341 ;  abstract  in  C.  J.  62,  112  [1892])  : 
(NH,)N3,  Pb(N3),,  HgN3,  NaN,. 

Nitrogen,  iodides  of  (vol.  iii.  p.  560).  Di- 
iodamine,  NHI„  is  the  product  of  adding  excess 
of  NH3Aq  to  a  cone,  solution  of  I  in  cone. 
XIAq ;  by  suspending  NHI,,  in  water,  and  adding  j 
an  ammoniacal  solution  of  AgNOj  or  Ag„0,  a 
black  comjjound  NAgL  is  obtained  which  es-  | 
jjlodes  when  dry  (Szuhay,  B.  26,  1933  ;  abstract  j 
in  C.  J.  64  [11],  568  [1893]  ;  c/.  Selivanoff,  B. 
27,  1012  ;  abstract  in  C.  J.  66  [11],  312  [1894]). 

Nitrous  oxide  (vol.  iii.  p.  561).  Eamsay  a. 
Shields  (C.  J.  63,  833  [1893])  give  the  m.p.  of 
N.,0  as  -102-3°,  and  the  b.p.  as  -89-8°.  Vil- 
lard  (C.  B.  118,  1096  [1894])  gives  the  following 
data  for  the  S.G.  of  liquid  N„0  :  -9105  at  0°, 
•885  at  5°,  -856  at  10°,  -804  at  17-5°,  -720  at 
26-5°,  -640  at  32-9°,  -605  at  34-9°,  -572  at  36-3°. 
Liveing  a.  Dewar  (P.  M.  [5]  34,  205  [1892])  give 

^°^  =  -2634,  and    ^-^'^'^jf^^-^  = -163    at  -90°. 

Smith  (S.  C.  I.  11,  867  ;  12, 10  [1893])  says  that 
a  regular  stream  of  N.,0  is  obtained  by  heating 
to  240°-250°  a  mixture'  of  1  pt.  dry  NaN03  with  j 
e.  1|  pt.  dry  (NH  |).,S0 ,.    By  passing  N,0,  mixed 
with  a  little  H,  over  Pd  black,  the  H  is  entirely  I 
converted  to  H.,0,  with  formation  of  N  (Monte-  I 
martini.  Real.  Acad.  Lined,  7  [11],  219  [1892]).  1 

Nitric  oxide  (vol.  iii.  p.  562).  Very  pure  NO 
is  obtained,  according  to  Emioh  (M.  13,  73 
[1892]),  by  the  interaction  of  copper  and  a  mix- 
ture of  H.SOj  and  HNOjAq.  Emich  {I.e.,  p.  78) 
finds  that  NO  is  completely  decomposed  to  N 
and  0  by  passing  over  nets  of  Pt  or  Pd  wire 
kept  very  hot  by  an  electric  current.  Emich 
(I.e.  p.  86)  says  that  NO  and  O  unite  after  being 
dried  by  long  contact  with  P„0.. ;  but  Baker  {C.  J. 
65,  611  [1894])  finds  that  drij  NO  and  dnj  O  do 
not  combine  at  the  ordinary  temperature.  Ee- 
garding  the  reactions  between  NO  and  metals 
and  metallic  oxides,  v.  Sabatier  a.  Senderens 
(C.  E.  114,  1429;  1476;  abstracts  in  C.  J.  62, 
1151,  1271  [1892]  ;  results  are  noted  under  the 
different  metals  and  oxides  in  Addenda). 

Nitrogen  dioxide  (vol.  iii.  p.  565).    For  the 
reactions  of  NO.,  with  various  metals  and  oxides 
S.  a.  S.  (C.  R.  115,  236  ;  abstract  in  C.  J. 
62,  1390  [1892] ;  results  are  noted  under  the 
different  metals  and  oxides  in  Addenda). 


Nitrogen  tetroxide  (vol.  iii.  p.  565).  For 
preparation  of  N.,0,„  v.  Cundall  (C.  J.  59,  1076 
[1891]).  C.  {I.e.)  "has  measured  the  dissociation 
of  liquid  N.,0,  in  CHCl.,  up  to  c.  2.5°;  Ostwald 
(C.  J.Ol,  242  [1892])  shows  that  the  dissociation 
follows  van't  Hoff 's  law  for  dilute  solutions. 

Nitrous  acid  (vol.  iii.  p.  567).  Regarding 
the  formation  of  HNO.,  in  solution  in  HNO3,  v. 
Veley  {Pr.  52,  27 ;  abstract  in  C.  J.  64  [11],  413 
[1893]). 

Hyponitrous  acid  (vol.  iii.  p.  568).  Tanatar 
{J.  B.  25,  342 ;  abstract  in  C.  J.  66  [11],  136 
[1894])  prepared  Ag.,N„0,-by  adding  CaO  to  fairly 
cone.  KNO.,Aq  in  the  ratio  CaO:KNO,„  then  an 
equivalent  of  solid  NH  .OH.HCl,  heating  to  50°, 
letting  stand  for  a  few  days  at  the  ordinary 
temperature,  filtering,  acidifying  with  acetic 
acid,  ppg.  by  AgN03Aq,  dissolving  Ag._,N.^0,2  in 
HNOaAq  (which  leaves  AgCl),  and  ppg.  again  by 
Na  acetate. 

OSMIUM  (vol.  iii.  p.  641).  Os  fuses 
readily  in  the  electric  arc  in  a  carbon  capsule ; 
when  fused  it  has  a  crystalline  fracture,  and 
scratches  quartz,  but  is  scratched  by  tojiaz 
(Joly  a.  YHea,  C.  R.  116,  577  [189.3]). 

Osmic  acid  (vol.  iii.  p.  646).  Moraht  a. 
Wischin  {Zeit.f.  anorg.  CJicmic,  3, 153  ;  abstract 
in  C.  J.  64  [11],  380  '[1893])  say  that  the  black 
powder  obtained  by  the  interaction  of  acids 
and  KoOsO^Aq  (vol.  iii.  p.  645),  when  dried 
over  P.,05  in  vacuo  till  it  ceases  to  lose  weight, 
is  osmic  acid  H2OSO4.  M.  a.  W.  describe  the 
compound  as  a  sooty-black  powder,  smelling  of 
OsO.,  in  moist  air,  hut  unchanged  under  water 
containing  alcohol.  By  passing  HjS  over 
H.^OsO.,  a  violent  reaction  occurs,  and 
Os  02S,.H.,0  is  formed.  Heated  with  cone. 
HClAq  for  many  hours  with  a  little  alcohol, 
and  evaporated,  Os.^Cl,.  7aq  was  obtained  ;  an 
alcoholic  solution  of  this  substance  with  KClAq 
gave  K^OsCl,,  and  the  filtrate  yielded  OsCL,.  3aq ; 
the  substance  OsXL  is  therefore  supposed  by 
M.  a.  W.  to  be  a  mixture  of  OsCl^  and  OsCl,.  By 
heating  H._.OsO  I  with  HIAq,  violet-black  crystals, 
probably  Osl^,  were  obtained.  No  action  occurs 
when  Os  is  heated  with  I,  or  with  Br. 

Potassium  osmiamate  (vol.  iii.  p.  645).  Joly 
(C.  R.  112,  1442  [1891])  prepares  this  salt  by 
dissolving  100  pts.  OsO,  in  a  solution  of  100 
pts.  KOH  in  50  pts.  H._,0,  keeping  the  solution 
at  c.  40°,  and  adding  40  c.c.  NHjAq  ;  after  a 
time  the  brown  liquid  becomes  colourless,  and 
a  yellow  crystalhne  pp.  is  formed.  .J.  gives  the 
formula  KNOsOj  to  this  salt.  Heated  in  vacuo 
it  is  rapidly  decomposed  above  200°,  and  at 
440°  almost  all  the  N  is  given  off,  the  soUd 
products  being  K.OsO,,  OsO.,,  and  KOSO3  {v. 
abstract  in  C.  J.  60,  1433  [1891]). 

OXIDES  (vol.  iii.  p.  658).  Regarding  the 
connections  between  the  stability  of  oxides  when 
heated  and  the  periodic  classification  of  the 
elements,  v.  Bailey  (C.  J.  65,  106,  321  [1894]). 

OXYGEN  (vol.  iii.  p.  703).  Atomic  lueight  of 
oxijgen  (vol.  iii.  p.  705).  Dittmar  a.  Henderson 
{C.  N.  67,  127,  1.39,  151,  164;  abstract  in 
C.  J.  64  [11],  410  [1893])  from  careful  deter- 
minations made  by  passing  H  over  hot  CuO,  and 
weighing  the  water  and  Cu  produced,  adopt  the 
value  15-87  for  the  at.  w.  of  0.  By  measurements 
of  the  combining  volumes  of  0  and  H,  combi- 
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ning  tlie  results  with  Eayleigh's  determination 
of  the  S.G.  of  0,  Scott  (T.  184,  543  [1893])  got 
the  value  15-862.  The  following  values  sum- 
marise the  most  recent  determinations  {v.  D.  a. 
H.,  I.C.),  Cooke  a.  Eichards,  15-868 ;  Noyes, 
15-885;  Kayleigh  {Pr.  45,  425  [1890]),  15-89; 
Keiser,  15-949  ;Leduc  (C.  B.  116,  1248  [1893]), 
15-88  ;  D.  a.  H.,  15-87 ;  Scott,  15-862.  The  value 
adopted  in  this  Dictimiary,  15-96,  is  almost 
certainly  too  high ;  the  mean  of  the  values  ob- 
tained by  C.  a.  E.,  N.,  E.,  D.  a.  H.,  and  S.,  is 
15-875. 

The  ratio  of  the  combining  volumes  of  0  and 
Hwas  determined  by  Scott  [I.e.)  to  be  2-00245:1 
(v.  V/ater,  this  vol.  p.  861).  S.G.  of  O  referred 
to  H  =15-882  (Eayleigh,  Pr.  50,  448  [1892]). 
For  an  examination  of  the  whole  of  the  spectrum 
of  0,  V.  Eisig  (W.  51,  747  :  abstract  in  C.  J.  66 
[11],  265  [1894]).    Liveing  a.  Dewar  (P.  M.  [5] 

34,  205  [1892])  determined         to  be -1989,  and 

T-^^nLto  be  -1265,  at  -182°  (c/.  Olszewski  a. 

Witkowski  ;  abstract  in  G.  J.  64  [11],  353 
[1893]).  For  diffusion  of  0  in  water,  v.  Duncan 
a.  Hoppe-Seyler  {Zeit.  physiol.  Chemie,  17,  147 
[1892]). 

Eegarding  the  division  of  O  between  H  and 
CI  when  mixtures  of  these  gases  are  exploded, 
V.  Harker  {Z.  P.  C.  9,  673  [1892]).  Dry  0  does 
not  combine  with  dry  NO  at  the  ordinary  tem- 
perature (Baker,  C.  j.  65,  611  [1894]) ;  nor  with 
dry  K  or  Na,  even  when  these  metals  are  distilled 
in  the  gas  (Holt  a.  Sims,  C.  J.  65,  440  [1894]). 

OZONE  (vol.  iii.  p.  788).  Eegarding  the  con- 
ditions of  ozonification  of  oxygen,  v.  Shenstone 
a.  Priest  (C.  J.  63,  938  [1893]).  Baker  (C.  J.  65, 
611  [1894])  confirms  the  observation  of  Shen- 
stone a.  CundaU  (C.  J.  81,  610  [1887])  that  dry 
0  is  ozonised  as  rapidly  as  moderately  dry  0. 

PALLADIUM  (vol.  iii.  p.  792).    The  at.  w.  of 

Pd  has  been  re-determined  (1)  by  Bailey  a.  Lamb 
{C.  J.  61,  745  [1892]),  by  analyses  of  PdifKHjCl),; 
(2)  by  Keller  a.  Smith  {Am.  14, 423  [1892]),  by  ppg. 
Pd  electrolytically  from  a  solution  of  Pd(NH3Cl)„ 
in  NH,Aq ;  (3)  by  Joly  a.  Leidie  (C.  R.  116,  146' 
[1893])',  by  electrolysing  K„PdClj  in  HClAq  ;  (4) 
by  Keiser  a.  Breed  (Am.  16,  20  [1894]),  by  deter- 
mining the  ratio  of  Pd  to  CI  in  Pd(NH3Cl)„. 
B.  a.  L.  obtained  the  value  105-459 ;  K.  a.  S. 
the  value  106-35 ;  J.  a.  L.  the  value  105-665 ; 
and  K.  a.  B.  the  value  106-27  (01  =  35-37; 
Ag  =  107-66;  N  =  14-01;  0  =  15-96).  The  mole- 
cule of  Pd  in  dilute  solution  in  tin  is  probably 
monatomic  (Heycock  a.  Neville,  C.  J.  57,  376 
[1890]).  Regarding  the  preparation  of  pure  Pd, 
V.  the  memoirs  referred  to  supra.  Pd  absorbs  O 
at  450°,  forming  Pd,0  (Neumann,  M.  13,  40 
[1892]),  but  when  Pd  sponge  is  heated  in  dry  O 
till  the  weight  is  constant  PdO  is  formed  (Wilm, 
B.  25,  220  [1892]).  Heated  to  200°  in  NO,  Pd 
sponge  that  has  been  saturated  with  H  becomes 
incandescent  and  the  NO  is  completely  changed 
to  HjO  and  NH.j,  but  oxidation  of  the  Pd  does 
not  occur  (Sabatier  a.  Senderens  [C.  B.  114, 
1429  [1892]).  Eegarding  palladium  sulphides, 
V.  Petrenko-Kritschenko  [Zeit.  f.  anorg.  Chemie, 
4,  247  ;  abstract  in  C.  J.  64  [11],  475  [1893]). 
Phosphopalladous  compounds,  PdClj.PClj  and 


]  PdCL.P(0H)3,  are  described  by  Fink  (C.  B.  115^ 
176  ;  abstract  in  C.  J.  62,  1285  [1892]).  V^zes 
(C.  R.  115,  111)  describes  potassium  palladoso- 
chloronitrite  K,Pd(N0,)„Cl,  (abstract  in  C.  J.  62, 
1284  [1892]). 

PHOSPHATES  (vol.  iv.  p.  106).  Eossel  a. 
Frank  (B.  27,  52)  say  that  P  is  obtained  by  heat- 
ing NaPO,j,  or  any  phosphate  of  Ca  or  Mg,  with 
Al  in  a  current  of  H. 

Dipotassium-hydrogen  orthophosphate  (vol. 
iv.  p.  111).  According  to  Standenmaier  [Zeit.  f. 
anorg.  Chemie,  5,  383  [1893]),  K.HPO^  cannot 
be  isolated.  S.  (I.e.)  describes  acid  salts, 
KjH,(P0,)3.  aq,  K,H,(PO^),,.  2aq,  and  KB-.i^O^)^. 

Thorium  orthophosphates  (vol.  iv.  p.  112). 
Volck  (Zeit.  f.  ayiorg.  Chemie,  6,  161  [1894])  ob- 
tained Th(HPOJ.,.  aq  by  adding  dilute  H3P0jAq 
to  ThCljAq. 

Sodium  pyrophosphate  (vol.  iv.  p.  114).  For 
a  study  of  the  reaction  of  HClAq  with  Na^PjO,  v. 
Watson  (S.  C.  I.  11,  224;  abstract  in  C.  J.  64 
[11],  272  [1893]). 

ORTHOPHOSPHOEIC  ACID  (vol.  iv.  p.  125). 
According  to  Watson  (C.  N.  68,  199  [1893]),. 
H3PO4  is  changed  completely  to  HjPjOj  at  255°- 
260°,  and  HPO,,  begins  to  form  at  290°-300°. 

PHOSPHORUS  (vol.  iv.  p.  126).  Eegarding 
the  action  of  light  and  heat  on  ordinary  phos- 
phorus, V.  Eetgers  [Z.  P.  C.  6,  211 ;  abstract  in 
C.  J.  66  [11],  [1894]). 

Phosphorus  hydride  (vol.  iv.  p.  136).  PH3 
I  and  O  react  at  a  low  pressure  to  form  H3PO3 
1  (2PH3  4-30„  =  2H3P03) ;    when  the    gases  are 
I  allowed  to  diffuse  with  one  another  at  less  than 
I  50  mm.  pressure,  the  reaction  is  PH3  4-  0.^  = 
H,  +  HPO, ;  slow  oxidation  at  greater  pressures 
proceeds  approximately  according  to  the  equa- 
tion 4PH3-f502=2HPO.,4-2H3P03-H2H,  (H.  J. 
van  de  Stadt,  Z.  P.  C.  12,  322  [1893]).  Accord- 
ing to  van  de  S.,  explosion  occurs  at  a  certain 
low  pressure,  and  this  pressure  depends  much 
on  the  amount  of  moisture  present,  the  moisture 
preventing  and  retarding  the  explosion.  Kovij 
{Z.  P.  C.  12,  155  [1893])  has  examined  the  rate 
of  decomposition  of  PH,  by  heat.    For  the  re- 
action of  PH3  with  AgNO.,Aq  v.  Vitali  (abstract 
in  C.  J.  64  [11],  206  [1893]). 

Phosphoric  oxide  (vol.  iv.  p.  141).    For  de- 
I  tails  regarding  the  preparation  of  pure  P2O5,  and 
for  methods  of  detecting  traces  of  P  in  P2O5,  v. 
ThrelfaU  (P.  M.  [5]  35,  14  [1893]). 

Phosphorus  suboxide  (vol.  iv.  p.  139).  Biltz 
(B.  27,  1257  [1894])  thinks  that  P,0  is  formed 
by  the  interaction  of  P2O5  and  NH3. 

Phosphorus, sulphides  of(vol.iv.p.l45).  Helff 
(Z.  P.  C.  12,  196  [1893])  confirms  the  statement 
that  there  are  no  definite  compounds  P^S  and 
P„S  ;  by  heating  together  red  P  and  S,  he  ob- 
ta'ined  P,S3,  P^S,,  P3S,,,  and  P.S^. 

Phosphorus,  sulphoiodide  of.  Ouvrard  (G.  B. 
115, 1301 ;  abstract  in  C.  J.  64  [11],  164  [1893]) 
obtained  P.,8J.  by  heating  PI3  in  H,S  at  110°- 
120° ;  also  by  evaporating  a  solution  of  the  three 
elements  in  the  proper  proportion  in  CS.^  and 
heating  the  residue  to  120°  in  an  inert  gas  ;  also 
by  dissolving  I  in  a  solution  of  P2S3  in  CSo.  The 
compound  crystallises  from  CSj  in  golden-yellow 
prisms ;  it  is  unchanged  in  dry  air,  but  slowly 
decomposed  in  moist  air,  giving  off  HjS  ;  si.  sol. 
CHCI3,  C„H„,  Eton,  or  Et.fi ;  burns  at  c.  300°, 
giving  P2O5,  SO2,  and  I ;  at  c.  300°  in  vacuo  it 
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separates  into  I  and  PjS^ ;  decomposed  by  hot 
water,  and  explosively  by  fuming  HNO3. 

Potassium  hypophosphates  (vol.  iv.  p.  153). 
Bansa  (Zeit.  f.  anorg.  Chemie,  6,  128  [1894]) 
describes  many  double  salts  of  KoH^PjO^  with 
MH,P,0„  where  M  =  Cd,  Co,  Cu,  Mil,  M,  or  Zn  ; 
also  double  salts  MK2P.,0„  where  M  =  Co  or  Ni. 
The  double  salt  KjNaoP-.Os.  2aq  is  also  described 
{abstract  in  C.  J.  66  [11],  279.  [1894]). 

Thallium  hypophosphates.  Joly  (C  iJ.  118, 
649  [1894])  obtained  the  normal  salt  Tl^P^O^, 
and  the  acid  salt  Tl2H.,P205  (abstract  in  C.  J.  66 
[11],  282  [1894]). 

PLATINATES  (vol.  iv.  p.  281). 

Sodium  thioplatinates.  Schneider  has  ob- 
tained the  salts  Na„PtS„  and  Na2S.PtS.2PtS, 
(/.^jr.  [2]  48,  411  [1894]).' 

Platino-oxalates  (vol.  iv.  p.  285).  Eegarding 
the  constitutional  formuhe  of  the  K  salts,  v. 
Werner  {Zeit.  f.  anorg.  Clieiuie,  3,  267),  and 
Soderbaum  {ibid.  6,  45  [1894]). 

PLATINUM-AMMONIUM  COMPOUNDS  (vol. 
iv.  p.  292).  Petersen  {Z.  P.  C.  10,  580  [1892]) 
finds,  from  cryoscopic  determinations,  that  most 
of  the  formulas  generally  used  for  these  com- 
pounds are  molecular.  For  a  discussion  of  the 
constitutions  of  several  classes  of  these  com- 
pounds, and  for  measurements  of  the  electrical 
conductivities  of  aqueous  solutions  of  some  of 
them,  V.  Werner  a.  Miolati  {Z.  P.  C.  12,  35 
[1893]). 

POTASSIUM  (vol.  iv.  p.  297).  Holt  a.  Sims 
(C.  J.  65,  432  [1894])  found  that  K  became  soft 
at  54-5°,  and  remained  soft  to  60-6°,  whereat  it 
became  brittle ;  complete  melting  occurred  at 
62-5°.  H.  a.  S.  say  that  dry  K  may  be  distilled  in 
dry  0  without  the  formation  of  any  compound 
of  the  two  elements.  They  found  the  products 
of  the  oxidation  of  K  to  be  K-.O,,  KjOj,  and  finally 
E._>04  {v.  Oxides,  infra).  Mixtures  of  KNO,  and 
KNO3  were  formed  by  oxidising  K  in  NO  and  in 
the  red  oxides  of  N. 

Potassium  amide  (vol.  iv.  p.  299).  Titherley 
(C.  J.  65,  504  [1894])  says  that  KNH,  is  white 
and  wax-like,  melting  at  270°-272°.  It  may  be 
distilled  without  change  in  H  at  400°-500°. 
T.  says  that  KNH,  is  not  decomposed  by  heat- 
ing at  c.  400°  in  a  silver  boat ;  if  a  glass  vessel 
is  used,  NH3  is  given  off  with  some  N  and  H, 
and  K  silicate  is  formed ;  a  small  amount  of 
decomposition  occurs  in  a  silver  boat  at  c.  500°, 
and  at  a  full  red  beat  the  amide  distils  with 
partial  splitting  up  into  its  elements.  For  other 
reactions  of  KNH,„  v.  T.  (Z.c). 

Potassammonium  (vol.  iv.  p.  299).  Joannis 
(C.  R.  118,  713  [1894])  finds  that  there  is  no 
reaction  between  N  and  NjH.Ji,. ;  he  says  that 
NjO  produces  KNH„  NHJ  KOH,  and  N.  For 
the  action  of  0,  v.  J.  (O.  R.  116, 1370 ;  abstract  in 
C.  J.  64  [11],  462  [1893]). 

Potassium  bromide  (vol.  iv.  p.  299).  The 
melting-point  is  given  as  715°  by  V.  Meyer  a. 
Eiddle  {B.  26,  2443  [1893]). 

Potassium  chloride  (vol.  iv.  p.  300).  Melts 
at  766°,  according  to  M.  a.  E.  {I.e.). 

Potassium  hydroxide  (vol.  iv.  p.  302).  Melts 
at  1045°  (M.  a.  E.,  I.e.). 

Potassium  iodide  (vol.  iv.  p.  303).  Melts  at 
623°  (M.  a.  E.,  Z.c).  Eegarding  the  interaction 
of  KIAq  and  FeCljAq,  v.  Feebic  chloride, 
Addenda,  p.  913. 


Potassium  tri-iodide  (vol.  iv.  p.  304). 
Jakovkin  {Z.  P.  C.  13,  539  [1894])  has  made  an 
examination  of  the  dissociation  of  KI3  in 
aqueous  solution  to  KIAq  and  lAq  {abstract  in 
C.  J.  66  [11],  271  [1894]). 

Potassium  nitride  (vol.  iv.  p.  304).  The  ex- 
periments of  Titherley  (C.  J.  65,  512  [1894]) 
show  that  K3N  does  not  exist. 

Potassium  oxides  (vol.  iv.  p.  304).  Holt  a. 
Sims  (C.  J.  65,  432  [1894])  failed  to  obtain  the 
vionoi-idc  K.,0  by  any  of  the  methods  said  to 
give  this  compound,  but  they  say  that  when  KoO^ 
is  kept  at  a  red  heat  it  loses  0  and  gives  a  sub- 
stance the  composition  of  which  approaches  that 
of  K,0.  By  heating  K  in  a  fairly  dry  mixture  of 
O  and  N,  oxidation  proceeded  until  was 
formed  {dry  O  is  without  action  on  K) ;  when 
kept  in  water-vapour  KvO^  gave  off  0,  and 
formed  K,02 ;  and  by  heating  K  in  N^O,  H.  a.  S. 
obtained  K„0^,  which  on  exposure  to  air  became 
KoO,. 

RUBIDIUM. 

Rubidium  haloid  compounds  (vol.  iv.  p.  413). 

Wheeler  {Avi.  S.  [3]  40,  88  [1893])  has  prepared 
double  compounds  of  the  forms  SEbX.AsXj  and 
EbX.As.O3 ;  ^^'^  (^-c-  P-  269)  various  compounds 
of  EbX  with  SbXj.  For  physical  properties  of 
various  salts  of  Eb,  v.  Erdmann,  Ar.  Ph.  232,  3 
{abstract  in  C.  J.  66  [11],  351  [1894]). 

SELENATES  (vol.  iv.  p.  433).  Basic  salts  of 
Co  and  Cu  are  described  by  Bogdan  {Bl.  [3]  9, 
584;  abstract  in  0.  60  [11],  16  [1894])  ;  the 
compositions  given  are  4Co0.3Se02.  aq  and 
3Cu0.2Se03.  4aq. 

SILICON  CHLORIDES  (vol.  iv.  p.  458).  In 

B.  27,  1943  [1894]  Gattermann  a.  Weinlig  detail 
the  best  conditions  for  preparing  SiCl.,,  SiHClg, 
and  SioClj,  from  crude  Si  obtained  by  the  inter- 
action of  SiO.,  and  Mg  powder  {ii.  vol.  iv.  p.  455). 
Si,Cl„  melts  at  -  1°  ;  with  NH^Aq  it  gives  off  H 
and  forms  SiO^.-rHjO  (G.  a.  W.,  I.e.). 

Silicon  octochloride  Si.Cls.  Mol.  w.  366-9. 
V.D.  187-7.  Obtained  by  G.  a.  W.  (Z.c.)  by  frac- 
tionating crude  Si  chlorides  ;  boils  from  210°  to 
215°  ;  does  not  solidify  at  - 12°. 

SILVER  (vol.  iv.  p.  464).  The  molecule  of 
Ag  in  dilute  solution  in  tin  is  probably  mon- 
atomic  (Heycock  a.  Neville,  C.  J.  57, 376  [1890]). 
According  to  Liidtke  ( W.  50,  678  ;  abstract  in 

C.  J.  66  [11],  92  [1894]),  thin  deposits  of  Ag  on 
glass,  mica,  &c.,  are  allotropic  forms  of  the 
metal.  Eegarding  alloys  of  Ag  with  cadmium, 
V.  Heycock  a.  Neville  (C.  J.  65,  65  [1894])  ;  v. 
also  Mylius  a.  Fromm  {B.  27,  630  [1894]). 

Silver  chloride  (vol.  iv.  p.  468).  By  the 
action  of  HgCI.,Aq  on  pulverulent  silver,  Jones 
{8.  C.  1.  12,  983  ;  abstract  in  C.  J.  66  [11],  138 
[1894])  obtained  the  compound  AgHgCl,. 

SODIUM  (vol.  iv.  p.  473).  The  molecule  of 
sodium  in  dilute  solution  in  tin  is  probably 
monatomic  (Haycock  a.  Neville,  C.  J.  57,  376 
[1890]).  Holt  a.  Sims  {C.  J.  65,  440  [1894]) 
found  that  chij  sodium  may  be  distilled  un- 
changed in  dry  O  ;  in  ordinary  0  the  products 
are  Na^O  and  Na^O,.  Heating  to  180°-200°  in  a 
limited'  volume  of  N2O  forms  Na.O ;  heating  in 
NO  or  the  red  oxides  of  N  produces  a  mixture 
of  NaN02  and  NaNO^  (H.  a.  S.,  I.e.). 
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Sodium  amide  (vol.  iv.  p.  475).  Titherley 
(C.  J.  65,  504  [1894])  describes  NaNH,  as  a 
white,  transparent  solid,  with  a  crystalline  struc- 
ture ;  softens  at  149°,  and  is  completely  melted  I 
at  155"  to  a  colourless  liquid.  NaNH,  is  ob- 
tained in  transparent,  crystalline  needles  by 
heating  Na  in  NH,  at  c.  400°,  allowing  the  pro- 
duct to  sublime  through  a  narrow  tube,  and 
again  subUming  by  warming  gently.  NaNH, 
decomposes  at  a  red  heat  into  Na,  N,  and  H. 
It  does  not  give  NaNj,  as  generally  stated  (T., 
I.e.) ;  no  decomposition  occurs  at  300°-400°. 

Sodium  bromide  (vol.  iv.  p.  476).  Panfiloff 
{J.  B.  25,  272  [1893])  obtained  NaBr.  5aq  by  ex- 
posing cone.  NaBrAq  out  of  doors  in  winter  in 
Russia;  decomposed  at  —25°  to  the  dihydrate 
and  water. 

Sodium  iodide  (vol.  iv.  p.  481).    Nal.  5aq 

separates  from  a  solution  of  100  g.  Nal  in  50  c.c. 
water  at  —14°;  at  —10°  it  gives  Nal.  2aq  and 
water  (P.,  I.e.). 

Sodium  nitride  (vol.  iv.  p.  482).  NaN,  is  not 
formed  by  the  interaction  of  Na  or  Na.p  and 
NHj,  or  Na  and  N,  according  to  Titherley  {C.  J. 
65,  507  ;  cf.  Sodium  amide,  supra). 

Sodium  monoxide  (vol.  iv.  p.  482).  Na^O  is 
formed  by  heating  Na  in  a  limited  volume  of  O 
at  a  temperature  below  180° ;  also  by  heating 
Na  in  a  limited  volume  of  N,0  at  180°-200° 
(Holt  a.  Sims,  G.  J.  65,  442  [1894]).  Heated  in 
excess  of  0,  the  peroxide  Na^Oj  is  formed.  H.  a. 
S.  say  Na.jO  is  greyish  white.  NH,  reacts  with 
gently-heated  NaoO  to  form  NaNH,,  and  HjO 
(Titherley,  C.  J.  65,  510). 


Sodium  dioxide  (vol.  iv.  p.  482).  Na^Oj  does 
not  combine  with  O  when  heated  therein  (H.  a. 
S.,  I.e.).  Regarding  the  interaction  of  Na^Oj 
I  and  an  alcoholic  solution  of  HCl,  v.  Tafel  {B. 
27,  816  [1894]).  For  reactions  of  Na.,0„,  v. 
Poleck,  B.  27,  1051  (abstract  in  C.  J.  66  [11], 
316). 

STRONTIUM.  For  Strontium  carbide,  v. 
Moissan,  C.  B.  118,  688  (abstract  in  C.  J.  66  [1], 
314  [1894]). 

SULPHATES  (vol.  iv.  p.  567). 
Chromium  sulphates  (vol.  iv.  p.  570).  Double 
salts  of  Cr.,(S0.,)3  and  (NHJ^SO^  are  described 
by  Klobb  {Bl.  [3]  9,  663 ;  abstract  in  C.  J.  66 
[11],  95  [1894]). 

Vanadium  sulphates  (v.  this  vol.  pp.  847, 
848,  850). 

OXY-IMIDO  SXJLPHONATES  (vol.  iv.  p.  602). 

Divers  a.  Haga  have  published  a  lengthy  com- 
munication on  these  salts  in  G.  J.  65,  523  [1894]. 

SULPHUR  (vol.  iv.  p.  606).  For  measure- 
ments of  the  viscosity  of  molten  S  at  different 
temperatures,  v.  Brunhes  a.  Dussy,  G.  B.  118, 
1045  (abstract  in  C.  J.  66  [11],  343  [1894]). 

THALLIUM  (vol.  iv.  p.  674).  The  molecule 
of  Tl  in  dilute  solution  in  tin  is  probably  mon- 
atomic  (Heycock  a.  Neville,  G.  J.  57,  376 
[1890]). 

Thallium  tri-iodide  Til,.  Wells  a.  Penfield 
(Zeit.  f.  anorg.  Chemie,  6,  312  ;  abstract  in  G.  J. 
66  [11],  318  [1894])  obtained  this  compound, 
in  rhombic  crystals,  a:6:c  =  '6828:l:l'1217,  by 
digesting  Til  and  I  with  alcohol  and  evaporating 
over  HjSOi. 
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